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CLOSED PHOTOBIOREACTORS FOR MICROORGANISM
CULTIVATION

FIELD OF THE INVENTION

[0001] The disclosed technology, in some embodiments, relates to the field of photobioreactors

and more particularly, to photobioreactors having improved internal illumination capabilities.

BACKGROUND OF THE INVENTION

[0002] Artificially cultivating bio-organisms such as bacteria and/or algae can be utilized for
various purposes, such as the production of food for mammals, the production of biofuels, the
treatment of sewage and waste waters, the production of enzymes having diverse applications,
and more. In order to successfully artificially cultivate phototrophic bio-organisms such as
phototrophic bacteria and/or algae, the bio-organisms are required to be exposed to a relatively
constant and uniform source of light. Such cultivation of can be performed utilizing
photobioreactors having various illumination systems, such as internal illumination systems.
Since these illumination systems can emit considerable amounts of heat which can affect or
even harm the heat sensitive bio-organism’s cultures, the photobioreactors often include

various cooling means for the illumination systems.

[0003] Photobioreactors having cooling means for illumination systems have been previously
reported. For example, US Pat. No. 5,104,803 discloses a photobioreactor for the cultivation
of photosynthetic microorganisms having at least one light bank substantially totally
immersible in the liquid microbial culture contained in the photobioreactor so that substantially

all of the emitted light is absorbed in the culture.

[0004] US Pub. No. 2009/0148931 discloses a bioreactor system for growing photosynthetic
organisms, wherein the bioreactor system includes a bioreactor and an illumination system, the
illumination system includes one more optical wave guides configured to light at least some of

a plurality of photosynthetic organisms retained in the bioreactor.

[0005] US Pub. No. 2016/0168522 discloses a bioreactor system for growing a photosynthetic
culture, having a vessel containing an aqueous liquid and a lighting system to irradiate the

photosynthetic culture.
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[0006] US Pat. No. 9,605,238 discloses a photo-bioreactor having a reactor vessel arranged to
contain a fluid medium within which bio-material is grown, and at least one light-emitting rod

extending into the reactor vessel.

[0007] There remains an unmet need for large scale, cost-efficient, and effective
photobioreactors and systems having improved inner illumination capabilities and efficient

cooling means.

SUMMARY OF THE INVENTION

[0008] The following aspects and embodiments thereof are described and illustrated in
conjunction with systems, devices and methods which are meant to be exemplary and
illustrative, not limiting in scope. In various embodiments, one or more of the above-described
problems have been reduced or eliminated, while other embodiments are directed to other

advantages or improvements.

[0009] According to some embodiments, there is provided a closed photobioreactor for
growing a microorganism culture in an aqueous medium, the photobioreactor comprising: a
vessel comprising a vessel floor, a vessel cover positioned substantially parallel thereto, and at
least one vessel wall positioned perpendicular to the vessel floor and vessel cover, defining an
internal cavity for containing the microorganism culture in the aqueous medium, wherein the
vessel cover comprises a plurality of openings; and a plurality of transparent pipes attached to
the vessel cover configured to accommodate a plurality of light sources within lumens thereof,
wherein each of the transparent pipes extends through one of the openings, wherein each
transparent pipe has a first open end located out of the internal cavity of the vessel, and a second
end, wherein a first portion of each transparent pipe is connected to the vessel cover or the
vessel floor, and a second portion of each transparent pipe is located within the internal cavity,
wherein each of the transparent pipes is substantially sealed to one of the openings, so that the

internal cavity is isolated from the surrounding environment of the vessel.

[0010] According to some embodiments, the first portion of each transparent pipe is connected

to the vessel cover.

[0011] Thus, according to some embodiments, the present invention provides a closed
photobioreactor for growing a microorganism culture in an aqueous medium, the

photobioreactor comprising: a vessel comprising a vessel floor, a vessel cover positioned
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substantially parallel thereto, and at least one vessel wall positioned perpendicular to the vessel
floor and vessel cover, defining an internal cavity for containing the microorganism culture in
the aqueous medium, wherein the vessel cover comprises a plurality of openings; and a
plurality of transparent pipes attached to the vessel cover configured to accommodate a
plurality of light sources within lumens thereof, wherein each of the transparent pipes extends
through one of the openings, wherein each transparent pipe has a first open end located out of
the internal cavity of the vessel, and a second end, wherein a first portion of each transparent
pipe is connected to the vessel cover, and a second portion of each transparent pipe is located
within the internal cavity, wherein each of the transparent pipes is substantially sealed to one
of the openings, so that the internal cavity is isolated from the surrounding environment of the

vessel.

[0012] According to some embodiments, each transparent pipe is connected to the vessel cover

and to the vessel floor.

[0013] According to some embodiments, the vessel cover comprises a plurality of hollow cover
extensions, wherein each hollow cover extension extends from one of the openings upward,
and has a first open end offset upward from the vessel cover and a second open end at the level
of the vessel cover, wherein the first portion of each transparent pipe extends through one of

the hollow cover extensions and is retained thereby.

[0014] According to some embodiments, the closed photobioreactor further comprises a
plurality of retention units, wherein each of the retention units comprises at least one retention
member, each retention member is configured to fix one of the transparent pipes to one of the
hollow cover extensions, wherein each of the retention units comprises at least one retention
member disposed circumferentially between the first portion of one of the transparent pipes
and one of the hollow cover extensions, and longitudinally between the second end of one of
the hollow cover extensions and the first end of one of the transparent pipes, and configured to

limit spontaneous movement of the transparent pipe in the lateral and longitudinal directions.

[0015] According to some embodiments, each of the retention units comprises a plurality of
lower retention members and a plurality of upper retention members, each of which is disposed
circumferentially between one of the transparent pipes and one of the hollow cover extensions,

and longitudinally between the second end of one of the hollow cover extensions and the first
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end of one of the transparent pipes, and configured to limit spontaneous movement of the

transparent pipe in the lateral and longitudinal directions.

[0016] According to some embodiments, each of the lower retention members comprises a
lower squeezable gasket, and each of the upper retention members comprises an upper

squeezable gasket.

[0017] According to some embodiments, each hollow cover extension comprises an internal
recess, located between the first end and the second end thereof, wherein each lower squeezable
gasket is housed within one of the internal recesses and pressing the transparent pipe inward,
wherein each hollow cover extension comprises a slanted portion at the first end thereof
tapering upwards, wherein each upper squeezable gasket is housed within one of the slanted

portions and is pressed against the transparent pipe inward.

[0018] According to some embodiments, each of the transparent pipes is externally tubular and
each of the hollow cover extensions is internally tubular, wherein each of the lower squeezable
gaskets comprises a lower rubber O-ring, and each of the upper squeezable gaskets comprises
a upper rubber O-ring, wherein each of the lower rubber O-rings and the upper rubber O-rings,
when expanded, has an internal diameter larger than the external diameter of the first portion

of each corresponding transparent pipe.

[0019] According to some embodiments, the closed photobioreactor further comprises a
plurality of double-open caps reversibly attachable to the first end of each hollow cover
extension, wherein each double-open cap has a plane having a diameter smaller than the
external diameter of the upper O-ring, wherein upon capping the double-open cap to the hollow
cover extension, the plane presses against the upper O-ring and the slanted portion of the hollow
cover extension, to press fit the upper O-ring inward against the transparent pipe, and prevents

the transparent pipe from longitudinally moving upwards.

[0020] According to some embodiments, each double-open cap comprises an threaded internal
tubular portion and each hollow cover extension comprises a threaded external portion, wherein
the double-open cap is screwable to the hollow cover extension, wherein upon screwing the
cap presses the hollow cover extension inwards, further press fitting the hollow cover extension

and upper O-ring inward against the transparent pipe.



10

15

20

25

WO 2021/149045 PCT/IL2021/050055
5

[0021] According to some embodiments, the lumen of each transparent pipe is in fluid
communication with the surrounding environment of the vessel and isolated from the internal

cavity of the vessel.

[0022] According to some embodiments, each of the vessel cover and hollow cover extensions

is made of metal, wherein each of the hollow cover extensions is welded to the vessel cover.

[0023] According to some embodiments, the first open end of each transparent pipe is offset

upward from the first open end of the hollow extension, which retains it.

[0024] According to some embodiments, the at least one vessel wall is a double walled cooling
jacket comprising at least one internal wall, at least one external wall and a cooling liquid there

between, wherein the internal wall is bounding the internal cavity of the vessel.

[0025] According to some embodiments, the closed photobioreactor further comprises an
impeller comprising at least one blade and configured to stir the microorganism culture in the
aqueous medium when inside the internal cavity of the vessel, wherein the impeller is
connected to at least one of the vessel floor and the vessel cover, and positioned perpendicular

to the vessel floor and the vessel cover and parallel to each of the transparent pipes.

[0026] According to some embodiments, the closed photobioreactor further comprises a closed

cap configured to plug the first open end of each of the transparent pipes.

[0027] According to some embodiments, the plurality of transparent pipes are accommodating
a plurality of light sources within the lumens thereof, wherein upon the accommodation, a
positive gap between the internal diameter of the transparent pipe and the external dimensions
of the light source exists, wherein each of the light sources is drawable from the transparent

pipe, which accommodates it.

[0028] According to some embodiments, each transparent pipe is accommodating one or more
of the light sources and a cooling liquid, wherein each light source comprises at least one
illuminating plane and at least one heat emitting plane, wherein the cooling liquid is in contact
with at least the heat emitting plane. According to some embodiments, each of the plurality of

light sources is an LED lamp.

[0029] According to some embodiments, the closed photobioreactor comprises a plurality of

hollow illuminating LED pipes, each hollow illuminating LED pipe comprising: a first open
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end facing the vessel cover; a second end facing the vessel floor; an internal surface connected
to the heat emitting plane of one or more of the LED lamps; an external surface connected to
the illuminating plane of one or more of the LED lamps; and a lumen within the internal surface
of the hollow illuminating LED pipe, wherein the cooling liquid is in contact with at least the
heat emitting plane, enabling heat transfer between the cooling liquid and the heat emitting

plane of one or more of the LED lamps.

[0030] According to some embodiments, the closed photobioreactor comprises a plurality of
hollow illuminating LED pipes, and a plurality of heat pipes wherein each hollow illuminating
LED pipe comprising: a plurality of LED lamps, each comprising a heat emitting plane and an
illuminating plane; a first open end facing the vessel cover; a second end facing the vessel
floor; an internal surface connected to the heat emitting plane of each one of the plurality of
LED lamps; an external surface connected to the illuminating plane of each one of the plurality
of LED lamps; and a lumen within the internal surface of the hollow illuminating LED pipe;
wherein each heat pipe is made from a heat conducting material, and is containing a LED
cooling fluid, wherein each heat pipe comprises an internal surface and an external surface,
wherein each of the plurality of hollow illuminating LED pipes in accommodated within the
lumen of one of the plurality of transparent pipes, wherein each of the heat pipes is
accommodated within the lumen of one of the hollow illuminating LED pipes, so that the
external surface of the heat pipe is in contact with the internal surface of the hollow illuminating
LED pipe, wherein the LED cooling fluid is in contact with the internal surface of the heat
pipe, enabling heat transfer between the cooling fluid and the heat emitting plane of the

plurality of LED lamps.

[0031] According to some embodiments, a positive gap between the external surface of the
hollow illuminating LED pipe and the internal diameter of the transparent pipe, which
accommodate it, exists, wherein each of the hollow illuminating LED pipes is drawable from

said transparent pipe.

[0032] According to some embodiments, each heat pipe comprises: a first closed end extending
through transparent pipe first open end, which accommodates it; a second closed end facing
the vessel floor; and a heat transferring portion between the first end and the second end,
wherein the heat transferring portion is in contact with the internal surface of the hollow

illuminating LED pipe.
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[0033] According to some embodiments, each hollow illuminating LED pipe is formed from
the plurality of LED lamps and the external surface of the heat pipe, wherein the internal

surface hollow illuminating LED pipe is the heat pipe heat transferring portion.

[0034] According to some embodiments, each hollow illuminating LED pipe is formed from
the plurality of LED strips, each comprising a plurality of LED lamps mounted to a circuit

board; wherein the heat pipe heat transferring portion is attached to the circuit board.

[0035] According to some embodiments, the closed photobioreactor further comprises at least
one cooling unit, wherein each heat pipe is in contact with one of the at least one cooling unit,
wherein the at least one cooling unit is configured to reduce the temperature of the LED cooling

fluid.

[0036] According to some embodiments, the first end of the heat pipe is in contact with one of
the at least one cooling unit, thereby enabling condensation of vapors of the LED cooling fluid

in the vicinity of said first end.

[0037] According to some embodiments, there is provided a process for growing a
microorganism culture in an aqueous medium, wherein the process comprises growing at least

one cell population in the closed photobioreactor disclosed herein.

[0038] According to some embodiments, there is provided process for growing a
microorganism culture in an aqueous medium, the process comprising (a) providing the closed
photobioreactor disclosed herein, wherein the plurality of transparent pipes are accommodating
a plurality of light sources within the lumens thereof;; (b) placing an aqueous biological
medium comprising at least one cell population within the internal cavity; (c) operating the
plurality of light sources to irradiate light into the internal cavity through said at least some of

the plurality of transparent pipes, thereby growing the at least one cell population.

[0039] According to some embodiments, the process further comprises a step of removing the

plurality of light sources from the transparent pipes.

[0040] According to some embodiments, the process further comprises a step of removing the

proliferated cell population from the closed photobioreactor.

[0041] The term "growing" and "proliferating” as used herein are interchangeable and refer to

inducing reproduction of the cell population.
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[0042] According to some embodiments, step (c) is performed at a temperature in the range of

10°C to 37°C.

[0043] According to some embodiments, step (c) comprises operating the plurality of light
sources to irradiate light into the internal cavity at a wavelength in a range of 400-700

nanometers.

[0044] According to some embodiments, the process further comprises a step of inserting a
cleansing composition into the internal cavity and heating the composition to a predetermined

temperature.

[0045] According to some embodiments, the predetermined temperature is in the range of

120°C to 140°C.

[0046] According to some embodiments, the step of inserting the cleansing composition into
the internal cavity entails contacting the cleansing composition with an internal portion of the

vessel wall and with portions of the plurality of transparent pipes.

[0047] According to some embodiments, the process further comprises a step of removing the

cleansing composition from the internal cavity, thereby cleaning the closed photobioreactor.

[0048] According to some embodiments, step (b) further comprises placing nutrients for the

growing of the cell population within the internal cavity.

[0049] According to some embodiments, the cell population comprises a phototrophic bio-
organism species. According to some embodiments, the cell population comprises a
heterotrophic bio-organism species. According to some embodiments, the cell population

comprises a mixotrophic bio-organism species.

[0050] According to some embodiments, the cell population is selected from the group

consisting of bacteria and algae.
[0051] According to some embodiments, the cell population comprises a phototrophic algae.

[0052] According to some embodiments, the process further comprises a step of extracting at

least one material from the proliferated cell population of step (c).
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[0053] According to some embodiments, there is provided a composition comprising the
microorganism culture grown by the process disclosed herein, the at least one material

extracted by the process disclosed herein, or a combination thereof.

[0054] Certain embodiments of the present invention may include some, all, or none of the
above advantages. Further advantages may be readily apparent to those skilled in the art from
the figures, descriptions, and claims included herein. Aspects and embodiments of the

invention are further described in the specification herein below and in the appended claims.

[0055] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
pertains. In case of conflict, the patent specification, including definitions, governs. As used
herein, the indefinite articles "a" and "an" mean "at least one” or "one or more" unless the

context clearly dictates otherwise.

[0056] The following embodiments and aspects thereof are described and illustrated in
conjunction with systems, tools and methods which are meant to be exemplary and illustrative,
but not limiting in scope. In various embodiments, one or more of the above-described
problems have been reduced or eliminated, while other embodiments are directed to other

advantages or improvements.

BRIEF DESCRIPTION OF THE FIGURES

[0057] Some embodiments of the disclosed technology are described herein with reference to
the accompanying figures. The description, together with the figures, makes apparent to a
person having ordinary skill in the art how some embodiments may be practiced. The figures
are for the purpose of illustrative description and no attempt is made to show structural details
of an embodiment in more detail than is necessary for a fundamental understanding of the

invention. For the sake of clarity, some objects depicted in the figures are not to scale.

[0058] In the Figures:

[0059] Fig. 1A constitutes a prospective view of a closed photobioreactor 100, according to

some embodiments.

[0060] Fig. 1B constitutes a cross section view of closed photobioreactor 100 as shown in Fig

1A, according to some embodiments.
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[0061] Fig. 2 constitutes close-up view of a central section of Fig 1B, according to some

embodiments.

[0062] Fig. 3A constitutes a cross section view of closed photobioreactor 100, according to

some embodiments.

[0063] Fig. 3B constitutes close-up view of a side section of Fig 3A, according to some

embodiments.

[0064] Fig. 4A constitutes a front cross section view of vessel cover 114 of closed

photobioreactor 100, according to some embodiments.

[0065] Fig. 4B constitutes a diagonal sectional view in perspective of vessel cover 114 of

closed photobioreactor 100, according to some embodiments.

[0066] Fig. SA constitutes a partial cross section view of a hollow illuminating LED pipe 200,

partially inserted into transparent pipe 150, according to some embodiments.

[0067] Fig. 5B constitutes a partial cross section view of a LED strip 200°, partially inserted

into transparent pipe 150, according to some embodiments.

[0068] Fig. SC constitutes a partial cross section view of a LED strip 200°, inserted into

transparent pipe 150, according to some embodiments.

[0069] Fig. 5D constitutes a partial cross section view of a hollow illuminating LED pipe 200%,

partially inserted into transparent pipe 150, according to some embodiments.

[0070] Fig. 5E constitutes a partial cross section view of a hollow illuminating LED pipe 200,

inserted into transparent pipe 150, according to some embodiments.

[0071] Fig. 6 constitutes a front cross section view of vessel cover 114, and one of transparent

pipes 150 of closed photobioreactor 100, according to some embodiments.

[0072] Fig. 7A constitutes a front cross section view of vessel cover 114, one of hollow cover
extension 130, one of transparent pipes 150 and one of double-open caps 180 of closed

photobioreactor 100, according to some embodiments.

[0073] Fig. 7B constitutes an exploded view of Fig 7A, according to some embodiments.
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[0074] Fig. 8A constitutes a front cross section view of transparent pipe 150 having a heat pipe
222, assembled to hollow illuminating LED pipe 200" within transparent pipe lumen 160

thereof, according to some embodiments.

[0075] Fig. 8B constitutes a front cross section view of transparent pipe 150 having a heat pipe
222, assembled to hollow illuminating LED pipe 200°, within transparent pipe lumen 160

thereof, according to some embodiments.

[0076] Fig. 9 constitutes a front view of four transparent pipes 150 assembled with four hollow
illuminating LED pipes 200%, four heat pipes 222 and at least one cooling unit 230, according

to some embodiments.

DETAILED DESCRIPTION OF SOME EMBODIMENTS

[0077] In the following description, various embodiments of the invention will be described.
For the purpose of explanation, specific configurations and details are set forth in order to
provide a thorough understanding of the invention. However, it will also be apparent to one
skilled in the art that the invention may be practiced without specific details being presented
herein. Furthermore, well-known features may be omitted or simplified in order not to obscure
the invention. In order to avoid undue clutter from having too many reference numbers and
lead lines on a particular drawing, some components will be introduced via one or more
drawings and not explicitly identified in every subsequent drawing that contains that

component.

[0078] Throughout the figures of the drawings, different superscripts for the same reference
numerals are used to denote different embodiments of the same elements. Embodiments of the
disclosed devices and systems may include any combination of different embodiments of the
same elements. Specifically, any reference to an element without a superscript may refer to any
alternative embodiment of the same element denoted with a superscript. Components having
the same reference number followed by different lowercase letters may be collectively referred
to by the reference number alone. If a particular set of components is being discussed, a
reference number without a following lowercase letter may be used to refer to the
corresponding component in the set being discussed. In order to avoid undue clutter from
having too many reference numbers and lead lines on a particular drawing, some components
will be introduced via one or more drawings and not explicitly identified in every subsequent

drawing that contains that component.
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[0079] Throughout the figures of the drawings, when referring to relative dimension, such as
diameters, the reference numbering conventions include the uppercase D, standing for diameter
or dimension, then the reference number of the relevant element and then lowercase e (if
relating to an external dimension) or i (if referring to an internal dimension). For example,
D999¢ refers to the external diameter of an element having reference number 999. The
dimensions are also numbered within the figures using distant curly brackets bracketing a

similar distance.

[0080] Throughout the figures of the drawings, when referring to the length of an elongated
element, the reference numbering conventions include the uppercase L, standing for length,
then the reference number of the relevant element and then lowercase 1 (if relating to a length
in the longitudinal direction) or h (if relating to a length in the lateral direction). For example,
L7771 refers to the longitudinal length of an element having reference number 777. The lengths

are also numbered within the figures using distant curly brackets bracketing a similar distance.

[0081] As used herein, the term "about” means approximately, in the region of, roughly, or
around. A parameter or quantity is said to be "about", or equal to "about", a numerical value
(e.g. a temperature equals about 50°C) when it is within a range, thereby extending the
boundaries above and below the numerical value. According to some embodiments, "about" is
used herein to modify a numerical value above and below the stated value by a variance of
20%. According to some embodiments, "about" is used herein to modify a numerical value
above and below the stated value by a variance of 10%. According to some embodiments,
"about” is used herein to modify a numerical value above and below the stated value by a

variance of 5%.

[0082] Reference is made to Figs 1A, 1B and 2. Fig. 1A constitutes a prospective view of a
closed photobioreactor 100. Fig. 1B constitutes a cross section view of closed photobioreactor

100 as shown in Fig 1A. Fig. 2 constitutes close-up view of a central section of Fig 1B.

[0083] As used herein, the term "bioreactor" refers to any system, device, apparatus or structure
capable of supporting a biologically active environment and for growing organisms such as

bacteria and/or algae under controlled conditions for production of products.

[0084] As used herein, the term “photobioreactor”, as used herein, means a device or system
used to support a biologically active environment for the cultivation of phototrophic

microorganisms, including photosynthetic microorganisms. A photobioreactor may include
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translucent materials that permit penetration of light therethrough, and/or may incorporate a
light source to provide photonic energy input for an aqueous culture of photosynthetic

microorganisms contained therein.

[0085] As detailed herein, the photobioreactor of the current disclosure is configured for
growing a microorganism culture in an aqueous medium. The microorganism culture may be
of any microorganism species, which requires light for its cultivation, according to some
embodiments. According to some embodiments, the microorganism culture is a phototroph
culture. According to some embodiments, the microorganism culture is a heterotroph culture.
According to some embodiments, the microorganism culture is a mixotroph culture. According
to some embodiments, the microorganism culture is of a single cell species. According to some
embodiments, the microorganism culture is of an algae or a bacteria. According to some
embodiments, the microorganism culture is of an algae or a cyanobacteria. According to some
embodiments, the microorganism culture is of a single cell algae or a single cell bacteria.
According to some embodiments, the microorganism culture is of a single cell algae or a single
cell cyanobacteria. According to some embodiments, the microorganism culture is an algae

culture.

[0086] As used herein, the term "closed photobioreactor” refers to a closed system which at
least temporarily isolates culture media contained therein from the surrounding environment.
It is to be understood that closed photobioreactors may include opening(s) and/or a cover, for
gaining access to the medium grown therein, and are not limited to permanently sealed or
closed structures. Elements, such as a cover or a port may provide reversible access to the
interior of the photobioreactor, such that its closed feature may be limited to the operation

period thereof (e.g. the culture period).

[0087] Specifically, closed photobioreactor 100 disclosed herein is configured for growing a
microorganism culture in an aqueous medium, according to some embodiments. According to
some embodiments, closed photobioreactor 100 is configured for growing a microorganism

culture in an aqueous medium.

[0088] According to some embodiments, closed photobioreactor 100 comprises a vessel 110
comprising a vessel floor 112, a vessel cover 114 and at least one vessel wall 116, and a

plurality of transparent pipes 150.
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[0089] Within the context of this specification, the term “longitudinal” refer to the direction
from vessel floor 112 and vessel cover 114. The term “longitudinal axis” refers to the linear
axis along the longitudinal direction. Similarly, the term “lateral axis” refers to the linear axis
perpendicular to the longitudinal axis and the term “lateral” refer to the direction of the lateral

axis.

[0090] Within the context of this specification the term "upwards" generally refers,
longitudinally, to the direction from vessel floor 112 to vessel cover 114. Similarly, the term
"downwards" generally refers, longitudinally, to the direction from vessel cover 114 to vessel

floor 112.

[0091] Within the context of this specification the terms “top”, "above", "up" and "upper"
generally refer, longitudinally, to the side or end of any device or a component of a device,
which is located upwards with respect to another side or end. When referring to different
elements having similar name, structure or function, the terms "top”, "above", "up" and "upper”
generally refer, longitudinally, to the element which is located upwards with respect to the

similar element.

n n

[0092] Within the context of this specification the terms “bottom”, "below", "down", "under"
and "lower" generally refer, longitudinally, to the side or end of any device or a component of
a device, which is located downwards with respect to another side or end. When referring to
different elements having similar name, structure or function, the terms “bottom”, "below",

"down", "under” and "lower" generally refer, longitudinally, to the element which is located

downwards with respect to the similar element.

[0093] According to some embodiments, vessel 110 is a closed vessel. According to some
embodiments, vessel 110 is areversibly closed vessel. According to some embodiments, vessel

110 is configured to be reversibly closed by vessel cover 114.

[0094] According to some embodiments, vessel 110 is made of a rigid material. According to
some embodiments, vessel 110 is made of a polymer, a metal alloy or a metal. According to
some embodiments, vessel 110 is made of a metal alloy. According to some embodiments,
vessel 110 is made of a metal. According to some embodiments, vessel 110 is made of stainless

steel.
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[0095] According to some embodiments, vessel floor 112 is positioned substantially parallel
to vessel cover 114. According to some embodiments, vessel floor 112 is made of a rigid
material. According to some embodiments, vessel floor 112 is made of a polymer, a metal alloy
or a metal. According to some embodiments, vessel floor 112 is made of a metal alloy.
According to some embodiments, vessel floor 112 is made of a metal. According to some

embodiments, vessel floor 112 is made of stainless steel.

[0096] According to some embodiments, vessel floor 112 has a curvilinear shape. According
to some embodiments, vessel floor 112 has an ellipsoid shape. According to some

embodiments, vessel floor 112 is circular.

[0097] According to some embodiments, at least one vessel wall 116 is positioned substantially
perpendicular to vessel cover 114. According to some embodiments, at least one vessel wall
116 is positioned substantially perpendicular to vessel floor 112. According to some
embodiments, at least one vessel wall 116 is positioned substantially perpendicular to each one

of vessel cover 114 and vessel floor 112.

[0098] According to some embodiments, at least one vessel wall 116 has a closed curvilinear
shape, such as a tube or a cylindroid, or rectilinear shape, such as a cuboid, including closed
combinations of curvilinear and rectilinear shapes. According to some embodiments, at least
one vessel wall 116 has a closed curvilinear shape. According to some embodiments, at least
one vessel wall 116 is a cylindrical wall. According to some embodiments, cylindrical vessel
wall 116, vessel floor 112 and vessel cover 114 of vessel 110 together form a cylindrical three
dimensional structure. According to some embodiments, cylindrical vessel wall 116, vessel
floor 112 and vessel cover 114 of vessel 110 together form a closed cylindrical three

dimensional structure.

[0099] According to some embodiments, at least one vessel wall 116 is made of a rigid
material. According to some embodiments, at least one vessel wall 116 is made of a polymer,
a metal alloy or a metal. According to some embodiments, at least one vessel wall 116 is made
of a metal alloy. According to some embodiments, at least one vessel wall 116 is made of a

metal. According to some embodiments, at least one vessel wall 116 is made of stainless steel.

[00100] According to some embodiments, vessel floor 112, vessel cover 114 and at least
one vessel wall 116 together from an internal cavity 104. According to some embodiments,

vessel floor 112, vessel cover 114 and at least one vessel wall 116 together form a closed
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volume there within, which defines an internal cavity 104. According to some embodiments,
vessel floor 112, vessel cover 114 and at least one vessel wall 116 together separate between
internal cavity 104 and the surrounding environment 106 of vessel 110. According to some
embodiments, vessel floor 112, vessel cover 114 and at least one vessel wall 116 together
separate between internal cavity 104 and the surrounding environment 106 of closed

photobioreactor 100.

[00101] It is to be understood that internal cavity 104 of vessel 110 formed between vessel
floor 112, vessel cover 114 and at least one vessel wall 116 is configured for containing a

microorganism culture in an aqueous medium.

[00102] Fig. 1A constitutes a perspective view of closed photobioreactor 100, in which
internal cavity 104 is hidden by vessel cover 114 and at least one vessel wall 116. Fig. 1B
constitutes a cross section view of closed photobioreactor 100, in which a part of at least one

vessel wall 116 is not shown, such that internal cavity 104 is apparent.

[00103] According to some embodiments, vessel cover 114 has a curvilinear shape.
According to some embodiments, vessel cover 114 has a an ellipsoid shape. According to some

embodiments, vessel cover 114 is circular.

[00104] According to some embodiments, vessel cover 114 is configured to be positioned
substantially in parallel to vessel floor 112. According to some embodiments, vessel cover 114
is positioned substantially in parallel to vessel floor 112. According to some embodiments,
vessel cover 114 is configured to be positioned substantially perpendicular to at least one vessel
wall 116. According to some embodiments, vessel cover 114 is positioned substantially

perpendicular to at least one vessel wall 116.

[00105] According to some embodiments, vessel cover 114 is attachable to at least one
vessel wall 116. According to some embodiments, vessel cover 114 is reversibly attachable to
at least one vessel wall 116. According to some embodiments, vessel cover 114 is reversibly

attachable to at least one vessel wall 116, such that vessel 110 is a reversibly closed chamber.

[00106] According to some embodiments, vessel cover 114 is made of a rigid material.
According to some embodiments, vessel cover 114 is made of a polymer, a metal alloy or a

metal. According to some embodiments, vessel cover 114 is made of a metal alloy. According
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to some embodiments, vessel cover 114 is made of a metal. According to some embodiments,

vessel cover 114 is made of stainless steel.

[00107] According to some embodiments, vessel cover 114 comprises a plurality of
openings 120. Figs. 1A and 1B illustrate closed photobioreactor 100 having vessel cover 114
with about 100 openings (some of which are numbered- opening 120a, opening 120b, opening
120c, opening 120d), however closed photobioreactor 100 is not limited to this order of
magnitude number of openings 120 of vessel cover 114. Specifically, according to some
embodiments, vessel cover 114 comprises at least two openings. According to some
embodiments, vessel cover 114 comprises at least three openings. According to some
embodiments, vessel cover 114 comprises at least four openings. According to some
embodiments, vessel cover 114 comprises at least five openings. According to some
embodiments, vessel cover 114 comprises at least ten openings 120. According to some
embodiments, vessel cover 114 comprises at least 15 openings 120. According to some
embodiments, vessel cover 114 comprises at least 20 openings 120. According to some
embodiments, vessel cover 114 comprises at least 25 openings 120. According to some
embodiments, vessel cover 114 comprises at least 40 openings 120. According to some
embodiments, vessel cover 114 comprises at least 50 openings 120. According to some
embodiments, vessel cover 114 comprises at least 75 openings. According to some

embodiments, vessel cover 114 comprises at least 100 openings 120.

[00108] Figs. 1A and 1B illustrate closed photobioreactor 100 having vessel cover 114 with
a plurality of openings (e.g. opening 120a, opening 120b, opening 120c, opening 120d) having
a circular shape. However closed photobioreactor 100 is not limited to circular shaped openings
120 of vessel cover 114. Specifically, according to some embodiments, each one of openings
120 may have any curvilinear shape or rectilinear shape, such as a circle, an ellipsoid, a square,
a rectangle, a hexagon, an octagon, etc. According to some embodiments, at least one of
openings 120 is circular. According to some embodiments, each one of openings 120 is

circular.

[00109] According to some embodiments, each one of transparent pipes 150 is substantially
clear, such it is capable of transmitting light, such as visible light, to internal cavity 104 of
vessel 110 when not disturbed by intervening objects. The term "transparent” as used herein is
not limited to complete transmittance of light, as some light may scatter. Thus transparent pipe

150 may be translucent, as long as it enables a sufficient transmittance of light therethrough to
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internal cavity 104. According to some embodiments, transparent pipe 150 visible light has a

transmittance of at least 30%, 50%, 70%, 80% or 90% through transparent pipe 150.

[00110] According to some embodiments, transparent pipe 150 is made of a transparent
polymer or glass. Transparent polymers (plastics) include, but not limited to, Poly(methyl
methacrylate), polycarbonates, ethylene-vinyl acetate polymer, polystyrene sulfonate,
polystyrene, polypropylene and polyethylene. According to some embodiments, transparent

pipe 150 is made of glass.

