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* Vertikaalviljelus meil ja mujal maailmas. Taimede kasvunduete tagamine
vertikaalviljeluses. Priit P8ldma EMU

* Vertikaalviljeluseks vajalik tehnika ja abivahendid. Roland Rool; Jaanus
Jarving, Baltic Agro AS.

* Vertikaalviljeluseks sobivad taimeliigid ja sordid. Marge Olo, Baltic Agro AS

* Vertikaalviljelussiisteemi tutvustus kohapeal. Danko Tolic, Farmony, lirimaa

* Vertikaalviljeluse vdlu ja valu - praktiku kogemus . Artur Sirkel, Urban Farm
Oou.

Vertikaalviljelus meil ja mujal maailmas.
Taimede kasvunouete tagamine

vertikaalvil jeluses

Priit Példma
Eesti Maaliilikool, aianduse oppetool
PP @ -
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Vertical farming
UrbanFarming
Rooftop farming
Plant factory

jne

Vertikaalaia

ndus = vertikaalhaljastus?
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Kasvuhoonete liigitus erinevate
tunnuste jdrgi Ristldike kuju

*1960-ndatel Austrias @
*konstrueeris O.Ruthner
*Kdrgus kuni 40 m =
epustise liikuva konveieriga 0,5-3 m/min. =
. =
Kutuse kokkuhoid 20-25%
Vaike t66joukulu

Elektrienergia kulu, amortisatsioon
todkindlus

Vegetable and Gardening Tower of Othmar Ruthner in the Veivodeship
Park of Culture and Recreation in Chorzéw—The First Example of
Vertical Farming in Poland

oy @ dustyma Kleszez 17595, (8 Piotr Kmiecik # =0 and 6 Sakub Swierzawski 2 518 https://www.mdpi.com/2071-1050/12/13/5378
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Figure 2 (A) A view of the gardening ower 2t the WIG 64 exhibition in Vienna, 1964 (B) A view of A IY,]) WL_\Y
the gardening tower, 1963, {on the basis of [21] (p. 42). ({11 |
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Vegetable and Gardening Tower of Othmar Ruthner [ et T ;

in the Voivodeship Park of Culture and Recreation in
Chorzow—The First Example of Vertical Farming
in Poland

Justyna Kleszez 1*5, Piotr Kmiecik 20 and Jakub Swierzawski 30

Sustainability 2020, 12(13), 5378; https://doi.org/10.3390/su12135378
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Lufa Farms

* 2011 Montreal, Kanada —
maailma esimene kommerts
katusekasvuhoone (5800 m?)

* Jargmised 2013, 2017, 2020
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Agrotopia

2021

https://inagro.be/agrotopia

Konteinerfarmid

* Toidu tootmiseks

HOOULag

* Soodatootmiseks B FaRNsco

http://www.modularfarms.com.au/primary-module-2/
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Konteinerfarmid
* XF fodder systems

Grow Cost of Fresh Fodder

Growing fodder using the XF system is extremely economical.
To produce 1000 kg of fresh fodder per day the XF system
typically uses:

*Barley grain: 143 kg feed grade

*Power: 124 kWh

*Water: 1200 L

sLabour: <30 minutes

=
wertical farm systerns
| Barely Grain &
Barley Fodder
_| Comparison
M Grain 1kg
WFodder Tkg

Crude Pretien | Acid Detrgart | Meubal Ory Mater o | Matboite
Fitre {grames) | Detement Fibe | Dipestiiley ol
{orars) (NJfko)

{grams)

https://verticalfarms.com.au/xf-fodder-systems

Koostaja: P.Poldma

Vertical Farm Systems (VFS)

* nn ladu-farm S e

Typical Layout of a small XA Seres System
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http://www.verticalfarms.com.au/warehouse-systems
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Sky Green Farm — Singapur

» Poorlevad rennid
» 9 m korgus, 38 ,riiulit”
» Salat, spinat, idamaised kapsad.

