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Effective and efficient. Fine-tuned to human needs.
Lighting technology in the age of electronics.
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In addition, indoor work-
place lighting standard
DIN EN 12464 cites 
• no flickering and 
• harnessing of daylight
as other “main features”.

Visual comfort, visual
performance, safety
Unlike old standards, DIN
EN 12464 does not focus
solely on visual perfor-
mance. On the contrary,
the first lighting objective
it sets out is 

• visual comfort.
This gives people at work
a sense of wellbeing and
thus helps boost their
performance.

A second, equally impor-
tant objective is 

• visual performance. 
This permits visual tasks
to be performed even

under difficult conditions
and over longer periods
of time.

The third objective formu-
lated by the European
standard is 

• safety. 
From a lighting viewpoint,
safety (reliable identifica-
tion) requirements at a
workplace are met where
the stipulations for visual

New lighting quality
standards
Within the framework of
European harmonisation,
new standards are being
developed to replace na-
tional ones. Against the
backdrop of the revision
and reformulation of re-
quirements that this entails,
professionals have been
debating a new extended
concept of quality. 

The extended concept
of lighting quality
The practice of defining
lighting quality on the basis
of certain quality features
has stood the test of time.

So the traditional yardsticks
will continue to be applied: 
• illuminance,
• luminance distribution

(distribution of bright-
ness),

• limitation of glare (direct
and reflected glare),

• direction of light and
modelling,

• light colour and colour
rendering of lamps.

comfort and visual per-
formance are met. In
Germany, national and
trade association regula-
tions, guidelines and
work safety rules such as
workplace guidelines
(ASRs) also apply. 

User-oriented and 
tailored to requirements 
The stipulations of DIN EN
12464 apply to the visual
task zone and its immedi-
ate surroundings, so zoned
lighting is permitted. This is
an important step in stan-
dardisation towards user-
oriented lighting which can
be tailored to requirements. 

The extended concept of
quality also includes the
need for lighting systems
and luminaires which are
flexible: every user should
be able to adjust workplace
lighting to suit his or her in-
dividual requirements. 
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Daylight utilisation
Another new aspect is the
greater emphasis on day-
light utilisation. Harnessing
daylight for interior lighting
is widely regarded as a
sensible energy-saving
idea.

Where opinion is divided
is over the amount of day-
light that ought to be har-
nessed. Those who believe
it should be the maximum
permitted by the state of
the art point to the impact
of daylight and daylight
dynamics on our biologi-
cal clock (circadian
rhythm).

Energy-efficient
generation of light
Finally, the quality of a
lighting system also de-
pends on its economic
efficiency. Although there
should be “no compromise
on lighting quality features
just to reduce energy con-
sumption” (DIN EN 12464,

subclause 4.9), artificial
light should be generated
by the most energy-efficient
means possible.

Among the factors shaping
the economic efficiency of
a lighting system are the
energy savings achieved
through the use of lamps/
lamp+ballast systems with
high luminous efficacy rat-
ings, luminaires with a high
utilisation factor, lamps, bal-

lasts and luminaires with a
long rated service life, and
system components of
installation/maintenance-
friendly design. 

Quality and lighting
electronics
Finer tuning to require-
ments, more customisation,
flexible, even dynamic con-
trol, utilisation of daylight
and efficient generation of
light – all these features
present technological re-
quirements which are met
only by lighting electronics. 

Today, we have “intelligent”
energy-efficient operating

and control devices at our
disposal, permitting lighting
management and thus
better quality of lighting –
quality which enables light-
ing to perform an ergo-
nomic function at the work-
place as well as being
good for our health.
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DIN 5035 and DIN EN 12464
The main lighting standard at
present is DIN 5035 “Artificial
lighting”, which is essentially
based on visual performance
study results and industrial re-
search findings amassed over
a period of more than 50 years.
This national standard sets out
minimums without any differen-
tiation; it always refers to entire
rooms.

The new European standard DIN
EN 12464 “Guideline values for
indoor and outdoor workplaces”,
however, focuses on visual task
zones and their immediate sur-
roundings. It permits lighting
more finely tuned to require-
ments.

In March 2003, some of the con-
tents of DIN 5035 Parts 1, 2, 3 and
4 were superseded by DIN EN
12464 “Light and lighting” Part 1
“Lighting of indoor workplaces”.

Agreeable lighting
climate and lighting

tailored to re-
quirements for a

sense of wellbeing. 
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Illuminance
Illuminance has a major
bearing on the speed,
reliability and ease with
which we perceive and
perform a visual task. So
together with luminance
distribution, it is important
for visual performance. 

Illuminance (symbol: E) is
measured in lux (lx) and
indicates the amount of lu-
minous flux (see page 6)
from a light source falling
on a given surface: 1 lx
illuminance is where an
area of 1 square metre is
uniformly illuminated by

1 lumen of luminous flux.
Given the same level of illu-
minance, a white room ap-
pears brighter than a dark
one (see also “reflectance”,
page 6).

Measurements are taken on
horizontal and vertical sur-
faces. The yardstick used
for defining how well verti-
cal surfaces and objects in
a room – especially faces –
are identified is cylindrical
illuminance (see Fig. 13).

Uniform distribution of
brightness makes a visual
task easier to perform. Uni-
formity of illuminance takes
a surface as its reference
and is expressed as the
ratio of the lowest to the
mean illuminance regis-
tered. 

Minimum mean illuminance
values are stipulated in
standards, e.g. 500 lx for
office work, 300 lx for gen-
eral machine work and
500 lx for fine machine

work in metalworking
shops. Illuminance values
in the immediate surround-
ings can be approximately
a third lower; these values,
too, are stipulated in the
standards. 

Illuminance levels can be
higher than standard val-
ues, of course, because
human beings are daylight
creatures: 100,000 lx in
summer sunlight and
20,000 lx on an overcast

day are what nature pro-
vides to meet our require-
ments. 

Luminance distribution
Luminance distribution in
the visual field (distribution
of brightness) impacts on
visual performance and vi-
sual comfort. Luminance
(symbol: L) is the bright-
ness of an illuminated or
luminous surface as per-
ceived by the human eye
and is measured in cande-
las per unit area (cd/m2,

4

cd/cm2). The luminance of
a surface is defined by its
reflectance and the illumi-
nance registered on it.

Luminance distribution in
the visual field has a cru-
cial bearing on visual per-
formance because it de-

fines the state of adaptation
of the eye. The higher the
luminance, the better the
visual acuity, contrast sen-
sitivity and performance of
ocular functions (contrac-
tion/dilation of pupils, eye
movement, etc.) 

Visual comfort is impaired 
• where luminance is too

low and differences in
luminance are too slight;
this creates a disagree-
able lighting atmosphere
providing little stimula-
tion; 

Conventional quality features
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Fig. 13 Cylindrical illuminance is the
mean vertical illuminance (Ev) on the
surface of a cylinder.

Fig. 12 Illuminance (E) is measured on
horizontal (Eh) and vertical (Ev) surfaces.

Fig. 15 Impact of illuminance
E on relative visual performance
P for simple (top curve) and
difficult (bottom) visual tasks

Fig. 16 Impact of illuminance
E on visual acuity S of a person
with normal eyesight

Fig. 17 Visual acuity S as a
function of age (average values)

Fig. 18 to 21: Reflected glare
on screen (18) or glossy surfaces
(20) impairs visual comfort and
impedes visual performance.

Fig. 14 The brightness of a luminous
or illuminated surface as perceived
by the human eye is known as
luminance. 
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• where differences in lu-
minance are too marked;
this gives rise to fatigue
because of the constant
need for adaptation;

• where luminance is too
high; this can cause
glare.

pair visual performance
(physiological glare). 

