WD 2012/ 010876PCT/ GB2011/ 051346 1 SYSTEM AND METHOD FOR GROW NG
PLANTS Field of Invention 5 This invention concerns a system and nethod for
grow ng pvenvs/o1ddye i nvention has particul ar, but not erciusE98/051346
application to a system and nethod for growi ng plants in which airflow and
tenperature can be precisely regulated. 10 Background To grow plants in
envi ronnents that have anbient tenperatures unsuitable for the particul ar
type of plants being grown, it is known to provide neans for heating or
cooling the air around the plants. For exanple, this 15 nay be achi eved by

suitably positioned mgy Aqﬁ%q\tylmgﬂlgdﬁ%ﬁk%w%g b@r}gﬁ@?sgl are of the

sun, for exanple as 1s achieve gh the use ytunnel's. A problem
wi th known heating arrangenents is that heating of the anmbient air around
the plants requires |arge anounts of energy. 20It is also known to

cul tivate pl &neld ¢fInvesdiasrm of grow ng containers, exanples of which can
be found in US6840008B1, US2003/0089037A1, US5555676 and US2006/ 0156624.
Water and nutrients may be fed into the colums of plants. However, there

i's no disgl ogwie iffe ton&Pnt rOkydtb@ hedmpesdbdr®randwih®vpiehtsai mner ound
the plants. 25 Summary of Invention According to a first aspect of the

i nventi on t héreentipnphey ipdeldculphabuat net fegelusive, application to a system and

method for growing plants in which airflow and temperature can be

precisely regulated.
10  Background

To grow plants in environments that have ambient temperatures unsuitable
for the particular type of plants being grown, it is known to provide
means for heating or cooling the air around the plants. For example, this
15 may be achieved by suitably positioned heaters or by shading the plants
from the glare of the sun, for example as is achieved through the use of
polytunnels. A problem with known heating arrangements is that heating

of the ambient air around the plants requires large amounts of energy.

20 It is also known to cultivate plants in a column of growing containers,
examples of which can be found in US6840008B1, US2003/0089037A1,
US5555676 and US2006/0156624. Water and nutrients may be fed into
the columns of plants. However, there is no disclosure of how to control
the temperature and flow of air around the plants.

25

Summary of Invention

According to a first aspect of the invention there is provided apparatus for
growing plants comprising a column of pots stacked one above the other

30  to define an enclosure for housing plants, each pot defining a chamber for



growi ng plants conprising a colum of pots stacked one above the other 30
to define an enclosure for housing plants, each pot defining a chanber for
2 hol di ngwe 2pizants7eseparators for separating pots of theceaB2myosiie
separators defining an encl osed headspace around a top of each at |east two
of the pots where plants project fromthe chanber, a passageway providing a
continuous flow path for air through the2colum without 5 requiring the air
to flow through the chanber, the flow path including the headspaces above
the at |least two pots such that the air can flow over the | eaves and/or

stems of theup cﬁﬂés '?1&11*1?6 seeﬁgtﬁéf‘sd ﬂ%‘?ag‘%ﬁggﬁ pgtg %gpﬁ{eatéﬁuﬁﬁy be

advant ageous as a art heat e alr, can be

i ntroduced i @éparfahﬁs cddfﬁﬁﬂg tan Ehalvsslbsidspacaldryundhianpgded cachundehse
plants for aiding plant growh whilst the enclosure limts |oss of the
heat ed or codVedohithe ROty HehGt BiaaE ERicFoAfIRtL theschambsrovs RANPAEGFHRYL he

colurm. 1n Uit o DG AINOLOPIRN ALY g PhANL SN B Sargahogd L0 an

energy effici ner. er mor om1o air

over the beaveguirSigeif®, ai@rtoprlopagaioiugh thk Ughaniberhi ce ey sfiaarr&mcluamtgs,

bul bs or | eaves are enbedded, surface of a growth substrate and/or surfaces
of the appar &U§cHsPapRy @)bq‘@ thedticleasiungapoisatugdl thahthdait e HpwWgPwtt h. 20

The chanber RY 8 cBURANGSL 00 0R! 9100, o BHOMAG SLRSLLE, such as

soi | / conmpost, Brochar, The col um may
have an inl et for receiving air and may have an outlet for the renoval of
air fromthe colum. An inlet and outlet allow the 25 colum to be

connect ed t oSachd@pagteharigelhe fl@YaftE@)&ﬂquﬁgﬁ/Sk%at 1mgarttweﬂam heatather ggelest nay
be | ocat above th |cuI t he.inl et | ocat e

dse, 20, o8y r Be ol Ghuerd B8 b oRom derd o TR PR ot T and
the outlet |@eaimdihd Pladse fon Bid@ky @p@ﬂrgr@mhlmmfthbhﬁlcwuu@mmﬁyc;d%sas
above the uppernost pot. Such an arrangenent is 30suitable for heated air

wher e the waohthé hepiedesr eepledhair op thsf ouksedeconungnment as it flows through

the column. In this way, the environment for the plants can be controlled
in an energy efficient manner. Furthermore, it is believed the flow of air
15 over the leaves, stems, or propagation plug in which the stems, roots,
bulbs or leaves are embedded, surface of a growth substrate and/or
surfaces of the apparatus may help to reduce fungal, algal and bacterial

growth.

20 The chamber may be arranged for holding a growing substrate, such as

soil/compost, rockwool or biochar, in which the plant grows.

The column may have an inlet for receiving air and may have an outlet
for the removal of air from the column. An inlet and outlet allow the
25 column to be connected to a heat exchanger for cooling/heating the air.
The outlet may be located above the inlet, in particular, the inlet may be
located, in use, in a lower portion of the column, such as below the
lowermost pot, and the outlet located, in use, in an upper portion of the
column, such as above the uppermost pot. Such an arrangement is

30  suitable for heated air where the warm air rises to the top of the column.



WO 2012/ 010876PCT/ GB2011/ 051346 3 If cooled air is being introduced to the
colum, then the locations of the inlet and outlet may be reversed. In one
enbodi nenvo 2eeahogret has a duct therein to formthe pasvagsmyiizsidasough
the columm. The duct nmay extend froma bottomof the pot to a |ocation
above an intended top of the growth substrate. For exanple, the pot may
have indicia thereon identifying the int&nded height for the growth
substrate and the duct nay extend to or above that height. Alternatively,
the duct may extend to the same height as a rimof the 10 chanber In this

way, the ducty cap taip% Be é;grﬂrgdlh cll ' pg %fhﬁm%batﬂpl’?rthé Qb onks o8 %’Mé:t ihn t he

grow h substrate. Therefore resh, aerated environnent s provide

encl osed contiilel hed ouneediagtiee viversdd.y for the growing plant. It is
particularly beneficial that such an aerated, yet controlled, environnent
is provided for the surface and/or body of the growmh 15substrate, and the

nuerior surfacss ghobls,ERClORS: (60 dhlEyRILRRReT.ON D% sepatators (in

enbodi nment s ere separators are‘prese may be d by

the chanbgr, th@ugaxidopotumacarad dentnial bytewdtiibm & betpat of whé Pot pner wal | s
separating the duct fromthe 20 chanber. The<§ft may be of circular
cross- sect i ohOSKItoR avadimintprgrst tagapl thee peavathi sibstriate. ddor exasyple hhe

hanber. Al [ e ' A | i de of
The pot . for TRKARBY ardie, Re ithe Tty REAERH G Up AR h gk G00uE! o7

are transpar gabwed dubsftaleuc@nt thel tRics epakakelcadpi®Vodabspacehdpehypan t he
pots for the plants to grow and may allow sunlight into the colum. The
separ at or may)MbEnpiyegr dhe viiudh mae oftenrdhdo phessagne depeitate af Fismafhthepot s.

10 chamber. In this way, the duct cannot be blocked by filling the chamber
to the top with growth substrate. Therefore a fresh, aerated environment
is provided in the enclosed controlled immediate vicinity for the growing
plant. It is particularly beneficial that such an aerated, yet controlled,
environment is provided for the surface and/or body of the growth

15  substrate, and the interior surfaces of the enclosure (e.g. the surfaces of

the separators (in embodiments where separators are present).

The duct may be surrounded by the chamber, for example located
centrally within the pot, with inner walls separating the duct from the
20 chamber. The pot may be of circular cross-section with a radial inner
wall separating the duct from the chamber. Alternatively, the duct may
be defined by channels in the side of the pot, for example, in the rim of

the pot.

25  Preferably the separators are transparent or translucent. The separators
provide space between the pots for the plants to grow and may allow
sunlight into the column. The separator may be integral with one of the

pots or separate from the pots.



