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LED is an acronym for Light Emitting Diode. It is an electroluminescence semiconductor device. While electricity flow through 
the LED, electrons(-) recombine with holes(+) at junction of two doped semiconductors, which causes emitting a photon 
whose energy is determined by the band gap of the material used.

Luminous flux: It is a measure of power of light in visible spectrum. In other words, it describes the quantity of the output 
light, visible to humans, from a light source and its unit is lumen. In the case of a lighting fixture, it is used for the output light 
from the luminaire after optical losses. For luminaires with traditional light sources, generally the electrical power is used, for 
instance 4x14W; however, with LED luminaires it is best to use luminous flux to describe a luminaire.

Efficacy: Efficacy of a light source is its capacity to produce light. Electrical light sources convert electrical power into heat and 
light. The ratio of the heat and light determine how efficient a light source is. In short, it is luminous flux divided by consumed 
power. The efficacy of LEDs used in ARLIGHT’s luminaires is minimum 100 lumens per 1 Watt and for mid-power class LEDs 
this value increases up to 180lm/W. 

Illuminance: It is used to describe how much a surface is lit. Illuminance is found by dividing total luminous flux incident on 
surface by its area and its unit is lux. The required illuminance levels for various places is shown on pg(195) according to EN 
12464-1.

CCT (Correlated Color Temperature): The color of a white light source defines its color temperature. On color space, white 
light is defined on not a singular point but rather in a region. In this region, white light shifts from yellowish white to bluish white. 
CCT is defined by using black body which emits light when it is heated. What is special about black body is that it emits through 
all of the spectrum, which consequently means that it can emit perfect white light. Therefore, when white light is described as 
4000K, it means that if we heat the black body to 3727°C, it emits the white light with same color.

CRI (Color Rendering Index): Color rendering index of a light source shows its quality to reveal true colors of the objects 
compared to natural light source. White light is composed of several colors and their mixing ratios determine the CRI value. 
It ranges from 0 to 100 and there are 15 different wavelengths chosen to calculate CRI. For interior lighting, minimum 80 is 
recommended. As long as optics used in luminaire is high-quality, the CRI value of a luminaire is determined by only the light 
source.

During manufacturing process of LEDs, fluorescence material coating is used to convert blue light to white light. Due to this 
stage’s complications, LEDs are made in various colors centered on targeted color temperature. Therefore, manufacturers 
simply classify LEDs into different groups which are defined by ANSI (American National Standards Institute) binning. Below 
is the binning diagram on color space.
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UGR (Unified Glare Rating): Every light source begets a certain amount of glare. UGR is used to determine that 
amount and it is calculated by dividing the sum of luminance of each luminaire in an environment by average 
illuminance on the background of the luminaire. The rating that it must be under is stated in standards. In European 
Norms, EN 12464-1, the required values can be found. 

LM79: LM-79-08 has been composed by IES(Illuminating Engineering Society) to have consumers be properly 
informed about the luminaires. Misleading information and inappropriate conventional test methods are tried to be 
avoided. LM-79 does not state any requirement for a luminaire to fulfill. Instead, it dictates the procedure of testing.

This procedure is described to measure following:

• Luminous flux (lm)
• Electrical power (W)
• Efficacy (lm/W)
• Optic properties (CCT, CRI…)
• Light distribution

LM-79-08 can be applied on only whole luminaires, which encompasses heat sink, LED, optic components, control 
gear, etc… This is due to effect of heat on LED. Therefore, LM79 states that LEDs tested apart from luminaire 
cannot give correct information.

LM80: Same with LM-79, LM-80 has been composed by IES with same goal. Similar to LM-79, it is test method 
but not for luminaires instead for an LED.

LEDs have a little common with conventional light sources in terms of aging. If the necessary conditions are met, 
their lifetime is infinite. However, their light output degrades over time due to high temperature, moisture, etc… 
After some point they need to be replaced and for this generally accepted notion is that when an LED’s light output 
decreases to 70% of its initial light output, it has run its course. LM-80 aims to address how to measure correctly 
luminous flux of LED over a long period.
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Moreover, LM-80 does not project lumen maintenance after test period. The resulted data is used by another method 
(TM-21 generally) to project further data. 

