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Horticultural Lighting
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• As legislation expands across the country, horticultural 
grow facilities are becoming the fastest-growing load 
for DLC-member utilities.

–New facilities  New load

• More and more facilities are coming online.

–Addressing product performance and energy consumption is 
critical.



Near-Term Plans
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•ASABE

•IES

•LRC

•GLASE

•Others

Participate in industry working groups 
on standards development and track industry 
activities and publications

•Launching 
in August

Create home on DLC website to explain 
technology and market status, highlight product 
considerations, and provide DLC updates

•Draft 
proposal
Q1 2018

Investigate (interim) approach for qualifying 
products and reporting performance data



Potential Market Paradigm
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1. Industry-developed guidance document will lay out parameters 
that need to be known/considered to determine 
installation/lighting needs

2. Grower/Specifier will take this information to build a spec for 
product selection

3. DLC QPL will have verified list of products meeting minimum 
thresholds

a) Published performance data

b) Enable utility incentives



Potential Market Paradigm
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DLC QPL will have 
verified list of 

products meeting 
minimum thresholds

Published 
performance data

Enable utility 
incentives

Growers/Specifiers 
will take this 

information to build 
specs for product 

selection

Industry-developed 
guidance document 
will lay out plant, 
space, and fixture 

parameters that need 
to be known and 

considered to 
determine lighting 

needs



What Goes In To a DLC Spec?

1. What types of products need to be covered?

a) How should they be structured?

2. What are the metrics?

a) Which metrics should have minimum thresholds?

3. Where to set the minimum thresholds?

a) What performance will meet customer needs and save energy?

4. Is there a standardized test procedure?

a) Are there labs accredited to that standard?
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Beyond the Spec
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• Determining energy savings

– How will utilities set baselines?

• Informing product selection

– Will the growers know what their plants’ needs are?

 Various stages of cultivation

 Different crops

• Driving adoption

– Will energy savings be the motivating factor?



Panelists
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NORTH AMERICAN HORTICULTURAL 
LIGHTING MARKET OVERVIEW



Technology Application Inspiration



Markets Covered



LEDs for Horticultural



Greenhouse Lighting Market



How do You Measure the Market Cont’d?

• Installed base

• What You’re Measuring
• $/Sq. Ft Light Installations by End Application

• Incumbent  
• Cost of market (Replacement Lamps and Luminaires)

• LED
• Mostly Luminaires replacing canopy lights (For Now)

• New form factors could have a huge impact on production!



Total Sq. Ft Greenhouses Total Sq. Ft Greenhouses Lit vs. Unlit

N. A. Installed Base



Total N.A. Illuminated Sq. Footage of 
Greenhouses



How do You Measure the Market Cont’d?

• Most likely Product 

• Needs of Product
• Costs of Production

• Lighting Qualities
• Incumbent

• LED

• Market Dynamics

• Geographic Dynamics

• Payback and ROI



N.A. Sq. Foot area of Lighting Installations



N.A. Greenhouse Lighting Market Forecast



N.A Horticultural Lighting Market by 
Application



Application Focus Cannabis



N.A. Cannabis Grow houses (Installations and Market)



Market Indicators for Growth

• 2 major indicators
• Quality of light 

• Decreasing prices (Payback period under 3 years and ROI)

• What will speed up/slow down the market?
• Increased Education

• End Users

• Manufacturers

• Product/technology development
• Decreased prices

• Increased ease of use

• Market acceptance 

Standards play a major role in all of this!



Philip Smallwood
Director of Research
Strategies Unlimited

Philips@pennwell.com

Thank You!



HORTICULTURE LIGHTING
NUANCES & THE NEED FOR STANDARDS

Travis Williams
Vice President of Marketing & Research, Fluence Bioengineering



GAMMA RAYS X-RAYS ULTRAVIOLET INFRARED RADIO WAVES

.0001nm - .01nm .01nm – 10nm 10nm – 400nm 700nm - .01cm .01cm – 100m

PAR/VISUAL LIGHT

400nm--------------------------------------------------------------------------------------------------------------------------------------700nm

WAVE + PARTICLE (PHOTON)

P H OTO B I O LO GY



Photopic Vision
• Lumens
• LUX /Foot Candles
• Lumens/Watt

Photobiology
• PAR
• PPF
• PPFD
• µmol/J

H O R T I C U LT U R E  v s .  V I S I O N



PHOTOMORPHOGENESIS
LIGHT-CONTROLLED PROCESSES THAT REGULATE PLANT PHYSIOLOGICAL DEVELOPMENT OF 

FORM AND STRUCTURE

QUALITY

PHOTOSYNTHESIS
SERIES OF LIGHT & DARK REACTIONS THAT OCCURS IN THE CHLOROPLASTS USING LIGHT 

ENERGY (PHOTOSYNTHETIC PHOTON FLUX) TO GENERATE CARBOHYDRATES FROM CO2 AND 

H20.

