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LEDs—the maturing of solid state lighting
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Who iIs greenlight-energy?

Advise, consult and provide solutions in the Middle East region

» Renewable energy production
» Solar
> Wind

= Energy efficiency
» Electrochromic glass
» LED lighting

= Sustainable building products
» Hycrete hydrophobic concrete
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A Step back in lighting history...
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Incandescent  Mercury Fluorescent Infrared Metal CFL GaN* High-Power
Vapor LED Halide LED LED

1880 1900 1920 1940 1960 1980 2000

» 1962 — First LED developed by Nick Holonyak at Bell labs. Novelty...
 Late 60’s low output red LEDs find commercial application in indictor lamps
* Mid 70’s — Green LEDs develop

» Early 90’s Blue LEDs developed by Nichia in Japan

 Late 90's HIGH BRIGHTNESS LEDs and the birth of solid state lighting
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Electrical Model

l Ifurward
(Electrons)

Vo rward An LED is an electrical device
- that emits light (photons) when
v isible a there is a electrical signal
(Photons) across it.

In the case of the one in the
picture the light emitted is
orange.

Courtesy of Lumileds
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Light Emitted Forward

LED Chip Lamp type, through whole

Reflector

PC Board

Light Emitted Forward

Cathode Lead —

Plastic Lens

~_Silicone
~  Encapsulent

InGaN
: . 2 Semiconductor
; R Cathode Lead g Flip Chip

Solder Connection

Cathode Heat Sink

7 Reflector Cup
Heatsink Slug

Courtesy of Lumileds
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Notebook PCs with LED Backlit
Displays

| (- i
+ -
Dell Latitude D430

Apple MacBook Air

HP Compaq 2710p W
SR
I

Automotive and yes HEADLAMPS!
LED Headlamps

2008 Cadillac Escalade
Platinum

2008 Audi R8 |

2008 Lexus LS 600h

BUT WE ARE INTERESTED IN ILLUMINATION
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Husiespelioc \Why LEDs for lighting?

Energy Efficient
LEDs save between 80% and 30% of the energy consumption of incandescent and
compact fluorescents (CFL), respectively

Long life
LEDs last more than 20x or 5x longer than incandescent and CFL, respectively, which
lowers maintenance cost (no bulb to replace and lasts more than 15 years)

Environmentally safe

All fluorescent lamps and tubes including CFL, contain mercury (considered a toxic
waste everywhere in the world). LEDs have no toxic materials and emit no harmful UV
rays.

Virtually unbreakable
LED fixtures are extremely durable which is an advantage to builders and consumers.
Lightweight durable fixtures will simplify and lower total installed cost.

No heat produced
LEDs do not radiate heat in the living/office space. This can help lower AC energy
consumption since the lights do not contribute to “heating” the interior of rooms.
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What should you look for?

» Quality of white light:
» Color temperature: (CCT)
o Warm tones 2700-3500K, skin tones look better under warm light that is
why incandescent lighting is so popular in the bathroom.
o Fluorescent lighting is “cool” around 5000-6000K
» Color Rendering (CRI): how well you can “see” color under the light
» Radiation pattern: wide vs narrow beam

* Reliability: 30 8000K
» 35-60K hours
» How well is it cooled? (HEAT SINK)

» Cost and payback

Luminous Flux

« Efficiency - _/solid-State
~< Lighting
« Manufacturer Color Rendition ™ Technology

4 ah O 1

New Functionalities
Intensity - Color - Time - Space\’
Biomeadical Technology
Healthy Lighting

Communications
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Luminaire design — components in a fixture

Tertiarv optics
Plastic tertiary optics can be designed to provide
any desired light distribution pattern

Collimators

Injection molded plastic collimators maximize
light collection from LEDs (over 90% optical
efficiency) and offer a wide choice of beam widths.

Clustered LED arravs

Clustered high brightness LED modules assembled
onto a metal core printed circuit board. Rehable
connections provide mechamical sturdiness and
good electrical and thermal conductivity.

Heat sink
Heat management for optimal system efficiency

"‘“*‘—h_“ Driver
DC current power supply with any control
functionality possibilities
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WHAT IS CRI?77?

CRLEE40
s s 28
Fus

/

“The color rendering index (CRI), is a measure of the ability of a light source to reproduce
the colors of various objects being lit by the source (100 is the best CRI).”

Na vapor light

Light source CRI

Sunlight 100

W filament incandescent light 100

Fluorescent light 60 - 85

Existing Phosphor-based white LEDs/OLEDs | >90 LEDs
40

Courtesy F. Schubert (RPT)
and &. Jabbour (ASU)
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A comparison to other types of lighting

\ i\ﬂi \3:
Lumens/W 14.5 50-60
Life - hours 750-1000 1000-3000 6000-15000 50000
UV/IR ? Yes Yes Yes No
Mercury ? No No Yes No
Dimmable ? Yes Yes Few Yes

On/off issues? Yes Yes Yes No
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Light Source Efficiency Trends
180
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Cree R&D Best . -
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i -~
120 Current XLamp® LED S
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1 Year Ago XLamp® LED

Lumens/watt

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

CREE®

LED Light

Copyright © 2008, Cree, Inc. mark_mcclear@cree.com
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Do they really last long?

