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CHALLENGES OF HUMANITY

Growth of
population

Loss of
farmland

Challenges

Air and
water
pollution

Saving
resources

Higher world population in combination with less usable farmland under unpredictable weather conditions
How can we secure food supply?
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All these impacts and challenges needs solutions

Horticulture LEDs can contribute to be a part of the solution

-
B e e
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CONTROLLED ENVIRONMENTAL AGRICULTURE (CEA)

Indoor Farming

Greenhouse
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—> Cultivation of plants under optimal growing conditions

- CEAis a chance, not a competitor to traditional farming
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VERTICAL FARMING

The farm of tomorrow: agriculturein the middle of
the city, close to the customer

- Use of a multilayer cultivation system — minimum
growingarea

- Use of hydroponics (closed waterand nutrient cycle)

- No long transportation of food

- Optimization of growth conditions — app control/Al

- Consistency of products — same quality

- Growing all over the world is possible — challenging
places

- Harveston demand — 100% local, higher nutritional
value

Vertical Farming was made possiblyby LEDs
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SOLUTION:

Vertical Farmingis one part, which has the potential to contribute to help against the challenges of humanity:

Reduction of soil

B C | tion Higher harvest efficiency
degradation More vield (g/m?)
no uncontrolled / g Y &
leaching of nutrients o
Year around cultivation
Reduction
of food
i _ Resource gentle
mileage Reduction of
CO2 savings vield losses
Compensating loss X
of farmland nutrients

Reduce food waste (storage + Due to variable weather
transport)

—> Vertical Farming can be used to improve food security and ensure nutrient rich food, while reducing carbon footprintand food miles.
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WHAT ARE INFLUENCING FACTORS IN A VERTICAL FARM (VF)

Light
Temperature
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CHARACTERISTICS OF HORTICULTURE LIGHTING

Biological Basics
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What does a plant need?
—> light is essential for plant growth

= PAR (Photosynthetic Active Radiation)
region from 400nmto 700nm in which the
plants are able to use photosynthesis

= PBAR (PlantBiological Active Radiation)

region from 280nm to 800nm in which the
plants recognize light

—> light can control: photosynthesis, morophology, flowering
secondary metabolites, flavor, etc...




CHARACTERISTICS OF HORTICULTURE LIGHTING

Optical Basics
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—Deep Blue (450 nm) —Blue (460 nm) —Green (520 nm) Yellow (590 nm) —Red (625 nm) —Hyper Red (660 nm)
—Far Red (730 nm) —WL-SWTC Daylight = - Chlorophyll A = = Chlorophyll B - - Beta Carotene - - Phytochromes

We developedour LEDs for customized light solutions for different Qualityparameter of the plants.
Suitable for all Horticulture Lighting Applications
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WURTH ELEKTRONIK HORTICULTURE LEDS
High Power Products

Order Code Color Ao
150353DS74500  Deep Blue 450 nm ©' :
150353HS 74500 Hyper Red 660 nm N « /
150353FS74500 Far Red 730 nm
= Advantages 4
\g\ \‘y’//
o

= adjustable spectrum

= plant adapted spectrum

= full spectrum

_ Y %? e’\\
= |ow thermal resistance = i W)
= high efficacy \/

more Information on www.we-online.com/leditgrow

11 | Sustainable Food Productionwith Horticulture LEDs

Order Code Color Ao
150353RS74500 Red 635 nm
150353YS74500 Yellow 593 nm
150353GS74500 Green 520 nm
150353BS74500 Blue 460 nm
Order Code Color Ao
15335338AA350 Ultraviolet 385 nm
15335339AA350 Ultraviolet 395 nm
15035340AA350 Ultraviolet 405 nm
Order Code Color ccT
158353027 Sunrise 2700
158353030 Warm White 3000
158353040 Moonlight 4000
158353050 Daylight 5000
158353060 Cool White 6000