Protection from direct glare
is provided by shielding
lamps and darkening win-
dows. Direct glare is as-
sessed by the UGR (Uni-
fied Glare Rating) method;
minimum values for anti-
glare shielding are set out
in standards. Reflected
glare can be prevented by

careful positioning of light
sources, the use of matt
surfaces in the room and
optical control elements
which limit the luminance
of luminaires. 

Where psychological glare
is avoided, there is normal-
ly no significant risk of
physiological glare.

Glare limitation
Glare can be caused di-
rectly by luminaires or
other surfaces – even win-
dows – which are exces-
sively bright (direct glare)
or it can be caused indi-
rectly by reflections on
shiny surfaces (reflected
glare). Both direct and re-
flected glare are a source
of visual discomfort (psy-
chological glare) and im-
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Adaptation to differences
in brightness is perform-
ed in the human eye by
receptors on the retina
and changes in the size
of the pupil. The adaptive
process – and hence the
time it takes – depend
on the levels of lumi-
nance before and after
any change in brightness.
Adaptation from dark to
light takes only seconds;
the process in the other
direction takes minutes. 

The state of adaptation
affects visual perfor-
mance at any moment:
the more light available,
the faster efficient visual
performance can be re-
stored. Visual impairment
occurs where the eye
cannot adapt to differ-
ences in brightness fast
enough. 

Lamp
No lamp, no light: the
term “lamp” refers to an
engineered artificial light
source – incandescent
lamp, fluorescent lamp,
etc.

Luminaire
The term “luminaire”
refers to the entire elec-
tric light fitting, including
all the components need-
ed to mount and operate
the lamp. Luminaires pro-
tect lamps, distribute their
light and prevent them
causing glare. 

Fig. 23: Direct glare is assessed by the UGR method; it takes
account of all luminaires which could cause a sensation of glare
as well as the brightness of ceiling and walls..
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Direction of light and
modelling
Shapes and surfaces in the
room need to be clearly
(visual performance) and
comfortably (visual comfort)
identifiable. This calls for
balanced, soft-edged shad-
owing. Shadow formation is
affected by the direction of
light, which is itself defined
by the distribution and

arrangement of luminaires
in the room. 

Highly directional light
gives rise to deep hard-
edged shadows. Where no
shadows occur, however –
which happens when light-
ing is very diffuse – the ef-
fect is equally unpleasant.

According to DIN EN
12464, the correct degree
of modelling is achieved
where a balance is struck
between directional and
diffuse lighting. 

For demanding visual
tasks, e.g. reading or work-
ing with small parts, visual
performance is consider-
ably improved by direction-

al lighting. This can be
used as supplementary
lighting as long as the
shadows created do not
interfere with performance
of the visual task. 

Light colour 
Light colour describes the
colour appearance of the

al colours appear under a
lamp’s light. The colour
rendering properties of
lamps have implications
for visual performance and
visual comfort. 

The colour rendering index
is based on frequently
found test colours. Ra =
100 is the best rating; the
lower the index value the
poorer the colour render-
ing properties. In interiors,
a colour rendering index of
Ra = 80 should be regard-
ed as a minimum. 

light which is radiated by
a lamp. Light colours are
based on colour tempera-
ture expressed in degrees
Kelvin (K): 

warm white (ww) 
< 3,300 K 
neutral white (nw)  
3,300 K to 5,300 K
daylight white (dw) 
> 5,300 K

The light generated by
lamps of the same light
colour can have different
colour rendering properties
(see Fig. 24). 

Light colours affect the at-
mosphere of a room and
thus impact on visual com-
fort: warm white light is felt
to be homely and cosy,
neutral white light strikes
a more businesslike note.
Daylight white light is only
suitable for interiors where
illuminance exceeds 1,000
lx; below that, it creates a
wan, monotonous atmo-
sphere. 

Colour rendering
The colour rendering prop-
erty of a lamp indicates the
effect its light has on the
appearance of coloured
objects. This is rated by
reference to the Ra index,
which indicates how natur-
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1 De luxe fluorescent lamps, daylight   7 Three-band fluorescent lamps, daylight
2 Metal halide lamps   8 Metal halide lamps
3 De luxe fluorescent lamps, white   9 Three-band fluorescent lamps, white
4 De luxe fluorescent lamps, warm white 10 Compact fluorescent lamps, white
5 Tungsten-halogen lamps 11 Metal halide lamps
6 Incandescent lamps 12 Three-band fluorescent lamps, warm white

dw daylight white

nw neutral white

ww warm white

Closest colour temperature TCP
A lamp’s light is the same colour as a black body
heated to that temperature.

Colour rendering index Ra

13 Compact fluorescent lamps, warm white 19 High-pressure sodium vapour lamps (Ra ≥ 60) 
14 High-pressure sodium vapour lamps (Ra ≥ 80)   20 High-pressure mercury vapour lamps
15 Metal halide lamps   21 Standard fluorescent lamps, warm white
16 Fluorescent lamps, universal white 25 22 High-pressure sodium vapour lamps (Ra ≥ 20)
17 Standard fluorescent lamps, white
18 Metal halide lamps
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Light colours and general colour rendering index of lamps

Luminous flux  
Luminous flux Φ is the
rate at which light is
emitted by a lamp. It de-
scribes the visible light
radiating from a light
source in all directions
and is measured in lu-
mens (lm).

Reflectance
Reflectance indicates the
percentage of luminous
flux reflected by a sur-
face. The reflectance of
light surfaces is high;
that of dark surfaces is
low. This means that the
darker the room furnish-
ings, the more light is
needed to create the
same brightness. 

Visual task
Visual tasks are defined
by light/dark and colour
contrasts and the size of
details. The more difficult
the visual task, the higher
the lighting level needs to
be. 

Visual performance
Visual performance is
determined by the visual
acuity of the eye and its
sensitivity to differences
in brightness and dark-
ness. 

Figs. 25 to 30 Directional lighting (25, 26) gives rise to hard-edged shadows;
diffuse lighting (27, 28) results in a lack of shading. Lighting which contains both
directional and diffuse elements (29, 30), however, makes for soft-edged shadows
which make shapes and surface structures clearly identifiable. 
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Light affects us physically,
spiritually and emotionally.
The rhythm of day and
night and the dynamics of
daylight have a fundamen-
tal impact on our lives. It is
not surprising, therefore,

that daylight indoors is
found agreeable and
heightens our sense of
wellbeing. 

The very least a building
needs to have is enough
windows to permit visual
contact with the world out-
side and thus at least es-
tablish a link with daylight.
The advantages of daylight
can be harnessed much

more effectively, however,
where it is actively directed
into interiors and distrib-
uted there. 

Daylight systems (also
known as daylight control

systems) have been spe-
cifically developed for this
purpose. They avoid the
disadvantages of uncon-
trolled daylight incidence –
uneven distribution of illu-
minance, lack of light in
deeper parts of the room
– and provide anti-glare
shielding on sunny days
and a means of regulating
room temperature. Another
major argument in favour

of daylight systems is the
amount of energy and
money they save by har-
nessing daylight as a full
or partial replacement for
artificial lighting.

Harnessing daylight to
maximum effect
Taking a lead from VDI
Guideline 6011 “Optimisa-
tion of the Use of Daylight
and Artificial Light”, pub-

lished by Verein Deutscher
Ingenieure (VDI) e.V., the
daylight utilization promo-
tion group Fördergemein-
schaft innovative Tages-
lichtnutzung (FiTLicht) for-
mulates basic requirements
for the design of daylight
systems (German-language
website: www.fitlicht.de):

• deflection of light to illu-
minate deeper parts of
the room, enhancement
of visual comfort, greater
uniformity of luminance
distributed in the room,

• anti-glare shielding for
limiting luminance, espe-
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Harnessing daylight

Photo 39: Building façade
with prismatic panels
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cially where VDU work-
places are present,

• transparency of the sys-
tem for maintaining a
link with outdoors (visual
contact), minimum alter-
ation of the colour of
daylight,

• heat shielding in sum-
mer,

• reduction of heat loss in
winter,

• adjustability assured by
integration in or inter-
faces with building auto-
mation system or by self-
regulation.