100mA

HIGH TEMPERATURE TEST

150mA

Test method © Ta

60degreesC
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This test is run at 60°C

They do not abruptly die but rather their intensity reduces gradually over time
At 50,000 hours or so the human eye may perceive the drop in intensity

Yes!!l LEDs do last for thousands of hours...
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Energy Efficiency and Renewable Energy

Bringing yeu a praspanaus fuluns whara anangy i claan, abundant, raliable, and afordable

Table 2: Comparison of Recessed Downlight Lamping Options

65W BR-30 13W 4-pin

Flood Spiral CFL Ly
Luminaire light output, initial (lumens) 570 514
Luminaire wattage (W) 65 12
Luminaire efficacy (lm/W) 9 42
CCT (Kelvin) 2700 K 2700 K 2700 K
CRI 100 82 95
Center beam candlepower (candela) 510 ed 154 d 280 od
Beam angle (degrees) 55° 120° 105”
Average luminance at 557 (cd/sq meter) 16161 11862 14107
Dimmable Y N Y

Based on photometric reports for three products.
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Can it really save me money??

,__,[ﬁ'a':
| Save energy and meney by switching to
[[4) the new groenightanergy 5W MRE
Mo TR Mo fTLung

Warm or' Cool gt
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arm or cool ight
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K calculations exp

Energy savings calculation Summary

Date 08/09/2008 Energy reduction 86%

Customer HORHRHHH, Kwh reduction fyr 63000

Contact name HORCHOH R, CO- reduction tonsfyr 31.5

Related Quotation No. GLE 0209 15 Flertricity savings AFD fyr 2079n
Savings roadmap

vear 1 vear 2 vear 3 vear 4 LWvear g

Electricity savings AEDvr 20730 20720 20720 20790 20790
Halogen replacement costs AEDfAr Fron 7000 7000 7000 7000
LED replacement costs AED M SECO0 a a 0 0
Transformer replacement costs AED 17500 a a 0 0
Total AED savings fJAED -45710 -17920 9570 3766l 135950

5W LED MR16 replacing 35W Halogen MR16

Using 0.33/kWh for Dubai
On 10 hours/day, 300 days/year




IS s EMS example in DUBAI

Fixtures used

Lighting = ~ 5W/m?
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greenfight-energy
Leading e wiy Yo 4 green fotine
It is hereby certified that
Energy Management Services

Of
Dubai, UAE

Having installed a greenlight-energy LED lighting system have reduced their
lighting energy consumption from

2299W to 845W
A saving of 4362KWh/yr
Equivalent to 2181Kg COz/yr
greenlight-enargy LLE, Dubai

A 63% reduction

wwnw graanlight-anergy. com Rober Vishwsager - General Managsr

"Bosed on sstimated vesge of 200dayssT, 10hiday, slectricty gonsrated fom gas
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More Examples...

All LED kitchen ~150W (earlier 700W)
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Better Day BP - Racine, Wiaconain

Fresr Even LED Listmras Oas Branon

“Werathe first ones in the world, period. to use all LED
lighting for a gae station. . .tha product ie Lnbalizvable; it gives
everything a very clean look. You can stand under it,
wour car looks clean, your shoes look dean”

Courtesy of Betal ED

Restaurant: 948W with LEDs, 5135W with
65W incandescent
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ENERGY CONSUMPTION...

Can you really reduce energy consumption significantly by being “EFFICIENT?”

Per Capita Electricity Sales (not including self-generation)
(kWhiperson) (2005 to 2008 are forecast data)
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So, Can you really make a difference with LED lighting?
Lighting accounts for 19% of electricity use

Potential savings up to 40%

106 billion Euros in electricity costs/year
(40% savings @ EUR 10 cts/KWh)

555 million tons of CO, emissions/year

More than 1.5 billion barrels of oil/year

Output of more than 530 power plants
(@ 2TWh/yr)

All possible with available technology Sources: Intemational Energy Agency (IEA)
World Resource Institute [WRI)
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1. Traffic Signals
* Quality and consistency: LED technology is standard
* Reliability: 7 years and counting without an LED failure
o Supportability: 23Million LED Chips (Luxeon in this case) delivered
 Payback: <2 years on energy savings
3.4 TWh of energy saved/year
e 2,720,000 tons of CO2 removed

2. Refrigeration
e Quality and consistency: 100% customer acceptance
» Reliability: LEDs last even longer in cold temps
o Supportability: 450 stores deployed
 Enhanced customer shopping experience

Courtesy
of
Lumileds
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theweyio cpeen fiine NEW Way Of thinking

Traditional thinking

New thinking

Single “source of light”
Bulbs will be changed
Technical lifetime
Replacement
Separate fitting

>10-15 W/sgm for lighting in a space
On/Off/Dimming

Multiple sources of light
LEDs may last longer than occupancy
Economical lifetime
Sealed for life
Integrated into solution

< 10 W/sgm for lighting
On/Off/Dimming + location/color/direction
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What is heat sink and why is it important??

« LEDs do produce heat and it is critical to keep the diode cool so that one can achieve
the long lifetimes. Itis just like any semiconductor device (think of your computer...)

* “Normal” lighting radiates heat, for LEDs the heat is “conducted” away by using a
good thermal conductor in contact with the LED.

/-O\ INEErfAce  mu———

Traditional Luminaire:
Lamp and reflector inside
box LED Luminaire:
Heatsink on one side;
LED and QOptics on the other

Metal Core Printed
Circuit Board

Heat Sink