> Vaga efektiivne energia ja
veekasutus

Mini-farms

* Koju, kontorisse, restorani, supermarketisse jne

https://farm.one/vertical-farms/custom-units

- _..; -

CLICK ¢ GROW

https://www.clickandgrow.com/
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Philips LED Solutions
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VF - Systems
Tower - System

+ commen type of VF

= central tower with growing shelves

= made out of plastic, metal

« Crops: leafy greens , herbs, microgreens

es-and-systems|

Vertical Farming Market by Region, Global 2020

Vertikaalviljelus maailmas

Main crops in vertical farming

Herbs
Flowers

Tomatoes % ... Microgreens

(Mordor intelligence)

USA vertikaalviljeluse turu vaartus,

kasvatatavad kultuurid, 2016 — 2027 (USD
Leafy Greens s
milj.)
(Agrilist)
11863 15534 . I I I
-z 2 ERRER .

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

m Tomato ® Lettuce # Bell & Chill Peppers u Strawberry
= Cucumber m Leafy Greens (excluding lettuce) » Herbs » Others Crops
(Grand View Research)
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Top 8 Vertical Farming Companies
October 2023

1. AgriCool (France) - US $103 Million
« strawberries, specialized leafy greens and herbs, and cannabis products
+  sells about 200kg of strawberries each week
Bowery Farming A R
Freight Farms '
AeroFarms
GP Solutions
Crop One Holdings, Inc.
One.
Altius Farms, Inc.

O NSO A WN

https://www.agritecture. com’

Mida tuleks kontrollida / automaatiseerida?

DISTURBANCES

Tootmise koiki etappe: =2
* Kite, ventilatsioon
* Kastmine, vaetamine, CO,

CONTROL
VARIABLES

CONTROLLED
VARIABLES

s, S
* Valgustus — o

» Saagikoristus/ sorteerimine

10
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L
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|\ e ¢

Ebb & Flow (Tous/modn) .
TRAY I||

RESEKI'I;;Ill
AN/ ETE CYCLE (PUMP OFF)

* Flood & Drain. Taimed on pottides lavati (betoonpdranda)pea
ja TL anakse paevasel ajal 2-4 h intervalliga 10-15min tsikliga

* Enamasti potilillede, konteinertaimede puhul

“— OVERFLOW Jl'

b1 0K RETURNS 1O
e |

T - Punr |

©
¢ Lihtne/odav iilesehitus

¢ Lihtne hooldus
* Ringlev TL

®
* Vetikate kasv
* Tehniline rike voib
poOhjustada suuri probleeme
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Nutrient Film Technique (NFT)

* Enamasti on taimed vaikeste pottidega asetatud renni ja TL
voolab médda renni pdhja. Paevasel pidevalt voi 10-15min
tsiklites

* Enamasti salat, maitsetaimed

©

e Piisavalt O,

* Ringlev TL

* Ruumi efektiivne kasutus

N*utriem Pump
Air Stone

* ummistumine

* Tehniline probleem voib
hivitada koik taimed

* Vajab regulaarset puhastust

‘Greerthouse’Tech Co. Lid.

12
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Aeroponics (aeropoonika)

* Enamasti on taimed vaikeste kuubikutega asetatud labi plaadi renni
ja TL pritsitakse/udustatakse pidevalt voi tstiklitena renni sees. salat,
maitsetaimed, jpm

©

* Piisavalt O,

* Ringlev TL

* Maksimaalne
toitainete omastamine '

. Ay S
- High-tech / Kallis Ny
* ummistumine '

* Tehniline probleem voib
hivitada koik taimed

Aeropoonika

we W ws WS
» Vdga efektiivne siisteem any, A% "f o DY
* 90 % vahem vett PG N\ e
* Kiire kasv i | — |
* 60 % vahem vaetiseid T %
* Taimed vdiksid olla tervemad o
> ®:

(Kumar et al., 2019)
* Kallis investeering

* Pidev susteemi puhastamine ja
kontroll

13
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Mist Nozzle

+—— Reservoir

Aquaponics (akvapoonika)

* mitte akvakultuur
How aquaponics works

Waker, mixed with waste from a
Tiesh fank, T1lks & Hood Lank

* Kalade ja taimede koos kasvatamine

The 1k emil e

sutrient-rich waler

inibs & grom e eeding

Fload tank :mmwnn The grom Bacteri o cuitured

mediues and (e planty 1 1 giow beds gad

it T walag Tt ek b break
AR B30
fiteites and then

nitrated.

netures 1o
(e Tihy L.