YIELD

PHOTOPERIODISM
PHYSIOLOGICAL RESPONSE TO RELATIVE LENGTHS OF LIGHT AND DARK PERIODS

FLOWER/FRUIT MANIPULATION 

P H OTO B I O LO GY



Photobio logy  requirements  in  commerc ia l  agr icu l ture

PPF | PPFD | UNIFORMITY | SPECTRUM | EFFICACY | SIZE | PROXIMITY

The amount of light emitted by a light source. Measured in: 
micromoles per second (µmol/s)

H O R T I C U LT U R E  v s .  V I S I O N



PPF | PPFD | UNIFORMITY | SPECTRUM | EFFICACY | SIZE | PROXIMITY

The amount of light reaching your canopy. Measured in: 
micromoles per meter squared per second (µmol/m2/s)

H O R T I C U LT U R E  v s .  V I S I O N

Photobio logy  requirements  in  commerc ia l  agr icu l ture



PPF | PPFD | UNIFORMITY | SPECTRUM | EFFICACY | SIZE | PROXIMITY

The average, maximum and minimum amount of ppfd. Measured with: 
a PAR map

H O R T I C U LT U R E  v s .  V I S I O N

Photobio logy  requirements  in  commerc ia l  agr icu l ture



H O R T I C U LT U R E  v s .  V I S I O N



PPF | PPFD | UNIFORMITY | SPECTRUM | EFFICACY | SIZE | PROXIMITY

The proportions of different wavelengths. Measured with: 
a spectral power distribution chart

H O R T I C U LT U R E  v s .  V I S I O N

Photobio logy  requirements  in  commerc ia l  agr icu l ture



H O R T I C U LT U R E  v s .  V I S I O N









PPF | PPFD | UNIFORMITY | SPECTRUM | EFFICACY | SIZE | PROXIMITY

How energy efficient a light fixture is at converting electrons into photons. Measured 
in: Micromoles per joule (µmol/J)

H O R T I C U LT U R E  v s .  V I S I O N

Photobio logy  requirements  in  commerc ia l  agr icu l ture
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PPF | PPFD | UNIFORMITY | SPECTRUM | EFFICACY | SIZE | PROXIMITY

How much space does your lighting system require? Measured in: 
inches, centimeters, millimeters, etc. 

H O R T I C U LT U R E  v s .  V I S I O N

Photobio logy  requirements  in  commerc ia l  agr icu l ture



1.2”

H O R T I C U LT U R E  v s .  V I S I O N



PPF | PPFD | UNIFORMITY | SPECTRUM | EFFICACY | SIZE | PROXIMITY

Space requirements from light to canopy? Measured in: 
inches, feet, centimeters, millimeters, etc. 

H O R T I C U LT U R E  v s .  V I S I O N

Photobio logy  requirements  in  commerc ia l  agr icu l ture



1.2”

5”

H O R T I C U LT U R E  v s .  V I S I O N



F a c t o r s  t o  c o n s i d e r  w h e n  d e s i g n i n g  o r  d e p l o y i n g  a  h o r t i c u l t u r e  
l i g h t i n g  s o l u t i o n

RH | TEMPERATURE | RADIANT HEAT | CO2 | IRRIGATION | & SO MUCH MORE

H O R T I C U LT U R E  v s .  V I S I O N



A  q u i c k  l o o k  a t  w h a t ’ s  i n  u s e

LED | CMH | HPS | FLUORESCENT | PLASMA | & SO MUCH MORE

L I G H T I N G  T E C H N O LO G I E S









T o d a y  a n d  t o m o r r o w

GREENHOUSE TOP LIGHT | GREENHOUSE INTRACANOPY | 
GREENHOUSE VERTICAL | VERTICAL FARMING | GROWTH CHAMBERS | & SO 

MUCH MORE

L I G H T I N G  T E C H N O LO G I E S















F U T U R E

L E D  e f f i c i e n c y  g a i n s

T h e r m a l  m a n a g e m e n t

A u t o m a t i o n  &  b i g  d a t a

E M P OW E R E D
BY
T EC H N O LO GY



F U T U R E

C u s t o m  s p e c t r a

E n v i r o n m e n t a l  o p t i m i z a t i o n s

G e n e t i c  o p t i m i z a t i o n s

E M P OW E R E D
BY
S C I E N C E



O P P O RT U N I T I E S

M a x i m i z e  y i e l d  p e r  c u b i c  f o o t

M i n i m i z e  o p e r a t i n g  c o s t / p o u n d

A u g m e n t  p r i c i n g  p o w e r  
( q u a l i t y / c o n s i s t e n c y / f o r e c a s t )

SAV I N G  E N E RGY  
A N D / O R  
M A K I N G  M O N E Y



F O R  N E X T  T I M E

D e g r a d a t i o n
M a i n t e n a n c e ,  l o s s ,  i n c o n s i s t e n c y

