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Foreword

Light is an essential design element in architectural planning. Natural
and artificial light illuminate architecture as a whole or in detail, creating
atmospheric moods and enabling the optimal use of a space. The demands
for lighting planning are as diverse as the expectations and needs of users.
For example, those working on computers require a glare-free and gen-
erally bright environment, while watchmakers or goldsmiths need targeted
lighting. In commercial settings, lighting moods and colors are adjusted
according to the product presented, whereas in cinemas or cozy cafés,
soft and pleasantly warm light is required. The illumination of exterior and
interior spaces is therefore an important topic in architecture that ex-
tends far beyond purely technical implementation and calculation. Intel-
ligent design solutions help to develop design requirements, functions,
and technology into a holistic solution in order to reduce the energy re-
quirement of the building, for instance by the use of natural lighting.

Thus, lighting planning has developed into a distinct professional
field in recent years. In order to be able to consider the guiding principles
in the design right from the outset, a broad knowledge of the requirements
and possibilities of lighting planning is necessary. In addition to the tech-
nical systems, this includes, above all, an understanding of the relation-
ships and the use of the right specifications for specific tasks. It is vital
to understand the concept of illumination and lighting as an integral part
of any design. Basics Lighting Design provides a compact and wide-rang-
ing introduction, allowing the reader to integrate this knowledge into their
designs.

Bert Bielefeld, Editor
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Introduction

Light is of vital importance for human beings. For in addition to our The Importance
ability to see, our bio- and circadian rhythms are shaped by light. of Light Planning

Hence, within the context of planning buildings and exterior spaces,
light planning is not only a central element in design, it is also of immense
importance to the way we feel in these spaces.

It is therefore important to note that for every imaginable use, new
requirements arise and normative standards take effect, which can re-
strict our plans and goals. Furthermore, prevailing circumstances may
vary from case to case. Consequently, adopting a general categorical ap-
proach to light planning is very difficult; normally, individual planning will
be required in every case.

Whereas historical light planning was primarily concerned with in- The Development

troducing daylight into interior spaces, illuminating predetermined areas ©f Light Planning
with sunlight at certain times of the day, and ensuring that night illumi-
nation was available with natural sources of light, contemporary light
planning can offer a far greater choice of variations and technical options.
At the same time, demands are constantly growing. Guidelines have to
be followed and minimum and maximum values complied with. Human
sensitivities adapt to new lighting situations, and, last but not least, the
energy efficiency of artificial light and sunlight need to be taken into con-
sideration. As a result, the complexity of planning tasks has increased in
the field of interior planning and architecture, resulting in an ever higher
degree of specialization in the domain of light planning.
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The Foundations of Light Planning

The question of how we employ naturally available as well as artifi-
cially added light raises certain design issues that need to be clarified in
advance: which specifications does a particular light source fulfil or have
to fulfil, and which measurable values are available. Above all, and as far
as planning specifications are concerned, the physical properties must
be addressed, since they form a crucial part of the planning background.
Furthermore, it is necessary, as far as the actual planning is concerned,
to establish which properties are to be utilized. Moreover, it is essential
to identify which tasks the light has to perform. In addition, certain speci-
fications may have to be met with regard to basic lighting, as well as room
and accent lighting, which may differ quite considerably, or have to be
achieved through a variety of means.

THE PLANNING PROCESS

The individual stages of light planning are barely distinguishable from
the standard sequences of architectural planning. The fundamental data,
as well as the design and its execution, define the process. During the
first stage, the client or user specifies the desired functions and defines,
above all, the areas to be illuminated and the specific colour scheme re-
quired. In the draft stage, the components are primarily considered from
the standpoint of artificial lighting, such as the types of lighting and illu-
minants, since the daylight components are — in the case of pure light
planning — generally defined by the position, size and style of the win-
dows. The components and furnishings are then put in position. To this
end, computer-aided simulations can be generated — when required or
desired — that reflect the room’s spatial effect. These simulations cannot,
however, serve as a substitute for sampling individual components in a
specific installation context, for only here can the individual installation
situation be chosen definitively. Interaction between light planners and
electronics planners is essential, since the cable routes and the po-
sitioning of the switches must also be considered. o

O Note: Owing to the growing opportunities in com-
puter-aided design, many situations in the planning
process can now be illustrated, as in the case of ren-
dering, illumination scenarios, calculations, etc. These
are not, however, a substitute for sampling or for re-
examining work on the spot, because the individual’s
perception of a light situation cannot be simulated
down to the very last detail - despite photorealistic
renderings.
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The light and
colour spectrum

Luminous flux,
luminous efficacy
and the quantity
of light

PHYSICS TERMINOLOGY AND PARAMETERS
Owing to light’s complexity, many different parameters are used to
describe and do justice to the various aspects of this subject. > Tab. 1

To the human eye, only a minuscule part of the electromagnetic spec-
trum is perceptible. This field is known as the light or colour spectrum. It
is also frequently referred to as real “light”. Higher-frequency ranges with
short wavelengths (such as UV or X-rays) and low-frequency ranges with
long wavelengths (microwaves and radio waves) are invisible to the hu-
man eye. Within the range of the visible light spectrum, it is possible to
determine the diverse wavelengths of the colour tones. > Tab. 2

Luminous flux @ [Im] shows how much light is radiated from a light
source. In order to establish this fact, the human eye is needed as an
evaluating organ. When calculating the luminous efficacy, the guantity
of light, the light yield and the luminance, it is essential to regard luminous

Tab. 1: An overview of the photometrical parameters

Parameter Symbol Unit

Luminous flux [ lumen [Im]

Luminous efficacy n lumens per watt [Im/W]
Luminous energy Q lumen seconds [Ims]
Light yield | candela [cd]
Illuminance E lux [Ix]

Daylight factor D percentage [%]

Light density L candela per m? [cd/m?]
Colour temperature - Kelvin [K]

Colour rendering index R, -

Tab. 2: The wavelengths of the colours of the spectrum

Hue Wavelength [nm]
Red 710-630
Orange 630-580
Yellow 580-560
Green 560-480
Blue 480-420
Violet 420-380
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flux as a baseline value. In the case of artificial light sources, the luminous
flux levels used for the light calculations are stated — depending on the
product — by the manufacturers. In order to balance the energy and
perform investment appraisals, it is necessary to calculate the luminous
efficacy ) [Im/W] — an essential source of light. This, in turn, calculates
the energy required to reach the nominal value. The quantity of light Q
[Im x h] states the entire luminous flux emitted by a light source over a
defined period of time. A light source with highly concentrated luminous
flux thus produces a greater quantity of light per unit than a light source
containing very little luminous flux.

Light yield | [cd] determines the ratio of light emitted by a light source
moving in a certain direction. The luminous intensity of natural light sources
can be influenced by the use not only of sun-shade and glare protection,
but also of glazing and light control. In the case of artificial light, these are
the essential light models and light sources/illuminants used. > Fig. 1

30° 15° 0° 15° 30°
Scattering angle

Fig. 1: The light density distribution curve of a rotationally symmetrical reflector
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Illumination densities
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o

The daylight
factor quotient

In the case of illuminance E [Ix; Im/m?], the luminous flux represents
a specific illuminated area. Above all, when illuminating workplaces, ex-
tensive normative specifications apply that determine which values are
reached, or should not be exceeded. In the case of daylight planning, the
decisive values are generally the readily available illumination intensities
of natural light sources; when planning artificial lighting, calculations
should be made and simulation models calculated to ascertain which
lights and illuminants will be needed to produce the necessary illumina-
tion intensity. > Tab. 3

The daylight factor quotient D describes the relationship between a
room’s illumination intensity (the centre of the room) and illumination in-
tensities outside and beneath a cloudy sky. In both cases, the quotient
is always derived from specific measurements and/or detailed calcula-
tions. In both cases, a pattern of grids containing a number of points can
be laid out in the rooms observed in order to arrive at a distinct surface
display. This makes sense in rooms that are exposed to natural lighting
from different directions.