‘Water and fish waste are
remped from The fish tank
bk bo the Hood 1ank and the
cyile ivpeats

Tish prodoce ammonds rich washs
Yo much waste i basic fa he Tish, kot Mally Zisk
inery cam wittrstand high levels of nitales Thet Register

14
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'I Rearing tank for fish.

tilapia, catfish, etc. : .
tlaptz Fa shieted Plumbing connecting

settling/biofiltration tank 6
to Deep Water Culture
Beds. (Water is gravity-fed
to DWC beds.)

Plumbing connecting
DWC's sump tank.

2 Plumbing connecting rearing
tank to settling tank.

b

Deep Water Culture Beds

(DWC) for hydroponic Sunn;? vank withs putng
: 5 gardening. (Plants remove pusr_ung witer back vy
Settling Tank for selids the nitrates/nitrites from 7 rea:mg fan. th:e;n K
aqua \ collection and biofiltration, the system.) il pu:l}pe e
2 TRAA NN T 3 (Fish waste, ammaonia, is reaning RN
broken into nitrates and
nitrites.)

15
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Kontroll !

* Slisteemis olevad sensoreid tuleb pidevalt kontrollida
. pH
* EC
* Infrapuna termomeeter

> ! E’ /\‘ 4
~

o

550 600
Wavelength (nm}

650

Fotosiinteetiliselt aktiivne kiirgus '
FAR 400 - 700 nm (380-710nm) 5 e o
* Valgustundlikud pigmendid taimedes é? - ; /\I
.. m3jutavad taime fotosiinteesi £ 9 /
aktiivsust ning taime arengut 3 " \/
2" N\
N I _
400 500 600 700
i Chlorophyll B Phytochrome Red Wavelength (nm)
%‘ A :: W

o :
0,

o oo

https://www.ledgrowlightshq.co.uk/
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Erinevate valgustite spekter

Paiksekiirgus

Kiirguse energia
-- e o ETE e -

- - -

PAR piirkond

Hoéoglamp

PjalP
piirkond

400 nm

Erinevate valgustite spekter

Paevavalguslamp A N

Fluorescent lamp Higi_‘ pressure - 49
sodium lamp
S S 5%
E E 8 60
o
2 g °
= = 2
g 3 5 4
T2 -
. . h 0 ) i
400 500 600 700 400 500 600 700 400 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm) Wavelength (Nanometers)

Metall-

17
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LED katmikaianduses

©

* Tarbib vahe energiat

* Ei kiita ruumi

* Kestavad kauem (h 10000 +)

* Potentsiaalselt parem spektri kontroll
®

* Valguse intensiivsus madal

* Suure hulga puhul vaja jahutada

* Madalama temperatuuri kompenseerimise vajadus
lisakiittega (?kas on energia kokkuhoidu?)

* Praegu veel liiga kallid (€/Watt)

Katse: Sinise valguse asendamine Rohelise ja Kaug-punasega

- llma loomuliku
valguseta ;

kasvatamisel

 Varske mass 24l c
suurenes koigil e
sortidel

Lettuce
o0 . ‘Rex’
* Lehtede varvus oli =

rohelise lisamisel

kahvatu ja FR o
. e ouxXal
intensiivsem

= lne/ e e W1

https://www.producegrower.com/article/2019-lighting-guide-leafy-greens-leds-green-far-red-blue/

18
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Automation and Robotics

Harvester

+ Harvesting Algorithm
+ Plant or no Plant
* Colour — green
« Day of seed
« Size of the Plant

» Feedback about nutrient level of
plants

https:/www.sf chiwissen/nachhattigke b vertical-faming-kommt-unser-
gemuese-bald-aus-dem-hochhaus

= Cutting plants automatically
= Different systems

= cameras and sensors

» Depends on system and plant :

« harvesting whole day , or more
than once a week

Vertical greenhouses

https://auclimate.wordpress.com/2018/04/05/vertical-farming-
science-fiction-or-the-future-of-agriculture/

https://www.pinterest.com/pin
/777504323146899540/

19
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Vertical greenhouses

https://www.npr.org/sections/thesalt/2012/11/06/164428031/
sky-high-vegetables-vertical-farming-sprouts-in-
singapore?ft=1&f=1001?ft=1&f=1001&t=1602749855931

https://auclimate.wordpress.com/2018/04/05/vertical-
farming-science-fiction-or-the-future-of-agriculture/

Tanan tahelepanu eest!
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