This list of requirements
shows that daylight utiliza-
tion cuts right across the
fields of lighting engineer-

ing, electrical and electron-
ic engineering, optics,
building service engineer-
ing, building and façade
components, and architec-
ture. 

Innovative daylight
systems
Optical control elements in
daylight systems include
specular reflectors, prisms
and holograms. They change
the direction of diffuse day-
light and/or direct incident
sunlight and deflect the na-
tural light into deeper parts
of the room. They also act
as anti-glare shielding.

Innovative daylight systems
are available in various
designs as mobile or sta-
tionary systems. They are
mounted on the inside or

outside of exterior walls,
integrated into façades or
roof surfaces. Optical con-
trol options range from
shutters and blinds to pris-
matic systems and holo-
graphic elements. Addition-
al components – e.g. re-
flective ceilings – can be
used to carry the daylight
further into the room. 

One special form of day-
light utilization involves
guiding daylight over rela-
tively long distances: light-
pipes or fibre-optic cables
can carry sunlight caught
by heliostats deep into a
building. 

9
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Daylight-dependent regulation
Natural daylight is subject to
fluctuation, so it cannot provide
an adequate, maintained level of
lighting. Consequently, artificial
lighting is essential even during
the day. One proven solution
here is daylight-dependent re-
gulation (see page 12): this
dims the lighting in response to
changes in the level of registered
daylight, partially or fully deacti-
vating it when daylight is bright.
Compared with ordinary non-
regulated lighting systems, ener-
gy costs are reduced by more
than 70 percent.

10

20

30

40

50

60

70

80

90

100

J
F

M
A

M
J

J
A

S
O

N
D

Fig. 43: Daylight varies, depending on geo-
graphical location, weather, time of year and
day, surrounding buildings and anti-glare
measures. The average amount of daylight
available in Central Europe, however, is al-
ways relatively high. The chart shows the
potential daylight that can be harnessed for
a standard office from January to December. 

Daylight can be
directed indoors to
where it is needed.

Photo 41: Prismatic sunscreen
panels reflect sunlight from
certain angles (here: red) but
direct the diffuse light from
higher angles (here: white) into
the building.
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Many lighting applications
require standards of visual
comfort, visual ergonomy
and user orientation which
cannot be met by conven-
tional interior lighting. What
is needed here is flexible
lighting capable of deliver-
ing the right light at the
right time. 

The lighting management
required to do this calls for
“intelligent” electronic con-
trol. Also, the lighting needs
to operate in different con-
trol states, so individual lu-
minaires or groups of lumi-
naires need to be sepa-
rately addressable. 

Lighting management
systems
Lighting management en-
compasses all systems
which go beyond mere
“on/off” control systems
which control and regulate
lighting by responding to
variance from setpoint
values. 
Lighting management tools
which can be used at dif-
ferent stages either alone
or in combination with
others include:

• pre-programmed lighting
scenes for different activi-
ties.

• motion detectors primed
for instant activation,

Lighting management 

to govern individual lumi-
naires, individual rooms or
groups of rooms or they
can be wired into the build-
ing management system
(BMS). 

For lighting tuned to re-
quirements, lighting man-
agement programmes
need to be accessible from
a remote control unit or
control panel and it must
be possible to make one-
off overriding adjustments
to the lighting. This – as
experience has shown –
is also vital for general ac-
ceptance: people otherwise
feel they are at the mercy
of technology. 

Control and regulation with DALI
Few components, little wiring and
simple programming – these are
the salient features of lighting
management with DALI (Digital
Addressable Lighting Interface),
the standardized digital interface
for electronic ballasts (EBs) oper-
ating discharge lamps in lighting
control and regulation systems in
individual rooms or small building
units. 

As well as switching and dimming
individual components or compo-
nent groups, the digital interface is
also designed for more complex
programming, e.g. for constant
light regulation. DALI can also be
integrated into building manage-
ment systems (e.g. BUS).

The working group AG DALI
(www.dali-ag.org), which operates
under the wing of the German
electrical and electronics associa-
tion Zentralverband Elektrotechnik-
und Elektronikindustrie e.V. (ZVEI),
Frankfurt/Main, numbers among
its members leading European
and US manufacturers of electron-
ic ballasts and lighting control and
regulation systems.

timed deactivation or
dimming of lighting in
response to movement
(presence-dependent
lighting control)

• daylight-dependent regu-
lation of lighting levels by
dimming and/or partial
deactivation in response
to signals from

– light sensors on individ-
ual workplace luminaires,

– light sensors in the room, 
– exterior light sensors.

The control and regulation
components of a lighting
management system are
integrated in luminaires
and operator interfaces.
They may be programmed

Lighting management
makes for flexible
lighting tailored to

requirements.
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“presentation”. Other
examples of need-oriented
lighting control are lighting
scenes such as “very
bright”, “bright”, “dimmed”
or “working light”, “accen-
tuated light”, etc. 

To permit tailored adjust-
ment of lighting conditions,
lighting scene parameters

need to be settable regard-
less of programming. With
electronic lighting control
systems for lighting tailored
to requirements, the main
gain is convenience; ener-
gy savings are relatively
minor. 

Lighting scenes
With electronic lighting
control systems, a variety
of lighting scenes can be
simply programmed and
activated at the push of a
button to create optimal
visual conditions for differ-
ent situations.

A classic example is con-
ference room lighting, with
programs for “general light-
ing”, “lecture” and “presen-
tation” scenes. In an office,
programmed lighting set-
tings might be “desk work”,
“VDU work”, “meeting” and

Motion detectors
Motion detectors control
lighting by responding to
the presence or absence of
movement. In many interi-
ors where such systems
could usefully be installed,
lighting stays on even
when no one is in the
room for lengthy periods,
e.g. during lunch
breaks. Where pres-
ence is monitored
by motion detectors,
the lighting is deactivat-
ed after a pre-defined
“movement-free” period
and re-activated when the
first person returning from
lunch enters the room. 

Another example: corridors.
In hotels, in particular, the
communication routes to
guests’ rooms are rarely
used during the day. With
motion detectors, lighting
can be switched on when
it is required; there is no
need for maintained light-
ing. This solution is only
recommended, however,
where there is enough
residual brightness from
main corridor lighting or
emergency lighting for ini-
tial orientation. 

Motion detectors are also
used in outdoor lighting.
Along paths, at building en-
trances or in parking lots,
they provide additional light
when it is needed. Integrat-
ed photoelectric lighting
controllers ensure that the
motion detectors work only
during the hours of dark-
ness. Where fluorescent
and compact fluorescent
lamps are used with mo-
tion detectors, they need to
be operated by hot-start
electronic ballasts (EBs) for
extra protection against
switching voltages. 

Lighting control

Fig. 46 to 48: Light scenes at the push of a button – (from top)
“desk”, “meeting”, “VDU work”
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Light sensors 
Light sensors measure the
illuminance of artificial
lighting and/or daylight
(brightness sensors). They
form an important part of
lighting regulation systems.
When pre-defined thresh-
old values are reached,
light sensors emit a signal
indicating the need for lu-
minaires to be switched on
or off or for dimming levels
to be raised or lowered. 

In luminaires for fluorescent
or compact fluorescent
lamps, these signals are
received by “intelligent”
dimmable electronic bal-
lasts (EBs), sometimes via
control modules. These
may be supplemented by
motion detectors. 

Daylight-dependent
regulation
Lighting systems which
take account of daylight
entering through windows
or skylights or directed into
the room by special light-
deflecting systems (see
page 8) do not need to
deliver their full light output
at all times to achieve the
level of lighting required.
The artificial lighting can be
dimmed and/or partially or
fully deactivated, depend-
ing on the level of incident
daylight. 