MacAdam: MacAdam ellipses are the regions that people will not be able to detect the differences between different 
colors on CIE color diagram. Although there may be differences between people’s visions, it will not alter a lot when 
average visions skills of people are considered. According to these vision skills, people can distinguish the colors in 
certain levels. MacAdam has worked on this concept to make it more scientific and did some experiments. Nowadays, 
the results of these experiments are called as MacAdam ellipses. We cannot differentiate different colors in the MacAdam 
ellipses. During the phosphorus coating of LEDs, it is hard to achieve to produce same color as desired. Therefore, 
products in different color spectrums will appear. To classify these products, MacAdam ellipses’ scaled version is used. 
For example at 3200K centered MacAdam ellipses are as follows:

Advantages of LEDs
The most consequential advantage of LED is that they are significantly more efficient when compared to other sources 
of light. The LED technology which is still developing became the pioneering technology in its class. Most of the LEDs 
available are able to produce luminous flux up to 100lm by using 1W of power. The reason behind this minimum value 
is aligning the LEDs in which they are so close to each other so that they will produce more light. However, this leads 
producing more intense heat and affecting LEDs. In the name of efficiency, they may even reach to the high values such 
as 180lm/W. The LED producers are forecasting the lm to W ratio will reach well above 200lm/W and as of 2014 Q1 
experimental LED has been announced with 303lm/W efficacy.

Besides the high efficiency, since the source of the light is radiating in one way, the losses occurring due to the 
reflections in the armatures will be prevented. Because of this reason, the products, such as downlights, spots and 
troffers, have the efficiency much higher compared to others.

In addition, another advantage is that the lifetime of LEDs is theoretically unlimited. However, in practice, LEDs are 
assumed to fill their lifetimes when their light output is down to %70 of their initial value. A misleading notion about 
LEDs is that they have lifetime of 50.000 hours which is a wrong argument owing to the fact that this time interval can 
be decreased to 1000 to 10000 hours with a bad thermal design. We know that, with a successful thermal design, 
their lifetimes can be above 100000 hours. When a LED which works 10 hours per day is considered, this duration 
corresponds to 34 years.

LEDs are occupying less space compared to other light sources. This provides elasticity in designing the layout of 
luminaire. Since the light emitting surface is small, optic lenses can be used. With these lenses, the light emission can 
be manipulated and desired light distribution can be obtained easily.

Since LEDs do not contain mercury and harmful gasses it is eco-friendly. Their high efficiency and low power factor is 
beneficial to both consumers and government. Due to small power factor, losses at power grid become minimal. They 
do not require capacitors for compensation and it minimizes the cost. In the case of fluorescent sources, for instance, 
dimming can be problematic because they are not supposed to be turned on and off frequently. On the other hand, this 
is not the case for LEDs. Since dimming is easier, also there will be savings in the consumption of energy. 
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Illuminance Levels
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Class of Protection
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IP Class of Protection
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BATHROOM PLAN BATHROOM CROSS SECTION

Wet Location - Lighting Fixture 
IP Classification

Zone O:  Inside of bath tub, shower cabinet etc, at least IP67 and low voltage (max.12V)

Zone 1:  225 cm over wet surface, minimum IP65

Zone 2:  60cm around wet surface, at least IP44

Zone 3:  Other areas excluded Zone1 and Zone2, IP is not required

IMPORTANT:  If wet surface is cleaned with 
high pressure water. Zone1, Zone2, Zone3 the 
min protection must be IP65
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IK (Resistance to Mechanical Impacts): There is always a risk for electrical equipment that they can be 
exposed to mechanical impacts which can cause mechanical stress on the product. For this reason, an 
international rating system has been founded to indicate the protection level of the housing to external 
impacts. 

Testing can be done via 3 different methods: spring hammer testing equipment, pendulum hammer 
testing equipment, free fall testing equipment. For each IK rating, the required impact energy is 
depicted in table below: 

IK RATING

Energy (Joule) 0,15 0,2 0,35 0,5 0,7 1 2 5 10 20

Radius (mm) 10 10 10 10 10 10 25 25 50

Pendulum Hammer OK OK OK OK OK OK OK OK OK

Spring Hammer OK OK OK OK OK OK Not OK Not OK Not OK

Free Fall Not OK Not OK Not OK Not OK Not OK Not OK OK OK OK

Material
Polyamide-Steel P P P P P P Ç Ç Ç Ç

IK 01 IK 02 IK 03 IK 04 IK 05 IK 06 IK 07 IK 08 IK 09 IK 10

IK CODE

IK 00

IK 01-05 IK 08

IK 09IK 06

IK 10

IK 07

500 g

500 g

1,7 kg

5 kg

5 kg

20,5 cm

20 cm

40 cm

20 cm

40 cm

IK CODE




