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 The market is still dominated by HPS luminaires for supplementary light 

 In 2018, US and Japan remained the main markets for plant lighting. 

 Legalization of Cannabis made the market explode in US  

 Expected that China and Europe will be the next emerging markets 

Worldwide market 
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Worldwide market 

Expansion of Horticultural LED Market Depends on Lighting Efficacy 

 

Customers need to replace HPS (2.0 μmol/J) with LEDs with better ROI 

LED Efficacy ROI 

2.6 μmol/J 3-5 yrs 

3.0 μmol/J 2-3 yrs 

3.2 μmol/J < 2 yrs 

  Most LEDs 

When horticultural LED market explodes  BEST ROI 
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Main trend was RED - BLUE solution 

LED Horticulture until 2018 
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Things started to change in 2019 

TOP players in Horticulture moved ALL portfolio to White LED solutions 

Greenhouse 
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The White trend is replacing Blue-Red & HPS 
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The White trend is replacing Blue-Red & HPS 
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Future Market trend for Horti Luminaires 

 Efficiency ~ 3.0 µmol/J 

 Need a recipe 

      (can have issue with patents) 

 Single crop growth 

 Not healthy for workers 

 Cannot identify plant diseases 

 Usually high power LEDs  

 High cost solution 

 Use fans  maintenance issue 

 Efficiency ~ 3.1 umol/J 

 Need a recipe 

 More crops than blue-red 

 Use of mid-power LEDs 

 Many different White LED  

      options from SSC 

 Efficiency around 2.4 umol/J 

 No need for recipe 

 Grow all crops more efficient 

 Can grow special plants 

 Cannabis   THC&CBD 

 Orchids, Algae,… 

 Special Paprika, 

tomatoes,… 

 Use of mid-power LEDs  



www.seoulsemicon.com Copyright ⓒ Seoul Semiconductor Co., Ltd.  10 

Effects of light on plants 
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Terminology 

Terms Descriptions Units 
Comparable 

Lighting terms 

PAR 

Photosynthetically Active Radiation 

 

The range of light plants use for photosynthesis  

400-700nm 

NA 
Human: 

 380-700nm 

PPF 

Photosynthetic Photon Flux 

 

The number of photons coming out of a light 

source per second 

μmol/s 
Luminous flux 

(Lumens) 

PPE 

Photosynthetic Photon Efficacy = PPF/W 

 

The number of photons coming out of a light 

source per second per watt 

 

How much should we pay for electricity to 

create an amount of light? 

μmol/J 

Luminous 

efficacy  

(Lm/W) 

PPFD 

Photosynthetic Photon Flux Density  

= PPF per m2 

 

How much light reaches plants? 

μmol/m2s 
Illuminance 

(Lux) 

DLI 

Day Light Integral 

 

How much light does your plant need for proper 

growth per day? 

mol/m2d None 
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What is really important for plants ? 

Dr. Erik Runkle, MSU (HLC US, 2018) 

Plant quality 

Color area Effect on Plants 

Blue (450nm) Structure robustness ↑ 

Deep Red (660nm) 
Leaf area ↑ 

Plant mass ↑ 

Far Red (730nm) 
Sprouting, Blooming ↑ 

Stem elongation ↑ 

Green (530nm) 
Photosynthesis  

below top canopy ↑ 

Light Quantity 

• Most important for yield 

• The more light, the more Kilograms collected 

Light Quality 

• More important when light is limited 
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Absorption of light by plants 

Blue and Red are the most 

important ….Until recent 

discoveries 

Pigments Roles 

Chlorophylls 

• Chlorophyll a, Chlorophyll b 

• Light harvesting – Red & Blue 

• Photosynthesis for organismal operation 

Phytochromes 

• Reactive to and transformed by red and 

far-red lights between Pr and Pfr 

• Floral stimulation, stem elongation, 

circadian rhythm and shade avoidance 

Cryptochromes 
• Blue-sensing pigments controlling plant 

heights and fruit size 

Phototropins 
• Blue sensing pigments responsible for 

phototropism 
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Green and Full spectrum are the key 

Green is more important for 

photosynthesis below the top canopy... 

