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Today’s Web Conference
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new approaches
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wEPA



LED Eighting

Lighting Research Center

Rensselaer Polytechnic Institute
August 2009

Lighting

ResearCh Center © 2009 Rensselaer Polytechnic Institute. All rights reserved.




New light source technologies

* Now solid-state light sources, LLEDs and
OLEDs, are evelving| to displace seome ofi the
traditional light seuKces In seme applications.
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d =~ Light-emitting polymer (LEP)
lu =="2™ Organic light-emitting diode (OLED)
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Motivation for solid-state lighting

» About 22% of the total energy use in the U.S.
- Demand! fier energy: keeps increasing

Outdoor
Stationary

Industrial 8%

14%
Residential Commercial Lighting
bilis
27% 0 2920/
= otiee 18 [IDE

Lighting

@)
ResearCh Center © 2009 Rensselaer Polytechnic Institute. All rights reserved. & Rerlsselaer




Solid-state lighting roadmap

U.S. Efficacy Target for LEDs
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Advantages of LEDs

Potential for energy savings
Potential for lewer replacement cost
RUQgged and duranle

Unigue lighting selutions; (Intensity: and color
moedulation)

Potentiall fier low: ultravielet (UV) and infraread
radiation (IR)

¢+ NO mercury

Lighting
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LED Basics

Lighting
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Light-emitting diode: P-N Junction

n-type

i Flectrons
Electrons
E—

Conduction band e o

. 220000

) Radiative
recombination Band gap

© 00 @0 00 4

Valence band @

Lighting
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Prmaterial: Has a slight “deficiency”
off electrons for molecular
bonding when ferming a crystal.

NEmateral: Has excess electrons
leftover from the crystall bonding
Process, Whichi can move and
carny current.

Photons (light): Generated when
the positive and negative
charges recombine.

© 2009 Rensselaer Polytechnic Institute. All rights reserved.




Creating white light with LEDs

Mixing different colored
LEDs (red, green, and
blue) In the right
propertions preduces
white light.

RGE White

White LED

Lighting
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RGB High

Relative
Output

500 600 700 800
Wavelength (nm)

Combining blue LEDs
withy yellow: phesphors
produces white light.

Phosphor-converted
White (PC-white)
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Luminous efficacy (lumens per watt)

* | uminous efficacy of a light source Is the total
luminoeus flux emitted by the lamp divided by
the total lamp power (electrical) input

> Expressed in lumens per electric waltt

LED Efficacy = ElX OU(tVOfXLIIEED Package
fi i

Elux out ofi LED Luminaire
Luminaire Input Power

LED Luminaire Efficacy =

Lighting .
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Commercial power devices

* Higher flux per device
* [Higher efficiency

» Better color preperties for white LEDS
> Goed color rendenng
> Much lower color vamation hetween: lamps
> More stable color ever time

* [onger life

Lighting 10
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Commercial products — August 2009
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All data as published by the respective manufacturers.
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High-flux LEDs

Lamina
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http://seoulsemicon.co.kr/_homepage/home_eng/produ
ct/product.asp?topCODE=1&midCODE=25
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LEDCiie

Lighting 13
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What Is lamp life?

+ Traditional light sources
> LLamp life = Time at which 50% of the test samples
nave burned out
» [est methods

> Incandescent lamps: Operated continuously at a
constant veltage: until 50% failure: (may: e tested at
rated Voltage or at ever veltage conaitions)

> Eluerescent lamps: 3-hr-0n/20-min-off cycle until 50%
flalure

> HID lamps: 11-hr-on/1-hr-ofif cycle until 50% failure

Wetteo e (e

Lighting 7
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Lumen maintenance

» All light seurces undergo lumen depreciation ever time

> Even theugh they may be functional, leng-life light seurces may not
provide sufificient light fer the intended application after a certain
amoeunt of time

400W HPS
32W T8
90% | 28W T5
Hi-LED
— 400W MV
70% 4 I 400W MH
50W TH
5-mm LED
100W Inc.
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5000 10000 15000 20000
operating time (hr)
Lumen maintenance curves for common light sources out to 20,000 hours. (Lighting
Answers: LED Lighting Systems, 2003; /IES Lighting Handbook 9 ed., 2000.)
Lighting -
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What Is lamp life for LEDs?

