. SYSTEM FOR MASS CULTIVATION OF MICROORGANISMS AND PRODUCTS
THEREFROM )

Technical Field

[0001] The invention relates to a system for growing biomass in an outdoor envifonment. .
.Advantageously, downtime for cleaning the system can be minimized or elimipated. Another
éd‘)antage c;f the invention includes harvesting a porﬁon of the cultivated btomass without
interrupting the grov;/th of the biomass.
Background |
[0002] The photobi.oreactor has been a key component aé a culture bearing vessel, allowing
| photonic energy‘input and suifable for various biological cultures and is utilized in the algae
.cultivation process. The photobioreactor is a key hardware in that it minimizes the bontarriination
risks from out&oor cultivation, cﬁlture media evaporation, allows for bettge-r media nutrients and :
process parameters control.
[0003] Virtually every déy the global media cc;ntains‘new's regarding the cruciai need for
renewable energy sources to replace fossil fuels. Various biofuels have been under
development for a number ;)f years in an attempt to meet. this ﬁeed. Howe'ver,. two key .issues A‘
challenge thei.r commercialization: a) the use of land and related cropé that compete- aﬁd in
effect reduce the :féod supply and b) the traditional ‘high-cost of biofuels production.
[.0004] Producti.on of sus%ainable a}gal based products such as feeds and bipfuel_ from aléae isa
.v.ery pdtential and promising industry. Among alternative energy sources, algae repl'resent a |
renewable biomass resour_ce that is ready to be implemented on a large scale without.a'ny
_environmental or economic penalty énd‘ i.he remain}ng biomass by pr;)duct isa pbteﬁtial_sourc_e'of’ _

food subsistence. Due to CO fixation by the algae, all the organic matter biodegréded is converted -



into biomass under photgsynthetical'ly”treatment‘s. The photosynthet’ic efficiency of algae is much
higher (6-8%, on average) than that of terres.trial plahts (1.8-2.2%, on average). Also, algae strains
are diverse and.readily adaptable to growing in di'fferent conditions, including marine and"fresh
river waters or waste _V;'ater post treétment. | |

{0005] Current ggnération biofuels from photosynthetic microalgae is a promising alternate source
of renewable energy, its pra;:ticality is howeyer hindered by low 'pr(.)ducti.vity and thus high cost.
[0006] Therefore, there remains a need to provide for a system that overcomes, or at least _
alleviates, the above problems.

: Summ’ary

[0007] Present inventors have provided a system suitable for. outdoor production of microalgal
biomass. The desi_gﬁ features of the system may readily be adopted in a new photobioréactor '
system or an existing photobioreactor system at relatively low costs. Thé implemgnta.tion of these
design features may further enhance the principles of continuous flow, high volume and promotion
of a healthy high growth algae culfivation production system achieved through the maintenance of
culture temperature within a lower specified range vahd avoidance of contamination from bio-
fouling. Therefore, th;: downtime due to cleéning ﬁaay be minimized or eliminated from
conyéntional photobioreactor process consisting of growth, harvest, cleaning..This allows a great
ix.lcr'e'asé‘in tﬁe overall cultivation volume of algae and algo promotes the optimal

érowth/mafuring of the algae cill.t'i-vation. The prod,uctioh system has the 'ﬂeiibiliﬁy in sca'lébilify in
constrﬁction to varying volﬁme depths, sizes and build fn series to match the required output to be
harvested. | | |

-[0008] Accordingly, in a first aspect of the.i_n{/ention, a system for growing biomass is disclosed.



