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Program

» Background
* LEDs in BPA’s C&l Lighting Offer
» LEDs: A Closer Look

with Eric Strandberg, Senior
Lighting Specialist, Lighting Design
Lab

= Questions
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Background

= | ots of interest and enthusiasm around
| EDs

* Huge range of products and product
quality in the market

= Moving cautiously
— Avoid missteps

— Ensure energy savings are valid
— Safeguard customer satisfaction
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LEDs in BPA’s C&l Lighting Offer

= EXIt signs — Upgrade from incandescent
$50 Reimbursement

= Recessed cans or track heads —
Upgrade from incandescent

$30 Reimbursement
» Other measures on a case by case basis
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Resources for Utilities

= Craig Ciranny, BPA Technical Lighting
Expert, (503) 230-5865

= Eric Strandberg, Senior Lighting
Specialist, Lighting Design Lab, (800)
354-3864




LEDs: A closer looK —part one
Presented by Eric Strandberg, LC
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Our goal I1s to promote
energy efficiency through
qguality design

Energy effective practice that is better
than standard practice!



»Light Sources room w/ Color boxes
»Electric Lighting assistance
»Catalogue and text Library

»Classes and Tours

»Newsletter and Mailing list

»Web site - www.lightingdesignlab.com
»Full scale Mock-Up facility



Project OR
Specifier

must be in
the region.



Agenda - LEDs:

»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 LED's?:

» LED's have begun to light the
future with their capabilities of
reducing power consumption by
80% over conventional lighting.”

»*“Their "'light' spanis 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”

veo | £ en Gresn Powes www.ledgreenpower.com

» GE- 1w led = 35 lumens,
» 7w led = 200 lumens (28 1/w)
» 60w Inc = 14 l/w
» 26w CFL = 31 l/w
» 32w T8 = 90+ l/w
» 150w CMH = 75 l/w
» LED life usually = 50,000 hrs
» Incandescent = 1,000 hrs
» Halogen = 3,500 hrs
» CFL = 10,000 hrs

» ﬁ T8 fluorescent = 30,000 to 46,000
rs

» Induction = 60,000 to 100,000 hrs

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



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

Led light compared to daylight... is it the same?

VIGE study: 2 different light sources u sad In spactrophotomaters

C.I.LE. DAYLIGHT

Daylight




What 1s an LED?

»Light Emitting
Diode

» Color
» White




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




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

Package




»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




»Which can make
for small sized
fixtures




»1f 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 |/w than the original
chip.




»The chip Is
located In a
reflective cu
sends the lig
a direction.
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»Which makes them good
for applications that
require a spot light.

TRAFFIC SIGNAL LANTERN




»But not so
good for
applications
better suited to
omni-
directional
lamps.




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.




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

Phosphor-Based White LED Emission Spectrum
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They are sometimes
available in a “warm”
color temperature, but

this is often fairly cool
also. (3500 to 4500 K)

Its just warmer than
“cool”

LEDs & color

4,000 K

6,000 K



Ig LEDs & color

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




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.




»Freezer case
»Undercabinet / Task
»Recessed

»Qutdoor



ssssssssssss

»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.

www.lrc.rpi.edu/
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Completed Research:

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 shoppér satistaction. .

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

» At a dimmer light level, LEDs are now at a “threshold” efficacy
where they fall slightly below the energy 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.

www.lrc.rpi.edu/



program
sponsor's site

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.



Solid-5ta

»Linear task
lights

14 watt TS linear fixture
Average dluminance:

program
sponsor's site

16 watt T4 tinear fixture

Average iluminance: 408 lux
Ilinimum illuminance: 128 lux Mnimum Fuminance; 140 jux
Meats recommendation for cntical tasks? Yes
Unifarmity on countar: 3.1

Meets recommendation for criical tasks?. Yes
Uniformity an counter; 3.1

18 in. xenan linear fisture 12 in. halagen two puck kght bar

Average lummanes: 204 i Auerage durinance: 322 jux

Minimum illuminance; T2 lux Kinimum illuminance: 90 lux

Meets recommendation for cotical tasks? Nao Meets rmoommendation for crtical tasks?: Yes
Uniégrrnity on counter; 3;1 Unifomity on counter; 4:1

