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8. Lighting

8.1. Introduction in lighting in households

Lighting in an average household represents about 10% of all energy consumption. The potential for
savings in lighting is very high. Energy-saving lamps can reduce annual consumption by half - from
200 kWh to 100 kWh without loss of comfort.

The many terms used in connection with lighting can be downright confusing. In this section the
most important terms for the energy-saving check are therefore briefly introduced and their meaning
made clear.

Luminous flux

Luminous flux refers to the amount of light which a lamp produces. Luminous flux is measured in
lumens (Im). The higher the number of lumens produced by a lamp, the brighter the lamp. Since
2010 the lumen output of energy-saving lamps must be specified and is now generally found on the
packaging.

llluminance

The basic parameter for the planning of lighting systems is the required illuminance. The illuminance
expresses the amount of light falling on a surface. It is measured in lux (Ix).

Lux = lumen per square metre

For the workplace, different minimum illuminances are specified according to application. These vary
from 50 lux in corridors and 200 to 500 lux in typical working areas to 1500 lux in Quality Control. An
illuminance between 20,000 and 100,000 lux is required on the surface of an operating room table.

Luminous efficiency
The so-called luminous efficiency of a lamp describes the amount of light produced in relation to the
required energy input. It is calculated as the ratio of the luminous flux (lumens) to the electrical
power input (Watts).

Luminous efficiency = Lumens per Watt
The higher the "lumens per Watt value" (Im/W) of a lamp, the better the energy efficiency. This value
is therefore a measure of the lamp's efficiency.

The table below shows the luminous efficacy of the various lamps:

Lamp type Luminous efficiency =
Lumens per Watt

Incandescent lamp 12

Halogen lamp 15-25
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High performance LEDs 30
Energy-saving lamps 60-70
Fluorescent lamps (cold light) 100

Color of light

The color of light is the result of the spectral composition of light produced by a light source. The
color of the light can be formed either by certain individual colors of a certain wavelength or by a
mixture of several wavelengths or regions of wavelengths in a certain spectrum.

Candles, incandescent lamps and the sun are our important sources of light. They have one thing
in common: the color of light depends on the temperature. A heated object will glow red at first,
and as the hotter the light will shift from yellow to white to blue.

The temperature of the light is expressed in Kelvin (K).
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Figure 1 Kelvin Temperature Chart

The table below shows the color temperatures of different light sources. As you can see, the
incandescent lamp has a lower color temperature than the fluorescent lamp. The higher the

value of the color temperature, the "colder" the light.

Light source

Color temperature

Candle 1500 K
Incandescent lamp (60 W) 2 680 K
Halogen lamp 3000 K
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Fluorescent lamp 4 000 K
Morning / afternoon sun 5000 K

Lazy sun in a cloudy sky 5 500-5 800 K
Daytime Lamp - Full Spectrum 6 500 K

Cloudy skies 6 500-7 500 K
Fog 7 500-8 500 K
Heaven shortly before and after sunset or sunrise 9 000-12 000 K
A clear northern sky 15 000-27 000 K

8.2. Different types of lamps

Incandescent lamps

The incandescent lamp was invented and patented by Thomas Edison more than 125 years ago
(1879), at that time with charred bamboo or carbon filaments. Millions are still sold today and
function according to the same principle: A wound tungsten wire is electrically heated to white heat,
emitting — among other things — visible light, but unfortunately also heat. 95% of the power input is
converted to heat.

In a normal ambient environment, due to the presence of oxygen and the high operating
temperatures, the filament would immediately undergo combustion to tungsten oxide. For this
reason, a glass bulb is used to protect the filament against ambient air. As metal is continuously
evaporated from the filament during operation, the size of the filament depends essentially upon the
wire material. Conventional incandescent lamps and high-power incandescent lamps require a large
glass bulb in order that the deposit can be distributed over a larger surface and not significantly
impair the transparency of the glass bulb over the life of the lamp.
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Figure 2 Incandescent lamps

Incandescent lamps have a light output of about 12 to 15 Im / W (lumen per watt). Lighting efficiency
rises as the temperature rises. In this situation, however, the life of the lamp is reduced. At 2700
Kelvin incandescent lamps can shine for about 1000 hours, but at 3400 Kelvin (studio lamps), they
light for only few hours.

For energy saving and climate protection, the sale of incandescent lamps is prohibited in some
countries (including in the EU).

Halogen lamps
Halogen lamps are a further development of incandescent lamps in which a halogen gas surrounds

the filament. With an operating temperature of around 3,000 K, they achieve a luminous efficiency
of around 25 Im/W (by comparison, an incandescent lamp achieves around 15 Im/W and an energy-
saving lamp around 60 Im/W). They are therefore around 20 - 30% more efficient than incandescent
lamps. Their useful life is approximately 2,000 hours in operation.