D= Einterior x 100
exterior
D Daylight factor [%]
E Lighting intensity interior [Ix]
E Lighting intensity exterior [IX]

interior

exterior

Tab. 3: The illumination intensities of natural light sources on the ground

Light source Luminance [Ix]
Clear sky, sunny (summer) 90,000-130,000
Clear sky, sunny (winter) 19,000-25,000
Cloudy sky (summer) 15,000-20,000
Cloudy sky (winter) 5,000-8,000
Dusk 3-750
Moonlight 0.02-0.30

O Note: Tables and values on specific parameters can
often be found in the norms and guidelines. When read-
ing the set values, please note that quite different
demands are shown for both the minimum and medium
illumination intensities, as well as for the horizontal
and vertical areas.
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Light density is the parameter within physics that describes the Light density
brightness experienced by human beings. It is one of the few units that
is extremely dependent on the direction of a source of light. Hence, lu-
minance is always dependent on a generator and not — as in the case of
most other parameters — on the recipient of the light radiation, i.e., the
human eye. Furthermore, the awareness of darkness and glare through
the perception of diverse sensitivities of the eye varies according to the
eye’s sensitivity. Not only that: the eye adapts itself to certain situations
over the course of time. In addition, the wavelengths of light, that is, the
perceived colour, ensure that similar light densities trigger differentiated
feelings. > Tab. 4

Luminous colour or colour temperature (unit of measure: Kelvin) de- Light/bright
scribes a colour impression produced by a light source. A lower value al- tcé’r'r?:;a:frzo'o“r
ludes to a large share of red in the existing colour spectrum, in which
subjective perception is experienced as warm. Above all, in the planning
of the temperature, the colour plays a major role in determining the arti-
ficial light sources, since the planning goal generally is to simulate natu-
ral light. The technical capabilities, however, generally end with colour
temperatures well below those of natural light. > Tab. 5 Light sources with
a colour temperature of under 3,300 K are registered as warm-white, and
have a neutral white spectrum fluctuating between 3,300 and 5,000 K;
higher values result in warm “daylight white” or "cold white” light sources.

The colour rendering index R, serves to display the quality of the col- The colour
our rendering of diverse light sources. In the process, it describes the renderingindex
impact evoked by light directed at objects and other people. Good col-
our renditioning is achieved when a natural colour environment is opti-
mally reproduced (value R,=100). In high-quality interiors with good res-
idential quality and/or workplaces with light sources, an R, < 80 should
not be used. >Tab. 6 The colour rendering index R, refers to the eight most
frequently used test colours. The index makes this quite clear and means
in this context: “in general”.

Tab. 4: The perception and sensitivity of the human eye

Viewing task Light density

Night vision 3-30pcd/m?z - 3-30mcd/m?
Twilight 3-30mcd/m? - 3-30cd/m?

Daylight >3-30cd/m?

Dazzle >100,000-1,000,000 cd/m?
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Lighting in general

Tab. 5: Exemplary colour temperatures of natural and artificial sources of light

The source of light

Colour temperature [K]

Candle 1,500

Light bulb (60 W) 2,700

Light bulb (200 W) 3,000
Halogen lamp (12 V) 3,000-3,200
Fluorescent lamp (neutral white) 4,000
Morning/evening sun 5,000

Cloudy sky 6,500-7,500
Fog/haze 7,500-8,500
Clear sky 9,000-12,000

Tab. 6: Colour reproduction index with diverse light sources

Source of light

Colour rendering index R,

Light bulb Up to 100
LED 80-97
OLED 80-90
Fluorescent lamp 50-98
Metal halide lamp 60-95
High-pressure sodium lamp 18-85
High-pressure quicksilver lamp 45
Low-pressure sodium vapour lamp <44

ILLUMINATION TASKS

16
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Planning with lamps and illumination basically calls for a holistic ap-
proach to many different types of illumination. Initially, the general light-
ing (or basic illumination) is intended to ensure uniform illumination for
a predefined area. Accent lighting is more differentiated in the next step,
because it means creating — within what are now generally illuminated
area zones — a foreground and background. In addition to this, special
points of emphasis and accentuated surfaces can be created.

General lighting is planned with the aim of ensuring equally good ori-
entation in all parts of a room. It fulfils the basic task of making things
visible and ensures that the room is perceived in this way. > Fig. 2 Since
primarily diffuse sources of light are used here to create or minimize con-
trasts, for example by casting shadows or directing the light rays in a

Al use subject to https://ww.ebsco.coniterns-of-use



Fig. 2: Overall lighting/illumination in a living room and a conference room

Fig. 3: Examples of the accentuated lighting of objects and room zones

certain manner, an exclusive form of general lighting will not suffice in
most cases to emphasize the room’s function or highlight the activities
of the person inside the room. To this end, more ambitious steps must
be taken. All-purpose lighting is planned so that it can still be used even
if there is a change in functions or use.

The accentuation or arrangement of light sources on specific zones
or objects is referred to as accentuated illumination. In this case, con-
trasts are created that — due to the general lighting — do not have a suf-
ficient impact, as yet. > Fig. 3 Here, illumination systems are used that di-
rect or bundle daylight or, in the case of artificial light sources, rely on
narrow beams and adjustable lamps. In order to illuminate and stage the
surfaces, a combination of the brightness from the lamps and the emerg-
ing shadows is used to emphasize the structure, the colouring and the

- printed on 2/8/2023 9:51 AMvia . All use subject to https://ww.ebsco.coniterns-of-use
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Fig. 4: Examples of the illumination of surfaces

The illumination
of interior and
outside spaces

materiality. To this end, lights are often used that are not directed straight
at the surface, but appear as scattered light or rays of light. > Fig. 4

The tasks of light planning differ from those of urban lighting plan-
ning, and frequently extend to the illumination of a single object in a dis-
play case. The catalogue of requirements encompasses — in the case of
all plans — the general situation with regard to interior and exterior space,
the use of space and rooms, the desired and required illumination, as
well as its useful life. Consequently, a concept needs to be developed
that takes into account the amounts of daylight and artificial light, the
types of artificial lighting and the existing buildings, as well as objects
and surfaces. In the following, the available planning elements will be
presented and an overview of the potential areas of use for diverse plan-

O ning scenarios underlined.

@ Example: In the case of street lighting, equipping a O Note: The growing significance of light planning can
street area with an adequate number of street lamps also be seen in the fact that urban authorities are

at regular intervals will ensure a sufficient amount of increasingly developing light concepts that define the
lighting. The siting of a large number of lamps at or functionality and design of light in open space. The goal
near crossroads, and using reflecting signs at danger of these concepts, which are now obligatory up to a
spots, will make the latter stand out and encourage certain point, is to create a harmonic overall impres-
people to pay greater attention to these zones. sion of urban lighting.

EBSCChost
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Planning elements

DAYLIGHT

The use of natural sunlight and night light is one of the core tasks as
far as the planning and illumination of interior and exterior spaces is con-
cerned. As an exclusive light source, or as a light source supported by ar-
tificial light > chapter Artificial Light, it is the task of light planners to ensure that
there is a user-specific degree of light available for end users. In many
cases, such as secretarial work with screens and monitors, a certain de-
gree of glare-protection light is essential; this can be provided through
glare protection or light guidance. In the case of daylight planning, it is al-
most equally important in most naturally illuminated rooms to keep an
eye on thermal insulation, which makes sun protection measures nec-
essary, depending on which way the room is facing. The overall concept
of light planning ought to have as its goal the minimal employment of ar-
tificial light in order to create the required degree of brightness.

Daylight is subject to natural fluctuations. In this regard, both the
temporal aspects (the time of day, a specific season), which determine,
above all, the angle of incidence and the refraction of daylight, as well as
superordinate and subordinate local issues play a role. The superordinate
aspects cannot be influenced by the planners, or only to a minor degree:
the latitude and longitude of the location, the topography, the distance
and height of the surrounding buildings/vegetation. The subordinate
points can be influenced during the design and planning stages (the align-
ment of buildings and spaces, as well as rooms and exposure areas). o

The use of daylight in interiors

The use of daylight in interior spaces has a considerable impact on
people’s well-being. The human organism adapts to the daily disappear-
ance and return of natural light; this process controls not only our sleep-
ing-waking rhythm, but also the release of hormones and the operation

O Note: When planning the alignment of buildings and
the resulting irradiation factors, a solar altitude dia-
gram can be consulted that shows the day and year in
which certain dependent values are stated. (> Fig. 5)
These values are cited in DIN 5034-2 for this core
region of Germany.
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Fig. 5: An exemplary sun chart

of our metabolic functions. This rhythm, which is linked to the presence
or absence of sunlight, not only controls our general perceptions but also
has an influence on our physical and psychological health. The human
eye also evaluates certain light situations.

Thanks to this connection, the inclusion of daylight in light planning
has a positive effect on those who want to use space. From an energy
standpoint too, the use of natural light is advantageous, because every
time a source of artificial light is used, additional electrical energy is re-
quired. The sun’s light also reaches colour temperatures that are agree-
able to human beings, but very difficult, if not impossible, to reproduce
with the means of artificial light.

The aforementioned problems encountered by light planners (the lim-
ited natural daylight available during the course of the day, seasonal ir-
regularities, etc.) necessitate complex solutions. Measures are taken to
guide and control delivery of light in order to prevent a light fall-off in the
depths of the room, to avoid glare and to regulate heat input. In the
planning phase, it is important to focus on the ways the space will be
utilized, as workplaces, in particular, present normative challenges that
can hardly be dealt with by the use of sunlight alone.

Planning elements for daylight use

Daylight planning involves diverse methods of making natural light
available. As far as outside areas are concerned, this is generally a ques-
tion of restricting irradiation in order to avoid glare, whereas for interior
rooms it is a matter of providing protection from the sun. Consequently,
precise analyses of interior rooms must be carried out with regard to the
creation of daylight apertures.