* Generally, LEDs do not fail
catastrophically, but instead
their light outpuit slowly.
decreases with eperating
time. o 193 Time (hrs)

Light Output

> Useful lifie: The perioed in
Which a light seurce provides
acceptable light level and
color for a given application

(Narendran ety ' 3; ES 2001)
e Lumen depreciation i S—

e Color shift | LRC Data
0.36 0.40

Lighting 16 X
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LED life definition

¢ LIMIS0

> Initially propesed by ASSIST
recommends; end-of-life lumen
maintenance: values of:

= 70% for general lighting (L70)
— .70 = 30% reduction in/ light output

» 50% fior decerative lighting| (L50)
— 150 = 50% reduction In'light output
» Color-shifit during this time
must be within a 4-step
MacAdam ellipse
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All products are not created equal

¢+ Significant variation between products

1W white LEDs operated at 35 deg C, 350 mA
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Heat & current affect lumen depreciation

-

Light Output

Increasing heat

\

e
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Lighting
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White LED Color Issues

Li ghtmg 20
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White light

| CIE 1931 2°

» General lllumination Y.
> CCT: 2800 K 105500 K | .
> CIE x,y values close to. + |
the blackbedy: Iocus

> Goed celor-renderng
properties

nghtlng 21
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Lamp-to-lamp color variation

* Similar light sources could have
perceivable color differences
petween them

Large color variations between similar
light sources IS an undesirable feature.

nghtlng 22
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LEDFSyStems

Li ghtmg 23
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LED lighting system

: electrical grid
heat sink __ l

fixture housing . ballast
" (driver)

clircult board

LED array.

optics (lens) inar.e @
Controls

optics (diffuser)

nghtlng 24
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LED system

* Optimized system
> LED
Electrical
Optical
Mechanical (heat sink / heusing)

Luxeon

Lighting
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LED efficacy growth
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LED lighting system

System, efficiency — 58%

Lighting Research Center

System, efficacy — 55% of LED: efficacy

Commercial white LED systems in 2007
e Typical 15 — 60 Im/W

nghtlng 27
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Lighting systems performance

(2009)
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To the end user, system performance matters
...not source performance

2000 2004

Li ghtmg 28
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System reliability

+ Reduced replacement cost is one of the
promises of LEDs

+ It Is the final system performance that
matters to the end user




Market spollers

Over-promised, under-delivered products

Rhode Island New York California Taipei

Not good for the LED lighting industry

nghtmg 30
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Impact of heat on LEDsS

* IHeat affects LLED performance
> Light eutput i
> Color
> Life
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¥ = 0.1202¢ + 623,37
R = 09993

Peak Wavelangth (nim)

0
35 40 45 30 35 60

T-point Termpe rature (deg C)
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Application issues

» |ED products mimicking traditional PAR / MR16
nalegen/incandescent lamps are continueusly appearing on
the market

s [hey are marketed as ene-to-ene replacements of
traditionall light sources

Li ghtmg | )
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Application issues

Will' both off these lamps
perform similarly in the
above fixtures?

Lighting N
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Application issues

» Even a properly designed LED fixture can
perform badly If installed incorrectly

Halogen / Incandescent LED Fixture
. leture_ |

"W L ¢ gt Rt AR T T

- Insulatlon materlal above the celllng area

Ceiling tiles

; (Poor thermal conductor)
Radiant heat

Lighting »
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Summary: LED system

¢ Creating a good LLED system requires careful
analysis, of:

> Each individuall compenent (LED;, driver, optics,
and heat sink)

> Interactiens PetwWeen components

» Eorr any LED system te perform welllover a
long| period ofi time, the pin (or board)
temperature must remain low

Li ghtmg 35
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LED Applications enas

Lighting
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LED applications

Mid-2000

Early 2000 to mid-2000

e — ;
" i www.lumileds.com/gallery/

www.ledeffects.com/

Late 1990s to early 2000

nghtlng 37
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Promising new technology

Like traditional light sources, LEDs have the potential
to provide light fixtures of different luminous flux,
size, and shape to serve the needs of different

lighting applications.