4 In one enbodi nent, at |east one of or each separator conprise apertures
therein through which plants can grow out fromthe colum. Such apertures
shoul d bewbaopmiesteugh to allow the plants to grow frompthasol wsmsut

smal |l enough to limt excess energy |loss fromthe colum. 5 The apertures
may be open sided apertures in a bottom of the separator |ocated next to
the pot below. A pot bel ow a separator cénprising apertures may have a

curved rim In this way, a plant growing fromthe aperture is not damaged
or even cut by the weight of the plant pulling the plant against a rim of

the pot. Fur { ur, i r Oj . t in an
appropriate g??%%?%ﬁRQaﬁﬁaﬁéagzaﬁé&ggW?K%$%h§%%?%%%ggbﬁ%ﬁgh§%qﬁﬁﬁhg%iI or
ot her growt htiserait riat@ighs vehiver ylantyf lcaenpira@l d@ctoom affee @biurgn pl &iichgr owt h;
heating of the foliage being | ess influential. Therefore, it nmay be

accept abl e f GPCHHESST NG LY nganenBEhsidalloie th Plydbirie g% rfégm the
| er/ hot t ' : f 5.fol.j i ght
e encour aged il AL < ubH e gD 3E s, bbrpdtost Wl Opb ARG ™ ¢

effectiveby Hheckserarreohsiy et spdnheidapesjedfi@es anfaubbhem bi mhé sepdr@torl oss
and heat transfer (loss or gain) between the interior and the exterior of
t he encl osur éocatebriextsta Hog eb9l Pebiy de BOC LW P eBEPAEIPT cFYRPIIgINEW ng

system that aeleRy A61aLET  DuAJRRer ihLaNGPeS ok, ENGOULa9ER20 et er

or heat |oss/gain a hat remai ns " seal

t hroughout t hgegtMsnSy@dBaddd oMebei agt By shoateifhy QUGR pladt puRMehiHeo a
grown plant), without the need to re-house the plant. Energy loss is

mi ni mi sed by PhdVAAIHY dariguiof 4be yosi Adertegrarargr éhg epriaderiny prayokelpl tant
bei ng gr . JThe apgrture may be sized such t.hat.the shoot, gr stem of the
25 prant an et hliectFatigh vt | TPRatES diadeiar *Retor ety B gr own
external |y ofhelifi@s/RB61iRg Wrethe o€l apeikdi £rovY AdsEAR! Is gompariadubmiiine
separator. For exagple, the aperture may be 0.5cn2 to 36¢cn2 in area- it may
be appr oxi matfedtgr gélecting mdantagrovghubedting otithe folaggeobeiag dhsssivdpedtior. any

ot her suitable s e. .]t maght be ev l.arager or..smaller for ot.her

S0appl | cat | oe TR R brmfr Ger CerBEEsy 101 nbep Ui aspl T | 4RufE the e
col um of potgicIMYrdn AhE FIVGRG/IBHER diPadxivaiaero ehapaicasdure. f IPM& Heant
and/or the growi ng substrate in one of the pots will condense on one of the

pots abov2. Toldagsomightahe vaveuragedviergromr patsédes Hepernclpsureates that it (the
foliage) effectively blocks or obstructs the aperture to further limit water

loss and heat transfer (loss or gain) between the interior and the exterior

of the enclosure. There is thereby provided a controlled, efficient
growing system that is kept aerated in a manner which does not encourage

20 water or heat loss/gain and that remains ‘sealed’ as the plant grows, and
throughout the growth cycle (from being a shoot through its growth to a
grown plant), without the need to re-house the plant. Energy loss is
minimised by providing a suitably sized aperture for the type of plant
being grown. The aperture may be sized such that the shoot or stem of the

25 plant can fit therethrough whilst the foliage of the plant may be grown
externally of the enclosure. The aperture may be small compared to the
separator. For example, the aperture may be 0.5cm®to 36cm® in area- it

may be approximately semi-circular, square or circular or arch shaped or

any other suitable shape. It might be even larger or smaller for other

30 applications (e.g. for larger crop or vine plant applications).



5 wat er condensed thereon to run away fromthe passageway in the col um.
For exanple, in the enbodi nent wherein each pot has a central duct therein,
t he | owerweunfxnes7eay sl ope downwardly, for exanple in &ctgseeii/ismsa radi al
direction away froma centre of the pot. In this way, water in the
enclosure is not |ost through evaporation to the external environnent 10
but is recovered back to the pot. Furthefnore, the shape of the | ower
surface of the pot limts loss of water to the bottom of the colum through
t he passageway/ducts in the pots. The colum nmay be arranged such that the
pots can be rotated around a 15 central axis of the colum. In this way,
the pots can be rotated to gain easy access to the plants, as desired and
provide an eWdr eilatmn bUupbonmal bd ghtanped tsheh phanwater Forapexaiy érom fa t he
intensity of light is not uniformaround the enclosure the pots can be
rotated suchPidHtangyathe gneatingspbsigatgdpeonencl i patyntillceniuiensd e e now

in bright |ight,condit.i . i e S b rrie t
autonaticalI%?tPglgg%§%§U bdfﬁ%ﬁ%@ggpéggéX%gshﬁg%rggzxfgg%ﬁﬂgskggwﬁ% may
not be provi deded Bolc@oad eidreonab ragnseyWroli thd passaiendelin tZbcdbunsiich an

enbodi nent, and in other enbodi nents where a growth substrate is provided,
the plant mayoBecpipricddd the cRbodapbewhorein gach ot s ageoWwrH dudistrat e,

h it hi . '
such as wt 'tﬁ'er%nP.rtBQé}Q&‘r% Qﬂﬁfﬁkés’%caﬁséeifi e glﬁw%wpa?éfyt, %P%ﬁéﬁ%ﬂ g %gcﬁlg\%

sui tabl e known equi val en ment’s, ‘the réwn may

be encl osed & ai taglidlasieedtfodr aw¥AM®,a bdirdul bhe 61.00h this ﬁhf,nka%rtihi n the
further growth substrate, such as a geat pl ug. The peat plug can be
posi ti oned, ithe gaelosyie isheolslpst dkough ¢H@OoFHOWE ko s skicand ¢rvigonment )

i t hi I / pl d d i h b
oL 0 U, CRATHET R PSR ) B R SRR R B R s e

substrate) i suifac€oMBNbERINAR MWt bf tigehRARPBGCANT 158 RGIMhitRFLuph t he
headspace causes aeration of the peat plug and its surroundi ng environnent.

As a result, thanpgsagevwbyaluctkna hadqradsi al growt h around the peat plug and
growi ng plant is reduced and 10 the growmh of the plant is encouraged.

The column may be arranged such that the pots can be rotated around a
15 central axis of the column. In this way, the pots can be rotated to gain
easy access to the plants, as desired and provide an even distribution of
light to the plants. For example, if the intensity of light is not uniform
around the enclosure the pots can be rotated such that plants that before
were in low light conditions are now in bright light conditions. Rotation

20 of the pots may be carried out automatically.

In some embodiments a growth substrate (such as soil) may not be

provided in a conventional sense within the chamber.

25 In such an embodiment, and in other embodiments where a growth
substrate is provided, the plant may be provided in the chamber within a
further growth substrate, such as within a propagation plug, such as a
peat plug (or any other suitable known equivalent). In such embodiments,
the plant being grown may be enclosed at its base (for example, its bulb,

30 root or stem) within the further growth substrate, such as a peat plug.



In sone enbodi nents the plant grows out of the apertures 134. For exanpl e,
the stens and | eaves of the plant may grow out of the chanber via the
aperture Wwd4pimhidst the peat plug is rooted wthin theremadBsadsife
headspace and/ or chanber. Even though the foliage and | eaves m ght actually
grow outsi de the encl osure, the presence of the plug wthin the aerated,
noi st, controlled enclosure is beneficiab for the grow ng plant.
Furthernore, the plug mght help by bl ocking the aperture to further
mnimse the already relatively small water/heat |oss/gain fromthe 20
enclosure. Wiere it is stated that air flows past a stem if said stemis
| ocated within a further growth substrate (e.g. a propagation plug), then
si nce sim | aTheepedti pligacen aehpeseidneds imuisk] mmdtl&b@uﬁacé)wfaih@ gtowthover
the further growth substra ﬁe (such as the plug), then it is intended to
mean wit hi n SHRSEHE 6 SofSof i sithimy &t Gham Rer &uggw/@&@ltW@mheﬁée%é%&O pl ug

25C°nta!n'ngtﬂ%gdﬁ%ﬁp§ﬂfﬁ%ﬁ!@§ggs5ﬁ)@nﬁﬁ&?ﬂgcﬂﬁﬂﬁ&t of the invention there
a

is provided e conprisin a separator, each pot having a
chanber for holding a plant, and optionally for holding a grow ng
substrate, such as soil, 30 rockwool or biochar, in which the plant groms
and a duct t Hédeepept lugr (OAnQiear JUEIRCE abstante) darinf CHNMLRILGH VHE the

wthout 11 ovhaguiiough (e EhATPSl herel D, RNl 4ol sugh %U' es

can be stacke her orma co éparators separating the

pots of the @Mgﬂaﬁdam@ ﬁ@rbﬂﬁdlgﬁaénﬁﬂ@ﬂrﬁ§ﬂd A@aﬂsmﬁﬂ r’ﬂlﬁ%ﬁﬂd alghbmnal each
of at least two of 5 the pots ere plants project fromthe chanber and the

ducts in thebgetesial @rawily agoewhtha psas PlusownpAAMIRE dlgH tsheedsskdimmd t he
f|OMlpat? |n§hud| }pg€9§pqpe§laq%%%rt% at | east two pots such that the
air can Pow ové 7 §t& of the plants in the encl osed
headspaces.

