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3.2 Qualitative lighting design
3.2.1 Project analysis

3.2.1 Project analysis

The basis for every lighting design concept
is an analysis of the project; the tasks the
lighting is expected to fulfil, the conditions
and special features. A quantitative design
concept can follow the standards laid
down for a specific task to a large extent.
Standards dictate the illuminance level,
the degree of glare limitation, the luminous
colour and colour rendering. When it
comes to qualitative planning, it is necessary
to gain as much information as possible
about the environment that is to be illumi-
nated, how it is used, who will use it, and
the style of the architecture.

3.2.1.1 Utilisation of space

A central aspect of project analysis is the
question of how the spaces that are to be
illuminated are used; it is important to
establish what activity or activities take
place in the environment, how often and
how important they are, if they are asso-
ciated with specific parts of the space 
or specific periods of time.

This will first give rise to a series of
global answers that outline the lighting
task, will frequently also indicate standard
stipulations, and form a framework for
the lighting design concept. This compre-
hensive analysis of the task – e.g. the
lighting of a sales space, an exhibition, an
office space or the wide range of func-
tions related to a hotel – gives rise to a
series of individual visual tasks, the 
characteristics of which must in turn also
be analysed.

Two criteria relating to a visual task
are the size and contrast of the details
that have to be recorded or handled; there
then follows the question of whether
colour or surface structure of the visual task
are significant, whether movement and
spatial arrangement have to be recognized
or whether reflected glare is likely to
be problem. The position of the visual task
within the space and the predominant
direction of view may also become central
issues – visibility and glare limitation
have to be handled differently in different
environments. In a gymnasium, for
example, the direction of view of people
playing volleyball is upwards, or in an 
art gallery on the vertical, or for visual
tasks in offices on the horizontal. 

Apart from the qualities of the illumi-
nated objects the visual performance of
the user must also be taken into account,
especially in the case of older people –
the eye becomes less efficient with age, and
older people are more sensitive to glare.
In individual cases, the lighting of old
people’s homes in particular, special atten-
tion must be paid to these increased
demands on illuminance and glare limita-
tion.

Light plays a central and manifold role in
the design of a visual environment. Work
and movement are only possible when 
we have light to see by; architecture, people
and objects are only visible if there is
light. Apart from simply making our sur-
roundings visible light determines the
way we perceive an environment, influen-
ces the way we feel and the aesthetic
effect and atmosphere in a space. You only
have to enter a Baroque church with its
bright and inspiring atmosphere to see
and feel what effects light can have in ar-
chitecture, or, to the other extreme, look 
at Piranesi’s paintings of dungeons with
their dark labyrinths, where the shadows
conceal a never-ending source of horror. 

Due to the adaptability of the eye ele-
mentary perception can take place at
minimum lighting levels or under difficult
visual conditions, while for optimum con-
ditions at the workplace and for a piece of
architecture to be accepted and found to
be aesthetically pleasing it is necessary to
create lighting whose qualities, illumi-
nance and luminance distribution are in
harmony with the particular situation.

One of the most frequent sources of
error in lighting design is to separate light
from its complex associations with hu-
man psychology and human activities as
well as with the surrounding architecture.
Simplified, unilateral lighting design can
provide easily compehensible concepts, but
often leads to unsatisfactory results by
overlooking essential aspects. This applies
to both purely quantitative lighting de-
sign, which might produce optimum wor-
king conditions but forgets the perceiving
being, and to primarily design-oriented
lighting, which furnishes spaces with
stylish luminaires without regard for the
lighting effects these fixtures produce.

What is really required is lighting 
design that meets all the lighting require-
ments – design concepts that form an 
integral part of the overall architectural
design and produce a visual environment
that supports various activities, promotes
a feeling of well-being and is in line with
the architectural design. The quantitative
design approach with its scientifically
sound caculations and processes is actually
a great help here; when designing lighting
for workplaces this planning process itself
may even become the primary objective.
The main criterion for lighting design is
never a figure displayed on measuring
equipment, but the human being – the de-
ciding factor is not the quantity of light,
but the quality, the way a lighting scheme
meets the visual needs of the perceiving
person.
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Three-circuit track for
mains voltage: lumi-
naires for mains voltage
and low-voltage fix-
tures with an integral
transformer can be
operated on track;
three separate groups
of luminaires can 
be switched or dimmed.

Spotlights for low-
voltage halogen lamps
with integral electronic
transformer.

Washlights for double-
ended halogen lamps,
washlight for metal
halide lamps with inte-
gral control gear, wall-
washer for double-
ended halogen lamps.

Spotlights for low-
voltage halogen lamps
with adjustable light
heads on an electronic
transformer. Compact
electronic transformers
allow the design of 
especially small lumi-
naires.
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Spotlight for low-
voltage halogen lamps
with integral, conven-
tional transformer.

Uplighter for compact
fluorescent lamps 
or halogen lamps.

Spotlight for low-
voltage halogen lamps.
The extremely small 
dimensions of the
lamp and the use of an
external transformer 
allow the design of
compact spotlights. 
Larger reflectors make
for enhanced optical
control and increased
luminous intensity.

Low-voltage track:
low-voltage spotlights
without transformers
can be operated on the
track. Power supply is
effected via an external
transformer.
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3.2.1.3 Architecture and atmosphere

Besides the requirements that arise from
how a space is used and the needs of the
users, lighting design also has to address
the requirements of architecture and 
atmosphere. In the first place the archi-
tectural building is regarded as an object 
of lighting – it is to be rendered visible, its
qualities accentuated, its atmosphere
underlined, and if necessary its effect modi-
fied. Furthermore, the architectural con-
cept also defines the basic conditions for
the design of user-oriented lighting.

Detailed information about the archi-
tecture is of particular importance for the
design of demanding lighting. This prima-
rily concerns the overall architectural
concept – the atmosphere the building
creates, the intended effect indoors
and out by day and night, the utlization
of daylight, and the question of budget
and the permissible energy consumption.

Along with this basic information 
about the project, the structures and qua-
lities of the building itself are important.
Quantitative lighting design also requires
information about the dimensions of 
the spaces to be lit, the type of ceiling and
the reflectance of the room surfaces.
Other factors to be taken into considera-
tion are the materials applied, colour
scheme and planned furnishings.

As in the case of a clearly structured
environment, architectural lighting is
concerned with lighting that underlines
the structures and characteristic features
of the building, not only from the point
of view of optimised perception, but
involving the aesthetic effect of the illumi-
nated space. The special features and
main characteristics of an environment
also present an important issue, above all
the question of the formal language of
the building – the design of the spaces and
how they are subdivided, what modules
and rhythms they contain, and how light
and luminaires are to be aligned to
underline these aspects.

3.2.1.2 Psychological requirements

Besides the objective requirements which
result from the activities performed in a
visual environment, attention must also be
paid to the demands that stem from the
users themselves. Many of these are con-
cerned with the possibility of gaining
better views of their surroundings. This
applies to the need for information about
time of day and weather, about what is
going on in the rest of the building, and
sometimes also the need for orientation
within the environment. One special case is
the utilisation of sunlight in atriums or
through skylights and light wells. The lat-
ter do not necessarily offer a view outside
but do provide information about the
weather and the progress of time is main-
tained – a changing patch of sunlight
can contribute to the feeling of life inside
a building.

Apart from the need for daylight and
views outside, which depends on the indi-
vidual project to a large extent, there is 
a changing need for orientation aids. In ex-
tensive buildings, where there are conti-
nually different groups of users, the need
for optical systems that guide people
through spaces becomes a central issue. In
some cases it is only necessary to under-
line a number of focal locations. In buildings
with simple spatial structures that are
constantly in use the need for orientation
aids is of secondary importance. It is
therefore essential to find out how impor-
tant the need for orientation is in each
specific case and which routes and areas
demand special attention.

Another psychological need that has
to be fulfilled is the creation of a clearly
structured environment. This is especially
important in areas that are potentially
subjected to danger, i.e. where the struc-
ture of the space must be easily legible.
In general, it can be said that a clearly
structured environment contributes to our 
feeling of well-being in a visual environ-
ment. In reality this means accentuating
the structure of the space, the materials
applied and the most significant parts of
the space, and above all the type and ar-
rangement of the room limits that are to
be illuminated and the information signs
that are to be emphasized.

The last factor is the need for defined
spatial zones; the expectation that you
can recognize and distinguish between
areas with different functions from the
lighting they receive. This mainly concerns
the lighting of functional areas that we
accept as typical and which is in line with
previous experience, e.g. the application 
of higher colour temperatures and uni-
form, diffuse lighting in working spaces,
but warmer, directed light in prestigious
spaces. The need for clearly defined private
areas also falls in this category; lighting
can be applied especially effectively in the
conversation areas or waiting zones 
within larger spaces to create a feeling of
privacy.
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design must submit to acoustic engineering
requirements or whether integral solu-
tions, e.g. a combination of lighting and
an air-handling system, are possible.

The real challenge behind qualitative
lighting design lies in the development of
a concept that is able to fulfil a wide
range of requirements by means of a
lighting installation that is both techni-
cally and aesthetically consistent. In con-
trast to quantitative concepts, which
derive one general set of lighting qualities
from the given profile of requirements 
for a project, which almost inevitably leads
to a uniform and thereby standard design
using light and luminaires, qualitative
lighting design must come to terms with
complex patterns of required lighting
qualities. This cannot mean, however, that
the designer responds to an unstructured
set of lighting requirements with an
equally unstructured variety of luminaires.
The well-meant consideration of a wide
range of lighting tasks frequently leads to
an unsystematic distribution of a wide
variety of luminaire types or to a conglo-
meration of several lighting systems. 
Such a solution may provide an adequate
distribution of lighting qualities, but the
value of such costly installations from the
point of view of perceptual psychology
and aesthetics is questionable owing to the
lack of harmony on the ceiling.

From a technical, economic and design
point of view the aim of lighting design
should be to find a solution that does not
go for the overall uniform lighting effect
and equally not for a confusing and
distracting muddle of lighting fixtures de-
signed to cover a wide variety of lighting
requirements, but a concept that produces
a clearly structured distribution of
lighting qualities by means of a consistent
lighting scheme. The degree of complexity
that has to be accepted depends on 
the specific lighting task. It may be that
the main requirements set by the lighting
task allow general lighting throughout
the space, or that differentiated lighting
can be achieved using integral systems
such as light structures or the comprehen-
sive range of recessed ceiling luminaires.
Or in a multifuntional space that a combi-
nation of different luminaire systems 
may be necessary. Nevertheless, the most
convincing solution is a concept that
achieves the required result with the least
amount of technical equipment and the
highest degree of design clarity.