20
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Fig 6: Diverse windows and types

An obvious way to supply rooms with daylight is to create openings windows
in the room-encompassing shell. The windows’ size, position, parti-

tioning and materials influence how it is possible — despite the win-

dows —to allow only an essential amount of light into interior rooms

in order to avoid glare or an excessive generation of heat. As far as

daylight planning is concerned, the window is the element that offers

the greatest variation. It is also the one that has to fulfil the most
demands:

— Size
In contemporary architecture, windows can be made to almost any
size. With some constructive effort, facades and roofs can be designed
with the greatest degree of transparency. Large window areas, how-
ever, also place greater demands on statics, solar protection and
thermal protection.

— Form
In window design, many variations are possible. Round and trapeze-
shaped windows can be realized, as well as arching elements and
wide ribbon windows with countless individual windows arranged
alongside one another. > Fig. 6

— The position and arrangement
Both the window’s position within the building’s shell (in the outer
wall, cellar, or roof, as a skylight, or in an interior courtyard) and its
positioning within the assigned room (the middle of the room, for
example, or a corner) must be taken into account. Furthermore, the
window can be located in a specific part of the building and posi-
tioned in the reveal (exterior, interior, glass curtain wall). > Fig. 7

21
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Fig. 7: The fenestration in the inner courtyard, the corner of the building, and the skylight

Fig. 8: Windows with diverse glass/frame elements and sash windows

The relationship of the glass, the frame and the distribution of the
windows

The following basic principle applies here: the larger the window, the
greater the share of glass in relation to the frame profile. With addi-

tional steps, rungs and bolts, a creative or structural distribution can
be achieved. > Fig. 8

Materials made of glass and frames

Glass plays a very special role in antiglare and solar protection meas-
ures, as well as in heat protection. Clear glass ensures intense light-
ing, as well as high heat input. With the aid of colour dyes, the light
input can be reduced, and with the aid of multiple glazing the insu-
lation properties can be improved. In the case of frame construc-
tions, wood, artificial materials and metals (such as aluminium and
steel), or a combination of these, can be installed.

22
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In addition to introducing direct daylight via apertures in the outer
shell, indirect systems of light control and guidance ensure a well-mod-
erated, scattered or channelled incident light. Daylight is primarily regu-
lated outside or inside window levels by directly reflecting or scattering
sunlight. In this case, standard systems employing lamellas and shutters
can be used, which also perform the function of solar protection. Alter-
natively, light-guiding glass can be used, in which the cavity between the
glass panels plays a key role as a light reflector. In order to bridge greater
distances in longer rooms, additional light-guiding measures must be
undertaken. These do not necessarily have to be structurally complicated
or expensive solutions, such as light wells, light pipes or solar lamps > Fig. 9,
which usually tend to be overly complicated or technically unfeasible. By
carefully selecting not only the appropriate surface structures for the
interior walls and ceilings, as well as coats of light paint with a highly
reflective quality, even an unfavourably designed ground plan can be
supplied with sufficient daylight.

In the case of natural indirect lighting, where interior rooms have no
direct contact with the outside world, such as corridors in office build-
ings, translucent elements can be built into the walls and doors. Here, as
in the case of window glazing, clear and toned glass, as well as translu-
cent glass elements can be used. Only in rare cases, however, is this type
of illumination satisfactory. With regard to mobility and access, as well
as for safety reasons (escape routes, safety lighting), permanent artifi-
cial lighting is advisable.

Light management for daylight planning always raises technical is-
sues. Generally speaking, light management also involves connecting a
room’s artificial illumination sources. With the aid of a daylight-depend-
ent lighting control system, such as a DALI control (Digital Addressable
Lighting Interface), an independently operating system can be used to

O Note: A major disadvantage of light-guiding systems
is that they only function in direct sunlight; diffuse sky
light (under a cloudy sky) cannot be passed on. This

is particularly problematic when the sun is not shining,
since that is when the need for light in interior rooms
is greatest. Hence, a location must be chosen in which
an indirect system can be meaningfully employed. In
Central Europe, for instance, sunny hours account for
45 to 60 % of the total.

23
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Fig. 9: The functional principle behind the light flue and the light pipe

support or replace a manual light management system (using switches
and dimmers), by following (or replacing) appropriately programmed rules.
Datais collected on the room lighting /brightness via sensors, which — on
reaching certain thresholds — switch the room lighting on or off. Light-
ing control systems of this nature are generally used in offices and com-
mercial businesses, since their light scenarios are pre-programmed and
assignable to specific scenarios and illumination groups. These types of
control systems, however, are frequently installed in private contexts.
The DALI lighting system can be used in conjunction with certain inter-
faces (Bus-systems; EIB (Europe)/LON (USA)), and also integrated into
a superordinate, household building management system, in which solar
protection, air-conditioning systems, air-conditioning technology, heating
and cooling are controlled independently of one another. > Fig. 10
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Fig. 10: An exemplary construction of a DALI-control system

Solar protection and antiglare protection

External factors, such as neighbourhood development, vegetation,
the form of a building and the location of a room within a building, can
result in a reduction and moderation of light in the area to be planned. If,
however, these measures are not enough to sufficiently contain the light
and heat input, additional systems for providing sun and glare protection
will have to be provided. Diverse systems can be positioned in front of
the facade or window, on the inside or at window level. There may also
be a desire to block out the sun completely, to deflect its rays, or to filter
a certain amount of its light. Ideally, the system should be individually
regulating; in other words, it ought, if necessary, to be adapted to diverse
requirements internally and to the weather situation externally, have an
appropriate ventilation system (even when it is “shut down”), and be easy
to use. Last but not least, economic and design considerations should
be taken into account.

From the standpoint of heating, external systems are the most use- External structures

ful since they capture the sun’s rays before these reach a window ele-
ment, thus preventing the elements in the facade from overheating. Sys-
tems such as shutters and daylight control systems use rigid or mobile
horizontal lamellas, which either deflect or irradiate a user-optimized
share of the radiation. With reflecting or matte lamellas, it is possible to
manipulate the share of irradiation by redirecting it or fading it out. One
great advantage is that — depending on the sun’s position in the sky — one
can reduce the direct radiation while at the same time preserving a view
of the surroundings.
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Fig. 11: External venetian blinds in laminated metal

Fig. 12: Canopies designed to shade the window elements

Awnings operate on the principle that the formation of shadows on
the facade opening prevents or limits irradiation. Awnings, too, can gen-
erally be rolled in and out (roll-up and folding awnings) and provide addi-
tional protection from the weather. The materials used — mainly synthetic
fibres such as acrylic or polyester, enriched with variously coloured
dyes — determine the degree of radiation and translucence.

As with all external structures, wind susceptibility increases the need
for cleaning. Furthermore, lamella structures have to be monitored to es-
tablish the effects of the wind. Frequently, therefore, wind sensors are
fixed to the facade, because any transgression of predefined limits would

O automatically cause the shutters and awnings to retract.
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Fig. 13: Interior glare protection provided Fig. 14: Examples: Coated glazing/dyed glazing
by fully or partially pleated blinds

The systems installed in the interior often consist of blinds — or roller  Interior constructions

blinds —assembled immediately before glazing. > Fig. 13 Standard curtains
and drapes provide antiglare protection and, in some cases, a certain dif-
fusion of light. As in the case of awnings, they allow for a choice of ma-
terials and colours. Easy accessibility, cleaning, and mounting give them
a distinct advantage over outside elements. Often, interiors and exteri-
ors are combined in order to gain the greatest degree of individual adap-
tation to the desired light situation.

The most common variation consisting of glazed window elements  Glazing
(and one that limits the sun’s radiation inside rooms and buildings) is that
of solar control glazing. The manufacture of anti-sun glass involves a dy-
ing process in which a part of the radiating sun’s energy is absorbed,
whereas the process of coating the glass (generally using multi-sheet
windows on the inside of the external pane) results in a reflection of the
sun’s radiation. > Fig. 14 Solar control glazing makes it possible to keep the

O Note: This applies to sun sensors too, which, in case
of excessive energy inputs, shut down the sun-shading
elements, thereby creating an undesirable situation

for light planners. Hence, in certain cases, and despite
the lack of sunlight, venetian blinds have to be lowered.
Circumstances of this nature must be taken into con-
sideration during the planning phase.
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Fig. 15: Examples of milk glass and capillary glass

EBSCChost -

sun’s radiation level at around 50 to 80 %; the manufacturer’s own esti-
mation is represented by the g-value of the respective glazing process.

If, in addition to ensuring overall protection from the sun, the aim is
to avoid being able to see through the glazing without, however, entirely

restricting the transport of light, frosted glass, or translucent panes of
glass, are generally used. In this case, etching techniques, screen printing,

sandblasting, diverse coatings, and foiling allow for a variety of designs.
If a very high spread of entering light is to be achieved, capillary glass
can be used as an interesting — albeit costly — design variation. In this
case, a translucent glass solution offering thermal insulation based on a
fabric with hollow cavities has been employed, ensuring a higher degree
of transmission of the overall construction.

