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Artificial lighting technology is constantly evolving; in addition, the principle
of lamp operation differs based on the operational technology used.
Incandescent bulbs’ operation is based on incandescence, or thermal glow.
Compact Fluorescent Lamps (CFLs) operate on the principle of fluorescence.
while Light Emitting Diodes (LEDs) light up due to the transmission of
electrons in semiconductors.

Therefore, the basis of choosing any of the lamps mentioned above varies
based on their operating techniques.

Incandescent Lamps

An incandescent lamp produces light when the tungsten wire filament is
heated to a high temperature (around 2,000 degrees Celsius) by an electric
current passing through it until it glows. 90% of the
electrical energy used to operate the bulb is transferred
to heat; in addition, the average rated life of the
incandescent lamp is around 1,200 hours.

Although incandescent bulbs do not have a direct impact
on health, their low efficiency has indirect effect on the
energy consumption. The intense emitted heat increases
the demand on the cooling load; this increases the
demand for electricity and burning of fuel to produce
electrical energy, which leads to the emissions of harmful
gases that affect the health and the environment.
Therefore, since 2005, many countries have taken
measures to ban the use of inefficient incandescent bulls  Figure 1. Incandescent Lam
that consume a large amount of energy and replace them

with more efficient lamp. In 2012, many countries around the world banned
the import and sale of incandescent bulbs of 100 watts and more.




Fluorescent Lamps

) Figure 2. Shapes of Compact Fluorescent Lamps.
The central elementin a

fluorescent lamp is a sealed glass

tube. The tube contains a small bit of

mercury and an inert gas, typically argon, kept

under very low pressure. The tube also contains a

phosphor powder, coated along the inside of the glass.

The tube has two electrodes, one at each end, which are wired

to an electrical circuit. When the lamp is turned on, the current flows
through the electrical circuit to the electrodes and electrons will migrate
through the gas from one end of the tube to the other. This energy changes
some of the mercury in the tube from a liquid to a gas. As electrons and
charged atoms move through the tube, some of them will collide with the
gaseous mercury atoms. These collisions excite the atoms, bumping electrons
up to higher energy levels. When the electrons return to their original energy
level, they release light photons. When a photon hits a phosphor atom, one of
the phosphor’s electrons jumps to a higher energy level and the atom heats
up. When the electron falls back to its normal level, it releases energy in the
form of another photon and the phosphor gives off white light we can see.
Manufacturers can vary the color of the light by using different combinations
of phosphors. The average rated life of the fluorescent lamp is around 6,000
hours.

Fluorescent lamps are energy efficient; they consume 75% less energy

compared to incandescent lamps. In addition to that, they save on the cooling

load because they emit less heat.




Fluorescent lamps contain a tiny amount of mercury up to 5 mg, mercury does

not pose any danger unless the lamp breaks or if it is disposed of with house-

hold waste. Take the following actions if a fluorescent lamp is broken:

* Open the window to ventilate the place for several hours.

* Close air-conditioning vents.

» Collect the broken lamp by cardboard or adhesive tape, place it in a glass jar
or in a plastic sealable bag, and cover it well.

* Do not use a vacuum cleaner unless the mercury is totally removed.

* Deliver of the jar of mercury to the authorized parties, do not throw it in the
household waste.
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Light Emitting Diodes (LEDs) ! A\ o2
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Light emitting diodes (LEDs) are not lamps; they

are light sources that use semiconductors and

electroluminescence to produce light. LEDs are ? !

very efficient and their average rated life is around
50,000 hours. Figure 3. Shapes of Light
Emitting Diodes.
LEDs use solid-State Lighting to produce light from a semiconductor. To
simplify its operation, LEDs produce light when electrons move inside a
semiconductor. A semiconductor has positively charged layers containing
holes (anode), and negatively charged layers containing free electrons
(cathode). When an electric charge passes through the semiconductor, it
activates the flow of electrons from the cathode to the anode layers and
the excited electrons sendoff light when they fall into the layers of positively
charged holes.

