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Factors affecting decisions about
energy efficient lighting

* Recent legislation — EPACT 2005; EISA 2007
 New DOE Rulemaking — T12, PAR halogen
 Energy Codes — ASHRAE 90.1; IECC

« Universal Waste Rule — Mercury & Recycling

« Exterior Lighting Ordinances & Federal Legislation

 Utility Rebates
« EPACT 2005 Tax Incentives (extended to 12/31/13)
« Building Certification — LEED; Energy Star



Lighting Resources
Summary of Lighting Legislation and Regulations

EPACT 2005

Mercury Vapor ballast can no longer be made or sold — January 2008
Federal Ballast Rule — T-12 (4’ & 8’) magnetic ballasts — no longer made or sold — July 1, 2010
Federal Tax Incentives — extended until December 31, 2013

EISA 2007 (Energy Independence and Securities Act)
Certain incandescent reflector flood can no longer be made or sold — June 2008
Standard incandescentlamps can no longer be made or sold:

100A19 2012
75A19 2013
60A19 2014
40A19 2014

Efficiency standards for standard incandescent lamps will change again in 2020 & 2025.
All new metal halide fixtures between 150 and 500 watts must be pulse start metal halide — January 2009

Department of Energy (DOE) Rulemaking
Most T-12 and 700 series T-8 lamps can no longer be made or sold — July 2012
Most standard PAR halogens and some IR PAR halogens can no longer be made or sold — July 2012




Resources

www.smartcertifiedproducts.com New sustainable product rating system (Philips T-8s)

www.designlights.org Resource for lighting design issues

http://www.energystar.gov Energy Star with links to many other sites

http://www1.eere.energy.gov/buildings/ssl/gatewaydemos.html DOE Gateway Projects

http://www1.eere.energy.gov/buildings/ssl/caliper.ntml DOE CALIPER Testing

http://www1.eere.energy.qgov/buildings/ssl/factsheets.html DOE SSL Fact Sheets

www.dsireusa.org  Lists available rebate programs around the country

www.ceel.org Consortium for Energy Efficiency

www.philips.com

www.philips.com/advance

http://fewweb.com/gogreen/electric_profits_perils_leds Article from Electrical Wholesaling with Jim Brodrick’s SSL Checklist
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Total Cost of Ownership

F32T8 Fluorescent Lamp
TCOO over life*

Material 3%

Electricity 87% >

Labor 8%
*Disposal 2%

* Nominal watts @ $.10 per KWH
planned maintenance at 70% of rated average life



Why Are We Here?

35 years after the energy crisis of the '70’s
Black outs and other “grid” troubles
Electricity at high rates

Over a decade of DSM incentives

Why as of beginning of 2008 was it the
first time (according to NEMA) that we
made more T8 than T12 lamps as an
iIndustry?

———



Recent Lighting Statistics

Fluorescent lamps sales for 2009
T-12 112 million for replacement
T-8 219 million Y2 for new construction, ¥ for replacement
T-5 25 million

Estimates that there are still 300 — 400 million magnetic T-12 ballasts

Source — NEMA from LD+A May 2010



Light source comparison

Incandescent
Halogen
Compact Fluorescent
T12 magnetic
T12 electronic
T8

T5

T5HO
Mercury

HPS

Metal Halide
Induction
LED

Lumens/watt  Rated life

10-20 LPW 750 -2000 hrs
20-25LPW 2000 -5000 hrs
55-70 LPW 6000 - 15000 hrs
49 — 71 LPW 20000 hrs

53-77 LPW 20000 hrs

89 — 101 LPW 20000 — 46000 hrs
88 —-93 LPW 20000 - 40000 hrs
80-95LPW 25000 - 40000 hrs
45 - 65 LPW 24000 hrs

66 — 140 LPW 16000 — 24000 hrs
30-125 LPW 7500 - 30000 hrs
64 — 73 LPW 60000 — 100000 hrs