[0009] The system includes a phot‘obibreactor module including a plurality of biorez;ctoré fluidly
connected to one another. The photobioreactor module includes‘ an inlét epdl and an outlet end.
[0010] The syétem further includes a éooling System, where the photdbioreactor module is
-subjected to the cooling sys..tem for régulating the teinperéture of a nutrient medium; -

[0011] The system may optionally further includes a reservoir for containing thé nutrient medium
for the biomass grqwth, where _the reservoir includes an inlet end and an ouﬂet end. The outlet end
* of the reservoir may be fluidly connected to the inlet end of the bhotobioreactor module and the
inlet end of the reservoir may be fluidly connected to the outlet en'a of the photobioréag:{or module.
Alternatively, the inlet end and the outlet end of the photobioreactor module may be connec;,ted bya
pipe, such as a vertical pipe.

[0012] The photobioreactor module further includes at least one cleaning device'moveable within

the plurality of bioreactors for cleaning the interior surface of the plurality of bioreactors.

Brief Description of the Drawings

[0013] In the drawings, like reference characters generally refer to the same parts‘through‘out‘ the
different views. The drawings are not necessarily drawn to scale, emphasis instead generally being
pléced upon illustrating the priﬁciples of various embodiments. In the following description,
various embodiments 4of the invention are described with reference to the following drawings.
[0014] Fig. 1 shows a sét—ﬁp of the present system. o

A:Deslcripti'on » | |

[00151 The fbllovying detailed_déscﬁptién refers to the -acco‘mpanying draWings that show, by way
of illustration, specific défailé and embodiments in which the invention may be practised. These
embodiments.are dce:sc}’ibed in sufﬁéiént deta‘il to enable those skilled in the art to practise the

" invention. Other embodiments may be utilized and structural, logical, and electrical changes rﬂay



be made without departing from the scopé of the invention. The various embodiments are not
necessarily mutually exclusive, as some embddiments can be éombined with éné or mére other
émbodinients to form new embodiments.
[0016] Present 'disclosﬁré relates in generél to continuous flow, high‘;'olume, high gfthh.
production of biological biorass. For example, microalgae cultivation may\be employed in the
extréction of lipids for the creation of biofuels, and more particularly, to the production of algae in
“enclosed environmeﬁts such as photobioreactors (or simply termed bioreactors herein), tubular

vessels well as in environments where the culture mode‘is photoautotrophic and/or heterotrophic.'
The algaehcultivated may be useful for if[s oil content and other applicafiops such as neutraceuticéls,
fuel, bulk chemicals, feed and aquacultures.
[0017] According to one aspect of the disclospre as illustrated in Fig.ll, a system 100 for growing
biomass is described herein. The production system is particularly suitable for use in an outdoor
environment, although the production system may also be used indoors.
[0018] Advantageousiy, the system 100 ;;fovides bioreactors or continuous flow vessels bearing
biomass cultures that consists of the following design elements to improve the culture bioxﬁass
growth charaéteristics and performance (may also be relevant to other orgahisms gfowth
applications which utilizes the similar vessels and bioreactors):. .

_‘_Miti gate the warming up éffeqt during the daily operaﬁoﬁ and maintain the 9u1t1_1r_e ina

‘ .templerature zone tbrougﬁ t'he co'olihg effect én the surface éf the vessel; . |
— Minimize the maintenance downtime and downtime cleaning dufation and f_'requgnéy
required for the cleaning of the yessel interiors. Hc:_nc§ the maintenance clganing

n downtime in between each production harvest cycle is reduced, thereby éllowing for