LEDs are not high-energy consumers, do not emit heat and do not contain
any harmful materials. One the other hand, several studies have proven that
LEDs can be harmful to the eyes in case of direct eye exposure to the light
source, especially to children and the elderly. It is therefore recommended to
use LEDs in indirect lighting and unexposed light fixtures.
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BrightWhite

- 3500-4100K

- Energetic, lively

- Good for kitchens &
workspaces

Daylight

- 5500-6500K
- Crsip & refreshing
- Good for reading

How to Evaluate Energy Efficient Lamp

®

Luminous Flux: is the amount of the power of light
emitted from the source and is measured in lumens.
Efficacy: the efficiency of light bulbs and it is measured by the
amount of visible light emitted from the source (lumens) per watt (lumens/watt)
Lifetime (hours).

Power rating (watt).

Price.

Color Correlated Temperature (CCT): is a measure of the color of the light
source and is measured in Kelvin as shown in Figure 4:

Replacing lamps with Energy Efficient Lamps:

Usually, lamps are selected based on their power rating in Watt, high power
rating will result in more luminous flux. As incandescent lamps have been
widely used ever since Thomas Edison invented the light bulb, the choice of
energy efficient lamps will be based on their comparison to the incandescent
lamp. One must take into account the color of the lamp, as these lamps are
made in different colors depending on their use, it is advised to use warm
colored lamps in homes and daylight colored lamps in workplaces as shown in
Figure 4.

Compact Fluorescent Lamps (CFLs): The main indicator for choosing CFLs is
the power rating in Watts. The CFLs power rating is multiplied by 4 to obtain
the power rating of the replaced incandescent lamp. For example, in order

to replace a 100 Watt incandescent lamp, select CFL with a power rating of
around 25 Watt (25x4=100).

®



Light Emitting Diodes (LEDs): Since LEDs are not light sources and their
technology is continuously evolving, the indicator for choosing the LED is the
luminous flux (lumens). For replacing a 100 Watt incandescent lamp, select
LEDs with 1600 lumens light output. The following table shows the amount
of luminous flux produced by an incandescent lamp based on its power rating
for comparison in the event of choosing light emitting:

zLuminous Flux (lumens)

Power Rating

40 450
60 800
75 110

100 1600
150 2600

For comparison, the following table shows the specifications of the most

common used lamps:

Incandescent Compact Light Emitting
Lamp Fluorescent Lamp Diode
Average Rated Life (hrs) 1,200 6,000 50,000
Power Rating (W) 60 13-15 6-8
Efficacy (lumens/W) 18 75 97
Operational Expenses
2.630 0.657 0.350
(KD/yr)*
Toxicity No mercury Contains mercury No mercury
CO, Emissions (kg/yr) 920 230 123
Emitted Heat (BTU/hr) 85 30 3.4

*Based on 6 hrs operation daily per year (10 Lamps)




Do You Know?

« Artificial lighting is the
second energy consumer after air-
conditioning

* Any saving in lighting energy has an indirect
effect on the cooling load

» Every Kilowatt hour of electrical energy generated produces
around one kilogram of CO.,,.

* Using 10 100 W incandescent lamps for 10 hours consumes around 3,650
Kilowatt hour of electrical energy and costs more than KD 140 per year

* Using 10 100 W incandescent lamps is equivalent to using 40 CFLs and 125 LEDs

« Although the upfront cost of LEDs is very high their rated life is around 50
times longer than the incandescent lamps.

Other Tips

In addition to replacing inefficient lamps with more energy efficient ones and
controlling them efficiently, it is recommended to do the following in order to
reduce lighting energy consumption in your home:

» Use light colored painting and furniture, which in turn helps to better reflect
light.

» Develop a clear vision for the furniture arrangement and distribution during
the design phase of your house before the lighting design to get the best
illumination and avoid adding more lighting points that will increase the
energy consumption. Figure 5

» Take advantage of natural lighting as much as possible by using highly
efficient windows. Figure 6




Drag and drop furnture into the fleer plan

Figure 5. Furniture Distribution.



Figure 6. Use of Daylight.



Lighting Facts™

'eLight Output (Lumens) 840

[eWatts 9

leLumens per Watt (Efficacy) 93
Color Accuracy 87 o

Color Rendering Index (CRI)

Light Color 3100 (Warm White)

Correlated Color Temperature (CCT)

Warm White Bright White Daylight

2800K 3200K 4500K 6500K

Visit www.lighting-facts.com for the Label Reference Guide.

Al results are according to IESNA LM-79-2008: Approved Method for the Electrical =
and Phofometric Testing of Salid-State Lighting.
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