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IM (54) Title: DISPOSABLE BIOREACTOR CONDENSER BAG AND FILTER HEATER

(57) Abstract: Disclosed herein is a system and method for condensing moisture in a moist gas stream entering a bioreactor or 
leaving a bioreactor, the system comprising: a condenser container capable of holding a fluid, the condenser container comprising: 
an outer wall surface and an inner wall surface, the inner wall surface defining an interior chamber for holding the fluid; and a first 
fitment attached to the outer wall surface of the condenser container, the first fitment forming a first port configured to allow the 
moist gas stream to flow through the first port and into the interior chamber; a second fitment attached to the outer wall surface of 
the condenser container, the second fitment forming a second port configured to allow a dried gas to flow from the interior cham
ber and out of the second port; and a cooling device in contact with at least one portion of the outer wall surface of the condenser 
container and arranged to cool the at least one portion of the outer wall surface of the condenser container, thereby to condense 
moisture in the moist gas stream and forming a dry gas stream for entering or leaving the bioreactor.
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DISPOSABLE BIOREACTOR CONDENSER BAG AND FILTER HEATER

RELATED APPLICATIONS

This application claims the benefit under 35 USC 119(e) of U.S. Provisional 

Application No. 61/247,368 filed on 30 September, 2009, the teachings of which are 

incorporated herein by reference in its entirety.

FIELD OF INVENTION

[0001] The present disclosure relates to devices and methods for the use with 

disposable bioreactors or with non-disposable tank bioreactors.

BACKGROUND

[0002] Cell culturing is an essential step in manufacturing biological products, and 

may be carried out in disposable bioreactors systems or in non-disposable 

bioreactors such as steel tank vessels. Oxygen is continuously supplied to promote 

cell growth, and carbon dioxide is removed. A gas stream going to or coming from a 

bioreactor may contain moisture entrained within the gas stream. The moisture in 

the gas may condense as the gas passes through a filter or other system 

component. The moisture and/or condensation may be detrimental to the 

functioning of the filter or other system component.

[0003] A number of yet un-solved problems are inherent in currently available 

condenser designs for use with bioreactors. Some prior art designs incorporate 

several functionally different areas such as, for example, subducts and different 

cooling and heating zones, that result in a complex and costly assembly requiring 

special tooling, specially molded or machined components. Prior art designs also 

separate a vessel for condensate collection from the heat exchange area, thus 

adding complexity to the part instead of integrating condensate removal directly from 

the heat exchange zone. Because prior art designs are complex and tend to be 

expensive, such condensers are not truly disposable.

[0004] Another yet un-resolved problem inherent in many prior art condenser 

designs is that the heat is removed from the exhaust gas and then the heat is just
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just wasted by pouring it into the environment to get rid of it.

[0005] Currently available condensers also may have another drawback inherent in 

the use of a multiplicity of ducts. Although the relatively long pathway provided by 

the many ducts increases the surface area of the condenser available for cooling, 

the decrease in cross-sectional area of a duct also increases the velocity of the gas 

flowing through the condenser, which in turn decreases the residence time of the 

exhaust gases in the condenser. The decreased residence time in the condenser 

results in a decrease in the overall cooling effect of the condenser on the exhaust 

gas within the condenser bag.

[0006] Yet another drawback of many currently available condensers is related to 

the inclusion of both a cooling zone and a heating zone within the condenser unit. 

Coupling the condensing function of the unit with a heating function within the same 

assembly reduces the flexibility of allowing the two functions to be manipulated 

independently of each other.

[0007] Thus, there is an on-going need for an improved apparatus, in particular, a 

truly disposable apparatus, and method that provide a means to reduce the moisture 

content of a moist gas within a bioreactor system before it is passed on to a filter or 

other system component where moisture and/or condensation on the filter or system 

component may interfere with the functioning of the filter or other system 

component.

BRIEF SUMMARY OF THE DISCLOSURE

[0008] The inventors of the present subject matter have now discovered a 

disposable bioreactor condenser that overcomes many of the problems found in the 

use of prior art condensers. The invention inter alia includes the following, alone or 

in combination. In one aspect, the present invention relates to our discovery of an 

apparatus and a corresponding method for condensing the water vapor in a stream 

of gas passing into or out of a bioreactor.