[00111] According to some embodiments, at least one vessel wall 116 has a longitudinal
length L.1161. According to some embodiments, longitudinal length of at least one vessel wall
L116] is defined between vessel floor 112 and vessel cover 114, when closed photobioreactor
100 is assembled. According to some embodiments, transparent pipe 150 has a longitudinal

length L1501

[00112] According to some embodiments, longitudinal length of transparent pipe L1501 is
at least 25% compared to longitudinal length of at least one vessel wall L1161. According to
some embodiments, longitudinal length of transparent pipe L1501 is at least 25% compared to
longitudinal length of at least one vessel wall L116l. According to some embodiments,
longitudinal length of transparent pipe L1501 is at least 33% compared to longitudinal length
of at least one vessel wall L116l. According to some embodiments, longitudinal length of
transparent pipe L1501 is at least 40% compared to longitudinal length of at least one vessel
wall L1161. According to some embodiments, longitudinal length of transparent pipe L1501 is
at least 50% compared to longitudinal length of at least one vessel wall L1161. According to
some embodiments, longitudinal length of transparent pipe L1501 is at least 60% compared to
longitudinal length of at least one vessel wall L116l. According to some embodiments,
longitudinal length of transparent pipe L1501 is at least 70% compared to longitudinal length
of at least one vessel wall L116l. According to some embodiments, longitudinal length of
transparent pipe L1501 is at least 75% compared to longitudinal length of at least one vessel

wall L1161.

[00113] According to some embodiments, longitudinal length of transparent pipe L1501 is
not more than 300% compared to longitudinal length of at least one vessel wall L116l.
According to some embodiments, longitudinal length of transparent pipe L1501 is not more

than 250% compared to longitudinal length of at least one vessel wall L116]. According to
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some embodiments, longitudinal length of transparent pipe L1501 is not more than 200%
compared to longitudinal length of at least one vessel wall L116l. According to some
embodiments, longitudinal length of transparent pipe L1501 is not more than 175% compared
to longitudinal length of at least one vessel wall L116l. According to some embodiments,
longitudinal length of transparent pipe L1501 is not more than 150% compared to longitudinal
length of at least one vessel wall L1161. According to some embodiments, longitudinal length
of transparent pipe L1501 is not more than 125% compared to longitudinal length of at least

one vessel wall L116l.

[00114] According to some embodiments, longitudinal length of transparent pipe L1501 is
in the range of 25% to 250% compared to longitudinal length of at least one vessel wall L1161.
According to some embodiments, longitudinal length of transparent pipe L1501 is in the range
of 50% to 200% compared to longitudinal length of at least one vessel wall L116l. According
to some embodiments, longitudinal length of transparent pipe L1501 is in the range of 75% to

150% compared to longitudinal length of at least one vessel wall L1161.

[00115] According to some embodiments, each one of transparent pipes 150 extends

through one of openings 120.

[00116] Figs. 1A and 1B depict closed photobioreactor 100 having about 100 transparent
pipes 150 (some of which are numbered- transparent pipe 150a, transparent pipe 150b),
however closed photobioreactor 100 is not limited to this order of magnitude number of
transparent pipes 150. Specifically, according to some embodiments, closed photobioreactor
100 comprises at least two transparent pipes 150. Specifically, according to some
embodiments, closed photobioreactor 100 comprises at least two transparent pipes 150.
According to some embodiments, closed photobioreactor 100 comprises at least three
transparent pipes 150. According to some embodiments, closed photobioreactor 100 comprises
at least four transparent pipes 150. According to some embodiments, closed photobioreactor
100 comprises at least five transparent pipes 150. According to some embodiments, closed
photobioreactor 100 comprises at least ten transparent pipes 150. According to some
embodiments, closed photobioreactor 100 comprises at least 15 transparent pipes 150.
According to some embodiments, closed photobioreactor 100 comprises at least 25 transparent
pipes 150. According to some embodiments, closed photobioreactor 100 comprises at least 40
transparent pipes 150. According to some embodiments, closed photobioreactor 100 comprises

at least 50 transparent pipes 150. According to some embodiments, closed photobioreactor 100
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comprises at least 75 transparent pipes 150. According to some embodiments, closed

photobioreactor 100 comprises at least 100 transparent pipes 150.

[00117] According to some embodiments, the number of transparent pipes 150 is equal to
the number of openings 120 in vessel cover 114. According to some embodiments, a

transparent pipes 150 extends through each one of openings 120 of vessel cover 114.

[00118] Figs. 1A and 1B illustrate closed photobioreactor 100 having a plurality of
transparent pipes 150 (e.g. transparent pipe 150a and transparent pipe 150b) having a
cylindrical shape. However, closed photobioreactor 100 is not limited to circular shaped
transparent pipe 150. Specifically, according to some embodiments, each one of transparent
pipes 150 may have any curvilinear shape or rectilinear shape, such as a circle, an ellipsoid, a
square, a rectangle, a hexagon, an octagon, including three dimensional shapes thereof, such as
cuboid and cylinder. According to some embodiments, at least one of transparent pipes 150 is

cylindrical. According to some embodiments, each one of transparent pipes 150 is cylindrical.

[00119] According to some embodiments, transparent pipe 150 has an external diameter
D150e (See Fig. 2) and opening 120 has an internal diameter internal diameter of opening
D120i. According to some embodiments, external diameter of transparent pipe D150e is lower

or equal to internal diameter of opening D1201.

[00120] According to some embodiments, each one of transparent pipes 150 is connected to
vessel cover 114. According to some embodiments, each one of transparent pipes 150 is
attached to vessel cover 114. According to some embodiments, each one of transparent pipes

150 is connected to one of openings 120.

[00121] According to some embodiments, each one of plurality of transparent pipes 150 has
a transparent pipe first open end 152 and a transparent pipe second end 154. According to some
embodiments, each one of plurality of transparent pipes 150 extends along the longitudinal axis
through one of openings 120, wherein transparent pipe second end 154 is located lower than
transparent pipe first open end 152. According to some embodiments, transparent pipe second
end 154 is located closer to vessel floor 112 than transparent pipe first open end 152. According
to some embodiments, transparent pipe second end 154 is located farther than vessel cover 114

than transparent pipe first open end 152.
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[00122] According to some embodiments, transparent pipe second end 154 is located within
internal cavity 104. According to some embodiments, transparent pipe first open end 152 is

located out of internal cavity 104.

[00123] According to some embodiments, transparent pipe 150 has a transparent pipe first
open end 152 at the longitudinal top edge thereof. It is to be understood that by defining that
transparent pipe first open end 152 is located out of internal cavity 104, it is not limited to a
configuration in which transparent pipe first open end 152 is necessarily above vessel cover
114, according to some embodiments. Specifically, while transparent pipe first open end 152
may be offset upward from vessel cover 114, transparent pipe first open end 152 and vessel
cover 114 may be substantially at the same level, such that transparent pipe first open end 152
is located out of internal cavity 104, according to some embodiments. Transparent pipe first
open end 152 is located out of internal cavity 104 when transparent pipe first open end 152 is
at the level of vessel cover 114, since vessel cover 114 defines the top boundary of internal

cavity 104.

[00124] According to some embodiments, transparent pipe first open end 152 is flush with
vessel cover 114 or is offset upward from vessel cover 114. According to some embodiments,
transparent pipe first open end 152 is at the level of vessel cover 114. According to some
embodiments, transparent pipe first open end 152 is offset upward from vessel cover 114.
Specifically, Fig. 1A and Fig. 1B represent embodiments of closed photobioreactor 100 in
which transparent pipe first open end 152 is offset upward from vessel cover 114. However,
closed photobioreactor 100 is not limited to transparent pipe first open ends 152, of this
configuration, and Figs. 3A, 3B represent embodiments of closed photobioreactor 100 in which
transparent pipe first open end 152 is at the level of vessel cover 114. In order to exhibit this
configuration clearly, vessels 110 in Fig. 3A and Fig. 3B are presented with vessel cover 114

removed or hidden from view.

[00125] According to some embodiments, each one of plurality of transparent pipes 150
defines a transparent pipe lumen 160 there inside. Specifically, it is to be understood that by
the term "pipe" as used herein, it is meant to refer to the solid enclosure, rather than to elements,

materials or spaces defined by its interior.

[00126] According to some embodiments, plurality of transparent pipes 150 are configured

to accommodate a plurality of light sources 170 within transparent pipe lumens 160 thereof.



10

15

20

25

30

WO 2021/149045 PCT/IL2021/050055
22

According to some embodiments, each one of plurality of transparent pipes 150 is configured
to accommodate at least one light source 170 within transparent pipe lumen 160 thereof.
According to some embodiments, each one of plurality of transparent pipes 150 is configured

to accommodate a plurality of light sources 170 within transparent pipe lumen 160 thereof.

[00127] According to some embodiments, transparent pipe 150 is connected to at least one
of vessel cover 114 and vessel floor 112. According to some embodiments, each one of
plurality of transparent pipes 150 is connected to at least one of vessel cover 114 and vessel
floor 112. According to some embodiments, transparent pipe 150 is connected to one of vessel
cover 114 and vessel floor 112. According to some embodiments, each one of plurality of
transparent pipes 150 is connected to one of vessel cover 114 and vessel floor 112. According
to some embodiments, transparent pipe 150 is connected to vessel cover 114. According to
some embodiments, each one of plurality of transparent pipes 150 is connected to vessel cover
114. According to some embodiments, transparent pipe 150 is connected to vessel floor 112.
According to some embodiments, each one of plurality of transparent pipes 150 is connected
to vessel floor 112. For example, Fig. 1B shows transparent pipes 150a, 150b and 150c, which
are connected to vessel cover 114 through respective openings 120. Fig. 1B also shows
transparent pipe 150d, which is connected to vessel floor 112 and transparent pipe 150e, which

is connected to both vessel floor 112 and vessel cover 114.

[00128] According to some embodiments, transparent pipe 150 has a transparent pipe first
portion 156. According to some embodiments, each one of plurality of transparent pipes 150
has a transparent pipe first portion 156. According to some embodiments, transparent pipe first
portion 156 is connected, directly or indirectly, to at least one of vessel cover 114 and vessel
floor 112. According to some embodiments, transparent pipe first portion 156 is connected,
directly or indirectly, to one of vessel cover 114 and vessel floor 112. According to some
embodiments, transparent pipe first portion 156 is connected, directly or indirectly, to vessel
cover 114. According to some embodiments, transparent pipe first portion 156" is connected,
directly or indirectly, to vessel floor 112. For example, Fig. 1B shows transparent pipe 150a
having transparent pipe first portion 156* which is connected, directly or indirectly, to vessel
cover 114 through respective opening 120a. Fig. 1B also shows transparent pipe 150d, which
has transparent pipe first portion 156° located at transparent pipe second end 154° thereof,
which is connected, directly or indirectly, to vessel floor 112. Fig. 1B also shows transparent

pipe 150e, which has transparent pipe first portion 156° located at transparent pipe second end
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154° thereof, which is connected, directly or indirectly, to vessel floor 112, and transparent
pipe first portion 156* connected, directly or indirectly, to vessel cover 114 through respective
opening 120e. According to some embodiments, the connection is a direct connection.
According to some embodiments, the connection is an indirect connection, though a mediating

element.

[00129] According to some embodiments, transparent pipe 150 has a transparent pipe
second portion 158 located within internal cavity 104 of vessel 110. According to some
embodiments, each one of plurality of transparent pipes 150 has a transparent pipe second

portion 158 located within internal cavity 104 of vessel 110.

[00130] Generally, vessel 110 through its surrounding components (vessel cover 114, vessel
floor 112 and at least one vessel wall 116) is configured to create separation between internal
cavity 104 and surrounding environment 106 of closed photobioreactor 100, according to some
embodiments. Specifically, as closed photobioreactor 100 is designated for the growth of
phototrophic life forms, such as algae, it is often desirable to separate their growth medium
from surrounding environment 106 of closed photobioreactor 100 in order to achieve control

of the environment in which the growth takes place (i.e. within internal cavity 104).

[00131] According to some embodiments, internal cavity 104 of vessel 110 contains a
medium suitable for the growth of algae. According to some embodiments, According to some
embodiments, internal cavity 104 of vessel 110 contains an aqueous medium 102 suitable for
the growth of algae. According to some embodiments, aqueous medium 102 contains nutrients
required for the growth of algae. According to some embodiments, aqueous medium 102

further contains at least one algae species.

[00132] According to some embodiments, transparent pipe 150 is substantially sealed to
opening 120. According to some embodiments, transparent pipe 150 is substantially sealed to
opening 120, such that internal cavity 104 of vessel 110 is substantially isolated from
surrounding environment 106 of closed photobioreactor 100. According to some embodiments,
transparent pipe 150 is substantially sealed to opening 120, such that aqueous medium 102,
when inserted to vessel 110, is substantially isolated from surrounding environment 106 of
closed photobioreactor 100. According to some embodiments, transparent pipe 150 is
substantially sealed to opening 120, such that aqueous medium 102, within vessel 110, is

substantially isolated from surrounding environment 106 of closed photobioreactor 100.
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According to some embodiments, each one of plurality of transparent pipes 150 is substantially
sealed to one of openings 120. According to some embodiments, each one of plurality of
transparent pipes 150 is substantially sealed to one of openings 120, such that internal cavity
104 of vessel 110 is substantially isolated from surrounding environment 106 of closed
photobioreactor 100. According to some embodiments, each one of plurality of transparent
pipes 150 is substantially sealed to one of openings 120, such that aqueous medium 102, when
inserted to vessel 110, is substantially isolated from surrounding environment 106 of closed
photobioreactor 100. According to some embodiments, each one of plurality of transparent
pipes 150 is substantially sealed to one of openings 120, such that aqueous medium 102, within
vessel 110, is substantially isolated from surrounding environment 106 of closed

photobioreactor 100.

[00133] The term “substantially sealed” as used herein refers to a barrier structure having a
sufficiently low unintended leakage rate and/or volume under given pressure conditions. A
substantially sealed device may include one or more inlet ports and/or outlet ports. A

substantially sealed is relatively air- or water-tight.

[00134] Another option, encompassed by the present disclosure, according to some
embodiments, to prevent contact between surrounding environment 106 and aqueous medium
102 in internal cavity 104 is to provide positive gas pressure within internal cavity 104.
Specifically, such positive gas pressure may be positive inert gas pressure, such that gas
leakage through plurality of openings 120 is kept in the direction out of closed photobioreactor
100, rather than inside. According to some embodiments, closed photobioreactor 100 further
comprises a device configured to maintain positive pressure within vessel 110 (not shown).
According to some embodiments, the device configured to maintain positive pressure within

vessel 110 is a gas cylinder or a gas pump.

[00135] It is to be understood that in contrast with internal cavity 104, which is to be
substantially separated from surrounding environment 106 of closed photobioreactor 100,
transparent pipe lumens 160 are exposable to surrounding environment 106 of closed
photobioreactor 100, according to some embodiments. Specifically, each one of plurality of
transparent pipes 150 has a transparent pipe first open end 152, said open end enables exposure
of the respective transparent pipe lumen 160 to surrounding environment 106 when uncapped,

according to some embodiments.
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[00136] According to some embodiments, transparent pipe 150 has a transparent pipe first
open end 152, which is open and allows fluid communication, such as gas or liquid flow
between surrounding environment 106 of closed photobioreactor 100 and transparent pipe
lumen 160. However, according to some embodiments, it is an option of closed photobioreactor
100 to reversible cap or plug transparent pipe 150 at its transparent pipe first open end 152,
such that transparent pipe lumen 160 is temporarily sealed from surrounding environment 106
of closed photobioreactor 100. This should not harm the function of closed photobioreactor
100, as long as the capping is reversible and fluid communication between transparent pipe
lumen 160 and surrounding environment 106 of closed photobioreactor 100 is at least
occasionally enabled, according to some embodiments. This importance of this type of fluid

communication is elaborated herein.

[00137] Specifically, it is an intention of the present disclosure to provide a closed
photobioreactor 100, which (a) has an internal cavity 104 substantially separated from
surrounding environment 106 of closed photobioreactor 100; (b) is capable of providing
sufficient illumination to aqueous medium 102 inside vessel 110; and (c) enables
uncomplicated and efficient withdrawal and insertion of light sources 170 required to

illuminate internal cavity 104 in different stages of operation, according to some embodiments.

[00138] According to some embodiments, transparent pipe lumen 160 is in fluid
communication with surrounding environment 106 of closed photobioreactor 100, when not
plugged. According to some embodiments, transparent pipe lumen 160 of each one of plurality
of transparent pipes 150 is in fluid communication with surrounding environment 106 of closed
photobioreactor 100, when not plugged. According to some embodiments, transparent pipe
lumen 160 is in fluid communication with surrounding environment 106 of closed
photobioreactor 100. According to some embodiments, transparent pipe lumen 160 of each one
of plurality of transparent pipes 150 is in fluid communication with surrounding environment

106 of closed photobioreactor 100.

[00139] According to some embodiments, closed photobioreactor 100 further comprises a
closed cap (not shown) configured to plug transparent pipe first open end 152. According to
some embodiments, closed photobioreactor 100 further comprises a plurality of closed caps,
each configured to plug transparent pipe first open end 152 of one of plurality of transparent
pipes 150. Specifically, such closed caps are known in the art, and may include, but not limited

to rubber plugs, plastic caps, glass caps, metal caps and wooden corks.
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[00140] It is to be understood that since transparent pipe lumen 160 may come in contact
with surrounding environment 106, and since aqueous medium 102 and internal cavity 104 are
to be separated from surrounding environment 106, transparent pipe lumen 160 should also be

separated from aqueous medium 102 and internal cavity 104 of vessel 110.

[00141] According to some embodiments, transparent pipe lumen 160 is isolated from
internal cavity 104 of vessel 110. According to some embodiments, transparent pipe lumen 160
of each one of plurality of transparent pipes 150 is isolated from internal cavity 104 of vessel

110.

[00142] According to some embodiments, closed photobioreactor 100 further comprises an
impeller 190 configured to stir a microorganism culture in aqueous medium 102, when aqueous
medium 102 and a microorganism culture are inserted inside internal cavity 104. According to
some embodiments, closed photobioreactor 100 further comprises an impeller 190 configured
to stir a microorganism culture in aqueous medium 102, when aqueous medium 102 and a

microorganism culture are inserted inside internal cavity 104.

[00143] According to some embodiments, impeller 190 comprises an impeller motor 198,
an impeller rod 196 and at least one impeller blade. According to some embodiments, impeller
190 comprises an impeller motor 198, an impeller rod 196, a first impeller blade 192 and a

second impeller blade 194.

[00144] Figs 1A and 1B represent an embodiment in which impeller 190 is connected to
vessel cover 114 and Fig. 2 represents an enlarged central section of closed photobioreactor
100 of Fig. 1B, concentrating in the location of first impeller blade 192 and second impeller
blade 194. Although these figures represent an optional embodiment, in which impeller 190 is
connected to vessel cover 114, impeller 190 may be connected to another portion of vessel 110,

such as vessel floor 112 or at least one vessel wall 116.

[00145] According to some embodiments, impeller 190 is connected to at least one of vessel
floor 112, vessel cover 114 and at least one vessel wall 116. According to some embodiments,
impeller 190 is connected to at least one of vessel floor 112 and vessel cover 114. According

to some embodiments, impeller 190 is connected to vessel cover 114.
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[00146] According to some embodiments, impeller motor 198 is located out of vessel 110.
According to some embodiments, impeller motor 198 is configured to transform electric power

to rotational movement.

[00147] According to some embodiments, at least a portion of impeller rod 196 is located
within internal cavity 104 of vessel 110. According to some embodiments, impeller rod 196
extends between impeller rod 196 and internal cavity 104 of vessel 110. According to some
embodiments, impeller rod 196 extends between impeller rod 196 and internal cavity 104 of
vessel 110 along the longitudinal axis. According to some embodiments, impeller rod 196 is
substantially parallel to at least one vessel wall 116. According to some embodiments, impeller

rod 196 is substantially perpendicular to each one of vessel floor 112 and vessel cover 114.

[00148] According to some embodiments, impeller rod 196 is connected to impeller motor
198. According to some embodiments, impeller rod 196 is connected to impeller motor 198,

such that impeller motor 198 is configured to impart the rotational movement to impeller rod

196.

[00149] According to some embodiments, impeller rod 196 is connected to the at least one
impeller blade. According to some embodiments, impeller rod 196 is connected to first impeller
blade 192. According to some embodiments, impeller rod 196 is connected to second impeller
blade 194. According to some embodiments, impeller rod 196 is connected to both first

impeller blade 192 and second impeller blade 194.

[00150] According to some embodiments, the at least one impeller blade is located within
internal cavity 104 of vessel 110. According to some embodiments, first impeller blade 192 is
located within internal cavity 104 of vessel 110. According to some embodiments, second
impeller blade 194 is located within internal cavity 104 of vessel 110. According to some
embodiments, each one of first impeller blade 192 and second impeller blade 194 is located

within internal cavity 104 of vessel 110.

[00151] According to some embodiments, impeller motor 198 is configured to impart the
rotational movement to impeller rod 196, thereby rotating the at least one impeller blade.
According to some embodiments, impeller motor 198 is configured to impart the rotational
movement to impeller rod 196, thereby rotating first impeller blade 192. According to some
embodiments, impeller motor 198 is configured to impart the rotational movement to impeller

rod 196, thereby rotating second impeller blade 194. According to some embodiments, impeller
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motor 198 is configured to impart the rotational movement to impeller rod 196, thereby rotating

first impeller blade 192 and second impeller blade 194.

[00152] According to some embodiments, the rotation of the at least one impeller blade
creates turbulence within internal cavity 104 of vessel 110, when aqueous medium 102 is

present inside vessel 110.

[00153] Reference is made to Figs 3A and 3B. Fig. 3A constitutes a cross section view of

closed photobioreactor 100. Fig. 3B constitutes close-up view of a side section of Fig 3A.

[00154] Closed photobioreactor 100 disclosed herein is configured for growing a
microorganism culture in an aqueous medium, according to some embodiments. According to
some embodiments, closed photobioreactor 100 is configured for growing a microorganism

culture in an aqueous medium.

[00155] According to some embodiments, closed photobioreactor 100 comprises a vessel
110 comprising a vessel floor 112, a vessel cover 114 and at least one vessel wall 116, and a
plurality of transparent pipes 150. While vessel floor 112 and vessel cover 114 are hidden from
view in Figs 3A and 3B for presentation purposes of other elements, it will be appreciated that
vessel floor 112 and vessel cover 114 are present in closed photobioreactor 100 of Figs 3A and
3B, and have similar relations with vessel 110, at least one vessel wall 116, aqueous medium
102, internal cavity 104 and surrounding environment 106 as described when referring to Figs

1A, 1B and 2.

[00156] According to some embodiments, vessel 110 is a closed vessel. According to some
embodiments, vessel 110 is areversibly closed vessel. According to some embodiments, vessel

110 is configured to be reversibly closed by vessel cover 114.

[00157] According to some embodiments, vessel 110 is made of a rigid material. According
to some embodiments, vessel 110 is made of a polymer, a metal alloy or a metal. According to
some embodiments, vessel 110 is made of a metal alloy. According to some embodiments,
vessel 110 is made of a metal. According to some embodiments, vessel 110 is made of stainless

steel.

[00158] According to some embodiments, vessel floor 112 is positioned substantially

parallel to vessel cover 114. According to some embodiments, vessel floor 112 is made of a
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rigid material. According to some embodiments, vessel floor 112 is made of a polymer, a metal
alloy or a metal. According to some embodiments, vessel floor 112 is made of a metal alloy.
According to some embodiments, vessel floor 112 is made of a metal. According to some

embodiments, vessel floor 112 is made of stainless steel.

[00159] According to some embodiments, vessel floor 112 has a curvilinear shape.
According to some embodiments, vessel floor 112 has a an ellipsoid shape. According to some

embodiments, vessel floor 112 is circular.

[00160] According to some embodiments, at least one vessel wall 116 is positioned
substantially perpendicular to vessel cover 114. According to some embodiments, at least one
vessel wall 116 is positioned substantially perpendicular to vessel floor 112. According to some
embodiments, at least one vessel wall 116 is positioned substantially perpendicular to each one

of vessel cover 114 and vessel floor 112.

[00161] According to some embodiments, at least one vessel wall 116 has a closed
curvilinear shape, such as a tube or a cylindroid, or rectilinear shape, such as a cuboid, including
closed combinations of curvilinear and rectilinear shapes. According to some embodiments, at
least one vessel wall 116 has a closed curvilinear shape. According to some embodiments, at
least one vessel wall 116 is a cylindrical wall. According to some embodiments, cylindrical
vessel wall 116, vessel floor 112 and vessel cover 114 of vessel 110 together form a cylindrical
three dimensional structure. According to some embodiments, cylindrical vessel wall 116,
vessel floor 112 and vessel cover 114 of vessel 110 together form a closed cylindrical three

dimensional structure.

[00162] According to some embodiments, at least one vessel wall 116 is a double walled
cooling jacket 122. According to some embodiments, at least one vessel wall 116 is a

cylindrical double walled cooling jacket 122.

[00163] According to some embodiments, double walled cooling jacket 122 comprises at
least one cooling jacket internal wall 124 and at least one cooling jacket external wall 126.
According to some embodiments, at least one cooling jacket internal wall 124 is bounding
internal cavity 104 of vessel 110. According to some embodiments, at least one cooling jacket
internal wall 124 and at least one cooling jacket external wall 126 are spaced apart. According
to some embodiments, at least one cooling jacket internal wall 124 and at least one cooling

jacket external wall 126 are spaced apart to form a lumen there between.
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[00164] According to some embodiments, double walled cooling jacket 122 further
comprises a vessel cooling liquid 128. According to some embodiments, vessel cooling liquid
128 is located between at least one cooling jacket internal wall 124 and at least one cooling

jacket external wall 126.

[00165] According to some embodiments, vessel cooling liquid 128 comprises water.
According to some embodiments, closed photobioreactor 100 further comprises a device
configured to circulate vessel cooling liquid 128 inside double walled cooling jacket 122 and
through a liquid cooling mechanism (not shown). According to some embodiments, the liquid
cooling mechanism is external to closed photobioreactor 100. According to some
embodiments, the device configured to circulate vessel cooling liquid 128 is a liquid pump (not

shown)

[00166] According to some embodiments, at least one vessel wall 116 is made of a rigid
material. According to some embodiments, at least one vessel wall 116 is made of a polymer,
a metal alloy or a metal. According to some embodiments, at least one vessel wall 116 is made
of a metal alloy. According to some embodiments, at least one vessel wall 116 is made of a

metal. According to some embodiments, at least one vessel wall 116 is made of stainless steel.

[00167] According to some embodiments, vessel floor 112, vessel cover 114 and at least
one vessel wall 116 together from an internal cavity 104. According to some embodiments,
vessel floor 112, vessel cover 114 and at least one vessel wall 116 together form a closed
volume there within, which defines an internal cavity 104. According to some embodiments,
vessel floor 112, vessel cover 114 and at least one vessel wall 116 together separate between
internal cavity 104 and the surrounding environment 106 of vessel 110. According to some
embodiments, vessel floor 112, vessel cover 114 and at least one vessel wall 116 together
separate between internal cavity 104 and the surrounding environment 106 of closed

photobioreactor 100.

[00168] It is to be understood that internal cavity 104 of vessel 110 formed between vessel
floor 112, vessel cover 114 and at least one vessel wall 116 is configured for containing a

microorganism culture in an aqueous medium.

[00169] Fig. 3A constitutes a cross section view of closed photobioreactor 100, in which
vessel cover 114, vessel floor 112 and a part of at least one vessel wall 116 is not shown, such

that internal cavity 104 is apparent.
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[00170] According to some embodiments, vessel cover 114 has a curvilinear shape.
According to some embodiments, vessel cover 114 has an ellipsoid shape. According to some

embodiments, vessel cover 114 is circular.

[00171] According to some embodiments, vessel cover 114 is configured to be positioned
substantially in parallel to vessel floor 112. According to some embodiments, vessel cover 114
is positioned substantially in parallel to vessel floor 112. According to some embodiments,
vessel cover 114 is configured to be positioned substantially perpendicular to at least one vessel
wall 116. According to some embodiments, vessel cover 114 is positioned substantially

perpendicular to at least one vessel wall 116.

[00172] According to some embodiments, vessel cover 114 is attachable to at least one
vessel wall 116. According to some embodiments, vessel cover 114 is reversibly attachable to
at least one vessel wall 116. According to some embodiments, vessel cover 114 is reversibly

attachable to at least one vessel wall 116, such that vessel 110 is a reversibly closed chamber.

[00173] According to some embodiments, vessel cover 114 is made of a rigid material.
According to some embodiments, vessel cover 114 is made of a polymer, a metal alloy or a
metal. According to some embodiments, vessel cover 114 is made of a metal alloy. According
to some embodiments, vessel cover 114 is made of a metal. According to some embodiments,

vessel cover 114 is made of stainless steel.

[00174] According to some embodiments, vessel cover 114 comprises a plurality of
openings 120. Since vessel cover 114 is not shown in Figs 3A and 3B for presentation reasons
as detailed above, openings 120 of vessel cover 114 are not apparent in Figs 3A and 3B.
However, reference to vessel cover 114 of closed photobioreactor 100 of Figs 3A and 3B is
already made when describing Figs. 1A and 1B. Thus, embodiments referring to vessel cover
114 and openings 120 of Figs 3A and 3B are as presented in the description to Figs. 1A and
1B.

[00175] Specifically, according to some embodiments, vessel cover 114 comprises at least
two openings. According to some embodiments, vessel cover 114 comprises at least three
openings. According to some embodiments, vessel cover 114 comprises at least four openings.
According to some embodiments, vessel cover 114 comprises at least five openings. According
to some embodiments, vessel cover 114 comprises at least ten openings 120. According to

some embodiments, vessel cover 114 comprises at least 15 openings 120. According to some



10

15

20

25

30

WO 2021/149045 PCT/IL2021/050055
32

embodiments, vessel cover 114 comprises at least 20 openings 120. According to some
embodiments, vessel cover 114 comprises at least 25 openings 120. According to some
embodiments, vessel cover 114 comprises at least 40 openings 120. According to some
embodiments, vessel cover 114 comprises at least 50 openings 120. According to some
embodiments, vessel cover 114 comprises at least 75 openings. According to some

embodiments, vessel cover 114 comprises at least 100 openings 120.

[00176] In addition, according to some embodiments, each one of openings 120 may have
any curvilinear shape or rectilinear shape, such as a circle, an ellipsoid, a square, a rectangle, a
hexagon, an octagon, etc. According to some embodiments, at least one of openings 120 is

circular. According to some embodiments, each one of openings 120 is circular.

[00177] According to some embodiments, each one of transparent pipes 150 is substantially
clear, such it is capable of transmitting light, such as visible light, to internal cavity 104 of
vessel 110 when not disturbed by intervening objects. According to some embodiments,
transparent pipe 150 may be translucent, as long as it enables a sufficient transmittance of light
therethrough to internal cavity 104. According to some embodiments, transparent pipe 150
visible light has a transmittance of at least 30%, 50%, 70%, 80% or 90% through transparent

pipe 150.

[00178] According to some embodiments, transparent pipe 150 is made of a transparent
polymer or glass. Transparent polymers (plastics) include, but not limited to, Poly(methyl
methacrylate), polycarbonates, ethylene-vinyl acetate polymer, polystyrene sulfonate,
polystyrene, polypropylene and polyethylene. According to some embodiments, transparent

pipe 150 is made of glass.

[00179] According to some embodiments, at least one vessel wall 116 has a longitudinal
length L.1161. According to some embodiments, longitudinal length of at least one vessel wall
L116] is defined between vessel floor 112 and vessel cover 114, when closed photobioreactor
100 is assembled. According to some embodiments, transparent pipe 150 has a longitudinal

length L1501

[00180] According to some embodiments, longitudinal length of transparent pipe L1501 is
at least 25% compared to longitudinal length of at least one vessel wall L1161. According to
some embodiments, longitudinal length of transparent pipe L1501 is at least 25% compared to

longitudinal length of at least one vessel wall L116l. According to some embodiments,
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longitudinal length of transparent pipe L1501 is at least 33% compared to longitudinal length
of at least one vessel wall L116l. According to some embodiments, longitudinal length of
transparent pipe L1501 is at least 40% compared to longitudinal length of at least one vessel
wall L1161. According to some embodiments, longitudinal length of transparent pipe L1501 is
at least 50% compared to longitudinal length of at least one vessel wall L1161. According to
some embodiments, longitudinal length of transparent pipe L1501 is at least 60% compared to
longitudinal length of at least one vessel wall L116l. According to some embodiments,
longitudinal length of transparent pipe L1501 is at least 70% compared to longitudinal length
of at least one vessel wall L116l. According to some embodiments, longitudinal length of
transparent pipe L1501 is at least 75% compared to longitudinal length of at least one vessel

wall L1161.

[00181] According to some embodiments, longitudinal length of transparent pipe L1501 is
not more than 300% compared to longitudinal length of at least one vessel wall L116l.
According to some embodiments, longitudinal length of transparent pipe L1501 is not more
than 250% compared to longitudinal length of at least one vessel wall L116]. According to
some embodiments, longitudinal length of transparent pipe L1501 is not more than 200%
compared to longitudinal length of at least one vessel wall L116l. According to some
embodiments, longitudinal length of transparent pipe L1501 is not more than 175% compared
to longitudinal length of at least one vessel wall L116l. According to some embodiments,
longitudinal length of transparent pipe L1501 is not more than 150% compared to longitudinal
length of at least one vessel wall L1161. According to some embodiments, longitudinal length
of transparent pipe L1501 is not more than 125% compared to longitudinal length of at least
one vessel wall L116l. According to some embodiments, longitudinal length of transparent
pipe L1501 is not more than longitudinal length of at least one vessel wall L116l. According to
some embodiments, longitudinal length of transparent pipe L1501 is shorter than longitudinal
length of at least one vessel wall L1161. Specifically, in Figs 3A and 3B longitudinal length of
transparent pipe L1501 is shorter than longitudinal length of at least one vessel wall L116l,

however, closed photobioreactor 100 is not limited to such configuration.