LED fixtures

Lighting ® Rensselaer
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Present trend

» Replacement lamps

1OW ter LSVV:

40W — 60W

Li ghtmg 39
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Present trend

* Replacement light engines

Figures from: Progress Lighting

Lighting .
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Present trend

¢ Freezer Case Ilghtlng Sainsbury’s Installs LED Luminaires

for Freezer Cabinets

'-.,r.. nslhiots Octeber 16, 2008... Sainshury’s, a UK-hased
supermarket chain, has selected an LED
lighting selution for freezer cabinets; fram
Royal Philips Electronics (Philips). The LED
luminaires firem Philips light the interiors of

o H"‘" its freezer cabinets across 350 stores
-l'i T

- .
e e—

M= RLLIANREIASEE Supermarkets going green to cut utility bills
LED lighting is used inside the
grocery cases in place of

i fluorescent strip fixtures. LED |

| have a longer life span than
fluorescent lights, produce lesg
heat, and use significantly less|@!
energy than typical grocery cag

http://walmartstores.com/GlobalWMStoresWeb/navigate.do?catg=445&contld Sqi7

= ol
ST TN ‘r"
A |

PR O

Global trend......
Lighting M
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Present trend

* Downlighting

&" LED Downlight

DGLED

Wt Locolion

1200

rescalite

i Chvniens o Habboell Liptrg, e

Lighting

Reésearch Center

Cree and Zumtobel Announce Strategic Agreement for LED

Downlights in Europe

Global Adoption of Solid-State Lighting Accelerating At a Rapid Pace

_f,..-l—l-..._‘.. E G G '
Renaissance (n g W Lightolier's Coler\Wash

| | |
Global trend......

42
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Sharp Corporation will introduce
into the Japanese market six new
LED Downlight Lightings,
including three that deliver a light
intensity equivalent to a 150-watt
incandescent lamp, an industry
first for downlight models.




Downlighting

+* Now, many technologies can cater to the
same application.

Incandescent
Halogen

Lighting
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Commercial LED Downlight

Lighting

Research Center

Photometry

LR6 — 120V, Incandescent Color (2700K), Edison Base (STANDARD)

Lighting Sciences Inc. Certified Test #22226
90

Intensity
(Candlepower)
Summary
ANGLE MEAN CP

o 0 240
5 248
15 242
25" 228
5 203
45 165
55 115
65" 62
75 24
g5’ 3
00" 0

Zonal Lumen Summary
ZONE _ LUMENS %LAMP 9%FIX

0°-30° 196 3020 | 3020

0°- 40 323 4994 | 4004

0°- 60° 553 8535

0°-90 o47 100.00

Performance Sumary

= Nominal daliverad light uu!PLt < EE»CI Illrnans
-Nnmlndh‘q:-utpm.vgrﬂzh.fam e
« CRI =92

http: /fwwaw . lIfinc.com/products.htm

System efficacy = 54 Im/W
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Commercial CFL Downlight

aprescolite ™7 6" Vertical Quad Open & PHOTOMETRIC DATA

s g Wall Wash Downlights

CFQ613EB BALLAST DATA
CFQ618EB

13W Quad
277V

One 13W/18W/26W Input Current (Amps)
Quad Tube 4-Pin Lamp Input Frequency in Hz ~ 50/60
Non-IC Rated Power Factor >07%

Feahring\irfUCISeurce Grefecers 120V, 208V, 240V, 277V, or 347V Ballast Factor ~98%
Total Harmonic Distortion <10%

CFQ626EB Total System Watts Eo v :

17W
0.06
50/60

>97%
>98%

":C] 0?-}

CFQ&626EB-STF4602 o | Min. Starting Temp. -18°C (0°F) -18°C (O°F)

Lower Position . LAMP DATA

: Rated Wi
Lamp: One 26W Quad | Bl

;3 Efficacy (LPW)
Sﬁccmg C.mena 7 Rated Life
CRI

Min. Starting Temp.