Daylight-dependent regula-
tion systems are normally
designed to ensure that the
sum of incident daylight
and regulated artificial light
maintain a constant level

of lighting throughout the
room (see Fig. 50). Be-
cause changes in the
daylight component are
offset by increases or de-
creases in the amount of
artificial light, the illumi-
nance required on the
work surface thus re-
mains more or less con-
stant. 

When the light from out-
doors is intense, the artifi-
cial lighting is lowered;
when daylight levels are
low, e.g. at dawn, dusk or
in dark winter months, the
level of top-up lighting is
raised. 

Luminaires not near a win-
dow need to generate
more light than luminaires
positioned right beside a
window to make up for the
lower daylight incidence.
For visual tasks which re-
quire more light, the set-
point value should be re-
settable from a handset. 

Daylight-dependent regula-
tion systems are realised
on different scales: possi-
bilities range from simple
regulation of individual
luminaires to centralised
regulation of luminaire
groups, to full integration
of all lighting systems into
the building management
system. 

Key components of these
lighting regulation systems
are dimmable EBs and sig-
nal amplifiers with light
sensors. Each luminaire or

group of luminaires for a
room zone is assigned a
sensor which registers the
current horizontal illumi-
nance and automatically
adjusts the artificial lighting
to achieve the preset lux
level. This regulation sys-

tem can also be realised
with exterior light sensors
installed at appropriate lo-
cations. 
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Lighting regulation 

LLB operation
EB operation, non-regulated
EB operation (dimmable),
daylight-dependent regulation

LLB = Low-Loss Ballast
EB  = Electronic Ballast
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Fig. 50: Daylight-dependent regulation for a constant sum of
daylight and regulated artificial lighting

Fig. 51: Comparison of the annual energy consumption of three
rows of luminaires providing artificial lighting for a typical office
(cf. Fig. 50)

Fig. 52: In the morning, no light is
needed from the row of luminaires
near the window.

Fig. 53: At midday, incident day-
light is generally adequate.

Fig. 54: In the evening and at night,
the lighting needs to operate at full
power.
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with 36 W fluorescent
lamps operated by con-
ventional ballasts (CBs) is
replaced by continuous
rows of 90 luminaires, each
fitted with two 35 W 16 mm-
diameter three-band fluo-
rescent lamps operated by
dimmable electronic bal-
lasts (EBs). 

The annual energy saving
is 76 percent. Without day-
light-dependent regulation,
the new system would
have consumed only 15
percent less energy than
the old one. 

Comparison of the regulat-
ed (dimmable EB) system
with a non-regulated, EB-
operated system (see Fig.
55) underlines the energy-
efficient advantages of reg-
ulation: the annual average
energy consumption (light-
ing required 6.00 – 18.00
hrs) is 72 percent lower
than that of the non-regu-
lated lighting of the alter-
native new system.

dependent regulation sys-
tem almost always saves
more in energy than it
costs. 

Office premises
Compared to a non-regu-
lated lighting system oper-
ated by conventional (CB)
or low-loss (LLB) ballasts,
daylight-dependent regula-
tion saves more than 70
percent of energy costs. 

Even compared to a non-
regulated system operated
by non-dimmable electron-
ic ballasts (EBs), the sav-
ings possible with a regu-
lated lighting system oper-
ated by dimmable EBs are
still very substantial. The
daylight-dependent system
consumes 60 percent less
energy. Fig. 51 shows how
the energy figures compare
for a typical office (2,300
operating hours a year): –
from left to right (cf. Fig. 50)
– for the row of luminaires
near the windows, the
middle row and third row
deep in the room.

Industrial premises
Harnessing daylight also
makes a considerable dif-
ference to the energy re-
quired for lighting in facto-
ries. A refurbishment exam-
ple (see table for compara-
tive data): in a 600 m2 in-
dustrial bay with skylights,
the old lighting system of
184 single-lamp luminaires

more agreeable than any
other. Also, the energy sav-
ings such systems permit
should not be underesti-
mated. Assuming adequate
windows or skylights, light-
ing governed by a daylight-

Cost-cutting potential
of daylight utilisation
The decision to harness
more daylight is taken
mainly because of the pos-
itive way we respond to it:
we find natural lighting

13
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Refurbishment of the lighting in an industrial bay (600 m2)
Old system New system, New system, 

non-regulated regulated
System power  
per luminaire in watts 45 78 78

Number of luminaires 184 90 90

Total connected load 
in kW 8.28 7.02 ≤ 7.02*

Energy saving 
in % 0 15 ≥ 15
Power consumption 
per day (12 hrs) in kWh 99.36 84.24 23.517

Power consumption per 
year (250 days) in kWh 24,840 21,060 5,879

Annual energy 
saving in % 0 15 76
* Without dimming, the connected load of the whole system is 7.02 kW. Where light-

ing is dimmed, the connected load is based on the reduced output, e.g. 6.32 kW
where lighting is dimmed to 90 percent. 
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Daylight-dependent
regulation cuts energy
consumption by more

than 70 percent.

Fig. 55: Significant savings – the energy consumption of the day-
light-dependent lighting system (yellow) is a great deal lower than
that of the old system (grey) and the non-regulated new system
(blue). Where daylight is harnessed, the annual electricity con-
sumption amounts to only 5,879 kilowatt-hours.

55

Fig. 56: Overcast sky in the morn-
ing: the artificial lighting is dimmed.

Fig. 57: Adequate daylight at mid-
day: the lighting system is almost
entirely deactivated.

Fig. 58: In the evening and at night,
the lighting system is fully activated.
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Lighting which is tailored
to human needs, meets
high standards of visual
ergonomy, promotes a
sense of wellbeing and is
good for our health - that
is the main argument for
the use of lighting electron-
ics. But quality lighting also
calls for energy-efficient

light generation – a re-
quirement which is met by
electronic operating de-
vices: they save energy
and cut operating costs.

It was official even before
the 1997 Kyoto climate
protocol: emissions of the
greenhouse gas carbon

dioxide (CO2) need to be
reduced. In Germany, light-
ing accounts for less than
eleven percent of total
energy consumption but
every kilowatt-hour saved
on artificial lighting also
promotes the cause of cli-
mate protection. 

And the commercial aspect
should not be underesti-
mated either: energy costs
account for around 50 per-
cent of total lighting costs;
acquisition/installation and
maintenance costs account
for 25 percent each. So the
greatest economies are

achieved by energy-effi-
cient lighting. 

Important facts:
• The luminous efficacy

(see page 23) of fluores-
cent lamps operated by
electronic ballast (EB) is
significantly higher than
that of conventionally
operated lamps. So is
the system luminous effi-
cacy of the lamp and EB
(see pages 18/19).

• EB operation lengthens
lamp life and reduces
light depreciation. Con-
sequently, EB-operated
lamps need to be re-
placed less often. This

Lighting electronics for conservation and economy

Economy
● lower energy costs
● lower lamp costs
● lower lamp replacement costs
● long service life
● lower air-conditioning costs
● better working conditions

Ecology
● energy conservation
● conservation of raw materials

by extending the life of lamps
and operating devices

● less waste

Ergonomy
● high visual comfort
● flicker-free lighting
● lighting attuned to

needs
● sense of wellbeing

Lighting quality
rises, energy

consumption and
costs fall.

Mainten-
ance

Acquisition
and installation

Energy
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saves lamp and mainte-
nance costs and reduces
lamp waste.

• Spent lamps are recy-
cled. Arbeitsgemeinschaft
Lampenverwertung(AGLV),
the working group of
recyclers and manufac-

turers in the German
Electrical and Electronic
Manufacturers’ Associa-
tion (ZVEI), offers a na-
tionwide collection and
recycling system.

• Environmentally relevant
substances in low- and

high-pressure discharge
lamps have been sharply
reduced in the last 15
years.