[00182] According to some embodiments, longitudinal length of transparent pipe L1501 is
in the range of 25% to 250% compared to longitudinal length of at least one vessel wall L1161.
According to some embodiments, longitudinal length of transparent pipe L1501 is in the range

of 50% to 200% compared to longitudinal length of at least one vessel wall L116l. According
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to some embodiments, longitudinal length of transparent pipe L1501 is in the range of 75% to

110% compared to longitudinal length of at least one vessel wall L1161.

[00183] According to some embodiments, each one of transparent pipes 150 pipes extends

through one of openings 120.

[00184] Figs. 3A and 3B depict closed photobioreactor 100 having about 25 transparent
pipes 150, however closed photobioreactor 100 is not limited to this order of magnitude number
of transparent pipes 150. Specifically, according to some embodiments, closed photobioreactor
100 comprises at least two transparent pipes 150. Specifically, according to some
embodiments, closed photobioreactor 100 comprises at least two transparent pipes 150.
According to some embodiments, closed photobioreactor 100 comprises at least three
transparent pipes 150. According to some embodiments, closed photobioreactor 100 comprises
at least four transparent pipes 150. According to some embodiments, closed photobioreactor
100 comprises at least five transparent pipes 150. According to some embodiments, closed
photobioreactor 100 comprises at least ten transparent pipes 150. According to some
embodiments, closed photobioreactor 100 comprises at least 15 transparent pipes 150.
According to some embodiments, closed photobioreactor 100 comprises at least 25 transparent
pipes 150. According to some embodiments, closed photobioreactor 100 comprises at least 40
transparent pipes 150. According to some embodiments, closed photobioreactor 100 comprises
at least 50 transparent pipes 150. According to some embodiments, closed photobioreactor 100
comprises at least 75 transparent pipes 150. According to some embodiments, closed

photobioreactor 100 comprises at least 100 transparent pipes 150.

[00185] According to some embodiments, the number of transparent pipes 150 is equal to
the number of openings 120 in vessel cover 114. According to some embodiments, a

transparent pipes 150 extends through each one of openings 120 of vessel cover 114.

[00186] Figs. 3A and 3B illustrate closed photobioreactor 100 having a plurality of
transparent pipes 150 having a cylindrical shape. However, closed photobioreactor 100 is not
limited to circular shaped transparent pipe 150. Specifically, according to some embodiments,
each one of transparent pipes 150 may have any curvilinear shape or rectilinear shape, such as
a circle, an ellipsoid, a square, a rectangle, a hexagon, an octagon, including three dimensional

shapes thereof, such as cuboid and cylinder. According to some embodiments, at least one of
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transparent pipes 150 is cylindrical. According to some embodiments, each one of transparent

pipes 150 is cylindrical.

[00187] According to some embodiments, each one of transparent pipes 150 is connected to
vessel cover 114. According to some embodiments, each one of transparent pipes 150 is
attached to vessel cover 114. According to some embodiments, each one of transparent pipes

150 is connected to one of openings 120.

[00188] According to some embodiments, each one of plurality of transparent pipes 150 has
a transparent pipe first open end 152 and a transparent pipe second end 154. According to some
embodiments, each one of plurality of transparent pipes 150 extends along the longitudinal axis
through one of openings 120, wherein transparent pipe second end 154 is located lower than
transparent pipe first open end 152. According to some embodiments, transparent pipe second
end 154 is located closer to vessel floor 112 than transparent pipe first open end 152. According
to some embodiments, transparent pipe second end 154 is located farther than vessel cover 114

than transparent pipe first open end 152.

[00189] According to some embodiments, transparent pipe second end 154 is located within
internal cavity 104. According to some embodiments, transparent pipe first open end 152 is

located out of internal cavity 104.

[00190] According to some embodiments, transparent pipe 150 has a transparent pipe first
open end 152 at the longitudinal top edge thereof. It is to be understood that by defining that
transparent pipe first open end 152 is located out of internal cavity 104, it is not limited to a
configuration in which transparent pipe first open end 152 is necessarily above vessel cover
114, according to some embodiments. Specifically, while transparent pipe first open end 152
may be offset upward from vessel cover 114, transparent pipe first open end 152 and vessel
cover 114 may be substantially at the same level, such that transparent pipe first open end 152
is located out of internal cavity 104, according to some embodiments. Transparent pipe first
open end 152 is located out of internal cavity 104 when transparent pipe first open end 152 is
at the level of vessel cover 114, since vessel cover 114 defines the top boundary of internal

cavity 104.

[00191] According to some embodiments, transparent pipe first open end 152 is flush with
vessel cover 114 or is offset upward from vessel cover 114. According to some embodiments,

transparent pipe first open end 152 is at the level of vessel cover 114. According to some
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embodiments, transparent pipe first open end 152 is offset upward from vessel cover 114.
Specifically, Fig. 3A and Fig. 3B represent embodiments of closed photobioreactor 100 in
which transparent pipe first open end 152 is at the level of vessel cover 114. However, closed
photobioreactor 100 is not limited to transparent pipe first open ends 152, of this configuration,
as shown in Figs. 1A and 1B. In order to exhibit this configuration clearly, vessel 110 in Fig.

3A and Fig. 3B is presented with vessel cover 114 hidden from view.

[00192] According to some embodiments, each one of plurality of transparent pipes 150

defines a transparent pipe lumen 160 there inside.

[00193] According to some embodiments, plurality of transparent pipes 150 are configured
to accommodate a plurality of light sources 170 within transparent pipe lumens 160 thereof.
According to some embodiments, each one of plurality of transparent pipes 150 is configured
to accommodate at least one light source 170 within transparent pipe lumen 160 thereof.
According to some embodiments, each one of plurality of transparent pipes 150 is configured

to accommodate a plurality of light sources 170 within transparent pipe lumen 160 thereof.

[00194] According to some embodiments, transparent pipe 150 is accommodating a light
source 170 within transparent pipe lumen 160 thereof. Specifically, light source 170 and its
interaction with transparent pipe 150 is described with greater detail when referring to Figs SA-
E and 8A-B. According to some embodiments, plurality of transparent pipes 150 are
accommodating plurality of light sources 170 source within transparent pipe lumens 160
thereof. According to some embodiments, upon the accommodation, a positive gap (see
positive gap 172 in Figs SA-E) between the internal diameter of the transparent pipe and the
external dimensions of the light source exists. According to some embodiments, each of

plurality of light sources 170 is drawable from transparent pipe 150, which accommodates it.

[00195] According to some embodiments, transparent pipe 150 is connected to at least one
of vessel cover 114 and vessel floor 112. According to some embodiments, each one of
plurality of transparent pipes 150 is connected to at least one of vessel cover 114 and vessel
floor 112. According to some embodiments, transparent pipe 150 is connected to one of vessel
cover 114 and vessel floor 112. According to some embodiments, each one of plurality of
transparent pipes 150 is connected to one of vessel cover 114 and vessel floor 112. According
to some embodiments, transparent pipe 150 is connected to vessel cover 114. According to

some embodiments, each one of plurality of transparent pipes 150 is connected to vessel cover
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114. According to some embodiments, transparent pipe 150 is connected to vessel floor 112.
According to some embodiments, each one of plurality of transparent pipes 150 is connected
to vessel floor 112. Although Figs 3A and 3B are depicted with vessel floor 112 and vessel
cover 114 hidden, it is to be understood that their structure, configurations and interaction with

transparent pipe 150 are similar to those described when referring to Figs 1A and 1B.

[00196] According to some embodiments, transparent pipe 150 has a transparent pipe first
portion 156. According to some embodiments, each one of plurality of transparent pipes 150
has a transparent pipe first portion 156. According to some embodiments, transparent pipe first
portion 156 is connected, directly or indirectly, to at least one of vessel cover 114 and vessel
floor 112. According to some embodiments, transparent pipe first portion 156 is connected to
one of vessel cover 114 and vessel floor 112. According to some embodiments, transparent
pipe first portion 156* is connected to vessel cover 114. According to some embodiments,
transparent pipe first portion 156° is connected to vessel floor 112. Although Figs 3A and 3B
are depicted with vessel floor 112 and vessel cover 114 hidden, it is to be understood that their
structure, configurations and interaction with transparent pipe first portion 156* and transparent

pipe first portion 156° are similar to those described when referring to Figs 1A and 1B.

[00197] According to some embodiments, transparent pipe 150 has a transparent pipe
second portion 158 located within internal cavity 104 of vessel 110. According to some
embodiments, each one of plurality of transparent pipes 150 has a transparent pipe second

portion 158 located within internal cavity 104 of vessel 110.

[00198] As detailed with respect to closed photobioreactor 100 of Figs 1A and 1B, vessel
110 is configured to create separation between internal cavity 104 and surrounding

environment 106 of closed photobioreactor 100, according to some embodiments.

[00199] According to some embodiments, internal cavity 104 of vessel 110 contains a
medium suitable for the growth of algae. According to some embodiments, internal cavity 104
of vessel 110 contains an aqueous medium 102 suitable for the growth of algae. According to
some embodiments, aqueous medium 102 contains nutrients required for the growth of algae.
According to some embodiments, aqueous medium 102 further contains at least one algae

species.

[00200] According to some embodiments, transparent pipe 150 is substantially sealed to

opening 120. According to some embodiments, transparent pipe 150 is substantially sealed to
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opening 120, such that internal cavity 104 of vessel 110 is substantially isolated from
surrounding environment 106 of closed photobioreactor 100. According to some embodiments,
transparent pipe 150 is substantially sealed to opening 120, such that aqueous medium 102,
when inserted to vessel 110, is substantially isolated from surrounding environment 106 of
closed photobioreactor 100. According to some embodiments, transparent pipe 150 is
substantially sealed to opening 120, such that aqueous medium 102, within vessel 110, is
substantially isolated from surrounding environment 106 of closed photobioreactor 100.
According to some embodiments, each one of plurality of transparent pipes 150 is substantially
sealed to one of openings 120. According to some embodiments, each one of plurality of
transparent pipes 150 is substantially sealed to one of openings 120, such that internal cavity
104 of vessel 110 is substantially isolated from surrounding environment 106 of closed
photobioreactor 100. According to some embodiments, each one of plurality of transparent
pipes 150 is substantially sealed to one of openings 120, such that aqueous medium 102, when
inserted to vessel 110, is substantially isolated from surrounding environment 106 of closed
photobioreactor 100. According to some embodiments, each one of plurality of transparent
pipes 150 is substantially sealed to one of openings 120, such that aqueous medium 102, within
vessel 110, is substantially isolated from surrounding environment 106 of closed

photobioreactor 100.

[00201] According to some embodiments, closed photobioreactor 100 further comprises a
device configured to maintain positive pressure within vessel 110 (not shown). According to
some embodiments, the device configured to maintain positive pressure within vessel 110 is a

gas cylinder or a gas pump.

[00202] It is to be understood that in contrast with internal cavity 104, which is to be
substantially separated from surrounding environment 106 of closed photobioreactor 100,
transparent pipe lumens 160 are exposable to surrounding environment 106 of closed
photobioreactor 100, according to some embodiments. Specifically, each one of plurality of
transparent pipes 150 has a transparent pipe first open end 152, said open end enables exposure
of the respective transparent pipe lumen 160 to surrounding environment 106 when uncapped,

according to some embodiments.

[00203] According to some embodiments, transparent pipe 150 has a transparent pipe first
open end 152, which is open and allows fluid communication, such as gas or liquid flow

between surrounding environment 106 of closed photobioreactor 100 and transparent pipe
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lumen 160. However, according to some embodiments, it is an option of closed photobioreactor
100 to reversible cap or plug transparent pipe 150 at its transparent pipe first open end 152,
such that transparent pipe lumen 160 is temporarily sealed from surrounding environment 106
of closed photobioreactor 100. This should not harm the function of closed photobioreactor
100, as long as the capping is reversible and fluid communication between transparent pipe
lumen 160 and surrounding environment 106 of closed photobioreactor 100 is at least
occasionally enabled, according to some embodiments. This importance of this type of fluid

communication is elaborated herein.

[00204] Specifically, it is an intention of the present disclosure to provide a closed
photobioreactor 100, which (a) has an internal cavity 104 substantially separated from
surrounding environment 106 of closed photobioreactor 100; (b) is capable of providing
sufficient illumination to aqueous medium 102 inside vessel 110; and (c) enables
uncomplicated and efficient withdrawal and insertion of light sources 170 required to

illuminate internal cavity 104 in different stages of operation.

[00205] According to some embodiments, transparent pipe lumen 160 is in fluid
communication with surrounding environment 106 of closed photobioreactor 100, when not
plugged. According to some embodiments, transparent pipe lumen 160 of each one of plurality
of transparent pipes 150 is in fluid communication with surrounding environment 106 of closed
photobioreactor 100, when not plugged. According to some embodiments, transparent pipe
lumen 160 is in fluid communication with surrounding environment 106 of closed
photobioreactor 100. According to some embodiments, transparent pipe lumen 160 of each one
of plurality of transparent pipes 150 is in fluid communication with surrounding environment

106 of closed photobioreactor 100.

[00206] According to some embodiments, closed photobioreactor 100 further comprises a
closed cap (not shown) configured to plug transparent pipe first open end 152. According to
some embodiments, closed photobioreactor 100 further comprises a plurality of closed caps,
each configured to plug transparent pipe first open end 152 of one of plurality of transparent
pipes 150. Specifically, such closed caps are known in the art, and may include, but not limited

to rubber plugs, plastic caps, glass caps, metal caps and wooden corks.

[00207] It is to be understood that since transparent pipe lumen 160 may come in contact

with surrounding environment 106, and since aqueous medium 102 and internal cavity 104 are
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to be separated from surrounding environment 106, transparent pipe lumen 160 should also be

separated from aqueous medium 102 and internal cavity 104 of vessel 110.

[00208] According to some embodiments, transparent pipe lumen 160 is isolated from
internal cavity 104 of vessel 110. According to some embodiments, transparent pipe lumen 160
of each one of plurality of transparent pipes 150 is isolated from internal cavity 104 of vessel

110.

[00209] According to some embodiments, closed photobioreactor 100 further comprises an
impeller 190 configured to stir a microorganism culture in aqueous medium 102, when aqueous
medium 102 and a microorganism culture are inserted inside internal cavity 104. Impeller 190
is not shown in Figs 3A and 3B, however, it is to be understood that a similar impeller 190 to
the one disclosed when referring to closed photobioreactor 100 of Figs 1A-B may be used for

closed photobioreactor 100 of Figs 3A-B.

[00210] Reference is made to Figs 4A and 4B. Fig. 4A constitutes a front cross section view
of vessel cover 114 of closed photobioreactor 100, according to some embodiments. Fig. 4B
constitutes a diagonal sectional view in perspective of vessel cover 114 of closed

photobioreactor 100, according to some embodiments.

[00211] Vessel cover 114 as shown in Fig 4A and Fig. 4B may be used as vessel cover 114
of closed photobioreactor 100 of Figs 1A-B and/or as vessel cover 114 of closed
photobioreactor 100 of Figs 3A-B. Specifically, the embodiments depicted in Figs 4A-B relate
to an optional means of connecting between transparent pipe 150 and vessel cover 114, a

connection which is introduced when describing Figs 1A, 1B, 3A and 3B hereinabove.

[00212] According to some embodiments, vessel cover 114 comprises a plurality of hollow

cover extensions 130.

[00213] According to some embodiments, at least one of plurality of hollow cover
extensions 130 is extending from one of openings 120 upward. According to some
embodiments, each one of plurality of hollow cover extensions 130 is extending from one of

openings 120 upward.

[00214] According to some embodiments, at least one of plurality of hollow cover

extensions 130 is extending from one of openings 120 upward towards surrounding
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environment 106 of closed photobioreactor 100. According to some embodiments, each one of
plurality of hollow cover extensions 130 is extending from one of openings 120 upward

towards surrounding environment 106 of closed photobioreactor 100.

[00215] For example, three of plurality of hollow cover extensions 130 shown in Figs. 4A

and 4B are portrayed as extending from opening 120 upward, and are numbered 130°.

[00216] According to some embodiments, at least one of plurality of hollow cover
extensions 130 is extending from internal cavity 104, through one of openings 120 upward.
According to some embodiments, each one of plurality of hollow cover extensions 130 is

extending from internal cavity 104, through one of openings 120 upward.

[00217] According to some embodiments, at least one of plurality of hollow cover
extensions 130 is extending from internal cavity 104, through one of openings 120 upward
towards surrounding environment 106 of closed photobioreactor 100. According to some
embodiments, each one of plurality of hollow cover extensions 130 is extending from internal
cavity 104, through one of openings 120 upward towards surrounding environment 106 of

closed photobioreactor 100.

[00218] For example, one of plurality of hollow cover extensions 130 shown in Figs. 4A
and 4B is portrayed as extending from internal cavity 104 upward towards surrounding

environment 106 of closed photobioreactor 100, and is numbered 130P.

[00219] According to some embodiments, at least one of plurality of hollow cover
extensions 130 is extending downward from one of openings 120 towards internal cavity 104.
According to some embodiments, each one of plurality of hollow cover extensions 130 is

extending downward from one of openings 120 towards internal cavity 104.

[00220] As detailed herein above, the up or upward direction is the direction from vessel
floor 112 toward vessel cover 114. Thus, extending upwards from vessel cover 114 leads to

surrounding environment 106 of closed photobioreactor 100.

[00221] According to some embodiments, transparent pipe 150 is extending through hollow
cover extension 130. According to some embodiments, each one of plurality of transparent

pipes 150 is extending through one of plurality of hollow cover extensions 130.



10

15

20

25

30

WO 2021/149045 PCT/IL2021/050055
42

[00222]  According to some embodiments, transparent pipe 150 is retained by hollow cover
extension 130. According to some embodiments, each one of plurality of transparent pipes 150
is retained by one of plurality of hollow cover extensions 130. According to some
embodiments, transparent pipe 150 is connected to hollow cover extension 130. According to
some embodiments, each one of plurality of transparent pipes 150 is connected to one of
plurality of hollow cover extensions 130. According to some embodiments, transparent pipe
150 is sealed to hollow cover extension 130. According to some embodiments, each one of

plurality of transparent pipes 150 is sealed to one of plurality of hollow cover extensions 130.

[00223] According to some embodiments, hollow cover extension 130 comprises a hollow
cover extension first open end 132. According to some embodiments, each hollow cover
extension 130 comprises a hollow cover extension first open end 132. According to some
embodiments, hollow cover extension first open end 132 is offset upward from vessel cover
114. According to some embodiments, hollow cover extension first open end 132 is at the level
of vessel cover 114. According to some embodiments, hollow cover extension first open end

132 is at the level of openings 120.

[00224]  As detailed herein, it is an intention of the present disclosure to provide a closed
photobioreactor 100, which (a) has an internal cavity 104 substantially separated from
surrounding environment 106 of closed photobioreactor 100; (b) is capable of providing
sufficient illumination to aqueous medium 102 inside vessel 110; and (c) enables
uncomplicated and efficient withdrawal and insertion of light sources 170 required to
illuminate internal cavity 104 in different stages of operation, according to some embodiments.
In order to fulfill requirement (c), transparent pipe 150 is provided with transparent pipe first
open end 152, and hollow cover extension 130 is provided with hollow cover extension first
open end 132, according to some embodiments. Through these open ends uncomplicated and
efficient withdrawal and insertion of light sources 170 into or from transparent pipe 150 is

enabled.

[00225] According to some embodiments, transparent pipe first open end 152 is offset
upward from hollow cover extension first open end 132, which retains it. According to some
embodiments, transparent pipe first open end 152 of each one of plurality of transparent pipes
150 is offset upward from hollow cover extension first open end 132, which retains it.
According to some embodiments, transparent pipe first open end 152 is offset upward from

hollow cover extension first open end 132, which is attached thereto. According to some



10

15

20

25

30

WO 2021/149045 PCT/IL2021/050055
43

embodiments, transparent pipe first open end 152 of each one of plurality of transparent pipes

150 is offset upward from hollow cover extension first open end 132, which is attached thereto.

[00226] According to some embodiments, hollow cover extension 130 comprises a hollow
cover extension second end 134. According to some embodiments, each hollow cover
extension 130 comprises a hollow cover extension second end 134. According to some
embodiments, hollow cover extension second end 134% is at the at the level of vessel cover 114.
According to some embodiments, hollow cover extension second end 134? is at the level of
openings 120. According to some embodiments, hollow cover extension second end 134 is
offset downwards from vessel cover 114. According to some embodiments, hollow cover
extension second end 134" is located longitudinally between vessel cover 114 and vessel floor

112.

[00227] Specifically, Fig. 4A and Fig. 4B provide two alternative configurations of hollow
cover extension second end 134 — hollow cover extension second end 134%, which is located at
the level of vessel cover 114, and refers to embodiments in which hollow cover extension 130
is extending upwards from vessel cover 114; and hollow cover extension second end 134°,
which is located inside internal cavity 104 of vessel 110, and refers to embodiments in which
hollow cover extension 130 is extending downwards towards internal cavity 104 from vessel

cover 114 or through vessel cover 114.

[00228] According to some embodiments, one of hollow cover extension first open end 132
and hollow cover extension second end 134 is connected to vessel cover 114. According to
some embodiments, one of hollow cover extension first open end 132 and hollow cover
extension second end 134 is retained by one of openings 120 of vessel cover 114. According
to some embodiments, one of hollow cover extension first open end 132 and hollow cover

extension second end 134 is sealed to opening 120.

[00229] According to some embodiments, transparent pipe 150 is substantially sealed to
opening 120. According to some embodiments, transparent pipe 150 is substantially sealed to
opening 120, such that internal cavity 104 of vessel 110 is substantially isolated from
surrounding environment 106 of closed photobioreactor 100. According to some embodiments,
transparent pipe 150 is substantially sealed to opening 120, such that aqueous medium 102,
when inserted to vessel 110, is substantially isolated from surrounding environment 106 of

closed photobioreactor 100. According to some embodiments, transparent pipe 150 is
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substantially sealed to opening 120, such that aqueous medium 102, within vessel 110, is
substantially isolated from surrounding environment 106 of closed photobioreactor 100.
According to some embodiments, each one of plurality of transparent pipes 150 is substantially
sealed to one of openings 120. According to some embodiments, each one of plurality of
transparent pipes 150 is substantially sealed to one of openings 120, such that internal cavity
104 of vessel 110 is substantially isolated from surrounding environment 106 of closed
photobioreactor 100. According to some embodiments, each one of plurality of transparent
pipes 150 is substantially sealed to one of openings 120, such that aqueous medium 102, when
inserted to vessel 110, is substantially isolated from surrounding environment 106 of closed
photobioreactor 100. According to some embodiments, each one of plurality of transparent
pipes 150 is substantially sealed to one of openings 120, such that aqueous medium 102, within
vessel 110, is substantially isolated from surrounding environment 106 of closed

photobioreactor 100.

[00230] According to some embodiments, transparent pipe 150 is substantially sealed to
hollow cover extension 130. According to some embodiments, transparent pipe 150 is
substantially sealed to hollow cover extension 130, such that internal cavity 104 of vessel 110
is substantially isolated from surrounding environment 106 of closed photobioreactor 100.
According to some embodiments, transparent pipe 150 is substantially sealed to hollow cover
extension 130, such that aqueous medium 102, when inserted to vessel 110, is substantially
isolated from surrounding environment 106 of closed photobioreactor 100. According to some
embodiments, transparent pipe 150 is substantially sealed to hollow cover extension 130, such
that aqueous medium 102, within vessel 110, is substantially isolated from surrounding
environment 106 of closed photobioreactor 100. According to some embodiments, each one of
plurality of transparent pipes 150 is substantially sealed to one of one of plurality of hollow
cover extensions 130. According to some embodiments, each one of plurality of transparent
pipes 150 is substantially sealed to one of plurality of hollow cover extensions 130, such that
internal cavity 104 of vessel 110 is substantially isolated from surrounding environment 106
of closed photobioreactor 100. According to some embodiments, each one of plurality of
transparent pipes 150 is substantially sealed to one of plurality of hollow cover extensions 130,
such that aqueous medium 102, when inserted to vessel 110, is substantially isolated from
surrounding environment 106 of closed photobioreactor 100. According to some embodiments,

each one of plurality of transparent pipes 150 is substantially sealed to one of plurality of



10

15

20

25

WO 2021/149045 PCT/IL2021/050055
45

hollow cover extensions 130, such that aqueous medium 102, within vessel 110, is substantially

isolated from surrounding environment 106 of closed photobioreactor 100.

[00231] According to some embodiments, hollow cover extension 130 comprises a hollow
cover extension first portion 136. According to some embodiments, each hollow cover
extension 130 comprises a hollow cover extension first portion 136. According to some
embodiments, hollow cover extension first portion 136 is retaining transparent pipe 150.
According to some embodiments, hollow cover extension first portion 136 is retaining one of
plurality of transparent pipes 150. According to some embodiments, hollow cover extension
first portion 136 is attached to transparent pipe 150. According to some embodiments, hollow
cover extension first portion 136 is attached to one of plurality of transparent pipes 150.
According to some embodiments, hollow cover extension first portion 136 is sealed to
transparent pipe 150. According to some embodiments, hollow cover extension first portion

136 is sealed to one of plurality of transparent pipes 150.

[00232] According to some embodiments, hollow cover extension first portion 136 is
retaining transparent pipe first portion 156* of transparent pipe 150. According to some
embodiments, hollow cover extension first portion 136 is retaining transparent pipe first portion
156" of one of plurality of transparent pipes 150. According to some embodiments, hollow
cover extension first portion 136 is attached to transparent pipe first portion 156* of transparent
pipe 150. According to some embodiments, hollow cover extension first portion 136 is attached
to transparent pipe first portion 156 of one of plurality of transparent pipes 150. According to
some embodiments, hollow cover extension first portion 136 is sealed to transparent pipe first
portion 156* of transparent pipe 150. According to some embodiments, hollow cover extension
first portion 136 is sealed to transparent pipe first portion 156* of one of plurality of transparent

pipes 150.

[00233] According to some embodiments, hollow cover extension first portion 136 is
attached to opening 120. According to some embodiments, hollow cover extension first portion
136 1s attached to one of plurality of openings 120. According to some embodiments, hollow
cover extension first portion 136 is sealed to opening 120. According to some embodiments,

hollow cover extension first portion 136 is sealed to one of plurality of opening 120.
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[00234] According to some embodiments, hollow cover extension first portion 136 is
attached to vessel cover 114. According to some embodiments, hollow cover extension first

portion 136 is sealed to vessel cover 114.

[00235] According to some embodiments, vessel cover 114 is made of a rigid material.
According to some embodiments, vessel cover 114 is made of a polymer, a metal alloy or a
metal. According to some embodiments, vessel cover 114 is made of a metal alloy. According
to some embodiments, vessel cover 114 is made of a metal. According to some embodiments,

vessel cover 114 is made of stainless steel.

[00236] According to some embodiments, at least one of plurality of hollow cover
extensions 130 is made of a rigid material. According to some embodiments, at least one of
plurality of hollow cover extensions 130 is made of a polymer, a metal alloy or a metal.
According to some embodiments, at least one of plurality of hollow cover extensions 130 is
made of a metal alloy. According to some embodiments, at least one of plurality of hollow
cover extensions 130 is made of a metal. According to some embodiments, at least one of
plurality of hollow cover extensions 130 is made of stainless steel. According to some
embodiments, hollow cover extension 130 is made of a rigid material. According to some
embodiments, hollow cover extension 130 made of a polymer, a metal alloy or a metal.
According to some embodiments, hollow cover extension 130 is made of a metal alloy.
According to some embodiments, hollow cover extension 130 is made of a metal. According
to some embodiments, hollow cover extension 130 is made of stainless steel. According to
some embodiments, each one of plurality of hollow cover extensions 130 is made of a rigid
material. According to some embodiments, each one of plurality of hollow cover extensions
130 is made of a polymer, a metal alloy or a metal. According to some embodiments, each one
of plurality of hollow cover extensions 130 is made of a metal alloy. According to some
embodiments, each one of plurality of hollow cover extensions 130 is made of a metal.
According to some embodiments, each one of plurality of hollow cover extensions 130 is made

of stainless steel.

[00237] It is to be understood that hollow cover extension first portion 136 is made of the
same material of hollow cover extension 130, according to some embodiments. Specifically,
according to some embodiments, hollow cover extension first portion 136 is made of a rigid
material. According to some embodiments, hollow cover extension first portion 136 is made

of a polymer, a metal alloy or a metal. According to some embodiments, hollow cover
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extension first portion 136 is made of a metal alloy. According to some embodiments, hollow
cover extension first portion 136 is made of a metal. According to some embodiments, hollow

cover extension first portion 136 is made of stainless steel.

[00238] According to some embodiments, hollow cover extension 130 is welded to vessel
cover 114. According to some embodiments, each one of plurality of hollow cover extensions
130 1s welded to vessel cover 114. According to some embodiments, hollow cover extension
first portion 136 is welded to vessel cover 114. According to some embodiments, hollow cover
extension first portion 136 of each one of plurality of hollow cover extensions 130 is welded

to vessel cover 114.

[00239] According to some embodiments, hollow cover extension first portion 136 is
located between hollow cover extension second end 134 and hollow cover extension first open
end 132. According to some embodiments, hollow cover extension first portion 136 is located
at hollow cover extension first open end 132. According to some embodiments, hollow cover
extension first portion 136 is located in proximity to hollow cover extension first open end 132.
According to some embodiments, hollow cover extension first portion 136 is located in

proximity to hollow cover extension second end 134*

[00240] According to some embodiments, hollow cover extension 130 comprises a hollow
cover extension threaded external portion 138. According to some embodiments, each hollow
cover extension 130 comprises hollow cover extension threaded external portion 138.
According to some embodiments, hollow cover extension threaded external portion 138 is
located at hollow cover extension first open end 132. According to some embodiments, hollow
cover extension threaded external portion 138 is located in proximity to hollow cover extension
first open end 132. According to some embodiments, hollow cover extension threaded external

portion 138 is offset upward from vessel cover 114.

[00241] According to some embodiments, closed photobioreactor 100 further comprises a
plurality of double-open caps 180. According to some embodiments, plurality of double-open
caps 180 is at an amount equal to the number of plurality of hollow cover extensions 130.
According to some embodiments, plurality of double-open caps 180 is at an amount equal to

the number of plurality of transparent pipes 150.

[00242] According to some embodiments, double-open cap 180 has two open ends.

According to some embodiments, each one of double-open caps 180 has two open ends.
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According to some embodiments, double-open cap 180 is attachable to hollow cover extension
first open end 132 of hollow cover extension 130. According to some embodiments, each one
of plurality of double-open caps 180 is attachable to one of hollow cover extension first open
end 132 of plurality of hollow cover extensions 130. According to some embodiments, double-
open cap 180 is reversibly attachable to hollow cover extension first open end 132 of hollow
cover extension 130. According to some embodiments, each one of plurality of double-open
caps 180 is reversibly attachable to one of hollow cover extension first open end 132 of plurality

of hollow cover extensions 130.

[00243] According to some embodiments, double-open cap 180 is configured to enhance to
retention of hollow cover extension 130 to transparent pipe 150. According to some
embodiments, double-open cap 180 is configured to enhance to the sealing of hollow cover

extension 130 to transparent pipe 150, which retains it.

[00244] According to some embodiments, double-open cap 180 has a double-open cap
threaded internal portion 184. According to some embodiments, each one of plurality of
double-open caps 180 has a double-open cap threaded internal portion 184. According to some
embodiments, double-open cap 180 has double-open cap threaded internal portion 184,
wherein double-open cap 180 is screwable to hollow cover extension threaded external portion
138 through double-open cap threaded internal portion 184. According to some embodiments,
each one of plurality of double-open caps 180 has double-open cap threaded internal portion
184, wherein each one of plurality of double-open caps 180 is screwable hollow cover
extension threaded external portion 138 of one of plurality of hollow cover extensions 130

through its double-open cap threaded internal portion 184.

[00245] According to some embodiments, double-open cap threaded internal portion 184 is
tubular. According to some embodiments, hollow cover extension threaded external portion

138 is tubular.

[00246] Fig. 4A and Fig. 4B depict different optional configurations of hollow cover
extension 130. Specifically, it is apparent that three of four hollow cover extensions 130 of Fig.
4A and Fig. 4B depict hollow cover extension 130 capped with double-open cap 180, whereas
one (the second from the right) of four hollow cover extensions 130 of Fig. 4A and Fig. 4B

depict hollow cover extension 130 without double-open cap 180.
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[00247] According to some embodiments, each one of transparent pipes 150 is substantially
clear, such it is capable of transmitting light, such as visible light, to internal cavity 104 of
vessel 110 when not disturbed by intervening objects. According to some embodiments,
transparent pipe 150 is made of a transparent polymer or glass. According to some

embodiments, transparent pipe 150 is made of glass.

[00248] According to some embodiments, each one of transparent pipes 150 pipes extends

through one of openings 120.

