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Agenda 

• Why Horticulture Lighting? 
• Horticulture Lighting vs. General Lighting 
• Photobiology Overview 
• Lighting Fixture Considerations 
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Why Horticulture Lighting? 
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U.S. CORN YIELDS: A HISTORY OF INNOVATION 
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Required Crop Production Efficiency Gain per Year: 

Agriculture efficiency is not improving fast enough 
 to feed the growing population 

2.4% 
Actual Crop Production Efficiency Gain per Year: 

1.6% 
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The equivalent of 36 football fields of 
forests are cleared every minute 

The recent drought in California led to 
524,000 fallowed acres, which cost 

the state $1.84B in 2015 

Cannabis growers consume 1% of our 
nation’s electricity… 

3% of California’s electricity 
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Solution 

Controlled Environment Agriculture (CEA) 
 

Indoor Farming and High-Tech Greenhouses 
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Horticulture Lighting vs. General Lighting 
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E l e c t r o m a g n e t i c  R a d i a t i o n  S p e c t r u m  

GAMMA RAYS X-RAYS ULTRAVIOLET INFRARED RADIO WAVES 

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

PHOTOSYNTHETICALLY ACTIVE RADIATION (PAR) 

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

WAVE + PARTICLE (PHOTON) 
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Photopic Vision 
• Lumens 
• Lux / Foot-Candles 
• Lumens / Watt 

Horticulture 
• PPF 
• PPFD 
• µmol / J 

M E T R I C S  
V I S I O N  v s .  H O R T I C U LT U R E  
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T y p i c a l  L i g h t i n g  P o w e r  D e n s i t y  ( L P D )  
 
 

• O f f i c e  S p a c e :  

 
• L e t t u c e  V e r t i c a l  F a r m :  

 
• T o m a t o  G r e e n h o u s e :  
 
• C a n n a b i s  G r e e n h o u s e :  

 
• C a n n a b i s  I n d o o r :  

G E N E R A L  L I G H T I N G  v s .  
H O R T I C U LT U R E  L I G H T I N G  

 
 
 

 

1   W / f t 2  

 
1 0  W / f t 2 
 
1 5  W / f t 2 
 
3 0  W / f t 2 

 
6 5  W / f t 2 
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Photobiology Overview 
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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 

P H OTO B I O LO GY  –  3  P I L L A RS  
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PHOTOMORPHOGENESIS 
LIGHT-CONTROLLED PROCESSES THAT REGULATE 
PLANT PHYSIOLOGICAL DEVELOPMENT OF FORM 
AND STRUCTURE 
QUALITY 

P H OTO B I O LO GY  –  3  P I L L A RS  
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PHOTOPERIODISM 
PHYSIOLOGICAL RESPONSE TO RELATIVE LENGTHS OF 
LIGHT AND DARK PERIODS 
FLOWER/FRUIT MANIPULATION  

P H OTO B I O LO GY  –  3  P I L L A RS  
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Lighting Fixture Considerations 
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F i x ture  requirements  in  commerc ia l  agr icu l ture  
 

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

The amount of photosynthetically active light emitted by a fixture.  
Micromoles per second (µmol/s) 400-700nm 

H O R T I C U LT U R E  L I G H T I N G  
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PPF | PPFD | UNIFORMITY | SPECTRUM | EFFICACY | SIZE | PROXIMITY 

The amount of light reaching your canopy.  
Micromoles per meter squared per second (µmol/m2/s) 400-700nm 

H O R T I C U LT U R E  L I G H T I N G  
 

 
F i x ture  requirements  in  commerc ia l  agr icu l ture  
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T Y P I C A L  P P F D  R EQ U I R E M E N T S  
Lighting 
Application 

PPFD 
(µmol/m2/s) 

Foot-candle 
(lumen/ft2) 

LUX  
(lumen/m2) 

Office Space 6 - 10 30 - 50 324 - 540 
Lettuce  200 - 300 1002 - 1503 10,800 - 16,200 
Herbs 300 - 500 1503 - 2505 16,200 - 27,000 
Tomatoes 500 - 700 2505 - 3507 27,000 - 37,800 
Cannabis  700 - 900  3507 - 4509 37,800 - 48,600 

* Conversion factors based on the spectrum of sunlight   
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PPF | PPFD | UNIFORMITY | SPECTRUM | EFFICACY | SIZE | PROXIMITY 

The average, maximum and minimum amount of PPFD.  

H O R T I C U LT U R E  L I G H T I N G  
 

 
F i x ture  requirements  in  commerc ia l  agr icu l ture  
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PPF | PPFD | UNIFORMITY | SPECTRUM | EFFICACY | SIZE | PROXIMITY 

The proportions of different wavelengths 

H O R T I C U LT U R E  L I G H T I N G  
 

 
F i x ture  requirements  in  commerc ia l  agr icu l ture  
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S P E C T R U M  
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PPF | PPFD | UNIFORMITY | SPECTRUM | EFFICACY | SIZE | PROXIMITY 

Fixture efficiency of converting electrons into photons.  
Micromoles per joule (µmol/J) 

H O R T I C U LT U R E  L I G H T I N G  
 

 
F i x ture  requirements  in  commerc ia l  agr icu l ture  
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Greenhouse Lighting 
Comparison Study 

June 2014 



N O V 2 0 1 7  D O E S S L T E C H R & D W O R K S H O P   

90% 
Variance! 
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PPF | PPFD | UNIFORMITY | SPECTRUM | EFFICACY | SIZE | PROXIMITY 

How much space does your lighting system require?  

H O R T I C U LT U R E  L I G H T I N G  
 

 
F i x ture  requirements  in  commerc ia l  agr icu l ture  
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PPF | PPFD | UNIFORMITY | SPECTRUM | EFFICACY | SIZE | PROXIMITY 

Space requirements from fixture to canopy?  

H O R T I C U LT U R E  L I G H T I N G  
 

 
F i x ture  requirements  in  commerc ia l  agr icu l ture  
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Removing the barriers:  
 

education + cost 

D R I V I N G  A D O P T I O N  
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Q U E S T I O N S ?  
 

THANK YOU 
 

nick@fluence.science 

WWW.FLUENCE.SCIENCE 
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