24 in. high-power LED “wam white® future
Average illuminan |:

Minmum iluminance; 37 lux
Meets recommendabon for critical tasks? No
Uniformity on counter; 3.1

24 in. 5 mm LED "wnﬁte' fixturs
Average illuminance

Mmmum illuminance: 7 lux
Meets recommendabon for cbical tasks?: Mo
Uniformity on counter; 2271
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Under-cabinet Lighting Fixture Performance and Cost
Estimates are for a 24-in to 28-in wide cabinet and provide an average of 350 Ix on the counter

initial initial annual lamp annual lamp
power purchase installation replacement enerqgy replacement
light fixture type | per cabinet cost cost cost cost frequency
source and number (W) () ($) ($iyr) ($lyr) (years)
halogen
: 3G W 2 S 42 $2.40 5430 2
pucks (2) S
xenon pucks 59 W $30 $56 $1.50 5 6.50 7
(3)
Incandescent i
"‘E"Dﬂ }'"Ear 102 W $ 60 $ 56 $ 250 $ 11.20 7
"‘e“‘ﬁf‘”P 162 W 5189 $112 $9.80 $ 17.70 7
§ T4 (1) 13W $16 $ 56 50.80 $ 1.40 /7 \
inear - .
fluorescent T5 (1) 14 W $29 $ 56 50.70 $ 1.60 [ 7 \
T8 (1) 29W $ 47 $ 55 $0.70 5320 7
Compact triple Ll flat
o it 2) 15 W $18 S 42 $2.80 5 1.60 7
5 mm linear 19'W $ 183 $ 56 $ 2000 $2.10 g
(1)
LED* d “"”EEF;“C"S BW $79 $42 $ 860 50.90 g+
high-power -
linear (1) 42W 5147 556 $3.20 5 4.60 W

*Because LED lighting iz a relatively new technology, performance and cost are changing on a regular basis. Check for updates to this table at
wawwv Irc. rpi.edu/ programs’zolidstate/assistirecommends. asp.

**Rated life of the LED source only, not given as a fixture. The aciual rated life for the fodure may be less.
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»LED fixtures need to
dissipate heat
differently than
Incandescent fixtures

Dedicatad LED fichie Hon-dadicated Gxhire

with replacaatle LED moduls wath LED replacemsant lamg
incandescent fixture LED fixture with LED fixture with
insulation hea_tsmkmg at heatsinking inside ceiling
material CEI“f'Ig PEH"E conducted heat

insulation
malerial %

zzz cafling plane $cz ?? ceiling plane
heat transfer

radiant heat
Heat transfer for two LED fixtures with different heat sinking options,



==¢&  LED Lighting Solutions

Introducing the LRb — The New Standard in Downlighting

Industry-Changing Specifics: A e
» Delivered Lumens = 650 » CRI =92 beneral availability
» Wallplug Input Power = 11 Watts = CCT = 2700K or 3500K  Late Spring 200/

Technology enables the
FIRST and ONLY viable LED product

for general illumination

www.creells.com



CFL-R- 16 watt

BR30- 65 watt

LED-A- 15 watt



Foot candles at 6'6" from various light sources

2 1

Nadir

1

— LED-A-15 w
| ED-B- 11.5 W
— A-19- 60 W

e BR 30- 60 W
— CFL- 13.5w
= CFL-R- 16 w

Data is
intended to
indicate
trends only
and not for
rigorous
scientific
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
RTS5D 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.

www.lithonia.com/



RTSD LED Volumetric Recessed Downlight

PHOTOMETRICS
RTsD LED, 1700 system delivered lumenstest no. LTL18G21, tested in accordanca to [ESNA LM-79-2008

TEST MO: LTL 18621

LUMIMNAIFE CATAL DG NO - RTSDLED
TYRICAL LUMEMSE PER BYETEM: 1700 AT 257C
DISTREUTION: DRECT

FITURE TYPE: DOWMMLIGHT

SYETEM TYPE: LED CoaFidents of Ublizadan

EYETEM WATTS:- 40 I'I'.\ﬂl'ﬂl':" O==nkraaan p: Ak
- Hodzanial Angla Zoral Lumen Summary pa B T &%