In some embodiments the plant grows out of the apertures 134. For
example, the stems and leaves of the plant may grow out of the chamber
via the aperture 134, whilst the peat plug is rooted within the enclosed
15 headspace and/or chamber. Even though the foliage and leaves might
actually grow outside the enclosure, the presence of the plug within the
aerated, moist, controlled enclosure is beneficial for the growing plant.
Furthermore, the plug might help by blocking the aperture to further
minimise the already relatively small water/heat loss/gain from the
20 enclosure. Where it is stated that air flows past a stem, if said stem is
located within a further growth substrate (e.g. a propagation plug), then
since similar benefits are achieved, as outlined above, by air flow over
the further growth substrate (such as the plug), then it is intended to mean
within the scope of this invention that air flows over the peat plug

25 containing the stem.

According to a second aspect of the invention there is provided a module
comprising a pot and a separator, each pot having a chamber for holding
a plant, and optionally for holding a growing substrate, such as soil,

30  rockwool or biochar, in which the plant grows, and a duct therein



10According to a third aspect of the invention there is provided a kit of
parts for assenbly into apparatus according to the first aspect of the

i nvent i onwoRerios7eg to a fourth aspect of the inventiorctrleetieizasovi ded
a nmethod 15 for growi ng plants conprising planting plants in pots, each pot
defining a chanber for holding a plant, stacking the pots one above the
other in a colum with separators separaiing pots of the colum and
defining an encl osed headspace around a top of each of at |east two of the
pots where plants project fromthe chanber, the colum conprising an air

inlet and 20 a%n%ie& sQth Rl E’i'i‘dcaﬂvri"l6'3‘\';1}9@1‘?01%1C thd Dk @Et’hohf‘gll%gxg}fg‘%g% h the air

inlet flows to the air outlet through a ssageway provi nuous
fl ow pat h t htleugharhber, oohdrat awildidadisy of 8quh midtiléhearabe staektd avgdtheough t he
chanber, the flow path includin%rthe headspaces _.above the at |east two pots
such that théo dprmcasofyBiy WiBrhenerREHOES SeidAbRE dhemotoioftthe ¢plumns 25i n

2012/ 010876 AT 98 1550 T HkABHE TR Blita b pb 0F BLh o Beast Bl (6 the
air inletsisihepbadwbere pbingd padject Tiven neé kagmiay aadnpe iBetPiOVEdipdg a

growi ng substrate in the pots in which the plants grow and the conti nuous
path for air [pEyinge aacogHgbeus féowt Rath dhroughin the otplimem thee 4 epatho t he

CutLet i thoueinans! A AUIboRE NG O SIS LAl feroLdl 09, ho,a f1TLN
aspect of theinvemtion ere s prOV|d%5 a systemfor grow ng p ant's
conprising, appAR LSVAEeRd/@irRgerh® of Mige bidnsd iragReaiclodedt hidspy®Rt i on, a

supply conduit for supplying air to the enclosure and a return
10 According to a third aspect of the invention there is provided a kit of
parts for assembly into apparatus according to the first aspect of the

invention.

According to a fourth aspect of the invention there is provided a method
15 for growing plants comprising planting plants in pots, each pot defining a
chamber for holding a plant, stacking the pots one above the other in a
column with separators separating pots of the column and defining an
enclosed headspace around a top of each of at least two of the pots where
plants project from the chamber, the column comprising an air inlet and
20 an air outlet and arranged such that air introduced to the air inlet flows to
the air outlet through a passageway providing a continuous flow path
through the column, without requiring the air to flow through the
chamber, the flow path including the headspaces above the at least two
pots such that the air can flow over the leaves and/or stems of the plants

25 in the enclosed headspaces, and introducing air to the air inlet.

It will be understood that the term “planting plants” includes the planting
of seeds, bulbs or the like.



10 conduit for recovering air fromthe apparatus and a heat exchanger for
heating or cooling the air, the supply conduit arranged to supply air from
t he heat weebangesisto the inlet and the return conduit acramet/dsossset urn
air fromthe apparatus to the heat exchanger. The air inlet may be
vertically spaced froman air outlet. 15 The system provides a flow of air
past the plants that may facilitate pland growh. The flow of air over the
| eaves, stens, surface of a growth substrate and/or surfaces of the

encl osure may help to reduce fungal, algal and bacterial growth and augnent
plant gr owt Ny, 2 UiBoRnie! B MRYBOAYLAR | AMELI FIANS MBYePhr REBIANT. O
cooling plants relative to heating a [arger volunme of air In an enclosure
Wi th heatingatr. qbelmhegodeang dompriset pewliding 4 ReoapRasisuatdéray tpy pyisde a
headspace abgve the pots that is of the order of the sjize of the plants

bei ng grown. 25vhigh dhe plsd@rosmnd thecumitueys Patigr piaveay bgi dragsd | m or

| ess, prefer 400 r abl . X e
headspace abgﬁéygggﬁﬂg%?ﬁg%§§§gﬁﬁ§g§9ﬁﬁgﬁ5ﬁ%§0%?3 g?g%ﬁy?ﬁgéggt an500mm
and nost pr efiles abdwinlgesmsiraan 200mm  The heating of air in such a snall
space is much nore efficient than heating plants in | arge 30greenhouses. 9
The system nmay conprise a plurality of apparatus, wherein the |ength of the
supply conduig  f t.he t . . a - pl | engt h of
tho r ot urn carssareera [RE sSEr AR iR dR BB R iR L O
substanti al | yrowengSpmmd 0ompash@PARaai s ackdrdiRg SoWaY, fifsh@sp&TPET eeur €
differential between the start of the supply conduit and end of the return
condui t wil | ibeendionr axiup@lelcondwié fenmerdis tingodht feaetpsare and gwettnough
each enchsure, o ) e BYSLEM TRY cfdlh LRET SOMLL 96 2, SRUL & Al YL Flent's
and/ or water 8n% gupﬁfyvneé%s fOYOTE T e Uty & i f ehtd A7 wat er
through the &REiSWr&BolihRANE!iEUIRTIuPG]TBAMSUIMBYraGoBR o $ApPIW G & 6RUL I i ent
supply conduit for supplying water and/or nutrient to the apparatus froma
source of watlee hapiderehanger iterihe dnlgt raduthe owdurendwt arwageertp ngtuvat er

and/ or air from the apparatus to the heat exchanger. The air inlet may be

vertically spaced from an air outlet.

15
The system provides a flow of air past the plants that may facilitate plant
growth. The flow of air over the leaves, stems, surface of a growth
substrate and/or surfaces of the enclosure may help to reduce fungal,
algal and bacterial growth and augment plant growth.

20

Such a system may provide an efficient way of heating or cooling plants
relative to heating a larger volume of air in an enclosure with heating or
cooling means. In particular, the apparatus may provide a headspace
above the pots that is of the order of the size of the plants being grown.
25 In one embodiment, the enclosure may have a width of Im or less,
preferably 400mm or less and most preferably, around 150mm. The
headspace above each pot may be less than 1m, preferably less than
500mm and most preferably less than 200mm. The heating of air in such
a small space is much more efficient than heating plants in large

30 greenhouses.



15 nutrient fromthe apparatus and returning the water and/or nutrient to
the source. The supply and/or return conduit may conprise a filter for
filteri ngwoheiyabses and/or nutrient as it is delivered troridERoappassat us or
before it is returned to the source. In this way, any unused water and/or
nutrient can be recycled for future use. 20 It will be understood that the
terms "heated air" and "cooled air" are wsed herein to nean, respectively,
air that is heated or cooled relative to the tenperature of air in the

envi ronment external to the enclosure. 25 Brief Description of the Draw ngs
WO 2012/ 010876PCT/ GB2011/ 051346 10 Figure 1 is a perspective view of

appar atus according to one enbodi nent of the invention; Figure 2 is a
perspective Jirewysierh hrapppapaisésa Ylumlishadaywphidies whbtaistihatiémghpsrts of
the apparatus that are obscured in Figure 1; Figure 3 is a cross-sectional
view of the apauaplis coRewh fram e Mgl reshanggidte:the cammagaius plussthe
perspective yi 0 p I h Fi o 3;
Figure 5is g#$ oégi@gc%ﬁgﬁhﬁgééﬁﬁﬁgfhgﬁ% %ﬂgﬁgﬁégkwéﬁg%ﬁlf%%E?%ﬁ%e&4; 15
Figure 6 bs aupdtamimievhofsainefqpl éth pefarstieown Ih nhisi gy eshed téngediufel gure 7
is a perspective view of a separator used in the apparatus of Figures 1 to
3; 20 Fi gur e dgferengiakibgbvegneiheostatthel sepanrptlyrconytinand eml qirtde eturn

conduit will be approximately the same ensuring uniform air flow through

each enclosure.