O Note: The g-value indicates the overall amount of
escaping energy of the total solar energy transmittance
of the antiglare protection, or, in other words, both the
direct transmission share of the sun’s energy as well as
the share of energy in the radiation and heat transfer,
which is transferred — via the glazing — to the room.

A low g-value indicates a high degree of solar protec-
tion. Sun-protection glasses generally have a g-value

of 0.3 to 0.5, which means that 30 to 50 % of the sun’s
energy has reached the internal space. Nowadays,
high-grade glasses can be manufactured with a g-value
as low as 0.15.
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Fig. 16: Double-shell facade profile construction with interior, translucent insulation

Fig. 17: An example of deactivated/activated switchable glazing

Profile glass is a special type of translucent glass. The latter is manu-
factured in a U-form cast, making it particularly stable and relatively easy
to produce at considerable construction heights. In addition to its use as
a light-diffusing element in a facade aperture, it is also frequently chosen
for facade cladding. As a double-shell element used in connection with
translucent insulation material, it can also be employed as a non-bearing
external wall element. > Fig. 16

Switchable glasses reduce the sun’s light and glare — and especially
its heat input — by changing or blurring the colour with the aid of an elec-
trical or thermal impulse. In contrast to sun-protection glasses, which
are permanently coloured, switchable glasses are clear in a non-activated
state. Since diverse variants are still in the development phase, orin a
very expensive stage of manufacture, they are seldom employed in hous-
ing projects and office buildings. > Fig. 17
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of light

Thermal radiator

Discharge lamps

ARTIFICIAL LIGHT

Ininterior rooms, artificial light sources are often the only types, and
they are highly sought after owing to the great diversity of light colours
they offer and the wealth of opportunities for adjustment, control and
modelling. However, people often find it difficult to remain for long in
rooms equipped exclusively with artificial light. Artificial lighting can
emphasize a room’s use by designing and creating focal centres, or by
deliberately changing and manipulating a familiar situation. In contrast
to daylight, artificial lighting is available for long stretches of time.

Economic factors and environmental criteria also play an important
role in the use of artificial lighting. With the aid of refraction and by sim-
ulating light, the distribution of light and light quantities must be calcu-
lated in exactly the same way as the consumption of electricity and sus-
tainability (maintenance and disposal) in order to compare the costs and
uses. Furthermore, there are comprehensive standards and guidelines
on the varying uses of light, which the planners have to deal with.

Planning elements for the use of artificial light

Artificial light sources produce light by supplying electrical current.
Great diversity with regard to requirements has led to the appearance of
a wide variety of illuminants, which can be used for many purposes.

Sources that generate light via hot filaments are referred to as ther-
mal radiators. > Fig. 18 In terms of energy, however, electric light bulbs and
halogen lamps are not very efficient in comparison with other sources of
lighting, because their luminous efficiency and lifetimes are very short.
Thermal radiators, nevertheless, are counted among those sources whose
light we find warm and generally experience as pleasant. Their light also
resembles white light, in the absence of natural light. If an area is partially
lit by daylight, however, and a light bulb glows, the yellow colour’s impact
will be far greater than that of the sunlight. The classic standard light
bulb, which is no longer bought and sold in shops, forms the basis of all
artificial-light planning and the development of modern lamps.

Discharge lamps generate light by guiding electrical current through
a gas contained in a sealed, illuminating body. > Fig. 19 A distinction is made
with regard to the pressure between high-pressure discharge lamps
(halogen-metal halide lamps, high-pressure sodium lamps and mercury
vapour lamps) and low-pressure discharge lamps (induction lamps, fluo-
rescent/low-pressure lamps and low-pressure sodium vapour lamps).
Low-pressure sodium vapour lamps in particular are distinguished by the
fact that they — as thermal radiators -have a far greater life expectancy.
As they emit a comparable quantity of light, their energy requirement is
much lower. On the other hand, discharge lamps are quite limited with
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Fig. 18: Thermal radiators — standard light bulbs and halogen lamps

Fig. 19: Examples of discharge lamps

regard to their colour reproduction. Whereas low-pressure discharge
lamps — especially those in the form of the neon tube — are very fre-
quently used in the non-private sphere, high-pressure discharge lamps
are generally used in streets and for industrial lighting.

In the case of electroluminescent lamps, radiation is generated by a  Electroluminescent
build-up of voltage and electricity on a semi-conductor, yet without re- 'amps
leasing any thermal energy as is the case with thermal radiators. In the
process, the light source radiates constant brightness in all directions.
The most commonly used form is the light-emitting diode (LED), which is
able, by filtering or selecting the semiconductor, to reproduce the vari-
ous colour tones. LED lamps, manufactured in the form of a standard
light bulb, have meanwhile replaced the classic light bulb and are manu-
factured with the same sockets and screw threads. > Fig. 20 The higher
price of materials is offset by the far longer life and equal distribution of
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Lamps

Outside lighting

O

light. Special forms such as organic light-emitting diodes (OLED) and
electroluminescent displays have primarily found their use in computer

and monitor technology. They are characterized by their great flexibility,
while their luminous flux and luminance are far lower than that of stand-
ard LEDs. In the domain of architectonic light planning, their main use is
for rooms designed to provide light uniformly and two-dimensionally.

A fixture that serves to house light sources is referred to as a lamp.
Lamps are not generally designed for just one type of illumination or one
specific illuminant, but are able to use various sockets and connections,
depending on the lamp concerned. The products are categorized in line
with the type of product and assembly. Owing to increasingly differenti-
ated demands, requirements and designs, manufacturers nowadays com-
bine most types of lamps — depending on the form and design — in indi-
vidual ranges.

As far as outdoor use is concerned, very diverse designs in both the
private (garden and path lighting) and public domain are being produced.
For public functions such as street and path lighting, light columns (lan-
terns) are mostly used, which are spanned above the street or pathway
on pendant luminaires. > Fig. 21 They are also used privately as wall lumi-
naires for entrance lighting and as radiators to accentuate house facades.

Parks and public spaces offer considerable opportunity for experi-
mentation. llluminated and self-lighting stelas, bollard luminaires, as well
as adaptable lamps are used just as much as floor and wall lamps dug
into the ground, bollard luminaires (adjustable), and projectors, as well
as variants built into plinths and steps. > Fig. 22

O Note: Due to their ever-greater use, external lamps
designed for the public sphere are now being manufac-
tured to make them vandal-safe. This is done by using
more stable materials for the boundaries and mounts,
as well as unbreakable covers for the lamps. Never-
theless, no one can guarantee these materials against
deliberate acts of destruction.
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Fig. 20: Examples of electroluminescent lamps

Fig. 21: Examples of mast lights and hanging lamps

Fig. 22: Bollard lighting, recessed luminaires and illuminated stairs in the public domain
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Tab. 7: IP - ways of protecting lamps according to BS EN 60529

Protection from foreign bodies /touch protection

Protection from the effects of water

Code Protection class Code Protection class
0 Not protected 0 Not protected
1 Protection against solid foreign bodies >50 mm, 1 Protection against dripping water.
protection against extensive touching.
2 Protection against solid foreign bodies > 12 mm, 2 Protection against dripping water (below 15°
protection from touching with one’s finger. deviation from the perpendicular).
3 Protection against solid foreign bodies >2.5mm, 3 Protection against dripping water (below 60°
protection against being touched with tools, wire, deviation from the vertical).
etc.
4 Protection against solid foreign bodies > 1 mm, 4 Protection against splashing water.
protection against being touched with tools, wire,
etc.
5 Protection from dust, fully protected against 5 Protected against water out of a nozzle.
touching under tension.
6 Protected from dust, fully protected against 6 Protected against heavy sea.
touching under tension.
7 Protected against the consequences of immersion.
8 Protected against continuous immersion.

EBSCChost -

Ceiling lamps
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When choosing an appropriate external lamp, attention has to be
paid to the protection type required. The type defines the degree to which
a luminaire is protected against external impact (mechanically and from
water). This information is derived from the designation “IP”, and from
two consecutive numbers. > Tab. 7

The most frequently used type of lamp in both the private and com-
mercial spheres is the louvre luminaire, which often permits free posi-
tioning and allocation to specific functions and areas of use. If the lamps
are attached flush to a suspended ceiling, for example, they are referred
to as recessed luminaires. A specific form of lamp, fixed to the ceiling, is
the raster luminaire. Within the framework of a grid ceiling system, the
raster luminaire replaces single ceiling elements and can even form the
ceiling itself. In contrast to fitted lamps, those mounted directly onto
the ceiling with visible luminary are referred to as surface-mounted
luminaires. Surface-mounted ceiling systems come in all imaginable
forms and colours. > Fig. 23 They not only serve as a pure source of light
but have also become an integral part of architectonic design. Another
special form of ceiling lamp is the pendant luminaire, or suspended lamp.
This solitary lamp, which is also hung in rows from the ceiling, is used to
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Fig. 23: Examples of ceiling lamps

Fig. 24: Examples of wall lamps

lend emphasis to a specific area. In rooms with high ceilings, such as
multi-story foyers and halls, it is also used to prevent light from spreading
too far. In private apartments, lamps of this type are generally hung above
the dining table; in offices they are hung above tables or in conference
and discussion rooms. Owing to their position inside the room, pendant
lamps can illuminate both the areas beneath the luminaires, and the
ceiling area if the selected product allows light to escape upwards.