-longer productivity periods and better utilization of the capital equipment consisting of
fhe photobioreactor, systeﬁx; |
— Minimize the accuelulation in growth over time due to biofilm and mierobes .
con_tamiﬁetion effe‘clts on the biomass-lbeing cultiva;red. Th.ishens-ures the cﬁit_ure health
and facifitates its growth rate;
- Recoyef and reuse of the culturemedia Witﬁ the top up of necessary nutrients for the next
growth cycle; |
- Affords the flexibility for the additioh of a continuous flow inline harvesting system to
efﬁciently dewater and concentrate the micro algae harvest.
[0019] The system 100 mcludes a photobloreactor module 10 1nc1udmg a plurality of bloreactors
fluidly connected to one another. The photobioreactor module includes an inlet end 12 and an
outletend 14. |
[0020] A biereactor is ,an'installat.ioh for‘the productien of microorganisms outside their natural but
inside an artificial environment. The prefix “photo” particularly describes the bioreactor’s property
to cultivate bhototrophic inicro'organisms, or organisms which grow on by lstilizing light energy.
These organisms use the prc‘)c_e.ssl of photosynthesis to build their own biomass from light and - .
carbon dioxide. Members of this group may include plants, mosses, macroalgae, microalgae,
‘ cyanobacteria and purple Bact'eria. Key obj eetive ofa photobioreacfor or PBR, is the controlled -
“supply of specnﬁc env1ronmental condmons for respective species. Thus, a photobxoreactor allows
much higher growth rates and purity levels than anywhere in natural or habltats s1m11ar to nature.-
Basically, photobioreactors can grow phototropic biomass even from nutrient polluted waste water.
. [6021] The s‘y‘stem" 100 furt:her includes ; cooling system 20. The photobioreactor r_nodule 10 s

subjected to the cooling systerri 20 for regulating the temperature of a nutrient medium.



[0022] The system 100.}142.1}; optionélly further inclﬁdes a reservoir 30 for coﬁtainihg the nu'trieﬁt
rﬁediﬁfn for the biomass growth, The reservoil-' 30 ifncludes an inlet end 32 aﬁd, an outlet enci 34.
The outlet end 34 of 'ghe resewoi;' 30 may be fluidly connected to the inlet end 12 of the
photébioreactor module 10 éﬁd the inlet end 52 of the reservoir 30 may be ﬂuidly cénnected to the
outlet’end 14 of the photobioreactor module 10. In such an-arrangement, fresh nutrient medium in
the reservoir 30 m#y exit the reservoir 30 at the outlet end 34 of the reservoir 30 and may enter the
phc.)tobioreactor module 10 at the inlet end 12 of the phofobioreactot modulé 10. Similarly, spent
ﬁutrient mediulﬁ from the photobioreacfor module 10 may exit at the ouﬁet end 14 of the
photc'>bioreactor module 10 and may enter thé reservoir 30 at the inlet end 32 of the reservoir 30.
Alternatively, the inlet end and the outlet end of the photobioreactor module may simply be
connected by a pipe, ;uch asa vertiqal pipe. |

[0023] In the émb_odiment illustrated in Flg 1, there is §h0wn an intermediate piping section 50
positioned between the reservoir 30 land the photobioreactor module 10. The intermediate piping ‘
section 50 may include a bypass pipe 52 fluidly connecting the outlet end 14 of thé photobioreactor
module 10 to the inlet end 12 of the photobioreactor module 10 such that a portion of the spent A

" nutrient medium exiting at the outlet end 14 of the photobicreactor module 10 re-enters thel
ph_otobiore:actor module 10 at the inlet end 12 of the photobioreact'or module 10 without entering
the reservoir 30. In othe;‘ embodimenté,_the intermediate p'iping section_ 50. may be absént.

[0024] The bhdiobioreactor modiﬁé '10 further iﬁcludes at: least .oné cleaning device 40 moveable
within the blurality of bicreactors fqr cleéning the intéribr surface of the piurality of bioreactors. .
Use of an internal clea.niﬁgdevlice allgws an indepcnaent, self-supporting and ,(”:ontinu‘ous cleaning
-process of the inner surface of the bioré_actor during the cultivation activity or during the

maintenance routitie. The cleaning device may be pdwered and transported by the flow pressure of



the existing culture media or water typical duﬁﬂg operation", thereby dispéﬁsing thé need for
additional or intricate cleaning meéhanisms. - |

