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òEnergy Savings Potential of 

Solid State Lighting in 

General Illumination 

Applicationsó 

U.S. DOE, January 2012 



LED Lighting Market Potential  
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Savings 2010-2030 tWh 

Å Res  1,009  38% 

Å C&I 1,663  62% 



LED Lighting Market Potential  
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2030: Lumen -Hours 

Å LED  

Å 74% Sales 

Å 50% Base Service 
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òAdoption of Light-Emitting 

Diodes in Common 

Applicationsó 

U.S. DOE, April 2013, revised 

May 2013 



Energy Savings Potential  
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Á2012 

Á49 million LEDs installed 

ÁEnergy savings: 71 TBTu 

ÁCost savings: $675 million 
 

ÁPotential (socket 

saturation)  

ÁEnergy savings: 3.9 quads 

ÁCost savings: $37 billion 
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Á2012 

Á49 million LEDs installed 

ÁEnergy savings: 71 TBTu 

ÁCost savings: $675 million 
 

ÁPotential (socket 

saturation)  

ÁEnergy savings: 3.9 quads 

ÁCost savings: $37 billion 
 

Á2030 Forecast 

ÁLEDs are 75% of lighting sales 

ÁEnergy savings: 3.4 quads 

 

 



Adoptions isé Growing 
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é And It Needs to Keep Growing 
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ÅMeeting the Illumination Performance Requirements 

 

 

 

 

 

 

 

 

 

 

 

ÅMeeting 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??? 

ÅEnergy Consumption 

ÅService Life 

ÅHeat (i.e. HVAC load, etc.) 

ÅColor Quality  

ÅHigh Luminous Flux Options 

ÅPrecise Optical Control  

ÅDimming / Controllability  

 

 



© 2013 Cree, Inc. 

All rights reserved.  17 

Specifying LED Solutions 
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The Goalé 

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 
 
 
 
 

  

I llumination Performance  

Requirements 

Å 1 fc Minimum Illuminance 

Å 10:1 Max/Min Uniformity 

 

Å 50,000 Hour                 

Application Duration   

Example: 
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Lighting Design 
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Retail 2009 

System Power Comparison 
LED ï ~19 kW 

 Spec Grade HID ï ~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 

ïLM-79-08 ñBundlesò the Effects of Many 

Luminaire System Variables 

 

ÅThermal Management 

ÅThe Effectiveness of the Heat Sink 

ÅOptical Control 

ÅOptical Precision 

ÅOptical Efficiency 

Å Electrical Power Efficiency (Driver Efficiency) 

ÅEtcé 
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LED Luminaire Lumen Maintenance 

Factors Example 
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Look for Justification of  

Lumen Maintenance Data 
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Best Economic Opportunities 
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Å Accessible Luminaires 

 

Å Many are 24/7/365 

facilities 

 

Å Typically low average 

occupancy levels 

     (15% or less) 

 

Parking 

Structures 
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EXAMPLE IESNA REQUIREMENTS: RP-20-98 

Parking Structures 

 
 

 
 



© 2013 Cree, Inc. 

All rights reserved.  30 

Parking Structure Application Example 

Site Conditions: 

Å Mounting Height: 10.5ô  

Å Luminaire Spacing: 58ô x 31ô 

Å 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) 

Ó 1.0 1.4 1.5 1.0 1.0 

Max/Min 

Ratio 

Ò 10 9.36 4.07 4.10 1.60 

   

Application Results 

Å Calculations utilize 

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

Å 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 

ÅControls provide significant additional energy savings 

ÅExample: Occupancy sensors in a parking structure 

ïReduce light output to acceptable minimums in the 

unoccupied space. 

ïAggregate 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    

Å Based on ñlow modeò 80% of the time and ñhigh modeò 20% of the time. 

Å High mode = 100% wattage & 100% output 

Å 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 

ÅTake the most popular 

downlight  configurationé 

 

Å Replicate the aesthetics, 

output, color quality and light 

distributioné 

 

ÅImprove 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 ï 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 ï Case Study 
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CREE CONFIDENTIAL AND PROPRIETARY 

4 x F32T8 Louvered Industrial 

 

Retail Application ï Case Study 
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CREE CONFIDENTIAL AND PROPRIETARY 

4 x F32T8 Louvered Industrial 

 

Retail Application ï 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 ï 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 

Å Assume 50 LEDs Per Luminaire 

Å Assume 50 ppm LED Package Failure  

Å Assume 3 or more LED failures in a fixture constitutes a failed product 

   

ïProbability at 10,000 Hours = 1 in 1.25E-10 

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

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

ïProbability 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  

ÅMechanical 

Vibration Resistance  

Corrosion Resistance  

ÅElectrical 

 Driver Life and Reliability 

 Surge Protection 

Å9ǘŎΧ 
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Types of Roadway Vibration 
Å Wind Induced (ground mounted) 

Å Traffic Induced (bridge / overpass mounted) 
 

 

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

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

Å 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 

VBetter Lighting  

VEnergy Savings 

VLonger Lifetimes 

VLess Maintenance 

VControl Options 

VDesign Flexibility  

Vé and more 
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Are these promises true? 

 

How can efficiency 

programs distinguish 

quality products from the 

rest to assure market 

adoption? 



ü LEDs for general illumination hit the market in 2008  

ü Demand takes off like a rocket!  

 

The LED Lighting Market  
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Å High Pressure Sodium ÅLED 



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 

Å Quality & Performance sacrificed in rush 

to market  

ÅCFLõs Poor Reputation 

Å Loss of several years of savings 

ÅDonõt repeat this with SSL 



Critical Partnerships  

ÁIndustry Players  invent, 

innovate, and bring 

technology to the 

marketplace  
 

ÁEfficiency Programs  

promote quality and 

performance, provide 

financial rebates to 

overcome first cost, and 

educate customers 
 

ÁEnd Users make wise 

buying choices 
65 
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