
licht.wissen 05
Industry and Trade



licht.wissen 05 Industry and Trade

Contents

Lighting as a productivity factor 2

More light is better 6

Visual task lighting 8

Energy-efficient lighting 10

Refurbishment and maintenance 12

Operating conditions 14

Lamps 16

Luminaires 18

Quality inspection 20

Metal processing 22

Mechanical and plant engineering 24

Automotive engineering 26

Electrical and electronic engineering 28

Printing 30

Chemical facilities and laboratories 32

Cleanrooms 34

Plastics processing 36

Food processing 38

Heavy industry 40

Storage and logistics 42

Woodworking 44

Automobile workshops 45

Laundries and cleaners 46

Watchmaking and jewellery production 47

Hairdressing salons 48

Beauty salons 49

Butcheries 50

Bakeries 51

Extracts from DIN EN 12464-1 52

licht.de publications 56

Imprint and acknowledgements 

for photographs 57



1

High efficiency is heightened even more
when lighting fittings are designed for “in-
telligent” operation. But lighting manage-
ment is not only about saving energy. It
also permits greater comfort, e.g. by en-
abling lighting to be tailored to different
user requirements: more light for older em-
ployees or higher, biodynamic illuminance
for night shift workers. It also enhances
flexibility by making it easier to adjust light-
ing to suit new organizational arrange-
ments. 

It is important to note that the values set
out in standards are minimum values. More
light is allowed – and recommended. A
number of studies show, for example, that
the number of accidents at work de-
creases significantly as illuminance rises. 

Optimal production results depend crucially
on the level of employee commitment. Cor-
rect lighting helps boost motivation, pre-
vents fatigue, maintains health and guards
against accidents at work. 

According to DIN EN 12464-1 “Lighting 
of indoor work places”, the objectives of
lighting are to ensure visual comfort and 
visual performance. Visual comfort gives
people a sense of wellbeing at work while
visual performance describes the goal of
being able to perform visual tasks over a
prolonged period of time even under diffi-
cult conditions. Where these criteria are
both fulfilled, the lighting requirements for
safety at work are met. 

Modern lighting technology offers solutions
that not only save energy and costs but
also make for better lighting. Energy-saving
options range from specially developed
lighting systems combining efficient elec-
tronic ballasts with optimised luminaires for
economical lamp operation to systems that
harness daylight as a lighting component. 

[01] There are many good reasons to ensure
correct work lighting: it boosts motivation, pre-
vents fatigue, maintains health and guards
against industrial accidents. Apart from that,
modern lighting systems save energy and costs. 

01



The ergonomic quality of workplaces in
trade and industry depends crucially on the
effortless performance of visual tasks.
Good lighting has a positive impact on the
other factors that determine productivity:
performance, errors, accidents. An em-
ployee who can see well and feels comfort-
able in a pleasant room atmosphere is
more motivated, more focused and more
efficient. The quality of work increases and
the number of mistakes measurably de-
clines. The risk of accidents is also re-
duced. 

The greater job satisfaction due to good
lighting impacts positively on health: sick
rates are significantly reduced. But good
lighting does more than just maintain
health; it also positively promotes good
health in the long term. 

More light for older persons 

As we get older, we need more light. A 
60-year-old employee requires twice as
much light as a 20-year-old colleague to
get the same sense of brightness. This is
because the lens of the eye becomes
clouded and the diameter of the pupil
changes with age, resulting in a loss of 
visual acuity. However, the need for more
light than “normal” starts in much younger
years – at around the age of 35. The light-
ing requirements this poses are best met
with separately switched fittings. Alterna-
tively, the lighting level throughout the 
room can be set to suit a 60-year-old and
dimmed for younger employees; the invest-
ment cost of this option, however, is
higher. 

More light for the night shift 

Because of the rhythms of our “biological
clock”, we make significantly more mis-
takes at certain times of the day and night.
Many of these are due to fatigue induced

by melatonin, the hormone that helps regu-
late our sleep cycles. Melatonin is secreted
by the human body in darkness, so it is
normally produced at night. This naturally
affects night shift workers. However, night
workers do not need to fight the natural
need to sleep if their melatonin levels are
depressed during the night shift by higher
illuminance. 1,000 lx is currently considered
sufficient. 

This recommended illuminance level is the
result of a number of studies: night-shift
workers who worked in bright ambient light
were found to remain astonishingly alert
throughout the shift in comparison to col-
leagues working in “normal” ambient light-
ing up to 500 lx. Few suffered bouts of fa-
tigue and they were generally in a better
mood. Measurement of the amounts of
melatonin produced showed that their bio-
logical clock had been successfully re-set. 

Lighting quality according 
to DIN EN 12464-1 

Indoor workplace lighting requirements 
are set out in the European standard DIN
EN 12464 Part 1, which stipulates minimum
values for all lighting quality features (see
Pages 52–55). Quality features work to-
gether to determine the quality of lighting.
So it is not enough to design a lighting in-
stallation on the basis of a single feature,
such as illuminance. 

Lighting quality features 

The list of established quality features com-
prises
> illuminance,
> luminance distribution (brightness distri-
bution),
> glare limitation (direct and reflected glare),
> direction of light and modelling,
> light colour and colour rendering proper-
ties of lamps.
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Lighting as a productivity factor 
More than 80 percent of all the information that reaches the human brain is visual. So poor visual conditions 
are obviously a hindrance to work. They undermine our sense of wellbeing, reduce productivity and lead to 
mistakes and accidents. 
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Unlike older standards, DIN E 12464-1 no
longer focuses on visual performance
alone. More importance than in the past is
thus attached to visual comfort and visual
ambience: 
> Visual performance 
Lighting level – resulting from illuminance in
the room – and standard of glare limitation
are the prime determinants of how swiftly and
accurately visual tasks can be performed. 
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Investment in lighting makes
good economic sense 

The payback time of a modern lighting installation is

short. This is partly because it is more efficient

overall and consumes less energy (see Page 12).

However, good lighting also impacts on other

economic factors. 

> It boosts productivity by increasing employee

motivation and strengthening commitment.

> It improves quality by promoting focused work

and reducing waste

> It lowers costs by reducing mistakes, accidents

and absenteeism. 

> Visual comfort 
Harmonious brightness distribution and
good colour rendering by lamps are the
main factors shaping visual comfort, which
makes for a sense of wellbeing and thus in-
directly helps boost productivity.
> Visual ambience
Direction of light, modelling and the light
colour of lamps are the principal variables
influencing the way lighting impacts on a

[02] An employee who can see well and feels
comfortable in a pleasant room atmosphere is
more motivated, more focused and more effi-
cient.

[03] Higher illuminance at the workpiece
makes precision workmanship possible 

[04] Night-shift workers remain alert when
higher illuminance switches off melatonin pro-
duction at work

[05] Visual performance, visual comfort and vi-
sual ambience are the parameters for assessing
lighting quality 

room. This luminous environment or room
climate is crucially responsible for the mood
that is generated.
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Illuminance

Illuminance (symbol: E) plays a particularly
significant role in determining how swiftly,
reliably and easily a visual task is identified
and performed. Measured in lux (lx), it indi-
cates the amount of luminous flux from a
light source falling on a given surface.
Where an area of 1 square metre is uni-
formly illuminated by 1 lumen of luminous
flux, illuminance is 1 lx.

Illuminance is measured on horizontal and
vertical planes. Uniform distribution of
brightness facilitates the performance of 
visual tasks. Uniformity is measured on a
plane and expressed as the ratio of mini-
mum to average illuminance. 

The average illuminances specified in the
standard are maintained values, i.e. the val-
ues below which average illuminance
should never fall. When lighting is planned,
a maintenance factor needs to be applied
to ascertain the illuminance on installation
required to take account of the ageing and
soiling of lamps, luminaires and room sur-
faces. 

Luminance distribution

Luminance (symbol: L) is the brightness of
an illuminated or luminous surface as per-
ceived by the human eye and is measured
in candelas per unit area (cd/m2). Lumi-
nance impacts on visual performance and
visual comfort. Higher luminance makes for
greater visual acuity, better contrast sensi-
tivity and thus enhanced efficiency of ocular
functions. 

The luminance of surfaces is determined by
their reflectance and the illuminance on
them. This is why a white room with a given
illuminance seems brighter than one with
dark decor and furnishings. 

Visual comfort is negatively affected by 
> excessively low luminance and excessive
uniformity of luminance, which make for an
unappealing, monotonous lighting atmos-
phere,
> excessive differences in luminance, which
cause eye fatigue as a result of the con-
stant need to re-adapt,
> excessively high punctual luminance,
which can cause glare. 

Glare limitation 

Glare may be direct – caused by luminaires
or other excessively luminous surfaces, in-
cluding windows (direct glare) – or it may
be indirect, caused by reflections on shiny
surfaces (reflected glare). Both direct and
reflected glare reduce visual comfort (dis-
comfort glare) and impair visual perform-
ance (disability glare). 

Shielding lamps helps guard against direct
glare. Direct glare is rated by the UGR (Uni-
fied Glare Rating) method; standards set
out minimum values for glare protection.
Reflected glare is prevented by ensuring
that light is appropriately directed, surfaces
in the room are matt and luminaire lumi-
nance is restricted. 

Light colour 

The light colour of a lamp indicates the in-
trinsic colour of the light that it radiates.
This is determined by the colour tempera-
ture (correlated colour temperature TCP) in
Kelvin (K):
warm white (ww) < 3,300 K
neutral white (nw) 3,300 K to 5,300 K
daylight white (dw) > 5,300 K.

Warm white light is found homely and com-
fortable, neutral white light creates a more
businesslike atmosphere. Daylight white
light is suitable for interiors only from 1,000
lx illuminance upwards (lower illuminance
makes for a dull, monotonous atmosphere)
or for visual tasks requiring precise colour
identification. 

The light emitted by lamps of the same light
colour can have different colour rendering
characteristics. 

Colour rendering 

The colour rendering property of a lamp de-
termines the way its light impacts on the
appearance of coloured objects. The effect
is rated using the colour rendering index Ra.
This indicates how accurately the natural
colour of an object is matched by its ap-
pearance under the relevant light source. 
Ra = 100 is the highest rating; the lower the
index, the poorer the colour rendering
properties. For use indoors, lamps should
not have a rating lower than Ra = 80.

licht.wissen 05 Industry and Trade
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[06] Good lighting depends on the interaction
of various lighting quality features, all of which
need to be standard-compliant. 

[07– 09] Lighting level and standard of glare
limitation determine the quality of visual perform-
ance. Harmonious brightness distribution and
good colour rendering properties of lamps play
a key role in ensuring visual comfort. The lumi-
nous environment/room climate described as vi-
sual ambience is mainly influenced by direction
of light, modelling and the light colour of lamps. 06
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Scientific studies show that anyone who
opts for better lighting in trade and industry
reaps significant rewards: 
> increased productivity 
> less waste 
> less fatigue 
> fewer industrial accidents.

Higher illuminance – higher productivity 

The effect on productivity over a seven-
hour working day was examined in a long-
term study involving 9–12 test subjects at
typical industrial workplaces. The results
show that performance of difficult visual
tasks increased much more sharply than
that of simple visual tasks. 

Higher illuminance – less waste 

As illuminance rose, the error rate per 
degree of assignment difficulty decreased.

Higher illuminance – less fatigue 

Employee interviews conducted in the
course of the long-term studies revealed
that higher illuminance results in less 
fatigue. This is an important finding not
only for assessing untapped performance
potential but also for avoiding accidents. 

Higher illuminance – fewer industrial 
accidents 

A 350-workplace study conducted by Ill-
menau Technical University in conjunction
with the metalworking industry’s liability 
insurance association Berufsgenossen-
schaft Metall shows a clear correlation 
between accident frequency and lighting
level: nearly two thirds of all reported acci-
dents occurred at workplaces where illu-
minance was less than 500 lx and more
than one third of the persons injured were
hurt at workplaces where illuminance was
below the 200 lx minimum required by 
DIN 5035-2, the standard in force at the
time the study was carried out. 
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More light is better 
DIN EN 12464-1 and similar standards set out minimum values for variables such as illuminance. Provided all other
quality criteria are met, higher installed illuminances are naturally always permissible.

Where higher illuminance is provided … 
[10] … productivity rises. 
[11] … error rates fall. 
[12] … fewer employees complain of fatigue. 
[13] … the number of people injured in indus-

trial accidents declines. 
These figures are taken from scientific studies
conducted by Ilmenau Technical University:
“Nutzen einer besseren Beleuchtung”, Ab-
schlussbericht 1996, Gall, Völker. 