[0025] In the embodiment illustrated in F Iig. 1, the cleaning device 40 may move along the flow of
the nutrient médium in the photol;ioreactor module 10 from an upstream bioreactor .to a
downstream bio'r.eact'or, thereby cleaning the interior sprface of éacﬁ bipreactor as it moves along.
When the cleaning device 40 reaches the farthest downstream bioreactbr, the cleaning device 40
may be propelled to move into the bypass pipe 52 so that the cleaning device 40 re-entérs the
photobioreactor module 10 at the inlet end 12 of the photéboreactor fnodule 10 with the portion of
re-circulated spent ﬁutriént medium. In this way, the cleaning device 40 may be made to move
within the plurality of bioreactors in the photobioreactor module 10 and continuously clean the
interior surface of the bioreactors, thereby reducing or even eliminate downtime of the system.
[0026] In alternative embodiments, the cieaning device 40 may be battery-powered to mo‘ve in the
photobioreactor module 10. In such embodiments, the cleaning device 40 may or may not be
moved by the flow of the circulating nutrient medium. The cleaning device 40 may be controlled
such that it stays and cleans a selected port‘ioﬁ of a bioreactor for a longer period of time. The

- cleaning device 40 may also be controlled such that it skips clegning a selected portion of a
bioreactor, for example.

[0027] In yet bthef embodiments, the cleaning device 40 ﬁay be externally controlled to move in'
fhé photobioréac_ﬁtzor.module; 10.In éuch embociiments, the '_c‘le‘aning devjée _40 m.ay or may not bé
moved by fhe flow of the circulating hutﬁent medjum.i For example, the‘cl.e;aningj device 40 may be
magnetically 'céupled to a’control deyice positioned oﬁ the ei&erior of a bioreactor and may be

' manually controlled and moved about in the bioréactor.



[0028] -The cl‘eaning device 40 allows online agitation and _éleaning of the interior s_urfaces ofith‘e
bioreactors during cultivation. activity and ma}.l be transported by the culture media during normal -
operatio'n. Dovs'/-ntirr'le due to the need to interior cleaning may now be feduced or evén eli-mir_lated_
by this self-cleaning sS/stem. | |
‘[0029] In vgn'ous 'emquiments, the photobioreactor module 10 may include 3 to 10 bioreactors.
The bioreactors may be connected in series. Other that‘ the most upstream and most downstream
. bioreactors, the intermediate bioreactors are fluidly connect'ed such that the respective outlet of an
upstream bioreactor is fluidly connected to the respective inlet of a neighbouring downstream
bioreactor. The plurality of bioreactors may be joined by elbow pipes. The inlet end of the most
upstream bioreactor may form the inlet end 12 of the photobioreactor module.l 0. The outlet end of .
' the most downstrearr} bioreactor may fbrm the 6utlet end 14 of the photobidreactor quule 10.
While it has been illustrated in Fig. 1 that the nutrient medium is pumped. from the-bottom of the
photobioreactor. ﬁodule 10 to the top, other forms of connection of the biérectors may also be

possible. For example, the bioreactors may be arranged such that the nutrient medium is pumped

‘ through a vertical height and then allowed to flow down from the top to the bottom via gravity.

[.0030] In various embodiménts, the photobioreactor module 10 may include a plurality of tubular
biorectors.

[0031] In certain embodiments, fl;e photobioreactor module 10 may include a plurality of planar
biorectors. - |

[0032] In other émbodiments, the- photogioreéctor moidule 10 may include other' shapes and

' conﬁgurati_dn of bioreacto.rs. for exampie, the phqtobioreactor module 10 may include a mixture of

tubular bioreactors ‘and planar bioreactors. |



_[0033]' In various embodiments, the system 10’(-) may' furthér include at least one pump for . a
circulating the nutrient nredium. For example; the pump may Ee positioned near or before the butlet
end of the reservoir. Other positions of the pump may also be possible.