• Quality EBs are very reli-
able, have a mean ser-
vice life of 50,000 oper-
ating hours and a failure

probability rating of less
than 10 percent – a value
which is achieved only
by high-grade compo-
nents. 

Compulsory energy
certification for buildings
Among the climate protec-
tion measures taken in the
wake of the Kyoto summit
(1997) is the EU Directive
2002/91/EC on the energy
performance of buildings.
It became European law
in January 2003 and
makes it compulsory for
all new residential and
service buildings (>1,000
m2) as well as old build-
ings after renovation (25%
of the building’s value) to
be issued with an energy
certificate. This assess-
ment of the overall energy
efficiency of buildings also
takes into account the –
minimised – energy con-
sumed by lighting. 

The Directive 2002/91/EC
needs to be transposed
into national law by the
beginning of 2006. The
task of defining energy
certificates based on
standards which them-
selves still need to be
defined has been assign-
ed by the Federal Building
Ministry to the German
Energy Agency (DENA)
in Berlin.
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The most important operating devices 

For fluorescent and • low-loss ballasts (LLBs)
compact fluorescent lamps • electronic ballasts (EBs), 

“non-dimmable” 
or “dimmable”

For metal halide and • conventional ballasts 
high-pressure sodium (CBs) with and without 
vapour lamps integrated power 

reduction
• igniters with and 

without automatic 
shutdown circuitry 

• electronic ballasts 
(EBs)

For low-voltage • conventional trans-
tungsten-halogen lamps formers 

• electronic transformers

16

Incandescent lamps and
tungsten-halogen lamps
(230 Volt) are line-operat-
ed. Discharge lamps and
low-voltage tungsten-ha-
logen lamps, however, re-
quire ballasts and/or trans-
formers. For magnetic bal-
last operation, starters and
capacitors are also need-
ed. For high-pressure dis-
charge lamps, igniters are
additionally required. 

Ballasts
In low-pressure discharge
lamps – e.g. linear fluores-
cent lamps or compact
fluorescent lamps – and
in high-pressure discharge
lamps, such as metal ha-
lide lamps or high-pressure
sodium vapour lamps, igni-
tion triggers an avalanche-
like ionisation of gases or
metal vapours, which caus-
es a sharp increase in the
current flowing through the
lamp – an increase so in-
tense that it would destroy
the lamp in a very short
space of time. Ballasts are
used to limit the lamp cur-
rent, also during operation. 

A distinction is made bet-
ween magnetic and elec-
tronic ballasts. Magnetic
ballasts include conven-

tional ballasts (CBs) and
low-loss ballasts (LLBs);
EBs are available as dim-
mable or non-dimmable
units. In the case of com-
pact fluorescent lamps with
screw base, ballasts are in-
tegrated in the lamp; with
other lamp types, they form
part of the luminaire. 

Transformers
Transformers act as current
converters for the operation
of low-voltage tungsten-
halogen lamps: they change

line voltage from
230 V to the lower
voltage required.
This is normally 12
volts, but low-volt-
age tungsten-halo-
gen lamps are also
available as 6 V
and 24 V models. 

Transformers are
either integrated
into luminaires or
installed as sepa-
rate units to oper-
ate one or more
luminaires. A dis-
tinction is made
between conven-
tional and electron-
ic transformers
(ETs). 

Igniters
Metal halide lamps and
high-pressure sodium
vapour lamps require ignit-
ers which are electronically
tuned to provide the pre-
cise pulse needed for a
gentle start. Some igniters
also have monitoring fea-
tures which shut down
lamps at the end of their
service life. 

Powerful electronics
Thanks to innovative tech-
nology – especially the use
of electronic components –
operating devices con-
tribute substantially to ad-
vances in lighting techno-
logy. The numerous advan-
tages offered by modern
electronic operating de-
vices lead to sustainable
improvements in lighting
quality. 

• High-quality lighting 
Flicker-free instant start-
ing, constant, steady
lighting, no electrode
flicker, no stroboscopic
effects and automatic
shutdown of defective
lamps – electronically
operated lamps provide
high-quality lighting.

• Lighting tailored to
requirements
The possibilities of con-
trolling and regulating
lighting with electronic
operating devices – mak-
ing it more flexible – en-
hance lighting quality in
the sense that they en-
able the available light
to be tailored to require-
ments. Some forms of
office work require less
light than others, for ex-
ample, and older em-
ployees need higher
lighting levels than young
ones. Another example:
harnessing daylight for
interior lighting (see
pages 8 and 12). 

• Low energy
consumption
Among the advantages
of electronic operating
devices is their relatively
low energy consumption

compared to convention-
al electrical gear. This
helps the environment
and reduces operating
costs. 

• Opting for quality
pays off
Some operating devices
do not match the perfor-
mance characteristics of
others. In the case of
quality devices, the func-
tions performed are dis-
played on packaging and
described in manufactur-
ers’ catalogues. The
greatly inferior perfor-
mance characteristics of
cut-price devices, how-
ever, are not always
readily apparent. These
“bare-bone” devices
never offer the full range
of advantages. So de-
spite higher initial invest-
ment, quality products
are the better deal. 

Electronic operating devices Electronic operating
devices are key
players in the

advancement of
lighting technology.
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Quality assurance
Quality EBs are safe and reliable.
Sound construction, high-grade
components, high-tech produc-
tion and quality control ensure a
long economic life. Components
and circuitry are designed so they
do not need to work at the limits
of their capacity. 

The VDE symbol is a mark of
safety and conformity to stan-
dards. It is awarded by the VDE
Testing and Certification Institute
(VDE Institute), Offenbach.

The ENEC symbol (EN = Euro-
pean Norm, EC = Electrical Certi-
fication) is a European mark of
conformity specifically for lumi-
naires and luminaire components
such as ballasts. It is also award-
ed in Germany by the VDE Insti-
tute (Identification Number 10).

The CE symbol is a mark used
by ballast manufacturers on their
own responsibility to indicate that
their products conform to certain
European Union directives. “CE”
is not a test or safety symbol.
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High-frequency operation
of lamps has a number of
other advantages: 

• Higher operating fre-
quency raises the lumi-
nous efficacy of fluores-
cent lamps and boosts
the system luminous effi-
cacy of ballast and lamp.
It is possible, for exam-
ple, for an EB-operated
58 W three-band fluores-
cent lamp, with a system
luminous efficacy of 91
lm/W, to deliver more
light and consume less
power (power input
50 W) than a standard
lamp+CB with a system
luminous efficacy of
65 lm/W (power input
71 W).

• With the marked reduc-
tion in power input, the
lamp+EB system gener-
ates considerably less
heat. The EB’s low de-
gree of self-heating also
reduces air-conditioning
requirements, which
brings down air-condi-
tioning operating costs.

Ballasts for fluorescent lamps Electronic ballasts
(EBs): advantages
for every lighting

application. 
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diameter three band fluo-
rescent lamps are de-
signed for EB operation
only.

the lower B2 class con-
sumes only 9 W, so the
connected load of the sys-
tem is 67 W, i.e. 4 W less
than a CB-operated sys-
tem. 

Electronic
Electronic ballasts (EBs)
are assigned to the top EEI
classes A3, A2 and A1. The
reason: EBs can even re-
duce the connected load of
the system to less than the
wattage of the lamp (high
electrical system efficiency):
a 58 W fluorescent lamp
operated by an A2 EB con-
sumes only 50 W, which,
together with 5 W power
loss in the EB, makes for
a connected load of 55 W
for the system. 

High-frequency operation
The fact that an EB-operat-
ed lamp consumes less
than its power rating is due
to the way an EB works: it
converts the 50 Hertz (Hz)
line frequency into a high-
frequency (HF) a.c. voltage
of 25 to 70 Kilohertz (kHz). 