Wall lamps are used in interiors to supplement basic illumination in
otherwise insufficiently lit rooms, or to accentuate lighting in areas that
require special emphasis. Radiation is generally directed upward and/or
downward; direct rays of light are usually avoided. Externally, directly
radiated light is used more frequently. > Fig. 24

35

printed on 2/8/2023 9:51 AMvia . Al use subject to https://ww.ebsco.coniterns-of-use

Wall lighting



Fig. 25: Examples of standing lamps
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Fig. 26: Examples of table and desk lamps

Standing lamps For reasons of flexibility, standing lamps are designed for private use
or in offices where they are not assigned to any particular place. Depend-
ing on the room’s use or allocation, lamps can be positioned anywhere.
In existing buildings with low ceilings, where suspended ceilings or ceil-
ing surface-mounted luminaires cannot be used, standing lamps also
serve as an ideal alternative. > Fig. 25

Table lamps Similar to standing lamps, but smaller and more flexible in format,
table lamps are used as freely positionable illumination. The desk lamp
is a typical example. Nowadays, table lamps and standing lamps are
sometimes equipped with built-in sensors and automatic dimmer func-
tions. > Fig. 26
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Standard illumination control systems are by no means restricted to
the standard light switch, which can, at best, only be supplemented by
additional dimmers. Depending on the lamps and illuminants, electronic
control equipment, transformers, and/or manual releases may be required
and have to be taken into consideration in household planning. Further-
more, integration into the building’s overall technology is necessary if in-
teraction with artificial lighting systems and other functions is envisaged,
such as house intelligent building technology, or an optimized daytime
and artificial-lighting mixing system is desired.

The positioning of the controlling elements (sensors, detectors, etc.),
the controlled elements (lighting, solar protection, ventilation, etc.), and
the types of controllers are meanwhile very diversified. Types of control
include time-based control systems, which also operate through pre-pro-
gramming, as well as motion sensors, controlled on-off switches, and
light-dependent systems. With the aid of external sensors, they regulate
the illumination times and illumination intensities in the interior (lumi-
nous intensity).

M Tip: An important and, unfortunately, frequently
neglected aspect of planning is the expedient position-
ing of switches and other control elements. In many
instances - and not only in the case of constructions,
conversions and the redevelopment of existing
buildings - light switches have been found behind
doors orin inaccessible places.
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Planning scenarios
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Car park lighting
and parking lots

O

The goal of light planning is to use the planning elements — daylight
and artificial light —in @ meaningful way for the planning task at hand and
to combine them. There are many different public and private fields of
application, each of which uses specific elements that are appropriate
and others which — for technical and design reasons from the standpoint
of design — should not be used.

STREET LIGHTING AND EXTERNAL LIGHTING

The main task of street lighting is to ensure the safety of road users.
The basis of planning lies in values that constitute the norms and guide-
lines which are to be applied - especially in the presence of pedestrians.
The essential elements of standard illumination are loadbearing systems,
housings, ballast, ballast units and ignitions, light-guiding systems (mir-
rors) and sources of lighting. The most common of these is the “lantern”,
with a ballast unit made of fibre-reinforced composite synthetic material.
> Fig. 27 An operating device for upstream installation or ignition is neces-
sary because it uses sodium vapour, mercury vapour and fluorescent
lamps as an illuminant. In contemporary street lighting, high-pressure
sodium-vapour lamps/LED lamps are now being used with ever greater
frequency. The use of high-pressure sodium-vapour lamps is still the most
economical choice, since they not only have a very long lifetime but also
a far more compact design than low-pressure lamps.

In general, street lighting is switched on and off via a central control
that triggers the switching procedure following a time signal, or by bright-
ness sensors that trigger the switching procedure at dusk.

In principle, the above-mentioned modes of street illumination can
also be used in car parks if they are located outside. > Fig. 28 Here, too, the
light column remains the most common type. The height of the light
source has to be adapted to the size of the car park. In the case of small
parking lots, structures of up to 4.50 m in height make sense. With larger
parking spaces, they may be as high as 12 m. The lighting should not be
manipulated, but radiate horizontally to achieve an equal distribution of
light over the entire area. The same benchmark should apply to all park-
ing areas > Tab. 8 in order to ensure a general sense of security, and to
make sure that the faces of approaching people can be recognized.
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Fig. 27: Examples of street and exterior lighting

Fig. 28: Examples of parking lot lighting

Tab. 8: The required lighting level for parking spaces and multi-story car parks

Area Luminance [Ix]
Parking lot (outside) (semi-cylindrical illuminance) 1.5-5
Multi-story car parks/car park 10
Carports/parking spaces (medium illumination strength) 75

Entries and exits (daytime) 300

Entries and exits (nighttime) 75

O Note: Benchmarks must be established for the
overall lighting of parking lots, which can be measured
at any given point within the space. For security’s sake,
the necessary illumination intensity refers to a semi-
cylindrical area to the height of 1.50 m, in which

a face turned toward the observer is identifiable.
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Fig. 29: Examples of lighting for underground car parks and multi-story car parks
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The illumination of
parks and squares

In the case of multi-story car parks, and especially underground ga-
rages, planning is far more complicated. In addition to overall illumination,
the illumination of the driveways, the entrances and exits, the parking
spaces and pedestrian routing has to be considered. In order to respond
to the eye’s need to adapt to modified illumination when entering and
leaving the car park, transitional areas with varying illumination inten-
sities for day and night operation are necessary. > Fig. 29

Apart from the overall need for powerful lighting to ensure public
safety, it is difficult to make general statements regarding the illumina-
tion of parks and public squares. Indeed, very few universally valid com-
ments have been made regarding the design of such spaces. There are,
for instance, a number of individual scenarios related to the environment,
the use of the park and the volume of traffic. For example, not only the
square itself, but also the surrounding buildings, can be illuminated and
serve as a source of light. Apart from illuminating pathways, certain aes-
thetic objects can be singled out not only by lighting, but also by certain
types of colouring. > Fig. 30

In order to gain the necessary illumination capacity, street mast lu-
minaires are frequently employed, provided there is sufficient space to
obtain the necessary illumination intensities for general lighting. In this
case, column luminaires can be used to obtain the required illumination
intensity for general lighting, and assuming there is sufficient capacity. If
required, these can be supplemented not only by bollard luminaires, but
also by installing and mounting lights in floors, wall areas and stairs in or-
der to brighten up the areas used by people. To achieve the anticipated
impact, it is very important to use lamps with a suitable protection class.
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Fig. 30: Examples of illuminating public spaces

PUBLIC BUILDINGS

If areas are publicly accessible, the needs of many different people
will have to be taken into account. Among other things, illumination
designs must support people with diminished sight. Diverse usages and
types can also create various expectations, which must be fulfilled by
the light design.

Access to public buildings such as hotels, offices and academic insti-
tutions is gained through an easily identified reception area, behind which
lies a foyer and other access zones, as well as the further-reaching areas
of use and access. The architecture of these areas must be clearly iden-
tifiable from a distance, and the lighting good enough to ensure visibility
even under conditions of poor or non-existent daylight. > Fig. 31 Furthermore,
an entrance serves as a transition zone between the inside and the out-
side. In other words, light planning has to help the eye in latently adapting
to the changing light situation. Daylight-dependent controls now prove
their full value, providing powerful illumination during the day and adjust-
ing the lighting at night to that of the darkness outside.

If the building or the reception zone is accessed via stairs, the light-
ing must be illuminated accordingly so that the steps stand out from one
another. In addition, the individual steps can be individually illuminated
by recessed luminaires or strip lighting in order to emphasize the route.

In the foyer, the aim is to create a form of illumination that assists
orientation. Additional accentuation can be achieved by illuminating in-
dividual areas such as the walls, ceilings, columns and the stairs. Above
all, it is in multi-story foyers that pendant luminaires and ceiling luminaires
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The lighting of
museums and
exhibition rooms

Tab. 9: Exemplary, necessary illumination intensities for public areas

Area Luminance [Ix]
Entrance/foyer (depending on the traffic) 100-200

Stairs 150

Waiting areas 500

Cash points/counters/bars 300-500

Shop windows > 2,000
Supermarkets/DIY stores > 1,000

Dining rooms/restaurants 200
Buffets/self-service counters 300

come into their own as a design element, since there is a multitude of
brands to choose from. LED lamps are ideal for the routing and orienta-
tion because they generate warm-white and pure white colours - depend-
ing on the landscaping. > Fig. 31

If there are reception zones, reception desks and waiting areas, they
should be viewed independently, since a greater luminous intensity is re-
quired in these areas than in the surrounding area.