[14] Anyone who voluntarily opts for better-
quality lighting than the minimum required for
compliance with standards reaps exceptional
rewards. 
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The quality features identified by DIN EN
12464-1 are not per se intended for the
room as a whole; they actually apply only
to the task area – i.e. the part of the work-
place where the visual task is carried out
(see e.g. Fig. 16). For the immediate sur-
rounding area, i.e. the area that is within
the field of vision of the person working,
the standard allows lower values. However,
they must not be lower than the values
stated in clause 4.3.2 of the standard. 

Task area 

Concentrating lighting on the task area may
reduce investment and energy costs but it
presents risks in terms of lighting quality.
Such is always the case, for instance, if the
task area and the less brightly illuminated
area surrounding it are so closely aligned
that luminance distribution within the field of
vision is uneven. 

Task areas need to be carefully defined. 

Room-related lighting 

If the precise arrangement of workplaces is
not known at the time when a lighting in-
stallation is planned, DIN EN 12464-1 stip-
ulates that the areas of the room where
workplaces could be located should be il-
luminated like the task area. This largely
room-related lighting has the advantage
that the arrangement of workplaces in this
area of the room can be altered at any
time. 

licht.wissen 05 Industry and Trade
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Visual task lighting
DIN EN 12464-1 makes a distinction between the area in which the visual task is carried out at a workplace and 
the area immediately surrounding it. What kind of lighting system should be installed depends essentially on the
height of the room and the visual task performed at the workplace. 

Immediate surrounding area 

A workplace may consist of several task
areas – including areas with different visual
and lighting requirements – each one of
which has an immediate surrounding area
with lower lighting requirements. In its
“Guide to DIN EN 12464-1”, the German
Electrical and Electronic Manufacturers’
Association (ZVEI) recommends combining
task areas in such cases to form a single
working area (see Fig. 17) with an immedi-
ate surrounding area. If the location of
workplaces is not known, this working area
may be the entire room. 

For standard compliance, the immediate
surrounding area should be at least 0.5 m
wide. The lighting requirements here are
lower. However, they must not impact 
adversely on the luminance distribution
within the worker’s field of vision The aver-
age luminance in the immediate surround-
ing area therefore needs to be at least a
third of the luminance in the task area,
preferably higher. If necessary, the immedi-
ate surrounding area should be made
wider. 

Working areas and work surfaces 

Instead of relating to the entire room, the
lighting may relate to individual working
areas (working area lighting). Where sepa-
rate lighting is provided for task areas, the
light is directed onto these work surfaces
(work surface lighting). 

The right lighting system 

For production halls, the choice is between
luminaires for linear three-band fluorescent
lamps or luminaires for high-intensity dis-
charge lamps. A combination of the two
lighting systems is also possible. 

For halls up to 6 m high, luminaires for 
fluorescent lamps are the preferred option.
Fitted with either 26 mm diameter lamps –
preferably with electronic ballasts (EBs) –
or 16 mm diameter lamps, which need to
be EB-operated, they are normally the
most economical solution offering good
lighting quality. 

For halls 6 m high or more, luminaires for
fluorescent lamps or for high-intensity dis-
charge lamps are options. However, only
16 mm diameter fluorescent lamps with a
“high luminous flux” (HO = High Output)
are suitable. Designed to deliver the high-
est luminous flux per unit of lamp length
with significantly optimised luminance,
these high intensity lamps are 50 percent
brighter than conventional 26 mm diameter
three-band lamps. 

High-bay reflector luminaires with metal
halide or high-pressure sodium vapour
lamps are an alternative for halls 6 m high
or more. The highly concentrated luminous
flux of these lamps enables the required
uniformity to be achieved with a relatively
small number of luminaires. Where high
vertical illuminance is required for inclined
surfaces, luminaires for fluorescent lamps
need to be installed to provide supplemen-
tary lighting. 

Workplace luminaires 

Where additional light is needed at individ-
ual workplaces, workplace luminaires or
machine lights can be used. The higher illu-
minance required for inspections or for
work involving small parts is rarely provided
by room-related lighting. Supplementary
workplace luminaires are almost always the
preferred solution here, delivering light
which is geared to the task area. They are
also the right choice where extra light is
needed for employees whose eyesight has
deteriorated with age.



Workplaces with display screen 
equipment

The lighting quality requirements that need
to be met for working at monitors are
higher than for other activities in manufac-
turing and storage facilities. It is particularly
important to avoid glare, especially disturb-
ing reflections on screens. So for individual
display screen workplaces in a production
hall, for example, display-screen compatible
lighting needs to be installed. Workplace lu-
minaires installed here should conform to
DIN 5035-8 and should come with a manu-
facturer’s declaration to that effect. 

To limit direct and reflected glare caused by
general lighting, additional measures may
need to be taken at the workplace. These
may include, for example, 
> arranging display screen workplaces to
suit the room lighting
> shielding any light sources in the general
lighting system that dazzle, 
> installing partition walls 
> installing ceiling elements and light sails.
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[15] Display screen work is a demanding vi-
sual task with high lighting quality requirements.
Particularly important at display screen work-
places is the need to ensure that glare is ade-
quately limited. 

[16] Examples of the task (T) areas at an in-
dustrial workplace. 
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ing area where illuminance is lower. 
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While stating that it is important “not to
compromise the visual aspects of a lighting
installation simply to reduce energy con-
sumption” (clause 4.9), DIN EN 12464-1
endorses the call to maximise the energy
efficiency of artificial lighting. Additional in-
centives aimed at lowering carbon emis-
sions are contained in the German Energy
Conservation Ordinance (EnEV) approved in
October 2007. This considers the total en-
ergy consumption of a building including
lighting (applies to non-residential proper-
ties). The basis for calculation is the method
set out in DIN V 18599 “Energy efficiency 
of buildings – Calculation of the net, final
and primary energy demand for heating,
cooling, ventilation, domestic hot water and
lighting”. 

Luminaires 

A luminaire is efficient if it has a high light
output ratio and if its intensity distribution
curve is tailored to the application. High-
grade materials and a high standard of
workmanship improve a luminaire’s light
output ratio and, moreover, extend its use-
ful life. 

Installing luminaires with a higher degree of
protection than is actually necessary also
saves energy (see Page 12). Because they
stay clean longer, a lower initial illuminance
(value on installation) can be selected to
achieve the required maintained illumi-
nance, i.e. the luminaires can be fitted with

lower wattage lamps – and even fewer lu-
minaires may be needed. Opting for higher
initial illuminance lengthens the intervals 
between maintenance operations. 

Development aimed at “energy 
conservation” 

Among the most significant advances that
have been made are developments in 
fluorescent lamp and ballast technology.
Fig. 19, charting the milestones to energy
conservation with modern lighting, shows
how much has been achieved to reduce
power requirements. The first breakthrough
came with the development of new low-
loss ballasts (LLBs); then electronic bal-
lasts (EBs) appeared on the scene. In a
parallel development, the three-band fluo-
rescent lamp made its debut in the market,
joined later by a slimline design with a 
16 mm diameter. 

High luminous efficacy 

Luminous efficacy is the yardstick of lamp
efficiency. It indicates how much light (lumi-
nous flux in lumens) a lamp generates from
the electrical energy (output in watts) it
consumes. The higher the ratio of lumens
to watts, the more energy-efficient the
lamp operates. Standard fluorescent lamps
have a low average luminous efficacy of 
65 lm/W, whereas 26 mm diameter three-
band lamps reach 93 lm/W (system lumi-
nous efficacy, EB operation) and 16 mm 

diameter models actually achieve over 
100 lm/W. At the same time, fluorescent
lamp life has increased – from 7,500 hours
for a standard lamp operated by a conven-
tional ballast to 24,000 hours for an EB-
operated 16 mm diameter lamp. 

High-intensity discharge lamps have devel-
oped along similar lines, although many
lamp types here had high luminous efficacy
ratings from the outset. It is only in recent
years that it has been possible and practi-
cal to use electronic operating gear with
these lamps. 

Daylight 

A great deal more energy can be saved by
harnessing incident daylight from skylights
or windows and combining it with artificial
lighting. The artificial lighting is activated or
slowly and gradually made brighter only
when the available daylight is not sufficient. 

Such systems are normally realised as
lighting management solutions incorporat-
ing a daylight-dependent regulator de-
signed to maintain a constant level of light-
ing with artificial and daylight components
(see Fig. 18). The illuminance required at
the work surface is kept more or less the
same by raising or lowering the artificial
lighting in response to changes in incident
daylight. So when conditions outside are
very bright, the artificial lighting is lowered,
and when there is not much daylight avail-
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Energy-efficient lighting 
The quality of a lighting installation also depends on its economic efficiency. Optimised light-controlling luminaires,
lamps with high luminous efficacy, electronic operating gear, daylight utilisation and lighting management make for
energy-efficient lighting and thus help reduce carbon emissions. 

Saving energy with task area lighting

Where the standard requires 500 lx for an activity in the task area, a room-related lighting system needs to provide

that illuminance at every point in the room. With task area lighting, however, a lower level of illuminance – in this case

300 lx – is sufficient for the surrounding area and thus de facto for the rest of the room. This measure also saves

energy, although it must not impair the quality of the lighting, e.g. by impacting adversely on the luminance distribution

within the field of vision (see Page 8).
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able – early in the morning, in the evening
or during winter months – the artificial light-
ing level is raised. 

Lighting management 

Automated lighting management systems
ensure good quality lighting tailored at all
times to user requirements and the applica-
tion in question. Daylight-dependent regula-
tion of the lighting level is realised by dim-
ming and/or deactivating parts of the
lighting system under the control of 
> light sensors on individual workplace 
luminaires, 
> light sensors in the room, 
> light sensors outdoors. 

Where motion detectors are integrated into
the lighting management system, presence
control is possible. Here, the lighting is in-
stantly activated when a person enters the
room and deactivated a few moments after
the room is vacated. 

Lighting management also enables other
scenarios to be programmed, e.g. to ac-
count for changes in the pattern of daylight
or to influence the circadian rhythms of
night-shift workers (see Page 2) by raising
illuminance levels at night and dimming the
lighting to 500 lx during the day. 
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[18] Daylight-dependent regulation of artificial
lighting in response to changes in incident 
daylight 

[19] Milestones to energy conservation with
modern lighting 

[20] Where daylight can be harnessed for
lighting, less artificial lighting needs to be pro-
vided. This saves energy. Lighting management
regulates the interaction of the two lighting 
components and ensures that together they 
deliver the illuminance that is needed. 
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Refurbishment and maintenance 
Replacing old installations with modern state-of-the-art lighting systems saves money after only a short payback
time: the older the facilities replaced, the greater the energy savings and cost economies. A maintenance factor
needs to be established for keeping a new system in good order. 

Every refurbishment, i.e. every project
where an old lighting system is replaced
with a modern one, has positive environ-
mental, economic and ergonomic impacts
(see Fig. 21). The major objectives are:
> to conserve energy and thus cut carbon
emissions and costs. 
> to improve lighting quality by ensuring
that lighting is tailored to requirements,
meets high visual ergonomic standards,
promotes wellbeing and maintains health. 

“New” for “old” 

Swapping “new” for “old” is generally the
best form of refurbishment. Retrofit kits –
usually different operating devices or lamps
that are not actually designed for the lumi-
naires – rarely live up to their promises.
What is more, their use raises safety issues.
Even if carried out by an electrician, unau-
thorised retrofitting always constitutes a
structural modification and thus voids the
operating licence and ENEC test symbol of
the original luminaire. The only exception 
to this rule is retrofit material professionally
installed with the approval of the luminaire
manufacturer. 

From a business viewpoint, energy cost
savings are a key consideration in any plan
to invest in a new installation. After all, 
energy costs account for 50 percent of total
lighting costs, whereas acquisition and 
installation make up 25 percent each. 

Efficiency potential

The efficiency potential of modern lighting
and thus the scope for savings (see also
Pages 10/11) can be seen in Fig. 22, which
presents a comparative overview of the
savings that can be achieved by various
means. The greatest economies are

achieved by optimal application of each 
individual measure. Where measures are
combined, lighting system efficiency is 
enhanced even more.

Comparative performance 

Most economies are possible only with
lighting electronics. Among the electronic
operating gear available, ballasts for fluo-
rescent lamps occupy a special position
because fluorescent lamps are the light
source in most widespread use across
trade and industry. The luminaires for damp 
interiors compared for the lighting situation
below are also fitted with linear fluorescent
lamps. The calculation shows that the 
better a luminaire’s technical equipment,
the higher the energy efficiency and the
better the quality of lighting. 