10 The system may further comprise a source of nutrients and/or water and a
supply means for circulating nutrients and/or water through the
enclosures. The circulating means may comprise a water/nutrient supply
conduit for supplying water and/or nutrient to the apparatus from a source
of water and/or nutrient and return conduit for recovering water and/or

15 nutrient from the apparatus and returning the water and/or nutrient to the
source. The supply and/or return conduit may comprise a filter for
filtering the water and/or nutrient as it is delivered to the apparatus or
before it is returned to the source. In this way, any unused water and/or
nutrient can be recycled for future use.

20
It will be understood that the terms “heated air” and “cooled air” are
used herein to mean, respectively, air that is heated or cooled relative to

the temperature of air in the environment external to the enclosure.
25 Brief Description of the Drawings

Embodiments of the invention will now be described, by example only,

with reference to the accompanying drawings, in which:-



Figure 9 is a side view of the separator shown in Figures 7 and 8 from an
alternative direction to that of Figure 8; 25 Figure 10 is an expl oded

per spect iwe 2vi2agrt t he apparatus shown in Figures 1 top8TaiBwiingiidee kit
of parts that are assenbled together to formthe apparatus; 11 Figure 12
is a schematic diagramof a water and nutrient circul ation arrangenent of
the system 5 Detailed Description of thH® Drawings Referring to Figures 1
to 3, apparatus for growi ng plants conprises a colum 100 of plant pots 102
stacked one above the other to define an enclosure for housing plants. In
this enbodi e p I i I . i t-wld o be
under st ood Pﬁg%uf%ﬁgpﬁéééghggg%héﬁﬁg?F%éﬁ%¢%§ﬂ%%%§ Hfg?ﬁg%iéngghﬂﬁgﬁ. Each
pot 102 defi neshainkeamnibatr 104 (shown in Figures 4 to 6) for holding a
growi ng substrate, such as soil, rockwool, conpost or biochar, in which the
pl ant grows. 15 The columm 100 has a passageway (indicated by arrows 106)
providing a t | NUPU I h faor. air .thro he. co 0, is flow
pat h includegg %%%ggliog g&%ﬁgél(%dgegfOghgmpégga%ﬁgsﬁ%gﬁggg%%ﬁfgﬁgﬁoject

from the growlagraulspims ef (loappawmal wagatdbscpaédin Figureniot necessary for
the air to flow through the grow ng substrate in the chanber 104. In this
20 enbodi nent air can flow through the passageway w t hout flow ng through

t he chanber. The chunn 100 h%s a? Lnle%tﬁlo fortreﬁgivin% hilg‘.this

enbodi ment h&ZBRE &i} & AT AFTERY S LS ForPPRE WeNEVET oAl 8% brh t he
colum 100. Fhe 2:

10 Figure 4 is a perspective view of a plant pot used in the apparatus of

Figures 1 to 3;
Figure 5 is a cross-sectional view of the plant pot shown in Figure 4;
15  Figure 6 is a plan view of the plant pot shown in Figures 4 and 5;

Figure 7 is a perspective view of a separator used in the apparatus of

Figures 1 to 3;
20 Figure 8 is a side view of the separator shown in Figure 7;

Figure 9 is a side view of the separator shown in Figures 7 and 8 from an

alternative direction to that of Figure 8;

25 Figure 10 is an exploded perspective view of the apparatus shown in
Figures 1 to 3 showing the kit of parts that are assembled together to

form the apparatus;

Figure 11 is schematic diagram of an air circulation arrangement of a

30  system according to one embodiment of the invention; and



25 outlet 112 is | ocated above the inlet 110, in this enbodinent, the inlet
110 being | ocated bel ow the | owernost pot 102a and the outlet 112 | ocated
above thewopperorest pot 102b. In this way, heated air ircrazBoedsyi4a the
inlet 110 can rise through the passageway 106, heating the plants on the
way, to the top of the colum 100 where it is renoved via the 30outlet 112.
12 The columm 100 further conprises a wdtler and nutrient inlet 116, in this
case a spray head, connected to a water and nutrient source for introducing
water and nutrients into the colum 100. The water and 5 nutrients

percol ate through the pots 102 to provi de sustenance to the plants. Any
excess water and/or nutrients that nmake it to the bottom of the colum 100
are renoved fHigard N eolausthelRfidyisham of18. wiNew amf entdiog tiorchiagiones 4 to
6, each plant pot 102 has a duct 114 therein 10 to formthe passageway 106
t hrough the @8TGEAMEDDO! eeSHRR®- 114 i s surrounded by the chamber 104 with
i nner tapered walls 124 separating the duct 114 fromthe chanber 104. In
this enbodi ment, the duct 114 is located centrally and extends from a

bottom 129 ofDdthite®@Weséliption bhehEPFRWIREOht as a downwardly curved rim 122
of the chanber 104. The 15 pot has a height of around 100mm and a di aneter
of around 150mm plus the width of the rimof between 20mmto 25mm The duct
has a di amat%? artith% b[91tt(r)m (ff ar3ound 40trrmfarr1d at .t he t 8{) of a;iound 20nm
The tapered s 5%@13? ¢ heedtict t1ta eﬁggﬁF%ﬁﬁschﬁﬁé?vgﬁdpﬁusrf%%Pss?%gt ent er
the duct 114 cbrurhh OW0AVAYHIAAIOPdE O DRERKEE dne hbevddutd olld ©f déhge pat 102
20 below. In this way, the duct 114 helps to prevent the flow of water and

nutrients steatkphure ton heudiog trdantef irhéhis dnupedimenbuedeht plndwot sL021s. A

bott om of .t he chanber ;104 has .hol.es, 126 therein . to .facjlitat .he

por col at 1n 1T RE wetSr it AUCFToRE S R SUg 1HE Capiith Gofodiieats.
non-identical pots may be used. Each pot 102 defines a chamber 104
(shown in Figures 4 to 6) for holding a growing substrate, such as soil,

rockwool, compost or biochar, in which the plant grows.

15  The column 100 has a passageway (indicated by arrows 106) providing a
continuous flow path for air through the column 100. This flow path
includes spaces 108 around tops of the pots 102 where plants project from
the growing substrate. To flow along this path it is not necessary for the
air to flow through the growing substrate in the chamber 104. In this

20 embodiment air can flow through the passageway without flowing through

the chamber.

The column 100 has an inlet 110 for receiving, in this embodiment heated
air, and an outlet 112 for the removal of air from the column 100. The
25 outlet 112 is located above the inlet 110, in this embodiment, the inlet
110 being located below the lowermost pot 102a and the outlet 112
located above the uppermost pot 102b. In this way, heated air introduced
via the inlet 110 can rise through the passageway 106, heating the plants
on the way, to the top of the column 100 where it is removed via the

30 outlet 112.



25 Now referring to Figures 1 to 3 and 7 to 9, the colum 100 may further
conprise transparent or translucent separators 130 for separating pots 102
of the colomi2ld0s76! n this enbodi nent, a separator 130 ipsTEB2vI@BwHE Ween
each pair of pots 102. The separators 130 between the pots are 30i dentical
(these type of separators are shown in Figures 7 to 9). 13 However,
separators 130a and 130b are different fl2omthe other separators 130.
Separ at or 130a has appropriate openings for receiving an air inlet pipe 111
and the drain 118. Separator 130b has a cover 132 for closing a top of
separator 130b and for retaining an air outlet pipe 113. 5 The separators
130 provide a headspace between the pots 102 for the plants to grow and

al I ow sunl i ghthei ¢dlomnh€0@ dhitiher 0 prises hwstee rdaddnieizh; ielech 1separtatisor has
a height of around 200mm and a di aneter of around 150nm_ The hei ght of the
headspace fofa{fl aht SRIRBWIRAG | JONNOCCHet@f 8r &R AN ITISOIMICUCST ufffs 100

headspace SRR WA fef or & . L
Cal ad corope. MEgyige Witk PEGURATAY, WLALRGL 9T TR RARL haich 2

chillies, 5speppéatientangercbritd itkeoughhehsimas of 02 he peadspacstehbate it6 ThHequi r ed
may depend on the size and formof the plant being grqmn, for exanple
foliage sizepPldnisi Angj oxcesyjween sngforppatientysaat pakerpdgrhs peritom sof

provided to gl auhe 60 E9embR B 1 AN $53 hcd st Fpaner. On the

flip side, e space 1S no unnecessa arge since nore
energy may then be required to nmaintain a desired tenperature (e.g. to
avoi d heat |oss or heat gain). It has been found that a separator of 200mm

hei ght is suNabireferpngdoddgtrasahie dofady ppndmos 1080s| edugir 1 14 thesein
separato m be.,provi ded de dj.n application, . O, r, | arger
e 2t o4 brRouR BYAEEv A7 TR NG, 8P e BRI APD - Tfe el A4 RIS |,

in height. TRerdoagaéd &y e thembyStemane iadad kaflred sudlld gbt saphtatileso
i npact upon the size of the headspace. The less light that is avail able,

the greater thedneadspdeenntry chaatberolte. In thigBmiiddémeribibei drmntls 4 ise
i o onbodi mtieCbagRteug ol sepd 0, Ao L Flosatle' 81 Fodnbpticent or
transl ucent RBMErAALhNAYIaNGoRn&ARTIYNURVSEd YPRET22d@8hE @hamber 104. The
15 pot has a height of around 100mm and a diameter of around 150mm plus
the width of the rim of between 20mm to 25mm. The duct has a diameter
at the bottom of around 40mm and at the top of around 20mm. The
tapered shape of the duct 114 encourages water and nutrients that enter
the duct 114 to flow away from the opening in the duct 114 of the pot 102
20 below. In this way, the duct 114 helps to prevent the flow of water and
nutrients straight to the bottom of the column through the ducts 114.

