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“Energy Savings Potential of 

Solid State Lighting in 

General Illumination 

Applications” 

U.S. DOE, January 2012 



LED Lighting Market Potential 
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Savings 2010-2030 tWh 

• Res  1,009  38% 

• C&I 1,663  62% 



LED Lighting Market Potential 
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2030: Lumen-Hours 

• LED  

• 74% Sales 

• 50% Base Service 
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“Adoption of Light-Emitting 

Diodes in Common 

Applications” 

U.S. DOE, April 2013, revised 

May 2013 



Energy Savings Potential 
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 2012 

 49 million LEDs installed 

 Energy savings: 71 TBTu 

 Cost savings: $675 million 
 

 Potential (socket 

saturation) 

 Energy savings: 3.9 quads 

 Cost savings: $37 billion 
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 2012 

 49 million LEDs installed 

 Energy savings: 71 TBTu 

 Cost savings: $675 million 
 

 Potential (socket 

saturation) 

 Energy savings: 3.9 quads 

 Cost savings: $37 billion 
 

 2030 Forecast 

 LEDs are 75% of lighting sales 

 Energy savings: 3.4 quads 

 

 



Adoptions is… Growing 
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Adoptions is… Growing 
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… And It Needs to Keep Growing 
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… And It Needs to Keep Growing 
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… And It Needs to Keep Growing 
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• Meeting the Illumination Performance Requirements 

 

 

 

 

 

 

 

 

 

 

 

• Meeting the Economic Performance Requirements 
 

The Mission of Lighting Solution Providers  

Bring Products to Market Based on 2 Major Criteria 
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Life-Cycle Cost Analysis Justifies Adoption 

Goal:  

 Maintained Illumination Performance 

 Maintained Economic Performance 

  Throughout the Life of the Application 

 

Note: Proportions are Arbitrary 
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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  
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Specifying LED Solutions 
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The Goal… 

A Process That  

Enables the Required Performance 

Expectations to be Met 
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Essential Elements 

A Specification Development Process that: 
 1. Defines the Required Sustainable Illumination Performance 
 
 
 
 

  

Illumination Performance  

Requirements 

• 1 fc Minimum Illuminance 

• 10:1 Max/Min Uniformity 

 

• 50,000 Hour                 

Application Duration   

Example: 
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Lighting Design 
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Retail 2009 

System Power Comparison 
LED – ~19 kW 

 Spec Grade HID – ~31 kW 
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The Value of  

Lighting Design 

Requires Complete and 

Comprehensive 

Product Performance Data!!!  
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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 Sink 

• Optical Control 

• Optical Precision 

• Optical Efficiency 

•  Electrical Power Efficiency (Driver Efficiency) 

• Etc… 
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LED Luminaire Lumen Maintenance 

Factors Example 
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Look for Justification of  

Lumen Maintenance Data 



© 2013 Cree, Inc. 

All rights reserved.  26 
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Best Economic Opportunities 
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• Accessible Luminaires 

 

• Many are 24/7/365 

facilities 

 

• Typically low average 

occupancy levels 

     (15% or less) 

 

Parking 

Structures 
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EXAMPLE IESNA REQUIREMENTS: RP-20-98 

Parking Structures 
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Parking Structure Application Example 

Site Conditions: 

• Mounting Height: 10.5’  

• Luminaire Spacing: 58’ x 31’ 

• Reflectances:  30-30-20% 
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Existing 

PSMH 

LED A LED B LED C 

Lamp 

Lumens 

14,000 - - - 

Lamp 

Wattage 

150W - - - 

Luminaire 

Lumens 

10,911 8,576 5,758 3,870 

Luminaire 

Wattage 

185W 105W 68W 50W 

CCT (°K) 4000K 5700K 5700K 5700K 

CRI 68 70 70 70 

Luminaire Details 
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RP-

20 

Existing 

PSMH 

LED A LED B LED C 

Luminaire 

Wattage 

- 188W 105W 68W 50W 

Minimum 

Maintained 

Illuminance 

(fc) 