3.2 Qualitative lighting design
3.2.1 Project development
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3.2.2 Project development

The result of the project analysis is a se-
ries of lighting tasks that are allocated to
specific areas within the space or specific
times of day, all of which form a charac-
teristic matrix of requirements for a visual
environment. The next phase following
the project analysis is the development of
a qualitative concept that outlines an
idea of the qualities the lighting should
possess, without giving exact information
as to the choice of lamps and luminaires
or how they are to be arranged.

The first task concept development has to
deal with is the allocation of specific
lighting qualities to the lighting tasks de-
fined as a result of the project analysis; to
define the lighting conditions that are to
be achieved in specific locations at specific 
times. To begin with, this concerns the
quantity and the various other criteria of
the light in the individual areas, plus
the order of importance of these individual
aspects within the overall lighting con-
cept.

The pattern of requirements acquired
in the course of the project analysis thus
gives rise to a pattern of lighting quali-
ties, which in turn provides information
about the various forms of lighting and 
the required spatial and temporal diffe-
rentiation. This is the first indication 
of whether the lighting is to be uniform or
differentiated to match different areas,
whether the lighting installation is to be
fixed or flexible and whether it is a good
idea to include lighting control equipment
for time-related or user-related lighting
control.

The allocation of lighting qualities 
to the individual lighting tasks in a project
gives rise to a catalogue of design objec-
tives, which takes into account the different
requirements the lighting has to fulfil,
without consideration for the conditions
required to realise the lighting scheme or
instructions on how to effect a consistent
lighting design concept.

A practice-oriented design concept
must therefore first describe how the
desired lighting effects can be realised
within the basic conditions and restrictions
inherent to the project. The design con-
cept may be required to correspond to
specific standards, and it must keep within
the budget with regard to both the
investment costs and the operating costs.
The lighting concept must also be coordi-
nated with other engineering work to be
effected on the project, i.e. air-conditio-
ning and acoustics, and, of course, har-
monize with the architecture. It is impor-
tant to clarify the significance of
individual aspects of the lighting for the
overall concept; whether one particular
form of lighting can justify preferential
treatment, e.g. the demand for adequate
room height in the case of an indirect
lighting installation, whether the lighting

Example of the develop-
ment of a differentiated
lighting concept (from the
top downwards): general
lighting provided by down-
lights in accordance with
the identified visual tasks,
supplemented by wall-
washers for the architectu-
ral lighting and track-
mounted spots for the 
accentuation of special
features.
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Lighting for the restau-
rant beneath the dome
of the atrium. Wall-
mounted luminaires (1) 
provide both indirect
lighting of the dome
and direct lighting of
the restaurant. 

Pendant luminaires (2)
with a decorative
component continue
the direct lighting 
in the restaurant inside
the actual space.

Lighting of the cafe-
teria. A ceiling-moun-
ted luminaire (3)
provides uniform
lighting over this level.

The lighting compo-
nents for the general
lighting in the atrium
(4) are mounted on
pillars on the walls of
the atrium. They radiate
light upwards. The light
is then reflected by
ceiling reflectors or by the
atrium ceiling, thereby
providing indirect
lighting. The pillars are
simultaneously accen-
tuated by grazing light
directed downwards.

Individual architectural
elements, e.g. the 
balastrades of the ad-
joining sales floors, 
the lift car, the upper
wall of the lift shaft
and the opening of the
atrium are accentuated
by a decorative, linear
lighting components
(6).

The free-standing pan-
oramic lift is accentu-
ated by grazing light
from below (5).
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Development of a
lighting concept for
the atrium of a large
department store. 
The representations
show two vertical sec-
tions set at right angles
to each other through
the atrium with a cen-
tral panoramic lift. 
The aim of a lighting
concept is to deter-
mine the positions of
the luminaires and the
lighting quality, with-
out defining luminaire
types or illuminance
levels.

The walkways leading
from the individual 
sales floors to the lifts
receive a curtain of
light from the direct
luminaires arranged
closely together along
the wall (7).

A series of recessed
ceiling downlights (8)
provide general
lighting in the 
adjoining sales spaces.
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Having completed the project analysis
and developed a lighting concept the next
phase entails practical planning: 
decisions regarding the lamps and lumi-
naires to be used, the arrangement 
and installation of the luminaires, their
control gear and the lighting control
equipment required. A detailed design can
be developed from a concept based
primarily on lighting qualities, which will
allow both illuminances and costs to
be calculated to a reliable degree.

Similar to the earlier planning phases,
it is also not possible at this stage in
the planning process to stipulate a fixed
or standard sequence of planning steps - 
it may be possible to decide on a lamp type 
at the beginning of a project, but it may
equally not be possible until an advanced
stage in the planning process; the
lighting layout may be the consequence
of the choice of a particular luminaire 
or, alternatively, the basis for the choice of
luminaire. Lighting design should be re-
garded as a cyclical process, which always
allows the solutions that have been
developed to be aligned to the stated
requirements. 

3.3.1 Lamp selection

The choice of light sources has a decisive
influence on the qualities of a lighting
installation. This applies first and foremost
to the technical aspects of the lighting;
the costs for control gear that may be re-
quired, the possibility of incorporating a
lighting control system and, above all, the
operating costs for the lighting installa-
tion, depend almost entirely on the choice
of lamps. It also applies similarly to
the quality of light the lighting designer
is aiming to achieve, e. g. the choice of 
luminous colour to create the atmosphere
in specific spaces, the quality of colour
rendering or the brilliance and modelling
necessary for display lighting. The effect 
of the lighting does not depend solely on
the decision to use a specific lamp type,
however; it is the result of the correlation
of lamp, luminaire and illuminated envi-
ronment. Nevertheless, the majority of
lighting qualities can only be achieved
with the correct choice of light source. It
is just as impossible to create accent
lighting using fluorescent lamps as it is to
obtain acceptable colour rendering under
sodium lamps.

The decision to select a particular
light source is therefore not to be taken
lightly, but is dependent on the criteria
defined by the required lighting effect and
basic conditions pertaining to the project.
From the wide range of lamp types available
there will only be a limited number
which will fulfil the specific requirements.
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Wallwashers equipped
with (from the top 
downwards) halogen
lamps, metal halide
lamps and compact
fluorescent lamps: the
same luminaire 
types with identical
distribution characteri-
stics produce different
luminous flux, lumi-
nous colour and colour
rendering qualities
depending on the lamp
used.
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vely independent of the luminous flux
emitted by the lamp.
In contrast to lighting that produces mo-
delling effects, brilliance does not require
the light to be directed from one particu-
lar direction. It only requires the lamps to
be point light sources. It is therefore 
not necessary to control the light using
reflectors - exposed light sources can 
be used to create brilliance, in which case
the light source itself and its effect on
the illuminated material is perceived as
being brilliant.

Low-voltage halogen lamps are primarily
used for the creation of brilliance, as they
are extremely compact light sources with
high luminance. Metal halide lamps can
also be used to produce brilliance, al-
though their high luminous power may
undermine the creation of specular 
effects because the overall environment is
generally brighter.

Brilliance can also be produced by
clear versions of halogen lamps for mains
voltage. Larger light sources with light-
diffusing surfaces, such as frosted incan-
descent lamps are less suitable, fluore-
scent lamps and compact fluorescent lamps
not suitable at all.

3.3.1.2. Colour rendering

A light source can be said to have good
colour rendering properties when there
are only slight deviations in colour be-
tween a comprehensive range of colours
illuminated by the lamp in comparison 
to a standardised reference light source of
a corresponding colour temperature. Any
statement made or data given on colour
rendering therefore refers to a specific
colour temperature. A colour rendering
value that is valid for all luminous colours
does not exist. Colour rendering is an im-
portant factor in lighting projects where
it is important to be able to judge the
quality and effect of colours, e. g. for
matching colours, for the lighting of works
of art or for the presentation of textiles.
There are standards that stipulate the
minimum colour rendering requirements
for the lighting of workplaces.
The colour rendering quality of a light
source depends on the composition of the
specific lamp spectrum. A continuous
spectrum provides optimum colour ren-
dering, whereas line or band spectrums
mean poorer colour rendering. The spectral
distribution of the light is also of sig-
nificance for colour rendering. Spectral
distribution that differs from that of the
reference light source will also have a
deteriorating effect on colour rendering 
values due to the fact that only specific
colour effects are emphasized.
The highest colour rendering index (Ra 100),
i. e. colour rendering category 1A, is
obtained from all forms of incandescent
lamps, including halogen lamps, since
they represent the reference light source

3.3.1.1.Modelling and brilliance

Modelling and brilliance are effects that
can be most easily achieved using directed
light. Compact light sources are the most
suitable, as their light intensity can be in-
creased significantly by using reflectors.

The modelling of three-dimensional
objects and surfaces is emphasized by the
shadows and luminance patterns produ-
ced by directed light. Modelling is required
when the material qualities emphasized
(spatial form and surface structure) have
an informative value - be it to check 
the quality of the material itself, for the
lighting of a sculpture, the presentation
of goods or the illumination of interestingly
structured room surfaces.

Modelling can only be effected by
directed light coming predominantly from
one direction. To produce modelling 
effects it is therefore only possible using 
effectively point light sources, where 
the intensity of light is frequently increased
using reflectors or other control systems.
For this reason the first choice is compact
lamps with rotationally symmetrical re-
flector systems. Linear light sources are not
suitable for producing modelling, the
longer the lamp, the less suitable it is, since
the significant diffuse component ligh-
tens shadows.

If extremely dramatic modelling is requi-
red in confined areas low-voltage halogen
lamps, which are very compact in form,
are usually the most appropriate or, if in-
creased luminous power is required, then
metal halide lamps. To produce modelling
effects there are a variety of compact
lamp types which can be used: from general
service lamps, reflector lamps and
halogen lamps for mains voltage to high-
pressure discharge lamps, whereby the
modelling effect will inevitably be reduced
as the size of the light source increases.
Compact fluorescent lamps can produce a
reasonable degree of modelling, e.g. 
when they are used in downlights. Conver-
sely, linear fluorescent lamps produce
predominantly diffuse light. 