[0009] One embodiment of the invention is a system for condensing moisture in a 

moist gas stream entering a bioreactor or leaving a bioreactor, the system 

comprising: a condenser container capable of holding a fluid, the condenser
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container comprising: an outer wall surface and an inner wall surface, the inner wall 

surface defining an interior chamber for holding the fluid; and a first fitment 

attached to the outer wall surface of the condenser container, the first fitment 

forming a first port configured to allow the moist gas stream to flow through the first 

port and into the interior chamber; a second fitment attached to the outer wall 

surface of the condenser container, the second fitment forming a second port 

configured to allow a dried gas to flow from the interior chamber and out of the 

second port; and a cooling device in contact with at least one portion of the outer 

wall surface of the condenser container and arranged to cool the at least one 

portion of the outer wall surface of the condenser container, thereby to condense 

moisture in the moist gas stream and form a dry gas stream for entering or leaving 

the bioreactor.

[0010] Another embodiment of the invention is a method of condensing moisture in 

a moist gas stream leaving a bioreactor, the method comprising: providing a system 

as disclosed in the preceding paragraph; providing fluid communication of the first 

port of the condenser container with or between a port of the bioreactor arranged to 

allow the moist gas stream to leave the bioreactor; allowing the moist gas stream 

leaving the bioreactor to flow through the first port and into the interior chamber of 

the condenser container; cooling the at least one portion of the outer wall surface of 

the condenser container; allowing heat to be transferred from the interior chamber 

of the condenser container to the cooling device, thereby lowering the temperature 

of the interior chamber of the condenser container; condensing moisture in the moist 

gas stream; and forming a dry gas stream leaving the bioreactor.

[0011] A gas stream leaving a bioreactor typically is passed through a filter. A 

moist gas would clog the filter. The dry gas stream formed according to an 

embodiment of the invention will not tend to clog the filter.

[0012] In one embodiment, the condensate can be collected and either returned to 

the bioreactor, sent to another device, or discarded. For example, in one 

embodiment, the condenser container in the disclosed system for condensing 

moisture in a moist gas stream may comprise a fitting such as a hose barb for 

attaching and securing tubing to collect condensate for either a gravity flow of the 

condensate or a pumping of the condensate from the interior chamber and back
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into the bioreactor.

[0013] Another embodiment of the invention is a method of condensing moisture in 

a moist gas stream to form a dry gas for addition to a bioreactor, the method 

comprising: providing a system as described herein, for example as in paragraph 

0009; providing fluid communication of the first port of the condenser container with 

the moist gas stream; allowing the moist gas stream to flow through the first port 

and into the interior chamber of the condenser container; cooling the at least one 

portion of the outer wall surface of the condenser container; allowing heat to be 

transferred from the interior chamber of the condenser container to the cooling 

device, thereby lowering the temperature of the interior chamber of the condenser 

container; condensing moisture in the moist gas stream; thereby forming a dry gas.

[0014] The dry gas formed by the disclosed method can then be flowed out of the 

second port and into a bioreactor.

[0015] The cooling device may also include a heating source arranged to provide 

heating of a filter within the bioreactor. The cooling device may include a 

thermoelectric module such as, for example, a Peltier heating and cooling module..

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The foregoing and other features and advantages of the invention will be 

apparent from the following more particular description of illustrative embodiments 

of the invention, as illustrated in the accompanying drawings. The drawings are not 

necessarily to scale, emphasis being placed upon illustrating the results of 

exemplary embodiments of the disclosed apparatus.

[0017] FIG. 1 A is a schematic drawing of a perspective view of a prototype two

dimensional disposable bioreactor condenser bag according to an embodiment of 

the invention.

[0018] FIG. 1B is a schematic drawing of a perspective view of a two-dimensional 

disposable bioreactor condenser bag according to an embodiment of the invention, 

having mesh disposed within the condenser bag and visible through the bag film.