[00249] Figs. 4A and 4B depict a portion of vessel cover 114 connected through four hollow
cover extensions 130 to four transparent pipes 150, however vessel cover 114 of closed
photobioreactor 100 is not limited to this order of magnitude number of transparent pipes 150.
Specifically, according to some embodiments, vessel cover 114 is retaining to at least two
transparent pipes 150. Specifically, according to some embodiments, vessel cover 114 is
retaining at least two transparent pipes 150. According to some embodiments, vessel cover 114
is retaining at least three transparent pipes 150. According to some embodiments, vessel cover
114 is retaining at least four transparent pipes 150. According to some embodiments, vessel
cover 114 is retaining at least five transparent pipes 150. According to some embodiments,
vessel cover 114 is retaining at least ten transparent pipes 150. According to some
embodiments, vessel cover 114 is retaining at least 15 transparent pipes 150. According to
some embodiments, vessel cover 114 is retaining at least 25 transparent pipes 150. According
to some embodiments, vessel cover 114 is retaining at least 40 transparent pipes 150.
According to some embodiments, vessel cover 114 is retaining at least 50 transparent pipes
150. According to some embodiments, vessel cover 114 is retaining at least 75 transparent
pipes 150. According to some embodiments, vessel cover 114 is retaining at least 100

transparent pipes 150.

[00250] According to some embodiments, the number of transparent pipes 150 is equal to
the number of openings 120 in vessel cover 114. According to some embodiments, a

transparent pipe 150 extends through each one of openings 120 of vessel cover 114.

[00251] According to some embodiments, the number of transparent pipes 150 is equal to
the number of hollow cover extensions 130 in vessel cover 114. According to some
embodiments, a transparent pipe 150 extends through each one of hollow cover extension 130s

of vessel cover 114.
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[00252] Figs. 4A and 4B show vessel cover 114 retaining a plurality of transparent pipes
150 having a cylindrical shape. However, closed photobioreactor 100 is not limited to circular
shaped transparent pipe 150. Specifically, according to some embodiments, each one of
transparent pipes 150 may have any curvilinear shape or rectilinear shape, such as a circle, an
ellipsoid, a square, a rectangle, a hexagon, an octagon, including three dimensional shapes
thereof, such as cuboid and cylinder. According to some embodiments, at least one of
transparent pipes 150 is cylindrical. According to some embodiments, each one of transparent

pipes 150 is cylindrical.

[00253] Itis to be understood that the shape of transparent pipe 150 is matching to the shape
of hollow cover extension 130, according to some embodiments. It is to further be understood
that the shape of transparent pipe 150 is matching to the shape of openings 120, according to

some embodiments.

[00254] Specifically, Figs. 4A and 4B show vessel cover 114 connected or welded to
plurality of hollow cover extensions 130 having a cylindrical shape. However, closed
photobioreactor 100 is not limited to circular shaped hollow cover extensions 130. According
to some embodiments, each one of plurality of hollow cover extensions 130 may have any
curvilinear shape or rectilinear shape, such as a circle, an ellipsoid, a square, a rectangle, a
hexagon, an octagon, including three dimensional shapes thereof, such as cuboid and cylinder.
According to some embodiments, at least one of plurality of hollow cover extensions 130 is
cylindrical. According to some embodiments, each one of plurality of hollow cover extensions

130 is cylindrical.

[00255] According to some embodiments, each one of plurality of transparent pipes 150 has
transparent pipe first open end 152 and transparent pipe second end 154. According to some
embodiments, each one of plurality of transparent pipes 150 extends along the longitudinal axis
through one of openings 120, wherein transparent pipe second end 154 is located lower than
transparent pipe first open end 152. According to some embodiments, transparent pipe second
end 154 is located closer to vessel floor 112 than transparent pipe first open end 152. According
to some embodiments, transparent pipe second end 154 is located farther than vessel cover 114

than transparent pipe first open end 152.
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[00256] According to some embodiments, transparent pipe second end 154 is located within
internal cavity 104. According to some embodiments, transparent pipe first open end 152 is

located out of internal cavity 104.

[00257] According to some embodiments, transparent pipe 150 has a transparent pipe first
open end 152 at the longitudinal top edge thereof. It is to be understood that by defining that
transparent pipe first open end 152 is located out of internal cavity 104, it is not limited to a
configuration in which transparent pipe first open end 152 is necessarily above vessel cover
114, according to some embodiments. Specifically, while transparent pipe first open end 152
may be offset upward from vessel cover 114, transparent pipe first open end 152 and vessel
cover 114 may be substantially at the same level, such that transparent pipe first open end 152
is located out of internal cavity 104, according to some embodiments. Transparent pipe first
open end 152 is located out of internal cavity 104 when transparent pipe first open end 152 is
at the level of vessel cover 114, since vessel cover 114 defines the top boundary of internal

cavity 104.

[00258] According to some embodiments, transparent pipe first open end 152 is flush with
vessel cover 114 or is offset upward from vessel cover 114. According to some embodiments,
transparent pipe first open end 152 is at the level of vessel cover 114. According to some
embodiments, transparent pipe first open end 152 is offset upward from vessel cover 114.
Specifically, Fig. 4A and Fig. 4B represent embodiments of closed photobioreactor 100 in
which transparent pipe first open end 152 is offset upward from vessel cover 114. However,
closed photobioreactor 100 is not limited to transparent pipe first open ends 152, of this

configuration.

[00259] According to some embodiments, each one of plurality of transparent pipes 150
defines a transparent pipe lumen 160 there inside. According to some embodiments, plurality
of transparent pipes 150 are configured to accommodate a plurality of light sources 170 within
transparent pipe lumens 160 thereof. According to some embodiments, each one of plurality of
transparent pipes 150 is configured to accommodate at least one light source 170 within
transparent pipe lumen 160 thereof. According to some embodiments, each one of plurality of
transparent pipes 150 is configured to accommodate a plurality of light sources 170 within

transparent pipe lumen 160 thereof.
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[00260] According to some embodiments, transparent pipe 150 has a transparent pipe
second portion 158 located within internal cavity 104 of vessel 110. According to some
embodiments, each one of plurality of transparent pipes 150 has a transparent pipe second

portion 158 located within internal cavity 104 of vessel 110.

[00261] As detailed herein, according to some embodiments, transparent pipe 150 has a
transparent pipe first open end 152, which is open and allows fluid communication, such as gas
or liquid flow between surrounding environment 106 of closed photobioreactor 100 and
transparent pipe lumen 160. However, according to some embodiments, it is an option of closed
photobioreactor 100 to reversible cap or plug transparent pipe 150 at its transparent pipe first
open end 152, such that transparent pipe lumen 160 is temporarily sealed from surrounding
environment 106 of closed photobioreactor 100. This should not harm the function of closed
photobioreactor 100, as long as the capping is reversible and fluid communication between
transparent pipe lumen 160 and surrounding environment 106 of closed photobioreactor 100 is
at least occasionally enabled, according to some embodiments. This importance of this type of

fluid communication is elaborated herein.

[00262] According to some embodiments, transparent pipe lumen 160 is in fluid
communication with surrounding environment 106 of closed photobioreactor 100, when not
plugged. According to some embodiments, transparent pipe lumen 160 of each one of plurality
of transparent pipes 150 is in fluid communication with surrounding environment 106 of closed
photobioreactor 100, when not plugged. According to some embodiments, transparent pipe
lumen 160 is in fluid communication with surrounding environment 106 of closed
photobioreactor 100. According to some embodiments, transparent pipe lumen 160 of each one
of plurality of transparent pipes 150 is in fluid communication with surrounding environment

106 of closed photobioreactor 100.

[00263] According to some embodiments, closed photobioreactor 100 further comprises a
closed cap (not shown) configured to plug transparent pipe first open end 152. According to
some embodiments, closed photobioreactor 100 further comprises a plurality of closed caps,
each configured to plug transparent pipe first open end 152 of one of plurality of transparent
pipes 150. Specifically, such closed caps are known in the art, and may include, but not limited

to rubber plugs, plastic caps, glass caps, metal caps and wooden corks.
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[00264] According to some embodiments, transparent pipe lumen 160 is isolated from
internal cavity 104 of vessel 110. According to some embodiments, transparent pipe lumen 160
of each one of plurality of transparent pipes 150 is isolated from internal cavity 104 of vessel

110.

[00265] Reference is made to Figs SA — SE. Fig. 5A constitutes a partial cross section view
of a hollow illuminating LED pipe 200? partially inserted into transparent pipe 150. Fig. 5B
constitutes a partial cross section view of a LED strip 200°, partially inserted into transparent
pipe 150. Fig. 5C constitutes a partial cross section view of a LED strip 200°, inserted into
transparent pipe 150. Fig. 5D constitutes a partial cross section view of a hollow illuminating
LED pipe 200%, partially inserted into transparent pipe 150. Fig. 5E constitutes a partial cross

section view of a hollow illuminating LED pipe 200%, inserted into transparent pipe 150.

[00266] Any one or more of transparent pipes 150 as shown in Fig SA-E may be used as
transparent pipe 150 of closed photobioreactor 100 of Figs 1A-B and/or as transparent pipe 150
of closed photobioreactor 100 of Figs 3A-B. Any one or more of transparent pipes 150 as
shown in Fig SA-E may be used as transparent pipe 150 of Figs 4A-B.

[00267] According to some embodiments, as seen in Figs. SA-E each one of hollow
illuminating LED pipe 200* and LED strip 200" includes a plurality of LED lamps 170°.
According to some embodiments, plurality of LED lamps 170° of each one of hollow
illuminating LED pipe 200* and LED strip 200° may be used as light source(s) 170 of closed
photobioreactor 100 of Figs 1A-B and/or as light source(s) 170 of closed photobioreactor 100
of Figs 3A-B.

[00268] Specifically, the embodiments depicted in Figs SA-E relate to several optional
configurations of an illumination apparatus (hollow illuminating LED pipe 200* or LED strip
200%), which comprises light source 170, wherein light source 170 is introduced when referring

to closed photobioreactor 100 of Figs 1A-B and closed photobioreactor 100 of Figs. 3A-B.

[00269] According to some embodiments, each one of transparent pipes 150 is substantially
clear, such it is capable of transmitting light, such as visible light, to internal cavity 104 of

vessel 110 when not disturbed by intervening objects.

[00270] According to some embodiments, transparent pipe 150 is made of a transparent

polymer or glass. Transparent polymers (plastics) include, but not limited to, Poly(methyl
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methacrylate), polycarbonates, ethylene-vinyl acetate polymer, polystyrene sulfonate,
polystyrene, polypropylene and polyethylene. According to some embodiments, transparent

pipe 150 is made of glass.

[00271] According to some embodiments, each one of transparent pipes 150 pipes extends

through one of openings 120 of vessel cover 114 of closed photobioreactor 100.

[00272] Figs. SA-E illustrate 5 transparent pipes 150 having a cylindrical shape. However,
closed photobioreactor 100 is not limited to circular shaped transparent pipe 150. Specifically,
according to some embodiments, each one of transparent pipes 150 may have any curvilinear
shape or rectilinear shape, such as a circle, an ellipsoid, a square, a rectangle, a hexagon, an
octagon, including three dimensional shapes thereof, such as cuboid and cylinder. According
to some embodiments, at least one of transparent pipes 150 is cylindrical. According to some

embodiments, each one of transparent pipes 150 is cylindrical.

[00273] According to some embodiments, each one of transparent pipes 150 is connected to
vessel cover 114. According to some embodiments, each one of transparent pipes 150 is
attached to vessel cover 114. According to some embodiments, each one of transparent pipes

150 is connected to one of openings 120.

[00274] According to some embodiments, each one of plurality of transparent pipes 150 has
a transparent pipe first open end 152 and a transparent pipe second end 154. According to some
embodiments, each one of plurality of transparent pipes 150 extends along the longitudinal axis
through one of openings 120, wherein transparent pipe second end 154 is located lower than
transparent pipe first open end 152. According to some embodiments, transparent pipe second
end 154 is located closer to vessel floor 112 than transparent pipe first open end 152. According
to some embodiments, transparent pipe second end 154 is located farther than vessel cover 114

than transparent pipe first open end 152.

[00275] According to some embodiments, transparent pipe second end 154 is located within
internal cavity 104. According to some embodiments, transparent pipe first open end 152 is

located out of internal cavity 104.

[00276] According to some embodiments, transparent pipe 150 has a transparent pipe first

open end 152 at the longitudinal top edge thereof.
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[00277] According to some embodiments, transparent pipe first open end 152 is flush with
vessel cover 114 or is offset upward from vessel cover 114. According to some embodiments,
transparent pipe first open end 152 is at the level of vessel cover 114. According to some

embodiments, transparent pipe first open end 152 is offset upward from vessel cover 114.

[00278] According to some embodiments, each one of plurality of transparent pipes 150

defines a transparent pipe lumen 160 there inside.

[00279] According to some embodiments, transparent pipe 150 is connected to at least one

of vessel cover 114 and vessel floor 112.

[00280] According to some embodiments, transparent pipe 150 has a transparent pipe first
portion 156 connected, directly or indirectly, to at least one of vessel cover 114 and vessel floor
112. According to some embodiments, transparent pipe first portion 156 is connected to one of
vessel cover 114 and vessel floor 112. According to some embodiments, transparent pipe first

portion 156a is connected to vessel cover 114.

[00281] According to some embodiments, transparent pipe 150 has a transparent pipe

second portion 158 located within internal cavity 104 of vessel 110.

[00282] According to some embodiments, transparent pipe 150 is substantially sealed to
opening 120. According to some embodiments, transparent pipe 150 is substantially sealed to
opening 120, such that internal cavity 104 of vessel 110 is substantially isolated from
surrounding environment 106 of closed photobioreactor 100. According to some embodiments,
transparent pipe 150 is substantially sealed to opening 120, such that aqueous medium 102,
when inserted to vessel 110, is substantially isolated from surrounding environment 106 of
closed photobioreactor 100. According to some embodiments, transparent pipe 150 is
substantially sealed to opening 120, such that aqueous medium 102, within vessel 110, is
substantially isolated from surrounding environment 106 of closed photobioreactor 100.
According to some embodiments, each one of plurality of transparent pipes 150 is substantially
sealed to one of openings 120. According to some embodiments, each one of plurality of
transparent pipes 150 is substantially sealed to one of openings 120, such that internal cavity
104 of vessel 110 is substantially isolated from surrounding environment 106 of closed
photobioreactor 100. According to some embodiments, each one of plurality of transparent
pipes 150 is substantially sealed to one of openings 120, such that aqueous medium 102, when

inserted to vessel 110, is substantially isolated from surrounding environment 106 of closed
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photobioreactor 100. According to some embodiments, each one of plurality of transparent
pipes 150 is substantially sealed to one of openings 120, such that aqueous medium 102, within
vessel 110, is substantially isolated from surrounding environment 106 of closed

photobioreactor 100.

[00283] As detailed herein, transparent pipe lumens 160 are exposable to surrounding
environment 106 of closed photobioreactor 100, according to some embodiments. Specifically,
each one of plurality of transparent pipes 150 has a transparent pipe first open end 152, said
open end enables exposure of the respective transparent pipe lumen 160 to surrounding

environment 106 when uncapped, according to some embodiments.

[00284] Ascan be seen in Figs. SA-E, transparent pipe lumen 160 is exposed to surrounding
environment 106 through transparent pipe first open end 152, according to some embodiments.
It is an improvement of the currently presented closed photobioreactors 100 compared to
known closed photobioreactors that uncomplicated insertion and withdrawal of light source
170, and assemblies comprising the same (e.g. hollow illuminating LED pipe 200* or LED strip
200%) into or from transparent pipe 150 is possible. Specifically, as can be seen in Figs SA-E
any one of hollow illuminating LED pipe 200* or LED strip 200° is easily withdrawable from
transparent pipe 150. It is noted that operation and maintenance of closed photobioreactors
typically include (a) growing a microorganism culture which requires illumination (e.g. algae)
inside the closed photobioreactor, with exposure to light (b) removing the microorganism
culture from the closed photobioreactor; and (c) cleaning and sterilization of the closed
photobioreactor interior. Typically, step (c) requires employment of high temperatures,
whereas step (a) requires illumination. Illumination of step (a) is achieved by using a light
source (such as LED lamps) located inside the closed photobioreactor. Such light sources are
sensitive to high temperatures and may malfunction upon exposure to the heating conditions
of step (c). The current closed photobioreactor 100 is a photobioreactor, which provides easy
access and uncomplicated withdrawal of the light source from its interior. Thus, it is an
improvement provided by the current disclosure that a transparent pipe 150 has a transparent
pipe first open end 152, which is open and allows insertion or withdrawal of light source 170

from transparent pipe lumen 160 thereof.

[00285] According to some embodiments, transparent pipe 150 has a transparent pipe first
open end 152, which is open and allows fluid communication, such as gas or liquid flow

between surrounding environment 106 of closed photobioreactor 100 and transparent pipe
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lumen 160. However, according to some embodiments, it is an option of closed photobioreactor
100 to reversible cap or plug transparent pipe 150 at its transparent pipe first open end 152,
such that transparent pipe lumen 160 is temporarily sealed from surrounding environment 106
of closed photobioreactor 100. This should not harm the function of closed photobioreactor
100, as long as the capping is reversible and fluid communication between transparent pipe
lumen 160 and surrounding environment 106 of closed photobioreactor 100 is at least
occasionally enabled, according to some embodiments. The importance of this type of fluid

communication is elaborated herein.

[00286] As detailed herein, it is an intention of the present disclosure to provide a closed
photobioreactor 100, which (a) has an internal cavity 104 substantially separated from
surrounding environment 106 of closed photobioreactor 100; (b) is capable of providing
sufficient illumination to aqueous medium 102 inside vessel 110; and (c) enables
uncomplicated and efficient withdrawal and insertion of light sources 170, such as LED lamp
170° of any one of hollow illuminating LED pipe 200* or LED strip 200°, according to some
embodiments. In order to fulfill requirement (c), transparent pipe 150 is provided with
transparent pipe first open end 152, and hollow cover extension 130 is provided with hollow
cover extension first open end 132, according to some embodiments. Through these open ends
uncomplicated and efficient withdrawal and insertion of light sources 170 into or from

transparent pipe 150 is enabled.

[00287] According to some embodiments, transparent pipe lumen 160 is in fluid

communication with surrounding environment 106 of closed photobioreactor 100, when not

plugged.

[00288] According to some embodiments, closed photobioreactor 100 further comprises a

closed cap (not shown) configured to plug transparent pipe first open end 152.

[00289] It is to be understood that since transparent pipe lumen 160 may come in contact
with surrounding environment 106, and since aqueous medium 102 and internal cavity 104 are
to be separated from surrounding environment 106, transparent pipe lumen 160 should also be

separated from aqueous medium 102 and internal cavity 104 of vessel 110.

[00290] According to some embodiments, transparent pipe 150 has a longitudinal length
L1501. Figs. SA-E show five transparent pipes 150 having the same longitudinal length L150l,

however it is to be understood that closed photobioreactor 100 may include plurality of
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transparent pipes 150 having varied longitudinal lengths. Longitudinal length of transparent

pipe L1501 of transparent pipe 150 of Fig. SA is shown in curly brackets.

[00291] According to some embodiments, hollow illuminating LED pipe 200" has a
longitudinal length L200%]. Figs. SA, 5D and 5E show three hollow illuminating LED pipe 200*
having the same longitudinal length L200°%], however it is to be understood that closed
photobioreactor 100 may include plurality of hollow illuminating LED pipes 200" having
varied longitudinal lengths. Longitudinal length of hollow illuminating LED pipe L2001 of
hollow illuminating LED pipe 200" of Fig. SA is shown in curly brackets.

[00292] According to some embodiments, LED strip 200° has a longitudinal length L200"l.
Figs. 5B and 5C show two LED strip 200" having the same longitudinal length L2001, however
it is to be understood that closed photobioreactor 100 may include plurality of LED strips 200°
having varied longitudinal lengths. Longitudinal length of LED strip L200°1 of LED strip 200"

of Fig. 5B is shown in curly brackets.

[00293] According to some embodiments, longitudinal length of transparent pipe L1501 is
equal or longer than longitudinal length of hollow illuminating LED pipe L200%. According to
some embodiments, longitudinal length of transparent pipe L1501 is longer than longitudinal

length of hollow illuminating LED pipe L200%.

[00294] According to some embodiments, longitudinal length of hollow illuminating LED
pipe L200% is in the range of 10% to 100% compared to longitudinal length of transparent pipe
L1501. According to some embodiments, longitudinal length of hollow illuminating LED pipe
L200% is in the range of 20% to 98% compared to longitudinal length of transparent pipe L1501.
According to some embodiments, longitudinal length of hollow illuminating LED pipe L2001
is in the range of 25% to 97% compared to longitudinal length of transparent pipe L150l.
According to some embodiments, longitudinal length of hollow illuminating LED pipe L2001

is in the range of 30% to 95% compared to longitudinal length of transparent pipe L1501.

[00295] According to some embodiments, longitudinal length of transparent pipe L1501 is
equal or longer than longitudinal length of LED strip L200°1. According to some embodiments,
longitudinal length of transparent pipe L1501 is longer than longitudinal length of LED strip
L2001
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[00296] According to some embodiments, longitudinal length longitudinal length of LED
strip L2001 is in the range of 10% to 100% compared to longitudinal length of transparent pipe
L1501. According to some embodiments, longitudinal length of LED strip L2001 is in the range
of 20% to 98% compared to longitudinal length of transparent pipe L1501. According to some
embodiments, longitudinal length of LED strip L2001 is in the range of 25% to 97% compared
to longitudinal length of transparent pipe L1501. According to some embodiments longitudinal
length of LED strip L200"] is in the range of 30% to 95% compared to longitudinal length of
transparent pipe L1501

[00297] According to some embodiments, transparent pipe 150 has an internal diameter
D150i. Figs. SA-E show five transparent pipes 150 having the same internal diameter D150i,
however it is to be understood that closed photobioreactor 100 may include plurality of
transparent pipes 150 having varied internal diameters. Transparent pipe internal diameter

D150i of transparent pipe 150 of Fig. 5D is shown in curly brackets.

[00298] According to some embodiments, hollow illuminating LED pipe 200" has an
external diameter D200%. Figs. 5A, 5D and 5E show three hollow illuminating LED pipe 200*
having the same external diameter D200%, however it is to be understood that closed
photobioreactor 100 may include plurality of hollow illuminating LED pipes 200" having
varied external diameters. External diameter of hollow illuminating LED pipe D200% of

hollow illuminating LED pipe 200* of Fig. 5D is shown in curly brackets.

[00299] According to some embodiments, LED strip 200° has an external diameter D200P.
Figs. 5B and 5C show two LED strips 200" having the same external diameter D200, however
it is to be understood that closed photobioreactor 100 may include plurality of LED strips 200°
having varied external diameters. External diameter of LED strip D200 of LED strip 200" of

Fig. 5C is shown in curly brackets.

[00300] According to some embodiments, transparent pipe internal diameter D150i is equal
or larger than external diameter of hollow illuminating LED pipe D200%. According to some
embodiments, transparent pipe internal diameter D1501 is larger than external diameter of

hollow illuminating LED pipe D200%.

[00301] According to some embodiments, external diameter of hollow illuminating LED
pipe D200% is in the range of 10% to 99% compared to transparent pipe internal diameter

D150i. According to some embodiments, external diameter of hollow illuminating LED pipe
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D200% is in the range of 20% to 97% compared to transparent pipe internal diameter D150i.
According to some embodiments, external diameter of hollow illuminating LED pipe D200%
is in the range of 30% to 95% compared to transparent pipe internal diameter D150i. According
to some embodiments, external diameter of hollow illuminating LED pipe D200% is in the

range of 50% to 90% compared to transparent pipe internal diameter D150i.

[00302] According to some embodiments, transparent pipe internal diameter D150i is equal
or larger than external diameter of LED strip D200%. According to some embodiments,

transparent pipe internal diameter D1504i is larger than external diameter of LED strip D200.

[00303] According to some embodiments, external diameter of LED strip D200 is in the
range of 10% to 99% compared to transparent pipe internal diameter D150i. According to some
embodiments, external diameter of LED strip D200V is in the range of 20% to 97% compared
to transparent pipe internal diameter D150i. According to some embodiments, external
diameter of LED strip D200% is in the range of 30% to 95% compared to transparent pipe
internal diameter D1501. According to some embodiments, e external diameter of LED strip

D200 is in the range of 50% to 90% compared to transparent pipe internal diameter D150i.

[00304] According to some embodiments, plurality of transparent pipes 150 are configured
to accommodate a plurality of light sources 170 within transparent pipe lumens 160 thereof.
According to some embodiments, each one of plurality of transparent pipes 150 is configured
to accommodate at least one light source 170 within transparent pipe lumen 160 thereof.
According to some embodiments, each one of plurality of transparent pipes 150 is configured

to accommodate a plurality of light sources 170 within transparent pipe lumen 160 thereof.
[00305] According to some embodiments, light source 170 is a LED lamp 170°.

[00306] According to some embodiments, plurality of transparent pipes 150 are configured
to accommodate a plurality of LED lamps 170" within transparent pipe lumens 160 thereof.
According to some embodiments, each one of plurality of transparent pipes 150 is configured
to accommodate at least one LED lamp 170" within transparent pipe lumen 160 thereof.
According to some embodiments, each one of plurality of transparent pipes 150 is configured

to accommodate a plurality of LED lamps 170 within transparent pipe lumen 160 thereof.

[00307] According to some embodiments, transparent pipe 150 is accommodating a light

source 170 within transparent pipe lumen 160 thereof. According to some embodiments,
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transparent pipe 150 is accommodating LED lamp 170° within transparent pipe lumen 160
thereof. According to some embodiments, plurality of transparent pipes 150 are
accommodating plurality of light sources 170 within transparent pipe lumens 160 thereof.
According to some embodiments, plurality of transparent pipes 150 are accommodating

plurality of LED lamps 170 within transparent pipe lumens 160 thereof.

[00308] According to some embodiments, each of plurality of light sources 170 is drawable
from transparent pipe 150, which accommodates it. According to some embodiments, each of

a plurality of LED lamps 170" is drawable from transparent pipe 150, which accommodates it.

[00309] According to some embodiments, upon the accommodation, a positive gap 172
between transparent pipe internal diameter D1501 and external diameter of hollow illuminating
LED pipe D200% exists. According to some embodiments, upon the accommodation, a
positive gap 172 between transparent pipe internal diameter D150i and external diameter of

LED strip D200 exists.

[00310] According to some embodiments, upon the accommodation, a positive gap 172
between transparent pipe internal diameter D150i and the external dimensions of light source
170 exists. According to some embodiments, upon the accommodation, a positive gap 172
between transparent pipe internal diameter D1501 and the external dimensions of LED lamp

170P exists.

[00311] According to some embodiments, transparent pipe 150 is accommodating hollow
illuminating LED pipe 200* within transparent pipe lumen 160 thereof. According to some
embodiments, transparent pipe 150 is accommodating hollow illuminating LED pipe 200*
within transparent pipe lumen 160 thereof. According to some embodiments, plurality of
transparent pipes 150 are accommodating plurality of hollow illuminating LED pipes 200*
within transparent pipe lumens 160 thereof. According to some embodiments, plurality of
transparent pipes 150 are accommodating plurality of hollow illuminating LED pipes 200*

within transparent pipe lumens 160 thereof.

[00312] According to some embodiments, transparent pipe 150 is accommodating LED strip
200" within transparent pipe lumen 160 thereof. According to some embodiments, transparent
pipe 150 is accommodating LED strip 200° within transparent pipe lumen 160 thereof.

According to some embodiments, plurality of transparent pipes 150 are accommodating
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plurality of LED strips 200 within transparent pipe lumens 160 thereof. According LED strips

200" within transparent pipe lumens 160 thereof.

[00313] According to some embodiments, LED lamp 170" has two flat planes. According
to some embodiments, LED lamp 170° has a LED lamp illuminating plane 176 and a LED
lamp heat emitting plane 178. According to some embodiments, each one of a plurality of LED

lamps 170 has a LED lamp illuminating plane 176 and a LED lamp heat emitting plane 178.

[00314] According to some embodiments, LED lamp 170° is configured to emit light at
wavelengths in the range of 400-700 nm.

[00315] Specifically, it is to be understood that LED lamps, such as LED lamp 170P, create
illumination and generate residual heat during the illumination process. Conventional that LED
lamps, such as LED lamp 170°, are constructed such that one of the planes thereof is

illuminating and the other is emitting the heat.

[00316] According to some embodiments, LED strip 200° is a substantially two dimensional
strip having two flat surfaces. According to some embodiments, at least one of the flat surfaces
of LED strip 200 comprises a plurality of LED lamps 170°. According to some embodiments,
one of the flat surfaces of LED strip 200° comprises a plurality of LED lamps 170°. According
to some embodiments, LED strip 200° is configured to emit light at wavelengths in the range

of 400-700 nm.

[00317] According to some embodiments, one of the flat surfaces of LED strip 200°
comprises a plurality of LED lamps 170°, wherein LED lamp illuminating plane 176 of each
of plurality of LED lamps 170" is facing transparent pipe 150, when LED lamp 170" is inserted
into transparent pipe lumen 160. According to some embodiments, each of the flat surfaces of
LED strip 200° comprises a plurality of LED lamps 170°, wherein LED lamp illuminating plane
176 of each of plurality of LED lamps 170" is facing transparent pipe 150, when LED lamp

170" is inserted into transparent pipe lumen 160.

[00318] According to some embodiments, one of the flat surfaces of LED strip 200°
comprises a plurality of LED lamps 170°, wherein LED lamp illuminating plane 176 of each
of plurality of LED lamps 170° is facing outward. According to some embodiments, each of
the flat surfaces of LED strip 200° comprises a plurality of LED lamps 170°, wherein LED
lamp illuminating plane 176 of each of plurality of LED lamps 170" is facing outward.
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[00319] According to some embodiments, LED strip 200" comprises a plurality of LED
lamps 170°, wherein LED lamp illuminating plane 176 is facing transparent pipe 150 from one
of the two flat surfaces of LED lamp 170°, and wherein LED lamp heat emitting plane 178 is
facing transparent pipe 150 from the other of the two flat surfaces of LED lamp 170",

[00320] According to some embodiments, hollow illuminating LED pipe 200* is a three
dimensional structure. According to some embodiments, each one of plurality of hollow
illuminating LED pipes 200" is a three dimensional structure. Hollow illuminating LED pipe
200" as depicted in Figs. SA, 5B and SE has an external hexagonal prism shape and an internal
cylindrical shape. However, the internal and external shapes of hollow illuminating LED pipe
200" are not limited to hexagonal prism and cylinder. According to some embodiments, each
one of hollow illuminating LED pipe 200* may have any curvilinear shape or rectilinear shape,
such as a circle, an ellipsoid, a square, a rectangle, a hexagon, an octagon, including three

dimensional shapes thereof, such as prisms, cuboids and cylinder.

[00321] According to some embodiments, hollow illuminating LED pipe 200" has a hollow
illuminating LED pipe external surface 208 and a hollow illuminating LED pipe internal
surface 206. According to some embodiments, each one of plurality of hollow illuminating
LED pipes 200" has a hollow illuminating LED pipe external surface 208 and a hollow
illuminating LED pipe internal surface 206.

[00322] According to some embodiments, hollow illuminating LED pipe external surface
208 has a shape selected from the group consisting of circular, triangular, square, pentagonal,

hexagonal, heptagonal and octagonal.

[00323] According to some embodiments, hollow illuminating LED pipe external surface
208 has a shape selected from the group consisting of circular, triangular, square, pentagonal,

hexagonal, heptagonal and octagonal.

[00324] According to some embodiments, hollow illuminating LED pipe internal surface
206 is defining a hollow illuminating LED pipe internal lumen 210. According to some
embodiments, hollow illuminating LED pipe internal surface 206 of each one of plurality of
hollow illuminating LED pipes 200" is defining a hollow illuminating LED pipe internal lumen
210.
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[00325] According to some embodiments, hollow illuminating LED pipe internal surface
206 has a shape selected from the group consisting of circular, triangular, square, pentagonal,
hexagonal, heptagonal and octagonal. According to some embodiments, hollow illuminating
LED pipe internal lumen 210 has the shape of hollow illuminating LED pipe internal surface
206.

[00326] According to some embodiments, hollow illuminating LED pipe 200" has a hollow
illuminating LED pipe first open end 202 and a hollow illuminating LED pipe second end 204.
According to some embodiments, each one of plurality of hollow illuminating LED pipes 200*
has a hollow illuminating LED pipe first open end 202 and a hollow illuminating LED pipe
second end 204.

[00327] As detailed below, hollow illuminating LED pipe first open end 202 acts as an
opening, which enables insertion of a light source cooling liquid 174 into hollow illuminating
LED pipe internal lumen 210, according to some embodiments. For this end, hollow
illuminating LED pipe first open end 202 is required to be open, according to some
embodiments. Hollow illuminating LED pipe second end 204, on the other hand may be open
or closed, according to some embodiments, as the insertion of light source cooling liquid 174
into hollow illuminating LED pipe internal lumen 210 may be performed through one or two

openings.

[00328] According to some embodiments, hollow illuminating LED pipe 200" comprises
plurality of LED lamps 170°. According to some embodiments, hollow illuminating LED pipe
200" is attached to plurality of LED lamps 170°. According to some embodiments, each one of
plurality of hollow illuminating LED pipes 200* comprises a plurality of LED lamps 170P.
According to some embodiments each one of plurality of hollow illuminating LED pipes 200*

is attached to a plurality of LED lamps 170°.