Brilliance is produced by points of light 
of extremely high luminance. These may
be the light sources themselves, but
brilliance is also produced when the light
sources are reflected on glossy surfaces or
when the light is refracted in transparent
materials. Specular effects are frequently
applied in display lighting or in presti-
gious environments to emphasize the
transparency or sparkling quality of the
illuminated materials to enhance their
value or to create a festive atmosphere.
Producing brilliance and specular effects
demands more from the light source than
producing modelling effects: it requires
concentrated, practically point light sources.
The sparkling effect depends predomi-
nantly on the lamp luminance. It is relati-
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Wallwashers for flu-
orescent lamps (above)
and halogen lamps
(below). Uniform wall-
washing can be
achieved with the dif-
fuse light produced 
by the fluorescent lamps
or with the directed
light from the halogen
lamps.



for the warm white range. De-Luxe ver-
sions of fluorescent lamps, plus some me-
tal halide lamps have a colour rendering
index above 90 and are classified as colour
rendering category 1A. The remaining
fluorescent lamps and metal halide lamps
are classified as colour rendering category
1B or, as the luminous efficacy increases
at the expense of colour rendition, fall
into colour rendering categories 2A or 2B.
High-pressure mercury and sodium
lamps with enhanced colour rendering are
classified at category 2B, with standard
versions classified as category 3. Category
4 only contains low-pressure sodium
lamps.

3.3.1.3 Luminous colour and colour
temperature

Similar to colour rendering, the luminous
colour of a light source is dependent on
the spectral distribution of the light emit-
ted by the lamp. In the case of incandes-
cent lamps this distribution is a result of
the temperature of the filament, hence
the reference to colour temperature. In the
case of discharge lamps, however, a com-
parative value must be used as a guideline
- the most similar colour temperature. 
In practice it is not customary to provide
exact colour temperature data. Luminous
colour is roughly categorized into warm
white, neutral white and daylight white.
Through the specific combination of lumi-
nous substances it is possible, in the case
of discharge lamps, to create a further
range of special luminous colours, which
cannot be adequately described using
colour temperature classification.

The luminous colour of a lamp affects
the colour spectrum of illuminated ob-
jects. Warm white lamps emphasize the red
and yellow ranges of the spectrum, day-
light white the blue and green, i. e. cold
colours. Luminous colour can be applied as
a design factor for the presentation of
objects which have defined colour ranges,
for example. Some luminous colours are
expressly blended for the presentation of
specific types of articles. Luminous 
colour also affects our subjective appre-
ciation of a lighting situation; colder
luminous colours at high illuminances and
from diffuse lighting are comparable 
to the light of the sky, warm colour ap-
pearances at lower illuminances in the
form of directed light are comparable to
candlelight and considered to be pleasant.
Recommended luminous colours are in-
cluded in the published standards for the
lighting of workplaces.

Light sources with exclusively warm white
luminous colour comprise all forms 
of incandescent lamps plus high-pressure
sodium lamps. There are also fluore-
scent lamps, metal halide lamps and high-
pressure mercury lamps available that 
are classified as being warm white. Light

3.3 Practical planning
3.3.1 Lamp selection

sources with neutral white luminous
colour include fluorescent lamps, metal
halide lamps and high-pressure mercury
lamps. Daylight white light sources in-
clude fluorescent lamps and metal halide
lamps. Fluorescent lamps are the only
light sources available in special luminous
colours. The luminous colour of a lamp
can, in fact, be manipulated, either by
providing the outer envelope with a special
coating, as is the case for daylight
quality incandescent lamps, or by apply-
ing a conversion filter.

3.3.1.4 Luminous flux

The luminous flux of a lamp is especially
important if the number of lamps with
which the lighting is to be created has
been predetermined. It may be that 
the lighting is being designed using only a
few high output lamps, or that a large
number of low light output lamps are to
be used. The objective is not to select a
few lamps of average luminous intensity,
but to vary between large and small 
“lumen packages”. Low-voltage halogen
lamps, conventional incandescent lamps
and compact fluorecent lamps are exam-
ples of small lumen packages. Halogen
lamps for mains voltage, fluorescent
lamps and high-pressure discharge lamps
have higher luminous power. Metal 
halide lamps have the highest values.

3.3.1.5 Efficiency

The efficiency of a lighting installation
depends largely on the choice of lamps.
The influence of other aspects, e.g. the
choice of control gear and control equip-
ment is of less importance. When selec-
ting lamps on the basis of their efficiency
there are a number of criteria that may 
be of primary importance, irrespective of
the basic conditions inherent in the
lighting task.

The luminous efficacy of a lamp is impor-
tant when maximum luminous power,
and illuminance, is to be achieved using a
minimum of electric power. Incandescent
lamps and halogen lamps have the lowest
luminous efficacy at around 10-20 lm/w.
The luminous efficacy of fluorescent lamps,
high-pressure mercury lamps and metal
halide lamps is higher at 40-100 lm/w. The
exceptionally high luminous efficacy of
sodium lamps (up to 130 lm/w in the case
of high-pressure lamps) is achieved at 
the expense of colour rendering.

The rated life of a lamp is always important
when maintenance of the lighting
installation results in considerable expense
or if conditions make maintenance
difficult, e. g. in the case of particularly
high ceilings or in rooms that are in
continual use. The rated life of incandescent
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Colour rendering cat. Applications
Quality
1A Textile, paint and
Optimum printing industry

Prestigious spaces
Museums

1B Meeting rooms
Very good Hotels

Restaurants
Shop windows

2A Administration buildings
Good Schools

Sales spaces

2B Industrial manufacturing
Acceptable plants

Circulation zones

3 Exterior lighting
Adequate Warehouses
4 Industrial halls
Low Exterior lighting

Floodlighting

Allocation of colour
rendering categories in
accordance with the
CIE and the colour ren-
dering qualities of
lamps and their typical
lighting tasks.
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Colour rendering index
Ra ranges for various
lamp types.

Colour temperature
ranges TF for various
lamp types.

Service life t of 
various lamp types.

Range of power P for
various lamp types.

Ranges of luminous 
efficacy h for various
lamp types.



lamps is given as the average lamp life af-
ter the failure of 50 % of the lamps; in
the case of discharge lamps the values refer
to lamp life in terms of light output, i.e.
when there is a reduction in luminous flux
of up to 80 %. The actual rated life is,
however, also affected by site conditions.
In the case of incandescent lamps the
operating voltage has a critical influence
on the life of the lamp. In the case of
discharge lamps it is switching frequency
that affects the rated life.

Incandescent lamps and halogen
lamps have the shortest rated life at 
1000 - 3000 h. The rated life of fluorescent
lamps and metal halide lamps is con-
siderably higher at 8000 h and 6000 h, 
respectively. Sodium lamps have a rated
life of 10 000 h, high-pressure mercury
lamps over 8000 h.

Lamp costs are another aspect of the
efficiency of a lighting installation. They
vary between values that can be ignored
when compared with costs for power and
maintenance, to values that are as high 
as these costs. The most economical lamps
are conventional incandescent lamps,
followed by fluorescent lamps and halogen
lamps. Prices for high-pressure dis-
charge lamps are substantially higher.

3.3.1.6 Brightness control

The dimming quality of light sources is
important for the lighting of spaces with
changing activities and for environments
where different atmospheres are required.
Dimmable lamps can also be used to ad-
just the lighting to changing environmental
conditions, e. g. day and night-time
lighting.

Conventional incandescent lamps and
halogen lamps for mains voltage can be
dimmed easily and economically. Low-
voltage halogen lamps and fluorescent
lamps are technically more difficult 
to handle, but are also dimmable. From a
technical point of view high-pressure
discharge lamps should not be dimmed.

3.3 Practical planning
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3.3.1.7 Ignition and re-ignition 

Lamp behaviour when lamps are switched
on and reswitching after power failure
may be of significance in the design. For
many applications it is essential that the
light sources provide sufficient luminous
flux immediately after switching (e.g.
when a person enters a room). In the ma-
jority of cases there is no time to allow 
a cooling phase before reigniting lamps
that have been switched off or are off
due to power failure. For the lighting of
large meeting spaces and sports facilities
there are statutory requirements stipula-
ting that the instant re-ignition of lamps
must be ensured.
Incandescent lamps and halogen lamps
pose no problems here. They can simply be
switched on at any time. The same applies
to fluorescent lamps, which can be ignited
in a cold or warm state with negligible
delay. High-pressure discharge lamps
require a substantial run-up period. Re-
ignition is only possible without special
equipment, after a specific cooling time.
If high-pressure lamps are to allow in-
stant re-ignition, double-ended versions
equipped with special ignitors must be
installed.

3.3.1.8 Radiant and thermal load

When dimensioning air-conditioning plants
the lighting load has to be taken into
account. This is due to the fact that the
power used by the lighting equipment 
is, in fact, converted into heat, either di-
rectly through air convection or when
light-absorbing materials heat up. The
thermal load of a space increases, the 
lower the efficacy of the light sources, since
in the case of low efficacy for a given
lighting level more energy exists in the
infrared range.

In the case of some special lighting tasks
limiting the radiant load on objects is 
a prime concern. This applies to accent
lighting on heat-sensitive objects. Radia-
tion problems occur most frequently in
exhibition lighting, however. In the exhi-
bition environment light, infrared and 
ultraviolet radiation, can all result in da-
mage due to the acceleration in the
ageing of materials and fading of colours.

High proportions of infrared radiation and
convection heat are emitted by light
sources with predominantly low luminous
efficacy, such as incandescent lamps and
halogen lamps. In the case of linear and
compact fluorescent lamps infrared
radiation is considerably lower.

Ultraviolet radiation is theoretically
emitted predominantly by high-pressure
discharge lamps. As the UV component 
is always reduced by obligatory front glass
covers, the highest ultrviolet load in
practice is produced by halogen lamps which
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Formula for calculating
the operating costs of
a lighting installation
on the basis of specific
lamp costs K (DM/106

Imh). To calculate the
costs the lamp price
KLa, the wattage P, the
luminous flux Ï, the

service life t and the 
cost per unit of electri-
city a are required. De-
pending on lamp type
and power the specific
costs can be between
DM 3 and DM 30 per
106 Imh.