[0019] FIG. 2 is a schematic drawing of a perspective view of a system according to 

an embodiment of the invention, the system utilizing a thermoelectric heating and
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DETAILED DESCRIPTION

[0020] A description of preferred embodiments of the invention follows. It will be 

understood that the particular embodiments of the invention are shown by way of 

illustration and not as limitations of the invention. At the outset, the invention is 

described in its broadest overall aspects, with a more detailed description following. 

The features and other details of the compositions and methods of the invention will 

be further pointed out in the claims.

[0021] The invention relates to a system that performs at least one specific function 

for a bioreactor. The function may be condensing moisture within a gas stream 

entering or leaving the bioreactor, or it may be heating a filter to prevent 

condensation within the filter.

[0022] We have now discovered a condenser system that utilizes a cooling device 

to power a disposable bioreactor condenser. The disclosed system may include a 

filter heater that utilizes heat from a thermoelectric heating and cooling system.

Any cooling device could be used in an embodiment of the invention. In a preferred 

embodiment, the cooling device is a thermoelectric cooling device. A thermoelectric 

cooling device includes a solid-state method of heat transfer through dissimilar 

semiconductor materials. Thermoelectric cooling is referred to as "the Peltier 

Effect," after Peltier, an experimental physicist who discovered the phenomenon in 

1834. If a current is passed through a thermocouple, heat is absorbed (or removed) 

at one junction and is evolved at the other junction of the thermocouple. If the first 

junction is in a closed region, the first region will be cooled.

[0023] We used a thermoelectric Peltier module (TE Technology, Inc., Traverse 

City, Michigan) to power a disposable bioreactor condenser and filter heater. In 

general, a thermoelectric Peltier module operates to cool one surface of the module, 

and the heat removed from the cooled side is transferred to the other hot side of the 

thermoelectric module. In an embodiment of this invention both the heated side and 

the cooled side of the thermoelectric Peltier module are used. The cooled side of
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the Peltier module provides the cooling for the condenser function of the invention, 

while the heated side of the Peltier module can be used to assist in heating of a 

filter. In most commonly seen applications using a thermoelectric Peltier cooling 

module, the heat generated on the heated side of the thermoelectric Peltier module 

is conducted away from the system as waste heat and is not used. With a slight 

modification of the disclosed system, that heat can be used for heating a filter. 

Heating the filter tends to convert any condensed water droplets into the vapor 

phase so that the condensate does not clog the filter.

[0024] In one embodiment of the invention, the condenser container is a single 

use, flexible, nonporous bag comprising a flexible polyethylene material or film. The 

condenser container in most of the embodiments described herein is referred to as a 

“bag” or a “condenser bag” or a “flexible bag.” However, other embodiments of the 

invention may include a rigid or a semi-rigid container instead of a flexible bag. The 

condenser bag may comprise two sides as in what is known as a “two-dimensional 

bag,” or it may be a three-dimensional bag or have any other suitable shape and 

size.

[0025] The condenser bag may have fitments attached to it. The term “fitment” as 

used herein refers to a separate object that is heat-welded to the flexible bag film in 

order to attach it. As such, a fitment often comprises a polymeric material which can 

be the same or similar to the polymeric material comprising the wall of the flexible 

bag. A fitment is often a more dense material than the wall of the flexible bag, and 

may be added to the bag to enable a functionality. A non-limiting example of a 

fitment is one that forms a port. In one embodiment of the invention, a port is added 

to the wall of the condenser bag in order to allow gas to enter. In another 

embodiment of the invention, a port is added to the wall of the condenser bag to 

allow gas to leave the condenser bag.

[0026] In one embodiment of the invention the condenser bag comprises a 

nonporous polymeric material that is biocompatible with the cells and medium used 

for cell growth in a bioreactor. FIG. 1A is a schematic drawing of a perspective view 

of a prototype disposable bioreactor condenser bag 20 according to an embodiment 

of the invention. The prototype condenser bag 20 is shown with one fitment 22 for a 

port. A condenser bag according to an embodiment of the invention can have a
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plurality of fitments and ports, The embodiment depicted in FIG 1A does not have

any structure within the bag to promote turbulence or condensation.