Room situation: production hall, 
furnishings in flexible arrangement, 
floor area 16 x 12 m (192 m2), 
room height 5 m
Type of lighting: direct 
Lighting concept: room-related lighting 
Basic parameters: five-day week, 
two-shift day, 8-hour shifts,
luminaire mounting height 4 m, 
illuminance 500 lx,
daylight-dependent regulation (only with EB
operation).

Solution 1: 42 luminaires for damp interiors,
each fitted with two 58 W 26 mm diameter
fluorescent lamps, low-loss ballasts (LLBs)
– 6 rows of 7 luminaires guarantee good
lighting quality. 

The annual energy consumption per square
metre floor area is 106.26 kWh. 

Solution 2: 42 luminaires for damp interiors,
each fitted with two 58 W 26 mm diameter
fluorescent lamps, electronic ballasts (EBs)
– 6 rows of 7 luminaires. The EBs make for

better lighting quality while offering advan-
tages that include lower energy consump-
tion, longer lamp life, fast, silent, flicker-free
starting and no stroboscopic effects. 

The annual energy consumption per square
metre floor area is 85.58 kWh. 

Solution 3: 35 luminaires for damp interiors,
each fitted with two 49 W 16 mm diameter
fluorescent lamps, electronic ballasts (EBs)
– 5 rows of 7 luminaires. 16 mm diameter
lamps and EBs pool their advantages and
ensure good lighting quality. Because of the
higher light output ratio and better luminous
efficacy, the number of luminaires can be
reduced and even more energy saved. 
Variable lamping (with same lamp length)
makes it easier to cater to different visual
tasks. 

The annual energy consumption per square
metre floor area is 71.28 kWh. 

Maintenance 

The luminous flux of a lighting installation
decreases over its operating life as lamps,
luminaires and room surfaces age and be-
come soiled. This is why the average illumi-
nance values stipulated for standard com-
pliance are maintained values below which
the average illuminance should never fall. 
To ensure that the maintained value is
maintained over a relatively long period of
time and not reached straight after com-
missioning, a new lighting installation must
be designed for higher initial illuminance.
This is established by applying the mainte-
nance factor, which is defined as the ratio
of maintained illuminance to illuminance on
installation. 

The maintenance factor is calculated from
the lamp lumen maintenance factor, survival
factor, luminaire maintenance factor and
room maintenance factor. 
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Luminaires with a higher degree of
protection have advantages 

Luminaires designed for a lower degree
of protection – for example IP 20 – be-
come soiled more quickly than enclosed
luminaires with a higher protection rating
of IP 50 or more. So they require main-
tenance sooner than enclosed lumi-
naires. Table 1 compares the luminaire
maintenance factors for IP 20 and IP 50
luminaires. 

Table 2 shows all the maintenance fac-
tors for the two luminaire types under a
standardised set of conditions: direct
lighting, 16 mm diameter fluorescent
lamps, EB, medium-size room subject to
normal soiling, room index 2.5; 2,500
operating hours (one shift, six-day
week). The result: the higher mainte-
nance factor of the enclosed IP 50 lumi-
naire makes for 15 percent higher illumi-
nance. This permits a maintenance
interval of three years. Alternatively, if the
maintenance interval is not extended, a
lower illuminance value on installation
may be selected for the enclosed lumi-
naires. This, in turn, saves energy. 

Lamp replacement 

If lamps need to be replaced at the 
end of the maintenance interval, it in-
variably makes sense to replace all the
lamps in the lighting installation. Mainte-
nance operations reveal whether the
correct luminaires were installed: simple
assembly and maintenance-friendly 
design make for easy-to-handle lumi-
naires, which save time and thus costs. 

[21] The savings made with lighting electronics
are an ecological and economic plus. The er-
gonomic advantages benefit employees. 

[22] Efficiency potential of modern lighting:
each individual measure (second bar of each
colour) produces a minimum saving. Savings
can be increased further by ensuring optimal
application. 
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Ecology
> energy conservation
> reduction of carbon emissions
> conservation of raw materials by extending

the life of lamps and operating gear
> less waste 

Economy
> lower energy costs
> lower lamp replacement costs
> long service life 
> lower air-conditioning costs
>better productivity

Ergonomics
> high visual comfort
> sense of wellbeing
> tailored lighting 

Table 1: Comparison of luminaire maintenance factors

Cleaning interval 1 year 2 years 3 years

Environment VC   C    N    D VC   C    N    D VC   C    N    D

IP 50 luminaire 0.96 0.94 0.90 0.86 0.93 0.91 0.86 0.81 0.92 0.90 0.84 0.79

IP 20 luminaire 0.94 0.88 0.82 0.77 0.91 0.83 0.77 0.71 0.89 0.79 0.73 0.65

VC = very clean / C = clean (cleanrooms, computing centres, hospitals) / N = normal (schools, assembly
bays, warehouses, laboratories) / D = dirty (chemical plants, woodworking shops, welding shops)

Luminaire IP 50 luminaire IP 20 luminaire

Lamp lumen maintenance factor 0.90 0.90

Lamp survival factor 0.98 0.98

Room maintenance factor 0.90 0.90

Luminaire maintenance factor 0.84 0.73

Maintenance factor 0.70 0.61

22

Table 2: Maintenance factors

100 % 90 % 80 % 70 % 60 % 50 % 40 % 30 % 20 % 10 % 0 %
Energy consumption

26 mm dia. three-band fluorescent lamp operated by magnetic ballast

16 mm dia. three-band fluorescent lamp operated
by electronic ballast

Old opal diffuser luminaire

Luminaire with efficient optical control and 
good glare suppression 

Static maintained operation

Daylight-dependent regulation

Static maintained operation

Presence sensoring (presence control)

Increased value on installation

Keeping maintained value constant 

20 %   to 40 %

30 %   to 50 %

10 %   to 60 %

10 %   to 50 %

10 %   to 20 %



Degree of protection 

The degree of protection assigned to a 
luminaire is a guarantee of safe and reliable
operation. The IP code (standing for
“Ingress Protection”) consists of two nu-
merals (see Table 3). The first (1 to 6) indi-
cates the degree of protection against solid
foreign bodies, the second (1 to 8) attests
to the degree of waterproofness. Higher
degrees of protection include those lower
down the scale. Where one of the two 
numerals is missing, its place is taken by a
capital “X”, which means “untested”.

So a luminaire with the degree of protec-
tion IP 20 is protected against solid foreign
bodies > 12 mm. Where the degree of 
protection is IP 50, however, not even dust
can penetrate inside the luminaire. Both 
luminaires are non-protected against water
(“0”). 

In the generally dirty environments of trade
and industry, it is worth installing luminaires
with a higher degree of protection than is
actually necessary. Because the luminaires
stay clean longer, they have a longer service
life and maintenance interval (see Page 12). 

Explosion-protected luminaires 

The risk of explosion is present in almost
every process engineering plant. Where
combustible substances are manufactured,
processed, transported or stored, vapours
and mists combine with oxygen in the air to
create an explosive atmosphere. The same
hazard arises where combustible dust is
present. Combustible dust is an often un-
derestimated hazard, yet 80 percent of all
the dusts that occur in industry are com-
bustible. Even coarse dust can be danger-
ous where large particles rubbing together
during transport or processing produces a
fine – ignitable – dust. 

The use of explosion-protected luminaires
(Ex luminaires) is compulsory in areas
where there is a risk of explosive atmos-
pheres. These areas are classified into
zones on the basis of their hazard poten-
tial: zones 0, 1 and 2 apply to gases, mists
and vapours, zones 20, 21 and 22 to com-
bustible dusts. In line with the protection
requirements for Ex luminaires, a specific
type of protection is associated with each
zone. Because the hazard potential of
zones 2 and 22 is not so high, luminaires
without a type examination certificate may
be installed in them. 

The regulatory basis for explosion protec-
tion is provided by the “Regulation covering
electrical equipment in potentially explosive
atmospheres” (ElexV), the ATEX directives

(ATEX = Atmosphères Explosibles) of the
European Union: Directive 94/9/EG (ATEX
95) and Directive 1999/92/EG (ATEX 137). 

Maximum ambient temperature 

The maximum ambient temperature –
meaning the temperature outside the lumi-
naire, which is naturally also affected by
heat or cold in the room – should not be
exceeded. Where it happens, operating
gear suffers. Excessive temperatures
shorten the life of electronic ballasts (EBs)
for fluorescent lamps by 50%. So where
higher ambient temperatures are antici-
pated, special EBs should be used. In such
cases, it is advisable to contact the lumi-
naire manufacturer. 
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Operating conditions
Luminaires are exposed to the conditions of the environment in which they are operated. Where electrical operating
devices are damaged by ambient conditions, reliability is jeopardised. So before luminaires are used in the rougher
conditions of trade and industry, they frequently require on-site safeguards. 

1st code numeral Protection against 2nd code numeral Protection
foreign bodies against water
and contact 

0 non-protected non-protected

1 protected against solid protected against 
foreign bodies > 50 mm dripping water 

2 protected against solid protected against
foreign bodies > 12 mm dripping water when 15° tilted

3 protected against solid protected against
foreign bodies > 2.5 mm spraywater

4 protected against solid protected against
foreign bodies > 1 mm splashwater

5 protected against dust protected against
against jets of water

6 dustproof protected against
powerful jets of water

7 — protected against
temporary immersion

8 — protected against
prolonged submersion … m

Table 3: Degrees of protection
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22

21

20

23

24

Zone 20
Hopper in a sack tipping
station – Zone 20 is where
the risk of explosion is
greatest

Zone 21
Immediate surrounding
area (1 m radius) of the
open charging door

Zone 22
Area outside zone 21 be-
cause of dust deposits

[23] Many gases and dusts are combustible
and explosive. Explosion-protected luminaires
and operating gear need to be used in areas
which are at risk. 

[24] Example of zonal classification based on
hazard potential. The zones shown here – 20,
21 and 22 – are for combustible dusts. Other
zones – 0, 1 and 2 – are defined for gas, mists
and vapours. 
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Lamp type 1 2 3 4 5 6 7 8 9 10 11

Characteristics Lamp category Linear fluorescent lamps Compact fluorescent    

Power rating from 18 18 18 18 14 24 24 24 5 16 18
(Watts) to 58 58 58 58 35 80 120 54 70 38 806)

Luminous flux  from 1,350 1,350 1,350 1,100 1,100 1,650 1,850 1,300 250 1,050 1,200
(lumens) to 5,200 5,150 5,150 4,600 3,300 6,150 8,850 3,550 5,200 2,800 6,000

Luminous efficacy from 751) 751) 751) 612) 79 (93)3) 69 (84)3) 72 (76)3) 58 (67)3) 50 61 67
(lumen s/ Watt) to 901) 891) 891) 79 2) 93 (104)3) 88 (99)3) 90 (93)3) 76 (79)3) 82 78 87

Light colour ww, nw, dw ww, nw, dw ww, nw, dw ww, nw, dw ww, nw, dw ww, nw, dw ww, nw, dw ww, nw, dw ww, nw, dw ww, nw, dw ww, nw, dw

Colour rendering index Ra 80 – 85 80 – 85 80 – 85 � 90 80 – 85 80 – 85 80 – 85 � 90 80 – 85 80 – 85 80 – 85
(in some cases as range)

Base G13 G13 G13 G13 G5 G5 G5; G5 G23; G24; 2G10; 2G11
GX5 2G7; GR8;

GX24 GR10q
GR14q
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Table footnotes

1) Where lamps are EB-operated, luminous
efficacy increases to 81–100 lm/W. Power
input decreases from 18 W to 16 W, from
36 W to 32 W and from 58 W to 50 W

2) Where lamps are EB-operated, luminous
efficacy increases to 66–88 lm/W. Power
input decreases from 18 W to 16 W, from
36 W to 32 W and from 58 W to 50 W

3) High values at 35°ambient temperature 
4) Lamps 9.3 and 13 for wider temperature

range
5) Lamps 9.2, 11 and 12 also as special mo-

dels for wider temperature range
6) 40 W and 55 W only with EB
7) Also available in other designs

ww = warm white 
colour temperature 
below 3,300 K

nw = neutral white
colour temperature 
3,300 to 5,300 K

tw = daylight white 
colour temperature 
over 5,300 K

12 13 14 15 16 17 18 19 20 21 22 23 24 25

   lamps Induction lamps Metal halide lamps HP sodium Halogen lamps

18 60 70 55 20 70 1.000 250 70 70 35 50 18 60
556) 120 150 165 4000 250 2,000 2,000 1,000 250 1,000 1,000 140 2.000

750 4,000 6,500 3,650 1,600 5,100 90,000 20,000 4,700 4,700 2,200 4,400 220 840
3,650 9,000 12,000 12,000 46,000 25,000 230,000 240,000 110,000 26,000 128,000 130,000 2,500 44,000

42 67 75 66 80 73 86 80 74 80 63 70 12 14
66 75 79 73 100 100 115 120 110 104 139 150 20 22

ww, nw, dw ww, nw ww, nw ww, nw ww, nw ww, nw nw, dw nw, dw ww, nw, dw ww ww ww ww ww

90 80 – 85 80 – 85 80 – 85 80 – 85 75 – 95 60 – 95 60 – 90 69, 80 – 95 80 – 85 25, 65 25, 65 100 100

2G11 2G8-1 special special G12, G22 Fc2 special E27 E27 E27 E27 E27 R7s
GU6,5/ RX7s E40 E40 E40 E40 E40 E14
GU8,5; 
PGJ5

Lamps
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Luminaires
The term “luminaire” is used to denote the entire light fitting, including all components required to affix, operate 
and protect the lamp. The luminaire provides protection for the lamp, distributes and directs its light and prevents 
it from dazzling. 