[K = ( + ) . 106P . a
Ï . 1000

KLa
Ï . t

[K] = DM
106 lm . h

[a] = DM
kW . h

[KLA] = DM

[P] = W

[Ï] = lm

[t] = h
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Relative damage factor
D of optical radiation
as a function of wave-
length l. Damage
decreases exponenti-
ally through the wave-
lengths including the
majority of the range
of visible radiation.

Correlation of the irra-
diance Ee on an exhibit
at a given illuminance
E and the relative 
radiation peformance
of a lamp Ïe.

Wavelength ranges of
ultraviolet radiation
(UV), visible radiation
(light) and infrared
radiation (IR). UV and
IR radiation are further
subdivided into A, B
and C categories, in
accordance with DIN
5031 Part 7.

Relative radiation flux
Ïe of different lamp 
types in relation to a
luminous flux of 103

Im, classified according
to the different wave-
length ranges:
UV (280 nm-380 nm),
light (380 nm-780 nm),
IR (780 nm-10000nm).

Range of exposure H as
the product of illumi-
nance E (klx) and expo-
sure time t (h) for the
visible fading of an ex-
hibit as a function of
the light fastness S of
the exhibit ( in accor-
dance with DIN 54004)
and the type of light
source used. The upper
tolerance curve applies
to incandescent lamps,

the lower one to day-
light. Halogen lamps
and discharge lamps lie
within the band. Exam-
ple: an exhibit classified
as light fastness cate-
gory 5 shows initial
evidence of fading af-
ter approx. 1200 klxh
under daylight, after
approx. 4800 klxh un-
der incandescent light.

Optical radiation l (nm)

UV-C 100 ≤ l < 280
UV-B 280 ≤ l < 315
UV-A 315 ≤ l < 380

Light 380 ≤ l < 780

IR-A 780 ≤ l < 1400
IR-B 1400 ≤ l < 3000
IR-C 3000 ≤ l < 10000

Lamp Ïe (W/klm)
UV Light IR

A, R, PAR 0.05–0.10 5–7 35–60
QT 0.10–0.15 5–6 25–30
T, TC 0.05–0.15 3–5 6–10
HME 0.20–1.00 2–3 10–15
HIT 0.20–1.00 2–5 6–10
HSE 0.01–0.05 2–3 4–6
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do not have an outer envelope. They emit
minimal ultraviolet radiation, emitting
this freely through their quartz glass outer
envelopes. Disturbing infrared or ultra-
violet components produced by the selected
lamps can in practice be reduced sub-
stantially through the use of suitable re-
flectors or filters.

Both infrared and ultraviolet radiation load
on persons or objects produced by light
sources used for interior lighting is negli-
gible. The limit set for connected load 
is approximately 50W/m2, above which the
effect of the thermal load will have a
noticable effect on the subjective feeling
of well-being in the local area.

An exception exists in the case of special
fluorescent lamps, so-called “full spec-
trum lamps”, whose spectral distribution
is very similar to the global radiation of
the sun and daylight, producing a “natural”
light. The UV and infrared components 
are increased at the expense of the visible
radiation. There is no documentary
evidence on the advantages of these lamps
with regard to health or technical bene-
fits in the quality of light.

3.3.2 Luminaire selection

The choice of light sources outlines the
technical qualities of the lighting design
concept and the limits to the lighting
qualities that can be achieved. The light-
ing effects that can be obtained within
this range depend on the choice of lumi-
naires in which the lamps are to be used.
The choice of lamp and luminaire is there-
fore closely related. Opting for a parti-
cular light source will reduce the choice
of luminaire, and vice versa, the choice 
of luminaire will restrict the choice of
lamp.

3.3.2.1 Standard product or custom 
design

In most cases the choice of luminaires
will be confined to the standard products
available, because they can be supplied 
at reasonably short notice, have clearly de-
fined performance characteristics and
have been tested for safety. Standard lumi-
naires can also be used in special con-
structions, such as lighting installations
that are integrated into the architecture
(e.g. cove lighting or luminous ceilings).
In the case of large-scale, prestigious pro-
jects consideration may also be given
to developing a custom designed solution
or even a new luminaire. This allows
the aesthetic arrangement of luminaires in
architecture or in a characteristically
designed interior and the solution of spe-
cific lighting tasks to be effected in
closer relation to the project than if only
standard products are chosen. 
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Additional costs for development and
time considerations must be included in
the calculation of overall costs for the
project. 

3.3.2.2 Integral or additive lighting

There are two basic contrasting concepts
for the arrangement of luminaires in 
an architectural space, which can allocate
different aesthetic functions to the
lighting installation and provide a range
of lighting possibilities. On the one
hand, there is the attempt to integrate the
luminaires into the architecture as far 
as possible, and on the other hand, the idea
of adding the luminaires to the existing
architecture as an element in their own
right. These two concepts should not be
regarded as two completely separate
ideas, however. They are the two extremes
at either end of a scale of design and
technical possibilities, which also allows
mixed concepts and solutions.

In the case of integral lighting the
luminaires are concealed within the archi-
tecture. The luminaires are only visible
through the pattern of their apertures.
The planning does not focus on the
application of the luminaires themselves
as design elements, but on the lighting
effects produced by the luminaires. Integral
lighting can easily be applied in a variety
of environments and makes it possible to
coordinate luminaires entirely with the
design of the space.

Integral lighting generally presents a
comparatively static solution. The lighting
can only be changed using a lighting
control system or applying adjustable lumi-
naires. There are therefore limits to adap-
ting integral lighting to meet the changing
uses of a space. Integral lighting also
requires certain conditions relating to the
installation. This may mean a suspended
ceiling to allow recessed mounting, or the
provision of apertures for recessed
mounting into ceilings or walls in new
buildings. The most extreme cases are
forms of lighting that use architectural
elements to create lighting effects. 
These include luminous ceilings, cove ligh-
ting or backlit elements.
Recessed ceiling luminaires, i.e. the entire
spectrum of downlights, from recessed
downlights to washlights, recessed direc-
tional spotlights and specific louvred 
luminaires, are specifically designed as in-
tegral lighting elements. Floor and 
ceiling washlights in particular can be 
integrated into walls.
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Main housing of the
spotlight

Adapter with a circuit
selector switch for
three-circuit track

Facetted reflector for
spot or flood versions

Exchangeable light
head

Spotlight for low-
voltage halogen lamps
with integral transfor-
mer. Housing and
removable light head
form a modular system
that allows a wide
range of lighting 
options

Capsule low-voltage
halogen lamp with pin
base

Power supply and
locking of light head
onto main housing

Anti-dazzle cylinder
made of blackened
high-grade steel

Integral, conventional
transformer
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Custom designed lumi-
naire for the board-
room in the Hongkong
and Shanghai Bank.
The elliptical luminaire
(9.1 x 3.6 m) corre-
sponds to the form of
the conference table.
The inner ring of the
luminaire contains a
series of directional
spotlights, which are
aligned to the seating.
The outer ring contains
a prismatic diffuser,
which provides ambient
lighting and some spe-
cular effects.

Custom designed lumi-
naire based on a stan-
dard product: the opti-
cal system of a
conventional louvred
luminaire (below) is
used as the direct ele-
ment within a linear 
secondary reflector lu-
minaire (above).

Custom designed lumi-
naire for the coffer
ceiling in the new en-
trance to the Louvre.
Fluorescent lamps (1)
illuminate the sides of
the coffers and provide 
indirect lighting as 
an integral ceiling ele-
ment. An additional
spotlight (2) can
be used for accent
lighting.
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In the case of additive lighting the lumi-
naires are not integrated into the archi-
tecture, but appear as elements in their own
right. Besides planning the lighting
effects which are to be produced by these
luminaires, the lighting designer has to
specify the luminaire design and plan the
lighting layout in accordance with the 
architectural design. The range of planning
possibilities extends from harmonizing
luminaires with available structural systems
to selecting luminaires that will have an
active influence on the overall visual ap-
pearance of the space.

Luminaires typically used for additive
lighting are light structures, spotlights
and surface-mounted downlights. Due to
the fact that they are a separate element
from the ceiling, light structures offer
wide scope for a variety of applications:
they allow both direct and indirect or
combined direct-indirect lighting. Spot-
lights, which can be mounted directly
onto the ceiling or onto suspended trun-
king systems, are especially suitable 
when flexible lighting is required, e.g. for
display and exhibition purposes. What is
gained in flexibility is offset by the task of
harmonizing the visual appearance of the
lighting installation with the environment
and avoiding visual unrest through the
mixing of different luminaire types or by a
confusing arrangement of light structures.

There are numerous intermediate 
options between the extreme forms of
completely integral lighting and totally
additive lighting. Integral lighting using
downlights comes close to an additive
lighting concept if semi-recessed, surface-
mounted or pendant downlights are
installed. The lighting requirements met by
spotlights in an additive lighting concept
can also be met by using recessed direc-
tional spotlights. Lighting design and the
luminaire selection are therefore not 
bound by the decision to opt for a distinctly
integral or additive lighting solution.
Within the available options a decision can
be made on a concept that corresponds
to the architectural, aesthetic and lighting
requirements.
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Integral and additive
lighting: identical
lighting effects pro-
duced by recessed 
downlights and down-
lights mounted on a
light structure.

Custom designed lumi-
naires based on stan-
dard products: a pris-
matic panel mounted
at a specific distance
below the ceiling aper-
ture of a standard 
downlight controls 
luminance distribution.
The ceiling is illumina-
ted and the shielding
of the lamp is improved.

The darklight reflector
in a conventional 
downlight is used as
the direct element 
in a rotationally sym-
metrical secondary
reflector luminaire.
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sufficient to provide ambient light – 
general lighting can therefore be produced
by accent lighting. This shows that 
there are no longer any grounds for dividing
general lighting and accent lighting 
into distinctly different forms of lighting.
Both areas overlap, in fact, the two are 
no longer separate, the one can now be
combined with the other.

Luminaires with wide-angle distribution
are most suitable for general lighting, 
especially louvred luminaires and light
structures designed for fluorescent lamps,
as found in a majority of installations
designed for work-places. Uniform lighting
can be equally well effected using indi-
rect lighting provided by ceiling washlights,
wallwashers or secondary luminaires.
Above all, for the lighting of prestigious
spaces, such as lobbies or large meeting
rooms, a close arrangement of narrow-
beam downlights recessed in the ceiling is
appropriate.