≥ 1.0 1.4 1.5 1.0 1.0 

Max/Min 

Ratio 

≤ 10 9.36 4.07 4.10 1.60 

   

Application Results 

• 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) 
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Total Cost of Ownership Evaluations 

150W PSMH vs. LED C 

150W PSMH vs. LED C 
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LED C 

Energy Savings 73% 

Annual Energy Savings $23,652 

Maintenance Savings $11,000 

Annual Energy + Maintenance 

Savings 

$34,652 

Payback (in years) 1.7 

   

Annual Savings and Payback 
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Parking Structure  

With  

Occupancy Controls  

Case Study Example 
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Why Should Lighting Controls  

Be Considered? 
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Daylighting 

Occupant Detection 

Daylighting & 

Occupant Detection 

Parking Structure Application  

Common Control Strategies   
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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  
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Parking Garage  

Total Cost of Ownership Calcs 

150W PSMH vs. LED C w/controls 

150W PSMH vs. LED C w/controls 
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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 

Annual Savings and Payback With Controls 
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<10W  

CRI = 92 

Sometimes the Evaluation Process Can be Simple 

• Take the most popular 

downlight  configuration… 

 

•  Replicate the aesthetics, 

output, color quality and light 

distribution… 

 

• Improve the efficacy and 

eliminate all routine 

maintenance (i.e. relamping) 

 

65W  BR30 FL 

CRI = 100 

Example: 

Direct Replacement LED Products 
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Computer Lab Before (2400W) 

Replication is Not Always the Best Goal 

Same 
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Computer Lab After (640W) 

Same 

Different 
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CREE CONFIDENTIAL AND PROPRIETARY 

Grocery Retail (Before) 6 Lamp T8 

Retail Application – Case Study 
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CREE CONFIDENTIAL AND PROPRIETARY 

57% energy savings with broad spectrum color and great CRI 

30fc maintained average illuminance 

Retail Application – Case Study 
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CREE CONFIDENTIAL AND PROPRIETARY 

4 x F32T8 Louvered Industrial 

 

Retail Application – Case Study 



© 2013 Cree, Inc. 

All rights reserved.  48 
CREE CONFIDENTIAL AND PROPRIETARY 

4 x F32T8 Louvered Industrial 

 

Retail Application – Case Study 

*Savings and payback are representative of what consumers could expect operating in a typical 

  grocery store environment using comparable products. 
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CREE CONFIDENTIAL AND PROPRIETARY 

4 x F32T8 Louvered Industrial 

 

Retail Application – Case Study 
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Metal Halide 

19.1kW  

 

 

LED  

5.6kW 

 

 

 

Illumination Quality Improvements 
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Metal Halide 

3,070 Watts Per Pole 

LED 

850 Watts Per Pole 
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Energy Savings Breakdown 
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System Reliability 

Discussion 
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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 

   

– Probability at 10,000 Hours = 1 in 1.25E-10 

– Probability at 25,000 Hours = 1 in 1.95E-9 

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

– Probability at 100,000 Hours = 1 in 1.25E-7 
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LED Driver Reliability??? 

Input Power  

Output Power 
to LEDs  
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Do We Live in a World Where High Reliability 

Electronics Are a Assumed?  

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

Heart Pacemakers 
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Non-Illumination Quality Related  

Reliability and Durability Performance  

• Mechanical 

Vibration Resistance  

Corrosion Resistance  

• Electrical 

 Driver Life and Reliability 

 Surge Protection 

• Etc… 
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Types of Roadway Vibration 
• Wind Induced (ground mounted) 

• Traffic Induced (bridge / overpass mounted) 
 

 

Examples of Relevant Testing and Standards 
• ANSI C136.31-2001 Normal Applications Vibration Standards 

• ANSI C136.31-2001 Bridge & Overpass Vibration Standards 

• CALTrans (California Department of Transportation) 611 Vibration Testing 
 

 

Vibration Resistance Testing 
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Surge Protection 

IEEE/ANSI C62.41.2 

 

* 

*Municipal Solid-state Streetlight Consortium   
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Salt Spray (Fog) Testing 
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Ensuring Performance 

and Energy Efficiency 



The LED Promise 

Better Lighting 

Energy Savings 

Longer Lifetimes 

Less Maintenance 

Control Options 

Design Flexibility 

… and more 

62 
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Are these promises true? 