30-70 LPW

50000 - ? hrs



Energy Efficient Lighting
Technology



Standard Incandescent

Being eliminated by EISA (2012 — 2014)
Replace with halogen, CFL or LED

Halogen

IR technology still meets new efficiency standard

Compact Fluorescent (CFL)



Linear Fluorescent

T8 Fluorescent
Four wattages of 4’ T8 — 32, 30, 28, 25 watt

One manufacturer introduced a 23 watt T8
Options — color temperature, CRI, life

Life up to 46,000 hrs at 12 hr start — programmed start ballast
Electronic ballasts

NEMA Premium
Instant vs Programmed Start
Various Ballast Factors



Linear Fluorescent
T5 verses 18

Dimming

Controls

Daylight Harvesting
Occupancy Sensors



Ceramic Metal Halide

Trends

* Miniaturization
* Optimized lamp/ballast systems

 CMH lamp that works on probe or pulse
start ballasts

» Self-ballasted CMH PAR lamps



White Light Options

Quartz Metal Halide Ceramic Metal Halide
Wattages | 35-2000W Wattages | 35-400W
Efficacy 60-90 LPW Efficacy 80-120 LPW
CCT 3000-5000K CCT 3000-4000K
CRI 60-70 (65 typ) CRI 80-95
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Ceramic Metal Halide

Manufacturers designing lamp/ ballast systems
to optimize performance

medium wattage ceramic metal halide
115 to 120 lumens per watt

90 CRI

90% lumen maintenance at mean life
3000K & 4200K

30,000 hour life

High color stability

Low mercury
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Compact Size

50% reduced size, compared with HPS & quartz metal halide

=
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Compactness enables:

e Optical performance
(up to 10% improvement)

» Better beam control

« Design freedom for the OEM



Solid State Lighting

LED



The Digital Revolution

LED lighting is transforming the entire landscape*

93%

2008

%

<25%

2020

Traditional lighting
LED lighting

>75%

*Market estimate based on internal Philips study




What is a LED?

How it works
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« LEDs are semiconductor diodes
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P-Type Material Junction

N-Type Material

« Semiconductors are materials with ability to conduct electrical current

 The diodes are formed by combining two different semiconductor materials to form a PN
junction (P=charged positive(holes) and N charged negative(electrons)

« By applying current, electrons(N) are forced to move to one direction and P to the opposite

direction

« Photons (light) are generated when the positive and negative charges recombine.



Making White 1 Two Primary Methods

Mixing of multiple colored
LEDs

Phosphor converted white

Take a blue LED “pump”
Cover it with a phosphor

Phosphor absorbs some of the
blue and re-emits it

 CCT and tint are determined by:

Phosphor type, density, and
thickness, and

LED pump spectrum and flux

The conversion is not perfectly
efficient.



Wh at

* Long life

« Small size
* Flexible

« Control
 Low wattage

« Sustainable — no mercury Need a lot for illumination
* Energy efficient . . .

 Color ???
e Cost
 No UV

do

You Want Fr

40-50,000 hours
Rated to 70% lumen maintenance
VERY heat sensitive
Digital

Dimmable
Directional

Energy saving

Watch out for Achipo
Best today ~ 100 LPW and improving

Costs are falling
Depends on application



Whatis a LED 1
Key | ssues for Whi

Key Concerns:
 Thermal management
 Lumen package

 Optical control Temperature at the PN junction (T))

e Color is critical and affects light output,
color and life

LEDOS need to be cool for effectiyv

Excessive Heat leads to :
* Reduced Output
 Reduced Life

« Degraded Color
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LED Color Inconsistency




Example Color Bin Structure LED Source
by LED manufacturer gm=x
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« 15 color bins for Warm White (Rebel), CCT range 3500K — 2540K



Black-body curve




LED T Light Emitting Diode

Standards
ANSI C78-377-2008 Chromaticity (color temperature)