[00329] According to some embodiments, LED lamp illuminating plane 176 of each of LED
lamps 170° of hollow illuminating LED pipe 200* is located on hollow illuminating LED pipe
external surface 208. According to some embodiments, LED lamp illuminating plane 176 of
each of LED lamps 170" of hollow illuminating LED pipe 200" is facing transparent pipe 150,
when hollow illuminating LED pipe 200® is inserted into transparent pipe lumen 160.
According to some embodiments, LED lamp illuminating plane 176 of each of LED lamps
170 of each one of plurality of hollow illuminating LED pipes 200? is located on hollow
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illuminating LED pipe external surface 208. According to some embodiments, LED lamp
illuminating plane 176 of each of LED lamps 170" of each one of plurality of hollow
illuminating LED pipes 200" is facing transparent pipe 150, when hollow illuminating LED

pipes 200" are inserted into transparent pipe lumens 160.

[00330] According to some embodiments, LED lamp heat emitting plane 178 of each of
LED lamps 170° of hollow illuminating LED pipe 200 is located on hollow illuminating LED
pipe internal surface 206. According to some embodiments, LED lamp heat emitting plane 178
of each of LED lamps 170" of hollow illuminating LED pipe 200? is facing hollow illuminating
LED pipe internal lumen 210, when hollow illuminating LED pipe 200* is inserted into
transparent pipe lumen 160. According to some embodiments, LED lamp heat emitting plane
178 of each of LED lamps 170° of each one of plurality of hollow illuminating LED pipes 200*
is located on hollow illuminating LED pipe internal surface 206. According to some
embodiments, LED lamp heat emitting plane 178 of each of LED lamps 170 of each one of
plurality of hollow illuminating LED pipes 200" is facing hollow illuminating LED pipe
internal lumen 210, when hollow illuminating LED pipes 200" are inserted into transparent

pipe lumens 160.

[00331] According to some embodiments, hollow illuminating LED pipe 200* comprises a
plurality of LED lamps 170°, wherein LED lamp illuminating plane 176 of each of plurality of
LED lamps 170" is facing outward. According to some embodiments, hollow illuminating LED
pipe 200* comprises a plurality of LED lamps 170, wherein LED lamp heat emitting plane
178 of each of plurality of LED lamp heat emitting plane 178 is facing inward.

[00332] The term "outward" as used with respect to hollow illuminating LED pipe 200*
refers to the centrifugal direction out of hollow illuminating LED pipe 200%. The term "in" as
used with respect to hollow illuminating LED pipe 200" refers to the direction opposite to the
outward direction - the centripetal direction toward hollow illuminating LED pipe internal

lumen 210.

[00333] According to some embodiments, transparent pipe 150 contains a light source
cooling liquid 174. According to some embodiments, each one of plurality of transparent pipes
150 contains a light source cooling liquid 174. According to some embodiments, light source

cooling liquid 174 comprises water.
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[00334] According to some embodiments, transparent pipe 150 contains a light source
cooling liquid 174. According to some embodiments, transparent pipe 150 contains a light
source cooling liquid 174 within transparent pipe lumen 160 thereof. According to some
embodiments, each one of plurality of transparent pipes 150 contains a light source cooling
liquid 174. According to some embodiments, each one of plurality of transparent pipes 150

contains a light source cooling liquid 174 within transparent pipe lumen 160 thereof.

[00335] According to some embodiments, light source cooling liquid 174 is in contact with
light source 170. According to some embodiments, light source cooling liquid 174 is in contact
with light source 170 within transparent pipe lumen 160. According to some embodiments,
light source cooling liquid 174 is in contact with light source 170 within transparent pipe lumen

160 of each one of plurality of transparent pipes 150.

[00336] According to some embodiments, light source cooling liquid 174 is in contact with
LED lamp 170°. According to some embodiments, light source cooling liquid 174 is in contact
with LED lamp 170 within transparent pipe lumen 160. According to some embodiments,
light source cooling liquid 174 is in contact with LED lamp 170° within transparent pipe lumen

160 of each one of plurality of transparent pipes 150.

[00337] According to some embodiments, light source cooling liquid 174 is in contact with
hollow illuminating LED pipe 200%. According to some embodiments, light source cooling
liquid 174 is in contact with hollow illuminating LED pipe 200" within transparent pipe lumen
160. According to some embodiments, light source cooling liquid 174 is in contact with hollow
illuminating LED pipe 200" within transparent pipe lumen 160 of each one of plurality of
transparent pipes 150.

[00338] According to some embodiments, light source cooling liquid 174 is in contact with
LED strip 200°. According to some embodiments, light source cooling liquid 174 is in contact
with LED strip 200° within transparent pipe lumen 160. According to some embodiments, light
source cooling liquid 174 is in contact with LED strip 200" within transparent pipe lumen 160

of each one of plurality of transparent pipes 150.

[00339] According to some embodiments, light source cooling liquid 174 is in contact with
LED lamp illuminating plane 176. According to some embodiments, light source cooling liquid
174 is in contact with LED lamp illuminating plane 176 within transparent pipe lumen 160.

According to some embodiments, light source cooling liquid 174 is in contact with LED lamp
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illuminating plane 176 within transparent pipe lumen 160 of each one of plurality of transparent

pipes 150.

[00340] According to some embodiments, light source cooling liquid 174 is in contact with
LED lamp heat emitting plane 178. According to some embodiments, light source cooling
liquid 174 is in contact with LED lamp heat emitting plane 178 within transparent pipe lumen
160. According to some embodiments, light source cooling liquid 174 is in contact with LED
lamp heat emitting plane 178 within transparent pipe lumen 160 of each one of plurality of

transparent pipes 150.

[00341] Specifically, it is preferable that light source cooling liquid 174 comes in contact
with at least LED lamp heat emitting plane 178, when both are inserted into transparent pipe
150 (typically during operation) thereby cooling LED lamp 170" to maintain its proper

performance and durability.

[00342] Without wishing to be bound by any theory or mechanism of action, the temperature
of aqueous medium 102 in internal cavity 104 of closed photobioreactor 100 is lower than the
temperature inside transparent pipe lumen 160, since transparent pipe lumen 160 is receiving
the emitted heat of light sources 170, according to some embodiments. Light source cooling
liquid 174, when inside transparent pipe lumen 160 acts as a medium for the transferring of the
heat, thereby cooling light sources 170 within plurality of transparent pipes 150. This
mechanism enables maintaining proper temperature of plurality of light sources 170, while not
using active cooling. According to some embodiments, closed photobioreactor 100 is devoid
of an active cooling device configured to reduce the temperature inside transparent pipe 150.
According to some embodiments, closed photobioreactor 100 is devoid of an active cooling

device configured to reduce the temperature of plurality of light sources 170.

[00343] When hollow illuminating LED pipe 200" is used, light source cooling liquid 174
may flow into hollow illuminating LED pipe internal lumen 210 thereof through hollow
illuminating LED pipe first open end 202. In this sense, hollow illuminating LED pipe first
open end 202 acts as an opening, which enables insertion of light source cooling liquid 174
into hollow illuminating LED pipe internal lumen 210, according to some embodiments. As
detailed above hollow illuminating LED pipe second end 204 may also be open, such that light
source cooling liquid 174 may flow into hollow illuminating LED pipe internal lumen 210

through both hollow illuminating LED pipe first open end 202 and hollow illuminating LED
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pipe second end 204, according to some embodiments. It is to be understood that the insertion
of light source cooling liquid 174 into hollow illuminating LED pipe internal lumen 210 leads
to contact between light source cooling liquid 174 and hollow illuminating LED pipe internal
surface 206 and thus to contact between light source cooling liquid 174 and LED lamp heat
emitting planes 178 of LED lamps 170" mounted to hollow illuminating LED pipe 200%,

according to some embodiments.

[00344] According to some embodiments, at least part of light source cooling liquid 174 is
contained within hollow illuminating LED pipe internal lumen 210. According to some
embodiments, at least part of light source cooling liquid 174 is contained within hollow
illuminating LED pipe internal lumen 210, such that light source cooling liquid 174 is in
contact with hollow illuminating LED pipe internal surface 206. According to some
embodiments, at least part of light source cooling liquid 174 is contained within hollow
illuminating LED pipe internal lumen 210, wherein hollow illuminating LED pipe internal
surface 206 is in contact with LED lamp heat emitting plane 178, such that light source cooling
liquid 174 is in contact with LED lamp heat emitting plane 178.

[00345] Reference is made to Fig. 6. Fig. 6 constitutes a front cross section view of vessel
cover 114, and one of transparent pipes 150 of closed photobioreactor 100, according to some

embodiments.

[00346] Each one of vessel cover 114 and transparent pipe 150, separately, as shown in Fig.
6 may be used as vessel cover 114 and transparent pipe 150 of closed photobioreactor 100 of
Figs 1A-B and/or as vessel cover 114 and transparent pipe 150 of closed photobioreactor 100
of Figs 3A-B. Specifically, the embodiments depicted in Fig. 6 relate to an optional means of
connecting between transparent pipe 150 and vessel cover 114 a connection which is
introduced when describing Figs 1A, 1B, 3A and 3B hereinabove and some embodiments
thereof are further elaborated when describing Figs 4A and 4B. In addition, the embodiments
depicted in Fig. 6 relate to an optional means of sealing transparent pipe 150 to vessel cover

114, a feature which is introduced when describing Figs 1A, 1B, 3A and 3B.

[00347] According to some embodiments, vessel cover 114 is connected to a plurality of
transparent pipes 150. According to some embodiments, at least one of plurality of transparent
pipes 150 is extending from internal cavity 104 of closed photobioreactor 100 through one of

openings 120 upward. According to some embodiments, each one of plurality of transparent
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pipes 150 is extending from internal cavity 104 of closed photobioreactor 100 through one of

openings 120 upward.

[00348] According to some embodiments, at least one of plurality of transparent pipes 150
is extending from internal cavity 104 of closed photobioreactor 100 through one of openings
120 upward towards surrounding environment 106 of closed photobioreactor 100. According
to some embodiments, each one of plurality of transparent pipes 150 is extending from internal
cavity 104 of closed photobioreactor 100 through one of openings 120 upward towards

surrounding environment 106 of closed photobioreactor 100.

[00349] For example, transparent pipe 150 shown in Fig. 6 is portrayed as extending from
internal cavity 104 upward through opening 120 towards surrounding environment 106 of

closed photobioreactor 100.

[00350] According to some embodiments, at least one of plurality of transparent pipes 150
is extending from internal cavity 104, through one of openings 120 upward towards
surrounding environment 106 of closed photobioreactor 100. According to some embodiments,
each one of plurality of transparent pipes 150 is extending from internal cavity 104, through

one of openings 120 upward towards surrounding environment 106 of closed photobioreactor

100.

[00351] According to some embodiments, at least one of plurality of transparent pipes 150
is extending downward from one of openings 120 towards internal cavity 104. According to
some embodiments, each one of plurality of plurality of transparent pipes 150 is extending
downward from one of openings 120 towards internal cavity 104. The up or down directions

are elaborated herein above.

[00352] According to some embodiments, transparent pipe 150 is extending through
opening 120. According to some embodiments, transparent pipe 150 is extending through
vessel cover 114. According to some embodiments, each one of plurality of transparent pipes

150 is extending through one of plurality of openings 120.

[00353] According to some embodiments, transparent pipe 150 is retained by vessel cover
114. According to some embodiments, transparent pipe 150 is connected to vessel cover 114.

According to some embodiments, transparent pipe 150 is sealed to vessel cover 114.
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[00354] According to some embodiments, transparent pipe 150 comprises a transparent pipe
first open end 152 and a transparent pipe second end 154. According to some embodiments,
transparent pipe second end 154 is offset upward from vessel cover 114. According to some
embodiments, transparent pipe second end 154 is offset downward from vessel cover 114.
According to some embodiments, transparent pipe first open end 152 is at the level of opening
120, which retains it. According to some embodiments, transparent pipe first open end 152 of

each one of plurality of transparent pipes 150 is at the level of vessel cover 114.

[00355] According to some embodiments, transparent pipe second end 154 is located

longitudinally between vessel cover 114 and vessel floor 112.

[00356] Specifically, Fig. 6 provides a configuration of transparent pipe second end 154,
which is located inside internal cavity 104 of vessel 110, and refers to embodiments in which
transparent pipe 150 is extending downwards towards internal cavity 104 from vessel cover

114 or through vessel cover 114.

[00357] According to some embodiments, transparent pipe 150 comprises a transparent pipe
first portion 156* According to some embodiments, transparent pipe first portion 156" is
retaining transparent pipe 150. According to some embodiments transparent pipe first portion
156" is attached to transparent pipe 150. According to some embodiments, transparent pipe first

portion 156" is sealed to transparent pipe 150.

[00358] According to some embodiments, transparent pipe first portion 156* is located

between transparent pipe first open end 152 and transparent pipe second end 154.

[00359] According to some embodiments, transparent pipe 150 has a transparent pipe first
open end 152 at the longitudinal top edge thereof. It is to be understood that by defining that
transparent pipe first open end 152 is located out of internal cavity 104, it is not limited to a
configuration in which transparent pipe first open end 152 is necessarily above vessel cover
114, according to some embodiments. Specifically, while transparent pipe first open end 152
may be offset upward from vessel cover 114, transparent pipe first open end 152 and vessel
cover 114 may be substantially at the same level, such that transparent pipe first open end 152
is located out of internal cavity 104, according to some embodiments. Transparent pipe first
open end 152 is located out of internal cavity 104 when transparent pipe first open end 152 is
at the level of vessel cover 114, since vessel cover 114 defines the top boundary of internal

cavity 104.
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[00360] Specifically, Fig. 6 represents embodiments of closed photobioreactor 100 in which
transparent pipe first open end 152 is offset upward from vessel cover 114. However, closed

photobioreactor 100 is not limited to transparent pipe first open ends 152, of this configuration.

[00361] According to some embodiments, transparent pipe 150 is substantially sealed to
opening 120. According to some embodiments, transparent pipe 150 is substantially sealed to
opening 120, such that internal cavity 104 of vessel 110 is substantially isolated from
surrounding environment 106 of closed photobioreactor 100. According to some embodiments,
transparent pipe 150 is substantially sealed to opening 120, such that aqueous medium 102,
when inserted to vessel 110, is substantially isolated from surrounding environment 106 of
closed photobioreactor 100. According to some embodiments, transparent pipe 150 is
substantially sealed to opening 120, such that aqueous medium 102, within vessel 110, is

substantially isolated from surrounding environment 106 of closed photobioreactor 100.

[00362] According to some embodiments, transparent pipe 150 is substantially sealed to
vessel cover 114. According to some embodiments, transparent pipe 150 is substantially sealed
to vessel cover 114, such that internal cavity 104 of vessel 110 is substantially isolated from
surrounding environment 106 of closed photobioreactor 100. According to some embodiments,
transparent pipe 150 is substantially sealed to vessel cover 114, such that aqueous medium 102,
when inserted to vessel 110, is substantially isolated from surrounding environment 106 of
closed photobioreactor 100. According to some embodiments, transparent pipe 150 is
substantially sealed to vessel cover 114, such that aqueous medium 102, within vessel 110, is

substantially isolated from surrounding environment 106 of closed photobioreactor 100.

[00363] Fig. 6 depicts a portion of vessel cover 114 connected through opening 120 to
transparent pipe 150. It is to be understood that opening 120, transparent pipe 150 and elements
related thereto as depicted in Fig. 6 are optional for at least one of plurality of transparent pipes
150 of closed photobioreactor 100 (e.g. one of plurality of transparent pipes 150, some of
plurality of transparent pipes 150, or each one of plurality of transparent pipes 150).
Specifically, the sealing described herein may be implemented to different transparent pipes

150 described in the current disclosure.

[00364] The sealing described above may be achieved through a retention unit 140, which

may comprises at least one retention member 142, according to some embodiments.
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[00365] According to some embodiments, closed photobioreactor 100 further comprises a
plurality of retention units 140. According to some embodiments, each of plurality of retention

units 140 comprises at least one retention member 142.

[00366] According to some embodiments, each of plurality of retention units 140 comprises
one retention member 142. According to some embodiments, each of plurality of retention
units 140 comprises two retention members 142. According to some embodiments, each of

plurality of retention units 140 comprises a plurality of retention members 142.

[00367] According to some embodiments, transparent pipe 150 is substantially sealed to
opening 120. According to some embodiments, transparent pipe 150 is substantially sealed to
opening 120 by at least one retention member 142. According to some embodiments, at least
one retention member 142 is configured to seal transparent pipe 150 to opening 120. According
to some embodiments, at least one retention member 142 is configured to fix transparent pipe
150 to opening 120.According to some embodiments, at least one retention member 142 is

configured to secure transparent pipe 150 to opening 120.

[00368] According to some embodiments, transparent pipe 150 is substantially sealed to
vessel cover 114. According to some embodiments, transparent pipe 150 is substantially sealed
to vessel cover 114 by at least one retention member 142. According to some embodiments, at
least one retention member 142 is configured to seal transparent pipe 150 to vessel cover 114.
According to some embodiments, at least one retention member 142 is configured to fix
transparent pipe 150 to vessel cover 114. According to some embodiments, at least one

retention member 142 is configured to secure transparent pipe 150 to vessel cover 114.

[00369] According to some embodiments, transparent pipe 150 is substantially sealed to
hollow cover extension 130. According to some embodiments, transparent pipe 150 is
substantially sealed to hollow cover extension 130 by at least one retention member 142.
According to some embodiments, at least one retention member 142 is configured to seal
transparent pipe 150 to hollow cover extension 130. According to some embodiments, at least
one retention member 142 is configured to fix transparent pipe 150 to hollow cover extension
130. According to some embodiments, at least one retention member 142 is configured to

secure transparent pipe 150 to hollow cover extension 130.

[00370] According to some embodiments, transparent pipe 150 is substantially sealed to

hollow cover extension first portion 136. According to some embodiments, transparent pipe
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150 is substantially sealed hollow cover extension first portion 136 by at least one retention
member 142. According to some embodiments, at least one retention member 142 is configured
to seal transparent pipe 150 to hollow cover extension first portion 136. According to some
embodiments, at least one retention member 142 is configured to fix transparent pipe 150 to
hollow cover extension first portion 136. According to some embodiments, at least one
retention member 142 is configured to secure transparent pipe 150 to hollow cover extension

first portion 136.

[00371] According to some embodiments, transparent pipe first portion 156* is substantially
sealed to opening 120. According to some embodiments, transparent pipe first portion 156 is
substantially sealed to opening 120 by at least one retention member 142. According to some
embodiments, at least one retention member 142 is configured to seal transparent pipe first
portion 156" to opening 120. According to some embodiments, at least one retention member
142 is configured to fix transparent pipe first portion 156* to opening 120. According to some
embodiments, at least one retention member 142 is configured to secure transparent pipe first

portion 156* to opening 120.

[00372] According to some embodiments, transparent pipe first portion 156* is substantially
sealed to vessel cover 114. According to some embodiments, transparent pipe first portion 156*
is substantially sealed to vessel cover 114 by at least one retention member 142. According to
some embodiments, at least one retention member 142 is configured to seal transparent pipe
first portion 156 to vessel cover 114. According to some embodiments, at least one retention
member 142 is configured to fix transparent pipe first portion 156* to vessel cover 114.
According to some embodiments, at least one retention member 142 is configured to secure

transparent pipe first portion 156* to vessel cover 114.

[00373] According to some embodiments, transparent pipe first portion 156* is substantially
sealed to hollow cover extension 130. According to some embodiments, transparent pipe first
portion 156* is substantially sealed to hollow cover extension 130 by at least one retention
member 142. According to some embodiments, at least one retention member 142 is configured
to seal transparent pipe first portion 156* to hollow cover extension 130. According to some
embodiments, at least one retention member 142 is configured to fix transparent pipe first
portion 156" to hollow cover extension 130. According to some embodiments, at least one
retention member 142 is configured to secure transparent pipe first portion 156* to hollow cover

extension 130.



10

15

20

25

30

WO 2021/149045 PCT/IL2021/050055
74

[00374] According to some embodiments, transparent pipe first portion 156* is substantially
sealed to hollow cover extension first portion 136. According to some embodiments,
transparent pipe first portion 156 is substantially sealed hollow cover extension first portion
136 by at least one retention member 142. According to some embodiments, at least one
retention member 142 is configured to seal transparent pipe first portion 156 to hollow cover
extension first portion 136. According to some embodiments, at least one retention member
142 is configured to fix transparent pipe first portion 156* to hollow cover extension first
portion 136. According to some embodiments, at least one retention member 142 is configured

to secure transparent pipe first portion 156* to hollow cover extension first portion 136.

[00375] According to some embodiments, at least one retention member 142 is disposed
circumferentially between transparent pipe first portion 156* and opening 120. According to
some embodiments, at least one retention member 142 is disposed circumferentially between
transparent pipe first portion 156 and vessel cover 114. According to some embodiments, at
least one retention member 142 is disposed circumferentially between transparent pipe 150 and
opening 120. According to some embodiments, at least one retention member 142 is disposed

circumferentially between transparent pipe 150 and vessel cover 114.

[00376] According to some embodiments, at least one retention member 142 is disposed
longitudinally between transparent pipe second end 154 and transparent pipe first open end

152.

[00377] According to some embodiments, at least one retention member 142 is configured
to limit spontaneous movement of transparent pipe 150 in the lateral and longitudinal

directions.

[00378] According to some embodiments, at least one retention member 142 comprises at
least one squeezable gasket. According to some embodiments, retention member 142 is a
squeezable gasket. According to some embodiments, each one of retention members 142 is a
squeezable gasket. According to some embodiments, at least one retention member 142
comprises at least one O-ring. According to some embodiments, retention member 142 is an
O-ring. According to some embodiments, each one of retention members 142 is an O-ring.
According to some embodiments, at least one retention member 142 is made of a polymeric

material. According to some embodiments, at least one retention member 142 is made of
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rubber. According to some embodiments, at least one retention member 142 is flexible.

According to some embodiments, at least one retention member 142 is expandable.

[00379] According to some embodiments, opening 120 comprises an opening internal recess

1442, According to some embodiments, opening internal recess 144* is located along opening

120.

[00380] According to some embodiments, opening internal recess 144" is designed to house
at least one retention member 142. According to some embodiments, at least one retention
member 142 is housed within opening internal recess 144 According to some embodiments,

at least one retention member 142 is accommodated within opening internal recess 144*,

[00381] According to some embodiments, at least one retention member 142 is pressing
transparent pipe 150 inward. According to some embodiments, at least one retention member
142 is pressing transparent pipe first portion 156 inward. It is to be understood that the term
"inward" as used in this paragraph refers to the centripetal direction from the circumference of

opening 120 toward transparent pipe first portion 156*.

[00382] According to some embodiments, each one of transparent pipes 150 is substantially
clear, such it is capable of transmitting light, such as visible light, to internal cavity 104 of
vessel 110 when not disturbed by intervening objects. According to some embodiments,
transparent pipe 150 is made of a transparent polymer or glass. According to some

embodiments, transparent pipe 150 is made of glass.

[00383] Fig. 6 show vessel cover 114 retaining transparent pipe 150 having a cylindrical
shape. However, closed photobioreactor 100 is not limited to circular shaped transparent pipe
150. Specifically, according to some embodiments, each one of transparent pipes 150 may have
any curvilinear shape or rectilinear shape, such as a circle, an ellipsoid, a square, a rectangle, a
hexagon, an octagon, including three dimensional shapes thereof, such as cuboid and cylinder.
According to some embodiments, at least one of transparent pipes 150 is cylindrical. According

to some embodiments, each one of transparent pipes 150 is cylindrical.

[00384] It is to be understood that the shape of transparent pipe 150 is matching to the shape
of openings 120, according to some embodiments. It is to further be understood that the shape
of transparent pipe 150 is matching to the shape of hollow cover extension 130, when present,

according to some embodiments.
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[00385] According to some embodiments, transparent pipe 150 is externally tubular.
According to some embodiments, opening 120 is circular. According to some embodiments,
opening internal recess 144* is circular. According to some embodiments, opening internal
recess 144* is toroidal. According to some embodiments, opening internal recess 144 is torus-

shaped. According to some embodiments, opening internal recess 144 is ring-shaped.

[00386] Itis to be understood that when at least one retention member 142 is placed around
transparent pipe 150, at least one retention member 142 has an internal diameter (D1421) equal
to or larger than the external diameter (D150e) of transparent pipe 150, as detailed in Figs. 7A-
B. It is also to be understood that when at least one retention member 142 is placed within
opening internal recess 144%, at least one retention member 142 has an external diameter equal

to or smaller than the diameter of opening internal recess 144"

[00387] According to some embodiments, vessel cover 114 is made of a rigid material.
According to some embodiments, vessel cover 114 is made of a polymer, a metal alloy or a
metal. According to some embodiments, vessel cover 114 is made of a metal alloy. According
to some embodiments, vessel cover 114 is made of a metal. According to some embodiments,

vessel cover 114 is made of stainless steel.

[00388] According to some embodiments, each one of plurality of transparent pipes 150
defines a transparent pipe lumen 160 there inside. According to some embodiments, plurality
of transparent pipes 150 are configured to accommodate a plurality of light sources 170 within
transparent pipe lumens 160 thereof. According to some embodiments, each one of plurality of
transparent pipes 150 is configured to accommodate at least one light source 170 within
transparent pipe lumen 160 thereof. According to some embodiments, each one of plurality of
transparent pipes 150 is configured to accommodate a plurality of light sources 170 within

transparent pipe lumen 160 thereof.

[00389] According to some embodiments, transparent pipe 150 has a transparent pipe

second portion 158 located within internal cavity 104 of vessel 110.

[00390] As detailed herein, according to some embodiments, transparent pipe 150 has
transparent pipe first open end 152, which is open and allows fluid communication, such as gas
or liquid flow between surrounding environment 106 of closed photobioreactor 100 and
transparent pipe lumen 160. However, according to some embodiments, it is an option of closed

photobioreactor 100 to reversible cap or plug transparent pipe 150 at its transparent pipe first
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open end 152, such that transparent pipe lumen 160 is temporarily sealed from surrounding
environment 106 of closed photobioreactor 100. This should not harm the function of closed
photobioreactor 100, as long as the capping is reversible and fluid communication between
transparent pipe lumen 160 and surrounding environment 106 of closed photobioreactor 100 is
at least occasionally enabled, according to some embodiments. This importance of this type of

fluid communication is elaborated herein.

[00391] According to some embodiments, transparent pipe lumen 160 is in fluid
communication with surrounding environment 106 of closed photobioreactor 100, when not
plugged. According to some embodiments, transparent pipe lumen 160 of each one of plurality
of transparent pipes 150 is in fluid communication with surrounding environment 106 of closed
photobioreactor 100, when not plugged. According to some embodiments, transparent pipe
lumen 160 is in fluid communication with surrounding environment 106 of closed
photobioreactor 100. According to some embodiments, transparent pipe lumen 160 of each one
of plurality of transparent pipes 150 is in fluid communication with surrounding environment

106 of closed photobioreactor 100.

[00392] According to some embodiments, closed photobioreactor 100 further comprises a
closed cap (not shown) configured to plug transparent pipe first open end 152. According to
some embodiments, closed photobioreactor 100 further comprises a plurality of closed caps,
each configured to plug transparent pipe first open end 152 of one of plurality of transparent
pipes 150. Specifically, such closed caps are known in the art, and may include, but not limited

to rubber plugs, plastic caps, glass caps, metal caps and wooden corks.

[00393] According to some embodiments, transparent pipe lumen 160 is isolated from
internal cavity 104 of vessel 110. According to some embodiments, transparent pipe lumen 160

of each one of plurality of transparent pipes 150 is isolated from internal cavity 104 of vessel

[00394] Reference is made to Figs. 7A and 7B. Fig. 7A constitutes a front cross section view
of vessel cover 114, one of hollow cover extension 130, one of transparent pipes 150 and one
of double-open caps 180 of closed photobioreactor 100, according to some embodiments. Fig.

7B constitutes an exploded view of Fig 7A.

[00395] Each one of vessel cover 114, double-open cap 180, hollow cover extension 130
and transparent pipe 150, separately, as shown in Figs. 7A-B may be used as vessel cover 114

and transparent pipe 150 of closed photobioreactor 100 of Figs 1A-B and/or as vessel cover
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114 and transparent pipe 150 of closed photobioreactor 100 of Figs 3A-B. Specifically, the
embodiments depicted in Figs. 7A-B relate to an optional means of connecting between
transparent pipe 150 and vessel cover 114, a connection which is introduced when describing
Figs 1A, 1B, 3A and 3B hereinabove. In addition, embodiments relating to this connection
using hollow cover extension 130 are further elaborated when describing Figs 4A and 4B.
Specifically, the embodiments depicted in Figs. 7A-B relate to an optional means of sealing
transparent pipe 150 to hollow cover extension 130 of vessel cover 114, a feature which is

introduced when describing Figs 4A-B and 6.

[00396] More specifically, the embodiments shown in Figs 7A-B are similar to those
described when referring to Fig.6, with the major exception being that hollow cover extension

130 is presented in Figs 7A-B, and retention unit 140 comprises two retention members 142.

[00397] According to some embodiments, vessel cover 114 comprises a plurality of hollow
cover extensions 130. According to some embodiments, at least one of plurality of hollow
cover extensions 130 is extending from one of openings 120 upward. According to some
embodiments, at least one of plurality of hollow cover extensions 130 is extending from one

of openings 120 upward towards surrounding environment 106 of closed photobioreactor 100.

[00398] For example, three of plurality of hollow cover extensions 130 shown in Figs. 7A
and 7B are portrayed as extending from opening 120 upward. However, closed photobioreactor
100 is not limited to this configuration, and hollow cover extension 130 may extend from
internal cavity 104, through one of openings 120 upward, or extend from internal cavity 104
upwards towards opening 120. According to some embodiments, at least one of plurality of
hollow cover extensions 130 is extending from internal cavity 104, through one of openings
120 upward. According to some embodiments, at least one of plurality of hollow cover
extensions 130 is extending from internal cavity 104, through one of openings 120 upward

towards surrounding environment 106 of closed photobioreactor 100.

[00399] According to some embodiments, transparent pipe 150 is extending through hollow

cover extension 130.

[00400] According to some embodiments, transparent pipe 150 is retained by hollow cover
extension 130. According to some embodiments, transparent pipe 150 is connected to hollow
cover extension 130. According to some embodiments, transparent pipe 150 is sealed to hollow

cover extension 130.
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[00401] According to some embodiments, hollow cover extension 130 comprises a hollow
cover extension first open end 132. According to some embodiments, hollow cover extension
first open end 132 is offset upward from vessel cover 114. The function of hollow cover

extension first open end 132 is elaborated when referring to Figs 4A-B.

[00402] According to some embodiments, transparent pipe first open end 152 is offset
upward from hollow cover extension first open end 132, which retains it. According to some
embodiments, transparent pipe first open end 152 is offset upward from hollow cover extension

first open end 132, which is attached thereto.

[00403] According to some embodiments, hollow cover extension 130 comprises a hollow
cover extension second end 134. According to some embodiments, hollow cover extension
second end 134* is at the at the level of vessel cover 114. According to some embodiments,

hollow cover extension second end 134 s at the level of openings 120.

[00404] Specifically, Fig. 7A and Fig. 7B provides hollow cover extension second end 134,
which is located at the level of vessel cover 114, and refers to embodiments in which hollow
cover extension 130 is extending upwards from vessel cover 114. However, closed
photobioreactor 100 is not limited to this configuration and may include hollow cover extension

second end 134°, which is described in Fig 4B.

[00405] According to some embodiments, one of hollow cover extension first open end 132
and hollow cover extension second end 134 is connected to vessel cover 114. According to
some embodiments, one of hollow cover extension first open end 132 and hollow cover
extension second end 134 is retained by one of openings 120 of vessel cover 114. According
to some embodiments, one of hollow cover extension first open end 132 and hollow cover

extension second end 134 is sealed to opening 120.

[00406] According to some embodiments, transparent pipe 150 is substantially sealed to
hollow cover extension 130. According to some embodiments, transparent pipe 150 is
substantially sealed to hollow cover extension 130, such that internal cavity 104 of vessel 110
is substantially isolated from surrounding environment 106 of closed photobioreactor 100.
According to some embodiments, transparent pipe 150 is substantially sealed to hollow cover
extension 130, such that aqueous medium 102, when inserted to vessel 110, is substantially
isolated from surrounding environment 106 of closed photobioreactor 100. According to some

embodiments, transparent pipe 150 is substantially sealed to hollow cover extension 130, such
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that aqueous medium 102, within vessel 110, is substantially isolated from surrounding

environment 106 of closed photobioreactor 100.

[00407] According to some embodiments, hollow cover extension 130 comprises a hollow
cover extension first portion 136. According to some embodiments, hollow cover extension
first portion 136 is retaining transparent pipe 150. According to some embodiments, hollow
cover extension first portion 136 is retaining one of plurality of transparent pipes 150.
According to some embodiments, hollow cover extension first portion 136 is attached to
transparent pipe 150. According to some embodiments, hollow cover extension first portion
136 is sealed to transparent pipe 150. According to some embodiments, hollow cover extension

first portion 136 is sealed to one of plurality of transparent pipes 150.

