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What are they?
What do they do?
Who uses them?

Where can | use them?
— Applications

Why should | use them?
Who can help me find out more?




Why the buzz

(LED
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“Why LED's?:

LED's have begun to light the
future with their capabilities of

reducing power consumption
by 80% over conventional
lighting.”

“Their "light" span is a
minimum of 10 years for
commercial usage, and a
minimum of 25 years for
residential applications.”

“Besides eliminating the
environmental hazards of
mercury in fluorescents,”

“LED's quietly illuminate with
the closest look of natural
daylight”

Lo Green Power

www.ledgreenpower.com
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Everyone seem to have their
hair on fire to use LEDs

GE- 1w led = 35 lumens,

7w led = 200 lumens (28 l/w)
— 60w Inc =14 llw
— 26w CFL =31 l/w
— 32w T8 = 90+ l/w
— 150w CMH =75 liw
LED life usually = 50,000 hrs
— Incandescent = 1,000 hrs
— Halogen = 3,500 hrs
— CFL =10,000 hrs

— 4’ T8 fluorescent = 30,000 to
46,000 hrs

— Induction = 60,000 to 100,000 hrs

LEDs have many exotic chemicals
used in them and in production.


http://www.ledgreenpower.com/index.asp

LR
Northwest Trade Ally Network
Commercipl & industrial Lighting

*"LED's quietly illuminate with the closest look of natural daylight”

Led light compared to daylight

VIGC study: 2 different light sources used In spectrophotometers

C.LE. DAYLIGHT

LED
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What is an LED?

 Light Emitting
Diode
— Color
— White
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How do LEDs work?

* Like a normal diode,
the LED consists of a
chip of
semiconducting
material
Impregnated, or

doped, with

Impurities to create a

p-n junction.
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LED basic components

 LED chips are
made of silicone
(like computer
chips), and then
mounted In a
“package” that has
electrical leads and
sometimes heat

sinking. Package
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Heat management

« Getting heat away from
the junction is critical to
LED performance;

— Life
— Light output

 The package is then
attached to a heat sink,
that then becomes a
part of; either a “lamp”
or a luminaire

Luminaire



http://www.philipslumileds.com/
http://www.philipslumileds.com/
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« Which can make
for small sized
fixtures
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* If the fixture/ lamp is too small,
and/or the power is too high,
then over heating can occur.

* Lumens/watt can be reduced at
a # of points:
— Chip has X lumens/watt
— Package has less
— Powersupply = less still

— Luminaire = still lower I/w than the
original chip.
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Most LEDs are directional

« Thechipis
located In a
little reflective
cup that sends
the light in a
direction.
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LED light distribution

* Which makes them
good for applications
that require a spot
light.

(@)

TRAFFIC SIGNAL LANTERN
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LED light distribution

 But not so
good for
applications
better suited
to omni-
directional
lamps.
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LED light distribution

Light Cones Emitted by Clear and Diffuse LED Lenses

« Some LEDs
have diffusion
lenses to
spread out the
light, or don't
have the
reflective cup.
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"White” LEDs

« White light
LEDs are
generally made
by taking a blue
LED and
“doping” it with
yellow

phosphors {©fw e % (i\é

Phosphor-Based White LED Emission Spectrum
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LEDs & color

« Many “white”
LEDs are a
pale blue color,
6500 to 5000
Kelvin's.
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LEDs & color

 They are sometimes
available in a
“warm” color
temperature, but
this is often fairly
cool also. (3500 to
4500 K)

e Its just warmer than
“cool”

4,000 K 6,000 K
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LEDs & color

* |f what you
are expecting
IS like
Incandescent,
(2700 to 3000
Kelvins), then
you may be
somewhat
disappointed.
They don't

usually come
that warm. 3,000 K 4,000K 6,000 K
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LEDs and color

The cool color
looks like metal
halide, which
can make them
a good fit for
exterior
applications.

Note the yellow
HPS on right and
the bluer LED on
the left.
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Applications

 Freezer case

» Undercabinet / Task
 Recessed

« Outdoor
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» Left: Fluorescent-lighted freezer with
an average illuminance of 2871 Ix.
Right: LED-lighted freezer with and
average illuminance of 2470 Ix.

 The LED freezer provided an even
Illuminance uniformity across the
freezer case. This led to greater
preference for the LED freezer, even
at a lower average illuminance level.

« White LEDs of different distributions
were used to effectively and
uniformly illuminate the freezer
Interior.
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http://www.lrc.rpi.edu/
http://www.lrc.rpi.edu/programs/solidstate/assist/index.asp
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Lighting Supermarket Freezers with LEDs

« The potential exists now for LED lighting in commercial
refrigeration to match or even surpass fluorescent lighting
In terms of shopper satisfaction.