A bottom of the chamber 104 has holes 126 therein to facilitate the
percolation of the water and nutrients through the column 100.

25
Now referring to Figures 1 to 3 and 7 to 9, the column 100 may further
comprise transparent or translucent separators 130 for separating pots 102
of the column 100. In this embodiment, a separator 130 is provided
between each pair of pots 102. The separators 130 between the pots are

30 identical (these type of separators are shown in Figures 7 to 9).



30 engaging with an underside of rim 122 of the pot 102 when assenbled 14
into a colum 100. A bottom portion of the separator conprises apertures. In
t hi s enbostormentoiddye apertures are circunferential ly spaeet/gpen/sisied
apertures 134. Thus, when the separator is assenbled into the colum, there
is a series of gaps between the pots 102 and the separators 5 130 through
whi ch plants can grow out fromthe columd 100. In this enbodi ment, six arch
shaped apertures 134 are provided, each aperture 134 having a height at the
apex of around 30mm and a wi dth of around 30mm Accordingly, the percentage

of the area %t{]&é%?d' %a&%ﬁ?eﬁg@)a&ﬁd”ﬂ b! 8! @IRIAY &Bf SRl Qr 130

(i.e. rather an open‘to t external environnent via apertures 134)

may be nmor e tsEpdrafR%oidod Sepatdibs 1€ﬂb0ﬁsr®pfropﬂimfeeoﬁdilﬁﬁgs9ﬁ% rdceivihghin be
nore than 95% i n sone enbodi nents. hi s , loss of energy through
escape of heatfethlgl PlPFoUtlhén‘é%]ﬂ%fiﬁ%ip ]elﬁin ﬁ@ﬁﬁ@ﬁ@r il S0Pt aseverci&ntary | ow.

15 The curveddiif 12809 D8RS | M2 RERS 48 BEL YEN e HRTRGS b ROTL T O of

t he pl ant prole Pom the apertures asse Pht'o 't he col um
100, eachspot 102 can be rotated about its centre such that the user can
access the plants as desired. 20 Wien assenbl ed into the colum 100, each
pot 102 can Bder sepira@rablith prewdeentheadspich belatcephteygels dda Weckss t he

plants as degifod 1 guie 20 SR Sfigh" boethe PSR PAfo. 2" 2SRRI ed

together to
embodiment, each separator has a height of around 200mm and a diameter

of around 150mm. The height of the headspace for plant growth will
10 therefore be around 150mm. Columns 100 having a headspace of this
size may be suitable for growing plants such as salad crops, lettuces,
tomatoes, strawberries, peas, beans, herbs, chillies, peppers and the like.
The size of the headspace that is required may depend on the size and
form of the plant being grown, for example foliage size, fruit size, vine
15  or bush. Ideally, enough space is provided to allow the foliage to grow in
an unrestricted manner. On the flip side, ideally the space is not to be
unnecessarily large since more energy may then be required to maintain a
desired temperature (e.g. to avoid heat loss or heat gain). It has been
found that a separator of 200mm height is suitable for a good range of
20 plants. Smaller or larger separators might be provided depending upon
application, e.g. for larger plants, saplings, very large crop species, the
separators might be about 1m in height. The location of the system and
available sunlight will also impact upon the size of the headspace. The
less light that is available, the greater the headspace may need to be. In
25 other embodiments the separators may be about 250mm in height or any

other suitable height.

In this embodiment, each separator 130 is a hollow cylinder of
transparent or translucent material having a continuous upper edge for

30 engaging with an underside of rim 122 of the pot 102 when assembled



25 the colum 100 (the dotted lines illustrate that not all of the pots and
separators are shown). It will be understood that these parts can be

provi ded we 2a13010876f parts to be assenbl ed on site. Furrhergmosa/osidsewi |1 be
understood that pot and separator pairs 140 may be supplied as a nodul e
separate fromthe rest of kit to add to an existing colum 100 or to 30
repl ace a nodul e of an existing columm. 135 Referring to Figures 11 and 12,
the apparatus of Figures 1 to 10 can be incorporated into a systemas shown
in Figures 11 and 12 for providing heated air, water and nutrients to
plants. The syshem cofBnhSeh02 SaPlididh oblonne! ARHIE5.206: COmhAlifng
plants, typically arranged in a series rows, and t recirculation

ar rangenent s apenerear riangésrentboddefiotheC hpath@ki dig drdurhferongdilt paced

encl osures 202 to maintain the plants at the required tenperature and

anot her ar r arg§ersitedomeriyes dftcul Bes nyheb il sepvgatentip petrnabled isipgHict he

encl osures 2 C sur 2 l S i

Figures 1 togﬁBgﬁﬁrﬁgﬁgg%én r%ﬁégk%%%t(%hégﬁﬁ%gﬁﬁgfﬁg%%%gqéffgggﬁ%éﬁses a
heat exchangaB02(@ofigh wWigiahiplgnai card Rabwpass éson héeeddueughpoa supplsy
conduit 208 (shown in solid lines) for supplying the heated air fromthe
heat exchangémbpdément, 19X areh| filaged aperiupes Béf‘t?&m provi¢es, apsdlr aperéur2o2 and
a return condyi,t (s i t i f e rineg,.ai air
outlets at tﬁgé‘t}b%%‘g% % ﬂée)l ehé 3@%9@?@5 ?ﬁ%hﬁeﬁméxgﬁ%%gﬁ%%@ a{(’ﬁﬂ’t hi s
embodi ment, GhésupplAccondidpiy, 208 peidehfagentd SBPaRATe durARMAZUBahe208D,
208c for each row of apparatus 202 and the return conduit has separate
lines 210a, headspagadkat2iy qlosed by éheiseppraiar F3bmh eattihenothant opgspter Breus 202.
I n use, e plants, in the apparatus 202 mai nt ai ned at_t requi.red
tenperat e ByChag PRyaFmeRr Sl hBS Rt ARG ERYOBE AR Blae DBL SRR <
heated air ifhiQ@ ¢HBo@AEINDS M @S- thhReo Y@l Mit hatelRi Be MERSHaA 958 (ORoBfe t he
appar atus though convection, the apparatus channelling the rising air pass
t he plants 285mbodiments. Thethds wayhdoshek epergyedrorgloastipe d kgaped atrue 202 is
recovered by the retﬁrn Line Z%QSkgpthqfheat e{changer 206 to be reheated

; xternal environmen t sutficiently Tow
and used agapﬁ?ete y

15  The curved rim 122 of the pot 102 helps to prevent damage to portions of
the plant projecting from the apertures 134.

When assembled into the column 100, each pot 102 can be rotated about
its centre such that the user can access the plants as desired.

20
When assembled into the column 100, each pot 102 can be rotated about

its centre such that the user can access the plants as desired.

Figure 10 shows the different parts that are assembled together to form
25 the column 100 (the dotted lines illustrate that not all of the pots and
separators are shown). It will be understood that these parts can be
provided as a kit of parts to be assembled on site. Furthermore, it will be
understood that pot and separator pairs 140 may be supplied as a module
separate from the rest of kit to add to an existing column 100 or to

30  replace a module of an existing column.



