LED Lighting In
Commercial Spaces:
Quality and Performance
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“Energy Savings Potential of
Solid State Lighting in
General Illumination

Applications”
U.S. DOE, January 2012
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LED Lighting Market Potential
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Figure 7.1 Total U.5. Lighting Energy Consumption Forecast, 2010 to 2030
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LED Lighting Market Potential

2030: Lumen-Hours
« LED
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 50% Base Service
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Figure 7.2 Total U.5. Lighting Service Forecast, 2010 to 2030
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Energy Savings Potential

u H A-Type M Directional m MR16
2 O 1 2 W Decorative W Downlight W Troffers, et al*
= 49 million LEDs installed WHighBay  mStreetlight w Parking

*Includes other common fluorescent fixtures

= Energy savings: 71 TBTu
= Cost savings: $675 million

= Potential (socket
saturation)
= Energy savings: 3.9 quads
= Cost savings: $37 billion

2012 Energy Savings  Potential Energy
Savings

Figure ES.1 — Comparison of Current and Potential
Source Energy Savings
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Energy Savings Potential

u H A-Type M Directional m MR16
201 2 W Decorative W Downlight W Troffers, et al*
= 49 million LEDs installed mHighBay  mStreetlight Parking

*Includes other common fluorescent fixtures

= Energy savings: 71 TBTu
= Cost savings: $675 million

= Potential (socket
saturation)

= Energy savings: 3.9 quads >
= Cost savings: $37 billion
| 71tBtu
" 2030 ForecaSt lﬂf;EnergySavings Potential Energy

Savings

) LEDS <l 75% Of l]ght]ng Sales Figure ES.1 — Comparison of Current and Potential
= Energy savings: 3.4 quads Source Energy Savings
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Figure 2.1 — Installed Base Estimates for LED A-Type Lamps
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Adoptions is... Growing
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Figure 3.6 — Installed Base Estimates for LED Troffers and Other Common Fluorescent
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Adoptions is... Growing
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Figure 4.1 — Installed Base Estimates for LED Streetlight Luminaires” "
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And It Needs to Keep Growing
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Incandescent
B65%
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Halogen
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*Walues less than 0.1% are considered negligible

Figure 2.2 — A-Type Lamp Installed Base
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... And It Needs to Keep Growing
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*Values less than 0.1% are considered negligible

Figure 3.7 — Troffer and Other Common Fluorescent Fixture Installed Base
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... And It Needs to Keep Growing
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Figure 4.2 — Streetlight Luminaire Installed Base
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Bring Products to Market Based on 2 Major Criteria

« Meeting the lllumination Performance Requirements

p

* Meeting the Economic Performance Requirements

© 2013 Cree, Inc.

All rights reserved. FDE:Q 1
&5 . —— ®




Life-Cycle Cost Analysis Justifies Adoption

Goal:
Maintained lllumination Performance
Maintained Economic Performance
Throughout the Life of the Application

Repair

Downtime
Environmental Impact
Installation

Initial System Cost
Energy

Maintenance

Note: Proportions are Arbitrary

CREE®




Does LED technology provide the
opportunity to provide higher value than
traditional sources???

* Energy Consumption

* Service Life

* Heat (i.e. HVAC load, etc.)
 Color Quality

* High Luminous Flux Options
* Precise Optical Control

* Dimming / Controllability




Specifying LED Solutions




The Goal...

A Process That

Enables the Required Performance
Expectations to be Met




Essential Elements

A Specification Development Process that:

1. Defines the Required Sustainable Illumination Performance

Example:

Illumination Performance
Requirements

e 1fc Minimum llluminance
 10:1 Max/Min Uniformity

« 50,000 Hour
Application Duration

© 2013 Cree, Inc.
All rights reserved.
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Retaill 2009

System Power Comparison

LED — ~19 kW
Spec Grade HID — ~31 kW

© 2013 Cree, Inc.
All rights reserved.



The Value of
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IESNA LM-79-08 Photometric Testing

— LM-79-08 “Bundles” the Effects of Many

Luminaire System Variables

Thermal Management

The Effectiveness of the Heat Sin
Optical Control

Optical Precision

Optical Efficiency

wasewmuor | Engrgy Efficlency & Building Technologies Program
ENERGY | Revowabke Energy  SOLID-STATE LIGHTING TECHNOLOGY FACT SHEET

UNDERSTANDING LM-79 REPORTS

LM-79 tosting captures parformance characteristics of products
that feature solid-stat lighting (SSL) tockmology, including
g diodes (LED:). This testing providss 3 saspsbot of
pecformance wndsc speciied operating conditians at some poiat
sally 2t the boginaing of oparation—
T dovs zot address

i lahub-wunm\iLEDprvé:n such a¢ lumizsres

and roplacasaat azps. I is not applicable to LED packages.

‘modules, or arrays (Beceia calloctively reforrod to as LED hight
)2

souro

LM-79 data eaables objective product comparisoas, allows for
eraluatica rulatve to pctﬁcr::momqm:vw mdunq:m!

rupertad” i provided. Koy types of measurcmants addrossed in
the docament iachude slectrical charactaristics, huzen ostput,
ibution of ight, and coler attributes. The DOE fact
. (which is wvailablo online 2t
/) is dedicated to a discussion
y be incnded in LM-79 reperts.

Electrical Characteristics

A variaty of alectrical measurazsaats may be conductsd 35 part of

LM-79 testing. including but 2ot Limited to:

Ingrt voltage, expressed is veits (V) xymup«sam.d
with the SSL product cparated at its rated input voltage.

+ Inge curran. exprossed in amperos (4). Inpst carreat can
b aithar diroct carraat (DC) o altarnating currest (AC).
depeading on product design.
equivaleat to the currest supy

« Electrical Power Efficiency (Driver Efficiency)

Etc.

© 2013 Cree, Inc.
All rights reserved.

<o (i6., LED drive curreat), which oftan cansotbe mes-
sured dirocdy without damaging the product ¢

Iqrxym exprassed mwatts (W). Ioput power is easential
for determining

sgergy v
« Powsr factor (PF). is 3 powse quality metric repartod s 2
dacimal valuo betwsaa zao and oze. PF is calcalated
by dividing input power by the prodact of input veltage 223
inpur currant.

Lumen Output and Luminous Efficacy

Light cutput—mcre formally referved to as laminous fax—is
exprossed in Jumans () * Lumen outps s 3 mors messingful
‘metric tha isput power

becanse tho ratio oftotal humea outpt to sput powss caa differ
from product to product  This quotisat is termed keminous eff
cacy and is expressed in kumeas per wa (Im'W).

Relative vs. Absolute Photometry

NoarSSL prodacts are typically messured ssing relatre plo-
tometry, for which lamps and ballasts are tested separately from
Huminaires. Luminaire effciency is calculated by dividiag the
total bemen output of the luminaire by the product of the rated




LED Luminaire Lumen Maintenance

Factors Example A o |
ple - R,
B 67

e

HI

input Initial 25K hr SOK hr 100K hr
Zone"* Power LME LMF LMF LMF
Designator? (Projected® (Calculated® (Calculated®)

5'C L(I00% 105 0.97 0.91 076
Q(46%) 105 0.98 0.81

25'c | LA0O% | 100 0.90 0.82 065

T7F) | awe% 1.00 0.93 0.86 0.73

© 2013 Cree, Inc.
All rights reserved.