WL-SUMW WL-SMDC

WL-SWTC
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WURTH ELEKTRONIK HORTICULTURE LEDS
Mid Power Products

Order Code Color Ao Order Code Color CCT
o
Q ~, 150283DS73103  Deep Blue 450 nm 158303227A Sunrise 2700 S
- o
150283HS73103  Hyper Red 660 nm ! g 158303230A Warm White 3000 o
150283FS73103  Far Red 730 nm 158303240A Moonlight 4000 %
E 158303250A Daylight 5000 §l
E .
3 Order Code Color Ap 158303260A Cool White 6000
= 150283RS73103  Red 635 nm
= Advantages
150283YS73103  Yellow 593 nm _
&P = low power Solution
150283GS73103  Green 520 nm _
» adjustable spectrum
1502838573103  Blue 460 nm
» plant adapted spectrum
= |ow thermal resistance
= no need for expensive cooling solution
more Information on www.we-online.com/leditgrow = full spectrum & homogeneous illumination

= sjze 2835 for color and 3030 for white LEDs
= very high efficacy
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CHARACTERISTICS OF HORTICULTURE LIGHTING

Optical Basics

adjustable spectrum = effective light recipes to obtain optimal plant growth, development and quality

dynamic Lighting = e.g. vegetation stadium
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CHARACTERISTICS OF HORTICULTURE LIGHTING

Electrical Basics

®  |dealizedPhoton

PPF
(Photosynthetic photon flux)
The amount of all photons emitted from a
light source in all directions per second
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Source: Wrth Elektronik eiSos
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PPFD

= PPF (Photosynthetic Photon Flux)
amount of all photons emitted from
lightsource in all directions per second

— Unit: ol

S

= PPFD (Photosynthetic Photon Flux Density)
amount of Photons that hit one
square meter per second
— Unit

umol

m2s

= Photon Efficacy
refers to how efficienta lighting system is
at converting electrical energy into photons of PAR

umol

Unit:
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BENEFITS OF HORTICULTURE LEDS

Biological Advantages Electrical Advantages Environmental Advantages
yeararound cultivation high lifetime of LEDs - resource gentle

weatherindependent high efficacy of LEDs - spacesavings

increase of plant quality lower maintenance costs - harveston demand

parameter lower operating costs

high harvest efficiency

4 4

‘ fast return of investmentand
i + less energy costs )
more yield &Y more profitfor the grower

the green revolutionalready started- vertical framing grows 24% every year
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WHY WURTH ELEKTRONIK?

= Qur LEDs have a very high PPF Output

= We deliverthe whole necessary spectrum, forall Horticulture Lighting application

We help you to find the right LEDs (Mid Power/ High Power, Fullcolor/ Monocolor)  for your unique application
and target plant “qualityparameter”

el
R YR

= Besideour already existing excellent service, we provide many more special Horticulture application support:

—
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MORE THAN YOU EXPECT — WURTH ELEKTRONIK HORTICULTURE LEDS

= own plantscientistsin team
= cooperationwith universities
= know-how through own biological tests

basil under different light conditions _ . . o _
more than twice amount of flavonols after 8 days induction of flowering in the winter/14% more

flowers compared to other light sources

we do researchto find optimum light recipe for different quality parameter of the plant
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MORE THAN YOU EXPECT — WURTH ELEKTRONIK HORTICULTURE LEDS

Horticalculator Radiant Flux

= Spectrum Design Tool Horticulator
= Horticulture Application Notes
= Lighting DevelopmentKit

< 150353RS74500
< 150353Y574500

< 1503536874500

< 1503538574500

A e | [ sl

<+ 150353HS74500 1] 350 mA 25.0°C

Radiant Flux

Total Performance

sssssssss

500 nm €00 nm 700 nm 800 nm 300 nm 1 pm . . .
Wavelength Source: Wirth Elektronik eiSos

Order Code 150001 WEillumination App

Source: Wirth Elektronik eiSos
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APPLICATION NOTES

