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Foreword

Every building need light. Without light, even the most beautiful architecture or the best
concept cannot be seen. And seeing is by far the most important impression a building
makes on people. All other senses tend to have a negative connotation in the context of a
building. Around a third of the brain's capacity is used for seeing. A building we see
therefore occupies us immensely.

Lighting planners, lighting designers and generally all lighting creators work with
natural and artificial light to visualise buildings, areas and things. When working with
light, the visual effect and utilisation of spaces is actively designed.

Lighting is a discipline between electrical engineering and architecture. In addition to
pure design and scenic work, technical and standardisation aspects must always be
considered. In addition, all area and object types must or should be considered
individually in terms of lighting technology. This enriches lighting design and makes it
a very exciting and varied activity. Once you have worked with light, you usually stay
in this small guild.

Incidentally, lighting designer is not a protected title and has no reference to a
chamber. Anyone who wants to can be a lighting designer (in Germany). There are
plenty of training opportunities at universities and academies specialising in a wide
range of lighting subjects. The most practising lighting designers come from a
background in electrical planning or architecture. As easy as it is to enter the industry,
it is difficult to build a freelance existence from it.

The world of light and lighting is currently being changed by BIM. Planning processes
are becoming more interconnected. The possibilities for exchanging building data have
expanded massively. But commercial processes and lighting operation have also
changed with BIM. This book shows how modern lighting is evolving thanks to BIM.

January 2025

ROBERT HEINZE
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1 Fundamental concept
of lighting

The meaning and purpose of light are more or less clear to everyone. Presumably, it is
simply too obvious to all of us, or rather too ordinary, what lighting actually means. Light
is closely linked to nature and humans in evolutionary terms. With a little distance, the
following aspects can be recognised:

Lightis needed to see;
Light is needed for spatial orientation;

®
®
@ Lightis needed to recognise objects;
®

Light influences our mood and our biology.

Light therefore has an important safety aspect. We can see hazards and perceive our
environment. How we see and perceive objects, and other people also depends crucially
on light. Shadows, contrast and colours define the shape and size of all visible objects
and spaces. People can appear friendly, threatening, ill or vital due to the direction and
colour of the light. This is actively used in theatre and can also have a positive effect in
the world of work.

Light makes us alert, awake and focussed. When the light is good, we feel good and
active. Light has a direct influence on our hormones and mind. We usually only realise
this when the light is lacking or poor. The day-night rhythm is triggered by light and
quickly becomes disrupted if the right light is not available at the right time.

In buildings, lighting ensures safety, accident prevention, room perception, orientation,
work ability, communication and well-being. Whether the building is ‘beautiful’ or at
least pleasant to use also depends massively on the light.

11 Direction and contrast

Normally, the light falls from above downwards. This has a natural effect on us and
usually suits everyday applications, as we often look at things below our eyes. Effective
light always comes from the direction of the observer to the object being viewed.

1



1 Fundamental concept of lighting

Light from below seems strange and dazzle us in case we look at it in a normal way.
When light shines directly into the viewer's eyes, they are exposed to glare and, in extreme
cases, cannot see anything at all.

111 Indirect light

A balance of direct and indirect light is also important. Indirect light illuminates the
room, making it more friendly and natural. Indirect light is also glare-free and creates
good uniform lighting. When rooms have an unlit dark ceiling, this is called a ‘dark
cave’ effect, which can be uncomfortable and frightening. Because the luminaire
positions could be less precise and the output power dimensioning should be simply
high, dominant indirect lighting is a good way to get started with lighting design.
However, the ceiling height and reflectance must be right for this, and energy
efficiency must not be the top priority.

Only with a good mix of direct and indirect light, objects can be seen three-dimensional
and spatial. Shadows also support the recognition.

11.2 Contrast

Contrast is also very important. Simply bright with lots of light does not allow
recognition. The ‘white-out’ effect describes a soft, non-contrasting environment, as
can sometimes occur in winter in the snow with dense cloud cover.

Even dark only leads to the same non-recognition. This is easy for many people to
understand. The eye can adjust the brightness largely with the iris. The ratio of light to
dark is crucial for good recognisability. If the contrast is too high, it turns into glare.

Glare can range from unpleasant (psychological) to unrecognisable (physical). Most
complaints from light users about lighting have to do with glare. Every lighting designer
must deal with glare and its causes. Viewer position and viewing direction are important
here. But also, the ambient colours. In daylight, glare is even more important than with
purely artificial lighting systems due to the high levels of sunlight.

1.2 Colours

1.21 Spectrum and basics

We can only perceive the colours that are emitted with the light. White light contains all
colours and is therefore white. But, depending on the light source, the colour
compositions for white vary drastically. The quality of white light also varies dramatically
in some cases. This also applies within a single type of light source,

12



1.2 Colours

for example, between different LEDs. By working with light, you must deal with the light
spectrum of the sources and define the quality. Common quality criteria are colour
rendering and colour temperature. The colour rendering indicates how many colours are
in the white light. In other words, the higher the value, the more colours are reproduced
and the denser the spectrum. The colour temperature expresses the ratio of red and blue
components in the white light. In other words, how warm/reddish or cold/bluish the white
light is.