The illumination of exhibition rooms presents light planners with one
of their most complex tasks. Thanks to the architecture, the basic con-
cepts have been defined here, since the basic concept has already been
outlined: i.e. whether a pure art-light plan can be defined by the draft
plan, whether a pure art-light plan is to be realized, or whether daylight
is to be made available in the exhibition areas. The ground plans vary
from hall-like spaces (with installations and mobile room dividers, in some
cases) to smaller single rooms with clearly defined routes. In specific
cases, the room measurements and heights, as well as the types of ex-
hibit, call for special planning. Since museums and other exhibition areas
often do not merely display a permanent collection, but have to rely on
changing exhibitions, a considerable degree of flexibility is required with
regard to the illumination (e.g. via live lines, mobile spotlights, and flexible
grids). > Fig. 32

For the overall lighting, diffuse illumination is recommended: in other
words, measures that take advantage of the daylight and artificial lighting.
In this way, uniform room lighting can be achieved with a minimum
amount of shadow. Ceiling luminaires and luminous ceilings with a diffuse
covering (for example, frosted glass) are particularly suitable for this
purpose. Owing to their longer operating life, fluorescent lamps are

42
printed on 2/8/2023 9:51 AMvia . Al use subject to https://ww.ebsco.conlterns-of -use



EBSCChost -

Fig. 31: Examples of illumination in the entrance area and the foyer

Fig. 32: Examples of the illumination of museums and exhibitions

recommended, because they provide sufficient amounts of illumination
and excellent visual impact. If visitors wish to move freely through the
exhibition area without having to choose a specific direction, a more gen-
eral form of illumination will suffice to start with. If there is a concept for
guiding visitors around the exhibition, an additional constellation of path
luminaires can be chosen in the form of floor and wall lamps, or in the
design of strip lights.

In the next planning stage, the prime focus will be on the illumination
of the exhibits themselves. Planning of this kind also depends greatly on
the nature and material quality of the choice of exhibits. Paintings and
pictures have to be handled quite differently from sculptures and show-
cases. Audio and video installations are increasingly being used as sup-
portive media, or as art in themselves. All these exhibits share a common
feature: they can be emphasized with highly focused lamps such as spot-
lights and downlights. It is worth noting that the visitor may well be focus-
ing on a specific exhibit, without there being any reflections, shadows or
glare. Radiation effects, which emanate from daylight, as well as artificial
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Fig. 33: The illumination of exhibition objects
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The illumination
of restaurants

sources of light, can damage exhibition items and paintings in the long
term, since they can trigger chemical processes. The latter must be min-
imized by using a suitable choice of illuminants and additional filters with
the aim of diminishing infrared and ultraviolet radiation. If an exhibit is
displayed in the wall area, the beam angle of the light concerned must be
set at a slight angle of 25° to 30° to the lower edge of the exhibit.

The illumination of restaurants varies considerably depending on the
type of gastronomy. For example, a cafeteria offering self-service requires
different lighting levels and light colours than a posh restaurant with a
dining room. In this case, the planning tasks include general lighting, ac-
cent lighting, and the illumination of bars and tables, while in the case of
restaurants, exterior lighting also plays a role: not only because gastron-
omy must be acknowledged as such, but also because the type and qual-
ity of the illumination influences customers’ expectations even before
they enter the restaurant.

The overall lighting generally assumes the form of ceiling lighting (as
individual illumination, or in the shape of power rails with a number of di-
rected spotlights). Additional ambient light and spatial designs can be in-
troduced in the form of wall luminaires. In order to realize a variety of us-
age scenarios, plans should include variable illumination involving a
dimmer and, in some cases, lighting that can be switched on and off as
required. In self-service areas, far higher illumination levels (200 Ix) will
be provided than in a restaurant with service staff. Here, too, there is a
lack of uniformity regarding illumination levels: some areas will be em-
phasized. In the lounges, the lighting is often supported - or even largely
replaced - by accent lighting. The illumination of the room zones, columns,
walls and individual objects, such as pictures and other features, is to be
planned and integrated into the overall concept. > Fig.34 In the process,
the lighting levels, light colours and, consequently, the choice of lamps

44
printed on 2/8/2023 9:51 AMvia . Al use subject to https://ww. ebsco.conlterns-of-use



COFFEE

Fig. 34: The illumination of dining rooms, bars and buffets

Fig. 35: The illumination of restaurant tables

and lighting, may vary considerably. With regard to the illumination of a
wall painting, completely different measures will have to be taken from
those designed for accentuating glasses or porcelain.

Particularly bright-but-dazzle-free lighting should be chosen for the
bar and buffet areas. > Fig. 34 These spheres generally serve as the main
areas of contact for the guests and the working areas of the personnel.
Lamps with a light colour rendering index are essential so that the guests
can see and evaluate the food. Thermal radiation must be restricted,
however. Low-pressure discharge lamps are particularly apt in this con-
text and can be deployed, with reflectors, in a compact form, yet very
large in number, in the areas described.
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Fig. 36: Examples of shop-window illumination

Fig. 37: The illumination of sales areas

The illumination of
the sales rooms and
presentation lighting

Restaurant tables are to be illuminated to a far greater degree than
in the surrounding areas. Generally speaking, illumination of this type is
created with pendant lights installed at heights of 50 cm to 70 cm above
the table top. Lamps with a high colour rendering index are used, so that
the food, as well as the other people at the table, can be clearly identified.
On the whole, halogen lamps are used, which generate a warm-white light
colour.

In the case of the illumination plans for the sales rooms, the presen-
tation area of the window is generally the main focal point. It is not only
the initial area of contact, but also the first source of information for
customers. In this case, illumination strengths of more than 1,000 Ix are
required, as well as, lights with good colour-reproduction properties,
which means using high-pressure and low-pressure discharge lamps. In
general, ceiling lamps are employed which feature modifiable systems
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adapted to suit the changing displays. Apart from widely scattered light
designed for general illumination, individual products can be greatly
accentuated via spotlights and downlights. By choosing suitable glazing
with a minimal reflection share, an unhindered view of the display can be
assured day and night. > Fig. 36

The type of sales area — in conjunction with the products to be
sold — determines the lighting plan. People generally associate a variety
of intensive illumination and light colours with familiar scenarios. Hence,
forinstance, sales areas equipped with a high level of illumination favour
associations with discount supermarkets and DIY stores. Radiators and
individual lights are merely used to draw attention to their very high-grade
product ranges. The frequently monotonous architecture and the appar-
ent lack of decorative effort involved (hence, inconspicuous from a build-
er’s point of view) and an economical approach to resources have been
adopted, allowing companies to offer their customers the best sales
prices. > Fig. 37 With low illumination densities, warm light colours accen-
tuate of certain sub-domains, so customers unconsciously feel that the
goods on display are of high quality and deserve special attention. In the
same vein, counters displaying food in a wide range of colours suggest
fresh quality by displaying, for example, white light with salads and veg-
etables, and red tones with meat products. As the greater part of the
sales areas involves products that change every week or season, and are,
therefore, repeatedly positioned anew, flexible illumination systems — es-
pecially where accent lighting is concerned — are advisable.

The cash points, information counters and individual counters for
customer enquiries (in a furniture store, for example) ought to be treated
separately, since, on the one hand, the routes for the customers are
clearly laid out whereas, on the other hand, guidelines for workplace illu-
mination have to be followed, as the sales personnel largely remain in
these fields.

M Tip: Depending on the product, the type of illuminant
and the light colour, the lamps, the luminous colour

and the nature of the lamps, dazzling effects and reflec-
tions can be created or avoided. Items of clothing and
furniture ought to be illuminable without such effects,
whereas in the case of exhibited wares, such as jewel-
lery and technical products, sparkle and reflection lend
these products a more sophisticated and modern look.
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The office workstation

WORKSTATIONS

The most common task in light planning lies in the planning of work-
places. Whereas the overriding concern in light planning for living spaces
tends to involve the subjective feelings of the users and the design as-
pects, far-reaching and comprehensive demands and guidelines have to
be demanded of workplaces, which have to be considered in the plan-
ning and are frequently stated as the planning goal. As a rule — and inas-
much as the stipulations and spatial orientation permit —a combination
of daylight and artificial light will be used to achieve a constant level of
brightness in the face of changing weather conditions.

In this field, visual tasks determine the nature and intensity of the
required lighting. In the case of a one-person-office workstation, very dif-
ferent planning elements are required in order to make available the nec-
essary illumination factors, which differ from those encountered in in-
dustrial factories and laboratories.