« Shoppers in this study showed greater preference for the
LED freezer, most likely because of its better illuminance
uniformity and higher CCT.

« Atadimmer light level, LEDs are now at a “threshold”
efficacy where they fall slightly below the enerqgy
consumption of fluorescent lighting without sacrificing
shopper satisfaction.

« Using 2006 LED light sources with a luminous efficacy of
45 Im/W, a dimmed LED lighting system would show a
savings of 14 W over fluorescent lighting in a four-door
freezer.



http://www.lrc.rpi.edu/
http://www.lrc.rpi.edu/programs/solidstate/assist/index.asp
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ASSIST recommends...

* Linear task
lights

Each cabinet features an LED fixture. The fixture on the right provides poor
uniformity and distribution, creating a central pool of light on the counter,
poor lighting on the backsplash, and dark areas on the counter.


http://www.lrc.rpi.edu/
http://www.lrc.rpi.edu/programs/solidstate/assist/index.asp

 Linear task

lights

18 in_xenon linear fikture

Average illuminance 204 lux

Minimum illuminance: 72 lux

Meeis recommendation for crifical tasks? No
Lnifarmity on counter: 3;1

12in_halagen two puck light bar
Average lluminance: 322 lux
Minimum Hluminance: 90 lux
Meets recoammendation for crticat {asxs?- Yes
Lnifomity on-counter: 4°1

14 watt 75 Iinear fixture

Average flluminance @05 [0»

Minimum lluminance: 128 lux

Meets recommendation for cntical tasks? Yes
Uniformity on counter: 3:1
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16 watt T4 linear fixture

Average illuminance: 408 lux

Minimum (lluminance: 140 Jux

Meets recommendation for critical tasks? Yes
Unifarmity on counter: 3'1

24in. high-power Lwhi‘.e‘ fixture 24in. 5 mm LED "wam wijte® fixture
Average illuminanc m Average 'llumlnanc

Minimum llumirance: 27 lux

Uniformity on counter: 3°1

Minimum flluminance: 7 lux

Meets recommendabion for critical lasks? No Meets recammendation for crtical tasks? No

Uniformity on counter: 22;


http://www.lrc.rpi.edu/
http://www.lrc.rpi.edu/programs/solidstate/assist/index.asp
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Under-cabinet Lighting Fixture Performance and Cost
Estimates are fora 24-in lo 28-in wide cabinet and provide an average of 350 Ix on the caunter

initial initial annual lamp annual lamp
POWer mpurchase installaton | replacement energy repliacement
light fixture type | per cahinet Cost cost cost cost frequency
source and number (W) (S) ($) ($fyr) ($/yr) (years)
halogen Y A 4
Sticks (23 W 522 542 5240 3430 2
“E““”Bﬁ‘”d“ 55W § 20 556 $ 150 § .50 7
Incandescent [ ‘
“E”D{“i .J‘"‘“"'*r 102 W % 60 <55 S250 % 11.20 7
Xenon strip 162 W 5 189 $ 112 § 980 §17.70 7
(1 A~
o T4 13 W 516 555 s080 5 1.40 /7 \
near = - -
it TE (1) 14 W § 29 S 56 S070 5 1.60 [ 7\
TB (1] 29W 547 556 S0.70 5320
Compact fmple U flat =W ,
ok 5 o) 15 W 518 542 S 280 5 160 7
5”‘T[':“Ear (g W 5 183 § 56 §20.00 7210 ges
LED"* 3 ""'FTEF.:““‘:‘ AW §79 542 S 9 60 % 0.90 g
high-power : - ve
fineat (1) AZ W S 147 5§55 5320 54 A0 W

"‘Becalt=e | =0 Iighting iz & relaiively new technplogy. perfomearce and cosl are chiangmg on & reguar base. Check for Lupdates o thiz labie ai
WWW IS i edulprograms’solidsiate/assisti recommends S30.