[00408] According to some embodiments, hollow cover extension first portion 136 is
retaining transparent pipe first portion 156* of transparent pipe 150. According to some
embodiments, hollow cover extension first portion 136 is retaining transparent pipe first portion
156" of one of plurality of transparent pipes 150. According to some embodiments, hollow
cover extension first portion 136 is attached to transparent pipe first portion 156* of transparent
pipe 150. According to some embodiments, hollow cover extension first portion 136 is attached
to transparent pipe first portion 156 of one of plurality of transparent pipes 150. According to
some embodiments, hollow cover extension first portion 136 is sealed to transparent pipe first
portion 156* of transparent pipe 150. According to some embodiments, hollow cover extension
first portion 136 is sealed to transparent pipe first portion 156* of one of plurality of transparent

pipes 150.

[00409] According to some embodiments, vessel cover 114 is made of a rigid material.
According to some embodiments, vessel cover 114 is made of a polymer, a metal alloy or a
metal. According to some embodiments, vessel cover 114 is made of a metal alloy. According
to some embodiments, vessel cover 114 is made of a metal. According to some embodiments,

vessel cover 114 is made of stainless steel.

[00410] According to some embodiments, at least one of plurality of hollow cover
extensions 130 is made of a rigid material. According to some embodiments, at least one of
plurality of hollow cover extensions 130 is made of a polymer, a metal alloy or a metal.
According to some embodiments, at least one of plurality of hollow cover extensions 130 is

made of a metal alloy. According to some embodiments, at least one of plurality of hollow
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cover extensions 130 is made of a metal. According to some embodiments, at least one of
plurality of hollow cover extensions 130 is made of stainless steel. According to some
embodiments, hollow cover extension 130 is made of a rigid material. According to some
embodiments, hollow cover extension 130 made of a polymer, a metal alloy or a metal.
According to some embodiments, hollow cover extension 130 is made of a metal alloy.
According to some embodiments, hollow cover extension 130 is made of a metal. According

to some embodiments, hollow cover extension 130 is made of stainless steel.

[00411] It is to be understood that hollow cover extension first portion 136 is made of the
same material of hollow cover extension 130, according to some embodiments. Specifically,
according to some embodiments, hollow cover extension first portion 136 is made of a rigid
material. According to some embodiments, hollow cover extension first portion 136 is made
of a polymer, a metal alloy or a metal. According to some embodiments, hollow cover
extension first portion 136 is made of a metal alloy. According to some embodiments, hollow
cover extension first portion 136 is made of a metal. According to some embodiments, hollow

cover extension first portion 136 is made of stainless steel.

[00412] According to some embodiments, hollow cover extension 130 is welded to vessel
cover 114. According to some embodiments, hollow cover extension first portion 136 is welded

to vessel cover 114.

[00413] According to some embodiments, hollow cover extension first portion 136 is
located between hollow cover extension second end 134 and hollow cover extension first open
end 132. According to some embodiments, hollow cover extension first portion 136 is located
at hollow cover extension first open end 132. According to some embodiments, hollow cover
extension first portion 136 is located in proximity to hollow cover extension first open end 132.
According to some embodiments, hollow cover extension first portion 136 is located in

proximity to hollow cover extension second end 134*

[00414] According to some embodiments, hollow cover extension 130 comprises a hollow
cover extension threaded external portion 138. According to some embodiments, hollow cover
extension threaded external portion 138 is located at hollow cover extension first open end 132.
According to some embodiments, hollow cover extension threaded external portion 138 is

located in proximity to hollow cover extension first open end 132. According to some
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embodiments, hollow cover extension threaded external portion 138 is offset upward from

vessel cover 114.

[00415] According to some embodiments, double-open cap threaded internal portion 184 is

tubular. According to some embodiments, hollow cover extension threaded external portion

138 is tubular.

[00416] According to some embodiments, each one of transparent pipes 150 is substantially
clear, such it is capable of transmitting light, such as visible light, to internal cavity 104 of
vessel 110 when not disturbed by intervening objects. According to some embodiments,
transparent pipe 150 is made of a transparent polymer or glass. According to some

embodiments, transparent pipe 150 is made of glass.

[00417] According to some embodiments, each one of transparent pipes 150 pipes extends

through one of openings 120.

[00418] Figs. 7A and 7B show vessel cover 114 retaining transparent pipes 150 having a
cylindrical shape. However, closed photobioreactor 100 is not limited to circular shaped
transparent pipe 150. Specifically, according to some embodiments, each one of transparent
pipes 150 may have any curvilinear shape or rectilinear shape, such as a circle, an ellipsoid, a
square, a rectangle, a hexagon, an octagon, including three dimensional shapes thereof, such as
cuboid and cylinder. According to some embodiments, at least one of transparent pipes 150 is

cylindrical. According to some embodiments, each one of transparent pipes 150 is cylindrical.

[00419] Itis to be understood that the shape of transparent pipe 150 is matching to the shape
of hollow cover extension 130, according to some embodiments. It is to further be understood
that the shape of transparent pipe 150 is matching to the shape of openings 120, according to

some embodiments.

[00420] Specifically, Figs. 7A and 7B show vessel cover 114 connected or welded to
plurality of hollow cover extensions 130 having a cylindrical shape. However, closed
photobioreactor 100 is not limited to circular shaped hollow cover extensions 130. According
to some embodiments, each one of plurality of hollow cover extensions 130 may have any
curvilinear shape or rectilinear shape, such as a circle, an ellipsoid, a square, a rectangle, a
hexagon, an octagon, including three dimensional shapes thereof, such as cuboid and cylinder.

According to some embodiments, at least one of plurality of hollow cover extensions 130 is
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cylindrical. According to some embodiments, each one of plurality of hollow cover extensions

130 is cylindrical.

[00421] According to some embodiments, transparent pipe 150 has transparent pipe first
open end 152 and transparent pipe second end 154. According to some embodiments,
transparent pipe 150 extends along the longitudinal axis through one of openings 120, wherein
transparent pipe second end 154 is located lower than transparent pipe first open end 152.
According to some embodiments, transparent pipe second end 154 is located closer to vessel
floor 112 than transparent pipe first open end 152. According to some embodiments,
transparent pipe second end 154 is located farther than vessel cover 114 than transparent pipe

first open end 152.

[00422] According to some embodiments, transparent pipe second end 154 is located within
internal cavity 104. According to some embodiments, transparent pipe first open end 152 is

located out of internal cavity 104.

[00423] According to some embodiments, transparent pipe 150 defines a transparent pipe
lumen 160 there inside. According to some embodiments, transparent pipe 150 is configured
to accommodate light source 170 within transparent pipe lumen 160 thereof. Figs 7A and 7B
show transparent pipe 150 with light source 170 removed, however, the relation between the

elements is elaborated when referring to Figs SA-E.

[00424] According to some embodiments, transparent pipe 150 has a transparent pipe

second portion 158 located within internal cavity 104 of vessel 110.

[00425] As detailed herein, according to some embodiments, transparent pipe 150 has
transparent pipe first open end 152, which is open and allows fluid communication, such as gas
or liquid flow between surrounding environment 106 of closed photobioreactor 100 and
transparent pipe lumen 160. However, according to some embodiments, it is an option of closed
photobioreactor 100 to reversible cap or plug transparent pipe 150 at its transparent pipe first
open end 152, such that transparent pipe lumen 160 is temporarily sealed from surrounding

environment 106 of closed photobioreactor 100, as elaborated above.

[00426] According to some embodiments, transparent pipe lumen 160 is in fluid

communication with surrounding environment 106 of closed photobioreactor 100, when not
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plugged. According to some embodiments, closed photobioreactor 100 further comprises a

closed cap (not shown) configured to plug transparent pipe first open end 152.

[00427] According to some embodiments, transparent pipe lumen 160 is isolated from
internal cavity 104 of vessel 110. According to some embodiments, transparent pipe lumen 160
of each one of plurality of transparent pipes 150 is isolated from internal cavity 104 of vessel

110.

[00428] According to some embodiments, transparent pipe 150 is substantially sealed to
hollow cover extension 130. According to some embodiments, transparent pipe 150 is
substantially sealed to hollow cover extension 130, such that internal cavity 104 of vessel 110
is substantially isolated from surrounding environment 106 of closed photobioreactor 100.
According to some embodiments, transparent pipe 150 is substantially sealed to hollow cover
extension 130, such that aqueous medium 102, when inserted to vessel 110, is substantially
isolated from surrounding environment 106 of closed photobioreactor 100. According to some
embodiments, transparent pipe 150 is substantially sealed to hollow cover extension 130, such
that aqueous medium 102, within vessel 110, is substantially isolated from surrounding

environment 106 of closed photobioreactor 100.

[00429] The sealing described above may be achieved through a retention unit 140, which

may comprises at least one retention member 142, according to some embodiments.

[00430] According to some embodiments, closed photobioreactor 100 further comprises a
plurality of retention units 140. According to some embodiments, each of plurality of retention

units 140 comprises at least one retention member 142.

[00431] According to some embodiments, each of plurality of retention units 140 comprises
one retention member 142. According to some embodiments, each of plurality of retention
units 140 comprises two retention members 142. According to some embodiments, each of

plurality of retention units 140 comprises a plurality of retention members 142.

[00432] Specifically, Figs 7A-B represent an embodiment of closed photobioreactor 100, in
which the sealing of transparent pipe 150 to hollow cover extension 130 is made by two

retention members 142.
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[00433] According to some embodiments, retention unit 140 comprises an upper retention

member 142" and a lower retention member 1421,

[00434] According to some embodiments, transparent pipe 150 is substantially sealed to
hollow cover extension 130. According to some embodiments, transparent pipe 150 is
substantially sealed to hollow cover extension 130 by lower retention member 142! and upper
retention member 142". According to some embodiments, each one of lower retention member
142" and upper retention member 142" is configured to seal transparent pipe 150 to hollow
cover extension 130. According to some embodiments, each one of lower retention member
142" and upper retention member 142" is configured to fix transparent pipe 150 to hollow cover
extension 130. According to some embodiments, each one of lower retention member 142! and
upper retention member 142" is configured to secure transparent pipe 150 to hollow cover

extension 130.

[00435] According to some embodiments, transparent pipe 150 is substantially sealed to
hollow cover extension first portion 136. According to some embodiments, transparent pipe
150 is substantially sealed to hollow cover extension first portion 136by lower retention
member 142" and upper retention member 142", According to some embodiments, each one of
lower retention member 142! and upper retention member 142" is configured to seal transparent
pipe 150 to hollow cover extension first portion 136. According to some embodiments, each
one of lower retention member 142' and upper retention member 142" is configured to fix
transparent pipe 150 to hollow cover extension first portion 136. According to some
embodiments, each one of lower retention member 142' and upper retention member 142" is

configured to secure transparent pipe 150 to hollow cover extension first portion 136.

[00436] According to some embodiments, transparent pipe first portion 156* is substantially
sealed to hollow cover extension 130. According to some embodiments, transparent pipe first
portion 156" is substantially sealed to hollow cover extension 130 by lower retention member
142" and upper retention member 142", According to some embodiments, each one of lower
retention member 142! and upper retention member 142" is configured to seal transparent pipe
first portion 156 to hollow cover extension 130. According to some embodiments, each one
of lower retention member 142' and upper retention member 142" is configured to fix
transparent pipe first portion 156" to hollow cover extension 130. According to some
embodiments, each one of lower retention member 142' and upper retention member 142" is

configured to secure transparent pipe first portion 156 to hollow cover extension 130.
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[00437] According to some embodiments, transparent pipe first portion 156* is substantially
sealed to hollow cover extension first portion 136. According to some embodiments,
transparent pipe first portion 156 is substantially sealed to hollow cover extension first portion
136by lower retention member 142" and upper retention member 142", According to some
embodiments, each one of lower retention member 142' and upper retention member 142" is
configured to seal transparent pipe first portion 156" to hollow cover extension first portion
136. According to some embodiments, each one of lower retention member 142! and upper
retention member 142" is configured to fix transparent pipe first portion 156* to hollow cover
extension first portion 136. According to some embodiments, each one of lower retention
member 142! and upper retention member 142" is configured to secure transparent pipe first

portion 156* to hollow cover extension first portion 136.

[00438] Figs 7A-B depict a portion of vessel cover 114 connected through hollow cover
extension 130 to transparent pipe 150. It is to be understood that hollow cover extension 130,
transparent pipe 150 and elements related thereto as depicted in Figs 7A-B are optional for at
least one of plurality of transparent pipes 150 of closed photobioreactor 100 (e.g. one of
plurality of transparent pipes 150, some of plurality of transparent pipes 150, or each one of
plurality of transparent pipes 150). Specifically, the sealing described herein may be

implemented to different transparent pipes 150 described in the current disclosure.

[00439] According to some embodiments, each one of lower retention member 142" and
upper retention member 142" is disposed circumferentially between transparent pipe first
portion 156° and opening 120. According to some embodiments, each one of lower retention
member 142! and upper retention member 142" is disposed circumferentially between
transparent pipe first portion 156" and vessel cover 114. According to some embodiments, each
one of lower retention member 142' and upper retention member 142" is disposed
circumferentially between transparent pipe 150 and opening 120. According to some
embodiments, each one of lower retention member 142' and upper retention member 142" is

disposed circumferentially between transparent pipe 150 and vessel cover 114.

[00440] According to some embodiments, each one of lower retention member 142" and
upper retention member 142" is disposed longitudinally between transparent pipe second end
154 and transparent pipe first open end 152. According to some embodiments, each one of
lower retention member 142! and upper retention member 142" is disposed longitudinally

between transparent pipe second end 154 and hollow cover extension first open end 132.
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[00441] According to some embodiments, each one of lower retention member 142" and
upper retention member 142" is configured to limit spontaneous movement of transparent pipe

150 in the lateral and/or longitudinal directions.

[00442] According to some embodiments, upper retention member 142" comprises at least
one squeezable gasket. According to some embodiments, upper retention member 142" is a
squeezable gasket. According to some embodiments, each one of upper retention members
142" is a squeezable gasket. According to some embodiments, at least one upper retention
member 142" comprises at least one O-ring. According to some embodiments, upper retention
member 142" is an O-ring. According to some embodiments, each one of upper retention
members 142" is an O-ring. According to some embodiments, at least one upper retention
member 142" is made of a polymeric material. According to some embodiments, upper
retention member 142" is made of rubber. According to some embodiments, upper retention
member 142" is flexible. According to some embodiments, upper retention member 142" is

expandable.

[00443] According to some embodiments, lower retention member 142! comprises at least
one squeezable gasket. According to some embodiments, lower retention member 142! is a
squeezable gasket. According to some embodiments, each one of lower retention members 142!
is a squeezable gasket. According to some embodiments, at least one lower retention member
142! comprises at least one O-ring. According to some embodiments, lower retention member
142'is an O-ring. According to some embodiments, each one of lower retention members 142!
is an O-ring. According to some embodiments, at least one lower retention member 142" is
made of a polymeric material. According to some embodiments, lower retention member 142!
is made of rubber. According to some embodiments, lower retention member 142! is flexible.

According to some embodiments, lower retention member 142 is expandable.

[00444] According to some embodiments, hollow cover extension 130 comprises a hollow
cover extension internal recess 144°. According to some embodiments, hollow cover extension
internal recess 144" is at an interior surface of hollow cover extension 130. According to some
embodiments, hollow cover extension internal recess 144 is positioned longitudinally between
hollow cover extension second end 134" and hollow cover extension first open end 132.
According to some embodiments, hollow cover extension internal recess 144° is positioned
longitudinally between hollow cover extension second end 134 and hollow cover extension

first open end 132. According to some embodiments, hollow cover extension internal recess
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144 is positioned longitudinally between hollow cover extension second end 134° and hollow
cover extension first open end 132. According to some embodiments, hollow cover extension

internal recess 144 is positioned longitudinally at the level of vessel cover 114.

[00445] Figs 7A-B represent embodiments of closed photobioreactor 100 in which hollow
cover extension internal recess 144° is positioned above vessel cover 114, however,
embodiments, in which extension internal recess 144 is positioned at the level of vessel cover
114 or below the level of vessel cover 114, are also contemplated. Specifically, hollow cover
extension internal recess 144 may be at the level of internal recess 144, when hollow cover
extension 130 is extending between internal cavity 104 of surrounding environment 106 or
extending from vessel cover 114 upwards, according to some embodiments. In addition, hollow
cover extension internal recess 144° may be below the level of internal recess 144, when hollow
cover extension 130 is extending between internal cavity 104 of surrounding environment 106,

according to some embodiments.

[00446] According to some embodiments, hollow cover extension internal recess 144° is
designed to house lower retention member 142, According to some embodiments, lower
retention member 142'is housed within hollow cover extension internal recess 144°. According
to some embodiments, lower retention member 142' is accommodated within hollow cover

extension internal recess 144°.

[00447] According to some embodiments, lower retention member 142! is pressing
transparent pipe 150 inward. According to some embodiments, lower retention member 142! is
pressing transparent pipe first portion 156 inward. It is to be understood that the term "inward"
as used in this paragraph refers to the centripetal direction from the circumference of opening

120 toward transparent pipe first portion 156*

[00448] Figs 7A-B show vessel cover 114 retaining transparent pipe 150 having a
cylindrical shape. However, closed photobioreactor 100 is not limited to circular shaped
transparent pipe 150. Specifically, according to some embodiments, each one of transparent
pipes 150 may have any curvilinear shape or rectilinear shape, such as a circle, an ellipsoid, a
square, a rectangle, a hexagon, an octagon, including three dimensional shapes thereof, such as
cuboid and cylinder. According to some embodiments, at least one of transparent pipes 150 is

cylindrical. According to some embodiments, each one of transparent pipes 150 is cylindrical.
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[00449] It is to be understood that the shape of transparent pipe 150 is matching to the shape
of openings 120, according to some embodiments. It is to further be understood that the shape
of transparent pipe 150 is matching to the shape of hollow cover extension 130, when present,

according to some embodiments.

[00450] According to some embodiments, hollow cover extension internal recess 144° is
designed to house lower retention member 142, According to some embodiments, lower
retention member 142'is housed within hollow cover extension internal recess 144°. According
to some embodiments, lower retention member 142' is accommodated within hollow cover

extension internal recess 144°.

[00451] According to some embodiments, transparent pipe 150 is externally tubular.
According to some embodiments, hollow cover extension 130 is internally tubular. According
to some embodiments, hollow cover extension internal recess 144° is circular. According to
some embodiments, hollow cover extension internal recess 144 is toroidal. According to some
embodiments, hollow cover extension internal recess 144° is torus-shaped. According to some

embodiments, hollow cover extension internal recess 144 is ring-shaped.

[00452] It is to be understood that when lower retention member 142! is placed around
transparent pipe 150, lower retention member 142" has an internal diameter (D142') equal to
or larger than the external diameter (D150e) of transparent pipe 150, as detailed below. It is
also to be understood that when lower retention member 142! is placed within hollow cover
extension internal recess 144°, lower retention member 142! has an external diameter equal to

or smaller than the diameter of hollow cover extension internal recess 144°.

[00453] According to some embodiments lower retention member 142' is expandable.
According to some embodiments, wherein lower retention member 142' is placed around
transparent pipe 150, it is in an expanded state. According to some embodiments, wherein
lower retention member 142" is in an expanded state, it has a lower retention member internal

diameter D14214.

[00454] According to some embodiments, transparent pipe first portion 156 has an external
diameter D156e. According to some embodiments, transparent pipe 150 has an external

diameter D150e.
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[00455] According to some embodiments, lower retention member internal diameter D1424
is equal to or larger than transparent pipe first portion external diameter D156e. According to
some embodiments, lower retention member internal diameter D142'i is equal to or larger than

transparent pipe external diameter D150e.

[00456] According to some embodiments, hollow cover extension 130 comprises a hollow
cover extension slanted portion 146. According to some embodiments, hollow cover extension
slanted portion 146 is at an interior surface of hollow cover extension 130. According to some
embodiments hollow cover extension slanted portion 146 is positioned longitudinally at hollow

cover extension first open end 132.

[00457] According to some embodiments, hollow cover extension slanted portion 146 is
designed to house upper retention member 142", According to some embodiments, upper
retention member 142" is housed within hollow cover extension slanted portion 146. According
to some embodiments, upper retention member 142" is accommodated within hollow cover

extension slanted portion 146.

[00458] According to some embodiments, upper retention member 142" is pressing
transparent pipe 150 inward. According to some embodiments, upper retention member 142"
is pressing transparent pipe first open end 152 inward. According to some embodiments, upper
retention member 142" is pressing transparent pipe first portion 156 inward. It is to be
understood that the term "inward" as used in this paragraph refers to the centripetal direction

from the circumference of opening 120 toward transparent pipe 150.

[00459] Figs 7A-B show vessel cover 114 retaining a transparent pipe 150 having a
cylindrical shape. However, closed photobioreactor 100 is not limited to circular shaped
transparent pipe 150. Specifically, according to some embodiments, transparent pipe 150 may
have any curvilinear shape or rectilinear shape, such as a circle, an ellipsoid, a square, a
rectangle, a hexagon, an octagon, including three dimensional shapes thereof, such as cuboid

and cylinder. According to some embodiments, transparent pipes 150 is cylindrical.

[00460] It is to be understood that the shape of transparent pipe 150 is matching to the shape

of hollow cover extension 130.

[00461] According to some embodiments, hollow cover extension slanted portion 146 is

designed to house upper retention member 142", According to some embodiments, upper
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retention member 142" is housed within hollow cover extension slanted portion 146. According
to some embodiments, upper retention member 142" is in contact with hollow cover extension

slanted portion 146.

[00462] According to some embodiments, transparent pipe 150 is externally tubular.
According to some embodiments, hollow cover extension 130 is internally tubular. According
to some embodiments, hollow cover extension slanted portion 146 is circular. According to

some embodiments, hollow cover extension slanted portion 146 has a tapered cone shape.

[00463] It is to be understood that when upper retention member 142" is placed around
transparent pipe 150, upper retention member 142" has an internal diameter (D142") larger

than the external diameter (D150e) of transparent pipe 150, as detailed below.

[00464] According to some embodiments, upper retention member 142" is expandable.
According to some embodiments, wherein upper retention member 142" is placed around
transparent pipe 150, it is in an expanded state. According to some embodiments, wherein
upper retention member 142" is in an expanded state, it has a upper retention member internal

diameter D142.

[00465] According to some embodiments, upper retention member internal diameter D142%
is equal to or larger than transparent pipe first portion external diameter D156e. According to
some embodiments, upper retention member internal diameter D142" is equal to or larger than

transparent pipe external diameter D150e.

[00466] According to some embodiments, closed photobioreactor 100 further comprises a
plurality of double-open caps 180. According to some embodiments, plurality of double-open
caps 180 is at an amount equal to the number of plurality of hollow cover extensions 130.
According to some embodiments, plurality of double-open caps 180 is at an amount equal to

the number of plurality of transparent pipes 150.

[00467] According to some embodiments, double-open cap 180 has two open ends.
According to some embodiments, double-open cap 180 is attachable to hollow cover extension
first open end 132 of hollow cover extension 130. According to some embodiments, double-
open cap 180 is reversibly attachable to hollow cover extension first open end 132 of hollow
cover extension 130. According to some embodiments, double-open cap 180 is configured to

enhance to retention of hollow cover extension 130 to transparent pipe 150. According to some
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embodiments, double-open cap 180 is configured to enhance to the sealing of hollow cover

extension 130 to transparent pipe 150, which retains it.

[00468] According to some embodiments, double-open cap 180 has a double-open cap
threaded internal portion 184. According to some embodiments, double-open cap 180 has
double-open cap threaded internal portion 184, wherein double-open cap 180 is screwable to
hollow cover extension threaded external portion 138 through double-open cap threaded

internal portion 184.

[00469] According to some embodiments, double-open cap 180 has a double-open cap first
plane 182 having a double-open cap first plane diameter D182. According to some
embodiments, upper retention member 142" has an upper retention member external diameter
D142%. According to some embodiments, double-open cap first plane diameter double-open

cap first plane diameter D182 is larger than upper retention member external diameter D142%.

[00470] According to some embodiments, when hollow cover extension 130 is capped with
double-open cap 180, double-open cap first plane 182 presses against upper retention member
142" downward. According to some embodiments, when hollow cover extension 130 is capped
with double-open cap 180, double-open cap first plane 182 presses upper retention member
142" downward against transparent pipe first open end 152. According to some embodiments,
when hollow cover extension 130 is capped with double-open cap 180, double-open cap first
plane 182 presses upper retention member 142" downward against transparent pipe transparent
pipe 150. According to some embodiments, the pressing of upper retention member 142" by
double-open cap first plane 18, is press fitting double-open cap 180 inward against transparent
pipe first open end 152. According to some embodiments, the pressing of upper retention
member 142" by double-open cap first plane 182 is press fitting double-open cap 180 inward

against transparent pipe 150.

[00471] Itis further to be understood that the press fitting of double-open cap 180 and upper
retention member 142" is preventing transparent pipe 150 from longitudinally moving upwards

and/or downwards.

[00472] According to some embodiments, upon screwing double-open cap threaded internal
portion 184 to hollow cover extension threaded external portion 138, double-open cap first
plane 182 is further press fitted between double-open cap first plane 182 and transparent pipe
first open end 152.
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[00473] According to some embodiments, vessel cover 114 is made of a rigid material.
According to some embodiments, vessel cover 114 is made of a polymer, a metal alloy or a
metal. According to some embodiments, vessel cover 114 is made of a metal alloy. According
to some embodiments, vessel cover 114 is made of a metal. According to some embodiments,

vessel cover 114 is made of stainless steel.

[00474] According to some embodiments, each one of plurality of transparent pipes 150
defines a transparent pipe lumen 160 there inside. According to some embodiments, plurality
of transparent pipes 150 are configured to accommodate a plurality of light sources 170 within
transparent pipe lumens 160 thereof. According to some embodiments, each one of plurality of
transparent pipes 150 is configured to accommodate at least one light source 170 within
transparent pipe lumen 160 thereof. According to some embodiments, each one of plurality of
transparent pipes 150 is configured to accommodate a plurality of light sources 170 within

transparent pipe lumen 160 thereof.

[00475] According to some embodiments, transparent pipe 150 has a transparent pipe

second portion 158 located within internal cavity 104 of vessel 110.

[00476] As detailed herein, according to some embodiments, transparent pipe 150 has
transparent pipe first open end 152, which is open and allows fluid communication, such as gas
or liquid flow between surrounding environment 106 of closed photobioreactor 100 and
transparent pipe lumen 160. However, according to some embodiments, it is an option of closed
photobioreactor 100 to reversibly cap or plug transparent pipe 150 at its transparent pipe first
open end 152, such that transparent pipe lumen 160 is temporarily sealed from surrounding
environment 106 of closed photobioreactor 100. This should not harm the function of closed
photobioreactor 100, as long as the capping is reversible and fluid communication between
transparent pipe lumen 160 and surrounding environment 106 of closed photobioreactor 100 is
at least occasionally enabled, according to some embodiments. This importance of this type of

fluid communication is elaborated herein.

[00477] According to some embodiments, transparent pipe lumen 160 is in fluid
communication with surrounding environment 106 of closed photobioreactor 100, when not
plugged. According to some embodiments, transparent pipe lumen 160 of each one of plurality
of transparent pipes 150 is in fluid communication with surrounding environment 106 of closed

photobioreactor 100, when not plugged. According to some embodiments, transparent pipe
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lumen 160 is in fluid communication with surrounding environment 106 of closed
photobioreactor 100. According to some embodiments, transparent pipe lumen 160 of each one
of plurality of transparent pipes 150 is in fluid communication with surrounding environment

106 of closed photobioreactor 100.

[00478] According to some embodiments, closed photobioreactor 100 further comprises a
closed cap (not shown) configured to plug transparent pipe first open end 152. According to
some embodiments, closed photobioreactor 100 further comprises a plurality of closed caps,
each configured to plug transparent pipe first open end 152 of one of plurality of transparent
pipes 150. Specifically, such closed caps are known in the art, and may include, but not limited

to rubber plugs, plastic caps, glass caps, metal caps and wooden corks.

[00479] According to some embodiments, transparent pipe lumen 160 is isolated from
internal cavity 104 of vessel 110. According to some embodiments, transparent pipe lumen 160

of each one of plurality of transparent pipes 150 is isolated from internal cavity 104 of vessel

[00480] According to some embodiments, each one of transparent pipes 150 is substantially
clear, such it is capable of transmitting light, such as visible light, to internal cavity 104 of
vessel 110 when not disturbed by intervening objects. According to some embodiments,
transparent pipe 150 is made of a transparent polymer or glass. According to some

embodiments, transparent pipe 150 is made of glass.

[00481] Reference is made to Figs. 8A, 8B and 9. Fig. 8A constitutes a front cross section
view of transparent pipe 150 having a heat pipe 222, assembled to hollow illuminating LED
pipe 200* within transparent pipe lumen 160 thereof. Fig. 8B constitutes a front cross section
view of transparent pipe 150 having a heat pipe 222, assembled to hollow illuminating LED
pipe 200?, within transparent pipe lumen 160 thereof. Fig. 9 constitutes a front view of four
transparent pipes 150 assembled with four hollow illuminating LED pipes 200, four heat pipes

222 and at least one cooling unit 230.

[00482] Each one of the transparent pipes 150 as shown in Figs. 8A-B may be used as
transparent pipe 150 of closed photobioreactor 100 of Figs 1A-B and/or as transparent pipe 150
of closed photobioreactor 100 of Figs 3A-B, all of which may further incorporate having a heat
pipe 222, assembled to hollow illuminating LED pipe 200* within transparent pipe lumen 160,
according to some embodiments. Specifically, the embodiments depicted in Figs. 8A-B relate

to an optional means of cooling light sources 170 (such as LED lamps 170), when inserted
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within transparent pipe lumen 160, a feature which is introduced when describing Figs SA-E,
which in their turn describe optional elements of closed photobioreactor 100 of Figs 1A-B

and/or photobioreactor 100 of Figs 3A-B.

[00483] According to some embodiments, each one of transparent pipes 150 is substantially
clear, such it is capable of transmitting light, such as visible light, to internal cavity 104 of

vessel 110 when not disturbed by intervening objects.

[00484] According to some embodiments, transparent pipe 150 is made of a transparent
polymer or glass. Transparent polymers (plastics) include, but not limited to, Poly(methyl
methacrylate), polycarbonates, ethylene-vinyl acetate polymer, polystyrene sulfonate,
polystyrene, polypropylene and polyethylene. According to some embodiments, transparent

pipe 150 is made of glass.

[00485] According to some embodiments, each one of transparent pipes 150 pipes extends

through one of openings 120 of vessel cover 114 of closed photobioreactor 100.

[00486] Figs. 8A-B and 9 illustrate transparent pipes 150 having a cylindrical shape.
However, closed photobioreactor 100 is not limited to circular shaped transparent pipe 150.
Specifically, according to some embodiments, each one of transparent pipes 150 may have any
curvilinear shape or rectilinear shape, such as a circle, an ellipsoid, a square, a rectangle, a
hexagon, an octagon, including three dimensional shapes thereof, such as cuboid and cylinder.
According to some embodiments, at least one of transparent pipes 150 is cylindrical. According

to some embodiments, each one of transparent pipes 150 is cylindrical.

[00487] According to some embodiments, each one of transparent pipes 150 is connected to
vessel cover 114. According to some embodiments, each one of transparent pipes 150 is
attached to vessel cover 114. According to some embodiments, each one of transparent pipes

150 is connected to one of openings 120.

[00488] According to some embodiments, each one of plurality of transparent pipes 150 has
a transparent pipe first open end 152 and a transparent pipe second end 154. According to some
embodiments, each one of plurality of transparent pipes 150 extends along the longitudinal axis
through one of openings 120, wherein transparent pipe second end 154 is located lower than
transparent pipe first open end 152. According to some embodiments, transparent pipe second

end 154 is located closer to vessel floor 112 than transparent pipe first open end 152. According
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to some embodiments, transparent pipe second end 154 is located farther than vessel cover 114

than transparent pipe first open end 152.

[00489] According to some embodiments, transparent pipe second end 154 is located within
internal cavity 104. According to some embodiments, transparent pipe first open end 152 is

located out of internal cavity 104.

[00490] According to some embodiments, transparent pipe 150 has a transparent pipe first

open end 152 at the longitudinal top edge thereof.

[00491] According to some embodiments, transparent pipe first open end 152 is at the level
of vessel cover 114. According to some embodiments, transparent pipe first open end 152 is

offset upward from vessel cover 114.

[00492] According to some embodiments, each one of plurality of transparent pipes 150

defines a transparent pipe lumen 160 there inside.

[00493] According to some embodiments, transparent pipe 150 is connected to at least one

of vessel cover 114 and vessel floor 112.

[00494] According to some embodiments, transparent pipe 150 has a transparent pipe first
portion 156 connected to at least one of vessel cover 114 and vessel floor 112. According to
some embodiments, transparent pipe first portion 156 is connected to one of vessel cover 114
and vessel floor 112. According to some embodiments, transparent pipe first portion 156* is

connected to vessel cover 114.

[00495] According to some embodiments, transparent pipe 150 has a transparent pipe

second portion 158 located within internal cavity 104 of vessel 110.