1.2.2 Colour influences

There are many other quality characteristics that can be extracted from a colour
spectrum and used in planning. However, which white light or which colour cocktail
or spectrum reaches the viewer's eye is also very much dependent on the path of the
light. The luminaire cover, glass panes, wall colours and everything we see changes
the reception spectrum. For example, a red wall makes the white light red or filters out
all colour components that are not red. Colours stimulate emotions and can strongly
influence the mood of the viewer. Which colour has which influence depends on the
individual and their cultural background. Coloured light is rarely used in architectural
lighting design. For a good lighting design, only a few colours should ever be used in
a very targeted way. Too many colours simply turn into a general impression of
colourfulness.

Apart from emotions, coloured or monochromatic light can also serve practical purposes.
For example, dirt and filth can be visually removed with red light. Some insects and
animals do not react to all colours. Blue light was installed in public toilets so that veins
on the skin could not be recognised and injection needles could not be administered.

1.2.3 Perception and non-visual effects

The reception spectrum has a major influence on mood and hormone balance. There is
a special optical receptor in the human eye that influences melatonin suppression. This
receptor is most sensitive to blue light. In simple terms, we can therefore say that cold
light makes us more active and alert. But this also depends on the dose (energy and
duration).

Humans have a special spectral sensitivity due to their three receptors (cones), which
is also represented in a spectrum. Only light within this spectrum (called V(A)) can be
seen. Humans are most sensitive in the yellow-green range. Yellow and green have a
brighter effect on us than red or blue.

13



1 Fundamental concept of lighting

300 400 500 600 700 800 nm
wavelength A

Figure 1 Spectrum with V(A) and fluorescent lamp

1.2.4 Beyond visible light

At the edges of the spectrum, we find ultraviolet and infrared. Although these are not
visible, they should be considered when planning lighting. In sufficient doses,
ultraviolet can damage the eye, skin and materials. Colours and fabrics fade and
plastic yellows and becomes brittle. This is particularly important in museums and
retail outlets.

High-energy UV-C radiation (the term light would no longer be correct here) can
deactivate viruses, bacteria and fungi. This sterilising effect is used in aquariums and
ventilation systems. UV-C lamps are also used in surface and room air disinfection. This
can also be planned and dimensioned by a lighting designer. However, with a different
calculation and much more sensitive consideration of personal protection. In
pathologies, for example, the UV-C lights above the dissection tables may only be
switched on if the motion detectors in the room do not detect the presence of people and
the doors are closed.

Infrared is heat radiation and can have both positive and negative effects on people and
materials. Night vision cameras and motion detectors are infrared-sensitive.

14



1.3 Daylight

1.3 Daylight

The assessment of artificial light and daylight is quite different. Daylight is a fantastic
source of light. The spectrum is dense, the energy is high, and it is available everywhere
free of charge. A balance between direct and indirect is also achieved very well via cloud
cover and scattering. Unfortunately, or fortunately, daylight is highly dependent on the
weather and time. The natural day-night rhythm is also perfectly supported by natural
light and its natural switching. We humans have adapted perfectly to natural light and its
fluctuations.

All rooms in a building are also planned with artificial light, regardless of their daylight
supply. Daylight is naturally not always available and so artificial light is designed as if
there were no daylight at all. Daylight-dependent control then makes the artificial light
efficient again.

1.3.1 Daylight utilisation

Daylight planning deals with building openings or windows and their dimensioning.
The daylight quotient is a good quality criterion here. Simply take a simulated light
measurement with and without the room in proportion. The higher the ratio, the more
daylight comes in and the better. Window glass also has a positive or negative influence
on the spectrum in the room.

In addition to windows, there are other ways to bring more daylight into a building.
These can be reflectors or daylight guidance systems. These systems collect daylight on
the roof and channel it through pipes into rooms. Unfortunately, only a few metres and
not particularly bright compared to a direct window.

1.3.2 Glare

On the other hand, too much light and glare are problems in daylight. The design of
shading systems is therefore important for the right amount at the right time. The classic
solution here is controllable louvres in front of the windows. The probability of daylight
glare can be calculated and depends on the location, the north-facing orientation, the
position of the viewer in the room and the windows. The view and the objects in front of
the windows also have an influence and are included in a daylight assessment.

Daylight also brings a lot of energy into the building. This can be calculated to optimise
the air conditioning and heating control systems.

1.4 Planning

Lighting design is about the selection and positioning of luminaires to illuminate a room
or area correctly. The planner decides what is right based on utilisation, aesthetics, user
requirements and standards.