Luminaire selection is determined by the
lighting requirements of the lighting task, the
choice of lamps and mechanical and electri-
cal requirements. In production facilities in
trade and industry, room architecture and
design intention play a secondary role. 
It makes good economic sense to choose
quality luminaires. Key features of their de-
sign and production are:

> economical operation (high utilisation fac-
tors)
> lighting quality and functionality
> mechanical and electrical reliability (VDE,
ENEC)
> long life (materials, finish, compact design)
> production quality control 
> simple assembly and maintenance-
friendly design
> professional advice and planning aids.

The stylised paired images on these two
pages, which are not to scale, show a se-
lection of luminaires widely used in trade
and industry. In each pair, the image on the
left shows the radiation characteristics and
lighting effect of the luminaire depicted in
the image on the right. 

[26 + 27] Luminaires in continuous row system for
direct (left) and direct/indirect (right) lighting, degree
of protection IP 20 

[28 + 29] High-bay reflector luminaire with axially
symmetrical intensity distribution curve, degree of
protection IP 65 

[30 + 31] High-bay reflector luminaire with sym-
metrical (left) and asymmetrical (right) intensity dis-
tribution curve, degree of protection IP 65 

[32 + 33] Flood with asymmetrical intensity distri-
bution curve for large industrial areas, degree of
protection IP 65 

32 33

30 31

28

26 27

29
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42

40 41

43

38 39

36

34 35

37

44 45

46 47

48 49

[34 + 35] Ex luminaires (explosion-protected) 

[36 + 37] Machine light in tubular (left) and LED
(right) design, degree of protection IP 67 

[38 + 39] Workplace luminaire as system (left) 
and universal (right) luminaire, degree of protection
IP 20 

[40 + 41] Cleanroom luminaire, degree of 
protection IP 65

[42 + 43] Louver luminaire for surface (left) 
and recessed (right) ceiling mounting, degree of
protection IP 20

[44 + 45] Diffuser luminaire for damp interiors, 
degree of protection IP 65

[46 + 47] Batten luminaire without reflector, 
degree of protection IP 65 (luminaire for damp 
interiors)

[48 + 49] Escape sign luminaire, degree of 
protection IP 23 or IP 65 for industrial bays. 



For difficult visual tasks, general lighting
needs to be supplemented by task lighting.
Supplementary lighting is also a must
where a workplace is overshadowed by
other structures or installations. The lighting
concept depends essentially on the nature
of the materials and products being in-
spected: the lighting needs to be tailored 
to suit surfaces, colours and reflective char-
acteristics. Workpiece dimensions and any
resulting shadows also need to be taken
into account. 

Area or punctual lighting 

The illuminance required varies according to
the visual task. The minimum values are set
out in DIN EN 12464-1. A basic distinction
is made between two lighting concepts:
area lighting and punctual lighting (see Figs.
50 and 51). What is generally recom-
mended is
> planar, shadow-free light for the examina-
tion of matt, shiny or transparent objects,
e.g. for bumps, dents or warping, 
> glancing punctual light for the inspection
of surfaces for scratches, cracks or cuts.
The shadows thus generated make it easier
to identify surface structures. 
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Quality inspection 
Despite intelligent machines, the human eye has a matchless capacity for checking for flaws and irregularities in
surfaces. However, it can only perform such inspection tasks reliably in optimal ambient conditions. Effective quality
control depends crucially on the right light being provided at the right place. 

50 51

[50] Matt, shiny or transparent objects are
best examined for dents, bulges or warping in
planar, shadow-free light.

[51] Glancing punctual light is recommended
for inspecting surfaces for scratches and cracks
as well as for checking engraving. 

Inspecting tiny components is a particu-
larly difficult visual task. For situations
which call for more than just a magnifying
glass and higher illuminance, a magnifying
luminaire is the right answer. Magnifying 
luminaires are flexible workplace luminaires
and make a convenient tool as long as
they can be quickly and easily positioned
and hold the position set without swaying.
The magnifying glass they incorporate
should present a magnified image without
distortion. 
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54 55

5352

[52 + 53] Magnifying luminaires provide facili-
tating light for difficult quality inspection tasks.
The light is generated close to the item magni-
fied for inspection and focused directly on it. 

[54 + 55] Quality inspection under planar,
shadow-free lighting 

Light-emitting diodes (LEDs) are not yet suitable for all

lighting purposes. The luminous flux needed to produce

the illuminance required in production and storage 

facilities is more than can be generated efficiently with

LEDs. Nevertheless, the innovative light sources have

already established a presence in trade and industry – 

in workplace luminaires and machine lights. 

LEDs for industry and trade

LEDs generate light in a semiconductor, which is electri-

cally excited to emit light (electroluminescence). To

protect it from environmental conditions, the semicon-

ductor is encased in a housing. LED light sources come

as single LEDs and as LED modules. White LEDs

currently have a luminous efficacy rating of more than

30 lm/W and their efficiency is set to increase. At over

50,000 operating hours, they have a very long life. LED

light contains neither ultraviolet (UV) nor infrared (IR)

radiation.



Lighting for every visual task 

Basic assembly, drop forging and open die
forging: Generally speaking, these are not
very fine visual tasks. 300 lx average illumi-
nance – 200 lx for open die forging – is
sufficient. In high bays, luminaires for high-
intensity discharge lamps provide econom-
ical lighting. However, they are not suitable
where work frequently involves shiny metal
parts because their light would give rise 
to intense reflected glare. In this case, lu-
minaires for fluorescent lamps are more
suitable. 

Welding: At welding workplaces, the gen-
eral lighting – average illuminance 300 lx –
should be supplemented by static or mobile
workplace luminaires. The higher illumi-
nance at the workpiece enables the low
light-transmitting capacity of welder’s gog-
gles to be compensated. 

Lathes: The workpiece being machined
needs to be illuminated from the operator
side. To ensure this, the lengthways axis of
luminaires for fluorescent lamps should be
set at right angles to the lathe so that no
hard-edged shadows are created. In addi-
tion, a well shielded, adjustable work lumi-
naire is required to provide the glancing
light needed to make workpiece details
more clearly discernible. 

Soldering: At soldering stations, inspection
of work is particularly important. Here, a
lighting system comprising luminaires with
opal enclosures is recommended. 

Precision machining: For precision work to
tolerances < 0.1 mm, an average illumi-
nance of 500 lx is required. The metal parts
machined often have shiny, reflective sur-
faces, which gives rise to reflected glare. 

This glare is limited by reflective room sur-
faces, so bright walls and a bright ceiling
are recommended in conjunction with a
lighting system for fluorescent lamps. 

At conveyor belts, task area lighting is best
achieved with continuous rows mounted
parallel to belts. To ensure adequate illumi-
nance for assembly workstations – also on
inclined working planes – supplementary
workplace luminaires are often required. 

CNC machines: At CNC machines with
monitors, lighting needs to be display-
screen compatible. Only low luminance 
luminaires can effectively prevent the occur-
rence of disturbing reflections on screens.
Mobile luminaires are often required for set-
ting up machine tools. 

Light engineering shops: Extremely small
parts are machined, sorted or produced in
precision and micro-engineering shops.
Tight tolerances require particularly precise
measuring. Meeting the resulting high 
visual requirements calls for a minimum of
1,000 lx average illuminance. For difficult
operations at least, supplementary work-
place luminaires should be used. 

Monitoring and measuring stations:
Average illuminance also needs to be high
where monitoring, measuring and verifica-
tion work is performed: 750 lx to 1,000 lx
is required. What is more, a balanced ratio 
of direct to indirect lighting needs to be 
ensured so that three-dimensional shapes
are clearly discernible and disturbing re-
flections are avoided. Another important
lighting criterion is clear legibility of scales
and displays on measuring equipment. As
well as high quality lighting, it is important
to ensure bright room surfaces – especially
bright ceilings – in these areas. 

licht.wissen 05 Industry and Trade

22

Metal processing
Visual task requirements vary according to the broad bandwidth of activities in the metal processing sector: rough
assembly and forging are among the simpler visual tasks, welding and moderately fine machining present higher
requirements. The tasks that place the greatest demands on the eye are high-precision work at machines, soldering
and tasks performed at monitoring and measuring stations. 
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Lighting systems 

Continuous row luminaires for fluorescent
lamps are the favoured option for metal
processing plants. This is largely because
they permit flexible systems that are easily
adaptable to changes in production opera-
tions. In dusty interiors, enclosed luminaires
with IP 54 or IP 65 protection should be 
installed. Where ceilings are 6 m high or
more, high-intensity discharge lamps may
be used as a alternative. High visual 
requirements call for the additional use of
workplace luminaires. 

57

56

[56] Continuous row luminaires for fluorescent
lamps generate the 500 lx illuminance needed
for precision work. 

[57] Where ceilings are 6 m high or more, 
luminaires for high-intensity discharge lamps are
an alternative to luminaires for fluorescent
lamps. 



Lighting for every visual task 

Operations in the mechanical and plant en-
gineering industry call for room-related or
task area lighting. The illuminance required
varies between 300 lx and 500 lx. Higher 
illuminance in task areas as well as bright
vertical surfaces impact positively on sense
of wellbeing and productivity (see Page 6). 

At assembly lines, parallel continuous rows
guarantee a uniform high lighting level. At
the same time, the way their light is distrib-
uted prevents disturbing reflected glare on
shiny metal surfaces. 

In areas where monitors and displays are
present, large-surface low-luminance lumi-
naires – e.g. luminaires with microprismatic
structures or computer workstation lumi-
naires – are recommended. They largely
prevent direct and reflected glare. 

For surface inspections, luminaires should
have a small light outlet (see Page 20). 

Where visual requirements are high – e.g.
for mechanical processing of small work-
pieces – supplementary lighting is needed.
This is a task for workplace luminaires. 

Lighting systems

In halls up to 6 m high, luminaires for fluo-
rescent lamps are used; where ceilings are
6 m high or higher, luminaires for high-in-
tensity discharge lamps are an alternative.
Maintenance-friendly luminaires reduce
maintenance requirements and thus
shorten production downtime due to lamp
replacement. A high degree of protection
lengthens the maintenance interval for lumi-
naires. In rooms which are not cleanrooms
but where a high degree of cleanliness is
required, luminaires should be easy to clean
and have no surfaces where dirt may col-
lect. 
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Mechanical and plant engineering
Work – and thus visual requirements – in the mechanical and plant engineering sector are similar to those in the
metal processing industry (see Page 22). They range from low lighting requirements for rough work to very high
requirements for precision operations and quality control. 

[58] This hall is illuminated by continuous row
luminaires for fluorescent lamps. 

[59] For halls over 6 m high, luminaires for
high-intensity discharge lamps are an alternative
to fluorescent lamp luminaires. 

[60] The solar cells being made up into mod-
ules are soldered by machine and not manually,
so supplementary lighting is not needed. 

[61+ 62] Extra light: workplace luminaires
raise the level of illuminance for work with high
visual requirements. 
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62

6159

58

60



Lighting for every visual task 

Light for individual workplaces is provided
by room-related or task area lighting. Where
appropriate, this lighting is supplemented
by workplace luminaires to provide higher il-
luminance e.g. for handling small parts. 

Body construction and assembly work call
for 500 lx illuminance. In automotive engi-
neering, the majority of workplaces in pro-
duction are on assembly lines. Here, task
areas are best served by continuous rows
arranged parallel to the lines. They ensure a
uniformly high lighting level. What is more,
the way they distribute light prevents the
occurrence of disturbing reflected glare on
shiny metal surfaces. For inclined work sur-
faces on assembly lines, workplace lumi-
naires need to be installed to provide sup-
plementary lighting. 

