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LED Technology Revolution
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LED Technology Revolution
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Inter-acting Revolutions

Technology 
Advancements

Design 
Improvements

Application 
Understanding

• Efficiency
• Spectral Control
• Optical Control 
• Intensity Control

• Form factors
• Layouts
• Building integration
• Electrical integration
• Manufacturing technologies

• Illumination
• Color discrimination
• Glare
• Non-visual stimulus
• Horticulture
• Animal responses

Energy and 
Productivity Impacts

• Massive Energy Savings
• Improved human health and productivity
• Horticultural productivity
• Animal productivity
• Reduced ecological impacts of light
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High Efficiency/Efficacy

Pattison, P. M., et al. "LEDs for photons, physiology and food." Nature 563.7732 (2018): 493-500.

Lighting efficiency
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Spectral control

White Light

Blue LEDs + Phosphor

White Light

Direct Emission LEDs

PC-LED CM-LED

2018 Solid-State Lighting R&D Plan
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Optical control and intensity control

An
 In

ve
st

ig
at

io
n 

of
 L

ED
 S

tre
et

 L
ig

ht
in

g’
s 

Im
pa

ct
 

on
 S

ky
 G

lo
w

, D
O

E 
SS

L 
Pr

og
ra

m
 2

01
7

Intensity control –
Time of night dimming of roadway lights in Cambridge, Tucson, San Jose 
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LED- Intensity control

Time of night dimming-
Cambridge, MA
Tucson, AZ
San Jose, CA
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Design Improvements
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Form Factors
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Form Factors
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Philips Dubai Lamp
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New Materials
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Additive Manufacturing

Inamura Presentation, 2020 DOE Lighting R&D Workshop
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Application Understanding

Lm/W ?
Efficiency Programs always focused on the denominator
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Light and Health

Pattison, P. M., et al. "LEDs for photons, physiology and food." Nature 563.7732 (2018): 493-500.
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Colors and Health

Pattison, P. M., et al. "LEDs for photons, physiology 
and food." Nature 563.7732 (2018): 493-500.
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Mediating Factors for physiological responses

• Conscious and Reflex Behavior
• Ocular Media Transmission
• Iris/Pupil Dilation
• Photoreceptor Sensitivity
• Photoreceptor Distribution
• Neural Integration of Time/Space
• State of Retinal Adaptation

Elements involved in light transduction

George Brainard, TJU

“A maxim for optimizing circadian regulation is increased light 
exposure at the beginning of and during the wake cycle, and 
decreased light exposure before sleep.”
Pattison, P. M., et al. "LEDs for photons, physiology and food." Nature 563.7732 (2018): 493-500.
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Roadway Safety
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Horticultural Lighting

Aerofarms, Newark, NJ
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Horticultural Lighting – Redefining efficacy
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Horticultural Lighting – Plant Responses

Pattison, P. M., et al. "LEDs for photons, physiology 
and food." Nature 563.7732 (2018): 493-500.
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LED specifics
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Horticultural Lighting – Plant Responses

Pattison, P. M., et al. "LEDs for photons, physiology 
and food." Nature 563.7732 (2018): 493-500.
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Animal Responses to light
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Lighting Energy Projection – U.S.A.

Energy Savings Forecast of Solid-State Lighting in General Illumination Applications, 2016. http://energy.gov/eere/ssl/ssl-forecast-report
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Horticulture Lighting – Energy Savings

Energy Savings Potential of SSL in 
Horticultural Applications, DOE SSL Program 2017

(24 tBtu/yr)
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Horticulture Lighting – Energy Savings
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Key Takeaways

• Lighting revolution enabled by efficiency
• New technology and application needs new design thinking
• Need updated lighting science understanding and guidance
• Energy, health, productivity, and environmental impacts will be 

immense
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Thank You!

Morgan Pattison
morgan@sslsinc.com

1-805-217-3878

mailto:morgan@sslsinc.com
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Morgan Pattison, background

• PhD, Materials Science, UCSB
• 14 years with DOE Lighting R&D Program – Senior Technical Advisor

– Scout new technologies/materials
– Understand barriers to adoption
– Develop R&D strategies for new application understanding
– Lead author of DOE R&D plans
– Coordinate lighting efforts with other government agencies (USDA, NIH, 

NIOSH, DOD, DOT
• Consultant to National Park Service
• Consult to VC/investors
• Advisor-

– GLASE, Resource Innovation Institute, Cyclotron Road, Phosphor Global 
Summit, Member IES Horticultural Lighting Committee
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Recent Publications

• 2019 U.S. DOE Lighting R&D Opportunities (lead author)
• 2018 Pattison Nature
• Comptes Rendue
• Annalen der Physik
• Acta Horticultural

• Upcoming
– 2019 Energy Savings Potential of SSL in Agricultural Applications
– From physics to fixtures to food: Current and Potential LED efficacy
– A review of human physiological responses to light: Significance to the 

development of innovative lighting applications
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