Office workstations are subject to norms and guidelines concerning
illumination intensities. Hence, the illuminance level for artificial light is
cited as 500 1x; in the particular case of a daylight-oriented workstation,
it lies at 300 Ix. In addition to the overall room illumination, a workspace /
workplace always has to be viewed separately and, if sufficient illumina-
tion cannot be obtained via the central room lighting, it will have to be
equipped with additional lamps. The size and position of the windows
provide the ideal zone for setting up a workstation in the office, because
the high light densities typically required for visual tasks are reached next
to the windows, whereas the deeper-lying zones are more suitable for
storage space, cupboards and other uses involving less demanding visual
tasks. Hence, the spread of light in an interior room can be determined
via simple rules. Areas are considered bright when they lie within a 30°
angle to the upper edge of the window or beneath an upper skylight.
> Fig. 38 In order to make a room flexible and usable, a window’s width has
to occupy at least 55 % of the room’s width and the window’s surface area
in the facade must account for at least 30%. Other influences, such as
trees, the construction of neighbouring buildings, and so on, must be
taken into account here, since they can mean that light propagation is
limited (in direction or intensity) in comparison with other equally oriented
rooms.

The desired and largely necessary use of daylight for workplaces gen-
erally involves antiglare measures being taken on all window surfaces, and
often involves carrying out additional solar protection measures too. Fur-
thermore, blending, which arises from the direct or reflecting effects of
lamps, must be avoided. The office workstation itself — which takes its
orientation from the monitors and lamps — should be set up so that the
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Fig. 38: The natural illumination of a workstation

Fig. 39: The illumination of an office workstation

direction of the user’s gaze runs parallel to the windows. The working
environment (i.e., the desk, the walls and the ceilings) should be equipped
with light-coloured matte surfaces to ensure a high degree of reflec-
tion — but an absence of reflected glare. The main working area should also
be equipped with its own individually adjustable lighting, as well as desk
lamps and/or individually controllable standing lamps, because — along-
side the generally regulated minimum standards — the user-requirements
different greatly. In the case of office spaces alongside a workspace proper,
which is devoted to more complex visual tasks such as writing, reading,
and so on, additional lamps will be provided in order to generate the
necessary amount of light.

Ideally, additional artificial lighting in the workplace should be regu-
lated by a light control system tied to the presence of people in the room
and light. By integrating sun protection measures into the control sys-
tem, it would be possible to run an economical as well as an optimally
tuned light concept designed for maximum comfort.
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Fig. 40: The illumination of conference rooms

Conference room/
meetings

Industrial factory halls

A special, planned case, which is becoming increasingly common, is
that of the daylight-oriented workplace. This means that for at least 70 %
of the working hours, daylight - without the addition of artificial light - pro-
vides sufficient illumination. This value is directly dependent on daylight
factor D, since a higher daylight quotient already implies a lower degree
of dependence on supplementary artificial illumination. It can be roughly
estimated that with a daylight factor of more than 3% per day, a high-
quality daylight-oriented workplace can be created.

In conference rooms, the light planning must ensure that all of the
participants can be easily identified from each and every position. The
conference table is usually placed in a central position vis-a-vis the ceiling
or the pendant lamps. The luminaires must direct their light laterally, with-
out creating any glare. > Fig. 40 Inside the room, care must be taken to
avoid stark contrasts in brightness caused by the general lighting and
the surface qualities, since contrasts of this nature can create fatigue
among participants even when they are in a peripheral area.

In industrial halls running production processes, light-planning de-
pends on the nature of the visual tasks and the hall’s geometry. In the
case of a high room, powerful lamps, such as metal high-pressure steam
lamps, high-pressure sodium lamps and fluorescent lamps, will be needed
to generate a sufficient degree of illumination at the place of work. If the
hall’s ceiling is lower (less than 6.00 m), fluorescent lamps arranged in
screens — or strip lighting/lights — will be ideal. If fluorescent lights are
used, care must be taken to ensure they are aligned parallel to the work-
ing surface in order to avoid glare. lllumination intensities of 1,500 Ix have
to be reached in order to create a working ambience conducive to pro-
ductivity and an environment that prevents accidents. Most industrial
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Fig. 41: The illumination of industrial factory halls

workplaces have illumination intensities of 600 Ix and neutral white col-
ours. If emissions occur during indoor operation (e.g., from dust or similar
pollution), steps must be taken to ensure that sufficient protection is
taken when using lamps.

As it is normally impossible to rely on natural illumination via the fa-
cade openings in a factory hall, the daylight entering the skylights is gen-
erally used. > Fig. 41 Given the available daylight, a control is needed to
lessen the economic burden caused by permanently using artificial light,
which can represent a considerable cost-factor in a large business. Elec-
tronic ballast units can increase cost-effectiveness, especially in facto-
ries operating on a shift-work basis and high switch-on times.

When people are working in warehouses, lower illumination levels
are needed than is the case in production sites and factories using indus-
trial processes. The nature of the hall, as well as its use, determines the
required lighting level. > Tab.10 Reflector luminaires are frequently used as
strip lighting in combination with fluorescent lamps, which, along with

Tab. 10: The required illumination intensities of diverse packing rooms

Type of storage Luminance level [Ix]
Storage spaces for large stocks of the same item 50

Storage spaces for varied goods 100

Storage spaces with reading functions 200

Dispatch and packing room 300
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Fig. 42: Examples of warehouse lighting
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directed reflectors, adequately illuminate corridors, shelves and stored
merchandise, and also offer protection against glare if looked at directly.
Furthermore, a motion controller is advisable in storage areas that are
not permanently used. Please note that in the desk area and other work-
places involving visual tasks of greater complexity, supplementary illumi-
nation must be provided that is similar to the office working space.

EMERGENCY AND SAFETY LIGHTING

To facilitate orientation in the case of a disruption to the main power
supply, an emergency (or security) lighting source is necessary in spe-
cific cases. This applies to public areas in which the identification and
visibility of the emergency and escape routes must be secured perma-
nently so that people can escape in situations of danger. As a rule, the
emergency escape routes are identified by self-illuminating rescue signs.
In battery mode, the escape routes are controlled by a special power cir-
cuit designed to ensure that signage continues to function. Escape route
signs/pictograms that are not supplied by electricity, but dispose of phos-
phorescent surfaces, can be allowed if this is explained in the fire-pro-
tection concept. > Fig. 43 In the case of escape-route lighting, a minimum
illumination intensity of 1lux must be ensured for a distance of 2.0m.
To ensure that escape is possible, a specified level must be reached —i.e.,
illuminance of 40 lux — along the course of the middle line of the escape
route.

In the case of workstations with special requirements, where there
is a danger of the illumination failing, the security illumination must be
designed on such a scale that leaving the place of work and even ending
a necessary job is possible.
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Fig. 43: Examples of emergency and security illumination

THE ILLUMINATION OF PRIVATE SPACES

The illumination of private rooms is less structured than it is in the
preceding scenarios. In this case, it is more the wishes and feelings of
the inhabitants and users that determines the planning definitions. Fur-
thermore, the way a room is used may differ from case to case. For exam-
ple, the functions performed by a living room can vary greatly from one
user to another.

The external impact of a building at dusk and night is shaped by the
illumination of the facade, the garden and the entrance area. In addition
to any design aspects, the illumination of the access routes and the en-
trance area serves as orientation and security. Diverse entrance situa-
tions can make various types of illuminants worthwhile. Hence, if there
is a porch, lamps can be integrated above the house door, otherwise var-
ious wall lamps can be fitted in the facade. Access to building entrances
and garages, as well as steps, pedestals and external stairs, should cer-
tainly be illuminated. Bollard luminaires and plinths, as well as lamps that
have been integrated into the ground, are most qualified for this task. It
isimportant to ensure that the pathway illumination avoids light-and-dark
contrasts and clearly identifies obstacles. In this case, the distance be-
tween the lamps should be adjusted to match the selected height of the
light source and the direction of the beam. In the case of light columns,
a larger distance can be chosen than is the case with pendant luminaires.
House numbers can also be designed as self-illuminating objects or
beamed via a single lamp, if the customary illumination is otherwise not
powerful enough, or if the number needs to be permanently emphasized.
> Fig. 44
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Fig. 44 The illumination of the house and the facade
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The living room

In contrast to a semi-public entrance area, a garden can display far
greater contrasts in order to emphasize certain spots and objects. As a
rule, a garden needs direct accentuation and focus rather than wide-scale
general illumination. In this case, the desired atmosphere can be attained
with light and dark areas. The general sense of security can be enhanced
by motion-controlled lighting. In order to illuminate features such as trees
and other solitary objects, such as sculptures, well-directed spotlights
are ideally suited. The distance must be adapted to the size - or to the
magnitude - of the object to be emphasized. The alignment of the illumi-
nation should be planned in a way that avoids glare.

As with the illumination of open public spaces, here, too, it is abso-
lutely necessary to pay attention to the use of illuminants with an appro-
priate protection class.