= ThreedifferentApplication Notes

ANOO0O02
LEDs- The Future of Horticultural

Lighting

ANOO0O3
Advantagesof LED Lighting in
Horticultural Applications

ANOOO4
The Phytochrome System
Why use far-red?

www.we-online.com/leditgrow
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APPLICATION NOTE
= =]

gl
LEDs - The Future of Horticultural Lighting ‘WORTH ELEKTRONIK

ANO002 BY DR. RICHARD BLAKEY
1. Introduction

Greenhouse farms may not be a new technology but with an every growing worid popuiation and the move

the nom in future years cpenig a Dmemmw e how szl saer Bl mcovwmes e et
technologies from Buthy

par pli o
Greenhouses have a long history, purportedly from the roman era but were not used for viable intensive
cultivation unti the 20 century. Nowadays, millons

the world, most of which use natural light. However, advancements in lighting, heating, watering and control
‘systems have allowed the construction of vast, artfciallyIt,indoor greenhouses (Figure 1). These installations

Figure 1: Example of Indoor greennouse plant bed with LED ight source

There are also several other advantages. The different stages and cycles of plant development can be

controlied by providing different wavelengths of light to gain greater yields or reduce growing times. Water

usage is greatly reduced due to reduced evaporation and the control of humidity and temperature in the

installation. The control or elimination of insectie, fungal or bacterial pests s aiso more effective because of

losed system. In addition, the carbon footprint of food production and supply can also be significantly
centers, reducing

of LED technology. Originally, LEDs were expensive and extremely limited in the wavelengths of ight they

skt e Vil 5 aSfwenan i Wk skl v ploesusi, | £ 1l become

preferres culivation. LEDs emit light while

being ememe«y rugged and relatively small when compared to other lighting technologies. In addition, LEDs

have a long fite, have low votage requirements and do not generate as much excessive heat making them
This greenhou:

Application Note

T ——C
Advantages of LED Lighting in Horticultural —wii

Applications

ANOOD3 / D RICHARD BLAKEY
1

Figh infensiy disherge HD) lamps are the current industy standerd
o by the atficial ghting greethouss industy berause of ther

crowth 1. Light eitting ceces (LED) provide 2 mutiude o avartzges
a5 horcutural ihing souces but ear dificuties, prmarty cost and
intensty, finitsd theil implementaton i hortcutural spplications.
How e

areatal

L —

towarts the sensitivl of e eye. Hower, phtcsynthesis and plant
orowrh i driven by photons and 5o s quanted as PPF. Thisis esumml».-

impotant when comparing LEDs that
g, A raant ey s sl properion s g, e
photons” hare a lower radiant energy contert resuting in more phatons
being genesatedper unit o input energy. This means that athough bie
LEDS vz ighes rafantf thanrod LEDS, the diferenos i PRF s much
losar Figure 1.t s it 1o compare the output imensy of LED and
HID Sources in 2 useful way 0ue 10 2 numker of factors inchding, e
number of LEDs, the inberent raciation patien of the devices (LEDs are

QD 1o tarisonal cscharge based ighting technologies and are now
bectming an economicaly vable atemaie o HID sources, specill for
igihvakus crops ¥, which some have caled a morumental s
Tl Ao compaes e oo o LEDS wi it H0
1ight sources for hotizutural appicatons. Alfough the properties have
been atkvessed i dferent sectons,they e highl imerelatd. Gainsin
one perormance characterstc wil compromise oters. For an
roctesion to the e of LEDS in hortoutura appications, please refer
1o AN007 | FDs - The Fure of tors hing