In areas where monitors and displays are
present, large-surface low-luminance lumi-
naires – e.g. luminaires with microprismatic
structures or computer workstation lumi-
naires – are recommended. They largely
prevent direct and reflected glare.

For surface inspections, luminaires should
have a small light outlet (see Page 20). 

Lighting systems

In halls up to 6 m high, luminaires for fluo-
rescent lamps are used; where ceilings 
are 6 m high or higher, luminaires for high-
intensity discharge lamps are an alternative.
A high degree of protection extends lumi-
naire maintenance intervals. Except where
surface are inclined, supplementary work-
place luminaires are required for inspection
work, inspection tasks require supplemen-
tary workplace luminaires. 
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Automotive engineering
Automotive engineering involves many small parts. It also involves the precise placement and assembly of larger
parts with small connecting elements. A minimum of 500 lx illuminance is thus needed at all workplaces. 

[63 – 65] Continuous rows are the non plus
ultra for assembly lines in the automobile indus-
try. They ensure a uniformly high lighting level. 

Paint shops

Room-related or task area lighting is also the right solu-

tion for paint shops. Here, it is particularly important to

arrange luminaires so that they do not cause disturbing

reflections on shiny paint surfaces. Walls and ceiling

should be uniformly illuminated. The ceiling should be 

as bright as possible. 

Diffuser luminaires with asymmetrical and symmetrical

specular reflectors are an appropriate choice. Depending

on the type of spray booth, they may need to be explo-

sion protected. Good colour identification is ensured by

lamps with colour rendering index Ra � 90. Their light

needs to be daylight white, the illuminance required is

1,000 lx. 750 lx is sufficient for touch-up jobs. 
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Lighting for every visual task 

Electrical workshops: Activities in the elec-
trical trade cover nearly the full bandwidth
of work with large and small parts. The vi-
sual tasks involved differ accordingly. It is
advisable, therefore, to illuminate work-
places, with their task and surrounding
areas, individually. Average illuminance
needs to be 300 to 500 lx, up to 1,000 lx
for precision work and 1,500 lx for inspec-
tion and calibrating operations. 

At workplaces where large machines are
operated, care needs to be taken to ensure
adequate vertical illuminance. This is
achieved using inclined luminaires or lumi-
naires with a wide-angle or asymmetrical
beam spread. Inspection stations and
workplaces where other activities with
higher visual requirements are performed
always require supplementary lighting by
workplace luminaires. 

Radio and television workshops: Generally
speaking, the lighting requirements here are
similar to those of electrical shops. Be-
cause the visual tasks are more difficult,
however, average illuminance should be no
lower than 500 lx. For very fine work, such
as soldering television and radio set cir-
cuitry, supplementary workplace luminaires
need to be installed to raise illuminance at
the workpiece. 

Difficult visual tasks with small details and
low contrasts: for the assembly of radio and
television sets, the production of fine wire-
wound coils and the assembly of subminia-
ture parts, the average illuminance needs to
be at least 750 lx. Another requirement for
good visual conditions are bright walls and
ceiling illumination. This means that parts of
the lighting installation need to be room-re-
lated; low, suspended continuous rows can
be used for the individual task areas or
zones.

At workplaces where particularly difficult vi-
sual tasks are performed, supplementary
workplace luminaires raise the lighting level
to 1,500 lx; the light they provide also
makes for better 3D perception. 

Diffuse lighting for visual inspections: for the
visual inspection of solder connections in
printed circuits, light should be diffuse and
as uniform as possible. Large-surface lumi-
naires with opal enclosures are ideal for
this. 

Where display screen equipment is used for
production and quality control operations,
lighting needs to be display-screen com-
patible. In particular, disturbing reflections
need to be ruled out. Where only a few
workplaces are equipped with display
screen equipment, workplace screening is
normally sufficient. The luminance of work-
place oriented luminaires should be limited. 

Electronic production: The manufacture and
assembly of hardware present the same
lighting requirements as operations at other
electrical engineering facilities. Special fac-
tors need to be considered where sub-
miniature parts are manufactured and,
above all, in chip and microprocessor pro-
duction facilities, where an absolute mini-
mum of ambient pollution needs to be en-
sured for the air – no dust or microbes –

and production processes. High illuminance
is required here and needs to be provided
by cleanroom luminaires (see Page 34). 

Lighting systems 

As a general rule, continuous rows for fluo-
rescent lamps are an appropriate solution,
with reflector luminaires for high-intensity
discharge lamps as an alternative in high
bays (hall height 6 m or over). In very dusty
interiors, luminaires should be enclosed and
have higher IP 54 or IP 65 protection. Stro-
boscopic effects need to be avoided, espe-
cially where coil winders are present; no
such effects occur where electronic ballasts
(EB) are used. In galvanising zones, lumi-
naires need to be corrosion-resistant and
designed for use in damp interiors. 
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Electrical and electronic engineering 
A wide variety of activities are performed in the manufacturing plants and repair shops of the electrical and electro-
nic engineering industry. The work carried out involves tasks with the lowest to the highest visual requirements.
They range from handling large items with highly contrasting details, e.g. in cable production or galvanising plants,
through repair work on large household appliances to very detailed inspection and wiring tasks.
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[66 + 67] Continuous rows for fluorescent
lamps can also be installed as pendant sys-
tems. 

[68] Supplementary workplace luminaires at
assembly points raise illuminance to 750 lx or as
high as 1,500 lx. 

[69] At display screen workplaces, it is particu-
larly important to ensure adequate glare limita-
tion
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Printing
A great deal of light is normally needed in a printing plant. Sensitive materials, colours, images, fonts and 
fast-running machines call for reliable visual identification. After all, assessing the quality of print products is largely
based on visual inspection. 

Lighting for every visual task 

Printing, bookbinding operations: Small and
medium-scale printing works normally con-
sist of two main areas: the actual printing
plant with the printing presses and the
bookbindery where the printed sheets are
turned into the finished product. For both
areas, average illuminance should be at
least 500 lx. Workplaces where colour in-
spections are performed in multicolour print-
ing rooms are an exception. Here, much
higher illuminance – 1,500 lx – is required. 

For inspection workplaces, the colour ren-
dering index of lamps needs to be Ra � 90,
whereas Ra � 80 is sufficient in the rest of
the room. The light colour for the inspection
zone should be daylight white. Further de-
tailed requirements for colour proofing are
set out in the standard ISO 3664 “Viewing
conditions”. 

Task area lighting is an appropriate choice
here. Where work frequently involves glossy
papers, films, etc., indirect lighting is rec-
ommended. If printing presses are large,
adequate vertical illuminance needs to be
ensured. This is done with luminaires
mounted on both sides of the press and, if
required, positioned additionally over the
ink rollers and upstream of the front edge of
the cutting desk. 

Prepress, lithography: Prepress today
largely involves operations at a computer
workstation, so protection from direct and
reflected glare is a top priority. Luminaires
need to meet the requirements for display-
screen compatible lighting. If necessary,
glare protection may be additionally pro-
vided by supplementary workplace-related 
measures (see Pages 8/9). Average illumi-
nance should be 500 lx. 

Further requirements for computer image
editing facilities are set out in the standard
ISO 12646 “Graphic technology – Displays
for colour proofing – Characteristics and
viewing conditions”. 

Higher illuminance is needed at workplaces
for conventional activities: typesetting, re-
touching and lithography require 1,000 lx,
handling steel and copperplate engravings
calls for 2,000 lx. 

Lighting systems 

Luminaires for fluorescent lamps are the
correct choice for most printing works – as
both continuous row and individual lumi-
naires. At inspection workplaces for multi-
colour printing, special overhead luminaires
for uniform daylight-quality illumination may
be used. They facilitate performance of the
difficult visual task and help ensure precise
colour control. 
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[70 – 74] Luminaires for fluorescent lamps are
the correct choice for most printing works. They
are suitable for all production and storage zones
as continuous row and individual luminaires. 

74

72
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Laboratory: Difficult laboratory work pres-
ents high requirements in terms of lighting
quality. To ensure problem-free colour com-
parison, lamps need a colour rendering
index of Ra � 90. In practice, it has been
found advisable to illuminate the entire
room with lamps of the same colour render-
ing index, even if colour matching is done
only at certain workplaces. As a general
rule, laboratories require high illuminance:
500 lx as standard and 1,000 lx daylight
white lighting where colour matching tasks
are performed. 

Tools and materials often have shiny sur-
faces. So it is particularly important to make
sure that reflected glare is avoided. To do
this, luminaires for task area lighting and
workplace luminaires need to be appropri-
ately positioned and angled. It makes sense
to install display-screen compatible lighting
in laboratories. To ensure that no strobo-
scopic effects occur during laboratory oper-
ations, all lamps should be operated by
EBs. 

Lighting systems 

In halls up to 6 m high, luminaires for fluo-
rescent lamps (continuous row or individual
luminaires) are used; where ceilings are 6 m
high or higher, luminaires for high-intensity
discharge lamps are an alternative. If po-
tentially explosive atmospheres are present,
Ex luminaires are compulsory. Where physi-
cal shapes need to be identified or surfaces
inspected, individually adjustable supple-
mentary workplace luminaires provide di-
rectional supplementary lighting and thus
ensure adequate contrast.
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Lighting for every visual task 

Chemical industry: Many chemical produc-
tion facilities need to be kept under con-
stant surveillance. So adequate vertical illu-
minance is key. Also very important is the
need to avoid reflected glare on instruments
and fittings. The interior of open containers
needs to be well illuminated. 

In areas where soiling is intense, all lumi-
naires should be enclosed, have a higher
degree of protection and be resistant to the
substances processed. Dust-protected lu-
minaires are a must for mixing, grinding or
pulverising facilities. Ex luminaires are re-
quired where potentially explosive atmos-
pheres are present. 

The average illuminance for constantly
manned workplaces needs to be at least
300 lx. For workstations where manual in-
tervention is limited (150 lx) and for remote-
controlled facilities (50 lx), illuminance may
be lower. 

Luminaires should mostly be arranged to
provide task area lighting. For work involv-
ing difficult visual tasks, the general lighting
should be supplemented by workplace lu-
minaires tailored to cater for specific opera-
tions. Where appropriate, care should be
taken to ensure display-screen compatible
lighting. 

Chemical facilities and laboratories 
Chemical engineering facilities display marked structural differences and thus require customised lighting solutions.
Nevertheless, general lighting criteria can be defined. Where operations involve explosive substances, Ex luminaires
(explosion-protected) are compulsory. 
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[75 + 76] High halls: luminaires for high-inten-
sity discharge lamps provide lighting for paper
production (77) and chlorine electrolysis (76). 

[77] A minimum of 500 lx illuminance is re-
quired in laboratories. Where colour matching is
performed, 1,000 lx daylight white lighting is
needed. The lighting should also be display-
screen compatible. 
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Cleanrooms
The concept of the “cleanroom” originated in the world of medicine. Today, however, cleanrooms in the health sec-
tor are outnumbered by those in manufacturing industry. Partly because of higher quality requirements, cleanroom
technology is harnessed for the fabrication or assembly of a growing number of products. 

Lighting quality requirements are defined by
the activities carried out and the complexity
of the visual tasks performed. They thus
apply equally to work in cleanrooms and to
special applications such as display screen
workplace lighting. The type designation
“cleanroom luminaire” is only an indication
of suitability for this particularly clean envi-
ronment. 

The top priority in a cleanroom is to protect
products from contamination. The require-
ments are documented in detail in the rele-
vant DIN EN ISO standards and in quality
assurance guidelines such as GMP (Good
Manufacturing Practice) and HACCP (Haz-
ard Analysis And Critical Control Points).
These standards impact crucially on the de-
sign of cleanroom fittings, which include lu-
minaires. 

The cleanroom sector encompasses the
> chemical industry
with pharmaceutical production facilities,
precision measuring rooms, laboratories,
rooms for inspection and finishing work, 
> semiconductor industry
> biotech industry
> electrical industry
with rooms for fine to very fine assembly
work, with rooms for verification and cali-
bration work in electrical workshops, 
> microelectronics industry
> metal processing industry
with rooms for very fine assembly work as
well as for precision and micro-mechanical
engineering. 

There are also numerous cleanrooms in 
the food industry – for sorting and washing,
mixing and packing products, for delicat -
essen foods and in research laboratories.
Industrial kitchens may also be designed as
cleanrooms. And other facilities with higher
requirements, such as laundries and dry
cleaners, may be equipped with cleanroom
technology. 

Airflow concepts 

There are two different airflow concepts 
for cleanrooms: laminar and mixed airflow. 
Because of the constructive conditions of
the cleanroom itself, only very slender indi-
vidual battens are installed here. They have
the additional advantage of barely impact-
ing on the directed airflow. 