IESNA LM-79 Electrical and photometric

IESNA LM-80 Lumen depreciation and life

DOE and EPA Energy Star Rating

IESNA TM-21* Uses LM-80 data & extrapolates life

*Still under development



Lumen Maintenance & Life
« Standard lighting — Rated Average Life

 LED commercial life rating — L70
— Rated life at 70% lumen maintenance

« B50/L70

— Time at which 50% of lamps have either failed
or are producing less than 70% light output



Department of Energy (DOE)

SSL Energy Star Rating

CALIPER testing

Gateway Demonstration Projects
L-Prize

— $10M for 60 watt A-lamp replacement
— $5M for 90 watt PAR38 replacement



PRIZE"

U.S. Department of Energy

Competition Requirements
60W Incandescent Replacement Lamp

A - More than 90 | umens/ wat:t

A - Less than 10 watts

A - More than 900 | umens

A - More than 25,000 hour |ife
AL More than 90 CRI

A Bet we € 3000XKTTCD



Department of Energy (DOE) L-Prize

* Over 425,000,000 60 watt incandescent lamps sold per
year in US alone

* DOE estimates that LED replacement for the 60 watt
iIncandescent could save 34 terawatt hours of electricity per
year and 5.6 million metric tons of carbon emissions
annually

Philips L-Prize Lamp

 Philips Lighting submitted the first entry in September 2009
« Asof 1/15/2011, Philips L-Prize lamp is still the only entry



Philips L-Prize Lamp

« Unlit LIt




Trend towards modular LED products

« Companies are developing LED module and
driver systems

|t becomes like a lamp & ballast

« Easier to accommodate changes in efficacy and
to maintain consistent light output and color

* Designed to be able to easlily replace LED
modules

« Companies are developing heat sink solutions
designed for modular LED systems
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Philips proprietary technologyRemote Phosphor

: : Remote
White Light /Phosphor
Back Reflected <__Lie-h t Irectea |
Blue chip Reflective mixing

Chamber



Fortimo remote phosphor
How does It work?




WHAT'S NEW GREEN TECH TECH REBORN

UPBATING EBISON

Popular
Science

July 2010

“Updating
Edison”




Lighting for Tomorrow Competition

« 2010 Solid State Lighting Competition — Winner
 EnduraLED A19 Lamp, by Philips Lighting
e 800 lumen, 12 watt




OLED T Organic LED
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http://www.oled-info.com/philips-lumiblade-oled-blue-square-photo-6

Outdoor Lighting Controls

* Title 24 in CA requiring minimum step dim
for outdoor lighting
* Increasing demand for controllability

including two way communication to and
from the fixture

« Cities are demanding individual fixture
metering for street lighting



Examples



T8 Linear Fluorescent Highbays

Before Lighting Retrofit After Lighting Retrofit




Ceramic Metal Halide verses Quartz

Before: 400W Probe Start

Lamp Wattage 210W 320W 320W 400W 250W
Mean Lumens 22200 21000 23000 24000 24300
Average Lifetime

Hours 24,000 20,000 24,000 20,000 24,000

System Watts 225 361 368 458 295



Chicago Residential Area: Chicago Western Avenue:
HPS 250W + 50W A CosmoPolis 90W + 60W HPS 400W A Elite 210W




White LED Cove Lighting




LED Freezer Door Fixtures
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Parking Garage — DOE Gateway Demonstration Project




Parking Garage — DOE Gateway Demonstration Project




Decorative HPS verses LED




Cobra head street lights HPS to LED




Seven Eleven Store — Parker, CO




LED Streetlights - New Bridge 1-35 Minneapolis
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Future Lighting Trends

Incandescent — not going away completely, for now

Linear fluorescent — no major innovations, but controls
becoming more important

Dimming becoming available and more reliable for
CFL’s, CMH, & Induction

Daylighting integrated into more building designs
CMH systems — higher efficacies, better performance
Outdoor Lighting Controls

LED’s/ OLED’s

— 100 — 150 lumens per watt white LED’s and higher

— Transforming how we think about light and how we
design lighting



Questions

Thank you