When selecting an illuminant, the type of switch and the time of the
switching are overriding factors. If a certain feature, such as a house door,
is to be permanently illuminated, it is advisable to use economical LEDs
or compact fluorescent lamps. To this end, twilight switches and time
switches can be used, which automatically regulate the illumination. In
the case of shorter switching cycles, as in the case of a motion detector
or a push switch, halogen lamps and energy-saving lamps can be used.
Please note that when using motion detectors on paths, illuminants
should be used that release their full luminous flux immediately after the
lighting has been switched on, and without a long interim phase, in order
to ensure theirimmediate accessibility.

Suitable lighting of a living room depends upon the room’s geome-
try, the size of the windows, and the furnishings, as well as the specific
uses of the room. Superordinate general lighting, combined with court-

54
printed on 2/8/2023 9:51 AMvia . Al use subject to https://ww. ebsco.conlterns-of-use



Fig. 45: Living room illumination

yard lighting of the sofas and a lounge unit, as well as accentuation of
other elements, calls for thorough planning. The visual axes must be
defined to exclude glare and to clearly lay down the positioning of the
luminaires. Reflections on objects such as televisions, pictures and so
on, are to be avoided.

The overall illumination should be kept separate from the additional
single lamps and be dimmable. The desired brightness should be emit-
ted not via a single lamp but via several well-distributed lamps. Since
these lamps can differ greatly from one another in the various areas, wall
and ceiling lamps can be used just as well as spotlights on power rails
and pendant luminaires. Particularly suitable here is lighting viewed as
“comfortable”, such as warm-white sources. The illumination of squares
and outside areas can be supplemented by dimmable individual lamps,
standard lamps and table lamps, allowing the user to adjust the bright-
ness to his or her liking. Very often, uplights are used to enhance the
level of the general illumination in certain parts of the room. Additional
sources of accent lighting, aimed at highlighting features such as art-
works, plants, furniture, as well as wall and ceiling surfaces, can be pro-
vided via downlights and spotlights. > Fig. 45

M Tip: Light planning of the external domain of private
buildings is to be undertaken and coordinated at an early
stage of the planning, because many of the components
required for electrical installations (cable routes, con-
nections for a sub-distribution unit, etc.) have to be laid
under plaster during an early stage of the construction
work. Planning external installations and other jobs late
in the day generally results in inconvenience and causes
delays in subsequent installations.
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Fig. 46: The illumination of the dining table
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Dining room/
dining table

The kitchen

As in restaurants and cafés, the main focus of a dining room illumi-
nation is the dining table. Here, general illumination plays more of a sub-
ordinate role: it is, however, important to allow for a certain degree of
orientation when the dining table is not being used, or rather: when the
dining table illumination is not being used. In larger dining rooms, how-
ever, additional and general degrees of illumination must be provided - in-
dependently of the table lighting. The number and design of the table
illuminations is to be adapted to the size, form and material of the table.
Very often, pendant luminaires are used. In this case, they should be hung
slightly above eye-level. As with diverse choices of dining room furniture,
luminaires are supplied in almost all forms and materials. > Fig. 46

In the kitchen, there is a need to see clearly into cupboards and
shelves. Thus, there is a need for more powerful illumination than is the
case in other rooms. This applies to the general lighting as well as the il-
lumination of the working surfaces. General lighting ought to be man-
aged via a number of light sources, in order to ensure there is sufficient
brightness in all parts of the kitchen. On the whole, the ceiling illumina-
tion will consist of an extension in the form of a surface-mounted lumi-
naire or a fitted spotlight with warm-white lamps. In the working areas,
the illumination will have to be even more powerful, to ensure a level of
brightness appropriate for kitchen work. The same applies to the colour
rendering index R, > 90, so that the foodstuffs, including their state and
quality, can be easily seen. The additional illuminated working surfaces
can be organized via directed spotlights, downlights and individual spots,
which can, for example, be arranged beneath the top kitchen cupboards.
Their position must be chosen so that users don’t create shadows when
they are working on these surfaces. Nobody who is working in a kitchen
should be distracted by the lighting. The area around the stove and oven
also needs additional illumination, which can, in many cases, be integrated
into an extractor hood. Owing to the occasionally intense presence of fat,
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Fig. 47: Kitchen lllumination

liquids and so on, covers that are illuminated and easy-to-clean-and-dis-
mantle are ideal. Kitchen cupboards can always be cleaned separately,
so the illumination in these areas can be switched on and off via door
contact. The illumination of bars and dining tables in the kitchen domain
can be effected in much the same way as the dining table illumination.
> Fig. 47 O

In addition to illuminating the mirror surfaces and cosmetic areas, The bathroom

standard lighting with a high degree of illumination intensity and a good
colour rendering index (R, > 90) is provided in the bathrooms. Depend-
ing on the materials used for the surfaces (gloss or matte tiles, the tile
colours, the number and size of the mirror surfaces), a great deal of
reflection may be caused by the illumination. For this reason, the number
of lamps, as well as their illumination intensity, will vary even in bath-
rooms with the same dimensions. In order to avoid glare, measures must
be taken to spread the light by choosing appropriate light covering.

O Note: In order to integrate illuminations into the
furnishings and fixtures — such as kitchen cupboards,
shelves and other items of furniture — it is essential
that the selected illuminations be provided with a

MM mark. To this end, these illuminations are defined
as devices with a limited surface temperature, thus
providing the necessary fire protection.
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Fig. 48: Bathroom illumination and mirror luminaires

Fig. 49: The illumination of the stair flights and steps

For general lighting, primarily ceiling illumination should be used. It
is, therefore, important to note where people stand or sit (in front of the
washbasin or the bathtub, for example) in order to avoid undesirable
shadows or glare. Additional illuminations with light-scattering properties
should be planned above the mirrors, or on both sides of them. As these
illuminations have to attain far greater illumination strengths than stand-
ard lighting, more economical illuminants — such as LEDs and energy-
saving lamps — are recommended. > Fig. 48

As bathrooms are often damp or wet areas, special lamps providing
adequate protection should be used. With respect to the electrical in-
stallations, it is essential that only approved materials be used. Further-
more, general illumination must render wet areas clearly in order to avoid
accidents.
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When planning the illumination of stairs, it is imperative to regard
them as traffic routes and to be aware that failure to use a sufficient
luminance level (100 lux) is impermissible. First and foremost, general
and constant illumination is absolutely essential, and the additional de-
velopment and accentuation of individual steps permissible. The overall
illumination of a staircase should begin from above: via the walls and the
ceiling luminaires. In order to achieve an equal distribution of light, a
number of broadly radiating or light-diffusing lamps can be used. > Fig. 49

The position of the stairs also plays a key role in light planning, espe-
cially when it comes to switching the lighting on and off, because a stair-
case that is frequently used by many people is easier to regulate with
individual switches, or with motion detectors using time-controlled
switching. In this case, the safety of people using the stairs must be guar-
anteed. Lamps can be switched on or off in combination with the illumi-
nation of an adjacent room.
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Successful light planning calls for a rigorous debate on the planning
tasks throughout every phase of the work. In addition to taking into
consideration the wishes expressed by the client, the demands arising
from the various guidelines and standards, as well as the lighting’s
location and use, it is essential, above all, to constantly re-examine and
adapt the specific conditions of the project within the overall framework
of light. Now that the design concept is completed and the specialized
companies have been commissioned, care must be taken that during the
course of construction the planned interaction between daylight and
artificial light, as well as the interweaving of the individual planning
elements, is realized as planned and in line with the standards for the
varied elements’ subsequent operation. The preparation of simulations
during the design process serves to clarify the planned measures for the
user, and ensures that the required standards of luminance are adhered
to and that the structure is actually built as planned. However, it is always
essential to allow for a certain degree of flexibility during the planning
phase.
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STANDARDS

European Standards

BS EN 1838 “Emergency lighting”

BS EN 12464-1:2011-08 Title: “Light and lighting - Lighting of work places” - Part 1:
Indoor work places; German Version EN 12464-1:2011

BS EN 12464-2:2014-05 Title: “Light and lighting - Lighting of work places” - Part 2:
Outdoor work places; German version EN 12464-2:2014

BS EN 12665 “Light and lighting - Basic terms and criteria for specifying lighting requirements”

BS EN 13032 “Light and lighting - Measurement and presentation of photometric data of lamps
and luminaires”

BS EN 13201 “Road lighting”

BS EN 60529:2014-09 “Degrees of protection provided by enclosures” (IP Code) (IEC
60529:1989 + A1:1999 + A2:2013); German version EN 60529:1991 + A1:2000 + A2:2013

BS EN 60598-1:2015-10; VDE 0711-1:2015-10; “Luminaires” - Part 1: General requirements
and tests (IEC 60598-1:2014, modified); German version EN 60598-1:2015

German Standards

DIN 5034 “Daylight in interiors”

DIN 5035 “Artificial lighting”

Guidelines

VDI 6011 “Lighting technology - Optimisation of daylight use and artificial lighting -
Fundamentals and basic requirements”

ASR A3.4 Lighting
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