16 through the system may be achi eved through the tenperature differential
either side of the heat exchanger 206. Alternatively, a punp or fan may be
provi ded wonrocioiesrbat i ng the heated air. 5 Attaching theceaiBongsife of
apparatus 202 to the pipe work of conduits 210a, 210b, 210c stabilises the
colums 100. Arrangenment 204 for the recirculation of water and nutrients
conprises a source, such as a tank, of Water and nutrients 216, a supply
conduit 218 10 (shown in solid lines) for supplying the water and nutrients
fromthe source 216 to water inlets at the top of the apparatus 202 and a
return conduit 220 (shown in dotted |lines) for recovering water and
nutrients froma drain at the bottom of the apparatus 202. The recovered
wat er and nuRedfertirg mmFiperetilit ened 2hahorgppheitng o Upigliadl hack) tenthee wat er
and 15 nutrient tank 216. In this enbodi ment, the supply conduit 218 splits
into separ at é199rAEEIted gato o gBlen pgShopn EhEHewSs 1o ABSPAr KIUBrPG9Ingnd t he
return condui sS.g8ep te_ lin Vil 22 I el Vi ter and
nutrients fr%%?%gcﬁﬁfoaﬁo gggaﬁg?ﬁéggdf.%%gﬁ?h t ?{q%ﬁ%%giﬁgﬁﬁas of' bot h
the air rgci ptudadity ot anclaRgRI¥ERD2 286htaindngd helan@t efypadadiyndtfan@ddl in a
recircul ati on arrangenent 204, a |l ength of the supply conduit 208, 218 from
the heater eseHahgéroree6ARaLiE0 wwﬁqtr%ﬁtraﬂ&we@% opg arREggppat 200s 202

Phe-heat er - eyensngertDaehdt QpERMI shefhrecal | AMbAR PRPRHANT AR, 1)

the same for r@@ﬁbecawagataul&ew@d anothe@XaM omdmr 2@n rapRaicaldimg2Gatdravi ng a
short supply conduit 208, 218 from the heat exchanger 206/tank 216 there
will be a | osgdrettientscinegh therenclpseres 2G2he Hashtenskasiangoe xmepiisask 216.
17 A sysggnlaccogghpgigqﬂ£ﬁ?n ove qQ(F{Qbed enbodi mrent may be advant ageous
as heat ed” ai FPRER e |A%roduceég|ﬁ§o each colum 100 to flow substantially
uni npeded around the plants for aiding plant growmh whil st the apparatus
limts loss of the heated air to the outside 5 environnent as it flows

t hrough the dorurgemenird(Heforothe, rediecwaiamef gir gpmprisas ankesdsexcbangerheat ed

col umms- 100, PR ere g o { B ey ProMRelbrdf. enen S e B8R BeNHERR of 1 e
in an energyigkbiigi1ffek) TeNEQIply sl theeHeaMEairl fromSthReddaeEhdMpRr fAoawoof air
over the | eaves, stens, surface
air inlets at the bottom of the apparatus 202 and a return conduit 210
(shown in dotted lines) for recovering air from air outlets at the top of the
enclosures to the heat exchanger 206. In this embodiment, the supply
conduit 208 splits into separate lines 208a, 208b, 208c for each row of
apparatus 202 and the return conduit has separate lines 210a, 210b, 210c¢
20 for receiving air from each row of apparatus 202. In use, the plants in
the apparatus 202 are maintained at the required temperature by heating
air with heat exchanger 206 and then passing this heated air into the
enclosures. The warm/hot air rises to the top of the apparatus though
convection, the apparatus channelling the rising air pass the plants
25 therein. The air that has passed through the apparatus 202 is recovered
by the return line 210 to the heat exchanger 206 to be recheated and used

again.

The heating of air by the heat exchanger 206 may be thermostatically

30  controlled to keep the plants at a steady temperature. The flow of air



10 of the growth substrate, and/or the propagation plug (peat, or simlar
substrate) enclosing the stens, roots, bulb, or shoots of the plant, and/or
surf aces wb 20fx1egrpar at us may help to reduce fungal, al gal/Gerdiinseiseri al
grow h. 15It will be understood that alterations and nodifications can be
made to the above descri bed enbodi nent without departing fromthe invention
as defined herein. For exanple, the ductl through the pots may be provided
in a different region of the pot, for exanple by open channels in the sides
of the pot. The hei ght of each separator may be different dependi ng on 20

the plants b%&%gﬂ.rt‘ﬁ\é’”s Is%éfr‘ Ry %Qpéc‘i’l@é\ieﬂt fh'rXu | 264 t%;ﬁB%ra]%r%r &iff‘e@%ftfﬁﬁs t hat

the space for grow ng ants 1’s efficiently ufilize ower surface of
each pot 102 chyr bRleshaprdhén catargaales. thrRe®anvely, rapuayayr faromayhe
passageway 106 in the colum 100. For exanple, the 25 |l ower surface of each
pot may be sbep¥avHSHrRaciclatingathealifased airr ection away froma centre of
the pot 102. In this way, water that condenses on the bottom of the pot 102
and water that percolates through the holes 126 in the pot 102 is drawn
away frondt hevterhing tlaf codlenrzol QoMo f L@Patdtid LOPGotithe EpOWUrkodf waidiitst hat
passes straight t hrough passageway 106 to the 30 bottom of the columm 100.
18 The pl ant £1Pa Hen pltc stabilises shy agleangi Y¥bt |y with water and nutrients
rat her than fed by the percolation of water and nutrients through the pot
above. For exanple, a pot specific sprayer may be connected to a

Swat er/ nut ri e\traddidgedt BV NG ther @¢glutdi®nabl wlkgt snd Autri@itPebmmprises a
source, such as a tank, of water and nutrients 216, a supply conduit 218

10 (shown in solid lines) for supplying the water and nutrients from the

source 216 to water inlets at the top of the apparatus 202 and a return

conduit 220 (shown in dotted lines) for recovering water and nutrients

from a drain at the bottom of the apparatus 202. The recovered water and

nutrients may be filtered before being supplied back to the water and

15 nutrient tank 216. In this embodiment, the supply conduit 218 splits into

separate lines 218a, 218b, 218c for each row of apparatus 202 and the

return conduit has separate lines 220a, 220b, 220c for receiving water

and nutrients from each row of apparatus 202.

20 In this embodiment, for both the air recirculation arrangement 200 and
the water and nutrient recirculation arrangement 204, a length of the
supply conduit 208, 218 from the heater exchanger 206/water and nutrient
tank 216 to the apparatus 202 plus the length of the return conduit 210,
220 from the apparatus 202 to the heater exchanger 206/water and

25 nutrient tank 216 is substantially the same for each apparatus 202. For
example, for an apparatus 202 having a short supply conduit 208, 218
from the heat exchanger 206/tank 216 there will be a long return conduit

210, 220 to the heat exchanger 206/tank 216.



In the systemconprising a plurality of apparatus, the tenperature of the
air delivered to different apparatus 202 can be controlled separately. In
this way,woi2bfxresys types of plants having different terpercEr@sife

requi renents can be grown in the system Furthernore, water and nutrient
may be provided from separate tanks. The system may be arranged such that
wat er can be delivered to the apparatus 1202 wi thout nutrient and m xed with
the nutrient to provide a solution. The system nmay be arranged to provide
di fferent solutions to different apparatus, 15allowi ng different types of

crops that requisg.gi fa;c%[)ﬁcnhﬁs% UL ONFHEQ b&eﬁ%%\é@ WA 3nS1 AGLE pRySt em

To increase the size o eadspace nore than one separator may be used
bet ween eachaplamthg@als. adheacdii eirecihite, imrodidedcinendacl estenin 1hatto20 is
not a plant pot may be provided to attach the consecutjvely stacked
separat or s téb%Yﬁé stagiigllprunipipeded arpengdhs Rtagispeorspspral Mihatdgh a

ti I t hs f I d
per | phery o TG s Gty sr s i STRE) o e uhled (o8 LRI g

aperturessi nchhigosepar at or flohi tﬁu@d’glﬁfheaédlaﬁ@le MBNkthethergl @otvadamegsiow out
of the enclosure via the ear. ot may conprise a plurality of ears

ci r cunf er ent ia#l Ihylt dsadedo é’ﬁd&ﬂﬁ'@e Hiar%b‘lced begaqygeof HiceAMpE Y QPregi ofetdica
sui tably sizg &9 é’cre (%t%e z.lﬁéié @ghﬁﬂﬁs{]iéo heﬂﬂe[h?sn&gg_ht}?epgﬁ rd oW, but

which is not i ng wa ener e enclosuré is
substanti al | Yor nﬂrdzl aﬂilﬁﬂtsf rm the emitdlnednt ,aranén@gyuryfﬂ&i%ﬂdedaamgi | oss

or heat gain, and water |oss is mnimsed. An
Furthermore it is believed the flow of air over the leaves, stems, surface
10 of the growth substrate, and/or the propagation plug (peat, or similar
substrate) enclosing the stems, roots, bulb, or shoots of the plant, and/or
surfaces of the apparatus may help to reduce fungal, algal and bacterial

growth.

15 It will be understood that alterations and modifications can be made to the
above described embodiment without departing from the invention as
defined herein. For example, the ducts through the pots may be provided
in a different region of the pot, for example by open channels in the sides
of the pot. The height of each separator may be different depending on

20 the plants being grown. Use of appropriately sized separators ensures

that the space for growing plants is efficiently utilized.

A lower surface of each pot 102 may be shaped to cause water thereon to

run away from the passageway 106 in the column 100. For example, the
25 lower surface of each pot may be sloped downwardly in a radial direction

away from a centre of the pot 102. In this way, water that condenses on

the bottom of the pot 102 and water that percolates through the holes 126

in the pot 102 is drawn away from the centre of the column 100 limiting

the amount of water that passes straight through passageway 106 to the
30 bottom of the column 100.