Look for Justification of
Lumen Maintenance Data

* |[ESNA LM-80-08 and IESNA TM-21-11 (Lumen Maintenance Performance Data)

Outdoor Luminaire Lumen Maintenance Data sets are created using correlated in-situ luminaire test
methods (i.e. LED chip package temperature (T.) measurement(s) obtained with the LED chip package(s)
operating in given luminaire and in a given stabilized ambient environment. The T_ temperature(s) is correlated
directly to the LED chip package manufacturer’s LM-80-08 data, in conjunction with TM-21-11 described
extrapolation and interpolation methods, to form data sets predicting luminaire lumen maintenance for various
luminaire average ambient operating conditions.).

25K hr LMF 50K hr LME wﬁf‘(Fhr
) N i 13
(Projected®)’ (Projected®) (Calculated)
9 i 1.07 1.03 0.96
1 1.07 1.03 0.94
1.06 1.01 0.92
@ In accordance with IESNA TM-ZI-ll(Erojoctod Valuog)epresent interpolated values based
on time durations that are within six time e IESNA LM-80-08 total test duration (in

hours) for the device under testing ((DUT) i.e. the packaged LED chip).

@ In accordance with IESNA TM-Zl-ll.éalculatod Values Jepresent time durations that exceed
six times (6X) the IESNA LM-80-08 tota ration (in hours) for the device under
testing ((DUT) i.e. the packaged LED chip)

© 2013 Cree, Inc.
All rights reserved.




75K hrs LMF

Ambient Temp SOK hrs LMF 100k hrs LMF
25°C (77° F) 0.87 0.80 0.73
30°C (86° F) 0.85 0.78 o
35°C (95° F) 0.84 0.76 0.69

© 2013 Cree, Inc.

All rights reserved. —



Best Economic Opportunities




Parking
Structures

e Accessible Luminaires

« Many are 24/7/365

facilities

« Typically low average

occupancy levels
(15% or less)



Parking Structures

IESNA REQUIREMENTS: RP-20-98

Table 2: Recommended Maintained lluminance Values for Parking Garages
. Maximum/Minimum
Miminum . Horizontal Minimum
Horizontal® Uniformity Vertical®
o kux fe! Ratio’ Lux fc*
Basic' 10 1.0 10:1 5 0.5
Ramps®
Day’ 20 20 10:1 10 1.0
Night 10 10 10:1 5 05
Entrance Areas"
Day’ 500 50 250 25
Night 10 1.0 10:1 5 0.5
Stairways® 20 2.0 10 1.0

© 2013 Cree, Inc.
All rights reserved.




Parking Structure Application Example

Site Conditions:
Mounting Height: 10.5’
Luminaire Spacing: 58’ x 31
Reflectances: 30-30-20%

ﬂ@ o © © © O

7

311 ¥ 5
// ® 0} ® ® ® ®
/

-290Ft

Z

© 2013 Cree, Inc.
All rights reserved.




Luminaire Detalls

LED A LED B LED C

Lamp 14,000 - - -
Lumens

Lamp 150W - - -
Walttage

Luminaire 10,911 8576 5,758 3,870
Lumens

Luminaire 185W 105W 68W 50W
Wattage

CCT (°K) 4000K 5700K 5700K 5700K
CRI 68 70 70 70

© 2013 Cree, Inc.
All rights reserved.



Application Results

LED A LED B i l

Luminaire - 188W 105W
Wattage

Minimum >1.0 1.4 1.5 1.0 1.0
Maintained
llluminance

(fc)
Max/Min <10 0.36 4.07 4.10 1.60
Ratio

Calculations utilize

LED lumen maintenance factors at 15° C and 100,000hrs (11.4 years)
PSMH lumen maintenance factor of 0.75 (75% output at 6,000hrs)

© 2013 Cree, Inc.
All rights reserved.



Fixture Information
Fixture Application
Number of Fixtures
Voltage

Lamp Type

System Waits

Operation
Cost per KWHr
Days per Year
Hours per Day
Annual Hours of Operation

Maintenance

Per Fixture Relamp Cost
Maintenance Inteval (Years)
Per Fixture Ballast Cost
Maintenance Interval (Years)

Summary

Annual Energy Consumption (in watts)

Annual Energy Cost
Annual Maintenance Cost

Total Annual Cost (Energy + Maintenace)

Total Cost of Ownership Evaluations

150W PSMH
PARKING GARAGE
200

120-277

150W PSMH

185

$0.10
365

24
8760

$50
1
$50
10

Fixture Information
Fixture Application
Number of Fixtures
Voltage

Lamp Type

System Waits

Operation
Cost per kWWHF
Days per Year
Hours per Day
Annual Hours of Operation

Maintenance

Per Fixture Relamp Cost
Maintenance Intenal (Years)
Per Fixture Ballast Cost
Maintenance Intenval (Years)

PARKING GARAGE

120-277
VG
50 High (20%) 0
Low (80%) 0
0

$0.10
365

2
8760

50
0
50
0

Summary 150W PSMHvs. LEDC
324,120,000  Annual Energy Consumption (inwatts) 87,600,000 73.0% Energy Savings (%)
§32412  Annual Energy Cost $8,760 23652 Annual Energy Savings
511,000 Annual Cost 50 $11,000 _ Maintenace Savings
§43412  Total Annual Cost (Energy + Maintenace) §34,652_ Energy + Maint. Savings
Payback in Years 17

© 2013 Cree, Inc.

All rights reserved.

73.0%

$11.000

Payback in Years

150W PSMH vs. LED C
Energy Savings (%)
$23,652 Annual Energy Savings
Maintenace Savings
$34.652 Energy + Maint. Savings

Assume an 1.4 year application lfe.
Lifetime
(®114) 100K hours

$269,633

$125,400

$395,033

Assume an 11.4 year application life
Lifetime
(X 11.4) 100K hours
$269,633
$125,400

$395,033

1.7




Annual Savings and Payback

LED C

Energy Savings 73%
Annual Energy Savings $23,652
Maintenance Savings $11,000
Annual Energy + Maintenance $34,652
Savings

Payback (in years) 1.7

© 2013 Cree, Inc.
All rights reserved.



Case Study Example

Parking Structure
With
Occupancy Controls




Why Should Lighting Controls
Be Considered?

B Improve Economic Performance

Regulatory Compliance

 Building Codes (ASHRAE 90.1, Title 24)

© 2013 Cree, Inc.
All rights reserved.



Parking Structure Application
Common Control Strategies

Daylighting &
Occupant Detection

© 2013 Cree, Inc.
All rights reserved.



Payback Improvements

Controls provide significant additional energy savings
Example: Occupancy sensors in a parking structure

— Reduce light output to acceptable minimums in the
unoccupied space.

— Aggregate energy savings over 80% and paybacks of
less than 2 years are not uncommon

© 2013 Cree, Inc.
All rights reserved.



