LEDSs:
A closer look

Eric Strandberg, LC
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Our goal is to promote
energy efficiency through
qguality design

Energy effective practice that is better
than standard practice!

What is an LED?

»Light Emitting
Diode
» Color
» White

page



M

i

»How much light do I get (lumens or FC)
»How much energy do | save
»What is the light quality

» Color temperature (CCT)

» Color rendering (CRI)
» Color consistency (binning)

»Do | save any money
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»Like a normal diode, the
LED consists of a chip of
semiconducting material
Impregnated, or doped,
with impurities to create a
p-n junction.

p-type ' | n-type
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»LED chips are made
of silicone (like
computer chips), and
then mounted in a
“package” that has
electrical leads and
sometimes heat
sinking.

» Just because the chips
are high quality, does not

guarantee thatitisin a
high quality package
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»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

PHILIPS LUMILEDS"

Managing heat in power LED systems for
optimal performance

When designing a solid-state solution with power
LEDs, one cannot underestimate the
importance of the thermal system design, as
encapsulated in the phrase “Think Thermal First”.

-Rudi Hechfellner, Technical Marketing Manager
Philips Lumileds Lighting Company

»The package then
becomes either a
“lamp”, an “array
or a luminaire.

»Definitions of these
and other LED
components are
currently under
review

Lamp

Luminaire

e

Array B
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»Which can make for
small sized |
fixtures... and

potential problems

with heat dissipation

»If the fixture/ lamp is
too small, and/or the
power is too high,
then over heating can
occur.

16 watt

120 — 140 watt
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»Lumens/watt can be reduced -
at a # of points: & Y

» Chip has X lumens/watt . 4
» Package has less 100 lumens/ watt
» Powersupply = less still

» Luminaire = still lower I/w than the
original chip.

40 lumens/ watt

» Twatt — 250 lumens -40 Im/w
» 35,000 hrs
» 23K - 27K CCT

25 watt incandescent = 215 lumens
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60 watts
800 lumens
3,000 hrs

Halogen Inc.

CFL
15 watts
950 lumens
10,000 hrs

LED*
12 watts
810 lumens

25,000 hrs
*Sylvania Ultra A
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»White light LEDs
are generally
made by taking a
blue LED and
“doping” it with
yellow phosphors

Phosphor-Based White LED Emission Spectrum
1 -
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~If 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 4,000 K 6,000 K

*Warmer color has lower efficacy.

Photo courtesy Betaled

:{5 ------------ Brilliance

The cool color looks
like metal halide,(or
“moonlight”) which
can make them a
good fit for exterior
applications*.

Note the yellow HPS on

right and the bluer LED
on the left.

*Recent studies suggest that blue
light can effect melatonin
production...
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»“A” Lamp
»Recessed

» Par
»Qutdoor

» Parking
»LED “MR16”

LED Corridor Test Simulations
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35" long, with @ o

10’ wide entry ... ... ..
and 9’ ceiling. | e
Reflectances |.... ... ... 0
are (80/50/20). e T
All simulations .. .. ... voove
use 5 fixtures in [
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except where

indicated

**Foot candles are based on.nitial lumens in all cases as LED files do not . R _
include mean lumens. Appropriate light loss factor can be applied. All S'mUIatlons done w/ AG'_32 software and
manufacturer supplied photometric files as of @

DESIGN FEATURES

Exceads the light output and
distribution of a 66W BR30
incandescent lamp or an 18W
compact fluorescent luminaire
(lamp and reflector trim), while
consuming less than 14 watts.

/ Average= 7.0 Average= 8.4 Average= 9.9
Max= 9.6 Max= 11.4 Max= 13.6
Min= 3.1 Min= 3.9 Min= 4.2
Max/Min= 3.1 Max/Min= 2.9 Max/Min= 3.2

65 watt BR30 CFL-18 CFL-18
14.7 watts (19 watt) (19.3 watt)

Average= 6.7
Max= 9.2
Min= 3.2
Max/Min= 2.9

Does it save electricity? Yes, but, lower light levels.
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Hallway

Workplane

LR6 126
65W BR30 White Baffle 12.0

6' Spacing

lluminance Muminance

- @
s G0

18W CFL White Baffle 13.0
50W PAR30 White Baffle 146
Notes:

Six lights per hall, width =

6.6 101
31 11.2

8' Spacing

Wall Workplane  Wall Workplane
Mluminance Nluminance

52
4.0
5.1
26

10' Spacing

luminance

76
7.2
7.9
9.1

Wall
lluminance

4.0
3.2
4.0
1.8

Awa%e initial illurninance én footcandles, reflectances = 80/50/30, workplane height = 2.5, ceiling height =9,
; !