[0034] The reservoir 30 may be a single container for both sul;ply 'and return of the éléae culture |
including the nu‘;rient medium. The reservoir 30 may include a mixer to agitate or stir thé con;[ents
therein to iinprpve mixing,. Alterﬂatively, the reservoif 30 may inélude more than one container.
{0035] In various efnbodiménts, the cooiing systém 20 may include a supply of cooling water
shower over the'.photobioree'lctor module 10. The .cooling water shower helps to maintain proper

| _ and optimél algae culture temperature for high photosynthesis efficiency. A cooling water tank
may be provided for stbring water, for exainple rain watér,l and water is pumped to the cooling
system 20 when required to éool ;10wn or to maintain surface temperature of the photobioreactor

module 10.

[0036] Present system méy inake use of natural resources for normal operétion. As an example,
sea, river or rain water méy be harvested/collected and filtered through for use in the cultivation
media. Sunlight may be used to power the electricity required by sensors and pumps.

[0037] Thus; in various embodiments, the system 100 may further include a mains control station
to regulate the pumping system‘ and monitoring sensors. |

[0Q38j Advantégeously', the systéfn 100 allows both online and ofﬂiné inorlitori'ng and record of
the éﬁtiéai paramete.r's;, such as pH, fempéréture, levels' Sf nitrates? ammoni—a, dissolved carbon' '
‘dioxi'de, flow rates, turbidity, dissolved .oxygen, ér light iritensity. Based o'ﬁ the' méasured readings,

the system 100 further allows for automated adjustment of the required critical parameters in

accordance to a set of predetermined control parameters.



[0039] In varioﬁs émbddiments, the s&stem 100 me{y furthe; inclﬁde_at least one rﬁoniton’ng device
in éontacf with the nutrient medium or cultivation medium. The rhoniton'ng device may monitor

~ parameters in the nutrient medium orAcultivation medium, such as pH, tefnperature, i_evels of
'nit;ates, amrﬁonia, dissblved carbon dioxide, flow rates, 4turbidity, dissol§ed oxygen; or light
intensity. As an example, if the measured pH falls below the predetermined pH value set by an
épefator, a basic solution may be introduced to .adjust and increase the pH value until thén
predetermined pH value is achieved and maintained. In another example, there may bea plurality
of injectors configured to emit fluids and solids into the nutrient medium or cultivaﬁon media
wﬁich may include nutrients, carbon dioxide and other materials required for the algae growth and
cultivation. Gas containing caibon dioxide for fixation can also be introduced into the cultivation
tank through a gas-supply coflduit. The gas can come from a source such as a powe-r'generation
plant and can include components other such as nitrogen, carbon monoxide, sulfur (SO;) and
nitroggn (NOy) containing gompounds. As ano_ther example, carbon dioxide can effectively be
added to the system as dissc;lved carbonate or bicarbonate-Salts. In some eﬁbodiments, carbon
dioxide can be dissolvea in an aqueous nutrient mixture and then addéd to the cultivation system.
To increase the duratioﬁs available for the growth of the algae in tﬁe cultivation systems, a plurality
of light trans_mittipg eleménts are installed to px;ovide a substitute to sunlight during beriods when
the lighting conditions are detected to be pbor or insufficient such as in the night or when there is

* an overcast éky. Td maintain the consistent quaﬁty and yield of the ha;vestéd- algaé, it can be ..
desirable to monitof fhe cohditipns QitMn the cultivatio‘n tank or bior’eactof in order to ensure that
optimal growth conditions are maintained. By way qf ekample, it ca n bg desirable t_o,;monitor