Parking Garage
Total Cost of Ownership Calcs

Fixture Information 150\ PSMH Fixture Information VG
Fixture Application PARKING GARAGE Fixture Application PARKING GARAGE
Mumber of Fixtures 200 Number of Fixtures 200
Voltage 120-277 Voltage 120-277
Lamp Type 150W PSMH Lamp Type VG
System Watts 185 System Watts 16 50 High (20%) 10

75 Low (80%) 6
Operation Operation 16
Cost per KWHr 50.10 Cost per KWHr $0.10
Days per Year 365 Days per Year 365
Hours per Day 24 Hours per Day 24
Annual Hours of Operation 8760 Annual Hours of Operation 8760
Maintenance Maintenance
Per Fixture Relamp Cost 350 Per Fixture Relamp Cost 30
Maintenance Interval (vears) 1 Maintenance Interval (v'ears) 0
Per Fixture Ballast Cost 350 Per Fixture Ballast Cost 0
Maintenance Interval (Years) 10 Maintenance Interval (Y'ears) 0

Assume an 11.4 year application life.
Lifetime

Summary Summary 150W PSMH vs. LED C wicontrols  x 44.4) 100K hours
Annual Energy Consumption (in watts) 324,120,000 Annual Energy Consumption (in watts) 28,032,000 91.4% Energy Savings (%)
Annual Energy Cost £32,412 Annual Energy Cost $2,803 $29609 Annual Energy Savings $337,540
Annual Maintenance Cost $11,000 Annual Cost 30 $11,000 Maintenace Savings $125,400
Total Annual Cost (Energy + Maintenace) 543412 Total Annual Cost (Energy + Maintenace 3 5 Energy + Maint. Savings

Payback in Years 1.6

Assume an 11.4 year application life.
Lifetime

150W PSMH vs. LED C w/controls(x 11.4) 100K hours

91.4%  Energy Savings (%)

$29,609 Annual Energy Savings $337,540

$11.000 Maintenace Savings $125,400

540609 Energy + Maint. Savings

Payback in Years 16

© 2013 Cree, Inc.
All rights reserved.




Annual Savings and Payback With Controls

LED C
With Controls

Initial Luminaire Cost X+ $30
Energy Savings 91%
Annual Energy Savings $29,609
Maintenance Savings $11,000
Annual Energy + Maintenance Savings $40,609
Payback (in years) 1.6

« Based on “low mode” 80% of the time and “high mode” 20% of the time.
 High mode = 100% wattage & 100% output
 Low mode = 15% wattage & >15% output

© 2013 Cree, Inc.
All rights reserved.



Sometimes the Evaluation Process Can be Simple

90

Example:
Direct Replacement LED Products

70
60

140

» Take the most popular
downlight configuration...

40

65W BR30 FL e

« Replicate the aesthetics, CRI =100 _
output, color quality and light ' 2
distribution...

90

* Improve the efficacy and
eliminate all routine
maintenance (i.e. relamping)

70
60

140

40

<10W 210
CRI =92

280

© 2013 Cree, Inc.



Computer Lab Before (2400w)

© 2013 Cree, Inc.
All rights reserved.
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Retail Application — Case Study

Grocery Retall (Before) 6 Lamp T8

© 2013 Cree, Inc.
All rights reserved.
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Retail Application — Case Study

57% energy savings with broad spectrum color and great CRI

30fc maintained average illuminance

© 2013 Cree, Inc.

All rights reserved. CREEO
CREE CONFIDENTIAL AND PROPRIETARY 2



Retail Application — Case Study
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Retail Application — Case Study

Project Fixture Options

The options for New Leaf Market to replace their original lighting systems included upgrading
to Cree LED lighting or a fluorescent system more efficient than the original lighting.

Energy Comparison

Original Lighting
6-Lamp T8 Linear Fluor.
(Direct/Indirect)

Cree LED Lighting
CS18 LED Linear Luminaire

Fluorescent Lighting
4-Lamp Energy Advantage
T8 Linear Fluor. (Direct)

UPGRADE
OPTIONS

Estimated Project Savings®

$23,155 Total Lifetime Savings

Up to 3,460 Ttotal watts Saved

$2,?QB Avg. Annual Operating Savings

73 hrs. saved Relamping (Lifetime)

Qty Watts
34 180
38 70
28 120

Payback In
Just over
MONTHS

Total
Watts

6,120

2,660

4,940

‘ ‘ Colors really pop now, with
our new LED fixtures, The apples
Energy really do shine brighter. And the
Savings amount of additional light also
has been impressive. Customers
N/A have commented on how much
better things look, without even
— knowing why. , ,
Larrane Hartridge
General Manager, New Leaf Market
19%

Estimated Total Lifetime Costs”

{50,000 HOURS)

M Labor
Lamps
Energy

B Purchase

*Savings and payback are representative of what consumers could expect operating in a typical
grocery store environment using comparable products.

$64,787
_—_— S
L
$36,632
Mo Fluor. Crea
Upgrade Upgrade Upgrade



Retail Application — Case Study

Grocery - Upgrade « Total lifetime savings of $28,155

*« More than 3,400 watts saved; 57% energy savings
New Leaf Market

Tallahassee, FL « Annual operating savings of $2,798

A commitment to sustainability in both its business and building practices led
New Leaf Market to a Cree LED lighting solution. The Cree system not only
dramatically improves the quality and reach of the market’s lighting, it further

advances a green initiative while adding some green to the bottom line.

SOLUTION

To that end, the cooperative turned to Cree for a more energy-efficient lighting solution, switching
from linear fluorescents to Cree® CS18™ LED linear luminaires.

This improvement was immediately apparent to employees and customers alike. One of the market’s
stockers joked that his workload had just been increased because since everything looked so much
better, the merchandise was going to fly off the shelf.

The improved light quality was also immediately evident to Robby Gilliom, Service Manager at
Weston-Trawick, who recommended Cree to New Leaf Market. Robby installed the Cree LED fixtures
for half the store in one night, with the fluorescents remaining in place in the other half, affording
a clear comparison between the lighting options. According to Gilliom, the vivid “before and after”
contrast was striking, with the Cree LED fixtures providing even light distribution all the way down to
the bottom shelves. Additionally, the color quality of the products on the LED-lit side of the store was
dramatically enhanced since the CS18™ LED linear luminaires feature a color rendering index (CRI)

of 90. Gilliom also appreciated the ease of installing the lightweight fixtures since each row requires
only one connection.
© 2013 Cree, Inc.

All rights reserved. CREE.
CREE CONFIDENTIAL AND PROPRIETARY




lllumination Quality Improvements

Metal Halide
19.1kW

© 2013 Cree, Inc.
All rights reserved.




Metal Halide
3,070 Watts Per Pole

LED
850 Watts Per Pole

© 2013 Cree, Inc.
All rights reserved.




Energy Savings Breakdown

FRONTLINE

INTERIOR POLES

PERIMETER SALES

PERIMETER STORAGE

WALL PACKS

GROUND LIGHTS

SOFFIT LIGHTS

TOTAL

ENERGY SAVINGS

© 2013 Cree, Inc.
All rights reserved.

QTyY

26
26

30

16

25

12

15

EXISTING
WATTS

455
1080

1080

1080

1080

288

455

210

TOTAL

11830
28080

32400

17280

27000

3456

2730

3150

125926

QTy

13

18

PROPOSED
WATTS TOTAL

851 11063
851 15318
851 6808
851 11063
137 1644
137 548
265 530
105 1575
48549

61%




System Reliability
Discussion




LED Package (Lamp) Failure Rates

Assume 50 LEDs Per Luminaire
Assume 50 ppm LED Package Failure
Assume 3 or more LED failures in a fixture constitutes a failed product

— Probabllity at 50,000 Hours =1 in 1.56E-8 (1 in 156
Million)

© 2013 Cree, Inc.
All rights reserved.