The choice of luminaires for accent
lighting is less extensive and limited to
luminaires that are able to produce con-
centrated, directed beams of light. Down-
lights are generally used for the static
lighting of horizontal lighting tasks, the
more variable version being recessed 
directional spotlights. Movable spotlights
on track or light structures offer the 
maximum flexibility in beam direction and
variability.

3.3.2.3 Stationary or movable lighting

The decision to opt for a stationary or
variable lighting installation overlaps the
decision to go for an integral or additive
solution; it is determined by the lighting
requirements the installation has to
meet rather than by design criteria.

There are different ways of making a
lighting installation flexible. Time-related
or spatial changes can be produced in all
permanently fitted systems, whether they
consist of recessed luminaires, surface-
mounted luminaires or suspended struc-
tures, by using a lighting control system.
Individual luminaires or groups of lumi-
naires can be dimmed or switched to ad-
just the lighting to suit the changing uses
of the space. The next step towards in-
creased flexibility is the application of
permanently fitted luminaires that can be
directed, such as directional spotlights or
spotlights installed on singlets. The hig-
hest degree of flexibility, as required for
the lighting of temporary exhibitions and
display lighting, is provided by movable
spotlights mounted on track or trunking
systems. This means that the lighting can
be adjusted using a lighting control
system, completely rearranged, realigned
or individual luminaires substituted. In
the decision to go for a more static or a
variable lightig system there is a seamless
transition between the extremes, which
allows the lighting to be adjusted to suit
the specific requirements.

3.3.2.4 General lighting and differentiated
lighting

The decision to design predominantly uni-
form general lighting or more distinctly
differentiated accent lighting depends on
the lighting task – it only makes sense 
to emphasize individual areas using light if
there is a noteworthy difference in the
information content between significant
areas or objects and their surroundings. 
If the distribution of lighting tasks and
information content is uniform across an
area, correspondingly general lighting 
will be appropriate.

Whereas uniform general lighting
usually means a standard lighting design
concept, which is generally the case for 
the lighting of workplaces, a lighting design
concept that aims to create isolated
accents may be regarded as an exception.
As a rule, accent lighting will always
contain a general lighting component to 
allow the viewer to perceive the spatial
arrangement of illuminated objects and
provide for orientation within the space.
This general lighting can be produced by
certain luminaires, the ambient light they
produce providing a background against
which significant areas can be picked out
using accent lighting to produce “focal
glow”. Scattered light from the areas illu-
minated by accent lighting is frequently
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Stationary and movable
luminaires: identical
lighting produced 
by directional spotlights 
and track-mounted 
spotlights.
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3.3.2.5 Direct or indirect lighting

The decision whether to plan direct or
indirect lighting affects the proportion of
directed or diffuse lighting in the space
significantly. This decision results in a
lighting concept which, in the case of in-
direct lighting, is designed to produce
diffuse general lighting, whereas a direct
lighting concept may comprise both 
direct and diffuse light and both general
and accent lighting.

Indirect lighting provides the advantage
that it produces very uniform, soft light
and creates an open appearance due to
the bright room surfaces. Problems arising
from direct and reflected glare do not 
occur, making indirect lighting an ideal 
solution for critical visual tasks, such 
as work at VDTs.

It should be noted, however, that
indirect lighting alone produces very poor
modelling and spatial differentiation.
In addition, there is no accentuation of the
architecture or the illuminated objects.
The result may be a flat and monotonous 
environment.

Indirect lighting is achieved by the
light from a primary light source being
reflected by a substantially greater, mostly
diffuse reflecting surface, which in
turn adopts the character of a large-scale
secondary reflector luminaire. The re-
flecting surface may be the architecture
itself: the light may be directed onto 
the ceiling, the walls or even onto the floor,
from where it is reflected into the room.
There is an increase in the number of so-
called secondary reflector luminaires
which are being developed. They consist of
a primary light source with its own
reflector system and a larger secondary
reflector. This design allows improved
optical control of the emitted light.

Direct lighting, mostly using louvred 
luminaires, can also be used to produce
general lighting with a predominant 
diffuse component. It may well also have
a component of directed light. This gives
rise to distinctly different lighting qualities,
above all considerably enhanced mo-
delling and more clearly defined surface
structures. 

A lighting design concept based on
direct lighting means that individual areas
within the space can be purposefully 
lit from almost any location. This allows a
greater degree of freedom when designing
the luminaire layout.
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Direct and indirect
lighting: direct lighting
using downlights
(above), indirect
lighting using wall-
mounted ceiling wash-
lights (below).

General lighting and
differentitated ighting:
general lighting pro-
vided by a regular
arrangement of louvred
luminaires and down-
lights. Both compo-
nents can be switched
and dimmed separately
to produce a timed
differentiation (above).
Spatial differentiation
is achieved by the
arrangement of wall-
washers and the grou-
ping of downlights
(below).
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by using downlights, especially those
designed for incandescent lamps, directed
light can be produced that accentuates
the qualities of materials more intensely
and produces greater differentiation
in the lighting of a space; this can be used
effectively for the illumination of
prestigious spaces and for display lighting.
A combination of both luminaire types 
is possible to create spatially differentiated
lighting or to increase the portion of
directed light in general.

The illumination of horizontal surfaces
can also be provided using indirect light.
In this case the walls, or preferably the
ceiling, are illuminated to produce uniform,
diffuse ambient lighting using these
surfaces to reflect the light. Indirect light
consists of vertical components to pro-
vide a bright atmosphere in the space and
horizontal components for the actual
lighting of the working area or floor. This can
be used for the lighting of corridors, for
example, to create a spacious impression
in spite of low illuminances. Indirect
lighting is glare-free, which makes it es-
pecially suitable for lighting visual tasks
that can be easily undermined by distur-
bing reflected glare, e.g. at workstations. 
If more modelling is required to enhance
the three-dimensional quality of illumi-
nated objects or to accentuate architectural
features indirect lighting can be supple-
mented by directed lighting, which provides
the required accentuation. In some cases
very little modelling is required, which
means that indirect lighting pro-vides an
optimum solution. It should be noted that
energy consumption for an indirect
lighting installation may be up to three
times higher than that for a direct
lighting system due to restricted reflection
factors. 

In future, a combination of direct and
indirect lighting will gain in significance
as opposed to exclusively direct or
indirect lighting, in which case the indirect
component will provide general lighting
with a high degree of visual comfort, and
the direct component accent lighting 
for the working area and inherent visual
tasks. 
Besides the combination of direct and
indirect luminaires, either as individual 
luminaires or as integral luminaires in
light structures, secondary luminaires can
also be used. They emit both direct and
indirect light and allow optical control of
both.

3.3.2.6 Horizontal and vertical lighting

In contrast to the decision to opt for an
integral or additive lighting installation, or
for a static or variable concept, the
extreme forms of exclusively horizontal or
vertical lighting are hardly significant
in practice: a portion of the missing form of
lighting is almost always automatically
produced through the reflections on room
surfaces and illuminated objects. 
In spite of this interdependence the cha-
racter of a lighting installation is predo-
minantly determined by the emphasis laid
on either horizontal or vertical lighting.

The primary decision to provide horizontal
lighting is frequently in line with the
decision to plan functional, user-oriented
light. This is especially true in the case 
of lighting for workplaces, where the ligh-
ting is predominantly designed as uni-
form lighting for horizontal visual tasks.
In such cases vertical lighting com-
ponents are predominantly produced by
the diffuse light that is reflected by the
horizontal illuminated surfaces.

The decision to plan vertical lighting
may also be related to the task to fulfil
functional requirements, especially in the
case of the lighting of vertical visual
tasks, e.g. the reading of wall charts or the
viewing of paintings. however, vertical
lighting frequently aims to present and
create a visual environment; in contrast
to horizontal, purely functional lighting,
vertical lighting is intended to emphasise
the characteristic features and dominant
elements in the visual environment. This
applies first and foremost to architecture,
whose structures can be clearly portrayed
by purposefully illuminating the walls, as
well as to the accentuation and modelling
of objects in the space. Vertical lighting 
is also essential in order to facilitate com-
munication, to ensure people’s facial
expressions are not concealed by the heavy
shadows produced by single-component
horizontal lighting.

3.3.2.7 Lighting working areas and floors

One of the most common lighting tasks 
is the illumination of horizontal surfaces.
This category includes the majority of
lighting tasks regulated by standards for
workplaces and circulation areas. This 
may be the lighting of the working plane
(0.85 m above the floor) or the lighting 
of the floor itself (reference plane 0.2 m
above the floor).

The illumination of these planes 
can be effected by direct light, and a large
number of luminaires are available for
this task. A variety of lighting effects can
be achieved depending on the choice 
of luminaires. Louvred luminaires or light
structures for fluorescent lamps produce
uniform general lighting, which is prima-
rily required for workplaces. Conversely, 
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Horizontal and vertical
lighting: the same
luminaire layout can be
used for downlights
for horizontal lighting
as well as for wall-
washers for vertical
lighting.

Horizontal general
lighting from different
ceiling heights: as a
rule, narrow-beam
luminaires are used for
high ceilings and wide-
beam luminaires for
low ceilings to ensure
that the light beams
overlap.
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3.3.2.8 Wall lighting

Wall lighting can fulfil a variety of tasks. 
It can be directed at vertical visual tasks on
the walls, e. g. textual information on
charts or posters, objects such as paintings,
or retail goods, architectural structures 
or the wall surface itself. Wall lighting may
also be intended to present the wall in 
its function as a room surface; finally, wall
lighting can be a means for providing
indirect general lighting in a space.

To accentuate certain areas of wall or
objects on the wall spotlights and recessed
directional spotlights are particularly 
suitable, depending on the degree of flexi-
bility required. In the case of reflecting
surfaces, e.g. oil paintings or pictures fra-
med behind glass, attention must be 
paid to the angle of incidence of the light
to avoid disturbing reflections that may
arise in the observer’s field of vision, if the
angle is too low, or heavy shadows
that may occur, e.g. shadows of the picture
frames on the pictures, if the angle of
incidence is too steep.