**Rated life of the LED source obly. fot diven 32 a Reture. The sctusl rated Ife for the fivturs may be less.


http://www.lrc.rpi.edu/
http://www.lrc.rpi.edu/programs/solidstate/assist/index.asp
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Recessed lights



http://www.colorkinetics.com/

LED fixtures need
to dissipate heat
differently than
Incandescent
fixtures

incandescent fixture

insulation
material

O

radian! heat

([N
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Dedicated LED fodure Non-dedicated fixure
with replacaable LED module wath LED replacement lamp
LED fixture with LED fixture with
heatsinking at heatsinking inside ceiling
ceiling plane conducted heat

insulation
material %

$$ ? ? ceiling piane

heat transfer

Heat transfer for two LED fixtures with different heat sinking options.


http://www.lrc.rpi.edu/
http://www.lrc.rpi.edu/programs/solidstate/assist/index.asp
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CREE  Ebuighting Solutions

www.creells.com


http://www.creells.com/index.aspx
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Display of recessed products at Lighting

BR30- 65 watt  Al19- 60 watt LED-B- 11.5 watt

LED-A- 15 watt
CFL-R- 16 watt
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16

14

12

10

Foot candles at 6'6" from various light sources

— LED-A-15w
== | ED-B-11.5w

— A-19- 60 w

BR 30- 60 w
—CFL-13.5w

—— CFL-R- 16 w

Data is

intended to
indicate

trends only
and not for

rigorous
scientific

2' 1"  Nadir 1 2 3 4' 5'

review




volumetric downlighting meets LED technology

« THE NEXT GENERATION IN CONTEMPORARY
DOWNLIGHTING IS HERE.
Aesthetically designed to deliver soft, even
illumination throughout a space, the
RT5D LED offers the largest lumen package
currently available in a downlight.
The energy efficient RT5D LED delivers 50,000
hours of safe and sustainable lighting for worry-
free maintenance.
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http://www.lithonia.com/
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42.5 l/w




LIGHTING

tomorrow

*Cree LED Recessed Down Lights
Win International Design
Competition for Second Straight
Year

*Recognized by U.S. Department
of Energy as First and Only Down
Lights to Exceed Energy Star®
Requirements

www.creells.com

[
Northwest Trade Ally Network
Com Aol & industrial Lighting

lllllllll dus!



http://www.creells.com/index.aspx
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LED Roadway lights

« The Municipality of Anchorage, AK,
USA has joined the LED City program,
an international community of
government and industry parties
initiated by LED maker Cree Inc of
Durham, NC, USA 10 evaluate, deploy
and promote LED lighting for
municipal infrastructure. The city’s
participation was announced in
conjunction with an energy-related
Initiative calling for the retrofit of all

\24.16,000 municipal roadway lights with

\ hlgh efficiency LED fixtures.
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Baseline — 100 watt high pressure sodium “cobra head” street light

High Pressure Sodium @ 15ft

System Watts: 133

m7-8
m6-7
05-6
04-5
03-4
m2-3
m1-2
mo-1




All of the
tests
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High Pressure Sodium @ 15ft

System Watts: 133

30 26 -2 18 -4 10 -6 -2 2 6 10 14 18 22 26

Beta LED @ 15ft

System Watts: 75

Metal Halide @ 15ft

System Watts: 97

IntenCity LED @ 15ft

System Watts: 73

a78
o6-7

n4s
034

w12
mo-1

Leotek LED @ 15ft

System Watts: 62

1st Source Induction- QL @ 15ft

System Watts: 75

Relume LED @ 15ft

System Watts: 70

AITI Induction @ 15ft

System Watts: 82
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beta
cesnvann

« LEDway- street and tunnel luminaires

» Uniformity, control, and white light improve
safety.

» Modular Design

 Die-Cast and Extruded-Aluminum Housing,
Wet Listed

 Optional Backlight Shield
« Two-Level Option

* UL, Class |

* |ES Full Cutoff Optics

www.betaled.com



http://www.betaled.com/index.aspx

About 90 watts







Manufacturers product credibility.

* Are there credible testing methods
used for the product you are
considering?

« LM-79-08 Approved Method:
Electrical and Photometric e I\'\ ,
Measurements of Solid-State Lighting _ﬂ.“

Products P
+ LM-80-08 Approved Method: '// @

Measuring Lumen Depreciation of
LED Light Sources.

\

www.les.org/shop/
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Customer says: “| want to use LEDs!”

* Ask what their
goal is.
— Saving energy”?
— Saving money?
— Better lighting?
— Being “Green”
— Using the What is the

“Latest” embodied energy
In this product?
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OLEDs

OLEDs (Organic Light-Emitting Diodes) are thin, organic materials sandwiched
between two electrodes, which illuminate when an electrical charge is applied.
OLEDs are flexible, so they can be incorporated into things like wallpaper,
curtains and car interiors. GE has been developing OLEDs since 1999, and in
2003 they demonstrated a 2'x2' OLED light source
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Educational Oppoltinifies

Solid-State Llf TIHZ O ASSIST program

Solid-State Lighting News at the LRC

SS1L Home
Whitt is Solid-State?