LED Driver Reliability???

Output Power
to LEDs

Input Power

© 2013 Cree, Inc.
All rights reserved.




Do We Live in a World Where High Reliability
Electronics Are a Assumed?

Engine Control Units (ECU) / Powertrain Control Units (PCM)

In 1958, Arne Larsson (1915-2001) &4
became the first to receive an implantable
pacemaker. He had a total of 26 devices
during his life and campaigned for other

patients needing pacemakers.

© 2013 Cree, Inc.
All rights reserved.



Non-lllumination Quality Related
Reliability and Durability Performance

* Mechanical
Vibration Resistance
Corrosion Resistance

* Electrical
Driver Life and Reliability

Surge Protection
* Etc...




Vibration Resistance Testing

Types of Roadway Vibration

 Wind Induced (ground mounted)
* Traffic Induced (bridge / overpass mounted)

Examples of Relevant Testing and Standards

 ANSIC136.31-2001 Normal Applications Vibration Standards
 ANSI C136.31-2001 Bridge & Overpass Vibration Standards
e CALTrans (California Department of Transportation) 611 Vibration Testing

© 2013 Cree, Inc.
All rights reserved.




Surge Protection
IEEE/ANSI| C62.41.2

*Different types of surge test wave forms are described for standard and special
environments / difficult applications

*Peak voltages, peak currents, frequency and test duration are also factors defined in
recommended test methods

«The MSSLC Model Specificationincludes an Electrical Immunity Appendix D, that
recommends three appropriate test specifications and related procedures for LED
Roadway Luminaires

*Test 1: Ring Wave
*Test 2: Combination Wave
*Test 3: Electrical Fast Test (EFT)

*Please refer to the MSSLC Model Specification for details

*Municipal Solid-state Streetlight Consortium

© 2013 Cree, Inc.
All rights reserved.



Salt Spray (Fog) Testing

Magiﬂcation .4 Di'é'metrs

B1

© 2013 Cree, Inc.
All rights reserved.



Ensuring Performance
and Energy Efficiency




DESIGNLIGATS &3

CONSORTIUM

The LED Promise

v’ Better Lighting Are these promises true?
v Energy Savings

v'Longer Lifetimes How can efficiency

programs distinguish

v Less Maintenance quality products from the
v Control Options rest to assure market
adoption?

v'Design Flexibility
v'... and more

62
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The LED Lighting Market

» LEDs for general illumination hit the market in 2008

> Demand takes off like a rocket!

* High Pressure Sodium « LED



DESIGHLIGHTS &

Learning Lessons from Past Mistakes

S I

Compact Fluorescent Lighting in America:
Lessons Learned on the Way to Market

US DOE June 2006

» Quality & Performance sacrificed in rush

to market

» CFL’s Poor Reputation

» Loss of several years of savings

* Don’t repeat this with SSL




DESIGNLIGATS

CONSORTIUM

Critical Partnerships

N g

-
<
N

* Industry Players invent, [
innovate, and bring it
technology to the
marketplace

= Efficiency Programs
promote quality and
performance, provide
financial rebates to
overcome first cost, and
educate customers

= End Users make wise
buying choices
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ENERGY STAR

ix?r- ~~~~~~~~~~ g i
lighting
CONSORTIUM facts

‘ LED Product Partner
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- M ENERGY STAR

ENERGY STAR® for Solid State
Lighting Products

wEPA Learn more at energystar.gov



ENERGY STAR

ENERGY STAR

* Products that have earned the ENERGY STAR meet strict
energy efficiency & performance guidelines set by the US
EPA with open and broad stakeholder engagement

- ENERGY STAR products are available from more than
2,600 retailers in the US and Puerto Rico and are actively
promoted by over 900 utilities

- ENERGY STAR is a trusted and recognized brand backed
by third party certification & ongoing testing at accredited
laboratories

+ Influential brand recognized by more than 85% of
Americans

* 92% of American’s are influenced by the ENERGY STAR
label when making purchasing decisions.

<EPA o



Product Eligibility

ENERGY STAR

The following product types are eligible for ENERGY STAR

« General purpose LED & Compact
fluorescent lamps

- *Accent lights: line-voltage directional track

. ¢ 4[]

lights |
* *Down lights: recessed, pendant, surface- I
mounted, solid state retrofit kits l
- Residential wall sconces, chandeliers, bath \J' 5

vanities, ceiling and close-to-ceiling mount
- Portable floor and table lamps
* *Portable desk task lights
« *Under cabinet/shelf-mounted task lighting
- Ceiling and ventilation fans with lighting

*Residential/Commercial \M \ v
wEPA E


http://lumennow.org/energy-saving-choices/leds-choosing-the-right-type

Product Eligibility

The following product types are not eligible for ENERGY STAR

«  Commercial street and area lights
- Wall packs

- Canopy

« High bays

* Recessed troffers

 General office illumination,
adapters, or converters

- Theater lighting

<EPA



Utility Promotions for ENERGY
STAR Lighting products ENERGY STAR

(43, 4k

w i
A
f
Y

{

HI%H \ %1 - $10 million

i \IK -.\ ]

ﬁ\/ \\_‘J | $10 - 20 million

. $20 million and higher

n
ﬁ'EPA ENERGY STAR Summary of Lighting Programs, 8/2013

| Undetermined

%0 - $1 million




Municipal Solid-State
S T R E E T L | G H T | N G Sponsored by the U.S. Department of Energy

CONSORTIUM

About The Consortium - Background

 Created by the U.S. Department of Energy (DOE) in March
2010 using American Recovery and Reinvestment Act (ARRA)
funding

«  Supported by the DOE GATEWAY program

 Intended to be an educational resource on Solid-State street
lighting and associated technology for those involved in lighting
streets and other outdoor public areas.

= As an independent resource, the Consortium is available to
help those unfamiliar with LED technology identify
Important issues and how to how to begin the evaluation
process

...and to help accelerate adoption of SSL technology in the
nations street lighting systems

MSSLC@Seattle.gov | www ssl.energy.gov/consortium.htmi



Municipal Solid-State
S T R E E T L | G H T | N G Sponsored by the U.S. Department of Energy

CONSORTIUM

QOur Vision

» Accelerate the adoption of high performance solid-state street and
area lighting by leading end-user collaboration in the areas of
performance, evaluation, application, and standardization.

Our Mission

* Increase KNOWLEDGE around the performance, quality, and
application of SS Street Lighting.

« Develop a national STRUCTURE to provide oversight and guidance
on the evaluation of SSL for public areas.

 Influence national STANDARDIZATION of benchmarks,
classification, design, and performance criteria. Set standard
benchmarks.




Municipal Solid-State
S T R E E T L | G H T | N G Sponsored by the U.S. Department of Energy

CONSORTIUM

Membership

Primary Type Organizations Participating
374




Municipal Solid-State
S T R E E T L | G H T | N G Sponsored by the U.S. Department of Energy

CONSORTIUM

Municipal Solid-Smate

STREET LIGHTING
- ]

GCONSORTIUM
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Municipal Solid-State
S T P\ E E T L | G H T | N G Sponsored by the U.S. Department of Energy

Resources Available

CONSORTIUM

Model Specification for LED Roadway Luminaires
Scope

= Municipalities, utilities, large public spaces,
etc.