In addition, improved so-called IRC halogen lamps, in which the inside of the glass bulb is coated with
a special infrared layer which reflects the infrared radiation of the lamp back to the filament, are also
available. Due to this effect the IRC halogen lamp achieves a luminous efficiency around 30% higher
than that of a conventional halogen lamp. With a useful life of around 4,000 hours, it also has a
significantly longer useful life. In spite of this, even IRC halogen lamps are not even half as efficient as
standard energy-saving lamps.
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Besides (high-voltage) halogen lamps operated with normal mains voltage (230 Volts), there are also
low-voltage halogen lamps with a supply voltage 12 or 24 Volts. These are therefore equipped with a
transformer which steps down the voltage to the required low-voltage level. With these systems it is
necessary to make certain that the on/off switch for the light also disconnects the transformer from
the mains, as constant standby losses would otherwise occur with the transformer.

Halogen lamps achieve a colour rendering comparable with that of classical incandescent lamps.
Spent halogen lamps can be disposed of via normal household waste.

Note: As the UV radiation emitted is dangerous for the ocular conjunctiva and can even cause
sunburn, halogen lamps must always have a glass covering. The higher temperatures arising with a
halogen lamp also represent a fire hazard if minimum distances are not observed.

Fluorescent lamps

The structure of a fluorescent lamp is comprised of a gas-filled glass tube with an electrode at each
end. It is commonly referred to as a neon tube, although it utilises mercury vapour and, as inert gas,
the far more common and less expensive argon and not neon. Turning on requires a starting voltage
in order to ionise the gas filling of the fluorescent lamp. The gas then becomes electrically conductive
and produces light, part of this in the invisible ultraviolet range. In order to enhance the visible light
yield, the inside of the discharge tube is coated with a fluorescent material (from which the name
fluorescent lamp derives).

The fluorescent lamp requires a starting resistor (choke) in order to limit the flow of current through
the lamp. This choke is described as the ballast and is found in all fluorescent lamps. Here one
distinguishes between conventional ballasts, low-loss ballasts — a further development of
conventional ballasts — and the electronic ballasts commonly used today. The last have the highest
efficiency and can be recognised by the fact that the lamps do not flicker when turned on.

According to the design the luminous efficiency is between 45 and 100 lumens per Watt (by
comparison, an incandescent lamp has around 10-15 Im/W) and therefore has a high energy.
Compared with incandescent lamps, fluorescent lamps require approximately 70 - 85% less energy.
The tube diameter of fluorescent lamps is standardised. The diameter in eighths of an inch (25.4
mm/8 = 3.175 mm) is specified following the letter "T" (for "tube").Thus, for example, a T5 tube has a
diameter of 5/8 inches, or approximately 16 mm.

Standard fluorescent lamps (T8) with conventional ballast have a useful life of 6,000 to 8,000 hours. A
modern fluorescent lamp (T5) with electronic ballast achieves a useful life of 25,000 hours and
special versions even up to 80,000 hours!

Fluorescent lamps must be disposed of via a collection station (recycling centre).

The energy-saving lamps finding use with the power-saving check also belong to the category of
fluorescent lamps. Energy-saving lamps are compact fluorescent lamps! As these assume an
important role for the power-saving check, a separate section is devoted to the subject of energy-
saving lamps.
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Figure 4 Fluorescent lamps

Perhaps the greatest disadvantage of fluorescent lamps is that, in contrast to incandescent lamps,
they produce no continuous colour spectrum. Three-band fluorescent lamps represent a significant
improvement in respect of colour rendering and luminous flux. With these lamps the fluorescent
coating is comprised of a mixture of three fluorescent materials, which produce light in the red,
green and blue regions of the visible spectrum. The best colour rendering is found with so-called full-
spectrum fluorescent lamps — with which the lowest colour distortions occur. The spectrum is similar
to daylight and nearly as continuous. This is achieved using at least four different fluorescent
materials (five-band fluorescent lamps).

Light-emitting diodes (LEDs)
The light-emitting diode (abbreviated LED) is a semiconductor electronic component. When current
flows in the conducting direction, it radiates light according to the material. This light is virtually
monochromatic (that is, of only a single colour).