5 air flowpath is provided, which path is not required to pass through the
chanber of the pot, in which a growh substrate m ght usually be present.
In this wap,20tdmog7aventi on ensures that the interior suptagaRonfosiie

encl osure and the upper surfaces of the substrate are able to have air
flow ng past them whilst still efficiently maintaining a tenperature and
10 water controlled environnment. Usual I yW8this air flowis achieved by
exposing the substrate surface to the external environnent, in which case a
| arge anobunt of heat and water transfer occurs to the environment. O, this
m ght usually be achieved in a | arge greenhouse - type arrangenent in which
case a lot of energy is spent in controlling the environnent to 15 achieve
sui t abl e ai r Thieoptapat hs eadtn poomidyasdt spheyder eieatly iwivientdton apd avitciestsbot h an
efficient, controlled environment and an air flow path. The controll ed,

aerat ed encl 63tee than ded pyade) pargelagion; ¢f watisand ngiienie dReHigdntheapd
i ded t t j , ' i f
Pecessary. varPSe" | IDsPREIRPE. Py A bEaaRE b S Hhad W BOENOGHER L 0o o

t he pl ant5ar evated/nu@iore dubd riheing ehtoughl 1@d #nducenARAE polhi S i nventi on
provi des aeration and a controlled environnent for the portion of the
substrate in which the plant's roots are |located and fromwhich the plant's

;| i I.S: i d d, b
oo, Leaes, 0 {9k 90 FHA, 8T URLRIEC] Rl AR APHES,

surface of the gebedreatie dirRemhisiurifie PR04EN el ¢@geolDYEdreelne ut si de
environnment. This results in excessive heat and noisture transfer between

this portiontlhs tWey.subidtaranle tipgst e uraotst riviviegl dxfifeienal tenperadHigent . | n

this inveptiagn .thistgorti n ofogyheiguﬁfetragte IS 0} crmore. water an
2012/ 010 6P&91@8?l 05134 Wt A n"h&YERET osure SN TS NG expgsed to

the outside enwi¢MNERA! ben ptd@ds@MBoRAYepdiatd NEnkIES CIIhRedy aEMOGIEMHeS, this
vertical growing systemwith lateral 5 apertures allows t%e rowi ng of
pl ant s whi ch aareagedrivehtthehatdtgr geovire Heliversdt @l Ehe ppparatysade2 efftheitent
verti cal mannef{.. Thj S is b ne.fi'lct'bal rel a{i ve to. ot her s%ste in which
| ateral ly ext'd c'i?IHgaIbof%lxg erﬂi dUF JHETER é‘h&’.rﬂ‘éldﬁ%r%o&l Eht ral® P%Sé?%ln, and
in which thenpgt pehamangepaseprsqié ditleraithesiusivhs tioatiBrebhompphiahs t he
pl ant grows. There is a space saving,

15 allowing different types of crops that require different solutions to be

grown within a single system.

To increase the size of the headspace more than one separator may be
used between each plant pot. To achieve this, an attachment element that
20 is not a plant pot may be provided to attach the consecutively stacked

separators together.

One or more of the pots may be shaped such that a portion, a so called
ear, of the chamber of the pot lies outside the periphery of the separator.
25 This may be an alternative to providing apertures in the separator. In
such an arrangement, the plant can grow out of the enclosure via the ear.
A pot may comprise a plurality of ears circumferentially spaced around

the pot.



10and an avoi dance of (excessive) heat/tenperature transfer fromthe
substrate. In sone enbodi nents, the cylindrical separator 130 is forned of
two (hol Iwo2eemiesygl i ndrical) pieces. These pi eces nmay lpeTrasienafsiae
flexible 15 plastic material, and may |ink together to forma suitable
separator (i.e. capable of form ng an enclosure) via a tongue and groove
friction fit arrangenent. In sone enbodil®ents, in use, the plant to be
grown is in the formof a 20 shoot or bulb, or is enclosed in a peat plug.
The shoots, roots bulb or plug is placed within the chanber (e.g. on the

surface of {AheShbSRiN i 8u: o SBithbly HDER chOBIRPAIALRL S SianRarhed to

the pot such that the apertures of t separator are align

shoot's, root snotigh Bpare pl Wgowp buhathigh dwtnlot abo tibeeplthnt adulding wireinghanber
via the aperture is 25 encouraged. Another optional feature of sone

embodi nent s 6PCia¥e BRerangtessre oS t HPSHnGA Y| Bisubredfrapethacavgeamenthe

cpertine Sealy B APLTER BTN ot IOBlE WREhed B B 0 oo
envi ronnmeft . afihdloappithuisepseadedyi ghicht pkB ik hedt Rduired to pass through the
chamber of the pot, in which a growth substrate might usually be present.
In this way, the invention ensures that the interior surfaces of the
enclosure and the upper surfaces of the substrate are able to have air
flowing past them, whilst still efficiently maintaining a temperature and
10  water controlled environment. Usually this air flow is achieved by
exposing the substrate surface to the external environment, in which case
a large amount of heat and water transfer occurs to the environment. Or,
this might usually be achieved in a large greenhouse - type arrangement
in which case a lot of energy is spent in controlling the environment to
15 achieve suitable air flow paths. In contrast the present invention provides
both an efficient, controlled environment and an air flow path. The
controlled, aerated enclosure is only as large as it needs to be.
Mechanisms are provided to allow the growing plant to grow outside the
enclosure if necessary, whilst importantly, the propagation plug or roots

20 or stems of the plant are maintained in the controlled environment.

This invention provides aeration and a controlled environment for the
portion of the substrate in which the plant’s roots are located and from
which the plant’s stems, leaves and foliage extend. This portion needs to
25 be aerated, but in the prior art, this is only achieved by exposing the
portion of the surface of the substrate from which the plant foliage grows
to the outside environment. This results in excessive heat and moisture
transfer between this portion of the substrate and the uncontrolled

external environment. In this invention, this portion of the substrate is



formof a rubber or paper nenber to be located or fixed at the aperture to
cl ose the aperture whilst flexibly allow ng a shoot of a plant to pass

t her et hr omghpi1dmos7exanpl e by neans of a slit in the rublper/qmparosmseri al
5In this way the shoot can initially be positioned to pass through the
aperture seal and can change in position within the aperture as it grows,
whi | st the remai nder of the aperture is28ffectively closed. 22 CLAIMS 1.
Apparatus for growi ng plants conprising a colum of pots stacked one above
the other to define an enclosure for housing plants, each pot 5 defining a

chamber for Q&l't}gh Nde 2nll Alite aﬁﬁggrn?t %%ggée‘?f {0 WB%Wem}&rﬁérg;%ﬁth%m um,

t he separators defining an enclose space aroun top o of at
| east two of shie wot.s where plants project fromthe chanber and a
passageway providing a continuous flow path for air through the colum
wi thout requiring the air to flow through the chanber, the flow path

101 nol udi ng_the,DeRdaARErs ARRKACHC Al LEARL MRt Syach HRPALALHS

according to clal erein I's artTange 0 grow ng

substrat e5i napbitgest bigowpk ant @oeibg dSPladppartathisaracedvdntigniity glraivin 1 or
claim2, wherein the columm has an_inlet for receiving air and an outl et
for the renoWarizentadlyr ifr gmspaee-ediaipnd. vegticdppagrietis Bkisoridli bepafisidl ai m 3,

wherein the rrgl%?ilvget% glihrer Cs?g%rnllss?é which laterally extending pots are provided
extending from a central region, and in which the pots have exposed soil

(or other substrate) from which the plant grows. There is a space saving,

10 and an avoidance of (excessive) heat/temperature transfer from the

substrate.

In some embodiments, the cylindrical separator 130 is formed of two
(hollow semi-cylindrical) pieces. These pieces may be made of a flexible
15  plastic material, and may link together to form a suitable separator (i.e.
capable of forming an enclosure) via a tongue and groove friction fit

arrangement.

In some embodiments, in use, the plant to be grown is in the form of a
20 shoot or bulb, or is enclosed in a peat plug. The shoots, roots bulb or
plug is placed within the chamber (e.g. on the surface of the substrate
(e.g. soil)) then the separator is connected to the pot such that the
apertures of the separator are aligned with the shoots, roots, bulb or plug
so that growth of the plant out of the chamber via the aperture is

25 encouraged.

Another optional feature of some embodiments of the apertures is the
provision of an aperture seal. The aperture seal comprises a closure for
the aperture(s) in order to minimise heat and water transfer between the

30  enclosure and the external environment. The aperture seal might take the



20heated or cooled air. 5. Apparatus according to claim3 or claimd4,
wherein, in use, the outlet is |located above the inlet. 256. Apparat us
accor di ngvoeodm@bsmw5, wherein the inlet is |ocated, in weecrelmsiide

| ower nost pot and the outlet is |ocated, in use, above the uppernost pot.
23 8. Apparatus according to claim7 when dependent through to claim 2,
wherein the duct extends froma bottom @fl the pot to a |ocation above an
intended top of the growth substrate. 5 9. Apparatus according to claim?7
or claim@8, wherein the duct extends at |least to a height of a rimof the
chanber . i f -3 rein
the duct 10 1o P PoLRERS FFPREMRE BN ARl LRy i Sach BN L2
duct from thelskateehpertiide wWAdparfléxidlpctmwdnpga tshoanyofonephaht ttbeppysecedi ng
clainms, wherein the separators are separate fromthe pots. 15 12.

