LED Lighting In
Commercial Spaces:
Quality and Performance
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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
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Figure 7.2 Total U.5. Lighting Service Forecast, 2010 to 2030
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Energy Savings Potential
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A 49 million LEDs installed wHighBay  mStreetlight  m Parking
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A Energy savings: 71TBTu
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A Potential (socket
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Figure ES.1 — Comparison of Current and Potential
Source Energy Savings
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Energy Savings Potential
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In 2012, LEDs represent 2% of the total
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Figure 4.2 — Streetlight Luminaire Installed Base
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Bring Products to Market Based on 2 Major Criteria

A Meeting the Illumination Performance Requirements

p

A Meeting the Economic Performance Requirements

© 2013 Cree, Inc.

All rights reserved. FDE:Q 1
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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???

AEnergy Consumption
AService Life

AHeat (i.e. HVAC load, etc.)
AColor Quality

AHigh Luminous Flux Options
APrecise Optical Control
ADimming / Controllability




Specifying LED Solutions




The Goal é

A Process That

Enables the Required Performance
Expectations to be Met




Essential Elements

A Specification Development Process that:

1. Defines the Required Sustainable lllumination Performance

Example:

| lumination Performance
Requirements

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

A 50,000 Hour
Application Duration

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

System Power Comparison

LED T ~19 kW
Spec Grade HID T ~31 kW

© 2013 Cree, Inc.
All rights reserved.



The Value of
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IESNA LM-79-08 Photometric Testing

LM-79-08 nBundleso the Effects of Many
Luminaire System Variables

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

UNDERSTANDING LM-79 REPORTS

 the boginaing of operation—
T dovs zot address

LM-79 tosting captures parformance characteristics of products
that feature sclid-state lighting (SSL) tockmology, including
diodes (LED:). This testing providss 3 saspsbot of
pacformance undec spscied operating conditons at some point
6o of seally

<o (i6., LED drive curreat), which oftan cansotbe mes-
sured dirocdy without damaging the product ¢
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Light cutput—mere formally referrod to a5 leminous fxx—is

performance o :
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7 i from product to product » This quotiast is tarmsed kaminous eff.
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ENERGY snx-
Relative vs. Absolute Photometry
+ Inge curran. exprossed in amperos (4). Inpst carreat can
b aithar diroct carraat (DC) o altarnating currest (AC).

dopsading o product dosign. Note that this metric i 20t
equivaliat to the carrest supplisd to 2 givea LED light

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 beman output of the huminaira by the product of the rated

A Optical Efficiency

A Electrical Power Efficiency (Driver Efficiency)
AEt c é

© 2013 Cree, Inc.
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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

A Accessible Luminaires

A Many are 24/7/365
facilities

A 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:

A Mounting Height: 10. 56

A Luminaire Spacing: 586 x 3106
A Reflectances: 30-30-20%

ﬂ@ ® © © ® @///

311 ¥ 5
/// ® 0] ® ® ® ® ///

-290Ft

© 2013 Cree, Inc.
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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 O 1 1.4 1.5 1.0 1.0
Maintained
lHluminance

(fc)
Max/Min O 1 9.36 4.07 4.10 1.60
Ratio

A Calculations utilize

A LED lumen maintenance factors at 15° C and 100,000hrs (11.4 years)
A 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

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

I 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

A Based on Al ow modeom8 @% onfodtee 2t0i%me fan d e

A High mode = 100% wattage & 100% output
A 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

A Take the most popular
downlight conf i gur at i

40

65W BR30 FL e

A Replicate the aesthetics, CRI =100 _
output, color quality and light ' 2
di stributionté

90

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

70
60

140

40

<10W 210
CRI =92

280

© 2013 Cree, Inc.
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Retail Application T Case Study

Grocery Retall (Before) 6 Lamp T8

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

57% energy savings with broad spectrum color and great CRI

30fc maintained average illuminance

© 2013 Cree, Inc.

All rights reserved. CREEO
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Retail Application T Case Study
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Retail Application T 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 T 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.
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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.
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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

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

I 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

A Mechanical
Vibration Resistance
Corrosion Resistance

A Electrical
Driver Life and Reliability
Surge Protection

A9 G OX




Vibration Resistance Testing

Types of Roadway Vibration

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

Examples of Relevant Testing and Standards

A ANSI C136.32001 Normal Applications Vibration Standards
A ANSI C136.32001 Bridge & Overpass Vibration Standards
A CALTranéCalifornia 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
Vé and mor e

62



DESIGNLIGATS

CONSORTIUM

The LED Lighting Market

U LEDs for general illumination hit the market in 2008

U Demand takes off like a rocket!

A High Pressure Sodium A LED
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Learning Lessons from Past Mistakes

S I

Compact Fluorescent Lighting in America:
Lessons Learned on the Way to Market
US DOE June 2006
A Quality & Performance sacrificed in rush
to market
A CFL6s Poor Reputation
A Loss of several years of savings
ADond6t repeat this with




DESIGNLIGATS

CONSORTIUM

Critical Partnerships

A Industry Players invent,
Innovate, and bring
technology to the
marketplace

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

A End Users make wise
buying choices

65