 
Green goes through leaf tissue, enhancing 

photosynthesis in shaded leaves under the top 

canopy while red and blue stops in first leafs 

And, more benefits of other wavelengths are 

continuously being revealed including 

product quality with latest studies… 

The Lighting Trend is changing  

from combination of single colors  

to full spectrum regime like the Sun 

Smith et al., J. Exp. Bot. (2017) 
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Green and Full spectrum are the key 
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Green and Full spectrum are the key 

Article from  

Wageningen  

University 
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Green and Full spectrum are the key 

Increased RED light 660nm drives to LOWER yields in Tomatoes 

 
** Information from Fluence Webinar August 2020  about  Tomatoes production 

 

We can see that excessive 660nm RED and low spectra balance   lower outputs 
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Plants use Full Spectrum light 

From UV to IR. Plants developed their internal structures under the Sun for millions of years 

           with interactivities in their development by all the wavelengths.  
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Plants use Full Spectrum light 
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Plants use Full Spectrum light 

 20% increase in ∆9-THC when 

greenhouse-grown Nepalese 

cannabis was given UV 4hrs/day 1 

 

 “The potency of high quality 

marijuana increases in direct ratio 

to the amount of UVB light it 

receives.” 2 

 

 Concentration of ∆9-THC 

increased in leaf and flower of UV-

B-dosed plants. 

1 Fairbairn, J.W. and J. A. Liebmann. 1974. The cannabinoid content of Cannabis sativa L. grown in England. J. Pharm. Pharmacal. 26: 413-419 

2 Pate, D.W., 1994. Chemical Ecology of Cannaibs. Journal of the International Hemp Ssoc 2:29, 32-37 

3 Lydon, John, Alan H. Teramura, and C. Benjamin Coffman. 1987. UV-B Radiation Effects on Photosynthesis, Growth, and Cannabinoid Production of Two Cannabis sativa 

Chemotypes. Photochemistry and Photobiology, 46:2 pp. 201-206 
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LED Solutions  



www.seoulsemicon.com Copyright ⓒ Seoul Semiconductor Co., Ltd.  22 

Key points for LED selection: 

• Efficacy of the luminaire PPE  >1.9 umol/J, minus 5% tolerance minimum 1.8 umol/J  

• Means the LED should be around + 30% losses (cover, driver, heat) = 2.34 umol/J minimum at LED level  

• Lifetime PPF  Q90 > 36000 hours   

DLC (USA) Tech requirements for Horticulture 
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Horticulture Portfolio 

• Portfolio of Horticulture solutions 

– Full range of the spectrum covered from UV to IR 

• LEDs available from 275nm to 800nm 

• Different packages available like 3528, 3030, 5050, 5630, 3535  

• Products targeting: 

– Highest umol/J  (5050 > 3.3 umol/J  +  3030C > 3.1 umol/J) 

– Highest umol/second  (5050, Z5M4) 

– Best Spectrum SunLike  

– UV LEDs (UVA, UVB, UVC) 
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Horticulture Portfolio 

• Main Focus on White LED solutions with Highest Efficacy 

 

 5050 6V – STW0L8PA   

 

  3.45 umol/J at 1.25 umol/s @0.35W 
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Horticulture Portfolio 

• Main Focus on White LED solutions with Highest Efficacy 

 

 5050 6V – STW0L8PA   

 

       3.45 umol/J at 1.25 umol/s @0.35W @750 

3030C 3V – STW7C12C-E0   

 

  3.1 umol/J at 0.53 umol/s @0.2W 

3528 3V – STW8A2PD-E2   

 

   2.90 umol/J at 0.50umol/s @0.2W 
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Horticulture Portfolio 

• Main Focus on White LED solutions with Highest Efficacy 

 

 
SunLike 3030 3V 2chips –  STWSC2PB-E0 

 

  2.35 umol/J at 0.39 umol/s @0.18W 

  

 With unique Full Spectrum to simulate Sun 
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Spectrum Solutions 
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2.2-2.6umol/J 

Power 

300-630W 

Existing spectrums in the market 

Combination of White LED + Extra Red 

Target specifications  

on Luminaire level 

Target at LED level 

 
2.6 umol/J 

 

+ 10% loss heat 

+ 6% diffuser  

+ 10% driver  

3.30 umol/J 
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350 400 450 500 550 600 650 700 750

SSC solutions  

4000K + Red 

TOP Efficacy solutions 

 

 

5050 + Z5C (660nm)       = 4.0 umol/J 

 

3030C + Z5C                   = 3.5 umol/J 

 

3528-E2 + Z5C          = 3.4 umol/J 

 

 

 

 

Best Cost/Efficacy solution 

 

 

3528-E1H + Z5C         = 3.1 umol/J 
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SSC solutions 

3030C + Z5C 
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SSC solutions 

HORTIONE (GERMANY)        3030C + 660nm RED 
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SSC solutions 