 

How can efficiency 

programs distinguish 

quality products from the 

rest to assure market 

adoption? 



 LEDs for general illumination hit the market in 2008 

 Demand takes off like a rocket! 

 

The LED Lighting Market 
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• High Pressure Sodium • LED 



Learning Lessons from Past Mistakes 
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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 



Critical Partnerships 

 Industry Players invent, 

innovate, and bring 

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 
65 
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ENERGY STAR® for Solid State 

Lighting Products 



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.  

68 



Product Eligibility  

• General purpose LED & Compact 

fluorescent lamps 

• *Accent lights: line-voltage directional track 

lights  

• *Down lights: recessed, pendant, surface-

mounted, solid state retrofit kits 

• Residential wall sconces, chandeliers, bath 

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 

The following product types are eligible for ENERGY STAR 

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 

 



Utility Promotions for ENERGY 

STAR Lighting products 

ENERGY STAR Summary of Lighting Programs, 8/2013 



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.html  



• 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.  

 

 

Our Vision 



Membership 

Municipality, 218 

Municipally 
Owned Utility, 

47 

Non-municipal 
Government, 46 

Utility, 63 

Primary Type Organizations Participating 
374 





Resources Available 

Model Specification for LED Roadway Luminaires 

Download: http://www1.eere.energy.gov/buildings/ssl/specification.html  

Scope 

 Municipalities, utilities, large public spaces, 

etc. 

 Streets, roadways, and nearby pedestrian 

ways 

 Initial and maintained quality and quantity of 

illumination 

 Warranty coverage  

 Input power, electrical immunity, housing 

finish, vibration, etc. 

 Drivers, including lighting controls interface 

 Photocontrol receptacles  



Retrofit Financial Analysis Tool 
• 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 

 Simple payback, IRR 

 Net present value 

 

Resources – Financial Analysis Tool 

www.ssl.energy.gov/consortium.html 



Program Name or Ancillary Text eere.energy.gov 

LED Lighting Facts®  

 



www.ssl.energy.gov 79 | Solid-State Lighting Program 

LED Lighting Facts Overview 

 Standardized summary of 

verifiable product performance 

data, measured by industry 

standards (LM-79, LM-80, TM-21) 

 Web-based product performance 

reporting initiative 

• www.lightingfacts.com  

 Industry tool to help buyers 

• Resource to evaluate reported 

product performance against 

manufacturer claims 

 Label and product list backed by 

verification of performance testing 

 A voluntary and free program 

 

http://www.lightingfacts.com


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

 SSL industry and LED Lighting Facts product list are 

growing 

• Over 500 products submitted each month 

• LED Lighting Facts is the foundation on which all industry players rely 

 Increasing Participation and Value 

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



www.ssl.energy.gov 81 | Solid-State Lighting Program 

New Product Search! 

Manufacturer A 

Brand A 

abc123 



DesignLights Consortium® 

 1998: knowhow series 

 2006: HP T8 Project 

 2008: DLC QPL 

 

 

 

 ® 

www.designlights.org 
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DLC Member 



DLC Members 
 

 

 ® 
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DLC Structure 
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Technical Requirements Table v2.1 
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 37 Categories 
 Specs revised annually 

 New categories developed 

according to need and 

capacity 
 

 Multiple Parameters 
1. Minimum Light Output 

2. Zonal Lumens/Light 

Distribution 

3. Minimum Efficacy 

4. CCT 

5. CRI 

6. L70 Lumen Maintenance 

7. THD and Power Factor 

8. Warranty 

 