Laminar airflow: The air flows vertically
downwards with little turbulence (see Fig.
80), as in a chimney. Most cleanrooms of
this type are found in the micro- and semi-
conductor industry. Here, IP 40 is normally
a sufficient degree of protection for lumi-
naires. 

Mixed airflow: The air is distributed in turbu-
lent patterns (see Fig. 81). Around two
thirds of all cleanrooms work on this princi-
ple because the equipment is considerably
more economical. Depending on applica-
tion, at least IP 54 to IP65 protection is re-
quired for luminaires here. Luminaires are
almost exclusively recessed, in many cases
designed for access from above for fast
and easy maintenance without interrupting
production. In exceptional cases – usually
due to the space requirements of other
media – surface mounted luminaires are in-
stalled. 

Requirements for cleanroom luminaires 

Standards and guidelines define the particle
emission characteristics of cleanroom fit-
tings as a criterion for classification. So ma-
terial selection and optimisation of con-
structive features are also important for
luminaires. One prime requirement is the re-
duction of airborne particle emissions; an-
other, stipulated in the GMP guideline, is
the avoidance of microbial contamination of
the end product. 

For GMP-compliant production environ-
ments, the primary emphasis is on select-
ing suitable materials. These, together with
the surface coating methods used, affect
the cleanliness and sterility achieved as well
as the electrostatic behaviour and chemical
resistance of surfaces. 

How effectively luminaires can be cleaned
and disinfected depends crucially on their
surface structures. Where effective cleaning
is prevented by an excessively rough sur-
face, microbiological risks cannot be re-
duced to an acceptable degree. 

Electrostatic effects produced by wiping
can lead to accumulations of dirt on sur-
faces. If that dirt becomes detached, either
spontaneously or due to outside interven-
tion, contamination of the end product will
ensue at high and critical levels. Luminaire
surfaces must therefore be insensitive to
aggressive cleaning agents and disinfec-
tants so that they do not become rough
after cleaning. 
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Luminaire geometry is also important: un-
dercuts, slits, joints and so-called wake
space harbour the risk that particles gener-
ated during operations cannot be dissi-
pated by the primary cleanroom air as ef-
fectively as in the case of luminaires without
visible surface fastenings. Particles or
germs may accumulate at such points and
not be removed during cleaning. Microor-
ganisms concealed there and exposed to 
a low concentration of disinfectant could
develop a resistance to disinfectants and
multiply as resistant germs. 80

79

81

[78 +79] Cleanrooms are found in many areas
of industry – including opto semiconductor pro-
duction plants (78) and industrial kitchens (79). 

[80] Laminar airflow concept: the air flows
from top to bottom with little turbulence. 

[81] Mixed airflow concept: the air is distrib-
uted in turbulent patterns. 

78



Lighting for every visual task 

Injection moulding: Injection moulding ma-
chines require supplementary lighting in the
area of the clamping units to ensure suffi-
cient brightness for re-tooling. For some
products, e.g. parts for medical equipment,
injection moulding machines are also used
under cleanroom conditions (see Page 34). 

Extrusion: The plastic profiles, tubes or
sheets made in extruders require further
processing, e.g. cutting to size. Supple-
mentary lighting is needed for the relevant
downstream facilities.

Reaction foam moulding: Potentially explo-
sive propellants are used in some machines
and systems for making and foaming plas-
tic parts from reactive components. Explo-
sion protected luminaires are thus required
for those areas. 

Because the machines on all production
lines are controlled and monitored via dis-
play screen equipment, the lighting in these
areas needs to be display-screen compati-
ble. Low-luminance luminaires are the only
suitable option here. 

Lighting systems 

Continuous-row luminaires for fluorescent
lamps are the favoured option for plastics
processing plants. This is largely because
the flexible systems they permit can be
easily adapted to changes in production
operations. In very dusty interiors, enclosed
luminaires with a higher degree of protec-
tion – IP 54 or IP 65 – should be installed.
Where ceilings are 6 m high or higher, high-
intensity discharge lamps may be used as
an alternative. Where visual requirements
are high, supplementary workplace lighting
is required. 
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Plastics processing 
Lighting for the plastics industry needs to take account of the specific requirements of three different production
processes. As a general rule, task area lighting geared to the arrangement of machines is recommended. 

[82 + 83] Plastics processing: continuous-row
luminaires for fluorescent lamps are the favoured
option. 

[84] Luminaires for high-intensity discharge
lamps are a suitable alternative to luminaires for
fluorescent lamps for bays more than 6 m high. 
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Lighting for the visual task 

Task area lighting is the right solution for
many food processing plants. A good num-
ber of operations present only low visual re-
quirements. These include processes which
are largely automated and require supervi-
sion only at fairly long intervals. However,
higher vertical illuminance is needed for the
supervisory tasks. 

Where a food processing operation neces-
sitates frequent switches from one work-
place to another, all workplaces should be
equally well illuminated and luminaires well
shielded to suppress glare in all viewing di-
rections. Room-related lighting is suitable
for this. At workplaces where difficult visual
tasks are performed, such as garnishing, or
at inspection stations, supplementary work-
place luminaires are invariably essential. 

The average lighting level for washing, boil-
ing, drying/fermenting and filling operations
needs to be over 200 lx. For cutting, grind-
ing, mixing, sorting and packaging proce-
dures, 300 lx illuminance is required. 500 lx
is required for standard compliance at
workplaces and in critical zones in abat-
toirs, butcheries, dairies and mills as well as
where delicatessen foods are produced,
product inspections conducted and gar-
nishing and decorating tasks performed.
Colour matching calls for 1,000 lx, which
should be provided by supplementary lumi-
naires. 

Where food is handled, it is particularly im-
portant to ensure good colour rendering.
The colour rendering index of lamps must
be no less than Ra � 80. This also applies
to facilities with non-colour-critical end
products because the freshness of the in-
gredients used, like the end product, must
always be reliably assessable. For the visual
inspection of bottles and jars for soiling 
and breakage, a uniformly luminous panel
with a low luminance value should be used.
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Cans are inspected in special cabins with
indirect lighting to avoid reflections. Mirrors
make it possible to conduct internal and all-
round inspections. 

Lighting systems 

Since maintenance-friendly luminaires are
easier to clean, the food industry should at-
tach particular importance to this aspect.
Wherever vapour, heat, cold, high humidity,
dust or aggressive atmospheres occur, lu-
minaires should be protected against mois-
ture and dust; in some cases, even explo-
sion-protected luminaires are required. 

As a general rule, diffuser luminaires with
reflectors or prismatic optical control ele-
ments with wide- or narrow-angle specular
optics are an appropriate choice. Protection
should be IP 50 or higher, luminaires for
damp interiors have an IP 65 rating. In the

event of lamp breakage, luminaire enclo-
sures prevent fragments of glass landing in
food. Food processors using enclosed lu-
minaires and observing the glass ban can
obtain certification, e.g. based on Interna-
tional Food Standards (ISF) or the stan-
dards of the British Retail Consortium
(BRC). 

A parallel arrangement of continuous rows
(few individual luminaires) with fluorescent
lamps is the correct solution. Workplaces
should be positioned so that light falls onto
the workpiece from above and from the
side. Horizontal illuminance must be sup-
plemented by vertical components. 

Food processing
Cleanliness and hygiene are the most important requirements in food processing. In plants where food and drinks
are produced, processed or packaged, bright cheerful interiors also convey an image that inspires confidence. 

85
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Cold stores 

Cold stores are storage facilities and require 100 lx illuminance to be standard compliant.

But more light is better: 300 lx – at least in certain zones – is recommended to enable

labels, delivery notes and storage documents to be read without effort. 

Lamps, operating gear and luminaires need to meet higher requirements in low temperature

areas. For such applications, “low temperature” diffuser luminaires for damp interiors need

to be used. To compensate for the decrease in the luminous flux of the lamps, which starts

at 0° C and can be as much as 40 % at minus temperatures, an appropriate correction

factor needs to be applied. 

[85 + 86] Maintenance-friendly luminaires with
a higher degree of protection are the best
choice for food processing plants because they
are easy to clean. Luminaire enclosures prevent
glass from a broken lamp landing in products. 

[87] In the high hall, low-mounted continuous
rows act as workplace luminaires. 

[88 + 89] Cold stores: the diffuser luminaires
for damp interiors are specially equipped for
low-temperature applications. 



Lighting for every visual task 

As a general rule, lighting requires good
local uniformity; parts of machines project-
ing upwards must not give rise to disturbing
shadows. In addition, adequate vertical 
illuminance needs to be provided – for one
thing, to make instruments easy to read
and to guard against accidents on stairs.
Narrow/wide-beam reflector luminaires for
high pressure lamps are particularly suitable
for this. 

Where production facilities operate without
manual intervention, 50 lx luminance is 
sufficient for standard compliance. In pro-
duction plants where dust, smoke or
vapours are generated, visual conditions
may be severely impaired at times. A mini-
mum of 150 lx illuminance is thus neces-
sary there. High-pressure sodium vapour
lamps with a poor colour rendering index of
Ra � 40 may also be used for this applica-
tion. At stationary, constantly manned
workplaces, however, lamps need a colour
rendering index of at least Ra � 80. 

Production facilities under constant surveil-
lance require a minimum of 300 lx illumi-
nance. Because ceiling and wall reflectance
is usually low, narrow-angle light distribution
is important. Accessible hall girders (crane
girders) also need to be considered: they
must receive enough stray light to ensure
that they can be accessed safely. 

For constantly manned workplaces in pro-
cessing plants, task area lighting is the cor-
rect solution. It should be geared to the
specific features of the machine and
process. The interior of open containers
needs to be well illuminated. 
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Heavy industry
Heavy industry – mining, iron and steel processing and heavy chemicals – is one of the primary sectors of the
economy. Many of its process facilities are located outdoors and need to be illuminated there. However, some
operations take place indoors. Luminaires with a high degree of protection, as well as a good number of 
explosion-protected (Ex) luminaires, are used in heavy industrial plants. 

Lighting systems 

In the mostly high halls of heavy industry,
luminaires with high-intensity discharge
lamps are a very economical option. Com-
bining good local uniformity with high lumi-
nous flux per luminaire, they permit a
smaller number of luminaires, which re-
duces maintenance costs. 

One effective lighting solution is provided
by floodlights mounted outside areas with
explosive atmospheres. Narrow-angle re-
flector luminaires for high-intensity dis-
charge lamps in open (IP 20) or preferably
enclosed (IP 50) designs are an alternative. 

Continuous row systems with specular 
reflectors for fluorescent lamps are an ap-
propriate choice for the task area lighting
for workplaces. Normally single-lamped
and with an angled beam, they must al-
ways have the required degree of protec-
tion. 

For optimal adaptation to local circum-
stances, luminaires should permit variable
light distribution – e.g. by adjustment of
lampholders or reflectors. Because of the
risk of condensation, corrosion-resistant 
luminaires need to be used. Enclosed lumi-
naires with a high degree of protection 
permit longer maintenance intervals. Ex 
luminaires must be used where necessary. 
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[90 + 91] From steel plants to power stations
(91), luminaires for heavy industry need a high
ingress protection rating and, in some cases, an
explosion-protected (Ex) design. 



Lighting for every visual task 

Vertical illuminance is particularly important
for high-bay racking. Adequate brightness
on vertical planes is essential for reading 
labels on stored goods and racks quickly
and accurately. So the 100 lx to 200 lx (for
constantly manned storage facilities) aver-
age illuminance set out as standard in DIN
EN 12464-1 is normally not enough light.
Industry initiative licht.de recommends that,
in certain areas at least, 300 lx should be
installed to enable labels, delivery notes
and storage documents to be read without
effort. 

The highest requirements in terms of uni-
form vertical illuminance are presented by
high bay warehouses, with their narrow 
to very narrow aisles. Every opportunity to
control light needs to be exploited here 
with narrow-angle luminaires and luminaires
with wide-angle or asymmetrical beams 
for reading and searching tasks. 

At vehicle entrances and exits, warehouse
lighting needs to take account of the high
risk of accident at these indoor-outdoor 
interfaces. Marked differences in brightness
here can be too much for the human eye.
The transition from brightness to darkness,
in particular, is critical. During the day, this
is experienced on entering the compara-
tively dark building; at night, when the
building is lit and the darkness is outside,
the problem arises in the opposite direction.
To avoid accidents, the different lighting 
levels in the transition zone need to be
evened out, which calls for a lighting instal-
lation which can be switched for day or
night-time operation. 