System efficacy = 33 Im/W
Lighting
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Initial cost

* At the present time, most LED lighting
fixtures have a higher initial purchase cost
than incandescent or fluorescent fixtures
(approximately 3 to 6 times higher).

+ Downlights:
> Incandescent 75W ~$50
> CFL ~$90 to $140

> LEDs (PC) ~$300 to $500
e (*LLF LED fixture under $100)

Lighting
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Summary: Downlighting

* Presently, LED systems are more expensive
than traditional systems (in most cases)

> However, when considering lifecycle cost, the
cost of using LED systems Is approaching the
cost of using traditional lighting systems
(especially in hospitality applications).

¢+ If a system like LLF ‘s LR6 Is used, then the
LED system will be the most cost-effective.

Lighting
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Present trend

Outdoor Street and Area Lighting EZZm

i s o b R st i ey s

LED Streetl ig htS to take Ove r downtown An n Arbo r Phillips 5 Sclarind Hybrid Stresllights in Moscow
17 Oct. 50997 Ann Arbor plans to become the first U.S. cityt Oconvert 100
percent of itsy owntown streetlights to LED technology, with the installation
Ofmore t han 1,000 LED fixtures.

L
113
L1

)

qaniid

1]
Ll LLL]
[T
(LI
LT

L4
i

www.treehugger.com/files/2008/0
7/led-streetlights-anchorage-
alaska-16000.php

GE Lumination’s outdoor LED area light

According to the article, it saves up to 60
percent energy, longer life, and significantly
improved light-level uniformity compared
with traditional HID lamp sources and
optical systems, such as a standard 400- gg‘g'ﬁj{ggg’;@;g{%_ﬁ:"
watt quartz metal halide system _

Lighting 48
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LED fixture performance

T50-\WV"HP "N white LEDs
semi-cutoff cobra head -

Lumens per lamp 16000-Im (150-W)
Lumens per fixture 12960-Im (150-W) Lumens per fixture 10,400-Im
Fixture power 189-W (150-W) Fixture power

' Mounting height = 20-ft

FIAKNGE B ) AU T e 1

¢ This LED system has performance similar to
a traditional HPS fixture.

Lighting
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Summary

* A rising number of LED street lighting
products are in the marketplace.

> Many of them do not meet the lighting
requirements.

* However, a few products are starting to
meet the requirements and compete with
traditional light sources for area and street
lighting applications.

Lighting
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General illumination

¢ From the press:

> “LED manufacturer Cree has been awarded a contract from the U.S.
Department of Defense to supply over 4,200 recessed LED lights for
the Pentagon. Testing commissioned by the U.S. government
determined that Cree's LR24 recessed LED lights would offer a 22
percent energy reduction compared with fluorescent lights, and save
the Pentagon 140 tons of carbon dioxide emissions per year.”

a—— =
“— jr— p—

—_—

e .