parameters such as fluid media level, flow and circulation rates, temperature, nutrient -
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‘concentrations, cérbqn dioxide.concentfation, pH and algae populatibn. density, amongst others in’
order to adjust aécordingly these parameters to match the required 'd'esign operating profile.
'[004(')] In various embodirﬁents, the system 100 may fﬁrthér include é sterilization modulé for
sterlizing the nu_frient medium. The steﬁlization module may be integrated a part oflthe system 100
or as a standalone module operéting in the recovery and reuse of the cﬁlturé media for the follow
on cycle stage. The sterilization médule may be located at either the inlet end 12 or at the outlet
end 14 to the photobioreactor module 10. |
t0041] The éystem 100 rﬁay further include a haryester unit integrated to the photobioreactor
modulé 10 or as a standalone module. Thé harvester may operate during thel harvest of the algae
culture media. During harvesting, an allocated portion of the circulating cultivation media may be
directed out of the photobioreactof module 10, steriliied by the sterilization module, and collected
in fhe harvester unit. The alg:ae canl be harvested in a variety of techniqués such as sedimentation,
flocculation, filtration, dissolved air floatation, hydrogen bubbling or cen’Fn'fugation. For example,
the harvester unit could utilise dissolved air or hydrogen bubbles via a series of filter nettings to
gather (or concentrate) and lift the algae mass towards the top of the harvester unit. Clear water
may gather at the bgttom of the harvester.unit and,sepafated out of the harvester unit and collected
ina separate chamber, theréby allb’wing the convenient collcqfion of algée and reuse of the culture

' media. |

' [0042] At schéduled tiiﬁings dufing the cﬁltivation_ growth proc-:ess,' a portion of all of the algae

.'cellls/'volume could be directed to the inline haﬁester and sterilization modules. This Aallox.vs the
remaiﬁing portion of algaé media to continue with the gfowth uninterrupted dunng the harvesting

process. The deWatéred'algae harvested may be collected for other processing as réquired._ In this

11



evlent, top up of new éultuie‘ volumes and nutﬁents couid be added to the photobioreactox; module
to makeup the harvested algae media.

[0043] The inline harvesting and 'cleanirig processes occurring in present integrated proauction
mddule can occur Without any interruption to the algae growing.process on-going ihs;ae the
_photobioreactor module. Hehce, with this mode of high '\;olume cultivation of algae land continual
monitoring of the algae growth conditions, daily productiqn levels can be greaﬂy increased.
[0044] By "comprising" it is meant including, but not limited to, whatever follows the word

compnsmg" Thus, use of the term "compnsmg indicates that the listed elements are required or
mandatory, but that other elements are optlonal and may or may not be present.

[0045] By "consisting of" is meant including, and limited to, whatever follows thé phrase
"consisting of". Thus, the phrase "consisting of" indicates that the listed elements are required or
mandatory, and that no other elements may be present. - |

[0046] The im{entions illﬁstratively describehl herein may suitably be practiced in the absence of
ahy element or elements, limitation or limitations, not specifically discloséd herein. Thus, for
example, thg terms "comprising", "including", “containing", etc. shall be read expansively and
without limitation. Additidnaily, the temis‘ and expressions employed herein have been used as
terms of deséription and not of lirhitation? and there is no intention in the use of such terms and
expressions of excludlng any equlvalents of the features shown and descnbed or pomons thereof
but it 1s recogmzed that various modlﬂcatlons are p0581b1e w1thm the scope of the invention
claimed. Thus, it should be understood that although the present 1nvent1on has been speclﬁcally
di's_closed by preferred embodihients and optional featufes, rhodiﬁcation and variation of the
inyeritions embodie& therein herein disk;losgd may be resorted to by those skilled in the art; andlthat. :

such modifications and variations are considered to be within the scope of this irivention.
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[0\04;7] By "about" in relation to a given numerical valqe', suéh as for temperature aﬁd period of '
4 time, it is meant to include numerical values within 10% of the specified Val'ue.' |

[0048] The i‘.nvcntion haé been described b‘ro:adly and generically hefein. Each of the narrower
species and sub-gengn’c groupings falling within the generic disclosure also qu‘m paﬁ of the
invention. Thjs includes the éeneric description of the invention with a proviso or negative

" limitation removing Aargly sﬁbject matter from the genué, regardless of whether or not the eXciséd
material is specifically recited herein.