2 Qutput Infensity

HID lamps broad emission
patton), and the use o eflectors nd kenses. The 2im i 10 maximiz the
wansier of the emited fght from the ight source 1o the pant leaves. It
may be therefore, more interesting © consider how ight s deivered 10
the pians. There i no perfoct eTission STDUON patin but here are
some thal are more suiable for cenan resnbause configualins.
Precision verhead buminares and lenses can be used 10 contol e
erission pattem of HID devices an osus ight 1 the plant growth areas.
“This is nogessary in smallgroenhouses with widely separated cufivaion
areas Canopy photon capture fficency of 2bove 00% can be achived
in this manner, regardess of the light sourc. But capure aies near to

e atieved usng LED mracanogy fightng . The heat
Inall, he: inensity of LEDS was 190 low 10 be of pracical use in  OS7eraied by HID Mtures makes invacancpy ightng infeasibe
hortcuture, being more sued 1o indator i and conio panel
achighting. The itznsity of ight trat can now be generated by LEDs
means photoyhedc photon fuc PPF) GUPIE | cOTpAraDis to that of
HD souces when used n clisters. The ouput ntenssy of lghting is
usualy exressed n amens, 2 humans perczie lgh, whch & bizsed
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Application Note

The Phytochrome System -
Why Use Far-Red?

L L 2P and_the Phyi

1 System

T ghsitonetl sl ron looun o o corlr L s piary osdd o phsyndess, o md ey
than orginaly numerous LED ofa pant and the fac

technologies that procuce 2 variety of diferent ight spectia, both
manochromatic and poljshromatic. The worthwhie inclusion of
some wanelenghs in igh recipes are as yet experimental, but one
area of the spectrum that cannot be ignored IS the fared region
Far-red encompasses wavelengths 700 — 800 nm, a region of ight
that s on the cdge of visbiliy in humans. However, thess
Wavelengihs hae been proven to resuit i faster growth, inoreased
biomass and better sensory characteristcs fo.g. smell, taste,
toxture, color. Bl why are wavelengihs that aren't used in
photosynhesis 5o influential on plant development? Unike people
and animais, planis are wnable to move. Their sessie @isience
means that without ary outsice influence, plarts wil grow and lve
in the same piace for all of their axstence. This may sem like 2
simple obsenvation but the consequence for plantsis that they must
be able 0 tlrate and suvive whon mm Innedte uradngs
change to

that is mainy driven by ted and biue light via Chlorophyl in
photosystenns | and | Three factors are imgortant here:
+ Light intensiy - which s the amount of photons that the plant
can use.
« Photoperiedism - which reflects the duration of the exposure.
« Light qualty - which cortesponds 1o the wavelengths of lght
plants are expose
But light also influences a number of ather plant processes. Each
process can be linked 1o 2 photorecepior that reacts 0 a specifc
range of warclengins. Crypochrames sense bluz/LVA liht and are
responsible for photairopism and photomerphogenesis, whereas
photoreceptors calied phytochromes detsctfarred ight (Figurs 1),
Phytochiomes are unlice crypiochiome biue ight eceptors, as the
phytochrome system is invinsical refant on the interplay between
system cansists

Res
e 2 v, nasens a1, m i 1 chesdan o
cicannual cycles are essental for plant suvial. These responses
an be manipulated fo achieve favorabie grouth characteristics. This
application note describes why these suvival techiques evoled
and why far-red wavelengths are essential for plant luminaires. For
an nrodicton (0 he v o LEDs in hstiutural splcators,
please refer 1o

Lighting.

that difer n their absomt Pr Phytechrome red)
has an absorption maximum at 660 rm and Pir Phytochrome far-
20) an absorption maximum at 730 nm. Howeer, nterestingy Pr
and Pir can reversibl intercomvent their molecular stucture
depending on the rato o red and far-red wavelengihs [Figure 2).
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Figure 1: Typiealabserbance speciraof the prineipl pigments o plants
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SUMMARY

20 |

We are faced with more and more
challenges. climate change, growing world
population, loss of farmland and the need
for a better use of resources - to solve
these challenges, Wirth Elektronik is
actively accelerating the greenrevolution
by supporting the development of the
farm of tomorrow to ensure sustainable
food production.
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