Lighting systems 

Hall height is a crucial consideration in
warehouses: up to 6 m, luminaires for fluo-
rescent lamps are used; otherwise, lumi-
naires for high-intensity discharge lamps
are an alternative. For high-bay racks, spe-
cial continuous row systems for fluorescent
lamps with narrow-angle reflectors are
available for mounting heights up to 15 m.
At greater heights, high-bay reflector lumi-
naires with asymmetrical reflectors produce
uniform vertical illuminance; anti-dazzle
shielding prevents direct glare for anyone
looking upwards into the racks. 

In cold stores, (see Page 39) luminaires for
damp interiors need to be used. It should
be remembered here that the luminous flux
of fluorescent lamps decreases sharply at
low temperatures. 
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Storage and logistics 
Warehouses generally need to make do with little or no daylight. High roof constructions and narrow aisles
between high-rise racks present special lighting requirements. 

[92] Luminaires for high-bay warehouses have
special, angled reflectors. With them, luminaires
for fluorescent lamps are suitable for mounting
heights up to 15 m. In bays which are 6 m high
or more, special high-bay reflector luminaires for
high-intensity discharge lamps are an alterna-
tive; they can also be used for very high rooms. 

[93 + 94] Bay height is a crucial factor for the
design of warehouse lighting systems: up to a
height of 6 m, luminaires for fluorescent lamps
are used; for bays over 6 m high, high-intensity
discharge lamps are an alternative. 

[95] Luminaires for high-intensity discharge
lamps produce a uniform lighting level for this
warehouse. 

[96] Gypsum storage facility: the higher de-
gree of protection of the luminaires for high-
intensity discharge lamps protects them from
the dust of the product in storage. 92
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Lighting for every visual task 

The average lighting level here should be
above 500 lx. 500 lx illuminance is sufficient
at machines, 750 lx is needed for sanding,
coating and wood inlay work, 1,000 lx is 
required for quality control. Frequent
switches from one workplace to another
mean that all workplaces need to be
equally well lit and luminaires require good
anti-glare shielding for all viewing directions. 

Arranging workplaces parallel to the win-
dow wall and parallel to luminaires ensures
correct lighting. Saw blades, router heads
or drill bits need to be clearly identifiable;
deep shadows are disturbing. Reflections
on bright machine tables and scales are
also a source of visual disturbance and
therefore need to be avoided. Stroboscopic
effects are ruled out where lamps are oper-
ated by electronic ballasts (EBs). 
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Woodworking 
Woodworking involves tasks with different lighting requirements. For plants
where woodworking activities are essentially performed in a single room,
room-related lighting with supplementary workplace luminaires is recom-
mended. 

[97+ 98] Room-related lighting for 500 lx 
illuminance is recommended for woodworking
facilities. 

[99] For coating operations, explosion-pro-
tected (Ex) luminaires are required. 

97

98 99

Surface inspections always require supple-
mentary luminaires that generate glancing
light for deep shadows. For areas where a
great deal of dust or sawdust is present
and where coatings, polishes and adhe-
sives containing volatile solvents are used,
explosion protected luminaires are compul-
sory. 

Lighting systems 

Hall height is a crucial factor for lighting in
woodworking facilities: up to 6 m, lumi-
naires for fluorescent lamps are used; in
higher rooms, luminaires for high-intensity
discharge lamps are an alternative. For
some workplaces, supplementary work-
place luminaires are required. 
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Lighting for every visual task 

Task area lighting and 200 lx average illumi-
nance are suitable for the purpose. How-
ever, 200 lx is the minimum required for
standard compliance; higher illuminance is
recommended. Work is facilitated consider-
ably – e.g. during vehicle inspections – by 
a higher lighting level 

The positioning of luminaires should be
geared to the individual workplaces, taking
account of the different activities conducted
at them. In washing and greasing rooms, all
round lighting providing high vertical illumi-
nance as well as illumination from below is
correct. In workshop pits, luminaires should
be mounted on either side. 

Lighting systems 

In dry areas, reflector or louver luminaires
are an appropriate choice, preferably as
continuous row systems. In wet rooms –

e.g. the washing bay – only luminaires for
damp interiors offer sufficient reliability. 
For work on components that are hard to
access, portable hand luminaires – prefer-
ably conforming to Protection Class III –
are recommended.

Automobile workshops 
The work performed in an automobile workshop calls for lighting solutions
tailored to a range of activities. As a general rule, daylight enters the work-
shop only from the window wall. For work performed underneath a vehicle,
special work lighting is needed. 

Painting
During paint jobs, reflections on high-gloss surfaces

are a nuisance. These reflections are prevented by a

uniform arrangement of luminaires on walls and

ceiling and a ceiling that is as bright as possible.

Good colour identification is ensured by lamps with

colour rendering index Ra � 90. Paint booths in

workshops are governed by the same standard

requirements as paint shops in the automotive

industry (see Page 26); as a general rule, Ex lumi-

naires (explosion-protected) need to be used. 

[100] The positioning of continuous row lumi-
naires in an automobile workshop is geared to
task areas. 

[101] Portable hand luminaires should con-
form to Protection Class III (operation on protec-
tive extra-low voltage). 

100

101



Lighting for every visual task 

A minimum of 300 lx illuminance is needed
for cleaning, washing and ironing opera-
tions. The positioning of luminaires should
be geared to daylight, which generally
means installation parallel to windows. 

Inspection tasks and mending jobs require
more light: 750 lx. Supplementary lumi-
naires with daylight white lamps with a
colour rendering index of at least Ra � 80
meet the requirements for this work. 

Task area lighting – provided by supple-
mentary luminaires – is needed at laundry
presses and mangles. To ensure that no
disturbing shadows fall on the fabrics being
pressed, luminaires should be mounted low
and parallel to the front edge of the ma-
chine. When the laundered articles are
folded, final inspection is facilitated by light
falling onto the fabric at an angle. 

Lighting systems 

Laundries and cleaners do not normally 
operate in rooms or halls more than 6 m
high, so lighting is provided by luminaires
for fluorescent lamps. Moisture, steam and
cleaning chemicals make for aggressive 
operating conditions; adequate protection
is offered by luminaires with at least IP 54
protection, preferably diffuser luminaires for
damp interiors. Explosion-protected lumi-
naires are recommended for dry cleaning
operations. 
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Laundries and cleaners
For facilities such as laundries and cleaners, where all major operations are
performed in one room, room-related lighting with supplementary workplace
luminaires is generally the sensible choice. 

[102] Because cleaning and laundry opera-
tions present aggressive conditions, luminaires
should be protected to at least IP 54. 

102
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Lighting for every visual task 

Manual work calls for high illuminance –
1,500 lx in the case of a watchmaker’s
workshop. An equally high lighting level is
needed where precious stones are handled.
Jewellery-making requires 1,000 lx; 500 lx
suffices only for automated timepiece pro-
duction. 

Task area lighting alone is not enough; sup-
plementary workplace luminaires are also
needed. In the early stages of production,
for example, punctual lighting is frequently
needed to provide very high illuminance.
This generates shadows that make the
three dimensional contours of the work-
piece appear in stark relief. For the visual
tasks performed during final assembly,
however, more planar illumination is
needed; shadows are undesirable here. 

Because most of the materials used in
timepiece and jewellery production have
shiny surfaces, it is particularly important to
avoid reflected glare. Accordingly, the lumi-
naires installed for general lighting and the

Watchmaking and jewellery production
The manufacture of timepieces and jewellery presents very high lighting requirements. Given the large number of
different and mostly difficult operations it entails, every production zone requires an optimal lighting solution tailored
to the activity performed. 

adjustable workplace luminaires need to be
carefully positioned and angled. 

Lighting systems 

Luminaires for fluorescent lamps or com-
pact fluorescent lamps are generally the
right choice for jewellery-making – as con-
tinuous row or individual luminaires. The
performance of visual tasks is supported
by supplementary luminaires. 

[103 +104] By and large, timepiece and jew-
ellery makers work with small items and there-
fore need a high level of illuminance. Supple-
mentary workplace luminaires are used to
provide it. 

103 104
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Hairdressing salons
Correct lighting in a hairdressing salon promotes creative work and prevents
mistakes during cutting and dyeing. At the same time, it creates a relaxing
lighting atmosphere that boosts customer confidence. 

Lighting for every visual task 

There is no room for compromise in the
beauty business – even when it comes to
lighting. As a general rule, room-related
lighting with supplementary workplace lumi-
naires is the right design concept. It is re-
alised for rooms without booths. Where the
geometry of general lighting is geared to fur-
nishings, a harmonious impression is cre-
ated. Luminaires should be positioned either
parallel to windows approx. 0.5 m behind
the workplace at a height of 2–3 m or at
right angles to the mirrors between chairs. 

Task luminaires at each side of the mirror
provide decorative, comfortable lighting.

106105

107

[105 –107] Decorative luminaires for fluores-
cent lamps or compact fluorescent lamps meet
the lighting requirements of hairdressing work. 

This increases the vertical lighting compo-
nents in the direction of the chair but, as
mirror lighting, needs to be shadow- and
glare-free. 

DIN EN 12464-1 stipulates a minimum of
500 lx illuminance for all hair care opera-
tions. But that is not enough for colour
matching, which requires 1,000 lx and de
luxe lamps with colour rendering index 
Ra � 90. 

Lighting accents, e.g. in sales cabinets, are
not prohibited in the hair treatment area. On
the contrary, their light strikes a desirable
informal note, although it must not dazzle.
Large areas of coloured light or other colour

effects popular in salesroom lighting should
be avoided at workplaces. However, accen-
tuating light, e.g. with luminaires for high in-
tensity discharge lamps or coloured light, is
essential for sales areas. 

Lighting systems 

Decorative luminaires for fluorescent lamps
or compact fluorescent lamps best fulfil the
lighting requirements presented. Specular
reflector luminaires are a must. A few sup-
plementary downlights for halogen lamps,
e.g. near walls, enliven the appearance of
the room and, with their brilliant light, give
the salon a more attractive ambience.
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Beauty salons
The client looks for creative results, wants to look good and expects to feel comfortable during a treatment. Exactly
the same can be said of a hairdressing salon. Indeed, from a lighting design viewpoint, hairdressing and beauty
treatments have many similarities. 

Lighting for every visual task 

Beauty and hairdressing salon lighting have
the same conceptual basis. However,
somewhat more light is recommended –
750 lx – for the more detailed attentions of
a beautician. The standard stipulates no
specific values for beauty salons. 

While most hairdressing salons fall into the
“room without booths” category, the major-
ity of beauty salons embrace the booth
concept. Task area lighting is therefore re-
quired, realised with luminaires mounted on
the walls of the booths or positioned on or
above low partitions. The lighting needs to
be variable here to cater for different re-
quirements: high visual performance during
treatments and relaxing atmosphere during
rest breaks. Booth lighting should thus be
dimmable. 

Mirror lighting, with luminaires on the left
and right of the mirror, is a good idea. De
luxe lamps with colour rendering index 
Ra � 90 make for very good colour identifi-
cation.

As in a hairdressing salon, lighting accents,
e.g. in sales cabinets, are not prohibited in
treatment areas. On the contrary, their light
strikes a desirable informal note, although 
it must not dazzle. Large areas of coloured
light or other colour effects popular in
salesroom lighting should be avoided at
treatment stations. However, accentuating
light, e.g. with luminaires for high-intensity
discharge lamps or coloured light, is essen-
tial for sales areas. 

[108] Breaks between treatments have a 
relaxing effect if the work lighting is subdued.
Booth lighting should therefore be dimmable. 

108

Lighting systems 

Decorative luminaires for fluorescent lamps
or compact fluorescent lamps best fulfil 
the lighting requirements presented at treat-
ment stations. Dimmer-controlled and sup-
plemented by a few halogen accents, they
help create an attractive atmosphere. The
light contributed by mirror luminaires further
enhances the appeal of the room. 



Lighting for every visual task

At least 500 lx illuminance is needed for the
production areas of a butchery. This is also
the minimum lighting level required for hy-
giene: cleaning is a demanding visual task. 

For butcheries where production basically
takes place in one room, room-related light-
ing with supplementary workplace lumi-
naires is recommended. Task area lighting
is an alternative. 

An arrangement of continuous rows or in-
dividual luminaires parallel to windows is
the correct solution. Workplaces should be
positioned so that light falls onto the work-

piece from above and from the left. Hori-
zontal illuminance must be supplemented
by vertical components. 

