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Check of Potential Market Size

• Area of illuminated greenhouses in North America = 25M m2

• Average light required for growing vegetables = 400 µmoles/m2/s

• Lamp efficiency = 2 µmoles/J

• Lamp power required = 200 W/m2

• Total lamp power required in North America is 5000 MW

• With an average life of 5 years, annual sales should provide 1000MW

• Assuming a lamp cost of $1/W, the annual market is $1B

• The global market size might then be $5B



Global Market Estimate from Europe



Greenhouse Productivity in the Netherlands

Yields in 
Production

(kg/m2)

Lettuce         110

Cucumber     80

Tomato          60

Pepper 30

Source: A De Gelder at al, Wageningen University
Neil Mattson, Cornell University 



Greenhouse Production in Canada in 2016

Crop Area Production Sales

Hectares M kg kg/m2 US $M $/m2

Tomato 598 276 46 420 70

Pepper 519 136 26 324 62

Cucumber 396 178 45 258 65

Lettuce 17.5 12.2 70 21.7 124

Total 1530 602 39 1024 67

Source: Statistics Canada: CANSIM Table 001-0006



Indoor Farming in US

In the US there is relatively little indoor farming now,
but interest is growing rapidly

See Agrilyst report:
http://stateofindoorfarming.agrilyst.com/stateofindoorfarming-report-2016.pdf

Area: 2.4M m2

Revenues: ~ $1B

~ 5X Growth
over next 5 years



Many sales are direct to end customer

Data from Agrilyst Report

Flowers

Tomatoes

Herbs

Greens

Flowers

Tomatoes

Herbs

Greens

1 kg = 2.2 lb
1 hectare = 2.47 acre



Greenhouse Production in US in 2015

Crop Area Annual Sales

Hectares $M $/m2

Tomato 396 401 101

Herbs 129 71 55

Cucumber 102 78 76

Lettuce 40 56 140

Others 201 191 95

Total 868 797 92

Data from US Department of Agriculture 

https://www.agcensus.usda.gov/



The Situation in China is Very Different

• Much larger area of protected agriculture
• Growing from 0.8M hectares in 2015 to 1.5M hectares in 2020

• Plastic sheets more common than glass

• Heating is more important

• Lamps may be less expensive

• Is there reliable data on market size?



Economics of Horticultural Lighting

• Light measure: 1 µmol implies 6 x 1017 photons

• Lamp output is often expressed in 1 µmol/s (second)

• Lamp efficacy is usually expressed in µmol/J (Joule)

• For a perfect lamp, 1  Joule could produce
• 5.5 µmol of deep red light  (~660nm)
• 4.6 µmol of green light  (~550nm)
• 3.8 µmol of royal blue light  (~450nm)



Bruce Bugbee, Utah State University



(conversion at 4.4 µmol/J))



Best Traditional Technology: HPS

ePapillon by Philips

2100 µmol/s from 1060W
>95% fixture efficiency
3 year warranty on fixture
1 year warranty on bulb
Cost:  ~$520 complete
~ $60 replacement bulb
Efficiency:2.0 µmol/J
3-year cost: $0.30/µmol/s

Gavita Pro 1000 E-Series

2100 µmol/s from ~1050W
>95% fixture efficiency
3 year warranty on fixture
1 year warranty on bulb
Cost:  ~$450 complete
~ $95 replacement bulb
Efficiency: 2.0 µmol/J
3-year cost: $0.30/µmol/s



LED Fixtures – GE ARIZE Life 

8 ft tube replacement
85 µmol/s from 30W at 2.8 µmol/J
L80 of 36,000 hours
5 year warranty
5 year price $360* or $4.26/µmol/s

*Price in small volumes



LED Fixtures – Philips Production Module

3-year price $176 or $2.12/µmol/s



LED Fixtures – SPYDRx Plus  Full Spectrum

1410 µmol/s from 660W at 2.1 µmol/J
L70 100,000 hours
Warranty 3 years
3 year price $1350 at $0.96/ µmol/s 



LED Fixtures – LumiGrow Pro 650 Series E

1100 µmol/s from 580W at 1.9 µmol/J
5 year warranty
5 year price $1370 or $1.29/µmol/s

Spatial Distribution



1000 µmol/s from 565W at 1.8 µmol/J
L70 50,000 hours
5 year warranty
5-year price $1199 or $1.20/ µmol/s

LED Fixtures – Illumitex Power Harvest



LED Fixtures – Status

• Several choices of spectrum offered by most vendors

• Efficacy up to 40% higher than best HPS

• Most products have similar efficacy to best HPS

• Most prices are much higher than HPS for same output

• Value seems to depend on 
• Lamps outlasting the warranty
• Greater productivity achieved through color tuning
• More uniform distribution of light



LED Sources– Cree Red & Blue Mix

Cost of 108 chips –
$124 at $0.40 µmol/s



LED Sources– Cree White & Red Mix

Cost of 192 chips - $188 at $0.19 µmol/s



LED Sources– Lumileds SunPlus Series

Cost of 360 chips - $545



LED Sources – SunPlus On-Line Design Guide



LED Sources – SunPlus Design Guide Results

Current Tj Power Light B/R Efficiency Cost

mA 0C W µmol/s ratio µmol/J WPE $/µmol/s

350 85 256 631 4.5% 2.41 48% 0.86

700 85 559 1218 4.8% 2.13 42% 0.44

1050 85 902 1753 5.0% 1.9 38% 0.31

1050 25 1000 2006 5.5% 1.96 39% 0.27

1050 135 859 1338 4.0% 1.52 30% 0.40

Using fewer chips at high current reduces purchase cost, 
but increases cost of electricity

and reduces lifetime



Effect of Color Tuning on Plant Size



Effect of Color Tuning on Plant Size



Snowden, Cope 
& Bugbee,
Utah State

Effect of Color Tuning on Plant Size



Source: Anja Dieleman

Effect of Color Tuning on Plant Size



Plant Quality and Nutritional Value

• Chlorophyll content
• Antioxidant
• Carotenoid
• Vitamin C
• Anthocyanin
• Polyphenol
• Lutein
• Nitrates
• Root development
• Stomatal (pore) opening
• Flavor
• Sugar content
• Color
• Disease resistance

West Virginia University

Pigment Absorption



System Integration

Nadia Sabeh – Dr Greenhouse at Strategies in Light 2017

See also 
http://urbanagnews.com/magazine/issue-16



Light Distribution

Source: Celina Gomez & Cary Mitchell
(U Purdue)

Lamps from Orbitec

Conservation Applied Research & Development
Minnesota Department of Commerce 



Energy Use in Greenhouses & Plant Factory

K. Harbick and L.D. Albright, Cornell University 

Energy in GJ
( 278 kWh)

Area of 1712m2

LED or HPS with
efficacy of 
1.7 µmol/J



Neil Mattson, Cornell University



Conclusions

• Horticultural applications are very challenging for LEDs

• More research on effects on specific plants is needed

• Plant health and nutritional value are important

• LED efficiency needs to be increased and price reduced

• LED reliability and lifetime are critical

• Effects on total system must be taken into account

• Environmental effects must be further evaluated

• Be skeptical about expectations for market growth
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Questions for BRICS Representatives

• How large is the market for expensive produce in your country?

• How much is artificial lighting used in growing plants?

• How much do your farmers pay for electricity?

• What is the typical efficiency of horticultural lamps?

• What is the typical cost of horticultural lamps?

• Would you be willing to help to analyze your market?

• If so please contact me at

jnbard@pacbell.net



Back-up Slides



Rationale for Urban Plant Factories



Promises of Urban Plant Factories