Grazing light provided by downlights
is especially suitable for accentuating
surface structures. This type of lighting can
also be used exclusively for illuminating
walls, if a scallop effect is required. In
corridors and exterior spaces in particular
grazing light on walls can be effected
using uplights or combined uplight and
downlights. In any case the distribution of
the scallops over the wall should be in
line with the proportions of the space and
follow a regular rhythm. Asymmetrical
spacing, which may be required due
to special features of the particular wall
surface, e.g. the positions of doors or
objects, is also possible.

If the wall is not to be revealed as a
room surface as such, but an open im-
pression of a wall is required, then uniform,
transitionless lighting should be used.
Washlights are the most appropriate lumi-
naires in this case. There are various
models available, including fixtures for 
linear walls, for walls with recesses and
corners, and for parallel walls in narrow
spaces such as corridors. Washlights have a
special reflector segment that produces
distinctly more uniform illumination 
of the wall than downlights in their basic
form.

Totally uniform wall lighting is ob-
tained using wallwashers, which, like
washlights, are available for recessed or
surface mounting or for mounting on
track or trunking systems. Lighting walls
using wallwashers or washlights also
provides uniform lighting of vertical visual
tasks as well as indirect general lighting.
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General lighting
(above), direct-indirect
lighting of the work-
place with direct
lighting in the circula-
tion areas (below).

Direct light on the
working area together
with wall lighting
(above), secondary re-
flector luminaires
provide light on the
working plane (centre),
indirect general
lighting and lighting
for the workplace using
the ceiling as a reflec-
tor (below).

Indirect general
lighting (above), direct-
indirect lighting of 
the workplace with di-
rect lighting in the
circulation areas
(centre), directed light
on the working plane
with indirect lighting
in the circulation 
areas (below).

Illumination of work-
ing areas in an office:
different lighting
concepts can be applied,
depending on the 
type of room and how
it is used. 
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The greater the cut-off
angle, the greater the
visual comfort provi-
ded by the luminaire
due to improved glare
control. The same
lighting layout will
produce different 
distributions on the
walls. As the cut-off
angle increases, so 
the beam spread will
decrease, as is the case
for the combinations
shown for the 30°, 40°
and 50° angles illustra-
ted.

Wall lighting using ro-
tationally symmetrical
luminaires (from left
to right): lens wall-
washer, directional
washlight, washlights,
wallwasher, track-
mounted wallwasher.

Wall lighting using 
linear luminaires (from
left to right): wall-
washer for fluorescent
lamps, wallwasher with
prismatic element,
wallwasher with lou-
vred reflector, adjust-
able wallwasher, track-
mounted wallwasher.
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3.3.2.9 Ceiling lighting

Ceiling lighting can be the sole purpose of
lighting this room surface, especially
when the ceiling has an informative value
of its own due to paintings or architec-
tural structures. Ceiling lighting is generally
used as a means for providing indirect
general lighting of a space. This means that
the ceiling becomes the brightest room
surface and as such does not correspond to
the relative information content. When
users spend longer periods of time in the
space the ceiling luminance – like an
overcast sky – can therefore be felt to be
disturbing or is ultimately a source of
glare; this applies to luminous ceilings in
particular, where it is not the ceiling 
that is illuminated, but where the ceiling
itself becomes an extensive luminaire.

Ceiling lighting can be created using
ceiling washlights for mounting on or
into the wall; a particularly relevant form
of ceiling lighting is cove lighting. If it 
is not possible to install luminaires on the
walls, as is often the case in historical
buildings, then free-standing ceiling wash-
lights can be installed. Ceilings can also 
be illuminated using pendant luminaires or
light structures that light the upper half 
of the space. This option is only applicable
if there is sufficient room height, as all
luminaires must be mounted above head
height to avoid direct glare and they must
be installed at a suitable distance from
the ceiling to ensure uniform light distri-
bution. If certain areas of the ceiling
are to be accentuated, this can be achieved
using uplights; this method is also 
suitable for rooms with low ceilings. 

3.3.2.10 Luminance limitation

The question of how to control glare varies
depending on whether the luminaires 
are stationary or movable. In the case of
directional luminaires, such as recessed
directional spotlights, glare does depend
on the light distribution of the luminaire.
The glare primarily occurs if the luminaire
is not adjusted correctly and the light
source becomes visible, either in the lumi-
naire itself or through a reflection of 
the lamp from specular room surfaces. 

In the case of stationary luminaires,
such as downlights, louvred luminaires or
light structures it is necessary to distin-
guish between the elimination of direct
glare and reflected glare. In the case of
direct glare the quality of glare limitation
depends on the light distribution of the
luminaire. Standards exist for the lighting
of workplaces, which stipulate minimum
cut-off angles or highest permissible lumi-
nances in the cut-off range. For work-
stations with VDTs there are specific
requirements.
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Wall lighting using 
washlights (above) and
wallwashers (below).

Application of narrow-
beam downlights for
grazing wall lighting
with decorative 
scallops.

Ceiling lighting using
wall-mounted ceiling
washlights, pendant
indirect luminaires and
a wall-mounted direct-
indirect luminaire
(from left to right).

Free-standing lumi-
naire providing asym-
metrical indirect
lighting, free-standing
luminaire providing
symmetrical indirect
lighting, free-standing
luminaire providing
asymmetrical direct-
indirect lighting (from
left to right).
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To ensure that lumi-
naires are electrically
safe they are required
to meet specific safety
standards. These stan-
dards require all metal
parts which users can
touch not to be live if
a fault occurs. The pro-
tection class indicates
the measures of safety
provided.

Luminaires are protec-
ted against the ingress
of foreign bodies and
water. The Mode of
Protection (IP) is an in-
ternationally recogni-
sed system comprising
two digits XY, whereby

X refers to protection
against foreign bodies
and Y protection
against water. The 
minimum requirements
laid down for lumi-
naires in interior 
spaces is IP 20.

Conventional IP XY
classification for lumi-
naires.

Symbols used to indi-
cate special qualities
and safety require-
ments.

Protect. class Protection measures

I The luminaire has a connection point for 
an earthed conductor, to which all metal parts
with which users may come into contact must 
be connected. Connection to the mains earth
conductor is imperative.

II The luminaire is insulated such that there are 
no metal parts which users can touch that may
be live if a fault occurs.

There is no earth conductor.
III The luminaire is operated on low-voltage up to

42 V, supplied via safety tranformers or batteries.

Luminaire with discharge lamp, suitable 
for mounting on parts of buildings com-
prising materials with an ignition point 
of >200°C (e.g: wooden ceilings)

Luminaire with discharge lamp with a 
limited surface temperature, suitable
for installation in areas exposed to dust
or containing inflammable materials or
in danger of explosion 

Luminaire suitable for installation in or 
surface mounting on furniture made of 
standard inflammable material 
(coated, veneered or painted
wood)

T

TT

M

X Degree of protection against foreign bodies Y Degree of protection against water

0 No protection
1 Drip-proof: water/spray from above

2 Protection against foreign bodies > 12 mm 2 Drip-proof: water from an angle
(protection against manual contact) (up to 15° to the vertical )

3 Protection against foreign bodies > 2.5 mm 3 Protected against spray
(up to 15° to the vertical)

4 Protection against foreign bodies > 1.0 mm 4 Protected against spray from all
directions

5 Protection against dust 5 Protected against jets of water from all
directions

6 Dust-proof 6 Water-proof: flooding
7 Water-proof: immersible
8 Water-proof: may be submerged

Luminaire suitable for installation in or
surface mounting on furniture with un
known inflammable properties

Safety distance (X) in the direction of
beam

X
6 • • •

5 • • • •

4 • • •

3
2 • • •

0 1 2 3 4 5 6 7 8 Y
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Air-conditioning similarly gives rise to 
a number of questions; requirements laid
down by the lighting and the aircondi-
tioning have to be coordinated to ensure
that the ceiling design is harmonious
and no conflicts arise in the organisation
of ducting. Air-handling luminaires result
in a considerable reduction of ceiling
apertures and contribute towards creating
a uniform ceiling layout. Depending on
their design these luminaires can handle
air supply, air return, or both air supply
and return. If more luminaires are required
than for air-conditioning purposes, air-
handling dummies can be used that are
identical in appearance to the air-handling
luminaires, but are not connected to the
ventilation system. Air-handling versions
of both louvred luminaires and down-
lights are available.

3.3.2.13 Accessories

A wide variety of luminaires can be
equipped with accessories to change their
lighting or mechanical properties. These
include filters to change the luminous
colour or to reduce the UV or infrared
radiation, spread lenses to change distribu-
tion characteristics, anti-dazzle equip-
ment or mechanical shields, e.g. for pro-
tection relating to ball games. For further
details, refer to section 2.6.5.
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In the case of luminaires with mirror re-
flectors direct glare control improves the
greater the cut-off angle, i. e. narrow
beam spreads. The standard cut-off angles
are 30° and 40°. It is not possible to limit
reflected glare by increasing the cut-off
angle, however. Correct positioning of 
the luminaires is essential in order to avoid
reflected glare. Any luminaire installed 
in the critical area of the ceiling over a
workplace is a potential source of reflected
glare. The critical area can be defined 
as that portion of the ceiling which is seen
by the user in a mirror covering the
working area.

3.3.2.11 Safety requirements 

Luminaires are required to meet the safety
requirements in all cases; in Germany 
this is usually guaranteed through the pro-
vision of a VDE seal of approval. In some
cases there are other requirements that
have to be met and the luminaires mar-
ked accordingly. This applies primarily to
fire safety when luminaires are installed
in or on furniture or other inflammable ma-
terials. Special requirements also have 
to be fulfilled by luminaires that are to be
operated in damp or dusty atmospheres,
or in rooms where there is a danger of ex-
plosion. 

Luminaires are classified according 
to their Mode of Protection and Protection
Class, whereby the protection class in-
dicates the type of protection provided
against electric shock, and the Mode of
Protection its degree of protection against
contact, dust and moisture. Luminaires 
for application in environments exposed to
danger of explosion must meet a further
set of requirements.
To ensure safety against fire, luminaires
designed for discharge lamps, which are
to be mounted on inflammable or easily
inflammable materials, must meet the cri-
teria to be marked with the T symbol.

Luminaires to be mounted on furniture
require the M seal of approval if they 
are to be installed on or in inflammable
materials. If the flammability of the
materials is not known, the MM symbol is
required.