VasicalAngls  Lumens Zone  Lumnens % Lamo id SR 3R S0%A0% S0% 0%
i} 0 - 30 580 A 0 118119 116116 111111
5 T 0 -4l 919 5.1 1 106 103 104 104 100 a7
1d 0 - &7 1471 BER 2 94 g8 @z a7 Ba B4
15 212 0 -9l 1700 100.0 3 B4 TG B2 TE T8 T4
20 80" - 18078 oo 4 TE 6T T4 85 T1 65
25 301 < 180° 1700 *100.0 g 5 &8 59 &7 58 & 58
a0 *Teral EScienoy [ &1 53 a0 53 Lg 52
35 330 T L6 48 55 47 54T
40 B 51 43 51 43 49 42
45 306 a AT A0 47 38 45 39
50 10 44 36 43 38 42 38
55 248
&0
G5 158
Ta
75 L]
a0
a5 T
) About 42

out
VA L/THONIA LIGHTING® —— lumens/watt
— Aecsmsed Downlighting aed Travk
ﬂnwnﬂmfm One Lichonia Way, Canyars, GA30012

Phiana: 80 315-4565 Faxc770.31 B-130
Sheet#: RTSD LED £ AruiyErends Lighting, Inc., 71230 wnkicniagen



» 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, USA10 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 16,000 municipal roadway
lights with high-efficiency LED fixtures.
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High Pressure Sodium @ 15ft

System Watts: 133
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High Pressure Sodium @ 15ft

System Watts: 133

Beta LED @ 15ft

System Watts: 75

Leotek LED @ 15ft

System Watts: 62

[
[

IntenCity LED @ 15ft

System Watts: 73

Metal Halide @ 15ft

System Watts: 97

@78
67
o56
045
034
o023
m12
mo1

1st Source Induction- QL @ 15ft

System Watts: 75

Relume LED @ 15ft

System Watts: 70

AITI Induction @ 15ft

System Watts: 82
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» 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 |

» IES Full Cutoff Optics 2 i

www.betaled.com




About 90 watts







»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

LLLLLLLLLLLLLLLLLL




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

What is the
embodied energy
In this product?



» OLEDs (Organic Light-Emitting Diodes) are thin, organic materials sandwiched
between two electrodes, which illuminate when an electrical charge is applied.
OLED:s 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




Products

Appliances

Heating & Cooling

Home Electronics

Ligghitirgg
Light Bulbs (CFLS)
Light Fixtures
Decorstive Light Strings

Acpvanced Lighting
Package

Ceiling Fans
Commercial LED Lighting
Commercial Food Service

Cffice Equipment

= Purchasing &
Procuremert

* Interested in Partnering?

Join ENERGY STAR

e

BUY PRODUCTS THAT MAKE
A DIFFERENCE

About EHERGY STAR - Hews Room - FAGs - /U030

Haotme = Products = Lighting = Light Fixtures = Residential LED Lighting

Residential LED Lighting

EMERGY STAR qualified LED lighting is a natural fit for
cutting-edge renovation, new construction projects, or
do-itvourself upgrades. EMNERGY STAR qualified
residential LED lighting uses at least 75% less energy,
lasts 24 times longer than incandescent lighting and
provides optimal light colar.

o

Why Choose ENERGY STAR Qualified LED Lighting?
Learn what the EKNERGY STAR mark really means and the benefits
of guality LED lighting.

Buyers Guide
Learn about the types of LED lighting and what to know
hefore you buy.

Learn About LEDs
Learn how LEDs work and why they are different fram
other lighting.

LED FAQsS
Search for more answers about LEDs.