New Players using massive LEDs 
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SSC solutions 

New Players using massive LEDs – Specially medical cannabis farmers 

 

• Use of around 300 to 600Watts LEDs / square meter 
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SSC solutions 

New Players using massive LEDs – Specially medical cannabis farmers 
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SSC solutions 

New Players using massive LEDs 
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SSC solutions 

New Players using massive LEDs 
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SSC solutions 

New Players using massive LEDs 
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SSC solutions 

New Players using massive LEDs 
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Wp：405nm 

450nm+660nm 

Wp：730nm 

1.4-2.6umol/J 

Power 

45-630W 

Existing products in the market 

LOW Cost Solution 

Multiple spectra for different demands 
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380 430 480 530 580 630 680 730 780

380 430 480 530 580 630 680 730 780

Wp：730nm 

Wp：405nm 

380 430 480 530 580 630 680 730 780

450nm+660nm 

SSC solutions 

SSC Solutions 



www.seoulsemicon.com Copyright ⓒ Seoul Semiconductor Co., Ltd.  41 

Full spectrum solution modules：Sunlike 3030 

SSC SunLike solutions 

Item Number I(A) U(V) P(W) PPF(umol/s) PPE(umol/J) 

1 SMJD-4846144G-XXN1 1.35 52 46 92 2.00 

2 SMJD-2423072G-XXN1 1.35 26 23 46 2.00 
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Technology comparisons 
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Technology / Cost  comparisons 

High Pressure Sodium 

 

Input power  = 1000W  

PPF  =  1900 µmol/s 

Efficacy  =  1.9    µmol/J 

LED estimation units 

 

Blue LED   =          21 units  

Red LED    =        372 units 

Estimated cost =    150 ~ 180 € 

(LED only) 

White + Red LED 

 

Input power  =  630W  

PPF  =  1700 µmol/s 

Efficacy =  2.7    µmol/J 

SunLike LED 

 

Input power  =  800W  

PPF =  1440 µmol/s 

Efficacy =  1.8    µmol/J 

Blue + Red LED 

 

Input power  =  600W  

PPF  =  1800 µmol/s 

Efficacy  =  3.0    µmol/J 

LED estimation units 

 

White CRI80  =       1584 units  

Red LED    =           48 units 

Estimated cost =       90 ~ 110 € 

(LED only) 

LED estimation units 

 

SunLike 3030  =      1600 units  

Estimated cost =      120-150 € 

(LED only) 
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What People says about SunLike ? 

“SunLike is the best  

artificial light  to reproduce  

the real Sunlight indoors”  
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SunLike success stories 
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SunLike success stories 
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SunLike success stories 
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SunLike success stories 

“We are an organic farm 

and we don’t want to 

modify the nature, we use 

the closest light to the 

Sunlight” 
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SunLike success stories 

“We have the Best 

spectrum for growing 

healthy plants” 
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SunLike success stories 

“We want to grow plants 

by simulating the Sun with 

LED SunLike Quality” 
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SunLike success stories 

300 μmol/m2s 300 μmol/m2s 

Growing Faster 



www.seoulsemicon.com Copyright ⓒ Seoul Semiconductor Co., Ltd.  52 

 Research articles 

 Growing Arabidopsis thaliana  

 

Summary of the test: 

1. Test conditions: Day/Night 8h/16h at temperatures 24oC / 18oC , relative  

     humidity 65%, constant 300 μmol/m2·s  

2. 49 days growth test 

3. Conclusions: SunLike 5000K is the best single LED source ever tested in             

this research facilities. Makes it perfect for research in new genetic plants in the lab. 

4. All new Horti labs in Cadarache (France) will be equipped with SunLike 
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 Research articles 

 Growing Lettuce under LEDs 

By Dr. Jinwon Kim - Korea 

Summary of the test: 

1. Lettuce growing under 3030 SunLike LED and 3030 CRI80 LEDs 

2. Conditions  Inside of test lab / 16h (ON) + 8h (Off) / 20 °C / 60% Humidity 

3. Results show:  

• 13.5% extra Weight with SunLike  (faster growth) 

• 41% extra Flavonol with SunLike  (better nutrition) 
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 Research articles 
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 Research articles 

 Michigan State University  

  Use of SunLike luminaires to simulate the Sunlight when testing covering materials for     

greenhouses that change the light transmission to crops grown below  

 By Professor Erik Runkle 
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 Research articles 

 Artificial solar spectrum for plant development 

SunLike in RED color very close to the AS (Artificial Solar) used for test 
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 Research articles 
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