[0027] FIG. 1B is a schematic drawing of a perspective view of a disposable 

bioreactor condenser bag 30 according to an embodiment of the invention. The 

mesh 26 disposed within the condenser bag 30 is visible through the top surface 32 

of the bag film. Two fitments 22, 24 are shown on the outer wall of condenser bag 

30. In one embodiment of the invention, fitment 22 is used for forming an inlet port 

for moist gas and fitment 24 is used for forming an outlet port for dried gas. In 

another embodiment, fitment 22 can be used to form an outlet and fitment 24 an 

inlet. In one embodiment the condenser bag 30 is disposable.

[0028] The condenser bag 30 is used in conjunction with a cooling source to lower 

the temperature of a moist gas stream going to or coming from a bioreactor such 

that condensation of moisture entrained within the gas occurs within the condenser 

bag 30. This condenser bag 30 can be used to reduce the moisture content of the 

moist gas before it is passed on to a filter or other system component where 

moisture and/or condensation may be detrimental to the functioning of the filter or 

other system component.

[0029] In one embodiment, the disposable condenser bag 30 forms a closed 

volume that has at least one inlet fitment 22 to allow for a moist gas to be flowed into 

the condenser bag 30 from a bioreactor or from another gas source, and at least 

one outlet fitment 24 to allow for the passage of the dry gas stream out of the 

condenser bag 30. The condenser bag 30 may include an internal arrangement of a 

biocompatible material such as mesh 26 within the closed volume that will promote 

the condensation of moisture from the gas passing through the condenser bag 30, 

and also increase the turbulence within the gas stream as it passes through the 

condenser bag. In one embodiment of the invention, the mesh 26 or other 

biocompatible material is pleated to provide increased contact of the moist gas 

stream with the mesh such that it substantially completely fills the gap between the 

two inner layers of the condenser bag 30.

[0030] In another embodiment of the invention, the structure arranged to allow 

condensation to form thereon, and/or to increase turbulence is a series of fins
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attached to a support. In yet another embodiment the structure arranged to allow 

condensation to form thereon comprises a spiral coil. Any structure within the bag 

that can promote turbulence and/or promote condensation is within the scope of the 

invention.

[0031] Non-limiting examples of materials suitable for forming the structure for 

promoting condensation within the condenser bag 30 include polyethylene, 

polypropylene, polyester, polyamide, and a metal.

[0032] At least one surface of the condenser bag 30 is in contact with an external 

cooling source, for example, a cold plate, which by conduction cools at least one 

surface, for example top surface 32 of the condenser bag 30, which in turn cools the 

inside surface of the bag 30 and cools the moist gas stream to or below its dew 

point temperature as the gas flows over the cooled surface.

[0033] FIG. 2 is a schematic drawing of a perspective view of a system 40 

according to an embodiment of the invention for condensing moisture in a gas 

stream entering or leaving a bioreactor. The disposable bioreactor condenser 

system 40, which may include a filter heater system according to an embodiment of 

the invention, comprises several major functional components. The components of 

the system include the disposable bioreactor condenser bag 30, a cold plate, a 

thermoelectric Peltier module with associated controller, a cold plate/condenser bag 

holder or frame 46, 48, and a filter heater enclosure (not shown).

[0034] In FIG. 2, the system 40 as shown includes a condenser bag front frame 

holder 46 and a condenser bag back frame holder 48, the frame forming a sandwich 

with the condenser bag 30 held firmly against a cold plate. The cold plate (not 

shown) is positioned on surface 44 of the back frame holder 48.