3.3.2.12 Relation to acoustics and air
conditioning 

The acoustics are of primary importance
in concert halls, theatres, auditoriums and
multipurpose spaces. Acoustical criteria
are therefore treated with priority when the
ceiling is designed; this may have an in-
fluence on the choice and arrangement of
the luminaires. Recessed downlights 
have been proven to be the most suitable
for this kind of lighting task, as they 
have the smallest surface area which may
be acoustically significant. 



3.3.2.14 Lighting control and theatrical
effects

Theatrical effects are increasingly being
applied in the field of architectural lighting.
These include dramatic contrasts, the
use of coloured light and projections using
masks and gobos.

Some of these effects can be obtained
using conventional luminaires, through
striking qualities such as coloured light, or
by dramatic modelling, by using accent
lighting to divide up the space or by using
suitable lighting control. Some luminaires
can be equipped with filters and lens 
systems that allow distribution characte-
ristics to be changed and projections of 
effects using masks and gobos which are
particularly suitable for such lighting
tasks. 

If a high degree of flexibility is required
along with the possibility to control
lighting effects with respect to time and
location, then special luminaires are
required that allow colour changing and
the variability in light distribution, or
possibly even direction control by remote
control. Such luminaires, which have
been used primarily for show lighting to
date, are now being developed for
interior and exterior architectural lighting.

3.3.3 Lighting layout

Depending on the specific lighting project,
there may be a number of conditions 
that determine the lighting layout. The
first is related to the particular lighting
tasks. Differentiated lighting for different
parts of the room or functional areas
may result in the luminaires having to be
arranged accordingly, e.g. the arrange-
ment of downlights above a seating area
or the positioning of downlights and
floodlights in a modern control room.
Uniform lighting will require the luminaires
to be arranged regularly across the area. 

The lighting layout may also depend
on the form of the ceiling; existing ceiling
grids and modules, but also ceiling joists
or other ceiling shapes form structures that
have to be taken into account when
planning the lighting layout. In some cases
it is also necessary to coordinate plan-
ning with the engineers responsible for air-
conditioning and acoustics to ensure 
that the cabling installation is carried out
safely and that the ceiling appearance 
is acceptable.

The lighting layout should not be based
entirely on technical or functional condi-
tions; in spite of all the preconditions
there is wide scope for arranging the lumi-
naires in accordance with the design
concept. The lighting should not be confi-
ned by purely technical considerations, 
but also take into account the aesthetics
of ceiling design. In quantitative lighting
design it has become common practice to

3.3 Practical planning
3.3.3 Lighting layouts

plan the lighting layout of ceiling-mounted
luminaires to produce a completely uni-
form grid, with the aim of providing uni-
formly distributed lighting. By super-
imposing light distribution patterns it is
possible to produce uniform lighting 
also by means of a differentiated lighting
layout. On the other hand, differentiated
lighting can also be achieved with a uni-
form arrangement of various luminaires.
Consequently, there is no direct link between
lighting layout and lighting effect; by
exploiting the wide range of luminaires
available it is possible to achieve a de-
signed pattern of lighting effects using a
variety of lighting layouts. The lighting
design should make use of this scope
producing ceiling designs that combine
functional lighting with an aesthetic
lighting layout that relates to the archi-
tecture.

It is neither possible nor practical to
present a comprehensive formal language
for the design of lighting layouts; the 
ceiling design of a lighting installation is
developed in each specific case from 
the correlation of lighting tasks, technical
prerequisites, architectural structures
and design ideas. It is, however, possible
to describe a series of basic concepts
which show some general approaches to the
form and design of luminaire patterns 
on ceiling sufaces. 

One approach is to consider the point 
as a basic design element. In the broadest
sense the point can be any individual
luminaire, or even any compact and spati-
ally isolated group of luminaires. This 
category of design elements not only in-
cludes downlights, but also larger lumi-
naires such as louvred luminaires and even
groups of these individual elements, pro-
vided that their total surface area is small
in relation to the overall surface of the
ceiling. 

The simplest layout of these points 
is a regular grid, in a parallel or staggered ar-
rangement. A regular pattern of identical
luminaires can easily result in a monoto-
nous ceiling appearance, plus the fact
that differentiated lighting is practically
out of the question. An alternating grid
of different individual luminaires or lumi-
naire combinations can produce more
interesting arrangements; in this case lumi-
naires of the same or different types can
then be purposefully combined. The use
of different luminaire types, by alternating
positioning or through combinations, 
allows the lighting qualities of a visual
environment to be carefully controlled. 
A further step towards more complex de-
sign forms is the linear arrangement of
point sources. In contrast to simple ligh-
ting layouts in grid patterns, the ceiling
design in this case relates more closely to
the architecture of the space – the 
ceiling is no longer simply covered with
a grid of luminaires, but is designed 
along the lines dictated by the architectural
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Linear arrangement of
ceiling luminaires 
follows the length of
the long walls. The end
wall is illuminated 
separately, by a linear 
arrangement of reces-
sed floor luminaires.

Point sources: regular
and staggered layouts.

The point sources may
be luminaires of diffe-
rent shapes and sizes,
or compact groups of 
luminaires.

Point sources: linear 
arrangements.

Luminaire arrangments
can follow architectu-
ral structures or create
patterns of their own.
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A regular arrangement
of ceiling luminaires
provides the ambient
lighting in the space.
The long walls are 
accentuated separately
by recessed floor lumi-
naires.

Linear and point ele-
ments: regular and
staggered arrange-
ments.

The combination of
different elements 
gives rise to a broad
range of design possi-
bilities, including
decorative solutions.

Linear elements: 
regular and staggered
arrangements.

The rectangular 
arrangement of track is
in line with the form 
of the space. This allows
flexible lighting of 
all wall surfaces and
accentuating of objects
in the space.

Linear structures: 
linear and rectangular 
arrangements of track.
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tween the wallwashers should not exceed
one and a half times the distance to the
wall.

When illuminating paintings or sculp-
tures using spotlights, the luminaires
should be arranged so that the angle of
incidence of the light is approximately
30°, the so-called “museum angle”; this
produces maximum vertical lighting 
and avoids reflected glare that may disturb
the observer.

form of the space. This may involve follo-
wing the existing lines or purposefully
arranging the luminaires in contrast to the
existing formal language. Linear ar-
rangements allow greater design scope,
but do entail more stringent design
requirements. As the linear arrangement
of the luminaires does not necessarily
relate to an actual line – the course a wall
follows, ceiling projections or joists – the
luminaire arrangement can only be created
on the basis of the perception of gestalt.
These laws of gestalt must receive special
attention during the planning phase. 
The crucial criteria are the proximity of the
luminaires and their equidistance. 

Whereas linear arrangements consisting
of series of points are only produced indi-
rectly by the perception of the gestalt,
they can be directly formed of linear ele-
ments. These linear elements can be parti-
cular types of luminaires, e.g. louvred 
luminaires, or even trunking systems. Con-
tinuous systems, light structures and
almost all track arrangements or other
trunking systems belong in this design
category.

The formal language of linear arrange-
ments is identical to that of rows of
points. As the visual forms produced when
linear luminaires are used are real and 
not only implied, more complex arrange-
ments can be planned with no danger 
of distortion through perception. Creative

design allows both the alternating appli-
cation of different luminaire forms and
the use of spotlights on lighting structures
or trunking systems. This allows differen-
tiated lighting without individual lumi-
naires disturbing the in-trinsic form of the
structure.

The application of linear elements also 
allows the transition from linear arrange-
ments to more planar layouts. Light
structures and trunking systems are parti-
cularly suitable in this regard. The formal
language of such networking depends
primarily on the connectors available for
the specific structures. Adjustable
connectors allow specially variable design.
In general, connectors are available with
fixed angles of 90° and 45°, 120° and 60°.
Each of these angles can produce a wide
range of forms, from rectangular forms at
angles of 90° to honeycomb-shaped 
arrangements at angles of 120°.

Apart from basic design concepts it 
is possible to compile a set of general rules
for some aspects of lighting layouts; in 
the case of regular lighting layouts this
applies above all for the distances be-
tween the luminaires and from the walls.

For ceiling-mounted downlights the
distance to the wall should be about half
the distance between the downlights. 
In the case of wallwashers the recommen-
ded distance to the wall is around one
third of the room height, the distance be-
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An arrangement of 
several hexagonal light
structures subdivides
the ceiling area irre-
spective of the sur-
rounding architecture
and becomes an active
design element in the
space.

Light structures using
90°, 135° and 120°
angles in arrange-
ments: individual and
combined structures.
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The recommended
distance of downlights
to the wall is generally
half the distance be-
tween the downlights.
Corner-mounted
luminaires should be
mounted on the 45°
line to produce identi-
cal scallops on both
walls.

The distance of wall-
washers and wash-
lights from the wall
should be 1/3 of the
room height; the dis-
tance between the lu-
minaires themselves
should not exceed one
and a half times the 
distance to the wall.

In spaces with domi-
nant architectural fea-
tures the lighting lay-
out should harmonize
with the architectural
elements.

In the case of mirror
walls the lighting lay-
out should be planned
such that the arrange-
ment of luminaires
appears consistent in
the mirror image.

The optimum angle of
incidence for the illu-
mination of paintings
and sculptures is 30°.

Overlapping light 
beams (beam spreads
60°, 80° and 100°) on
the working plane at 
a spacing to height to
height ratio of 1:1.



3.3 Practical planning
3.3.3 Lighting layouts

149

Critical areas 
(excluded zones) for
VDT workstations ( left),
horizontal visual tasks
(centre) and vertical
visual tasks (right). 
Luminances falling on
the visual tasks from
the zones indicated re-
sult in reflected glare.

Lighting solutions for
horizontal visual tasks
free of reflected glare:
direct lighting using
luminaires positioned
outside the excluded
zone, indirect lighting.

Lighting solutions for
vertical visual tasks
free of reflected glare:
(from left to right): 
if the reflective surface
is arranged transver-
sely, the luminaires can
be mounted in front 
of the excluded ceiling
zone. If the reflective
surface is arranged
vertically, then next to

the excluded ceiling
zone (centre). If the
entire wall surface is
reflective, the lumi-
naires must be moun-
ted within the exclu-
ded zone; the cut-off
angles must be plan-
ned such that the ob-
server is not disturbed
by reflected light.