= Streets, roadways, and nearby pedestrian

ways LED Roadwey Luminaies
= |nitial and maintained quality and quantity of Version 10
illumination October 2011

= Warranty coverage

= Input power, electrical immunity, housing
finish, vibration, etc.

= Drivers, including lighting controls interface

= Photocontrol receptacles

Download: http://wwwl.eere.energy.gov/buildings/ssl/specification.html




Municipal Solid-State
STREET LIGHTING

Sponsored by the U.S. Department of Energy

CONSORTIUM BAIel LNy Financial Analysis Tool

Retrofit Financial Analysis Tool
e Evaluates costs and benefits of LED conversion

« Performs detailed analysis and provides numerous outputs, including:
= Annual energy and energy-cost savings
= Annual maintenance savings

= Annual greenhouse gas reductions Energy Impacts

. = 30,000
= Simple payback, IRR s
w 25,000
= Net present value z
2 20,000
E
15,000 -

Thousands

Annual Cashflow with Components

$4,000 48.8%
$3,000 '
$2,000 - Old Baseline Annual kWh Use New Baseline Annual kWh Use
$1.000 - mmm Annual Energy Savings ($)
s mmm Annual CO2e Penalty Savings
$(1,000) mmm Annual Non-energy O&M Savings
$(2,000) - mmm Rebate
$(3,000) &= mmm Annual Capital Expenditure
2(4,000) - Annual Cashflow
$(5,000)

$(6,000)

Year

www.ssl.engrgy.gov/consortium.htm|




U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

LED Lighting Facts®

A Program of the U.S. DOE




LED Lighting Facts Overview ENERGY | 5o Effciency &

Renewable Energy

o
ﬁhtmg facts'

A Program of the U.S. DOE

= Standardized summary of
verifiable product performance R RRrRIC G resgl) 840
. Watts 9
data, measured by industry Lo b BNt aa0s)
standards (LM-79, LM-80, TM-21)

Color A
= Web-based product performance Cotor Rendsring ndos (CR) 87
reporting initiative
« www.lightingfacts.com S G A Temperaturs GG 2900 (Warm White)

= Industry tool to help buyers
Warm White r . h Daylight

* Resource to evaluate repprted ek -
product performance against i BEnance Projection  95.11%
manufacturer claims at 2 5 at 25°C Ambient

_ Warr Yes
= Label and product list backed by
Ve rifi Cati O n Of perfo rm an Ce te Sti n g All results, except LED Lumen Maintenance, are according to IESNA LM-79-2008:

Approved Method for the Electrical and Photometric Testing of Solid-State Lighting.
= A voluntary and free program

The U.S. Department of Energy (DOE) verifies product test data and results.

* Based on TM-21 projections for the light source.

** See www.lightingfacts.com/products for details.

Registration Number: ABC435TH4792023
Model Number: 18756CHT56428954RGHT1234H3
Type: 18756CHT56428954RGHT 1234H3

79 | Solid-State Lighting Program WwWWw.Ssl.energy.gov


http://www.lightingfacts.com

Increasing Participation and Value ENERGY | Sreroy Effctency &

Renewable Energy

= SSL industry and LED Lighting Facts product list are
growing
« Over 500 products submitted each month
rely

LED LIGHTING FACTS PRODUCT COUNT

March 2009 - April 2013
8000

7000
6000
5000
4000

3000

2000
1,851
1000 1,245

246
o3 21 e w506 "

MAR JUN SEP DEC MAR JUN SEP DEC DEC DEC APRIL 16,
2009 2009 2009 2009 2010 2010 2010 2010 20M 2012 2013

~ Over 1,000 products have been archived since annual product status update was implemented In November 2012.

80 | Solid-State Lighting Program www.ssl.energy.gov



New Product Search!

Manufacturer A

Approved 4/8/2012

High-bay and Low-bay fixtures

BrAaND:  Brand A
MODEL.:

abcl123
£} METRICS
Lumens 27136 im
Watts 3005 w
Lumens per Watt 90.3 Im/WwW
Color Accuracy 68 (CRJ)
Light Color 5231 K

El View More Information

[
%h'tm'g facts

A Program of e US. DOE

%) Log In

Information v

LED Lighting Facts® Products

Light Output =

¥ il

17880 Jm to 55440 im 0

Fixture Type
Bollards
Canopy Light
Cove Light
Flood or Spotlight Fixture
+ High-bay and Low-bay fixtures
Indoor path/stepirail light
Other
Outdoor area/roadway fixture

Search Products By Keyword

7 1 Matching Products Found

W to 800 w 60

Outdoor decorative fixture
Outdoor path/stepirail light
Qutdoor wall pack

Outdoor wall-mounted porch lights
Parking garage fixture

Portable desk lamp

Recessed downlight

Refrigerator display case light

EverLi_

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Replacement Lamp - Directional (R20, PAR20)
Replacement Lamp - Directional (R30, PAR30)
Replacement Lamp - Directional (R38, PAR328)
Replacement Lamp - Linear T8/T5/T12 tube

Replacement Lamp - Omnidirectional (A Lamp)

A Collapse Refinement Menu A

COMPARE

Sort By: Organization Brand Model Number Fixture Type  Light Output Watts Lumens per Watt  Color Accuracy  Light Color
v

Lumens per Watt 80.8 Imw
Color Accuracy 83 (CRI)
Light Color 4830 K

El View More Information

Add to Compare COMPARE

Lumens per Watt 78.3 Imw
Color Accuracy 83 (CRI)
Light Color 4888 K

m View More Information

Add to Compare COMPARE

Lumens per Watt 90.3 Imw
Color Accuracy 68 (CRI)
Light Color 5173 K

m View More Information

["] Add to Compare

About v Products Partners ~ Resources
Lumens per Watt f:) Color Accuracy Light Color
imw | to | 180 imW 0 (CRI) | to 100 (CRI) 0 K | to 9900 K
Repl; 1t Lamp - D Surface-mounted downlight
Repl: 1t Lamp - Directional (MR16) Surface-mounted fixture (other)
Ri 1t Lamp - Directional (Other) Surface-mounted or recessed troffers

Track light
Under-cabinet or Shelf-mounted light
Wall wash fixture

UPDATE RESULTS

® Download Results

® Download Full List

12345 7
Lumens per Watt 83.4 Imw ’
Color Accuracy 68 (CRI)
Light Color 5196 K

m View More Information

["] Add to Compare




DESIGNLIGATS

CONSORTIUM

DesignLights Consortium®

= 1998: knowhow series

= 2006: HP T8 Project R ol v DL v b v
= 2008: DLC QPL

Username

The DesignLights Consortium®

Brings stakeholders together to define and promote leading edge high quality, high efficiency
commercial sector lighting solutions.

Password

LOG IN »

Welcome to the new webpage for the Designlights Consortium®! As we transition to this new website,
we are confident you will find it a powerful and valuable tool. To make the transition as easy as
possible, however, if you are simply looking for the Qualified Products List, you can download in its old
format:

Click here to download the QPL - Updated 10/14/2013 (xls)

Cliquez ici pour télécharger la LPQ - Mise 3 jour 10/14/2013 (xls

Search the DLC View/Download the Information about
Qualified Products List Category Specifications Submitting Products TR T, GRS, TG

I information about the DLC.