[0035] In a preferred embodiment, a cold plate appropriately sized to

approximately match the surface area of one side of the condenser bag 30 is 

attached to the cold side of the thermoelectric Peltier module to maximize its contact 

area with the disposable condenser bag. In one embodiment of the invention, 

provision is made on the cold plate to provide a means of securing the disposable 

condenser bag 30 in position on the cold plate in order to ensure that at least one 

surface of the disposable condenser bag 30 is in contact with the cold plate surface.
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[0036]The condensate generated within the condenser bag 30 can be drained from 

the bag continually or periodically. The condensate that collects within the 

condenser bag 30 may be drained through an inlet port fitment 22. Alternatively, 

there may be a separate fitment, for example, a hose barb (not shown) attached to a 

surface of the condenser bag specifically for draining the condensate. The hose 

barb may be used for attaching and securing tubing to collect condensate for either 

a gravity flow of the condensate or a pumping of the condensate from the interior 

chamber of the condenser bag and back into the bioreactor. This recycling of the 

liquid water may be utilized to maintain constant volume of the liquid and constant 

osmolarity within the bioreactor.

[0037] Alternatively, the condensate may be sent to another storage device as 

required by the bioreactor process being used or it may be discarded.

[0038] The hot side of the thermoelectric Peltier module generates heat that can 

provide or assist in the heating of a filter to keep its temperature above the dew 

point temperature of the gas that is flowing through the filter. With no more than 

routine experimentation, a suitable enclosure or ducting structure can be devised 

and attached to the hot side of the thermoelectric Peltier module to allow the heat 

generated to be directed to the filter in such a manner as to heat or assist in the 

heating of the filter. The heat may be actively directed to the filter by use of a fan or 

may be passively directed to the filter using convection, or a suitable combination of 

the two methods may be used.

[0039] The relatively large cross-sectional area of a condenser bag according to an 

embodiment of the disclosed invention increases the residence time of the moist gas 

within the condenser container as compared to the residence time of a moist gas in 

a prior art system using a pathway of ducts. This is because the velocity of the gas 

stream is increased in a narrowed passageway such as a long duct. By including a 

mesh or other biocompatible material inside the large cross sectional area of the 

bag to enhance condensation, we achieved similar or improved results at a much 

lower cost than that of a system with extensive ductwork.

[0040] The mesh or screen material in a condenser bag according to an 

embodiment of the invention serves several functions. First, the mesh increases
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turbulent flow within the bag which ensures that the moist gas comes into contact 

with the cooled sidewalls of the condenser bag at some point in its passage through 

the condenser bag, instead of just flowing straight through the center of the 

condenser bag. Secondly, after the condenser bag has been operating for a short 

period of time, cooled condensate droplets become trapped on the screen material 

and these droplets will assist in causing even more moisture to condense out of the 

moist gas. The mesh helps increase the surface area on which condensation can 

occur.

[0041] Prior art condensers generally include both a cooling zone and a heating 

zone within the condenser unit. That coupling of the condensing function of the unit 

with a heating function within the same assembly reduces the flexibility of allowing 

the two functions to be manipulated independently of each other. Prior art 

condensers generally remove heat from the exhaust gas and then just allow the heat 

to dissipate into the environment.

[0042] In the disclosed condenser bag, those two functions, cooling and heating, 

are separate. The heating zone is not a part of the disclosed condenser bag. A 

disclosed embodiment includes the concept, for example, of taking the heat that is 

removed from the exhaust gas and using it to heat another component, such as the 

exhaust filter.

[0043] Throughout the description and claims of this specification, the words 

“comprise” and “contain” and variations of them mean “including but not limited to”, 

and they are not intended to (and do not) exclude other moieties, additives, 

components, integers or steps. Throughout the description and claims of this 

specification, the singular encompasses the plural unless the context otherwise 

requires. In particular, where the indefinite article is used, the specification is to be 

understood as contemplating plurality as well as singularity, unless the context 

requires otherwise.

[0044] Features, integers, characteristics, compounds, chemical moieties or groups 

described in conjunction with a particular aspect, embodiment or example of the 

invention are to be understood to be applicable to any other aspect, embodiment or 

example described herein unless incompatible therewith. All of the features
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disclosed in this specification (including any accompanying claims, abstract and 

drawing), and/or all of the steps of any method or process so disclosed, may be 

combined in any combination, except combinations where at least some of such 

features and/or steps are mutually exclusive. The invention is not restricted to the

5 details of any foregoing embodiments. The invention extends to any novel one, or 

any novel combination, of the features disclosed in this specification (including any 

accompanying claims, abstract and drawings), or to any novel one, or any novel 

combination, of the steps of any method or process so disclosed.