Figure 5 Light-emitting diodes

In order to obtain white light either individual diodes of different colours are mixed or the LED is
combined with a photo-luminescent material, similar to a fluorescent lamp. For lighting purposes the
latter variant is nearly always employed, as this is less expensive.
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Many LEDs currently available on the market have luminous efficiency of 30—60 lumens/Watt. The
efficiency is therefore better than that of incandescent and halogen lamps, but in part less than that
of fluorescent and energy-saving lamps.

The lumen value depends strongly on the light colour and, for warm white LEDs, is significantly less
than for cold white LEDs. A further parameter is the output per unit: the higher the output of a single
LED, the poorer its efficiency.

As a rule light-emitting diodes become gradually weaker and do not fail abruptly. The lifetime (light
degradation) of an LED is the time after which the luminous efficiency falls off to half of its original
value. For LEDs with low currents the useful life can be up to 100,000 hours. High temperatures
(usually due to large currents) drastically reduce the life of LEDs. Currently available high-output LEDs
have lifetimes of 15,000 to 30,000 hours. LED lamps available on the market in the form of
incandescent lamps also already have a lifetime of more than 10,000 hours.

Due to their long lifetimes, insensitivity to shock and bundled light beam, LEDs are particularly well
suited for such applications as automobile lighting, traffic signals, exterior lighting and lighting effects.
Furthermore, they are of increasing interest for other applications also.

Since 2007 LED lamps are increasingly appearing on the market for the commonly found E27 and E14
incandescent lamp bases. However, until now many of these only produce a brightness comparable
with that of a conventional 20 Watt incandescent lamp.

Currently, LED bulbs represent the most economical solution on the market. They feature a very long
service life of 20,000 to 50,000 working hours. LED bulbs are not affected by frequent switching on
and off. The average return on investment in an LED bulb is less than 1 year, with an average daily use
of 5 hours.

Figure 6 2.5 Watt LED spotlight with GU10 and E27 lamp base, roughly corresponding to a
20 Watt incandescent lamp, with a cost of 19 Euros. Source: ELV-Electronics
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40w 29w

$4.82/yr $3.49/yr

100w 72w

$12.05/r $8.67/yr
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$1.32yr
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Figure 7 Efficiency of different types of lamps

8.3.  Health consideration of lighting and disposal of lamps

The different colour temperatures affect our sense of well-being and our performance capabilities. It
is therefore meaningful to have different colour temperatures in living areas, according to
requirement: "cold" or "blue" light is perceived as encouraging and invigorating. On the other hand,
"warm light" (reddish) is perceived as relaxing and soporific.

In light therapy, cold light is introduced to counter winter depressions. Furthermore, it improves 3D

vision and eye-hand coordination and
(4,000 K to 8,000 K) is therefore we | | S ui
suited for living rooms and, above all, for bedrooms.

also  enhances contrasts. Colder light
ted for the workplace,

Full-length daytime lamps provide light close to that coming from the sun during the day (6,500 K)

and are recommended for good health.
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2,200K 2,700-3,000K 4,000-4,500K 5,000-6,000K 7,000-7,500K
High Pressure Warm White Natural White Day White Cool White
Sodium Lamp Halogen Metal Halide
Incandescent

1,900K 2,200K 2,700-3,000K 4,000-4,500K 4,800K 5,000-6,000K 7,000-7,500K 10,000K
Candle High Pressure  Warm White  Natural White Direct Sun Day White Cool White Blue Sky
Sodium Lamp Halogen Metal Halide
Incandescent

Figure 8 Comparison of energy-saving lamps with different color temperatures.

8.4. (Criteria when buying lamps

The efficiency classification of lighting is defined according to the power and the luminous flux.
Common incandescent lamps belong to efficiency classes D, E, F and G. Low-voltage halogen lamps,
typically operated from a 12 Volt supply, are often in efficiency classes B and C. High-voltage halogen
lamps, directly operated from a 230 Volt supply, are only more compact, but often no brighter or
energy-saving than normal incandescent lamps. This is reflected in their allocation to efficiency
classes between D and F. LED bulbs and energy-saving bulbs fall into energy class A.

Energieeffizienzklassen

Lichtstrom in [Im]

0 10 20 30 40 50 60 70 80 90 100
elektrische Energie in [W]
The most important criteria for buying new lamps are:

T working life
9 light performance (the bigger, the better)
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color rendering (light color quality index)
brightness after switching on
number of turns before the lamp stops running

= =4 —a A

mercury content

8.5. Motion detectors and dimmers

Motion detectors and dimmers are part of lighting management systems. Lighting control systems
play an important role in the reduction of energy consumption of lighting while enhancing occupant
comfort and productivity. Lighting management provides flexible control over the lighting in the
spaces and supports energy savings by reducing the amount of power or amount of time a lighting

system is in use
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