R o h s
A v o i d i n g  m e r c u r y  a n d  o t h e r  h a r m f u l  
c o n t a m i n a n t s

C U
D o n ’ t  w a s t e  p h o t o n s

N OW  T H AT
T H E  BA S I C S
A R E  COV E R E D



P l a n t s  u s e  l i g h t  m i g h t  m u c h  d i f f e r e n t l y  t h a n  h u m a n s

G r o w e r s / K D M s  a r e  l a r g e l y  u n e d u c a t e d  w h e n  i t  c o m e s  t o  p h o t o b i o l o g y

T h e r e  a r e  m y r i a d  f a c t o r s  f o r  C E A .  N o  o n e - s i z e  f i t s  a l l .

H o r t i c u l t u r e  l i g h t i n g  s h o u l d  b e r e v e n u e - g e n e r a t i n g ,  n o t  c o s t - s a v i n g .

W E  ( A L L  O F  U S )  W I L L  B E N E F I T  F R O M  I N D U S T R Y  S T A N D A R D S .

S U M M A RY



What's Growing on in Oregon



Grow Light Options

Utility perspective from the 
front lines



Legacy Technologies



Baseline or industry standard

1,000 watt High Pressure Sodium, single ended lamp (one socket)

INDUSTRY RULE OF THUMB – 16 S.F. per grow 

Provides approximately 700 to 800 PPFD µmol/m2 S



Step up from a Singled Ended HPS

1,000 watt High Pressure Sodium

Double ended lamp 

Provides approximately 800 to 1,000 PPFD µmol/m2 S



• Single Ended (SE). Mogul base The arc tube connects to the base of the bulb with a metal frame wire 
holding it by each end

• Double Ended (DE). Connects on each end at the lamp much like a fluorescent tube

• Because of the support and shapes, the DE is much thinner than SE which improves optical 
properties. Exposing the arc tube to the bulb without any metal framing in the way, increases light 
delivery. The symmetry of the DE bulbs allows you to create an even spread of light. 

• Hours: It would appear that SE bulbs last longer than DE bulbs but in reality, you need to change the 
SE bulb every 6,000 hours and every DE bulb every 10,000 hours to maintain optical properties

• Efficiency: SE bulbs are vacuum, DE bulbs are full of nitrogen gas. The gas allows the bulb to 
operate at higher temperatures, which increases it’s efficiency. But, any air movement (fans) can cool 
the lamp decreasing efficiency. 

Hightimes.comBy Sirius J May 24, 2016

http://hightimes.com/author/sirius-j/


Induction

Race track style

Load 440 watts 

Life of lamp 100,000 hours

Provides approximately 300 to 400 PPFD µmol/m2 S



Light Emitting Ceramic (LEC)
Ceramic Metal Halide (CMH)  

2/315 watt CMH lamps

Load 630 watts/240 volts @ 100%

Provides approximately 700 to 800 PPFD µmol/m2 S

One 315 watt lamp is ½ 



Light Emitting Plasma  

1/270 watt Plasma 

Load 270 watts/240 volts @ 100%

Life of lamp – 50,000

Provides approximately to 200 to 300 PPFD µmol/m2 S



Tube LED (TLED)

54 watt T5 HO fluorescent baseline

28 watt T5TLED

Works off existing fluorescent ballast

Life of lamp – 50,000 hours

Provides approximately to 500 to 600 PPFD µmol/m2 S 
(8-lamp luminaire)



Hybrid



LED (dimmable, tunable) 

Average around 600 watts

Life of LED: 50,000 hours @ 70% output

Some provide approximately 1,000 to 1,200 PPFD µmol/m2 S





What manufacturers should provide



Reducing your operational costs



Time is money – cent’s per kWh

Indoor

Clone - 18 to 24 hours 7 days per week (8,760)

Vegetative stage - 18 hours 7 days per week (6,570)

Flowering stage - 12 hours 7 days per week (4,380)

Green house 

2,118 annual hours for supplemental electric lighting



Lighting is the largest load in an indoor 
grow operation

Less lighting load means…

• Less HVAC load

• Less fan load

• Less electrical service costs

• Less insulation

• And more

• The gift that keeps on giving 



Virtual case study

3,500 S.F. canopy grow operation

Flower room

218, 1,000 watt HPS virtual grow lights (3,500/16 SF) 

$200 ea.

4,380 annual hours

218, 640 watt LED grow lights $1,200 ea.



PROFIT after 2.5 years!!



QPL lists for Horticulture

• Needs to be cognizant of growers methodology, designs and procedures that produce high yields

• Utilities: Should there be a list or should there be specifications to meet?  



Thank you

Doug Oppedal, LC
Doug.Oppedal@evergreenefficiency.com

503.382.9359



Irina
Rasputnis

DLC

Thank You!
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