O

e

ot | e P30 5
et | e
D | e (g e
Thowe | e

pt)

www.designlights.or
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DESIGNLIGHTS DLC Members @3
o
SOUTHERN MINNESOTA A Northeast Utilities Company
I*I NagjaralaRosources o
-:"'3-, '.:-55 Electrie J SOUTHERN CALIFORNIA S’,ﬁ_
ILLINOIS
A - *
ComEd. QU e Tt Liberty N BT pep— BGE
ilities 4
RIVER = & = NEeeq EnergTrust ENERGY. () SMuD
UTILITY DISTRICT
Ullltll MRNSTAR Q8w
Ag’ Sempra Energy utility™

CONSORTIUM
@2 XcelEnergy ceorcia A E %‘\\\f Light & Power
MUNICIPAL POV"EQ AG&NCV A SOUTHERN COMPANY
nationalgrid ECO ¥V e
Partnering with Wisconsin utilities
TACOMA POWER of Oreq SACRAMENTO
WECC ?PECO XtNEw HAMPSHIRE

FORTIS BC POWER
' Bringing poveer to your life 0 - - $MART
EDIS O N 7
THE POWER OF ACTION Southern Maryla;dElectric Cooperative 2 n EOFSON INTERNATIONAL Amem ”
l MISSOURI = » @ DUKE
..................... - FONNEVILLE MUNICIPAL
Hydro SDGE = =
WIconsts ensrgy Electric CO-Op Delivering mere than power™

An Exelon Company

Energy. Innovagion. Solutions. Midwest Energy Efficiency Alliance

Long Island Power Authority C{\‘Ils S ttl C. ° t SNOHOMISH COUNTY D Cg E M

An IDACORP Company

&/SEEA mm

serda @ PUGET SOUND ENERGY O MFEA ==

efficiency
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DESIGNLIGHTS DLC Structure @

CONSORTIUM

STRATEGIC DIRECTION @ FUNDING § TECHNICAL EXPERTISE @ SUPPORT

DLC EXPERT
MEMBERS ADVISORS

DLC
TECHNICAL
COMMITTEE

INDUSTRY
STAKEHOLDER

85

Contractor

INPUT

Program Management
Strategic Oversight
Technical Support




DesignLights Consortium® Product Qualification Criteria, (FINAL 9/27/13)

Technical Requirements Table, v2.1

Minimum Minimum Minimum
Application Category Light RI onall Lumen Luminaire Allowable CCTs Minimum CRI M:’." Lumen Luminaire
Output equirements Efficacy | M1 C7R.I77-1008) intenance Warranty
Outdoor Applications—New, Fully Integrated Luminaires
Outdoor Pole/Arm-Mounted Area =100%: 0-90°
1 and Roadvway Luminaires 1,000 Im <10%: 80-90° 70 Im/W <5700K 65 50,000 hrs 5 years
7 | Outdoar Pole/ Arm-Nounted 1,000 Im 265%: 0:90° 60 lm/W <5T00K 65 50,000hrs | 5 years
Decorative Luminaires
Qutdoor Wall-Mounted Area =100%: 0-90°
3 Luminaires 300 Im <108 80-90° 70 Im/W <5700K 65 50,000 hrs § years
4 | Bollards 500 Im e 50 m/W <5TO0K 5 50,000 hrs | 5 years
. - =30%: 60-80°
5 | Parking Garage Luminaires 2,000 [m 25 70-80° 75 Im/W <5700K 65 50,000 hrs | 5 years
- =40%: 0-40°
6 | Fuel Pump Canopy Luminaires 2,000 Im S40%: 40-70" 80 Im/W <5700K 65 50,000 hrs | 5 years
Landscape/Accent Flood and Spot 1250 lm ane
7 Luminaires (<1000 Im) +85% 0-90 65 Im/W <5700K 65 50,000 hrs | 5 years
8 ﬁd‘.““.d“’a' Flood and Spot 1000 I 285 0-90° 75 mw <5T00K 65 50,000 hrs | 5 years
minaires
g | daimvel and Pasagenay 750 tm 285% 0-90°* 75w <5TO0K 5 50,000hrs | 5 years
minaires
Indoor Applications—New, Fully Integrated Luminaires
10 | Wall-Wash Luminaires 575 lm 260%: 0-90°* 45 Im/W <5000K 80 50,000 hrs 5 years
11 TraCk or MﬂnO'Pﬂint D'lrectlmal I8N Im ~88%- n.0N*° AR I A1 RANNK an &N NN hre B wmare

- 37 Categories

Specs revised annually
New categories developed
according to need and
capacity

= Multiple Parameters

1.

Minimum Light Output
Zonal Lumens/Light
Distribution

Minimum Efficacy

CCT

CRI

L, Lumen Maintenance
THD and Power Factor
Warranty

86



DESIGNLIGHTS &3

CONSORTIUM

QPL: Manufacturer Application

Testing & Reporting Requirements

= Photometric & Electric Properties

= |[ES LM-79-08 Electric & Photometric

= Qutput & color: Integrating Sphere
= Light Distribution: Goniophotometer

= | umen Maintenance

= Light Package Testing
= |[ES LM-80-08 Lumen Maintenance

= Luminaire-level Testing
= ISTMT (ANSI/UL 1598-04)