Average= 5.8
Max= 7.5
Min= 3.0
Max/Min= 2.5

Average= 7.0

Max= 9.6
Min= 3.1
Max/Min= 3.1

%7 %4 B4 Y3 Y5 B Y.E 7.4 .0 B Y0 T4 T Y7 7S

22 35 3t w3 w3 w2 o3 3.a 3.
3

Area =300.00 Sq.Ft
Total Walls = 350
Lighting Power Density =1.167 Watts/Sq.Ft
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Average= 12.5

Max= 18
Min= 5.9
Max/Min= 3.0

5.5 6.5 Y.z w8 B.4 W5 5.5 0.1 0.5 3.8 32.5 33.3 I4.6 34.8 145 2.5 1.8 5.2 Y5 .4 7.7 W6 5.2 R.5 30.0 0.8 12.7 32.6 13.5 4.0 140 136 32.5 105 %

B vs w3 s 57 0.z 3007 114 2z 131 143 1S3 e 2 s B T T ms a4 s 1m3 i e dze 137 1es afs dse 153 s 12z 1
¥ ws B3 307 114 M5 124 130 137 167 158 6 108 1352 1208 R im0 S.e 5.7 2003 303 111 M6 124 136 143 160 18 171 lee s e nf
52 101 1z 121 125 134 135 143 145 157 166 17.4 195 3 %E.3 143 1206 Y12 110 107 1008 1.0 Yz 17 1206 137 150 163 19.2) 17.3 6.3 155 14 1z
101 111 124 134 141 L7 151 158 I5E 160 164 16T 167 1153 143 132 120 W11 1006 2004 105 M08 14 120 131 Y48 IS 144 168 153 150 13s 1

3.5 323 336 366 2527 358 363 363 354 353 357 262 358 D52 353 343 3203 323 333 307 39.6 303 30 306 .8 3.3 32 337 363 157 35 353 e 329 30

s 73 77 w1 w3 w2 wa v o ey
£

Area=300.00 Sq.Ft
Total Watts = 112
Lighting Power Density =0.373 Watts/Sq.Ft.

Product/ Watts per Average FC** Max to Min
Lamping fixture on floor ratio

Incandescent
BR30

65 U b 3.1

19 120 8.4 114 3.9 29
CFL-18

I h e CFL-18 19.3 1215 9.9 136 42 32
re S u I tS CFL-26 28.6 168 11.7 16.5 5.8 2.8

LED-A 115 825 58 7.5 3.0 25

(94) (6.97)

*Total wattage includes
a 25 watt LV halogen

accent light in all 192 121 10.9 153 49 81
. . LED-C 102 4.1
simulations. (@) ©1) @2

LED-B 25 150 8.3 10.9 4.2 26

**Foot candles are LEDD 134 92 8 o 34 27
based on initial lumens
in all cases as LED files
do not include mean x4
lumens. Appropriate &
light loss factor can be

applied.

LED-E 147 98.5 6.7 9.2 3.2 28

29 112 125 18 5.9 3.0

All simulations done w/ AGi32 software and
manufacturer supplied photometric files.
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Covered Parking
Eric Strandeg, LC

Foom_Floor

llurninance YaluesF o)
Average=6.40 Marimum=11.4
Minimum=2.0  Awg/Min=3.20
t axsMin=5. 70

LPD-UWLR Areas
LPD&rea

ArealSq.Ft]=28500 Tatalwatts=5418
LPD[watts/Sg. Ft.]=0.190

Walug Value

[Fc] Color [Fc) Color
b= N P
e omE F mm
b5 EE fo
i ey |
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Fioom_Floor
llluminance Values[Fc)
Average=0.70 Marimum=16.2
Minimum=0.9  Avwg/Min=E.33
b amhdin=18.00

LPD-UWLR Areas
LPDArea

ArealSg.Ft]=28500 Totalwatts=2436
LPD(wf atte/S 0. Ft )=0.085

Fioom_Floor
lluminance Yalues(Fc)
Average=4.25 Maximum=6.1
Minimum=1.0 Avwg/Min=4.25
b axhdin=6.10

LPD-UWLR Areas
LPDAea

ArealSq.Ft)=28500 Total Wwatte=
2263.8 LPDw atts/Sq.Ft.)=0.079

Color [Fe] Color

e
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R oom_Floor
|llurninance ¥ alues(Fc)
Average=R1E  Maamum=129
Minimum=0.8  Avg/Min=E.45
taw/Min=16.13

LPD-UWLR Areas
LPDarea

ArealSo. Ft]=28500 Tatalwattz=
3355799 LPDMWwatts/SqFt)=0118

“Walug Value

[Fe) Color [Fe] Color
=" Il -
15 I |
s Il o |
[ I s

Summary table.

