
1U.S. DEPARTMENT OF ENERGY       OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Advancements in LED Technology 
and Application
Morgan Pattison, PhD
Consulting Senior Technical Advisor, US DOE SSL R&D Program

IES ALC, October 24, 2017, Dallas, TX



2U.S. DEPARTMENT OF ENERGY       OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Energy Savings from SSL

 

 

 

 

 

 

 

 

 

 

Can’t save this amount of energy with a compromised 
product.  LED technology will actually improve lighting 
performance in every way.
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DOE SSL R&D Program

Funded R&D 

Internal R&D 

R&D Leadership

Information Resources
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DOE SSL R&D Program – Funded R&D

Funded R&D 

Internal R&D 

R&D Leadership

Information Resources

SBIR

Funding Opportunity-
Currently funding 20 projects,

$29M

R&D Topics-
Emitter materials and devices

Advanced Manufacturing
Advanced luminaire concepts

Physiological Response to Light

New funding opportunity 
coming soon-
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DOE SSL R&D Program – Internal R&D

Funded R&D 

Internal R&D 

R&D Leadership

Information Resources

Gateway Demonstrations-
Yuma Border,

Philadelphia Airport Apron 
Lighting,

Tunable lighting in classrooms, 
senior care, medical behavior 

unit

Connected Lighting Test-Bed

Studies-
Dimmer compatibility,

Color quality,
Pedestrian Lighting

https://energy.gov/eere/ssl/g
ateway-demonstrations
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DOE SSL R&D Program – R&D information

Funded R&D 

Internal R&D 

R&D Leadership

Information Resources

SSL Technology R&D Workshop
Portland, OR

November 8-9, 2017

DOE SSL R&D Workshop
Nashville, TN

January 30 – February 1, 
2018

2017 DOE SSL R&D Plan

Many additional information 
resources-

https://energy.gov/eere/ssl/so
lid-state-lighting
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LED Technology Advancements

 

 

 

 

 

 

 

 

 

 

 

 

Note:  
Blue = cool white (5700K) data (circles) and logistic fit (line); orange = warm white (3000K) data (squares) and logistic fit (line). Year 2016 
commercial products reach approximately 160 lm/W for cool white and approximately 140 lm/W for warm white. Approximate long-term-future 
potential efficacies of the pc-LED white light architecture are their values after saturation, depicted as beginning in the years 2020-2025. The long-
term-future potential efficacy of the red, yellow, green and blue (RYGB) cm-LED architecture is shown as the dashed grey curve. As discussed in the 
text, as with many “disruptive innovations,” the cm-LED architecture currently has lower performance than the current dominant pc-LED architecture, 
but it has the potential in future years to leapfrog beyond. 

Figure 4.4 Efficacies of Commercial LED Packages Measured at 25°C and 35 A/cm2 Input Current 
Density 

 

https://energy.gov/eere/ssl/dow
nloads/solid-state-lighting-
2017-rd-plan-suggested-
research-topics
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LED Lighting Architecture

 

Figure 8.1 Components of an LED Lamp 
Image Sources: a) Lamp: http://electronics.stackexchange.com/questions/76883/how‐do‐led‐light‐bulbs‐

work, b) Package: Tuttle & McClear, LED Magazine Feb. 2014. 

https://energy.gov/eere/ssl/downloads/soli
d-state-lighting-2016-rd-plan
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LED white light

Shchekin, O., & Craford, M. G. (2016). History of Solid‐State Light Sources.

Source: Monica Hansen, Strategies in Light 2015 Shatil Haque, DOE SSL R&D Workshop, Raleigh, NC, February 2016 
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LED Package Architecture

https://energy.gov/eere/ssl/downloads/soli
d-state-lighting-2016-rd-plan
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pc-LED lighting Architecture

Source: Monica Hansen, Strategies in Light 2015 

GaN LED Chip Phosphor Package

ηchip = (0.9)*(0.9)*(0.9) ηphosphor = (0.9)*(0.8) ηpackage = (0.9)

Cascading losses
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Monochromatic LEDs

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7 Spectral Power Densities of State-of-the-Art Commercial LEDs vs. Wavelength.  
Dashed lines are guides to the eye, illustrating the “green gap:” the decrease in efficiency from the blue 

to the green-yellow and from the red to the green-yellow. 