While 26 mm-diameter
three-band fluorescent
lamps can be operated by
CBs, LLBs or EBs, 16 mm-

Conventional
Conventional ballasts
(CBs) are subject to high
power losses and are thus
not very efficient: a 58 W
fluorescent lamp causes
around 13 W power loss in
a CB, so the lamp+ballast
system consumes 71 W.

To indicate the energy con-
sumption of ballasts, an en-
ergy classification system
has been introduced at Eu-
ropean level (see “Energy
Efficiency Index” table). As
a climate protection mea-
sure, the European Union
decided in 2000 to gradu-
ally withdraw CBs (EEI
classes D and C) from the
market because of their
poor energy balance (bal-
last Directive 2000/55/EG).

Low-loss
Low-loss ballasts (LLBs)
are a CB “upgrade” and
are assigned to EEI classes
B2 and B1 because of the
reduction in power losses
they achieve. With a 58 W
fluorescent lamp, a LLB in

Energy Efficiency Index (EEI) for ballasts*

Class Ballasts

A1 Dimmable electronic ballasts (EBs)

A2 Electronic ballasts (EBs) with reduced losses

A3 Electronic ballasts (EVG)

B1 Magnetic ballasts with very low losses (LLBs)

B2 Magnetic ballasts with low losses (LLBs)

C Magnetic ballasts with moderate losses (CBs)

D Magnetic ballasts with very high losses (CBs)

The sale of Class D ballasts was prohibited on 21 May
2002 (in Germany on 18 December 2002); Class C
ballasts must be withdrawn from the market by 21
November 2005 at the latest.

* CELMA classification for ballast Directive 2000/55/EG



• Because of the lighter
load on fluorescent mate-
rial and lamp electrodes,
EB-operated lamps have
a 30 to 50 percent longer

economic life. A LLB-op-
erated three-band fluo-
rescent lamp needs to
be replaced after 8,000
operating hours; the
same lamp operated by
EB burns for 14,500
hours. 

• Apart from limiting cur-
rent, EBs also function
as starters and p.f. ca-
pacitors. Defective lamps
are automatically shut
down and do not flicker.
After lamps are replaced,
a new start is automatic. 

• An EB lamp start is rapid,
silent and flicker-free. 

• Hot starting (with pre-
heated electrodes) light-

ens the impact on the
lamp, making for longer
lamp life. Where lamp
operation permits, EBs
with cut-off technology
specially developed for
16 mm-diameter three-
band fluorescent lamps
switch off the filament
heating. This lengthens
lamp life by another 20
percent. 

• HF operation makes for
smoother lamp voltage.
Lamps operated by EBs
thus provide constant,

steady lighting with no
electrode flicker and no
stroboscopic effects
where moving objects
are present. 

• EBs are largely insensi-
tive to voltage and fre-
quency fluctuations. They
also work on direct cur-
rent, so they can be
switched to battery oper-
ation and used for emer-
gency lighting in the
event of a power failure. 

• In the event of EB failure,
the unit automatically dis-
connects from the line.
This safety shutdown fea-
ture provides an added
safeguard against fire.

19
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EBs save energy and money
• low power loss in ballast 
• low system power consumption 
• high system luminous efficacy 
• longer economic life of lamp (30–50%) 
• longer lamp replacement intervals
• no need for starter and capacitors
• low heat generation 
• gentle hot starting and flicker-free lamp start 
• suitable for emergency lighting
• safety shutdown for high fire security 

Operating devices also need
electricity
Like all other operating devices,
ballasts consume energy. This
consumption is referred to as
power loss. So in any comparison
of power consumption and lumi-
nous efficacy, what counts is not
just the wattage of the lamp but
the wattage of the lamp + ballast
system. 

EBs enhance lighting quality 
• rapid, silent, flicker-free starting 
• constant, steady lighting 
• no electrode flicker 
• no stroboscopic effects
• dimming possible (dimmable EB)
• selectable, possible integration in regulation and

control systems 
• automatic shutdown of defective lamps (no flickering) 
• automatic new start after lamp replacement 
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One very new development
are EBs specially tuned to
different lamp types. Their
use enables 150 W high-
pressure sodium vapour
lamps to be dimmed to a
minimum of 20 percent
and 100 W metal halide
lamps to a minimum of 50
percent. This extends the
possibilities of conventional

power reduction, enabling
outdoor lighting levels to
be adjusted to suit visual
conditions (tailored lighting)
and permitting energy con-
servation through dimming
where a lower lighting level
is acceptable, e.g. at night
where traffic is light.

The dimming and central
control possibilities offered
by these EBs open up new
scope for design – e.g. for
façade illumination. It is

possible, for instance, to
provide dynamic lighting
with changing brightness
levels at no great expense. 

Indoors, reliable operation
and dimmability make met-
al halide lamps the solution
of choice, especially for
salesroom lighting.

Electronic ballasts for other discharge lamps
EBs: 

optimised operation 
for all discharge 

lamps.
Induction lamps
For induction lamps – flat
or compact globe-shaped
high-intensity fluorescent
lamps – EB operation of-
fers the same advantages
as for other fluorescent
lamps. Induction lamps op-
erate with no components
that are subject to wear,
such as filaments or elec-

trodes, and as a result
have service lives of up to
60,000 operating hours.
System luminous efficacy
is 65 to 80 lm/W.

High-intensity fluorescent
lamps work on the physical
principle of electromagnetic
induction and gas dis-
charge, have good colour
rendering properties (Ra ≥
80) and are available in all
three light colours. They
are a preferred option

where access problems
make lamp replacement
difficult and cost-intensive,
e.g. in high industrial bays,
tunnels or exterior lighting
systems. 

High-pressure
discharge lamps 
Electronic ballasts (EBs)
for high-pressure sodium

vapour lamps and metal
halide lamps are noted
more for their operational
qualities than for high ener-
gy efficiency. EB operation
makes for better colour
constancy, reduces light
flicker due to stroboscopic
effects and permits easy
hot re-ignition. The gentle
ignition also lengthens
lamp life; defective lamps
are automatically shut
down. 
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1

Low-voltage tungsten-halo-
gen lamps work at extra-
low voltages, mostly at
12 V. So low-voltage spots
and low-voltage luminaires
need to be operated by
transformers built into or
installed upstream of the
luminaire. The transformer
converts the 230 V line
voltage (primary side) into

the lower voltage required
(secondary side). 

Conventional
Conventional transformers
work with different windings
on the primary and sec-
ondary sides. Traditional
transformers are larger
than the toroidal-core
transformers developed
more recently. Both types
of conventional transformer
are subject to relatively
high power losses (see
“Operating devices also
need electricity”, page 19).
Dimmers must be calibrat-
ed for transformer use.

Transformers Electronic 
transformers are

more energy-efficient,
more compact and

quieter.
• ETs are smaller and

lighter than conventional
transformers, so they are
a more versatile option
for the lighting designer. 

• Because they can also
run on direct current, ETs
can be used for emer-
gency lighting. 

• As in the case of ballasts,
the operational reliability
of quality transformers is
certified by the
VDE or ENEC
symbol (see
“Quality as-
surance”,
page 17).

Transformers need to be
secured on the primary
side. To avoid on-load op-
eration, magnetic trans-
formers should always be
operated at the rated load.
Only isolating transformers
conforming to DIN EN
60742 ensure that line volt-
age can never overspill into
the low-voltage installation.

A thermal protector acts as
a safeguard against over-
heating. 

Electronic
Electronic transformers
(ETs) are more energy-effi-
cient, smaller, more com-
pact and quieter. They are
similar to electronic ballasts
(EBs) in the way they work
and the characteristics they
display:

• ETs operate at high fre-
quencies. As a result,
their power losses are

two thirds lower than
those of conventional
transformers. Heat gain is
also reduced. 

• ETs supply a voltage
which is largely unaffect-
ed by load. They are
therefore suitable for
small partial loads. The
gentle operation possible
with all partial loads
lengthens the life of
lamps: it takes only five
percent overvoltage to
halve lamp life.