[00496] According to some embodiments, transparent pipe 150 is substantially sealed to
opening 120. According to some embodiments, transparent pipe 150 is substantially sealed to
opening 120, such that internal cavity 104 of vessel 110 is substantially isolated from
surrounding environment 106 of closed photobioreactor 100. According to some embodiments,
transparent pipe 150 is substantially sealed to opening 120, such that aqueous medium 102,
when inserted to vessel 110, is substantially isolated from surrounding environment 106 of
closed photobioreactor 100. According to some embodiments, transparent pipe 150 is

substantially sealed to opening 120, such that aqueous medium 102, within vessel 110, is
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substantially isolated from surrounding environment 106 of closed photobioreactor 100.
According to some embodiments, each one of plurality of transparent pipes 150 is substantially
sealed to one of openings 120. According to some embodiments, each one of plurality of
transparent pipes 150 is substantially sealed to one of openings 120, such that internal cavity
104 of vessel 110 is substantially isolated from surrounding environment 106 of closed
photobioreactor 100. According to some embodiments, each one of plurality of transparent
pipes 150 is substantially sealed to one of openings 120, such that aqueous medium 102, when
inserted to vessel 110, is substantially isolated from surrounding environment 106 of closed
photobioreactor 100. According to some embodiments, each one of plurality of transparent
pipes 150 is substantially sealed to one of openings 120, such that aqueous medium 102, within
vessel 110, is substantially isolated from surrounding environment 106 of closed

photobioreactor 100.

[00497] As detailed herein, transparent pipe lumens 160 are exposable to surrounding
environment 106 of closed photobioreactor 100, according to some embodiments. Specifically,
each one of plurality of transparent pipes 150 has a transparent pipe first open end 152, said
open end enables exposure of the respective transparent pipe lumen 160 to surrounding

environment 106 when uncapped, according to some embodiments.

[00498] As can be seen in Figs. 8A-B and 9, transparent pipe lumen 160 is exposed to
surrounding environment 106 through transparent pipe first open end 152, according to some
embodiments. It is an improvement of the currently presented closed photobioreactors 100
compared to known closed photobioreactors that uncomplicated insertion and withdrawal of
light source 170, and assemblies comprising the same (e.g. plurality of heat pipes 222 and
plurality of hollow illuminating LED pipes 200%) into or from transparent pipe 150 is possible.
Specifically, as can be seen in Figs 8A-E and 9, any one of heat pipes 222 and plurality of
hollow illuminating LED pipes 200" is easily withdrawable from transparent pipe 150, which

accommodates it.

[00499] It is noted that operation and maintenance of closed photobioreactors typically
include (a) growing a microorganism culture which requires illumination (e.g. algae) inside the
closed photobioreactor, with exposure to light (b) removing the microorganism culture from
the closed photobioreactor; and (c) cleaning and sterilization of the closed photobioreactor
interior. Typically, step (c) requires employment of high temperatures, whereas step (a)

requires illumination. Illumination of step (a) is achieved by using a light source (such as LED



10

15

20

25

30

WO 2021/149045 PCT/IL2021/050055
98

lamps 170°) located inside the closed photobioreactor. Such light sources are sensitive to high
temperatures and may malfunction upon exposure to the heating conditions of step (c). The
current closed photobioreactor 100 is a photobioreactor, which provides easy access and
uncomplicated withdrawal of the light source from its interior. Thus, it is an improvement
provided by the current disclosure that a transparent pipe 150 has a transparent pipe first open
end 152, which is open and allows insertion or withdrawal of light source 170 from transparent

pipe lumen 160 thereof.

[00500] According to some embodiments, transparent pipe 150 has a transparent pipe first
open end 152, which is open and allows fluid communication, such as gas or liquid flow
between surrounding environment 106 of closed photobioreactor 100 and transparent pipe
lumen 160. However, according to some embodiments, it is an option of closed photobioreactor
100 to reversible cap or plug transparent pipe 150 at its transparent pipe first open end 152,
such that transparent pipe lumen 160 is temporarily sealed from surrounding environment 106
of closed photobioreactor 100. This should not harm the function of closed photobioreactor
100, as long as the capping is reversible and fluid communication between transparent pipe
lumen 160 and surrounding environment 106 of closed photobioreactor 100 is at least
occasionally enabled, according to some embodiments. This importance of this type of fluid

communication is elaborated herein.

[00501] As detailed herein, it is an intention of the present disclosure to provide a closed
photobioreactor 100, which (a) has an internal cavity 104 substantially separated from
surrounding environment 106 of closed photobioreactor 100; (b) is capable of providing
sufficient illumination to aqueous medium 102 inside vessel 110; and (c) enables
uncomplicated and efficient withdrawal and insertion of light sources 170, such as LED lamp
170 of each one of plurality of hollow illuminating LED pipes 200% according to some
embodiments. In order to fulfill requirement (c), transparent pipe 150 is provided with
transparent pipe first open end 152, and hollow cover extension 130 is provided with hollow
cover extension first open end 132, according to some embodiments. Through these open ends
uncomplicated and efficient withdrawal and insertion of LED lamp 170" into or from

transparent pipe 150 is enabled.

[00502] According to some embodiments, transparent pipe lumen 160 is in fluid

communication with surrounding environment 106 of closed photobioreactor 100, when not

plugged.
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[00503] According to some embodiments, closed photobioreactor 100 further comprises a

closed cap (not shown) configured to plug transparent pipe first open end 152.

[00504] It is to be understood that since transparent pipe lumen 160 may come in contact
with surrounding environment 106, and since aqueous medium 102 and internal cavity 104 are
to be separated from surrounding environment 106, transparent pipe lumen 160 should also be

separated from aqueous medium 102 and internal cavity 104 of vessel 110.

[00505] According to some embodiments, closed photobioreactor 100 further comprises a
plurality of hollow illuminating LED pipes 200%. According to some embodiments, closed
photobioreactor 100 further comprises a plurality of heat pipes 222. According to some
embodiments, closed photobioreactor 100 further comprises a plurality of hollow illuminating

LED pipes 200* and a corresponding plurality of heat pipes 222.

[00506] According to some embodiments, each hollow illuminating LED pipe 200*
comprises a plurality of LED lamps 170°. According to some embodiments, each hollow
illuminating LED pipe 200 comprises a hollow illuminating LED pipe first open end 202 and
a hollow illuminating LED pipe second end 204. According to some embodiments, each hollow
illuminating LED pipe 200? further comprises a hollow illuminating LED pipe internal surface
206 and a hollow illuminating LED pipe external surface 208. According to some
embodiments, each hollow illuminating LED pipe 200 further comprises a hollow illuminating

LED pipe lumen 210 within internal surface 206 of hollow illuminating LED pipe 200°.

[00507] According to some embodiments, LED lamp 170 comprises heat a emitting plane
178. According to some embodiments, LED lamp 170° comprises heat an illuminating plane
176. According to some embodiments, each one of plurality of LED lamps 170° comprises a
heat emitting plane 178 and an illuminating plane 176. As detailed above, LED lamps having
separate surfaces, one of which is emitting light and the other emitting heat, is known in the

art. It is to be understood that an illuminating plane 176 may also emit heat.

[00508] According to some embodiments, hollow illuminating LED pipe first open end 202
is facing vessel cover 114. According to some embodiments, hollow illuminating LED pipe
first open end 202 is facing transparent pipe first open end 152. According to some
embodiments, hollow illuminating LED pipe first open end 202 is facing vessel cover 114,
when hollow illuminating LED pipe 200* is inserted within transparent pipe lumen 160.

According to some embodiments, hollow illuminating LED pipe first open end 202 is facing
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transparent pipe first open end 152, when hollow illuminating LED pipe 200" is inserted within

transparent pipe lumen 160.

[00509] According to some embodiments, hollow illuminating LED pipe second end 204
is facing vessel floor 112. According to some embodiments, hollow illuminating LED pipe
second end 204 is facing transparent pipe second end 154. According to some embodiments,
hollow illuminating LED pipe second end 204 is facing vessel floor 112, when hollow
illuminating LED pipe 200" is inserted within transparent pipe lumen 160. According to some
embodiments, hollow illuminating LED pipe second end 204 is facing transparent pipe second
end 154, when hollow illuminating LED pipe 200" is inserted within transparent pipe lumen

160.

[00510] According to some embodiments, hollow illuminating LED pipe internal surface
206 is connected to heat emitting plane 178 of each one of plurality of LED lamps 170"
According to some embodiments, hollow illuminating LED pipe internal surface 206 is formed

by plurality of heat emitting planes 178 of plurality of LED lamps 170°.

[00511] According to some embodiments, hollow illuminating LED pipe external surface
208 is connected to illuminating plane 176 of each one of the plurality of LED lamps 170°.
According to some embodiments, hollow illuminating LED pipe external surface 208 is formed

by plurality of LED lamp illuminating plane 176 of plurality of LED lamps 170°.

[00512] According to some embodiments, each one of the plurality of hollow illuminating
LED pipes 200" in accommodated within transparent pipe lumen 160 of each one of the
plurality of transparent pipes 150. According to some embodiments, each of the plurality of
hollow illuminating LED pipes 200 in accommodated within each one of the plurality of

transparent pipes 150.

[00513] According to some embodiments, each heat pipe 222 comprises a heat pipe internal
surface 224 and a heat pipe external surface 226. According to some embodiments, each heat
pipe 222 further comprises a heat pipe first closed end 236, and a heat pipe second closed end
238. According to some embodiments, each heat pipe 222 further a comprises a heat pipe heat
transferring portion 228 extending between heat pipe first closed end 236 and heat pipe second
closed end 238. According to some embodiments, each heat pipe 222 is closed at both ends,
1.e. heat pipe first closed end 236 and heat pipe second closed end 238, thereby forming a sealed

pipe, configured to accommodate a fluid therewithin. According to some embodiments, heat



10

15

20

25

30

WO 2021/149045 PCT/IL2021/050055
101

pipe 222 is a sealed pipe, which does not enable fluid communication between the lumen
thereof, and transparent pipe lumen 160, wherein the lumen of heat pipe 222 is defined within
heat pipe internal surface 224 and between heat pipe first closed end 236,and heat pipe second
closed end 238.

[00514] As used herein, the term “heat pipe” refers to a thermal energy transfer vessel that
combines the principles of both thermal conductivity and phase transition to effectively transfer
heat or thermal energy at a hot interface between two solid surfaces, such as between heat
emitting plane 178 of hollow illuminating LED pipe 200* and heat pipe heat transferring portion
228. Typically, heat pipes are partially filled with a working or cooling fluid and then sealed.
At the hot interface between the two solid surfaces, the cooling fluid is in contact with a
thermally conductive solid surface of the heat pipe, and as a result turns into a vapor by
absorbing heat from the hot interface. The vapors then travels along the heat pipe to a cold
surface and condenses back into a fluid by releasing the latent heat through said cold surface.
The fluid then returns to the hot interface through either capillary action, centrifugal force, or

gravity, and the cycle repeats.

[00515] According to some embodiments, heat pipe external surface 226 comprises heat
pipe heat transferring portion 228 and a heat pipe cooling portion 240. According to some
embodiments, heat pipe first closed end 236 is located at the end of heat pipe cooling portion
240. According to some embodiments, heat pipe second closed end 238 is located at the end of
heat pipe heat transferring portion 228. According to some embodiments, heat pipe heat
transferring portion 228 is located between heat pipe first closed end 236 and heat pipe second

closed end 238.

[00516] According to some embodiments, heat pipe second closed end 238 is facing
transparent pipe second end 154. According to some embodiments, heat pipe second closed
end 238 is facing vessel floor 112. According to some embodiments, each one of heat pipe
second closed ends 238 is facing transparent pipe second end 154 of transparent pipe 150,
which accommodates it. According to some embodiments, each one of heat pipe second closed

end 238 is facing vessel floor 112.

[00517] According to some embodiments, first closed end 236 is extending through opening
120. According to some embodiments, first closed end 236 is extending through vessel cover

114. According to some embodiments, first closed end 236 is extending through transparent
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pipe first open end 152. According to some embodiments, each one of first closed ends 236 is
extending through on of plurality of opening 120. According to some embodiments, each one
of first closed ends 236 is extending through vessel cover 114. According to some
embodiments, each one of first closed end 236 is extending through one of transparent pipe

first open end 152.

[00518] According to some embodiments, heat pipe 222 is accommodated within hollow
illuminating LED pipe lumen 210. According to some embodiments, heat pipe 222 is
accommodated within hollow illuminating LED pipe internal surface 206. According to some
embodiments, heat pipe 222 is accommodated within hollow illuminating LED pipe lumen
210, such that heat pipe external surface 226 contacts internal surface 206 of hollow
illuminating LED pipes 200" According to some embodiments, each of heat pipes 222 is
accommodated within hollow illuminating LED pipe lumen 210 of one of the hollow
illuminating LED pipes 200®. According to some embodiments, each of heat pipes 222 is
accommodated within hollow illuminating LED pipe internal surface 206 of one of hollow
illuminating LED pipes 200®. According to some embodiments, each of heat pipes 222 is
accommodated within hollow illuminating LED pipe lumen 210 of one of the hollow
illuminating LED pipes 2007, such that each one of heat pipe external surfaces 226 contacts
internal surface 206 of one of hollow illuminating LED pipes 200

[00519] According to some embodiments, heat pipe heat transferring portion 228 is
accommodated within hollow illuminating LED pipe lumen 210 and/or hollow illuminating
LED pipe internal surface 206 of one of the hollow illuminating LED pipes 200". According to
some embodiments, heat pipe heat transferring portion 228 is inserted into hollow illuminating
LED pipe lumen 210. According to some embodiments heat pipe heat transferring portion 228
is accommodated within hollow illuminating LED pipe lumen 210. According to some
embodiments, heat pipe heat transferring portion 228 is accommodated within hollow
illuminating LED pipe internal surface 206. According to some embodiments, heat pipe heat
transferring portion 228 is accommodated within hollow illuminating LED pipe lumen 210,
such that heat pipe external surface 226 contacts internal surface 206 of hollow illuminating
LED pipes 200*. According to some embodiments, each of heat pipe heat transferring portions
228 is accommodated within hollow illuminating LED pipe lumen 210 of one of the hollow
illuminating LED pipes 200. According to some embodiments, each of heat pipe heat

transferring portions 228 is accommodated within hollow illuminating LED pipe internal
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surface 206 of one of hollow illuminating LED pipes 200°. According to some embodiments,
each of heat pipe heat transferring portions 228 is accommodated within hollow illuminating
LED pipe lumen 210 of one of the hollow illuminating LED pipes 200%, such that each one of
heat pipe external surfaces 226 at heat pipe heat transferring portion 228 contacts internal

surface 206 of one of hollow illuminating LED pipes 200%.

[00520] According to some embodiments, heat pipe external surface 226 is in contact with
hollow illuminating LED pipe internal surface 206. According to some embodiments, heat pipe
external surface 226 is in contact with heat emitting plane 178 of each one of plurality of LED
lamps 170°. According to some embodiments, heat pipe heat transferring portion 228 is in
contact with hollow illuminating LED pipe internal surface 206. According to some
embodiments, heat pipe heat transferring portion 228 is in contact with heat emitting plane 178
of each one of plurality of LED lamps 170. According to some embodiments, hollow
illuminating LED pipe internal surface 206 is integral with heat emitting plane 178 of each one

of plurality of LED lamps 170" and hollow illuminating LED pipe internal lumen 210.

[00521] According to some embodiments, heat pipe first closed end 236 is extending
through transparent pipe first open end 152, which accommodates it. According to some
embodiments, heat pipe first closed end 236 is offset upward from transparent pipe first open
end 152. According to some embodiments, heat pipe first closed end 236 is located out of
transparent pipe first open end 152, as illustrated at Figs. 8A-8B and Fig. 9. According to some
embodiments, heat pipe cooling portion 240 is located out of transparent pipe first open end
152. According to some embodiments, heat pipe cooling portion 240 is extending through
transparent pipe first open end 152. Without wishing to be bound by any theory or mechanism
of action, heat pipe heat transferring portion 228 contacts LED lamp heat emitting plane 178
of plurality of hollow illuminating LED pipes 200% and, as a result is heated thereby. As
explained, heat pipes, such as heat pipe 222, are configured to transfer heat from a cold position
to a hot position, and vice versa. As a result of the configuration of heat pipe 222 and hollow
illuminating LED pipe 200* shown in Figs 8A-B and 9, heat is initially transferred to heat pipe
heat transferring portion 228, and as a result, the temperature of heat pipe heat transferring
portion 228 is higher than that of heat pipe cooling portion 240. Of the positions of heat pipe
222, which are out of hollow illuminating LED pipe 200% positions closer to hollow
illuminating LED pipe 200" (for example, positions in proximity with hollow illuminating LED

pipe first open end 202) are generally hotter that positions away from hollow illuminating LED
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pipe 200%. Therefore, the positions which are out of hollow illuminating LED pipe 200* may
be considered as part of heat pipe cooling portion 240, wherein the positions away from hollow
illuminating LED pipe 200 being more cooling. It also may be regarded that positions away
from hollow illuminating LED pipe 200* (e.g. positions in proximity with evaporation pipe

first open end 236) constitute heat pipe cooling portion 240.

[00522] According to some embodiments, each heat pipe 222 has a longitudinal length
L2221, as illustrated at Fig. 8A. According to some embodiments, longitudinal length L2221 of
each heat pipe 222 is longer than longitudinal length L1501 of transparent pipe 150, which
accommodates it. According to some embodiments, longitudinal length L.222] of each heat pipe
222 is longer than longitudinal length L1501 of transparent pipe 150, which accommodates it,
by at least 1%, or by at least 10%, or by at least 20%, or by at least 30%, or by at least 40%, or
by at least 50%. Each possibility represents a separate embodiment. According to some
embodiments, longitudinal length L2221 of each heat pipe 222 is longer than longitudinal
length L1501 of each transparent pipe 150, by 5% to 25%.

[00523] According to some embodiments, each hollow illuminating LED pipe 200*
comprises at least one LED strip 200°, wherein each LED strip 200° comprises a plurality of
LED lamps 170°. According to some embodiments, each hollow illuminating LED pipe 200*
comprises a plurality of LED lamps 170® mounted to a circuit board (not shown). According
to some embodiments, the circuit board is attached to heat pipe heat transferring portion 228.
According to some embodiments, the circuit board is integral with LED lamp heat emitting
plane 178 of plurality of hollow illuminating LED pipes 200" According to some
embodiments, the circuit board is a printed circuit board (PCB). The circuit board can be a

flexible circuit board or a rigid circuit board.

[00524] As used herein, the terms “printed circuit board” and “PCB” are used
interchangeably and broadly mean any structure comprising at least one conductive trace. A
printed circuit board (PCB) can comprise multiple layers, such as a conductive layer covered
with an insulating layer. A PCB can also comprise a third layer on top of the insulating layer,
creating a conductor-insulator-conductor sandwich structure. A PCB doesn’t necessarily have
to be manufactured by an imprinting process. For example, a PCB can be manufactured by an
etching process and can still be a PCB. The term “printed circuit board” is used in its broadest
sense and refers to a structure, which is preferably planar, that comprises one or more

conductive structures. The PCB can be a flexible PCB or a rigid PCB.
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[00525] According to some embodiments, each hollow illuminating LED pipe 200 is
formed from the plurality of LED lamps 170" and heat pipe external surface 226. According to
some embodiments, hollow illuminating LED pipe internal surface 206 is connected or
attached to heat pipe external surface 226. According to some embodiments, hollow
illuminating LED pipe internal surface 206 is heat pipe external surface 226, wherein the
plurality of LED lamps 170P is attached to heat pipe external surface 226. According to some
embodiments, hollow illuminating LED pipe 200" is formed by permanently attaching the
plurality of LED lamps 170" to heat pipe external surface 226, thereby attaching LED lamp
heat emitting plane 178 of plurality of hollow illuminating LED pipes 200" to heat pipe external
surface 226.

[00526] According to some embodiments, each hollow illuminating LED pipe 200 is
formed from the plurality of LED lamps 170 and heat pipe heat transferring portion 228.
According to some embodiments, hollow illuminating LED pipe internal surface 206 is
connected or attached to heat pipe heat transferring portion 228. According to some
embodiments, hollow illuminating LED pipe internal surface 206 is heat pipe heat transferring
portion 228, wherein the plurality of LED lamps 170°is attached to heat pipe heat transferring
portion 228. According to some embodiments, heat emitting plane 178 of each one of plurality
of LED lamps 170" is attached to heat pipe heat transferring portion 228. According to some
embodiments, hollow illuminating LED pipe 200" is formed by permanently attaching the
plurality of LED lamps 170" to heat pipe heat transferring portion 228, thereby attaching LED
lamp heat emitting plane 178 to heat pipe heat transferring portion 228. Without wishing to be
bound by any theory or mechanism of action, LED lamp heat emitting plane 178 is attached to
heat pipe heat transferring portion 228, and, as a result heat is transferred therebetween.
According to some embodiments, heat pipe 222 is configured to reduce the temperature of LED
lamp heat emitting plane 178 attached to heat pipe heat transferring portion 228, as explained

herein in accordance with some embodiments.

[00527] According to some embodiments, each one of plurality of hollow illuminating LED
pipes 200* and/or plurality of heat pipes 222, separately, has a curvilinear shape or a rectilinear
shape, such as a circle, an ellipsoid, a square, a rectangle, a hexagon, an octagon, including
three dimensional shapes thereof, such as cuboid and cylinder. Each possibility represents a
separate embodiment of the present invention. The shape of heat pipe 222 and hollow

illuminating LED pipe 200* may be similar, as shown in Fig. 8B (both cuboids), or different,
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as shown in Fig. 8A (heat pipe 222 is shown as cylindrical and hollow illuminating LED pipe
200" 1s shown as a hexagonal prism). According to some embodiments, the shape of heat pipe
heat transferring portion 228 is similar to the shape of hollow illuminating LED pipe internal
surface 206. According to some embodiments, the shape of heat pipe external surface 226 is

similar to the shape of hollow illuminating LED pipe internal surface 206.

[00528] According to some embodiments, hollow illuminating LED pipe internal surface
206 and/or hollow illuminating LED pipe lumen 210 has a shape selected from the group
consisting of circular, triangular, square, pentagonal, hexagonal, heptagonal, octagonal, or any
other suitable three dimensional shapes and polygons thereof. Each possibility represents a
separate embodiment of the present invention. According to some embodiments, hollow
illuminating LED pipe internal lumen 210 has the shape of hollow illuminating LED pipe
internal surface 206. According to some embodiments, heat pipe external surface 226 and/or
heat pipe heat transferring portion 228 have a shape adapted to be in contact with and/or be
accommodated within, hollow illuminating LED pipe lumen 210 and/or hollow illuminating

LED pipe internal surface 206.

[00529] According to some embodiments, each hollow illuminating LED pipe 200*
comprises three LED strips 200°, so that hollow illuminating LED pipe internal surface 206
has a triangular shape (not shown). According to some embodiments, heat pipe external surface
226 and/or heat pipe heat transferring portion 228 has a triangular shape, adapted to be
accommodated within hollow illuminating LED pipe lumen 210 and/or hollow illuminating
LED pipe internal surface 206. According to some embodiments, heat pipe external surface
226 and/or heat pipe heat transferring portion 228 has a triangular shape, adapted to be in
contact with hollow illuminating LED pipe lumen 210 and/or hollow illuminating LED pipe

internal surface 206.

[00530] According to some embodiments, each hollow illuminating LED pipe 200*
comprises four LED strips 200, so that hollow illuminating LED pipe internal surface 206 has
a square shape, as illustrated at Fig. 8B. According to some embodiments, heat pipe external
surface 226 and/or heat pipe heat transferring portion 228 has a square shape, adapted to be
accommodated within hollow illuminating LED pipe lumen 210 and/or hollow illuminating
LED pipe internal surface 206. According to some embodiments, heat pipe external surface

226 and/or heat pipe heat transferring portion 228 has a square shape, adapted to be in contact
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with hollow illuminating LED pipe lumen 210 and/or hollow illuminating LED pipe internal
surface 206.

[00531] According to some embodiments, each hollow illuminating LED pipe 200*
comprises five LED strips 200, so that hollow illuminating LED pipe internal surface 206 has
a pentagonal shape (not shown). According to some embodiments, heat pipe external surface
226 and/or heat pipe heat transferring portion 228 has a pentagonal shape, adapted to be
accommodated within hollow illuminating LED pipe lumen 210 and/or hollow illuminating
LED pipe internal surface 206. According to some embodiments, heat pipe external surface
226 and/or heat pipe heat transferring portion 228 has a pentagonal shape, adapted to be in
contact with hollow illuminating LED pipe lumen 210 and/or hollow illuminating LED pipe

internal surface 206.

[00532] According to some embodiments, each hollow illuminating LED pipe 200*
comprises six LED strips 200°, so that hollow illuminating LED pipe internal surface 206 has
a hexagonal shape (not shown). According to some embodiments, heat pipe external surface
226 and/or heat pipe heat transferring portion 228 has a hexagonal shape, adapted to be
accommodated within hollow illuminating LED pipe lumen 210 and/or hollow illuminating
LED pipe internal surface 206. According to some embodiments, heat pipe external surface
226 and/or heat pipe heat transferring portion 228 has a hexagonal shape, adapted to be in
contact with hollow illuminating LED pipe lumen 210 and/or hollow illuminating LED pipe

internal surface 206.

[00533] According to some embodiments, each hollow illuminating LED pipe 200*
comprises a plurality of LED strips 200°, so that hollow illuminating LED pipe internal surface
206 has a circular shape. According to some embodiments, heat pipe external surface 226
and/or heat pipe heat transferring portion 228 has a circular shape, adapted to be accommodated
within hollow illuminating LED pipe lumen 210 and/or hollow illuminating LED pipe internal
surface 206. According to still some embodiments, heat pipe external surface 226 and/or heat
pipe heat transferring portion 228 has a circular shape, adapted to be in contact with hollow

illuminating LED pipe lumen 210 and/or hollow illuminating LED pipe internal surface 206.

[00534] According to some embodiments, each heat pipe 222 is made from a thermal
conducting material. According to some embodiments, heat pipe 222 is made of a metal or a

metal alloy. According to some embodiments, heat pipe 222 is made of a metal. According to
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some embodiments, heat pipe 222 is made of a metal alloy. According to some embodiments,
heat pipe 222 is made of stainless steel. According to some embodiments, said thermal
conducting material is selected from: steel, silver, copper, gold, aluminum, aluminum nitride,
silicone, silicon carbide, tungsten, graphite, zinc, and combinations and alloys thereof. Each

possibility represents a separate embodiment of the present invention.

[00535] According to some embodiments, each heat pipe heat transferring portion 228 is
made from a thermal conducting material. According to some embodiments, heat pipe heat
transferring portion 228 is made of a metal or a metal alloy. According to some embodiments,
heat pipe heat transferring portion 228 is made of a metal. According to some embodiments,
heat pipe heat transferring portion 228 is made of a metal alloy. According to some
embodiments, heat pipe heat transferring portion 228 is made of stainless steel. According to
some embodiments, said thermal conducting material is selected from: steel, silver, copper,
gold, aluminum, aluminum nitride, silicone, silicon carbide, tungsten, graphite, zinc, and
combinations and alloys thereof. Each possibility represents a separate embodiment of the

present invention.

[00536] According to some embodiments, each heat pipe 222 contains LED cooling fluid
175. According to some embodiments, each heat pipe 222 contains LED cooling fluid 175
enclosed within heat pipe internal surface 224, heat pipe first closed end 236 and heat pipe
second closed end 238. According to some embodiments, each heat pipe 222 is at least partially
filled with LED cooling fluid 175. According to some embodiments, a portion of heat pipe 222
is filled with LED cooling fluid 175. According to some embodiments, each heat pipe is
partially filled with LED cooling fluid 175 under vacuum. According to some embodiments,
heat pipe internal surface 224 is partially filled with LED cooling fluid 175 under vacuum.
According to further embodiments, each heat pipe 222 comprises LED cooling fluid 175 in the

liquid state and in the gas state, in equilibrium.

[00537] Without wishing to be bound by any theory or mechanism of action, since heat pipe
222 is made from a thermal conducting material, heat pipe 222 is configured to enable heat
transfer between heat pipe external surface 226 and heat pipe internal surface 224. According
to some embodiments, LED cooling fluid 175 is in contact with heat pipe internal surface 224,
therefore enabling heat or thermal energy transfer between LED cooling fluid 175 and the heat
emitting plane 178 of each one of plurality of LED lamps 170°. According to further

embodiments, LED cooling fluid 175 is in contact with heat pipe heat transferring portion 228,
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therefore enabling heat or thermal energy transfer between LED cooling fluid 175 and heat

emitting plane 178 of each one of plurality of LED lamps 170°.

[00538] According to some embodiments, upon the partially filling of LED cooling fluid
175 within heat pipe internal surface 224, heat transfer between LED cooling fluid 175 and
heat pipe heat transferring portion 228 is enabled. It is to be understood that LED cooling fluid
175 may be in an equilibrium between a gas and liquid state inside heat pipe 222, and that, in
light of this, the term "partially filling" refers to the liquid material, whereas gas molecules of

LED cooling fluid 175 are present in the unfilled space.

[00539] According to some embodiments, LED cooling fluid 175 comprises at least one
substance selected from water, organic compounds, corrosion inhibitors, antifreeze
compounds, and combinations thereof. Each possibility represents a separate embodiment of
the present invention. The organic compounds can be selected from glycol compounds (such
as but not limited to, ethylene glycol, diethylene glycol, propylene glycol, or polyalkylene
glycol (PAQG)) or oils (such as but not limited to, vegetable oils, silicone oils, or fluorocarbon

oils). Each possibility represents a separate embodiment of the present invention.

[00540] According to some embodiments, LED cooling fluid 175 comprises lubricating oils,
such as but not limited to, vacuum pump lubricants. According to some embodiments, said
lubricating oils are lubricating oils coolers, adapted to transfer heat from metallic components
resulting in the cooling thereof. Said lubricants can be selected from synthetic oils or mineral
oils. The lubricants can be selected from polyalphaolefins (PAOs), diesters, polyolesters
(POEs), petroleum oils, combinations and derivatives thereof. Each possibility represents a

separate embodiment of the present invention.

[00541] According to some embodiments, heat pipe heat transferring portion 228 is in
contact with heat emitting plane 178 of each one of plurality of LED lamps 170°. According to
some embodiments, heat pipe heat transferring portion 228 is in contact with heat emitting
plane 178 of each one of plurality of LED lamps 170, thereby enabling the transformation of
thermal energy therebetween, resulting in heating the lubricating oils residing in the vicinity of
an internal surface of heat pipe heat transferring portion 228, so that the viscosity and/or density
of the lubricating oils is decreased. According to some embodiments, following the decrease
in viscosity and/or density of the lubricating oils, the heated lubricating oils diffuse from heat

pipe heat transferring portion 228 towards heat pipe cooling portion 240 (due to the change in
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viscosity and/or density gradient), where the heated lubricating oils releases its latent thermal
energy and warms heat pipe cooling portion 240. Following the release of its latent thermal
energy, the heated lubricating oils cools and regain their initial state (e.g. the initial viscosity
and/or density), and due to gravity force flows/diffuses back to heat pipe heat transferring

portion 228, to repeat the heat transfer cycle.

[00542] According to some embodiments, LED cooling fluid 175 has a boiling point in the
range of 10 °C to 90 °C. According to further embodiments, the boiling point of LED cooling
fluid 175 is in the range of 15 °C to 50 °C. According to some embodiments, LED cooling
fluid 175 is an oil, having a boiling point higher than 150 °C to about 90 °C.

[00543] According to some embodiments, hollow illuminating LED pipe 200* has hollow
illuminating LED pipe external diameter D200%. According to some embodiments, transparent
pipe 150 has transparent pipe internal diameter Transparent pipe internal diameter D150i (as
shown in Fig. 5B). According to some embodiments, upon the accommodation, a positive gap
172 exists between hollow illuminating LED pipe external diameter D208e and transparent
pipe internal diameter D1501. As detailed with respect to Figs SA-E, one of the advantages of
the various configurations of closed photobioreactor 100, is that light source 170, including
any assembly connected thereto (e.g. hollow illuminating LED pipe 200%, heat pipe 222, etc.)
may be easily withdrawn from transparent pipe 150 to enable convenient and simple
maintenance of closed photobioreactor 100. According to some embodiments, any one of

hollow illuminating LED pipe 200" is withdrawable from transparent pipe 150.

[00544] As shown in Figs 8A - 8B and 9, according to some embodiments, one of the
functions of plurality of hollow illuminating LED pipes 200 is to illuminate internal cavity
104 of vessel 110 through transparent pipe 150 — a function, which is achieved by plurality of
light sources 170, such as plurality of LED lamps 170°. In addition, as detailed when referring
to Figs SA-E, one of the advantages of closed photobioreactor 100 is the ability to keep plurality
of light sources 170 from overheating, thereby simplifying the maintenance and reducing the
maintenance actions required to keep closed photobioreactor 100 in acceptable working
condition. This advantage may be achieved by using the plurality of heat pipes 222, according

to some embodiments.

[00545] According to some embodiments, heat pipe heat transferring portion 228 is in

contact with heat emitting plane 178 of each one of plurality of LED lamps 170°. According to
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some embodiments, heat pipe heat transferring portion 228 is in contact with heat emitting
plane 178 of each one of plurality of LED lamps 170, thereby enabling the transformation of
thermal energy therebetween. According to some embodiments, the transformation of thermal
energy between heat pipe heat transferring portion 228 and heat emitting plane 178 results in
heating LED cooling fluid 175, as LED cooling fluid 175 contacts hollow illuminating LED
pipe internal surface 206 at heat pipe heat transferring portion 228. According to some
embodiments, the heating LED cooling fluid 175 results in the formation of vapors of LED
cooling fluid 175. According to some embodiments, heat pipe heat transferring portion 228 is
in contact with heat emitting plane 178 of each one of plurality of LED lamps 170, thereby
enabling the transformation of thermal energy therebetween, resulting in heating LED cooling
fluid 175 residing in the vicinity of an internal surface of heat pipe heat transferring portion

228, so that vapors of heated LED cooling fluid 175 are formed.