L

http://www.energystar.gov/index.cfm?c=ssl.pr_residential

B4 Email This Page

Products | Home Improvement | Hew Homes | Buildings & Plants | Patner Resources | Fids
Publications | Hews Room | FAQs | Contact Us | Privacy | Site Index | Recursos en Espafiol
POF “dewer | Excel "Mewer

EPAH .
Er s Ssarch ﬁ?}

DOE Home
DOE Search

U.5. Environmental Protection Agency - U.S. Department of Energy

Search I

ENERGY STAR [EREIRI o improvement | New Homes | Bulings & Planis | Pariner Resources"

Find a Store

Special Deals

LED Lighting Resowurces for
Partners

Resources

Gualified Products List $6)
Participating Manufacturer s
Learn About | ED=

FAQ

Residential
= Why Choose ENERGY STAR

* Buyers Guide

Commercial
= Why Choose ENERGY STAR

» Purchasing Guide
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2008 Competition

Home
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Frblications

Ertry Requirements

2009 Competioon
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2007
2006
2003

2004

‘F}-o LU efficient lighting for your home.

2008 Sponsors

The organizers and lead sponsors of Lighting for Temotrow ane:

American Lighting Ass ocialion (AL~

Consonlum for Energy EMclency (CEE)
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I.,l tin Advancing the effective use of light
search Center for soclety and the emdronment
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Compleied Research
F ASSIST Pragiam

An Energy-Efficient, Ultra-thin
LED Luminaire

Laad vy ADsAR $351 DownBghls, sccent lghts, snd wall-awssh

LEC Publications ITanaing ¢ using halogan of ncandaceant
Eponeons I arE found in 60 percent of all commercisl
OFIE0 buldings and 2 much Manor poreentagg af
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auplorad o newuitra-thin® ummaire concet for
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Everts Calendar
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More 551 news:

ASSIST progrom
Thin site wano funded by The Solid-State Lighting Program at the LRC

the How Vork State Emsnay

Fersem ch and Dewelspaeent ¢
Ao ity sl e ASSIET Salkd-state lighiing has the poleniial o revelutionize the Bghiing

e ogram, industy. Light-emitting disdes (LEDsy—tommanly used in signs,
signals and displays—are rag idly evoling ko provide light sources
e geenerd illumina®on. This chnology beds promice for ower
Snergy consumplion and reduced maintenance
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stithdng comporant Interactions and thelr efact on systen
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L& Pepariment of Energy

Energy Efficiency and Renewable EnNergy sovs oo men = fras whae anay &
< B, O aInn eV amd G sdTt e EEFE Harmw

Building Technologies Program
" e | [
Solid-State Ligh HF

DOE 551 Strateqy Solid-State Lighting Portfolio Strategy
R&D Project Portfolio .

DOE has made a long-tarm commitment to advance the davelopment and markset
Market-Based Programs  introduction of energy-efficient white-light sources for genaral illumination, Solid-state
lighting (S5L) differs fundamentally from today's lighting technologies, and its unigue

Qualits Advocales atbrbates deive bhe necd Tor o coordinated approach that guides technology adwvances

EHER G ETaR fram labaratory to marketplace. D2k has devaloped a comprebansive national strateqy
_ that encompasses Basic Energy Scisnce, Core Technology Ressarch, Product
CALPER Program Cevelopment, Commencizlization Support, Standards Davelopment, and an S50

Parlnarship.

standards Dowe oprment

Tachnical Inform ason
Hh

Hebao

Tachnology Demonstretions

Cmngn Compwtibons :;:mt

Prpihets

Wsing |LEDs For Geneeal
Thunwinatinm

LED Rmsmse T

LED application Sedes

| e — |
LED Meszurarnent Seis

Basic Energy Science
Fuinding Dppaeunities The Basic Energy Scicnces Prograrn withinn DOE's Office of Scence conducts basic
resaarch to advance our fundameantal undarstanding of materials hahavior, with the goal
of impacting future directions in applied research and tachnology devalopment. Project
Related Articles results often have multiple applications, including SSL.

Fublications

Huane Core Technnlogy Research

Through a series of ongaing, interactive workshops, DOE and its SSL partnars have
refined an extensive RLD agenda to ensure that DOE funds the appropriate research
topics that will improve efficiency and speed SSL technologes to market. Core
Techrolngy Ressarch - conducted primarly by academia, national laboratories, and
research institutions — involves applied ressarch afforts o sesk more comprehensive
knowledge about a subject. These projects fill technology gaps, provide enabling
knowledge or data, and regresent a significant advance in our knowledge base. For a
http://WWW.netl.dOG.gOV/SSI/Strategy.html rmore detaled definition of Core Technology Research, spe Defintion of DOE S50 RED