An Energy-Efficient, Ultra-thin
LED Luminaire

Completed Research
2| ASSIST Progiam

Leaming About:SSL Downlights, accent lights, and veali-wash -
LRC Publications [uminaires using halogen or incandescen] . ’ ¥ =y
s gords o - o
Sponsors fampe are found In B percent ot all commaercial * 3 A .
5 office bulidings and & much higner percentage of : 4 ; \'&"
Events Calendar retal and residential applications. The Lighting ¢ T4
Site Map Research Center, with sgonsorship from the

California Energy Commigsion's PIER program
e ¢ expiored a new "uitra-thin' luminare concept for
SRl A A these apolications Eead more

:tarutttz

NSDL SCOUY REPORTS

More SSL news:

NYSERDA T

. LED Luminaire prfnrmanrp Changing Tradilion=z

http://www.Irc.rpi.edu/programs/solidstate/index.asp
ASSIST program

This site was funded by The Solid-State Lighting Program at the LRC

the llew York State Energy

Recem ch and Developmernt ) ) ) _— —
Authority and the ASSp:S'I' Solid-state lighting has the potentizl o revolutionize the fighting

progiam. industry Light-emittng diodes (LEDs)—commonty usad in signs,
signzls and displays—ars rapidly svoking 1o provide light sources
for general luminatlon: This fechnology holds promise for lowe!
enargy consurmplion and reduced maintenance

The Lighting Research Centes’s Solid-State Lighting Program
team conducts necessary research and educational programs
to enhance this tectnology, overcome battiers, and help it to
gain acceptance for genaral iIlimination purposes, The
program's muttdisclolinary staff focuses its efforts in the aress of.

» Lighting systems atud componedns research —
studying component interactions and their effact on system
perormance

« Humanfactors research — studying how people percelya
anc reactto ighting conditiens
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US Dspwroomet of Caergy

sl [a= 1:'{}
Im‘\’ﬂ ¥ Transforming the Lighting Landscape
The L Prize competition will substantially accelerate America’s shift from
inefficient, dated lighting products to innovative, high-performance products, Cepartment of Energy
MNews & Events : : . : ; Zolid-State Lighting
Just as Thomas Edison transformed illurnination over a century ago, the L Prize INEH L Y
will drive innoyation and market adoption
Competition Overview The L Prize is the first government-sponsored technology competition designed

ta spur lighting manufacturers to develop high-guality, high-efficiency salid-
state lighting products to replace the common light bulb,

Competition Requirements ;. . e
Competition Reguirements 7" (FOF 6 MB)

Program Partners
3 News & Events

L Prize Competition Adds Nine Mew Partners
About

Potentis! to yeach 200 meilfion consumers!  The U5, Departrment of Energy (DOE] announced
. it haz added nine new partners who agree to work
doin w cooperatively to promote the winners of the Bright
= Tormorrow Lighting Prize or L Prize competition,
- - The following energy efficiency organizations and
utilitiez each signed a Mermarandum of
Understanding with ©OEr DTE Energy, Sierra Pacific Power [now doing business with
Mavada Power as NV Energy)l. Eugene Water and Electric Board, Seattle City Light, Enargy
Trust of Gregon, Midwest Energy Efficiency Alliance [covering nine statas], MSTAR Electric,
Energy & Environmental Commonwealth Edison Cnmpan.',l,. anq.Cape Light Compact Si.xteen. par‘tners.Frn.m coast
to coast are now on board to bring utility: programs and other incentives for winming L
Impact Prize products:

Current Partners

Learn more

Learn more about solid-state lighting at the WS, Department of Energy Solid-5tate Lighting 7 website
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Northwest Trade Ally Network
Commercipl & industrial Lighting

e LIFI Street & Area 40-01 T
This iInnovative solid-state

250 watt lamp has 120 LPW,
30,000hr life, 95 CRI, rugged,
dimmable, instant on with no
restrike time, while being
programmable and
addressable.

*LIFI™ light sources use a
solid-state device to generate
RF (radio frequency) energy
to power a plasma light
source

www.luxim.com/



http://www.lifi.com/index.php
http://www.lightfair.com/
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Commercipl & industrial Lighting

What are the utilities doing?

#)

Seattle
City Light

il ’\ﬂ-'"

Northwest Trade Ally Network Northwest
Cammercial & industrial Lighting Eujldiﬂg
Efficiency
Center

SNOHOMISH COUNTY

L1 BN FOWER

»
PUBLIC UTILITY DISTRICT NO, 1 AN (DAZORP Comrpsstty



http://www.bchydro.com/
http://www.tacomapower.com/default.htm
http://www.portlandgeneral.com/
http://www.northwest-lighting.org/index.html