Source: Spectral power densities were calculated from the efficiencies, center wavelengths and spectral 
widths given in Lumileds LUXEON Rebel Color Line Product Datasheet, 2017 [99] 

https://energy.gov/eere/ssl/dow
nloads/solid-state-lighting-
2017-rd-plan-suggested-
research-topics
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Other Solid State Lighting Emitters

OLED (1000–3000 cd/m2)

Acuity Brands LG Display OLED Light Catalog

Laser Lighting (834 cd/mm2 or 834 Mcd/m2)

Abdel Hanafi, BMW, 2014 
DOE SSL R&D Workshop
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Enabling features of LED technology

1. Tailored and/or tunable spectrum
2. Precise optical control
3. Precise intensity control
4. Ready integration with controls, sensors, and 

communications
5. Extended reliability
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Tailored/Tunable Spectrum

LEDs + phosphors 
can be combined in 
infinite ways to 
make different 
flavors of light

LEDs can make 
white light with any 
CCT and any CRI.  
Blue pump can be 
completely 
absorbed or a 
violet pump used.
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Precise Optical Control

Small, bright source size of LEDs enables low cost, precise 
optical control which enabled reduction in total amount of 
light, control of glare, minimized light trespass
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Precise intensity control

Unlike high intensity discharge light sources, LEDs are inherently dimmable and 
can be dimmed by reducing applied current or by pulsing the applied current at a 
very high frequency.

Lutron Application Note 360
http://www.lutron.com/TechnicalD
ocumentLibrary/048360.pdf
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Integration with controls, sensors, and communications

https://energy.gov/eere/ssl/downloads/solid-state-lighting-2016-rd-plan
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Reliability

LED Lighting Reliability is defined by:
1. Catastrophic Failure
2. Lumen Depreciation
3. Unacceptable color shift
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LED Lighting

LED Lighting-
• More efficient
• Lasts longer
• Can be controlled

• Spectrum
• Intensity
• Optical Distribution

• Ready integration with 
controls, sensors, and 
communications
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So – what are the issues

Barriers to Adoption-
• First cost
• Not just changing a bulb
• Vestigial form factor
• Poor quality products
• Poor product selection
• Lack of test standards, performance communication –

performance claims
• New application (mis)understanding
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First Cost

Philips L‐Prize lamp
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Compatibility Considerations

Expanded capabilities of LED lighting technology means 
more decisions
• Color qualities
• Dimmer compatibility
• Form factor
• Light distribution
• Controls compatibility

Not just changing a bulb!
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Vestigial form factors and building integration

Figure 2.6 Lamps without Aluminum Heat Sinks: (a) the Philips SlimStyle, (b) Cree 4‐flow, (c) OSRAM 
Filament‐Style LED 

Source: (a) Philips website, May 2016 [19]; (b) Cree website, May 2016 [20]; (c) OSRAM website, May 
2016 [21] 
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Poor quality, selection, deployment

• Salesmanship – insufficient test standards, performance 
characterization standards to debunk claims – Wild West

• Misunderstanding of new technology – not always a 1-
for-1 replacement, don’t have to accept previous design 
constraints/trade-offs

• Misunderstanding of intent of lighting
• Misunderstanding of new aspects of lighting – early days
• Bad advice
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New Application - Visual Preferences

Wouter Soer, Lumileds, DOE SSL LED Roundtable 2016
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New Application - Physiological Responses
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New Application – Roadway Safety

Detection 
Distance, 
San Jose, 
CA

Ron Gibbons, Virginia Tech Transportation Institute..” Presented at 2016 
U.S. Department of Energy Solid-State R&D Workshop, 
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New Application – Roadway Safety

• LED lighting can be tuned to optimum spectrum for 
roadway safety and precise optical distribution can be 
engineered to minimize glare.  Safety first!

• Secondary, negative impacts of electric light at night 
can be mitigated-
• Precise optics to minimize total amount of light, sky-

glow, and light trespass
• Adaptive or timed controls can reduce light when 

unnecessary
• Alternative spectrum can be used in ecologically 

sensitive areas (as long as roadway or pedestrian 
safety is maintained)
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New Application – Horticulture

Pattison, P. M., Tsao, J. Y., 
& Krames, M. R. (2016). 
Light‐emitting diode 
technology status and 
directions: Opportunities 
for horticultural lighting 
(No. SAND‐‐2016‐0136J). 
Sandia National 
Laboratories (SNL‐NM), 
Albuquerque, NM (United 
States).
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New Application – Horticulture
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Conclusions

LED Lighting-
New technology with new capabilities
- Can be used as a 1-1 replacement but not optimum
- Need clear understanding of intent of lighting
- Need clear understanding of application requirements
- New features, new values, additional roles for lighting

- Energy savings now table stakes
- New value in pre-existing applications
- Enabled new high value applications
- Advice – understand exactly what you need/want from your lighting system and ask for 

it.  Don’t just accept what is being ’sold’.  Don’t rely on historical solutions. 

Transitioning to LED lighting is a much bigger job than just replacing a light bulb, but 
benefits are also much, much bigger
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Morgan Pattison, PhD
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