Pathways,

Product Development

Conducted prmarily Dy industry, Product Development s the systematic use of
lemnwrlrdge gained from hasic or applied research to develop or improve commercially
viable materials, devices, or systams. Laboratory testing is conductad on prototypas,
and fesdback is used to improve prototype design, In addition to technical activities,
; i ebim e ek T "
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LePRIZE"

Bright Tomorrow Lighting Prizes

U.S. Dapartment of Energy

X
& 04 ] I
*@JI Transforming the Lighting Landscape

Aria

Relate nks

The L Prize competition will substantially accelerate America's shift from

inefficient, dated lighting products to innovative, high-performance products, Department of Energy
Mews & Events - . . . . Solid-State Lighting
Just as Thomas Edison transformed illumination over a century ago, the L Prize website

will drive innovation and market adoption,

Competition Overview The L Prize is the first government-sponsored technology competition designed
to spur lighting manufacturers to develop high-gquality, high-efficiency solid-
state lighting products to replace the common light bulb,

Competition Reguirements . ) —
Competition Requirements 72| (POF & MB)

p Part
e News & Events

L Prize Competition Adds Nine Mew Partners
About

Porentizd to resch 100 mitlion consurmers! The U5, Department of Energy (DOE) announced
A it has added nine new partners who agree to wark
Join w cooperatively to prornote the winners of the Bright

AT Tororraw Lighting Prize ar L Prize competition,

The follawing energy efficiency organizations and

Current Partners utilities each signed a Mermorandum of
Understanding with DCE: DTE Energy, Sierra Pacific Power [now doing business with
Mewvada Power as MY Energy), Eugene Water and Electric Board, Seattle City Light, Energy
Trust of Oregon, Midwest Energy Efficiency Alliance (covering nine states), NSTAR Eledcric,
Energy & Environmental Commonwealth Edison Compan_',', ant?IlCape Light Carmpact. Si_xteen_partners_fro_m coast

to coast are now on board to bring utility programs and other incentives for winning L
Impact Prize producks.

Learn more

Learn more about solid-state lighting at the WS, Department of Energy Solid-State Lighting 7 website




»LIFI Street & Area 40-01

This innovative 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™ [ight sources use a solid-
state device to generate RF
(radio frequency) energy to
power a plasma light source

www.luxim.com/

http://www.youtube.com/watch?v=ITGsM9pplUs&feature=related



7} Lighting Design Lab Home Page - Microsoft Internet Explorer
J File  Edit “iew Favoites Toolz Help

= @ g

Back Forward Stop Refresh Home Search Favorites

Hiztory  Full Screen

>
J Address I@ ke A A lightingdesignlab. cam,’

m

home. about. events. commercial. | residential. | daylighting. mock-up.

Above: Eric Strandbery prepares for class

Eric Strandbery, LOL Lighting Specialist is going on the road for two classes
in Spokane and Bozeman. The two classes are "Mew Lamp and Ballast
Technologies” and "Lighting for Assisted Living and kultifarmily™.

: ¢

info ctr. utility programs. subscripe.

X

weekly news. ,i‘\gc\,

For the week of
classes on the road.

Classes

Tuesday - May 1

Spokane: Mew Lamp and Ballast Technologies - Eric Strandbery
Spokane: Lighting for Assisted Living and Multifamily - Eric
Strandbery

Spokane: Daylighting Forurm - Making It Happen! - Joel Loveland

Thursday - May 3

Bozeman: Mew Lamp and Ballast Technologies - Eric Strandbery
Bozeman: Lighting for Assisted Living and kultifamily - Eric
Strandbery

Bozeman: Daylighting Forum - Making It Happen! - Joel Loveland

Weh Additions
Articles - How to De-Larmp Successfully - Michael Lane
How Frequently Should | Turn Fluorescent Lighting Of? —

LED Runway Lights - Steve Leirweber
Iercury in Fluorescent Larmps

Library
Glazing Catalogs in the Lighting Design Lab Library [~

| ialedinmma (T lm o mnen s
[ [ |4 Internet



IE The Lighting Design Lab
strives to help you,

make the right decisions.

Thank You