• Even on-loaded, ETs are
gentle with lamps and
thus extend lamp life. 

7675

74



Electronic operating de-
vices are not the sole de-
terminants of lighting quali-
ty and efficiency: they are
always part of a lighting
system. So lamps and
luminaires, too, need to
meet lighting quality re-
quirements.

Lighting quality
The light colour and colour
rendering properties of
lamps (see page 6) have a
crucial impact on lighting
quality. Fluorescent lamps
– which provide 70 percent
of all industrial lighting –
are available in all three
light colours (warm white,
neutral white, daylight
white). They are also avail-
able as full-spectrum
lamps, which radiate light
with the same spectral
composition as natural
daylight. 

With the exception of a
number of high-pressure
discharge lamps, all the
lamps used for interior

lighting today have very
good colour rendering
properties (Ra ≥ 80). 

Lighting quality also de-
pends on light being gen-
erated silently and without
flickering and offering the
possibility of dimmer con-
trol – performance charac-
teristics which fluorescent
lamps possess only when
operated by electronic bal-
lasts (EBs) or dimmable
EBs.

Dimmable lighting
Dimming permits infinitely
variable adjustment of the
brightness of the lamps
used; luminaires can be
controlled individually or
in groups. Dimming is an
option of primary impor-
tance for lighting quality
because dimmable lighting
makes for flexibility, permit-
ting 
• adjustment of brightness

to personal requirements,
• adjustment of lighting in

certain room zones, e.g.

to cater for changes in
room use, 

• adjustment of the mood
of the lighting and thus
the atmosphere of the
room.

So dimming is an impor-
tant element of lighting
control and regulation sys-
tems (see page 10) – also
as a key to energy savings,
enabling artificial lighting
to be regulated according
to incident daylight (see
page 12).

Dimming EB-operated lin-
ear fluorescent lamps and
compact fluorescent lamps
(dimmable types only) calls
for special electronic bal-
lasts. The analogue 1…10
V interface has now been
superseded by digital
control signals, in many
cases by the standardized
digital interface DALI (see
page 10). 

Dimming metal halide lamps
and high-pressure sodium
vapour lamps requires
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High luminous efficacy
Luminous efficacy shows
how much light a lamp
generates from the energy
it consumes. It is expressed
as the luminous flux (lu-
mens) of the lamp in pro-
portion to its power con-
sumption (Watts). The high-
er the ratio of lumens to
Watts (lm/W), the greater
the energy efficiency of the
lamp. 

A conventional incandes-
cent lamp converts only
around five percent of the
electricity it consumes into
light; the rest is radiated as
heat. The luminous efficacy
of an incandescent lamp is
around 14 lm/W. Other
types of light source per-
form better (see Fig. 79).
Linear three-band fluores-
cent lamps, for example,
achieve more than 100
lm/W (16 mm-diameter
lamp with EB/system lumi-
nous efficacy). 
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more complex technology.
Light colour corruption oc-
curs more frequently with
metal halide lamps than
with high-pressure sodium
vapour lamps. Dimmable
EBs which have almost no
impact on light colour have
now been developed for
some lamp types.

Trailing edge phase control
dimmers are mainly used
for dimming low-voltage
tungsten-halogen lamps
operated by transformers.
They are also suitable for
controlling the brightness
of incandescent lamps and
tungsten-halogen lamps.

Leading edge phase con-
trol dimmers are used to
regulate incandescent
lamps, tungsten halogen
lamps, low-voltage tung-
sten-halogen lamps operat-
ed by magnetic transform-
ers and fluorescent lamps
with LLB and additional
heating transformer.
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Lamps for general lighting purposes and their luminous efficacy*

* including ballast losses in the case of discharge lamps Rated power of the lamp in W

Thermal radiators: 1 incandescent lamps, 2 tungsten-halogen lamps (230 V) with base at one end, 3 tungsten-halo-
gen lamps (230 V) with bases at both ends, 4 low-voltage tungsten-halogen lamps Low-pressure discharge lamps:
5 standard fluorescent lamps operated by LLB, 6 26 mm-diameter three-band fluorescent lamps operated by LLB,
7 26 mm-diameter three-band fluorescent lamps operated by EB, 8 16 mm-diameter three-band fluorescent lamps,
“high luminous efficacy” series (EB), 9 16 mm-diameter three-band fluorescent lamps, “high luminous flux” series (EB),
10 compact fluorescent lamps with plug-in base operated by EB, Induction lamps: 11 bulb-shaped, 12 flat, High-
pressure discharge lamps: 13 metal halide lamps, 14 high-pressure sodium vapour lamps
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Long life
Where lamps have a long
service life, lamp and
maintenance costs are
reduced. General service
incandescent lamps have
an average life of 1,000
operating hours, tungsten-
halogen lamps burn for
2,000 hours, some low-
voltage tungsten-halogen
lamps manage 4,000
hours and energy-saving
lamps (integrated EB)
keep going for 15,000 op-
erating hours. 

The economic life of dis-
charge lamps is a great
deal longer. And it is
longer still where lamps
are operated by electronic
ballasts (EBs): 16 mm-dia-
meter three-band fluores-
cent lamps, for example,
burn for 20,000 hours. 

nous flux onto the surface
where light is required. 

LED
Widely used in status and
signal displays, LEDs (Light
Emitting Diodes) are very
much light sources of the
future. At present, they are
used mainly for orientation
or decorative lighting but
developers forecast that
the tiny luminous semicon-
ductor chips – normally

grouped to form LED mod-
ules – will be suitable for
general-purpose lighting
within five years at the lat-
est. 

LEDs have numerous ad-
vantages: very long life, low
failure rates, low loss of
lighting capacity, an IR/UV-
free spectrum, instant (re-)
ignition, high impact resis-
tance, no lamp flicker, no
stroboscopic effects. What
is more, their diminutive
size allows lots of freedom
for luminaire design. 

White LEDs today have a
luminous efficacy up to 20
lm/W; red LEDS achieve
50 lm/w. In the near future,
LEDs with ratings in the re-
gion of 100 lm/W will be
available. So LEDs already
have a luminous efficacy
comparable with tungsten-

halogen lamps – and new
developments will match
the performance of com-
pact fluorescent lamps.

LEDs cast their light directly
onto the illuminated sur-
face, whereas conventional
light sources usually re-
quire an additional reflector,
which reduces luminous
efficacy. So the luminous
efficacy of LEDs is actually
far higher than the values

produced by the traditional
method of calculation. The
lighting industry doubles
the efficacy of this light
source roughly every two
years – so more perfor-
mance surges are still to
be expected. 

Lamps

24

The mean service life of a lamp is the time that passes
up to the point where 50 percent of the lamps in a
lighting system fail. It is used as a yardstick for incan-
descent lamps, tungsten-halogen lamps, low-voltage
tungsten-halogen lamps and energy-saving lamps. 

For fluorescent lamps and compact fluorescent lamps
with plug-in base, induction lamps and high-pressure
discharge lamps, the equivalent yardstick is economic
life. This takes account of not just spent lamps but also
the decrease in the luminous flux of a lighting system
after a given number of operating hours. System lumi-
nous flux must not fall below minimum values.
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Fig. 83: Wired LEDs

Fig. 82: Electronically controlled
LED technology for product
presentation 

Optimised accentuating
light 
Optimised lighting techno-
logy also helps save ener-
gy where lighting is de-
signed to accentuate. Infra-
red coating (IRC) of lamp
bulbs is a case in point: in
230 V linear IRC tungsten-
halogen lamps and low-
voltage IRC tungsten-halo-
gen lamps, much of the
heat radiated by the fila-
ment is reflected back onto
the filament. Up to 30 per-
cent power savings are
made with no reduction in
luminous flux. 