10 EQUIVALENTS

[0045] While this invention has been particularly shown and described with 

references to preferred embodiments thereof, it will be understood by those skilled 

in the art that various changes in form and details may be made therein without 

departing from the scope of the invention encompassed by the appended claims.
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[0045] While this invention has been particularly shown and described with 

references to preferred embodiments thereof, it will be understood by those 

skilled in the art that various changes in form and details may be made

5 therein without departing from the scope of the invention encompassed by the 

appended claims.
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1. A system for condensing moisture in a moist gas stream entering or 

leaving a bioreactor, the system comprising:

a condenser container capable of holding a fluid, the condenser 

container comprising:

an outer wall surface and an inner wall surface, the inner wall 

surface defining an interior chamber for holding the fluid;

a first fitment attached to the outer wall surface of the 

condenser container, the first fitment forming a first port configured to 

allow the moist gas stream to flow through the first port and into the 

interior chamber;

a second fitment attached to the outer wall surface of the 

condenser container, the second fitment forming a second port 

configured to allow a dried gas to flow from the interior chamber and 

out of the second port; and

a cooling device in contact with at least one portion of the outer 

wall surface of the condenser container and arranged to cool the at 

least one portion of the outer wall surface of the condenser container, 

thereby condensing moisture in the moist gas stream entering or 

leaving the bioreactor.

2. The system of Claim 1, wherein the cooling device comprises a 

thermoelectric module comprising a first module surface and a second 

module surface, and wherein the thermoelectric module is configured for 

cooling the first module surface and transferring heat removed from the first 

module surface to the second module surface.

3. The system of Claim 2, wherein the first module surface is configured 

to provide cooling for the at least one portion of the outer wall surface of the 

condenser container.
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4. The system of Claim 2, wherein the second module surface is 

configured to assist in heating of a filter positioned downstream of the 

condenser container.

5. The system of Claim 2, wherein the thermoelectric module is a Peltier 

heating and cooling module.

6. The system of Claim 1, further comprising a structure comprising a 

biocompatible material disposed within the interior chamber, the structure 

arranged to allow condensation to form thereon.

7. The system of Claim 1, wherein the condenser container comprises a 

flexible bag.

8. The system of Claim 2, wherein the condenser container comprises a 

flexible bag.

9. The system of Claim 2, further comprising a frame arranged to 

removably hold the first module surface adjacent to at least one portion of the 

outer wall surface of the condenser container to provide cooling of the outer 

wall surface of the condenser container during operation of the system.

10. The system of Claim 9, wherein the condenser container is a flexible 

bag.

11. The system of Claim 10, wherein the flexible bag is a two dimensional 

bag.

12. The system of Claim 6, wherein the structure arranged to allow 

condensation to form thereon substantially completely fills the gap between 

the two inner layers of the bag.
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13. The system of Claim 6, wherein the structure arranged to allow 

condensation to form thereon comprises a mesh.

14. The system of Claim 13, wherein the mesh is pleated.

15. The system of Claim 6, wherein the structure arranged to allow 

condensation to form thereon comprises a series of fins attached to a 

support.

16. The system of Claim 6, wherein the structure arranged to allow 

condensation to form thereon comprises a spiral coil.

17. The system of Claim 6, wherein the structure arranged to allow 

condensation to form thereon comprises a material chosen from 

polyethylene, polypropylene, polyester, polyamide, and combinations thereof.

18. The system of Claim 6, wherein the structure arranged to allow 

condensation to form thereon comprises a metal.

19. The system of Claim 6, wherein the structure arranged to allow 

condensation to form thereon is also arranged to promote turbulence within 

the container.

20. The system of Claim 1, wherein the system is disposable pr single

use.

21. A method of condensing moisture in a gas stream leaving a bioreactor, 

the method comprising:

providing a system according to Claim 1;
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