= | ., Determination
= |[ES TM-21-11 Projecting Lumen Maintenance




IGHIGHTS

DLC Qualified Products List

Download-able Workbook

S I

o E F [ H 1 e
DESIGNLIGHTS CONSORTIUM (DLC) LanguagefLangue: =
QUALIFIED PRODUCTS LIST (QPL) English
ERin inl im fur Ihe mur F pmmanre of The Braigeligble Cammnrlin [BLCE in P
By: Calis Whitmarrk
Maarursd
Hansfacturar Hams 1 Brand Hams - Hudsl Hambar - Family Hudalr - c'(';.“:]’ 'v Fraduct Catsqury B v '":::'.:: - R“;: ":
7 AGElectronizr LED Pouer Derigre Devirion ACEIIEIIE0E HiA 3 Outdoor Wall-Mounted Area Luminaire ratl .75 Ht
3 AGElectronizr LED Fouer Derigre Devirion ACGEOEAZRASE0E HMA 3 Outdoor Wall-Mounted Area Luminaire 7443 35449 BT Ht
4 AGElectronizr LED Fouer Derigre Devirion ACGHZEEIEE0E He& T Fuel Fump Canopy T 352 2557 S
m #Acuity BrandrLighting Holophane LEDG-1&0-35-dK-AS-H-L3-REHE HMA 1 Outdoor Foleddrm-mounted Areaand Foaduay Luminairer BEE 125 FH03 &0
11 Bzuity ErandrLighting Holaphare LEDG-120-35-dK-AS-H-L-RERE LEDG-120-35-5K-AS-H-Lx-RRHE 1 Outdoor Faleddrm-mounksd dre aand Roaduay Luminairer
1z #Azuity ErandrLighting Haolophane LEDG-1z0-35-dK-AS-H-LE-REKE LEDG-1z0-35-EK-AS-H-LE-REKE 1 Outdoor Faleffrm=mountzd fre 3 and Roaduay Luminairer
1 #Azuity ErandrLighting Haolophane FUL-0T0--5K-AZ-E-LZ-Z Hfa z Outdoor Faledfrm=-Mounted Dezorakive Luminairer T4 TOT S04k FEO
14 Azuity BrandrLiqhting Halophane WFL-Ek=0T0-AZ-K-LE-Z ¢ K - Howring Calor HiA z Qutdoor Falefdrm=-Founted Decorative Luminairer [TR] e 4517 AN
15 FAzuity BrandrLighting A<ty BErandr Lighting LEDG-0Z6-53-dK-AS-H-L2-HHRH HiA 1 Qutdoor Faletdrm-maunted Areaand Roaduay Luminairer EZ.9 £0d Exl
16 FAzuity BrandrLighting Haolaphane LEDG-072-35-dK-AS-H-L2-HHHH HiA 1 Qutdoor Faletdrm-maunted Areaand Roaduay Luminairer 590 Al E45T
17 FAzuity BrandrLiqhting Haolaphane LEDG-072-35-4K-AS-H-L2-HHRH LEDG-034-35-dK-RH-H-L3-HiHE 1 Qutdoor PaletArm-mounted Area and Roaduay Luminaires
1% #Acuity BrandrLighting Halophane MFL10dKASES HiA 2 Outdoor Foled@rm-Mounted Decorative Luminairer TZ.5 10 ™M 754
12 #Acuity BrandrLighting Halophane MFLI0dKASES MFL11SKASEd 2 Outdoor Foled@rm-Hounted Docorative Luminairer
0 #Acuity BrandrLighting Holophane MFLI0dKASES MFLHEKASEd 2 Outdoor Foled@rm-Hounted Docorative Luminairer
1 Bzuity ErandrLighting Holaphare LEDG-120-53-dK-AS-H-L-RERE HAA 1 Outdoor Faleddrm-mounksd Are aand Roaduay Luminairer Ed.5 AL 12660 (21
z #Azuity ErandrLighting Haolophane LEDG-1z0-53-dK-AS-H-LE-REKE LEDG-1z0-53-5K-AS-H-LE-REKE 1 Outdoor Faleffrm=mountzd fre 3 and Roaduay Luminairer
3 #Azuity ErandrLighting Haolophane LYLHZOLED ETO MYOLT RZ BEK B8 KEHE Hfa 1 Outdoor Faleffrm=mountzd fre 3 and Roaduay Luminairer TEE 4T 5333 00
24 FAzuity BrandrLiqhting Haolaphan: LWMZOLEDETO MVOLT R HEK HE RERE LWMZOLEDETO MVOLT Rz 5k SHEHR BRER 1 Qutdoor Falef@rm-maunted Areaand Roaduay Luminairer
z5 FAzuity BrandrLighting Haolaphane LWMZOLEDET) MVOLT R HEH HE HEHE HiA 1 Qutdoor Faletdrm-maunted Areaand Roaduay Luminairer 0F TET E917 Rl
¢ Psuity BrandrLighting Haolaphane LYMZOLEDETO MVOLT R HEH HH HEHE LW ZOLEDET) MVOLT R SR SR HHH BREY 1 Qutdoor Faletdrm-maunted Areaand Roaduay Luminairer i
4 4 v | QPL Products No Longer Qualfied Pivot Product Category Translations Count of Products (] [l 4

Ready |



DESIGHLIGHTS

DLC Qualified Products List

New Search & Sort

Reset Search Q Vair en Frangais

Define Your QPL Search [0 Include De-Listed Products QPL Summary Data

Total Products by Year

The DLC QPL search allows you to find the results you really need. Just choose your criteria from

the available categories below, then dick 'search’ to run your query. [ Total Froducts
28,000
Click Here to view the whole, unfiltered list
21,000
14,000
Done defining your eriteria? Click 'search’ to
27, 888 EY Q, Search
RESULTS FOUND see your results. 7.000
Jan 2010 Jan 2011 Jan 2012 Jan 2013
Jul 2010 Jul2011  Jul 2012 Jul 2013
Search by Keyword i.e. Model Number, Brand Name, etc.
Total Products by Category
Measured Criteria A SEELTE UL
1x4 Luminaires for Ambient 320
Lighting of Interior
Light Output Between D ::| 14 and 82893 Im Commercial Spaces
Efficacy Between D D 1 and | 137 /W 2x2 Luminaires for Ambient 585
Lighting of Interior
Commercial Spaces
Wattage Between D ::| z and 932 W
224 Luminaires for Ambient 475
Lighting of Interior
CR Between D ::| 52 and 97 Commercial Spaces




DESIGNLIGATS 38

CONSORTIUM

Technical Requirements Table v2.1

= Multiple Parameters
1. Minimum Light Output
. Zonal Lumens/Light
Distribution
. Minimum Efficacy
. CCT
. CRI
. Ly Lumen
Maintenance
. THD and Power Factor
8. Warranty

oy U1 AN W N

~N
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Technical Requirements Table v2.1

= Multiple Parameters

1.
. Zonal Lumens/Light

oy U1 AN W N

~N

Minimum Light Output

Distribution

. Minimum Efficacy
. CCT

. CRI
. Ly, Lumen

Maintenance

. THD and Power Factor
. Warranty

Minimum Light Output
LM-79

Originally benchmarked to
incumbent technology

Specification evolved to
allow for design flexibility

= One-for-one replacements
» Designed installations

91
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Technical Requirements Table v2.1

= Multiple Parameters

1.
. Zonal Lumens/Light

oy U1 AN W N

~N

Minimum Light Output

Distribution

. Minimum Efficacy
. CCT

. CRI
. Ly, Lumen

Maintenance

. THD and Power Factor
. Warranty

Light Distribution

LM-79
Zonal Lumens
Spacing Criteria

Originally benchmarked to
incumbent technology

Specification evolved to
address

= Market availability

= Attributes of LED

92
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Technical Requirements Table v2.1

= Multiple Parameters

1.
. Zonal Lumens/Light

oy U1 AN W N

~N

Minimum Light Output

Distribution

. Minimum Efficacy
. CCT

. CRI
. Ly, Lumen

Maintenance

. THD and Power Factor
. Warranty

Minimum Efficacy
LM-79

Originally benchmarked to
incumbent technology

Specification evolved to

take advantage of market
developments
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DESIGL

GHTS

Technical Requirements Table v2.1

= Multiple Parameters

1.
. Zonal Lumens/Light

oy U1 AN W N

~N

Minimum Light Output

Distribution

. Minimum Efficacy
. CCT

. CRI
. Ly Lumen

Maintenance

. THD and Power Factor
. Warranty

Color
LM-79

Originally benchmarked to
incumbent technology

Specification evolved in
response to market
developments and consumer
demand

DLC aligns
* |[ndoor products: <5000 K
= Qutdoor products: <5700 K ™
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DESIGL
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&3

Technical Requirements Table v2.1

= Multiple Parameters

1.
2.

o U1 N W

~N

Minimum Light Output
Zonal Lumens/Light
Distribution

. Minimum Efficacy
. CCT

. CRI
. Ly, Lumen

Maintenance

. THD and Power Factor
. Warranty

Lumen Maintenance
LM-80, ISTMT, TM-21
Not intended as lifetime metric

Number of hours to decay to
70% of initial output

DLC requires 50,000 hours for
most categories
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Technical Requirements Table v2.1