Average .
Product/ Lamping | “fas " \;:ZL FC** gn MaxFC | minFc | MexXtoMin
. - floor
Parking garage in the
simulation is 190’ 129 5418 - 114 ) 57
wide and 150’ long, 100watt MH 19 wisg’ : : :
with a 8’ ceiling.
Reflectances are LED-A 54 0:‘2’3‘: , 43 6.1 1. 6.1
(60/40/20). S
All simulations use 42 3355
fixtures in the same L=oH3 2 1 52 e 8
locations,
Generic 8’ strip 2436
2-32 watt T8 % 085 wisq’ B Le £

All simulations done w/ AGi32 software and

**Foot candles are initial lumens in all cases as LED files do not include mean . e
manufacturer supplied photometric files as of 6/2009

lumens. Appropriate light loss factor can be applied.
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About 90 watts

Could this
have been
done w/ T8
lamps for less
cost?
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High Pressure Sodium @ 15ft

System Watts: 133
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X and Y axis are in feet. Scale is in foot candles

o7-8
o6-7
05-6
04-5
03-4
o2-3
m1-2
mOo-1

LED LED
System Watts: 53 System Watts: 69

S I

Metal Halide (77w}

LED

System Watts: 73.7
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Product Wattage FC @0” FC @6” | FC @12” | FC @18” | FC @24” Rated
Beam
LED-1 4 80 14 15 0 0 10 deg.
LED-2 7 52 45 27 125 9
LED-3 5 13 12 115 8 7
LED-4 8 88 33 21 11 6 NFL
Halogen 20 84 82 47 12 5 36 deg.
IR
Halogen 35 295 202 65 11 9 24 deg.
IR
Halogen 50 136 127 86 50 18 40 deg.

Claims for performance rarely

match with measurements...
or critical observations

»LED-1 (4 watts) “This is a X-$ savings
compared to a 20W MR16 halogen
lamp”

»LED-2 (7 watts) “Compare to a 40W
halogen light output”

»LED-4 (8 watts) “Output 20W halogen
equivalent”
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—=—ED-1(4)

300
\ —=—LED-2(7)
250
\ —=—LED-3 (5)
200
\ —=—LED-4 (8)
150
’\‘\\ ——Halogen (20)
100
>\- \& ——Halogen (35)
50 T \
0 .&ﬂ —e—Halogen (50)

FC@0" FC@6" FC@12" FC@18" FC@24"
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»Are there credible testing methods used for
the product you are considering?

»LM-79-08 Approved Method: Electrical and
Photometric Measurements of Solid-State
Lighting Products

»LM-80-08 Approved Method: Measuring
Lumen Depreciation of LED Light Source

9}% Iluminating

ENGINEERING SOCIETY

»When the lumens
depreciate past a certain
point?

»When a component fails?

» Driver
» Lens
» Wiring

»What is under warranty

& by who?
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LEDs last a
long time...
until they don’t. ':

L I

»Ask what their goal is.
» Saving energy?
» Saving money?
» Better lighting?
» Being “Green”
» Using the “Latest”

What is the
embodied energy
in this product?
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BUY PRODUCTS THAT MAKE
A DIFFERENCE

/A L&, Environmental Protection Agency - U.S. Depanment of Energy
Abcut EHERGY STAR - llews Room - FADs - WIDE Seareh m
ENERGY STAR [RS8 iiomo improvamont | Now Homes | Buildings & Plants

Hame = Products = Lohtng = Lokt Fodures = Residential LED Lighting

http://www.energystar.gov

Products

Appharces Residential LED Lighting

Llé%htiﬂg(_ Advancing the effective use of light ;f

search"Center for soctoty and the envirenment |5 ﬁ - i

< - —
taree | alsoud us | newareai | publoations | sesrch (Ga ]

Edicational Opporiiediss

LRC o snis Roseaich Areas

http://www.Irc.rpi.edu/programs/solidstate

5 (Department of Energy
Energy Efficiency and Renewable ENergy s ovsjeospomas o frans whes snosp
< an, bRt 1SN R amd GTordTt R EEFE Harnw

Building Technologies Program

http://www.netl.doe.gov/ssl

ST 1 1Rs 1 =

Solid-state Lighti

DOE S5L Strateay Solid-State Lighting Portfolio Strategy

A

home, | abowt. | classes | commercisl | residential, Sponsors. | mochup. | infoctn | utility programs. | articles.

Sealtle.

weekly news. ,’S’SE:,N

Contact s

Project Manager
Michast Lana - e 126

Senior Lighting Specialist
Erie Slrandberg - ex 126

Lighting Specialists
Jalt Roboins - ex 122
Anraw Puttorak - ait 127

Librarian, Wabmasier & Fditor
Randy Smith - ex 128

Mock-up Technician
Andrez Dahiman - ex 125

Commercial Lighting Guides

www.lightingdesignlab.com

Iw Carrusen,
ettt s iy Light

.‘:ﬂtg r':ri i
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2915 — 4t Avenue South
Seattle, WA 98134

Phone: 206.325.9711
Fax: 206.329.9532

lighting
design
lab

www.lightingdesignlab.com
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