Lighting systems 

Luminaires for damp interiors protected to
IP 54 or higher are an appropriate choice.
In the event of lamp breakage, luminaire 
enclosures prevent fragments of glass land-
ing in meat and sausage products. Be-
cause good colour identification is vital for
assessing the quality and condition of
meat, lamps require at least colour render-
ing index Ra � 80. In smoking chambers,
wall luminaires for incandescent lamps are
the solution of choice. 
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Butcheries
Work in a butchery ranges from cutting and boning carcases through the manufacture of fresh meat products and
sausages to making up party service orders of hot and cold food. Such operations call for the use of knives, clea-
vers and saws as well as processing machines. Adequate light here is required for industrial safety.

[109 +110] Where production basically takes
place in one room, room-related lighting with
continuous rows is recommended. 

109 110

Luminaires should be easy to clean so that
a two- to three-week cleaning schedule is
easily manageable. The extent to which the
luminaires are resistant to specific cleaning
agents should be established in advance by
contacting the luminaire manufacturer. 
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Lighting for every visual task 

The favoured solution is task area lighting,
which should be designed for 500 lx in-
stead of 300 lx illuminance at glazing, dec-
orating and other workplaces where finish-
ing operations are performed. 

Room-related lighting delivering a higher il-
luminance is also naturally acceptable. Es-
pecially where production basically takes
place in a single room, the extra energy
consumed for the additional 200 lx illumi-
nance over the relatively small area is negli-
gible. Apart from facilitating the work in
hand, extra illuminance has the advantage
of providing more light for cleaning and
making the premises look bright and spot-
lessly clean to visitors and customers. 

However, 500 lx has no impact on the cir-
cadian rhythm of night workers. At least
1,000 lx is needed to help bakers who
have difficulty adjusting to night work (see
Page 2). 

[111 +112] Task area lighting is recommended
for bakeries. It makes higher illuminance avail-
able for certain workplaces. 

111 112

Bakeries
Making and processing dough are less demanding visual tasks than finis-
hing operations. The standard therefore stipulates a relatively low lighting
level of at least 300 lx. The risk of accident is less than in a butchery for
example. 

An arrangement of continuous rows or in-
dividual luminaires parallel to windows is
the correct solution. Work benches and
machines must also therefore be posi-
tioned parallel to windows. At the front of
ovens, vertical illuminance should be raised
to ensure good visibility. 

Lighting systems 

Diffuser luminaires with prismatic optical
control and IP 50 protection are an appro-
priate choice. In the event of lamp break-
age, luminaire enclosures prevent frag-
ments of glass landing in bakery products.
Even high-bay reflector luminaires for metal
halide lamps should be fitted with enclo-
sures. Because good colour identification is
vital for properly assessing ingredients, the
product during baking and the finished arti-
cle, lamps require at least colour rendering
index Ra � 80. 
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Extracts from DIN EN 12464-1

Metal working and processing

Open die forging 200 25 60

Drop forging 300 25 60

Welding 300 25 60

Rough and average machining: 
tolerances � 0.1 mm

300 22 60

Precision machining; grinding: 
tolerances � 0.1 mm

500 19 60

Scribing; inspection 750 19 60

Wire and pipe drawing shops; 
cold forming

300 25 60

Plate machining: 
thickness � 5 mm

200 25 60

Sheet metalwork: 
thickness � 5 mm

300 22 60

Tool making; cutting 
equipment manufacture

750 19 60

Assembly:
– rough 200 25 80
– medium 300 25 80
– fine 500 22 80
– precision 750 19 80

Galvanising 300 25 80

Surface preparation and painting 750 25 80

Tool, template and jig making,
precision mechanics, 1,000 19 80
micro mechanics

Vehicle construction

Body work and assembly 500 22 80

Painting, spraying chamber, 
polishing chamber

750 22 80

Painting: touch-up, 
inspection

1,000 19 90

Upholstery manufacture 
(manned)

1,000 19 80

Final inspection 1,000 19 80

Electrical industry

Cable and wire 
manufacture

300 25 80

Winding:
– large coils 300 25 80
– medium-sized coils 500 22 80
– small coils 750 19 80

Coil impregnating 300 25 80

Galvanising 300 25 80

Assembly work:
– rough e.g. large transformers 300 25 80
– medium e.g. switchboards 500 22 80
– fine e.g. telephones 750 19 80
– precision e.g. measuring 

equipment
1,000 16 80

Electronic workshops, 
testing, adjusting

1,500 16 80

Type of interior, _
task or activity Em UGRL Ra

Type of interior, _
task or activity Em UGRL Ra
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Printers

Cutting, gilding, embossing, block 
engraving, work on stones and 
platens, printing machines, 

500 19 80

matrix making

Paper sorting and hand printing 500 19 80

Type setting, retouching, 
lithography

1,000 19 80

Colour inspection in 
multicoloured printing

1,500 16 90

Steel and copper engraving 2,000 16 80

Chemical, plastics and rubber industry

Remote-operated processing 
installations

50 – 20

Processing installations with 
limited manual intervention 

150 28 40

Constantly manned workplaces 
in processing installations

300 25 80

Precision measuring rooms, 
laboratories

500 19 80

Pharmaceutical production 500 22 80

Tyre production 500 22 80

Colour inspection 1,000 16 90

Cutting, finishing, inspection 750 19 80

Foodstuffs and luxury food industry

Workplaces and zones 
– in breweries, on malting floors
– for washing, barrel filling, 

cleaning, sieving, peeling
– for cooking in preserve and 200 25 80

chocolate factories
– in sugar factories
– for drying and fermenting raw 

tobacco, fermentation cellar

Sorting and washing of products, 
milling, mixing, packing

300 25 80

Workplaces and critical zones 
in slaughterhouses, butchers, 
dairies, mills, on filtering 

500 25 80

floors in sugar refineries

Cutting and sorting of fruit 
and vegetables 

300 25 80

Manufacture of delicatessen 
foods, kitchen work, 
manufacture of cigars and 

500 22 80

cigarettes

Inspection of glasses and bottles, 
product control, trimming, 500 22 80
sorting, decoration

Laboratories 500 19 80

Colour inspection 1,000 16 90

Type of interior, _
task or activity Em UGRL Ra

Type of interior, _
task or activity Em UGRL Ra

Abbreviations: 
E
_

m = average illuminance in lux (maintained value, see Page 4) 
UGRL = UGR limit (direct glare limitation, see Page 4) 
Ra = colour rendering index of lamps (see Page 4) 
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Watchmaking and jewellery production

Working with precious stones 1,500 25 90

Manufacture of jewellery 1,000 25 90

Watchmaking (manual) 1,500 16 80

Watchmaking (automated) 500 19 80

Heavy industry

Production plants without 
manual operation

50 – 20

Production plants with 
occasional manual operation

150 28 40

Production plants with 
continuous manual operation

200 25 80

Slab store 50 – 20

Furnaces 200 25 20

Mill train; coiler; shear line 300 25 40

Control platforms; control panels 300 22 80

Test, measurement and 
inspection

500 22 80

Underfloor man-sized tunnels; 
belt sections; cellars etc.

50 – 20

Wood processing

Automatic processing e.g. drying, 
plywood manufacturing

50 28 40

Steam pits 150 28 40

Saw frame 300 25 60

Work at joiner’s bench, 
gluing, assembly

300 25 80

Polishing, painting, fancy joinery 750 22 80

Work on woodworking 
machines e.g. turning, fluting, 
dressing, rebating, grooving, 

500 19 80

cutting, sawing, sinking

Selection of veneer woods 750 22 90

Marquetry, inlay work 750 22 90

Quality control, inspection 1,000 19 90

Laundries and dry cleaners

Goods in, marking and sorting 300 25 80

Washing and dry cleaning 300 25 80

Ironing, pressing 300 25 80

Inspection and repairs 750 19 80

Store rooms, cold stores

Store and stockrooms 100 25 60

Dispatch packing handling areas 300 25 60

Type of interior, _
task or activity Em UGRL Ra

Type of interior, _
task or activity Em UGRL Ra
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Traffic zones and general areas

Circulation areas and corridors 100 28 40

Stairs, escalators, travolators 150 25 40

Loading ramps/bays 150 25 40

Rest, sanitation and first aid rooms

Canteens, pantries 200 22 80

Rest rooms 100 22 80

Rooms for physical exercise 300 22 80

Cloakrooms, washrooms, 
bathrooms, toilets

200 25 80

Sick bay 500 19 80

Rooms for medical attention 500 16 90

Offices

Filing, copying, 
circulation areas etc.

300 19 80

Writing, typing, reading, 
data processing

500 19 80

Technical drawing 750 16 80

CAD workstations 500 19 80

Conference and meeting rooms 500 19 80

Reception desk 300 22 80

Archives 200 25 80

Storage rack areas

Gangways: unmanned 20 – 40

Gangways: manned 150 22 60

Control stations 150 22 60

Control rooms 

Plant rooms, switchgear rooms 200 25 60

Telex, post room, switchboard 500 19 80

Hairdressers

Hairdressing 500 19 90

Bakeries

Preparation and baking 300 22 80

Finishing, glazing, decorating 500 22 80

Butcheries

Workplaces and critical zones 
in slaughterhouses, butchers 

500 25 80

Type of interior, _
task or activity Em UGRL Ra

Type of interior, _
task or activity Em UGRL Ra

Abbreviations: 
E
_

m = average illuminance in lux (maintained value, see Page 4) 
UGRL = UGR limit (direct glare limitation, see Page 4) 
Ra = colour rendering index of lamps (see Page 4) 
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Booklet 6
36 pages on shop lighting: 
Booklet 6 explains how light promotes
sales, directs the eyes of shoppers
and turns shop windows and
salesrooms into impressive stage sets. 

[licht.wissen 01]
60 pages on basics: 
Booklet 1 introduces the 18-booklet
series “licht.wissen”, conveying a clear
and impartial picture of the basics of
modern lighting technology. 

licht.de publications

Booklet 4
48 pages on office lighting:
Booklet 4 looks at all types of office
and shows how functional lighting can
be ergonomically correct and thus be
good for our health and performance. 

[licht.wissen 13] 

32 pages on outdoor workplace lighting:

Booklet 13 explains what needs to be considered for

work operations at night. It takes account of the 

requirements of the new standard DIN EN 12464 

Part 2.

€ 9,–Each booklet!

licht.wissen in English – Free pdf downloads from www.all-about-light.org/en/publications

01 Lighting with Artificial Light (2008)
02 Good Lighting for Schools and Educational 

Establishments (2003)
03 Good Lighting for Safety on Roads, Paths and 

Squares (2007)
04 Good Lighting for Offices and Office Buildings (2003)

05 Industry and Trade (2009)
06 Good Lighting for Sales and Presentation (2002)
07 Good Lighting for Health Care Premises (2004)
08 Good Lighting for Sports and Leisure Facilities (2001)
10 Emergency lighting, safety lighting (2008)
11 Good Lighting for Hotels and Restaurants (2005)

12 Lighting Quality with Electronics (2003)
13 Outdoor workplaces (2007)
14 Ideas for Good Lighting for the Home (2009)
16 Urban image lighting (2002)
17 LED – Light from the Light Emitting Diode (2005)
18 Good Lighting for Museums, Galleries and Exhibitions (2006)

[licht.wissen 10]
40 pages on emergency and safety
lighting:
Booklet 10 focuses particularly on
lighting and electrical requirements,
presenting application examples that
illustrate their importance for safety. 

Gutes Licht für Büros 
und Verwaltungsgebäude 4 Gutes Licht für Verkauf

und Präsentation 6



Impartial information

licht.de provides information on the advan-
tages of good lighting and offers a great
deal of material on every aspect of artificial
lighting and its correct usage. The informa-
tion provided is impartial and based on cur-
rent DIN standards and VDE stipulations. 

licht.wissen

The booklets 1 to 18 of the licht.wissen se-
ries of publications (formerly: Information on
Lighting Applications) are designed to help
anyone involved with lighting – planners,
decision-makers, investors – to acquire a
basic knowledge of the subject. This facili-
tates cooperation with lighting and electrical
specialists. The lighting information con-
tained in all these booklets is of a general
nature. 

licht.forum

licht.forum is a specialist periodical focusing
on topical lighting issues and trends. Gen-
erally around 12 pages long, it is published
at irregular intervals. 

www.licht.de

The industry initiative also presents its
knowledge of lighting on the Internet. Its
website www.licht.de features a “Lighting
for the Home” portal and a “Lighting for
Professionals” section offering practical tips
for private and professional lighting applica-
tions. 

“Lighting Know-how” offers one-click ac-
cess to explanations of technical terms. A
database containing a wealth of product
overviews, a supplier matrix and details of
the addresses of licht.de members provide
a direct route to manufacturers and their
products. “Info and Service” round off the
Internet presence with an online shop for
print publications and downloads, links to
“Lighting on the Web”, FAQs and an exten-
sive lighting glossary. 
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