QPL: Manufacturer Application 

Testing & Reporting Requirements 

 Photometric & Electric Properties 

 IES LM-79-08 Electric & Photometric 

 Output & color: Integrating Sphere 

 Light Distribution: Goniophotometer 

 Lumen Maintenance 

 Light Package Testing 

 IES LM-80-08 Lumen Maintenance 

 Luminaire-level Testing 

 ISTMT (ANSI/UL 1598-04) 

 L70 Determination 

 IES TM-21-11 Projecting Lumen Maintenance 
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DLC Qualified Products List 
Download-able Workbook 



DLC Qualified Products List 
New Search & Sort 
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 Multiple Parameters 
1. Minimum Light Output 

2. Zonal Lumens/Light 

Distribution 

3. Minimum Efficacy 

4. CCT 

5. CRI 

6. L70 Lumen 

Maintenance 

7. THD and Power Factor 

8. Warranty 
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 Multiple Parameters 
1. Minimum Light Output 

2. Zonal Lumens/Light 

Distribution 

3. Minimum Efficacy 

4. CCT 

5. CRI 

6. L70 Lumen 

Maintenance 

7. THD and Power Factor 

8. Warranty 

 

Minimum Light Output 
 

LM-79 

 

Originally benchmarked to 

incumbent technology 

 

Specification evolved to 

allow for design flexibility 

 One-for-one replacements 

 Designed installations 
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 Multiple Parameters 
1. Minimum Light Output 

2. Zonal Lumens/Light 

Distribution 

3. Minimum Efficacy 

4. CCT 

5. CRI 

6. L70 Lumen 

Maintenance 

7. THD and Power Factor 

8. Warranty 

 

Light Distribution 
 

LM-79 

Zonal Lumens 

Spacing Criteria 

 

Originally benchmarked to 

incumbent technology 

 

Specification evolved to 

address 

 Market availability 

 Attributes of LED 



Technical Requirements Table v2.1 

93 

 ® 

 Multiple Parameters 
1. Minimum Light Output 

2. Zonal Lumens/Light 

Distribution 

3. Minimum Efficacy 

4. CCT 

5. CRI 

6. L70 Lumen 

Maintenance 

7. THD and Power Factor 

8. Warranty 

 

Minimum Efficacy 
 

LM-79 

 

Originally benchmarked to 

incumbent technology 

 

Specification evolved to 

take advantage of market 

developments 
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 Multiple Parameters 
1. Minimum Light Output 

2. Zonal Lumens/Light 

Distribution 

3. Minimum Efficacy 

4. CCT 

5. CRI 

6. L70 Lumen 

Maintenance 

7. THD and Power Factor 

8. Warranty 

 

Color 
 

LM-79 

 

Originally benchmarked to 

incumbent technology 

 

Specification evolved in 

response to market 

developments and consumer 

demand 

 

DLC aligns 

 Indoor products: <5000 K 

 Outdoor products: <5700 K 
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 Multiple Parameters 
1. Minimum Light Output 

2. Zonal Lumens/Light 

Distribution 

3. Minimum Efficacy 

4. CCT 

5. CRI 

6. L70 Lumen 

Maintenance 

7. THD and Power Factor 

8. 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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 Multiple Parameters 
1. Minimum Light Output 

2. Zonal Lumens/Light 

Distribution 

3. Minimum Efficacy 

4. CCT 

5. CRI 

6. L70 Lumen 

Maintenance 

7. THD and Power Factor 

8. 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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 Multiple Parameters 
1. Minimum Light Output 

2. Zonal Lumens/Light 

Distribution 

3. Minimum Efficacy 

4. CCT 

5. CRI 

6. L70 Lumen 

Maintenance 

7. THD and Power Factor 

8. Warranty 

 

Warranty 
 

5 years 

 



Category Development 
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“Wish list” 
kept by DLC 

Member 
Prioritization 

of list 

Draft 
specifications 

Stakeholder 
input 

process 

Comments 
discussed with 

Stakeholders/TC 

Drafts 
finalized 
with TC 

New 
Categories 

added 



Technical Requirements Evolution 
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Industry 
Requests  

logged by DLC 

Member Needs 
Ascertained by 

DLC 

Draft 
specifications 

Stakeholder 
input 

process 

Comments 
discussed with 

Stakeholders/TC 

Drafts 
finalized 
with TC 

New Technical 
Requirements 

Published 

60 days to 
submit under old 

requirements 

270 days to relist 
products no 

longer eligible 



Growth of QPL 
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0 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

35,000 



© 2013 Cree, Inc. 