[0049] Other embodiments are within the following claims anq non- limiting examples. In
addition, where features or aspects of the invention are described in terms of Markush groups,
th(;se skilled in the art will recoénize that the invention is also théreby described in terms of any

individual member or subgroup of members of the Markush group.
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Claims

1. A system for growing biomass, comprising:

a photobioreactor module comprising a plurality of bioreactors fluidly connected to one
another, wherein the photobioreactor module has an inlet end and an outlet end,
and

a coqling system, wherein the photobioreactor module is subjected to the cooling
system for regulating the temperature of a nutrient medium;

wherein the photobioreactor module further comprises at least one cleaning device moveable
within the plurality of bioreactors for cleaning the interior surface of the plurality of
bioreactors, the at least one cleaning device is externally controlled to move in the
photobioreactor module independently of the flow of the circulating medium.

2. The system of claim 1, wherein the at least one cleaning device is magnetically coupled to a
control device positioned on the exterior of the bioreactor to externally control the movement
of the at least one cleaning device.

3.  The system of claim 1, wherein the at least one cleaning device is battery-powered to move
in the photobioreactor module.

4.  The system of any one of claims 1 to 3, wherein the cooling system comprises a supply of
cooling water shower over the photobioreactor module.

5. The system of claim 1, wherein the photobioreactor module comprises plurality of tubular
bioreactors.

6.  The system of claim 1, wherein the photobioreactor module comprises plurality of planar

bioreactors.
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10.

11.

13.

14.

The system of any one of claims 1 to 6, wherein the plurality of bioreactors are joined by
elbows.

The system of any one of claims 1 to 7, wherein each bioreactor of the photobioreactor
module has an inlet end and an outlet end. wherein the outlet end of an upstream bioreactor is
tluidly connected to an inlet end of a downstream bioreactor.

The system of claim 8, wherein the inlet end of a first upstream bioreactor forms the inlet end
of the photobioreactor module.

The system of claim 8, wherein the outlet end of a last downstream bioreactor forms the
outlet end of the photobioreactor module.

The system of any one of claims 1 to 10, further comprising at least one pump for circulating
the nutrient medium.

The system of any one of claims 1 1o 11, further comprising a monitoring device in contact
with the nutrient medium.

The system of claim 12, wherein the monitoring device measures at least one of pH,
temperature, levels of nitrates, ammonia, dissolved carbon dioxide, flow rates, turbidity, and
dissolved oxygen in the nutrient medium, and light intensity.

The system of claim 12, wherein the monitoring device allows for automated adjustment of at
least one of pH, temperature, levels of nitrates, ammonia, dissolved carbon dioxide, flow
rates, turbidity, and dissolved oxygen in the nutrient medium in accordance to a set of
predetermined control parameters.

The system of any one of claims 1 to 14, further comprising a sterilization module for

sterilizing the nutrient mediuimn.



16.

17.

18.

19.

20.

21,

The system of claim 15, wherein the sterilization module is positioned at the inlet end or the
outlet end of the photobioreactor module.

The system of any one of claims 1 to 16, further comprising a harvester unit for harvesting
the biomass.

The system of claim 17, wherein the harvester unit is integrated to the photobioreactor
module allowing a portion of the biomass to be directed to the harvester unit and a remaining
portion of biomass to continue uninterrupted within the photobioreactor module.

The system of any one of claims 1 to 17, further comprising a reservoir for containing the
nutrient medium for the biomass growth, wherein the reservoir has an inlet end and an outlet
end, the outlet end of the reservoir being fluidly connected to the inlet end of the
photobioreactor module and the inlet end of the reservoir fluidly connected to the outlet end
of the photobioreactor module.

The system of any one of ¢laims 1 to 17, wherein the inlet end and the outlet end of the
photobioreactor module are connected by a pipe.

The system of claim 19, wherein the inlet end and the outlet end of the photobioreactor

module are connected by a vertical pipe.
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