Before: A Pentagon room before Cree's LED After: The same room at the Pentagon after
lights were installed. (Credit: Cree) Cree's LED lights were installed (Credit: Cree)

nghtlng 51
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Promising near-term applications

H_. Directional Luminaires
Outdoor Lighting . |
Luminaires

.. LED Light Engines

=

A |
Freezer Case "~ i3

—E TR

Lighting |
. —: Under-cabinet Lighting

Luminaires

Lighting
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recommends

¢+ Recommendations to the LED and
lighting communities about issues
Important for the reliable
performance of LED lighting

+ Best practice guides for different
ighting applications
Recommendations for selecting
_ED lighting

Lighting
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LED applications

+ Since late 1990s, LED applications have been
advancing from signs/displays to colored light
environments to now white light illumination

+ \White light applications are just starting

> In most cases, higher initial cost compared to
traditional sources

e However, prices are coming down
> Energy savings only in certain niche applications

> All products are not created the same

- Only a few products can meet the requirements of the
applications and be cost effective

 Reliability is unknown and is a concern

Lighting o4
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Summary

¢ Technology trends

> Rapid advances
- Higher efficacy and flux per device
« Improved useful life
- Better color properties
> Performance varies significantly among different products

> LED system performance is not the same as bare LED
performance

¢ Application issues

> LED is not the solution for all lighting applications

- Consider applications that can benefit from the LED technology
(clear value proposition)

> Consider application efficacy, not source efficacy
> Installations must be done correctly for successful application

nghtlng 55
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Thank you.

More information:
WWW.LRC.RPI.EDU

Lighting
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Workspace Specific Intelligent Lighting

David R. Chamberlain
Principal Energy Engineer
Raytheon Company, Integrated Defense Systems (IDS)
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Raytheon IDS Lighting Experience

® Lots of lighting retrofits during past two decades
— Have taken advantage of technology improvements over time
— Examples:

® Replaced 2x4 acrylic lensed fixtures with deep-cell parabolics; Later
replaced those with workspace specific lighting (Ergolights)

® Replaced high bay fixtures with Pulse Start Metal Halides; Recently
changed those to T5 High Output fixtures

— Other typical projects:
® T-8 retrofits (bulbs and ballasts only)
® LED exit signs
® Occupancy sensors in conference rooms, rest rooms, etc.
Lesson learned — Minimal light quality improvement for employees
Researched indirect lighting options
— Design Lights Consortium (NEEP)
— Light Right Consortium (Battelle)
— MA Electric (National Grid)
® Tried pilot project with workspace specific lighting technology (Ergolights)
Evaluated other similar technologies, including Lightolier Agili-T




Initial Ergolight Experience

® Technology was introduced to us by our Massachusetts Electric
(National Grid) account representative during 2000

® |Installation of the Ergolights were expected to:

— Reduce energy consumption
— Improve the financial success of the facility
— Improve employee productivity through improved lighting

® Experimented for 3 months with pilot of 20 fixtures at two sites

® Initial large scale installation completed in 2001
— Approximately 1,300 installed in three selected sites
— Approximately 2,225 standard efficiency fixtures removed
— 1,115 employees effected




What are Ergolights?

Manufactured by Ledalite ® Uplight is controlled by
Direct/Indirect fixture

1 lamp indirect/uplight

2 lamps direct / task lights

lighting management system.

® Onboard occupancy sensor
and daylight sensor.

® Task lights are controlled by
occupant, occupancy sensor
and management system.




Customer Success Is Our Mission

How Are Ergolights Controlled?

Lighting Netwark

Electrical
RS 485 cable p | | 4 Power Circuitry

j _—4[ ——4[ — 4 T-Bar Ceiling

Master
Control Unit
Manager Software

RS 232 cable p

Interface
Computer & .
Software LAN
(24 hrs ) : Server

Local Area Network
Control software on all computers.

® Daisy Chain installation. ® Fixture database and system
software resides on interface

® Fixtures are individually computer

addressable and controlled

resides on occupants computer.
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How Do Ergolights Save Energy

Existing energy use (100%)

Motion Sensor Savings

Time of Day




Initial Savings Analyses

® Initial installation results:
Ergolight energy savings tracking surpassed the projected 80%

Feedback from employees was overall positive
Fixtures performed mostly as expected
Manager software did not meet expectations