Computer-designed reflec-
tors in reflector lamps are
another example of energy-
efficient technology. They
direct the light precisely
and with no loss of lumi-
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A practical example:
environmental and
economic advantages
Anyone who opts for mod-
ern technology with lighting
electronics helps protect
the environment, saves
money – and gets quality
lighting. This is shown, for
example, by a comparison
of lighting systems fitted
with 26 mm and 16 mm-
diameter three-band fluo-
rescent lamps. The 16 mm-

diameter lamps need to
be operated by EBs. They
have the highest luminous
efficacy of all linear fluores-
cent lamps (see page 23).

The design requirement is
500 lux illuminance over
an area of 270 m2. The
systems used comprise
protective-tube luminaires
(mounting height 3 metres)
fitted with 
• 26 mm-diameter 36 W

standard fluorescent

lamps (2,600 lumens).
59 luminaires are need-
ed to achieve the re-
quired illuminance.

• 26 mm-diameter 36 W
three-band fluorescent
lamps (3,200 lumens).
48 luminaires are re-
quired. 

• 16 mm-diameter “high
luminous efficacy” three-
band fluorescent lamps
(3,650 lumens). 36 lumi-
naires suffice.

The luminaires fitted with
16 mm-diameter lamps are
so efficient (see page 26)
that the system requires
40 percent fewer lumi-
naires and lamps than
the standard lighting sys-
tem. 

This is partly due to the
smaller diameter of the
lamps, which reduces
screening and permits bet-
ter use of luminaire reflec-
tors. Thus optimised, lumi-

nous efficacy increases by
a good 40 percent. 

The difference overall
Fig. 85 shows the energy
and operating costs saved,
the CO2 emissions reduced
and the amount of mercury
(Hg) not required. The table
below summarises the “En-
vironmental advantages
and cost savings of lumi-
naires with EB for 16 mm-
diameter lamps”. The fig-

ures are based on lighting
systems in operation for 12
hours a day, 365 days a
year. 

Where the 36 luminaires
are used with 16 mm-diam-
eter three-band fluorescent
lamps, emissions of the
greenhouse gas CO2 are

reduced to 2.3 metric tons
a year. That is 39 percent
less than emissions gener-
ated by the 59 luminaires
fitted with 26 mm-diameter
lamps – for the same illu-
minance and at least the
same lighting quality. 

Acquisition costs are also
reduced because a smaller
number of luminaires re-
quires a smaller financial
outlay. Moreover, fewer lu-

minaires means less mate-
rial and thus less energy
consumed for manufactur-
ing. The energy saved is a
contribution – albeit not a
particularly large contribu-
tion – to protection of the
environment. 

Fig. 84: The 16 mm-diameter lamp (right) blocks less light than
26 mm-diameter lamps (left) and thus permits luminaires with
higher light output ratios. 
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Power consumption
kWh/a

Operating costs
R/a
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Luminaires with EBs for 16 mm-diameter lamps: 
savings
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Environmental advantages and cost savings of luminaires 
with EB for 16 mm-diameter lamps.

Environmental Economic
advantage advantage

CO2-emissions: Energy costs: 
Lighting system with EBs metric tons/year saving  euros/year saving

59 luminaires with 26 mm-diameter 
standard fluorescent lamps  5.9 – 1,302 –

48 luminaires with 26 mm-diameter  
three-band fluorescent lamps 4.9 17 %   1,088 17 %

36 luminaires with 16 mm-diameter  
“high luminous efficacy” 
three-band fluorescent lamps 3.6 39 % 795 39 %



is needed to achieve the
required illuminance. Uti-
lization factors depend,
among other things, on the
geometry of the room, the
reflectance of ceiling, walls
and floor, and the light out-
put ratio of the luminaires. 
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Lighting quality
As far as lighting quality is
concerned, the only real
issue relating to luminaires
is the way they distribute
their light: is distribution
direct, direct/indirect or in-
direct? That distribution –
referred to as intensity dis-
tribution and illustrated by
intensity distribution curves
(IDCs) – should be suitable
for the purpose the lighting
is supposed to fulfil. 

Choosing the right kind of
intensity distribution entails
considering what is needed
for a sense of wellbeing: in
offices, for example, most
people prefer direct/indirect
lighting because the ceiling
illumination provided by in-
direct lighting components
is found agreeable. 

Efficiency
How efficiently a luminaire
distributes the light emitted
by the lamp(s) it accom-
modates is described by
light output ratios and uti-
lization factors. 

Light output ratio indi-
cates, in percent, how
much of the luminous flux
generated by one or more
general-diffuse lamps at an
ambient temperature of
25°C is actually emitted by
a luminaire (also at 25°C
ambient temperature). The
best light output ratio is
thus obtained with a gener-
al-diffuse luminaire radiat-
ing light in all directions –
quality of lighting, however,
is poor. 

The same general-diffuse
luminaire has a poor uti-
lization factor, which is the
indicator defining the per-
centage of lamp luminous
flux directed to where the
light is needed, e.g. on the
desk. So utilization factors
are improved by optical
control elements: the high-
er they are, the less energy

Luminaires

G
L

O
S

S
A

R
YLuminous intensity 

Luminous intensity (sym-
bol: l) is the amount of
luminous flux radiating in
a particular direction. The
way luminous intensity is
distributed in the room
(intensity distribution) de-
fines the shape of the
beam of a luminaire or
reflector lamp. Luminous
intensity is measured in
candelas (cd).

Intensity distribution
Intensity distribution de-
scribes the way luminous
intensity is distributed in
the room. Shape and
symmetry of intensity dis-
tribution indicate whether
a luminaire (or reflector
lamp) casts a narrow or
wide-angled beam and/
or provides symmetrical
or asymmetrical lighting.
Intensity distribution is in-
dicated by IDCs, intensity
distribution curves, which
are formed by joining the
points on a polar dia-
gram showing the lumi-
nous intensity generated
at different angles. 

Service factor
As lamps, luminaires and
room surfaces age and
become soiled, illumi-
nance decreases (see
Fig. 86). This decrease
needs to be factored into
the lighting system de-
sign. Service factors take
account of everything that
impacts on a lighting sys-
tem. In addition, the de-
signer draws up a com-
prehensive maintenance
schedule. The minimum
illuminance values stipu-
lated by DIN EN 12464
are service values, which
need to be increased
for higher visual task re-
quirements. At work-
places which are manned
at all times, service val-
ues should not be less
than 200 lux.

0
Startup ➞ Operating hours

M
ea

n 
ill

um
in

an
ce

System value
without
maintenance

Service value
assuming
3-year cleaning
interval

New value
New value and service value
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Information from Fördergemeinschaft Gutes Licht

Fördergemeinschaft Gutes
Licht (FGL) provides infor-
mation on the advantages
of good lighting and offers
extensive material dealing
with every aspect of artifi-
cial lighting and its correct
usage. FGL information is
impartial and based on
current DIN standards
and VDE stipulations. 

Information on Lighting
Applications 
The booklets 1 to 16 in
this series of publications
are designed to help any-
one who becomes in-
volved with lighting –
planners, decision-mak-
ers, investors – to acquire
a basic knowledge of the
subject. This facilitates
cooperation with lighting
and electrical specialists.
The lighting information
contained in all these
booklets is of a general
nature. 

Lichtforum
Lichtforum is a specialist
periodical devoted to topi-
cal lighting issues and
trends. It is published at
irregular intervals. 

www.licht.de
FGL is also on the Internet.
Its website

www.licht.de
offers tips on correct light-
ing for a variety of domes-
tic and commercial “light-
ing situations”. Explana-
tions of technical terms
are available at a click
of the mouse. Product
groups which figure in
the lighting situations
are linked to a “product/
manufacturer” matrix,
where they are further
linked to FGL members.
Other site features include
specimen pages of FGL
print publications and
hotlinks.
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