All rights reserved.  101 

Color  

 

 
Color Quality 

Light 
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Light – What is it made of? 

Light is made of waves 
(technically: electromagnetic waves of radiant energy) 

very small waves… 

Lights wavelength is measured in 

billionths of a meter, nanometer (nm)  

UV, Infrared (IR) heat, cell phone radio 

waves, X-rays are the same waves… 

just longer or shorter 

 Visible Light is wavelengths between 

380nm and 780nm 
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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 
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Blue Green  Red 

Visible Light  
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How Do Humans “See” Color? 

• 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 
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Color Intensity Perception 

White light consists of many 

colors mixed together 

 

Natural White Light (such as 

sunlight) consists of a continuous 

spectrum of all colors 

Wavelength 

Power 

Relative Human 
Eye Sensitivity 
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The Human Eye Response Curve 

555 nm Peak 
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1931 CIE Chromaticity Diagram 

1976 CIE Chromaticity Diagram 

CIE 1960 Chromaticity Diagram 

How It Works 

• Monochromatic (“high Saturation”) 
colors are on the outside edge of the 
diagram 

 “The Spectral Locus” 

• All combinations of colors are on the 
inside, with white colors in the middle 
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Steel @ 1500K 
Warm White 

B type star >11,000K 
Cool White 

Noon time sun @ ~ 6000K 
Cool White 

Blackbody Radiation 

Tungsten @ 2700K 
Warm White 

1931 CIE Chromaticity Diagram 
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Color Gamut 
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LED - Ways to White 

Blue + Yellow 
Phosphor 

Blue 
Peak 

Yellow 
Phosphor 
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Correlated Color Temperature (CCT) Variation 

 Lines of constant 
color temperature 

 How much variation 
away is too Much? 

2700K 

3000K 

3500K 

4100K 

5000K 
6500K 

∞ 
BBL 
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Color Variation 



© 2013 Cree, Inc. 

All rights reserved.  116 

Spectral Power Distribution 

Daylight Incandescent 

Phosphor Converted LEDs 
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Spectral Power Distribution 

Phosphor Converted LEDs 

Metal Halide Fluorescent 
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Phosphor Converted LEDs 
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Color Rendering 
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• 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) 
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Object Color 
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Object Color 

Spectrum  

Object Color 

Vision  
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Color Rendering Index 

Daylight 
In general terms, CRI (Ra) is 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.  

 

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 

illuminates saturated colors. 

 

Even with a high CRI (Ra), color rendering of saturated colors can be 

poor. 
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CRI With Expanded Ra  

Example 
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Color Rendering Index – R9 

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

0 100 75 50 

Poor Good Very good Excellent 
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Why Your Customer Cares about #9 

CFL 
R9 = 0 

Cree TrueWhite ® 
R9 = 90 



CRI of Some Common Sources 

Light Source CRI 

60W Incandescent 100 

Halogen 98-100 

Cree TrueWhite™ 90-93 

Ceramic Metal Halide 85-90+ 

High CRI LED 88-90 

Warm White LED 80-85 

T8 Fluorescent 78-82 

Cool White LED 65-75 

Metal Halide 60-65 

Mercury Vapor <50 

High Pressure Sodium <25 

Low Pressure Sodium 0-18 

Rule of Thumb (US, EU): 

Indoor  

100 
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Outdoor 

Excellent 

 

 

 

Acceptable 

 
 

Poor 

 

 

Unacceptable 



THANKS! 

Eric Haugaard Irina Rasputnis 

CREE Lighting NEEP/DLC 

Eric.Haugaard@cree.com irasputnis@neep.org 

262.884.3175  781-860-9177 x133 

 

 

 