Ergolights | Previous
Facility Ergolights | Fixtures |Employees| Annual Annual Annual Annual
Location | Building Area | Installed | Removed | Impacted KWH KWH KWH Saved| % Savings | Savings
__Total | | 1304 | 2224 | 1114 | 231,168 | 1305211 | 1074044 | 823% | $113,483

Projected Annual KWH Savings per Fixture = 824
Projected Annual Savings per Fixture = $87.03

Notes:
1) Ergolight KWH data from Main Computer; Daily rate calculated to compare with previous fixtures

) Previous KWH/Day = # fixtures removed x Watts per fixture x run-hours per year/1000 Watts/kW x 365 days per year
3) 2001 electricity rates approximately 9-10 cents per KWH (2009 rates 12-14 cents per KWH)




2001 Ergolight Installation Pictures™ ="

\
Note: Picture distorts actual light pattern on ceiling and walls (i.e. no bright spots as shown here)




Customer Success Is Our Mission

Edapt Ergolight Fixtures




L essons Learned

® Modification in installation process:

— Better procedures implemented to improve assemble time.

— Installed t-connector onto fixture to easier power connections.
® Improvements in the roll-out of personal control to the employees:

— Did all at once after area installation complete.

— Made changes to the username and passwords standards.

— Software installation is now web based with online instructions.
® Control Improvements:

— Worked on standardizing lighting schedules.

— Modified time delay of occupancy sensor.
® Worked with Ledalite on system improvements:

— Repeaters (signal boosters) found to not be sufficient.

— Added the churn feature to deal with moving of people and new
computers.




Current Ergolight Status

® Current installation status
— Over 10,000 fixtures installed in MA, Rl and AL
— Standard office fixture for renovated areas in IDS locations.

® Have established better standards for number of Ergolights per
office based on size and number of occupants.

® Addressing hallway lighting in conjunction with Ergolights.
— Typical hallway fixture is Lithonia RTS (low glare).
— Hallway fixtures not needed in some applications.

® Employees that do not yet have the fixtures request them.
— Personal control feature is extremely popular.
— Central management makes demand response possible.
— Ledalite has cooperated in making requested improvements.




Project Recognition

Raytheon EH&S Innovation Award, 2001.
Article in April 2002 issue of Facilities Design and Management.

Boston Chapter International Facilities Management Association (IFMA)
Award for Excellence in Facilities Management, 2002.

2002 Energy Project of the Year Award from Association of Energy
Engineers - New England Chapter.

2003 LEED Certification for Marlboro SATCOM Facility; Included 355
Ergolights

2005 Best Practices in Lighting Award from Energy Planning Network
(EPN)

2006 LEED Certification for Huntsville, AL facility; Included hundreds of
Ergolights

Considered by Light Right Consortium for study

— Measure impact of quality lighting on worker productivity.




Facilities Design & Management
Article

SMART FIXTURES GIVE EMPLOYEES CONTROL

Changing Building Codes from CO8S
GM Makes Its Moves on the Web
How Certification Can Boost the FM
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Questions? PARTNER

David R. Chamberlain
Principal Energy Engineer
Raytheon Company, Integrated Defense Systems
880 Technology Park Drive
Billerica, MA 01821
. . Raytheon
David _R_Chamberlain@raytheon.com (- Sustainability
978-436-8128



mailto:David_R_Chamberlain@raytheon.com

Discussion

ENERGY STAR

e Use * 6 to un-mute phone

e # 6 to re-mute phone

wEPA



Incentives

www.dsireusa.orq

Database of:
 Federal
e State

o Utility
Incentives

wEPA
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Announcements

ENERGY STAR

e August 25 — Supply Chain Working Group
Meeting:
Electronic Industry Citizen Coalition's
Supply Chain Carbon Reporting System.

* Register at:
energystar.webex.com/meeting

wEPA



2009 Web Conferences

ENERGY STAR

e September - Our Top Energy Projects
e October - Energy and GHG Management

 November - Energy Management Financing
Strategies

e December - No web conference

SEPA !



ENERGY STAR

 Thank you

<EPA
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