15



1 Fundamental concept of lighting

Also, the choice of luminaires is also decided by the designer based on commercial and
technical parameters and experience. The positions are defined by structural and
technical lighting conditions. The results of a lighting design vary depending on the
designer and the project. Lighting designs are produced for almost all objects and
locations. Lighting is used almost everywhere: Outdoors and indoors, on streets, in
parks, on ships, in waste incineration plants, in tunnels, in shopping centres, at milking
parlours and mines. The wide variety of Lighting is based on the variety of buildings
and utilisations. There are also sectors in which lighting designers specialise, as the
requirements and methodology are quite specific. These include, for example, roads,
tunnels, large sports facilities, retail and museums.

1.4.1 Planning input

A lighting designer needs a building model and information about all types of
utilisations in it. Today, this is still done using CAD, photos and textual descriptions.
Only the room boundary surfaces (walls, ceilings and floors) of the building are of
interest. As well as windows and doors for spatial orientation and daylight calculation.
The colours of the room boundary surfaces are required. This allows the reflectance
values to be determined for a light calculation. In other words, how much light is
returned to the room from the surfaces as a percentage. For windows, this is close to
zero, as the light simply leaves the room. Dirty windows even bring more artificial light
back into the room. The most common installation zone for luminaires, the ceilings,
require details such as type (under hang, louvre, ...), installations (pipes, ventilation, ...)
and any other details. What is inside the walls, or the floor is not of interest. Likewise,
furniture and decorations are not relevant for a normative analysis. If the room were
measured, all furniture would be removed. For a visual concept and a thematic empathy
with the scene, however, furniture and all details are of great importance. Design and
compliance with standards are often important. Therefore, the room is first considered
without furniture. After a successful normative dimensioning, the design is visualised.

A maintenance plan with cleaning and renovation intervals is also required as input to
dimension the lighting system with a maintenance factor for the constant degradation
of the system. A safety concept with the location of escape routes and hazard points is
also an important basis for the lighting designer. In practice, however, these plans are
rarely handed over and the lighting designer makes assumptions which he then
documents and communicate.

1.4.2 Planning result

The result of a lighting design is an exact positioning of all luminaires with their
configurations and installation instructions in the execution planning. Today, thisis also
often still communicated in CAD. A bill of materials or a bill of quantities is just as
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4.4 Planning

much a part of the submission as proof of lighting compliance with all specifications by
lighting calculations. No detailed installation plans are drawn up at the concept stage.
But even more concept-explaining sketches and visualisations.

1.4.3 Zoning

One of the first steps in lighting design is to divide the building into individual
utilisation zones. In a school classroom, for example, this means defining areas for
writing work, lecturer zones and the blackboard. This can be horizontal, such as on
tables or floors, or vertical, such as on blackboards or shelves. Each zone has its own
lighting requirements. Virtual measurement surfaces are distributed in the building or
room model for a lighting calculation. These represent several measuring points that
are also used in a real measurement. These surfaces do not interact with light and
represent the calculation results after a calculation. Some utilisation zones are given
additional surrounding areas to verify the necessary normative values. The measuring
points on the measuring surfaces can detect different directions of light. Entire areas
and hemispheres may also be required. For example, in areas of visual communication,
such as the lecturer, the light input of a cylinder is analysed. This provides a calculation
value for a good illumination of faces and people.

Figure 2 Desk with measuring points and surrounding area
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1 Fundamental concept of lighting

1.4.4 Quality criteria

Quality criteria are used to formulate lighting requirements for each zone. Here are the
most relevant and most frequently used characteristics:

@ Illuminance E in Ix: Brightness independent of material
interaction;

© Luminance L in cd/m* Brightness impression on material;

© Uniformity Us: Brightness distribution;

® Colour temperature Tcp: cold/neutral /warm light

® Colour rendering index Ra: Colour gamut;

@ Glare indices Rug, GR, Ti, DGP: various glare ratings for artificial light
and daylight;

@ Flicker factors Friicker, Pst, SVM: various assessments of the temporal

brightness fluctuations.

The illuminance is further specified depending on the measuring direction and position.
For example, there is vertical, horizontal, cylindrical, hemispherical illuminance and
wall illuminance.

1.4.5 Lighting design standards

The minimum values that the quality characteristics must achieve are defined in
standards. Lighting standards often apply throughout Europe and serve as a basis for
lighting dimensioning. Here are the most important lighting standards for designers in
Europe:

© EN 12464-1:2021-11 ‘Light and lighting - Lighting of work places - Part 1: Indoor
work places’

© EN 12464-2:2014-05 ‘Light and lighting - Lighting of work places - Part 2: Outdoor
work places’

© ASR A3.4:2023-05-02 ‘Technical rules for workplaces - Lighting and line of sight’
(just Germany)

® DIN5035-3:2006-07 ‘Lighting with artificial light - Part 3: Lighting in the
healthcare sector’ (just Germany)

© EN 1838:2019-11 ‘Lighting applications - Emergency lighting for buildings’
© EN12193:2019-07 ‘Light and lighting - Sports lighting’
© EN13201-2:2016-06 ‘Road lighting - Part 2: Performance requirements’
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