Appar at us acélpraiiguel. EHyedaPlefbyt Heasy ecadiihgn dharwrber{tideeinateral.

separators are transparent or tr ansl ucent.

5 In this way the shoot can initially be positioned to pass through the
aperture seal and can change in position within the aperture as it grows,

whilst the remainder of the aperture 1is effectively closed.



13. Apparatus according to any one of the preceding clains, wherein at 20

| east one or each separator conprises apertures therein through which

pl ants camogomwiosss fromthe col utm, and optional |y whereirGE208/@pRGt Ur €S
conprise less than 10% of the area of the separator, and optionally |ess
than 7% and further optionally |ess than 5% 2514. Apparatus according to
claim 13, wherein the pot imrediately beRow t he or each separator
conprising apertures has a curved rim 15. Apparatus according to any one of
t he preceding clains, wherein the colum of pots is arranged such that
wat er evaporqf<gg%ﬁgon1a pl ant 30 and/or the growi ng substrate in one of
the pots will condense on one of WD 2012/010876PCT/ GB2011/ 051346 24 the
pots above and a |ower surface of each pot is shaped to cause mater
condensed thereon to run away fromthe passageway in the col um.

Appar at us acdor di HYPRasEP dPMmErsWitte B! adlébéﬁ@@msmgnadmjhmpoofcpgﬁsmt%e%er ein

cach pot, nas e ot ahe ke LOSIGLR. ARG LOYST 19HLHaCR A L 08ypRs, oI opes
downwardly inara Fal odi rectlon awa ma cen A
modul e coPpr idgiiAthgda dandsed @r Sﬁ)@@ifngt@fp;larﬁa(shpmtorb&‘bk N@parating pots of

the column, the separators defining an enclosed headspace around a top of

each of at least two of the pots where plants project from the chamber and

a passageway providing a continuous flow path for air through the column

without requiring the air to flow through the chamber, the flow path

10 including the headspaces above the at least two pots.

2. Apparatus according to claim 1, wherein the chamber is arranged

to hold a growing substrate in which the plant grows.

15 3. Apparatus according to claim 1 or claim 2, wherein the column has
an inlet for receiving air and an outlet for the removal of air from the

column.

4. Apparatus according to claim 3, wherein the received air comprises

20  heated or cooled air.

5. Apparatus according to claim 3 or claim 4, wherein, in use, the

outlet is located above the inlet.

25 6. Apparatus according to claim 5, wherein the inlet is located, in
use, below the lowermost pot and the outlet is located, in use, above the

uppermost pot.

7. Apparatus according to any one of the preceding claims, wherein

30 each pot has a duct therein to form the passageway through the column.



10 chanber for holding a plant and a duct therein arranged such that air
can flow through the duct wi thout flow ng through the chanber, wherein a
pl uralitywofosuabs7eodul es can be stacked together to fororaBoluwsmssith the
separators separating the pots of the colum and defining an encl osed
headspace around a top of each of at least two of the pots where plants 15
project fromthe chanber and the ducts 28 the pots form ng a continuous
fl ow path through the colum, the flow path including the headspaces above
the at least two pots. 18. A kit of parts for assenbly into apparatus
according to any one 20clains 1 to 16. 19. A nethod for grow ng plants
conprising planting plants in pots, each pot defining a chanber for hol ding
a plant, staski ngAgpargat saceoadiaaveclhhe dDiwiern dependeal yhrvught o skpar at or s
separating pots of the 25 colum and defining an encl osed headspace around
a top of eackdrhegein Higsdugtygxtgnds HonpatRoterd hrapftsiopt d9@éions Raict he
chanber, the _caq ri-Sj aj .l t and an air outlet and arranged
such t hat aiPﬁfhﬁggagggg(#ghggé@gp}éqgﬁéﬁg%Iows to the air outlet through a
passageway providing a continuous flow path through the col um, w thout
requiring 30 the air to flow through the chanber, the flow path including
the WD 2012P010876PETEB20CDIGBE346 P8imeadepacladn aBovehensen dihe| dugt t wo
pots, and int i i t: ir inlet system for providing
heat ed or COSF§3Hgﬁ?q?%kgféﬂyggﬁdﬁ%éfgﬁﬁgtge§§%3P§¥us according to claim3
or any one of clainms 4 to 16 as dependent through to claim 3, and
conprising a supply conduit for supplying air to the inlet and a return
conduit for A8cove¥inagatap rackeishing e aaypatarlislaimshese Jexeheiggeths drctheat i ng
or cool i the air, the.supply conduit. . arranged.tq suppl ir fr t he heat
exchange?gt o RATONPET BY M EhdrOery WG tvens Sepdidfing e auct Hiom

the chamber.

11.  Apparatus according to any one of the preceding claims, wherein
the separators are separate from the pots.

15
12.  Apparatus according to any one of the preceding claims, wherein

the separators are transparent or translucent.

13.  Apparatus according to any one of the preceding claims, wherein at
20 least one or each separator comprises apertures therein through which
plants can grow out from the column, and optionally wherein the
apertures comprise less than 10% of the area of the separator, and

optionally less than 7%, and further optionally less than 5%.

25 14. Apparatus according to claim 13, wherein the pot immediately

below the or each separator comprising apertures has a curved rim.

15.  Apparatus according to any one of the preceding claims, wherein
the column of pots is arranged such that water evaporating from a plant

30  and/or the growing substrate in one of the pots will condense on one of



10 arranged to return air fromthe apparatus to the heat exchanger. 21. A
system according to claim 20, wherein the systemconprises a plurality of

t he apparwbusizanog7she | ength of the supply conduit frompchasBeatosenehanger

to the apparatus plus the length of the return conduit from 15t he appar at us
to the heat exchanger is substantially the sane for each apparatus. 22.

A system according to claim20 or claim22l, further conprising a source of

nutrients and/or water and a supply and neans for circulating 20 nutrients

and/or water through the apparatus. 23. A systemaccording to claim 22,

wherein the gJ E)‘d{sa%b&% QE&‘%Slo%’&pM £& 8r walp #‘)P?roh?%@d FORRLY GRRgui t for

suppl yi ng wat er nutrient to t e appar at source of water

and/ or nutri ephdé@isdd 2befe@hubnruaaidiy frolothe peRugEw g imelicecolandl.or nutri ent
fromthe apparatus and returning the water and/or nutrient to the source.
24. A system according to claim23, wherein the return conduit conprises a

filter for fijgterifg, i WRL6aiARdS a5 $Rbn BRHGRForl lintSugdOIELHERET o

t he source.
5 6, wherein each pot has a central duct therein and the lower surface of the

pot slopes downwardly in a radial direction away from a centre of the

pot.

17. A module comprising a pot and a separator, each pot having a
10 chamber for holding a plant and a duct therein arranged such that air can
flow through the duct without flowing through the chamber, wherein a
plurality of such modules can be stacked together to form a column with
the separators separating the pots of the column and defining an enclosed
headspace around a top of each of at least two of the pots where plants
15 project from the chamber and the ducts in the pots forming a continuous
flow path through the column, the flow path including the headspaces

above the at least two pots.

18. A kit of parts for assembly into apparatus according to any one

20 claims 1 to 16.

19. A method for growing plants comprising planting plants in pots,
each pot defining a chamber for holding a plant, stacking the pots one
above the other in a column with separators separating pots of the
25 column and defining an enclosed headspace around a top of each of at
least two of the pots where plants project from the chamber, the column
comprising an air inlet and an air outlet and arranged such that air
introduced to the air inlet flows to the air outlet through a passageway
providing a continuous flow path through the column, without requiring

30 the air to flow through the chamber, the flow path including the
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headspaces above the at least two pots, and introducing air to the air

inlet.

20. A system for providing heated or cooled air to plants comprising
apparatus according to claim 3 or any one of claims 4 to 16 as dependent
through to claim 3, and comprising a supply conduit for supplying air to
the inlet and a return conduit for recovering air from the apparatus, a heat
exchanger for heating or cooling the air, the supply conduit arranged to
supply air from the heat exchanger to the inlet and the return conduit

arranged to return air from the apparatus to the heat exchanger.

21. A system according to claim 20, wherein the system comprises a
plurality of the apparatus and the length of the supply conduit from the
heat exchanger to the apparatus plus the length of the return conduit from
the apparatus to the heat exchanger is substantially the same for each

apparatus.

22. A system according to claim 20 or claim 21, further comprising a
source of nutrients and/or water and a supply and means for circulating

nutrients and/or water through the apparatus.

23. A system according to claim 22, wherein the circulating means
comprises a water/nutrient supply conduit for supplying water and/or
nutrient to the apparatus from a source of water and/or nutrient and
return conduit for recovering water and/or nutrient from the apparatus

and returning the water and/or nutrient to the source.

24. A system according to claim 23, wherein the return conduit
comprises a filter for filtering the water and/or nutrient before it is

returned to the source.