= Multiple Parameters

1.
2.

o U1 N W

~N

Minimum Light Output
Zonal Lumens/Light
Distribution

. Minimum Efficacy
. CCT

. CRI
. Ly, Lumen

Maintenance

. THD and Power Factor
. Warranty

Power Quality
LM-79

Power Factor: Ratio of power
performing the load to the
apparent power in the circuit
DLC spec: <0.9

Total Harmonic Distortion: ratio
of all harmonic components to
the fundamental frequency
DLC spec: <20%
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CONSORTIUM

Technical Requirements Table v2.1

= Multiple Parameters Warranty
1. Minimum Light Output

. Zonal Lumens/Light 5 years
Distribution

. Minimum Efficacy

. CCT

. CRI

. Ly, Lumen
Maintenance

. THD and Power Factor

8. Warranty

oy U1 AN W N

~N
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Category Development

Member
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Technical Requirements Evolution

Industri Member Needs I |
[ Nlovwar Tachnmniecal | 60 da Sto -
-
99




Growth of QPL

35,000
30,000
25,000

20

000

’
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Light

Color

Color Quality




Wavelength

-

Light — What is it made of?

Light is made of waves

(technically: electromagnetic waves of radiant energy)

Magnetic fiekd

Radiation direction

very small waves...
Lights wavelength is measured in The Electromagnetic Energy Spectrum

billionths of a meter, nanometer (nm)

2‘ % H g
. ﬁ _— — >

© = 3 g >
UV, Infrared (IR) heat, cell phone radio g 0 £ & : %
waves, X-rays are the same waves... z < = & S = -

O b > - = o E »
just longer or shorter [] ]
Visible Light is wavelengths between 1014 102 1010 10 106 104 102 1 102
380nm and 780nm Wavelength (m)

Visible Light

Wavelength (nm)

EE®
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» Different Wavelengths = Different Colors

Light comes in different colors, spread across the rainbow of hues we call the visible
spectrum.

Red waves are the longest, purple the shortest

4 000 A
—
400 nm
4260 A
|
425 nm
4700 A
|
470 nm
4,900 A/
#'
430 nMm

5 500 A,
553 nMm

Yellow ﬁwé\/\/\/\/f\/

/6,300 A /’“
0

6,650 A

665 nm
7,000 A
700 nm
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Visible Light
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How Do Humans “See” Color?

HS?nm §498nm ;533nm*564nm

Wl 204 B I | LU I | FUon L} I

Relative sensitivity

/ " /
/Il A .ﬁ'l (B .*f wol 1 (I L g_—
350 400 450 500 50 000 h5l0 700
Wavelength A (nm)

Fig. |1A.2. Nermalized spectral sensitivity of retinal rod and cone cells of the human ¢ye
(adapted from Dowling, 1987).

« The eye contains cones and rods - cones are color sensitive and used for high light
level vision (photopic) , rods are for night vision (scotopic)

« Three types of cones — long, medium and short .. Sensitive to red, green and blue
areas of the visual spectrum

« Cones are concentrated in high density in fovea, Rods are spread across a much
larger area inside the eye

© 2013 Cree, Inc.
All rights reserved.
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White light consists of many
colors mixed together

Natural White Light (such as
sunlight) consists of a continuous
spectrum of all colors

)

Power

<

Wavelength >

N

Relative Human
Eye Sensitivity

N

400 500 600 700
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The Human Eye Response Curve

555 nm Peak

400 200 600 700

Wavelength (nm)
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1931 CIE Chromaticity Diagram

How It Works
« Monochromatic (“high Saturation”)

colors are on the outside edge of the . . . .

diagram
The SpeCtraI Locus 1976 CIE Chromaticity Diagram

« All combinations of colors are on the P
inside, with white colors in the middle |

All rights reserved.



Blackbody Radiation
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Noon time sun @ ~ 6000K
Cool White

B type star >11,000K
Cool White
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Color Gamut
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LED - Ways to White

Blue + Yellow
Phosphor
&

Blue
Peak

Yellow
Phosphor

470 525
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Correlated Color Temperature (CCT) Variation

Lines of constant
color temperature

How much variation
away is too Much?

© 2013 Cree, Inc.
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Color Variation
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Spectral Power Distribution

Spectral Power Distribution

-

g ¥ EERIREE

Spectral Power Distribution

11 Daylight
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Spectral Power Distribution

11 5000K
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Phosphor Converted LEDs
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Spectral Power Distribution

Phosphor Converted LEDs

Spectral Power Distribution

100% — 11 5000K

90% T
80% +
70% +
60% -
50% +

40% +

Relative spectral power
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Metal Halide Fluorescent
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Phosphor Converted LEDs

Spectral Power Distribution

100% 113000K
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Relative spectral power
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Color Rendering




* Color Rendering Index (CRI)

— A quantitative measure of the ability of a light source to reproduce the colors of
various objects faithfully in comparison with an ideal or natural light source

— Ranges from 0 (poor) to 100 (excellent)

© 2013 Cree, Inc.
All rights reserved.




Object Color
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Object Color

A
00 F

.

Percent Reflection

400 500 600
Wavelength (nm)

Spectrum

Vision

Object Color
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Color Rendering Index

In general terms, CRI (R,) iIs a measure of a light source's ability to
show object colors "realistically” or "naturally”" compared to a familiar
reference source, either incandescent light or daylight.

#4

R, (= iiimiiii

#9 #10 #11 #12  #13 #14

None of the 8 test colors used to calculate CRI are saturated. So,
CRI is a poor measure for indicating how well a light source
llluminates saturated colors.

Even with a high CRI (R,), color rendering of saturated colors can be
poor.

CREE® ™=



CRI With Expanded R,
Example

Color Rendenng Index Detall
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Color Rendering Index — R9

U.S. Department of Energy (DOE) Comments:

0 50 75 100

Poor Good Very good  Excellent

Special Color A measure of color fidelity that characterizes the similarity in color appearance of

Rendering Index Rq deep red cbhjects under a given source relative to a reference source of the same
CCT. The maximum possible value is 100, with higher scores indicating less
difference im chromaticity for the color sample illuminated with the test and

reference source. Rs and R, (CRI) are part of the same CIE Test-Color Method, but
the Ry color sample is not included in calculation of R,. Ry values should not be

compared to R, [CRI) values. As a shorthand approximation, an R, less than zero is

poor, an Rs greater than zero is good, an Rs greater than 50 is very good, and an
Ry greater than 75 is excellent.

© 2013 Cree, Inc.
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Why Your Customer Cares about #9
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CRI of Some Common Sources

Rule of Thumb (US, EU):

) Indoor Outdoor
Light Source CRI — D
100 100
60W Incandescent
Halogen ........................... Exce”ent ......
Cree TrueWhite™ -
90 90

Ceramic Metal Halide

High CRI LED Acceptable
warmwhite lio s0.cs TR S
T8 Fluorescent 80

Cool White LED o Poor.
Metal Halide
Mercury Vapor Unacce ptabIé"“"-»....‘\_w

High Pressure Sodium <25 | . »

60

Low Pressure Sodium
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