3.3.4 Switching and lighting control

In the simplest case a lighting installation
may consist of a single circuit. An instal-
lation of this kind can only be switched on
and off and therefore only produces one
lighting arrangement. Lighting frequently
has to meet changing requirements,
however, which means that additional con-
trol options must be provided.

Even if the space is always used in the
same way, daylight conditions change radi-
cally during the course of the day. In the
daytime artificial lighting must compete
with sunlight, and our perception is adap-
ted to high levels of brightness on the
room surfaces. In the evening and at night
lower illuminances and pools of light are
accepted. This fact presents a significant
planning criterion for a wide range of
lighting tasks. In some cases, e.g. the
lighting of exclusive restaurants, it is likely
to be a prime consideration and require 
a lighting installation to meet both envi-
ronmental situations.

As the use of the space changes, so the
demand for variability and flexibility will
increase. For example, the lighting provided
in lecture rooms should consist of accent
lighting for podium discussions with com-
paratively high levels of lighting in the
auditorium; the lighting installation should
also be suitable for slide presentations,
where the speaker is seen in accent
lighting and the ambient light is just suf-
ficient for the people in the audience to
take notes. If films or videos are to be
shown, lighting control requirements will
be extended accordingly.

In many cases, the creation of a differen-
tiated lighting installation cannot be re-
stricted to the development of a concept
that meets a clearly defined set of require-
ments with an equally fixed, exclusively
spatially differentiated lighting layout.
Changing environmental conditions and
different uses may demand the creation of
temporal differentiation – that is to say,
the transitions from a fixed lighting situation
to a series of optional light scenes that
are dependent on the time of day or given
situations.

The first way of creating a light scene
is to arrange individual luminaires in 
an installation to form groups that can be
switched separately. These groups may
consist of lighting arrangements that are
completely independent of one another
and designed to fulfil different lighting
tasks, and individual components of an
overall installation, which may be operated
separately or together.

As a rule, the definition of a light
scene does not simply cover the simple
switching of groups of luminaires, but
also involves varying the levels of bright-
ness. Besides the switching of separate
circuits, dimming equipment is required
for the separate groups of luminaires.

3.3 Practical planning
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Once the required level of brightness
has been identified, it is then possible to
plan differentiated lighting to meet speci-
fic requirements. The potential range of
light scenes increases considerably even if
the number of luminaires and the swit-
ching remains the same. The distribution
and level of brightness of the lighting can
be accurately controlled in individual
areas within the space and the overall level
of a light scene adjusted to the changing
requirements–e.g. to the time of day or the
daylight available.

The switching and dimming of individual
groups of luminaires can be controlled
manually, either using conventional swit-
ches and controllers or by infrared remote
control, which allows groups of lumi-
naires to be controlled even if there are
only a minimal number of circuits. 

This method still makes it difficult to
reproduce defined light scenes or to
adjust them at a fixed rate. If the require-
ments the lighting control has to meet 
are complex, or if a larger number of groups
of luminaires are to be controlled, it 
is advisable to use an electronic control
system. This allows precisely defined light
scenes to be recalled at the touch of a
button, or a change of light scene to be
programmed to take place over a given
period of time. It is also possible to con-
trol the light in accordance with daylight
or the use of the spaces using sensors;
other functions apart from lighting can
also be operated by coupling the lighting
control system with the building manage-
ment system.

Further developments in lighting
control can also be used to create theatrical
effects in architectural lighting. Besides
controlling brightness, this may include
changing luminous colour, beam spread
or even the direction of the luminaires.
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Diagram of the lighting
layout in a multifunc-
tional space with the
luminaires allocated to
different circuits. 
Circuits: 1 wall lighting;
2, 3 general lighting; 
4 decorative compo-
nents; 5–10 track.

Conference: 
high level of horizontal
general lighting,
average level on walls.

Lecture: 
reduced general
lighting, emphasis of
wall surfaces, accent
light on speaker.

Scene 1 
Reduced night-time
lighting 
Scene 2 
Morning lighting 
Scene 3 
Daylight-related
lighting to supplement
daylight 

Time-related light
scenes in a hotel foyer.
Transition between
light scenes with
fading times of up to
15 mins.

Scene 4 
Warm early evening
lighting
Scene 5 
Festive lighting for the
evening 
Scene 6 
Reduced festive
lighting

Slide presention: 
general lighting redu-
ced for people to 
take notes by, minimum
wall lighting, accent
light on speaker.

Film or video projec-
tions: minimum 
general lighting.

Dining: 
low wall lighting,
festive atmosphere
produced by decorative
components 4,
accentuation of points
of interest on tables
and buffet using track-
mounted spotlights.

Reception: 
room proportions are
emphasised by the wall
lighting, festive atmos-
phere due to decora-
tive components 4,
accentuation of points
of interest in the space
using track-mounted
spotlights.

Switching and dim-
ming status of circuits
1–10 for different 
light scenes:
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3.3.5 Installation

A wide range of luminaire types – e.g.
spotlights, combined uplights-downlights
and light structures – are exclusively
designed to be installed as additive ele-
ments. They may be mounted on track 
or carrier systems, suspended from the 
ceiling (pendant luminaires) or surface 
mounted onto the wall or ceiling. The range
of downlights and louvred luminaires
available is so vast and their designs differ
substantially, which means that numerous
modes of installation are required. In the
case of wall or floormounting the lumi-
naires may be surface-mounted or recessed
into the fabric of the building. Ceiling
mounting allows a variety of possiblities:
pendant mounting, surface mounting,
semi-recessed or recessed mounting. Light
structures can be handled in a similar
way, i.e. depending on their design, they
can either be surface-mounted or recessed. 

3.3.5.1 Ceiling mounting

Luminaires can be recessed into concrete
ceilings or suspended ceilings; the mode of
recessing depends essentially on the
specific ceiling type.

For recessed mounting into concrete
ceilings the luminaire apertures are created
when the ceiling is cast. One method for
providing the apertures is to fix polystyrene
blocks in the form of the required space
onto the concrete shuttering; when the
ceiling has been cast the blocks are re-
moved, providing apertures of the required
size. Another possibility is to install pre-
fabricated housings, which are also attached
onto the concrete shuttering and remain
in the ceiling. It is essential to check that
the planned lighting layout is compatible
with the structure of the ceiling, whether
specific installation locations must be
avoided, for example, due to concealed
joists or whether the reinforcement of the
ceiling should be coordinated with the
lighting layout.

Shaped concrete ceilings, e.g. moulded
coffer ceilings, can be used as effective
lighting elements. This may be to produce
indirect lighting components and glare-free
lighting, and will inevitably accentuate
the ceiling structure. The luminaires can be
installed in the coffers to illluminate 
the sides of the coffers; the more conven-
tional method is to install the luminaire
in the coffer as a pendant fitting, providing
direct lighting in the space and indirect
lighting through the illumination of the
ceiling coffer.
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Mounting recessed
luminaires using a
concrete housing ( left),
with a polystyrene
block and a substruc-
tion (right).

the luminaire and 
building surfaces b
there must be at least
25 mm. In the case 
of luminaires with an
T mark no gap is
required between the
upper surface and 
the building surface.

Installation of recessed
luminaires according
to the European stan-
dard (EN 60598): 
the minimum distance
a between the sides 
of the luminaires and
building surfaces must
be 50–75 mm. Between
the upper surface of

Methods of mounting 
recessed luminaires
(from the top down-
wards): mounting into
plaster ceilings using 
a plaster ring, mounting
into dry ceilings with
luminaire attachment,
mounting from above
with mounting ring.

Semi-recessed moun-
ting using a spacer
ring (above), or surface-
mounted luminaires
using a mounting ring
(below).

Mounting recessed 
luminaires in inclined
ceilings: tiltable
double-focus down-
light (above), recessed
directional spotlight
(centre) and downlight
with special accesso-
ries (below).



3.3 Practical planning
3.3.5 Installation

The recessed mounting of luminaires 
into suspended ceilings varies depending
on the type of ceiling system.

In the case of flat suspended ceilings,
e.g. plasterboard ceilings, the luminaires
can almost always be arranged irrespective
of the suspended ceiling grid. The lumi-
naires are fixed firmly in the ceiling aper-
tures provided; if necessary, the weight of
the luminaire must be carried by additional
suspensions fixed onto or in close proxi-
mity to the luminaire. If the ceiling is to be
plastered, plaster rings are required for
the luminaire apertures.

There are various versions of suspended
ceilings available made of individual
panels. They vary according to the material,
grid dimensions and load-bearing 
capacity. The ceiling grid will automatically
determine the possible layout, which is 
to be taken into account when positioning
the luminaires.

Smaller luminaires, such as down-
lights, can be installed in ceiling panels,
following the same mounting instructions
as for flat ceilings. Larger luminaires, es-
pecially louvred luminaires, can be installed
in place of individual ceiling panels;
different modes of installation are required
for mounting into different ceiling types.
Metal plank ceilings present a special case:
luminaires are not only installed between
the ceiling panels, but also from the carrier
system. Suspended ceilings made of in-
dividual panels may require the luminaires
to have additional brackets to take the
weight of the luminaires.

For open grid ceilings and honey-
comb-grid ceilings there are recessed 
cassettes available complete with suitable
apertures for the recessed mounting of
downlights. The cassettes are dimensioned
to suit the respective ceiling grids. They
can replace a ceiling panel or allow the
installation of luminaires between ceiling
panels which would otherwise not be
suitable to take the static load.

Semi-recessed mounting of luminaires is
similar to recessed mounting, with the
recessed depth naturally being shallower.
Some luminaire types are specifically
designed for semi-recessed mounting. With
specially developed recess accessories, 
luminaires for both recessed and surface
mounting can be adapted for semi-
recessed mounting.

Pendant mounting can be effected in 
a variety of ways. Light-weight luminaires
are usually suspended by the connecting
cable. Heavier luminaires require a sepa-
rate suspension device. This may take 
the form of a stranded wire cable or a pen-
dant tube, which generally contains the
connecting cable.
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Pendant mounting 
of louvred luminaires:
with two suspension
points, four suspension
points, two and four
suspension cables
connected to one 
ceiling mounting plate.

Recessed mounting of
louvred luminaires into
various ceiling systems
(from the top down-
wards): 
recessed mounting
into ceilings with
exposed and concealed
profiles, recessed 
mounting into flat,
suspended ceilings and
panelled ceilings.
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