[00546] Without wishing to be bound by any theory or mechanism of action, when LED
cooling fluid 175 is volatile (e.g. it has a boiling point below 110°C), and once the vapors of
heated LED cooling fluid 175 are formed at heat pipe heat transferring portion 228, the vapor
pressure is this portion is increased. The vapor pressure of LED cooling fluid 175 at heat pipe
heat transferring portion 228 is initially higher than the equilibrium vapor pressure over LED
cooling fluid 175 at heat pipe cooling portion 240, and this pressure gradient drives the vapors
of heated LED cooling fluid 175 upwards from heat pipe heat transferring portion 228 towards
heat pipe cooling portion 240, where the excess vapors condenses, releases its latent thermal
energy, and warms heat pipe cooling portion 240. Following condensation, the vapors of heated
LED cooling fluid 175 are transformed back into the liquid state of LED cooling fluid 175, and
due to gravity force flows back to heat pipe heat transferring portion 228, to repeat the heat

transfer cycle.

[00547] According to some embodiments, closed photobioreactor 100 further comprises at
least one cooling unit 230 configured to reduce the temperature of LED cooling fluid 175.
According to some embodiments, at least one cooling unit 230 is configured to reduce the
temperature of vapors of heated LED cooling fluid 175, and condense them into liquid LED
cooling fluid 175. According to some embodiments, at least one cooling unit 230 is configured
to reduce the temperature of liquid LED cooling fluid 175. It is to be understood that cooling
unit 230 may condense LED cooling fluid 175 when it is volatile and forms gas in response to

being heated by LED lamp heat emitting plane 178. Alternatively, when LED cooling fluid 175



10

15

20

25

30

WO 2021/149045 PCT/IL2021/050055
112

is non-volatile (e.g. an oil) cooling unit 230 may contribute in reducing its liquid temperature,
such that it may be transformed colder to heat pipe heat transferring portion 228 (e.g. by
diffusion).

[00548] As was detailed herein above when referring to Figs SA-E, one of the advantages
of closed photobioreactor 100 is the ability to keep plurality of light sources 170 from
overheating. This advantage may be achieved by using at least one cooling unit 230, according

to some embodiments as presented herein above.

[00549] According to some embodiments, each heat pipe 222 is in contact with one of at
least one cooling unit 230. According to some embodiments, heat pipe cooling portion 240 is
in contact with one of at least one cooling unit 230. According to some embodiments, heat pipe
first closed end 236 is in contact with one of at least one cooling unit 230, as illustrated at Fig.
9. This enables cooling heated LED cooling fluid 175 (e.g. condensation of vapors thereof or
cooling its liquid state) in the vicinity of heat pipe first closed end 236, according to some

embodiments.

[00550] According to some embodiments, at least one cooling unit 230 may be located
remote to closed photobioreactor 100. For example, at least one cooling unit 230 may be an air
conditioner, a chiller and the like, positioned in the same room of closed photobioreactor 100,
but not in contact therewith. The term "remote" as used in this paragraph refers to two or more
elements, assemblies or devices, which do not come in contact one with the other. The two or
more elements, assemblies or devices may be located in vicinity and there distance there

between may be constant or variable, as long as they do not contact.

[00551] According to some embodiments, cooling unit 230 comprises at least one of a heat
sink, a condenser, an air conditioner, a refrigerator, or any other cooling device known in the
art, as well as combinations thereof. According to some embodiments, cooling unit 230 is a

heat sink, as illustrated at Fig. 9.

[00552] The term “heat sink™ as used herein, refers to a passive heat exchanger that transfers
thermal energy generated by vapors of heated LED cooling fluid 175 to an external
environment (typically the air surrounding the passive heat exchanger) where it is dissipated
away from the passive heat exchanger, thereby allowing the condensation of LED cooling fluid

175. The heat sink is typically made from a highly conductive thermal material, and is designed
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to maximize the its surface area in contact with the external environment surrounding it, such

as the air.

[00553] According to some embodiments, the heat sink is configured to transfer thermal
energy from heat pipe cooling portion 240 and/or heat pipe first closed end 236 to a lower
temperature fluid medium. The lower temperature fluid medium is typically the surrounding

air, but can also be selected from water, refrigerants or oil.

[00554] According to some embodiments, at least one cooling unit 230 comprises a plurality
of cooling units 230. According to further embodiments, plurality of cooling units 230 is
corresponding to the plurality of heat pipes 222, wherein each one of the plurality of heat pipes
222 contacting one of the plurality of cooling units 230, at each heat pipe first closed end 236
and/or heat pipe cooling portion 240.

[00555] According to some embodiments, plurality of cooling units 230 does not correspond
to the plurality of heat pipes 222, wherein each one of plurality of cooling units 230 is in contact
with a group of heat pipes 222. According to some embodiments, each one of plurality of
cooling units 230 is in contact with at least two heat pipes 222. According to some
embodiments, each one of plurality of cooling units 230 is in contact with at least three heat
pipes 222. According to some embodiments, each one of plurality of cooling units 230 is in
contact with at least four heat pipes 222. According to some embodiments, each one of plurality
of cooling units 230 is in contact with at least five heat pipes 222. According to some
embodiments, at least one one of plurality of cooling units 230 is in contact with at least two
heat pipes 222. According to some embodiments, at least one of plurality of cooling units 230
is in contact with at least three heat pipes 222. According to some embodiments, at least one
of plurality of cooling units 230 is in contact with at least four heat pipes 222. According to
some embodiments, at least one of plurality of cooling units 230 is in contact with at least five

heat pipes 222.

[00556] According to some embodiments, at least one cooling unit 230 comprises a single
cooling unit 230. According to some embodiments, single cooling unit 230 is in contact with
at least three of plurality of heat pipes 222. According to some embodiments, single cooling
unit 230 is in contact with at least three of plurality of heat pipes 222. According to some
embodiments, single cooling unit 230 is in contact with at least five of plurality of heat pipes

222. According to some embodiments, single cooling unit 230 is in contact with at least 10 of
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plurality of heat pipes 222. According to some embodiments, single cooling unit 230 is in
contact with at least 20 of plurality of heat pipes 222. According to some embodiments, single
cooling unit 230 is in contact with each one of plurality of heat pipes 222. It is to be understood
that when cooling unit 230 is an air conditioner located in the vicinity of closed photobioreactor
100, the air conditioner may be considered as cooling each one of plurality of heat pipes 222.
It is to be further understood that several air conditioning devices in the same room may be

considered as a unitary cooling unit.

[00557] According to some embodiments, there is provided a process for growing a
microorganism culture in an aqueous medium, wherein the process comprises growing at least

one cell population in closed photobioreactor 100.

[00558] According to some embodiments, there is provided process for growing a
microorganism culture in an aqueous medium, the process comprising (a) providing closed
photobioreactor 100; (b) placing an aqueous biological medium comprising at least one cell
population within internal cavity 104 and, optionally, inserting a plurality of light sources 170
in transparent pipe lumen 160 of at least some of the plurality of transparent pipes 150; (c)
operating the plurality of light sources 170 to irradiate light into internal cavity 104 through
said at least some of the plurality of transparent pipes 150, thereby growing the at least one cell

population.

[00559] It is to be understood that the insertion of plurality of light sources 170 into
transparent pipe lumens 160 is optional and depends on whether closed photobioreactor 100 is
provided with plurality of light sources 170 already inserted into transparent pipe lumens 160;
or closed photobioreactor 100 is provided with transparent pipe lumens 160 empty and requires

insertion of light sources 170 there into.

[00560] According to some embodiments, there is provided process for growing a
microorganism culture in an aqueous medium, the process comprising (a) providing a closed
photobioreactor 100 for growing a microorganism culture in an aqueous medium, wherein
closed photobioreactor 100 comprises: a vessel 110 comprising a vessel floor 112, vessel cover
114 positioned substantially parallel thereto, and at least one vessel wall 116 positioned
perpendicular to vessel floor 112 and vessel cover 114, defining an internal cavity 104 for
containing the microorganism culture in the aqueous medium, wherein vessel cover 114

comprises a plurality of openings 120 ; and plurality of transparent pipes 150 attached to vessel



10

15

20

25

30

WO 2021/149045 PCT/IL2021/050055
115

cover 114 accommodating a plurality of light sources 170 within transparent pipe lumens 160
thereof, wherein each of plurality of transparent pipes 150 extends through one of openings
120, wherein each one of plurality of transparent pipes 150 has a transparent pipe first open
end 152 located out of internal cavity 104, and a transparent pipe second end 154, wherein
transparent pipe first portion 156 of one of plurality of transparent pipes 150 is connected to
vessel cover 114 or vessel 112, and a transparent pipe second portion 158 of each one of
plurality of transparent pipes 150 is located within internal cavity 104, wherein each one of
plurality of transparent pipes 150 is substantially sealed to one of openings 120, so that internal
cavity 114 is isolated from surrounding environment 106 of the vessel 110; (b) placing an
aqueous biological medium comprising at least one cell population within internal cavity 104;
(c) optionally inserting a plurality of light sources 170 in transparent pipe lumen 160 of at least
some of the plurality of transparent pipes 150; (d) operating the plurality of light sources 170
to irradiate light into internal cavity 104 through said at least some of the plurality of transparent

pipes 150, thereby growing the at least one cell population.

[00561] According to some embodiments, the process of the present invention is a fed-batch

process.

[00562] According to some embodiments, the step of growing the at least one cell
population is performed at a temperature in the range of 5°C to 40°C. According to some
embodiments, the step of growing the at least one cell population is performed at a temperature
in the range of 10°C to 40°C. According to some embodiments, the step of growing the at least
one cell population is performed at a temperature in the range of 10°C to 37°C. According to
some embodiments, the step of growing the at least one cell population is performed at a

temperature in the range of 20°C to 37°C.

[00563] According to some embodiments, step (c) comprises operating the plurality of light
sources to irradiate light into the internal cavity at a wavelength in a range of 400-700
nanometers. According to some embodiments, step (c) comprises operating the plurality of
light sources to irradiate light into the internal cavity at a wavelength in a range of 250-1100

nanometers.

[00564] According to some embodiments, growing the at least one cell population is

performed a rate in the range of 0.-6 grams per liter per day.
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[00565] According to some embodiments, the process further comprises a step of removing
plurality of light sources 170 from the plurality of transparent pipes 150. According to some
embodiments, the process further comprises a step of removing the plurality of light sources

170 from the respective transparent pipe lumens 160.

[00566] It is to be understood that the step of removing the plurality of light sources 170
from the respective transparent pipe lumens 160 of transparent pipes 150 is performed after the
step of operating the plurality of light sources 170 to irradiate light into internal cavity 104.
However, as can be appreciated by the skilled in the art, after the removal of light sources 170
from transparent pipe lumens 160 and, optionally cleaning bioreactor 100, light sources 170
(whether the original light sources or replacements) may be reinstated into transparent pipe
lumens 160 and a new aqueous biological medium may be inserted into internal cavity 104 for

a new sequence of operation and growth of the relevant organism.

[00567] According to some embodiments, the step of removing the plurality of light sources
170 from the respective transparent pipe lumens 160 of transparent pipes 150 is performed after

the step of operating the plurality of light sources 170 to irradiate light into internal cavity 104.

[00568] According to some embodiments, the process further comprises a step of removing
the proliferated cell population from closed photobioreactor 100. According to some
embodiments, the step of removing the proliferated cell population entails extracting the
aqueous biological medium from internal cavity 104 through a dedicated outlet (not shown in
the figures). Dedicated outlets for the extraction of products from bioreactors are mediating
between the internal cavity and the outside environment of the bioreactor. Such outlets
typically include a valve for monitoring the exit flow of products. According to some
embodiments, the step of removing the proliferated cell population entails removing vessel

cover 114 and extracting the aqueous biological medium from internal cavity 104.

[00569] According to some embodiments, the step of removing the proliferated cell
population from closed photobioreactor 100 is performed after the step of removing the
plurality of light sources 170 from the respective transparent pipe lumens 160 of transparent

pipes 150.

[00570] According to some embodiments, the process further comprises a step of inserting
a cleansing composition into the internal cavity and heating the cleansing composition to a

predetermined temperature.
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[00571] According to some embodiments, the cleansing composition is liquid. According to
some embodiments, the cleansing composition is an aqueous cleansing composition.
According to some embodiments, the cleansing composition is selected from an acidic aqueous
composition, a basic aqueous composition and a detergent composition. According to some
embodiments, the cleansing composition comprises detergents. According to some
embodiments, the cleansing composition is an aqueous composition comprising detergents.
According to some embodiments, the cleansing composition an acidic aqueous composition.
According to some embodiments, the cleansing composition a basic aqueous composition.
According to some embodiments, the predetermined temperature is at least 50°C. According to

some embodiments, the predetermined temperature is at least 55°C. According to some

embodiments, the predetermined temperature is at least 60°C. According to some
embodiments, the predetermined temperature is at least 65°C. According to some
embodiments, the predetermined temperature is at least 70°C. According to some
embodiments, the predetermined temperature is at least 75°C. According to some
embodiments, the predetermined temperature is at least 80°C. According to some
embodiments, the predetermined temperature is at least 85°C. According to some
embodiments, the predetermined temperature is at least 90°C. According to some
embodiments, the predetermined temperature is at least 95°C. According to some
embodiments, the predetermined temperature is at least 100°C. According to some
embodiments, the predetermined temperature is at least 105°C. According to some
embodiments, the predetermined temperature is at least 115°C. According to some
embodiments, the predetermined temperature is at least 120°C. According to some
embodiments, the predetermined temperature is at least 125°C. Typically, clearing of

bioreactor used in the proliferation of algae is performed in temperatures in the range of 130°C-
140°C. According to some embodiments, the predetermined temperature is in the range of

120°C to 140°C.

[00572]

composition is performed after the step of removing the proliferated cell population from

According to some embodiments, the step of inserting and heating the cleansing

closed photobioreactor 100. According to some embodiments, the step of inserting and heating
the cleansing composition is performed after the step of removing the plurality of light sources

170 from the respective transparent pipe lumens 160 of transparent pipes 150.
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[00573] According to some embodiments, the step of inserting the cleansing composition
into internal cavity 104 entails contacting the cleansing composition with an internal portion
117 of the vessel wall vessel wall 116. According to some embodiments, the step of inserting
the cleansing composition into internal cavity 104 entails contacting the cleansing composition
with vessel floor 112. According to some embodiments, the step of inserting the cleansing
composition into internal cavity 104 entails contacting the cleansing composition with
transparent pipe second portion 158. According to some embodiments, the step of inserting the
cleansing composition into internal cavity 104 entails contacting the cleansing composition

with transparent pipes 150.

[00574] According to some embodiments, the process further comprises a step of removing
the cleansing composition from the internal cavity, thereby cleaning closed photobioreactor
100. According to some embodiments, the process further comprises a step of removing the
cleansing composition from the internal cavity, thereby cleaning internal cavity 104 of closed

photobioreactor 100.

[00575] According to some embodiments, the process further comprises the step of inserting
an aqueous composition comprising acids, bases or both into the internal cavity 104 after
removing the proliferated cell population from the closed photobioreactor; removing the
aqueous composition from the internal cavity 104; and performing a Sterilization in Place (SIP)
within the internal cavity, thereby cleaning the closed photobioreactor 100. According to some
embodiments, the SIP comprises steam sterilizing the internal cavity 104, treating the internal

cavity 104 with water at a temperature above 100°C or both.

[00576] According to some embodiments, the process further comprising repeating steps (a)
to (c) at least once more after completion of said cleaning, thereby growing additional cell

populations.

[00577] According to some embodiments, step (b) further comprises placing nutrients for
the proliferation of the cell population within the internal cavity. Specifically, it is to be
understood that nutrients may be inserted through vessel cover 114 or through a designated
opening as known in the art. It is further to be understood by the skilled in the art the specific
nutrients required for growing various species including, but not limited to phototropic species,

such as phototropic algae. According to some embodiments, the nutrient comprises sugars.
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[00578] According to some embodiments, the aqueous biological medium comprises a
single cell population. According to some embodiments, the aqueous biological medium
comprises a single species. According to some embodiments, the aqueous biological medium
comprises a plurality of cell populations. According to some embodiments, the aqueous

biological medium comprises a plurality of cell species.

[00579] As detailed herein, the sequence of step required to grow microorganisms under
sealing and illumination requires (i) fermentation of the relevant culture at conditions, which
enable sealing, while still enabling internal illumination; (i1) removal of the fermented culture
from the bioreactor vessel and (iii) sterilization of the vessel internal cavity. While step (i)
(comparable with step (c) of the process disclosed herein) requires the presence of light sources,
step (ii1) is performed under heating conditions. Such elevated temperatures are detrimental to
the light sources. Therefore, in order to properly sterilize the vessel internal cavity, it is required
to frequently remove the light sources from the bioreactor system — an operation which is

highly difficult with known bioreactors.

[00580] The present closed photobioreactor 100 and the present process of operation thereof
enables a solution to the problem existing in known photobioreactors, when growing
organisms, which require both illumination and sealed environment. The is a critical
requirement to the growth of various microorganism, in particular phototrophs, heterotrophs
and/or mixotrophs, such as algae phototrophs, heterotrophs and/or mixotrophs. Such species
require effective exploitation of an organic carbon source (e.g. sugars) with minimum

contaminations, which in it turn requires proper sealing.

[00581] As the transparent pipes penetrate through openings in the bioreactor cover,
according to some embodiments, there is a risk of a non-sealed environment. Such environment
may enable passage of fluids (e.g. air) and other contaminants from the external environment
into the vessel internal cavity. However, the present photobioreactor 100 solves these problems

as detailed above.

[00582] According to some embodiments, the cell population comprises a phototrophic bio-
organism species. According to some embodiments, the cell population comprises a mixtrophic
bio-organism species. According to some embodiments, the cell population comprises a

heterotrophic bio-organism species.
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[00583] As detailed herein, the microorganism culture may be of any microorganism
species, which requires light for its cultivation, according to some embodiments. According to
some embodiments, the microorganism culture is a phototroph culture. According to some
embodiments, the microorganism culture is a mixotroph culture. According to some
embodiments, the microorganism culture is a heterotroph culture. According to some
embodiments, the microorganism culture is of a single cell species. According to some
embodiments, the microorganism culture is of an algae or a bacteria. According to some
embodiments, the microorganism culture is of an algae or a cyanobacteria. According to some
embodiments, the microorganism culture is of a single cell algae or a single cell bacteria.
According to some embodiments, the microorganism culture is of a single cell algae or a single
cell cyanobacteria. According to some embodiments, the microorganism culture is an algae

culture.

[00584] According to some embodiments, the cell population is selected from the group
consisting of bacteria and algae. According to some embodiments, the cell population
comprises an algae species. According to some embodiments, the cell population comprises a

bacteria species.

[00585] According to some embodiments, the cell population comprises a phototrophic
algae. According to some embodiments, the cell population comprises a phototrophic bacteria.
According to some embodiments, the cell population comprises a mixotrophic algae.
According to some embodiments, the cell population comprises a mixotrophic bacteria.
According to some embodiments, the cell population comprises a heterotrophic algae.

According to some embodiments, the cell population comprises a heterotrophic bacteria.

[00586] According to some embodiments, the process further comprises a step of extracting

at least one material from the proliferated cell population is performed after step (c).

[00587] It is to be understood that step of extracting may be performed before, after or in
parallel of any one or more of the bioreactor cleaning steps detailed above. Specifically, the

extraction is performed independently out of the reactor.

[00588] According to some embodiments, the material extracted by the process of the
present invention is selected from the group consisting of: a carotenoid, a protein, a lipid, a
sugar, a fatty acid, a pigment, a peptide and a combination thereof. Each possibility represents

a separate embodiment.
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[00589] According to some embodiments, there is provided a composition comprising the
microorganism culture grown by the process disclosed herein, the at least one material
extracted by the process disclosed herein, or a combination thereof. According to some
embodiments, there is provided a composition comprising the microorganism culture grown
by the process disclosed herein. According to some embodiments, there is provided a
composition comprising the at least one material extracted by the process disclosed herein.
According to some embodiments, there is provided a composition consisting of the
microorganism culture grown by the process disclosed herein, the at least one material
extracted by the process disclosed herein, or a combination thereof. According to some
embodiments, there is provided a composition consisting of the microorganism culture grown
by the process disclosed herein. According to some embodiments, there is provided a

composition consisting of the at least one material extracted by the process disclosed herein.

[00590] The composition may include any solvent, carrier and the like, as known in the art.

[00591] The term "plurality”, as used herein, means more than one.

[00592] It is appreciated that certain features of the disclosed technology, which are, for
clarity, described in the context of separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the disclosed technology, which are,
for brevity, described in the context of a single embodiment, may also be provided separately
or in any suitable sub-combination or as suitable in any other described embodiment of the
disclosed technology. No feature described in the context of an embodiment is to be considered

an essential feature of that embodiment, unless explicitly specified as such.

[00593] Although steps of methods according to some embodiments may be described in a
specific sequence, disclosed methods may comprise some or all of the described steps carried
out in a different order. A disclosed method may comprise all of the steps described or only a
few of the described steps. No particular step in a disclosed method is to be considered an

essential step of that method, unless explicitly specified as such.

[00594] Although the disclosed technology is described in conjunction with specific
embodiments thereof, it is evident that numerous alternatives, modifications and variations that
are apparent to those skilled in the art may exist. Accordingly, the disclosed technology
embraces all such alternatives, modifications and variations that fall within the scope of the

appended claims. It is to be understood that the invention is not necessarily limited in its
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application to the details of construction and the arrangement of the components and/or
methods set forth herein. Other embodiments may be practiced, and an embodiment may be
carried out in various ways. Accordingly, the invention embraces all such alternatives,

modifications and variations that fall within the scope of the appended claims.

[00595] The phraseology and terminology employed herein are for descriptive purpose and
should not be regarded as limiting. Citation or identification of any reference in this application
shall not be construed as an admission that such reference is available as prior art to the
invention. Section headings are used herein to ease understanding of the specification and

should not be construed as necessarily limiting.
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CLAIMS

1.

A closed photobioreactor for growing a microorganism culture in an aqueous medium,

the photobioreactor comprising:

a vessel comprising a vessel floor, a vessel cover positioned substantially parallel
thereto, and at least one vessel wall positioned perpendicular to the vessel floor and
vessel cover, defining an internal cavity for containing the microorganism culture
in the aqueous medium, wherein the vessel cover comprises a plurality of openings;

and

a plurality of transparent pipes attached to the vessel cover configured to
accommodate a plurality of light sources within lumens thereof, wherein each of
the transparent pipes extends through one of the openings, wherein each transparent
pipe has a first open end located out of the internal cavity of the vessel, and a second
end, wherein a first portion of each transparent pipe is connected to the vessel cover
or the vessel floor, and a second portion of each transparent pipe is located within

the internal cavity,

wherein each of the transparent pipes is substantially sealed to one of the openings, so

that the internal cavity is isolated from the surrounding environment of the vessel.

The closed photobioreactor of claim 1, wherein the first portion of each transparent pipe

is connected to the vessel cover.

The closed photobioreactor of claim 2, wherein the vessel cover comprises a plurality
of hollow cover extensions, wherein each hollow cover extension extends from one of
the openings upward, and has a first open end offset upward from the vessel cover and
a second open end at the level of the vessel cover, wherein the first portion of each
transparent pipe extends through one of the hollow cover extensions and is retained

thereby.

The closed photobioreactor of claim 3, further comprising a plurality of retention units,
wherein each of the retention units comprises at least one retention member, each
retention member is configured to fix one of the transparent pipes to one of the hollow
cover extensions, wherein each of the retention units comprises at least one retention
member disposed circumferentially between the first portion of one of the transparent

pipes and one of the hollow cover extensions, and longitudinally between the second
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end of one of the hollow cover extensions and the first end of one of the transparent
pipes, and configured to limit spontaneous movement of the transparent pipe in the

lateral and longitudinal directions.

The closed photobioreactor of claim 4, wherein each of the retention units comprises a
plurality of lower retention members and a plurality of upper retention members, each
of which is disposed circumferentially between one of the transparent pipes and one of
the hollow cover extensions, and longitudinally between the second end of one of the
hollow cover extensions and the first end of one of the transparent pipes, and configured
to limit spontaneous movement of the transparent pipe in the lateral and longitudinal

directions.

The closed photobioreactor of claim 5, wherein each of the lower retention members
comprises a lower squeezable gasket, and each of the upper retention members

comprises a upper squeezable gasket.

The closed photobioreactor of claim 6, wherein each hollow cover extension comprises
an internal recess, located between the first end and the second end thereof, wherein
each lower squeezable gasket is housed within one of the internal recesses and pressing
the transparent pipe inward, wherein each hollow cover extension comprises a slanted
portion at the first end thereof tapering upwards, wherein each upper squeezable gasket
is housed within one of the slanted portions and is pressed against the transparent pipe

inward.

The closed photobioreactor of claim 6 or 7, wherein each of the transparent pipes is
externally tubular and each of the hollow cover extensions is internally tubular, wherein
each of the lower squeezable gaskets comprises a lower rubber O-ring, and each of the
upper squeezable gaskets comprises a upper rubber O-ring, wherein each of the lower
rubber O-rings and the upper rubber O-rings, when expanded, has an internal diameter

larger than the external diameter of the first portion of each corresponding transparent

pipe.

The closed photobioreactor of claim 8, further comprising a plurality of double-open
caps reversibly attachable to the first end of each hollow cover extension, wherein each
double-open cap has a plane having a diameter smaller than the external diameter of

the upper O-ring, wherein upon capping the double-open cap to the hollow cover
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extension, the plane presses against the upper O-ring and the slanted portion of the
hollow cover extension, to press fit the upper O-ring inward against the transparent

pipe, and prevents the transparent pipe from longitudinally moving upwards.

The closed photobioreactor of claim 9, wherein each double-open cap comprises an
threaded internal tubular portion and each hollow cover extension comprises a threaded
external portion, wherein the double-open cap is screwable to the hollow cover
extension, wherein upon screwing the cap presses the hollow cover extension inwards,
further press fitting the hollow cover extension and upper O-ring inward against the

transparent pipe.

The closed photobioreactor of claim 1, wherein the lumen of each transparent pipe is in
fluid communication with the surrounding environment of the vessel and isolated from

the internal cavity of the vessel.

The closed photobioreactor of claim 3, wherein each of the vessel cover and hollow
cover extensions is made of metal, wherein each of the hollow cover extensions is

welded to the vessel cover.

The closed photobioreactor of claim 3, wherein the first open end of each transparent

pipe is offset upward from the first open end of the hollow extension, which retains it.

The closed photobioreactor of claim 1, wherein the at least one vessel wall is a double
walled cooling jacket comprising at least one internal wall, at least one external wall
and a cooling liquid there between, wherein the internal wall is bounding the internal

cavity of the vessel.

The closed photobioreactor of claim 1, further comprising an impeller comprising at
least one blade and configured to stir the microorganism culture in the aqueous medium
when inside the internal cavity of the vessel, wherein the impeller is connected to at
least one of the vessel floor and the vessel cover, and positioned perpendicular to the

vessel floor and the vessel cover and parallel to each of the transparent pipes.

The closed photobioreactor of claim 1, further comprising a closed cap configured to

plug the first open end of each of the transparent pipes.

The closed photobioreactor of claim 1, wherein the plurality of transparent pipes are

accommodating a plurality of light sources within the lumens thereof, wherein upon the
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accommodation, a positive gap between the internal diameter of the transparent pipe
and the external dimensions of the light source exists, wherein each of the light sources

is drawable from the transparent pipe, which accommodates it.

The closed photobioreactor of claim 17, wherein each transparent pipe 1is
accommodating one or more of the light sources and a cooling liquid, wherein each
light source comprises at least one illuminating plane and at least one heat emitting

plane, wherein the cooling liquid is in contact with at least the heat emitting plane.
The closed photobioreactor of claim 18, wherein each of the plurality of light sources
is an LED lamp.

The closed photobioreactor of claim 19, comprising a plurality of hollow illuminating

LED pipes, each hollow illuminating LED pipe comprising:
a first open end facing the vessel cover;
a second end facing the vessel floor;

an internal surface connected to the heat emitting plane of one or more of the LED

lamps;

an external surface connected to the illuminating plane of one or more of the LED

lamps;
and a lumen within the internal surface of the hollow illuminating LED pipe;

wherein the cooling liquid is in contact with at least the heat emitting plane, enabling
heat transfer between the cooling liquid and the heat emitting plane of one or more of

the LED lamps.

The closed photobioreactor of claim 1, further comprising a plurality of hollow
illuminating LED pipes, and a plurality of heat pipes wherein each hollow illuminating

LED pipe comprising:

a plurality of LED lamps, each comprising a heat emitting plane and an illuminating

plane;
a first open end facing the vessel cover;

a second end facing the vessel floor;
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an internal surface connected to the heat emitting plane of each one of the plurality

of LED lamps;

an external surface connected to the illuminating plane of each one of the plurality

of LED lamps;
and a lumen within the internal surface of the hollow illuminating LED pipe;

wherein each heat pipe is made from a heat conducting material, and is containing a
LED cooling fluid, wherein each heat pipe comprises an internal surface and an external
surface, wherein each of the plurality of hollow illuminating LED pipes is
accommodated within the lumen of one of the plurality of transparent pipes, wherein
each of the heat pipes is accommodated within the lumen of one of the hollow
illuminating LED pipes, so that the external surface of the heat pipe is in contact with
the internal surface of the hollow illuminating LED pipe, wherein the LED cooling fluid
is in contact with the internal surface of the heat pipe, enabling heat transfer between

the cooling fluid and the heat emitting plane of the plurality of LED lamps.

The closed photobioreactor of claim 21, wherein a positive gap between the external
surface of the hollow illuminating LED pipe and the internal diameter of the transparent
pipe, which accommodate it, exists, wherein each of the hollow illuminating LED pipes

is drawable from said transparent pipe.
The closed photobioreactor of claim 21 or 22, wherein each heat pipe comprises

a first closed end extending through transparent pipe first open end, which

accommodates it;
a second closed end facing the vessel floor; and
a heat transferring portion between the first end and the second end;

wherein the heat transferring portion is in contact with the internal surface of the hollow

illuminating LED pipe.

The closed photobioreactor of claim 21, wherein each hollow illuminating LED pipe is
formed from the plurality of LED lamps and the external surface of the heat pipe;
wherein the internal surface hollow illuminating LED pipe is the heat pipe heat

transferring portion .
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The closed photobioreactor of claim 21, wherein each hollow illuminating LED pipe is
formed from the plurality of LED strips, each comprising a plurality of LED lamps
mounted to a circuit board; wherein the heat pipe heat transferring portion is attached

to the circuit board.

The closed photobioreactor of any one of claims 21-25, further comprising at least one
cooling unit, wherein each heat pipe is in contact with one of the at least one cooling
unit, wherein the at least one cooling unit is configured to reduce the temperature of the

LED cooling fluid.

The closed photobioreactor of claim 26, wherein the first end of the heat pipe is in
contact with one of the at least one cooling unit, thereby enabling condensation of

vapors of the LED cooling fluid in the vicinity of said first end.

A process for growing a microorganism culture in an aqueous medium, the process

comprising

(a) providing the closed photobioreactor of any one of claims 1-26, wherein the
plurality of transparent pipes are accommodating a plurality of light sources within

the lumens thereof;

(b) placing an aqueous biological medium comprising at least one cell population

within the internal cavity;

(c) operating the plurality of light sources to irradiate light into the internal cavity
through said at least some of the plurality of transparent pipes, thereby growing the

at least one cell population.

The process of claim 28, further comprising removing the plurality of light sources

from the transparent pipes.

The process of any one of claims 28-29, further comprising a step of removing the

proliferated cell population from the closed photobioreactor.

The process of claim 30, further comprising a step of inserting a cleansing composition

into the internal cavity and heating the composition to a predetermined temperature.

The process of claim 31, wherein the step of inserting the cleansing composition into
the internal cavity entails contacting the cleansing composition with an internal portion

of the vessel wall and with portions of the plurality of transparent pipes.
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The process of any one of claims 31-32, further comprising a step of removing the
cleansing composition from the internal cavity, thereby cleaning the closed

photobioreactor.

The process of any one of claims 28-33, wherein step (b) further comprises placing

nutrients for the growing of the cell population within the internal cavity.

The process of any one of claims 28-33, wherein the cell population comprises a

phototrophic bio-organism species.

The process of any one of claims 28-34, wherein the cell population is selected from

the group consisting of bacteria and algae.
The process of claim 35, wherein the cell population comprises a phototrophic algae.

The process of any one of claims 28-37, further comprising a step of extracting at least

one material from the proliferated cell population of step (c).

The process of any one of claims 28-38, wherein step (c) is performed at a temperature

in the range of 10°C to 37°C.

The process of claim 31, wherein the predetermined temperature is in the range of

120°C to 140°C.

The process of any one of claims 28-40, wherein step (c) comprises operating the
plurality of light sources to irradiate light into the internal cavity at a wavelength in a

range of 400-700 nanometers.
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