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METHOD AND APPARATUS FOR 
EXTRACTING CARBON DIOXIDE FROM AIR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims priority from US. 
Provisional Application Ser. No. 60/827,849, ?led Oct. 2, 
2006, and 60/829,376, ?led Oct. 13, 2006, the contents of 
Which are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention in one aspect relates to 
removal of selected gases from air. The invention has particu 
lar utility for the extraction and sequestration of carbon diox 
ide (CO2) from air and Will be described in connection With 
such utilities, although other utilities are contemplated. 

BACKGROUND OF THE INVENTION 

[0003] There is compelling evidence to suggest that there is 
a strong correlation betWeen the sharply increasing levels of 
atmospheric CO2 With a commensurate increase in global 
surface temperatures. This effect is commonly knoWn as Glo 
bal Warming. Of the various sources of the CO2 emissions, 
there are a vast number of small, Widely distributed emitters 
that are impractical to mitigate at the source. Additionally, 
large scale emitters such as hydrocarbon-fueled poWer plants 
are not fully protected from exhausting CO2 into the atmo 
sphere. Combined, these major sources, as Well as others, 
have lead to the creation of a sharply increasing rate of atmo 
spheric CO2 concentration. Until all emitters are corrected at 
their source, other technologies are required to capture the 
increasing, albeit relatively loW, background levels of atmo 
spheric CO2. Efforts are underWay to augment existing emis 
sions reducing technologies as Well as the development of 
neW and novel techniques for the direct capture of ambient 
CO2. These efforts require methodologies to manage the 
resulting concentrated Waste streams of CO2 in such a manner 
as to prevent its reintroduction to the atmosphere. 
[0004] The production of CO2 occurs in a variety of indus 
trial applications such as the generation of electricity poWer 
plants from coal and in the use of hydrocarbons that are 
typically the main components of fuels that are combusted in 
combustion devices, such as engines. Exhaust gas discharged 
from such combustion devices contains CO2 gas, Which at 
present is simply released to the atmosphere. HoWever, as 
greenhouse gas concerns mount, CO2 emissions from all 
sources Will have to be curtailed. For mobile sources the best 
option is likely to be the collection of CO2 directly from the 
air rather than from the mobile combustion device in a car or 
an airplane. The advantage of removing CO2 from air is that 
it eliminates the need for storing CO2 on the mobile device. 
[0005] Extracting carbon dioxide (CO2) from ambient air 
Would make it possible to use carbon-based fuels and deal 
With the associated greenhouse gas emissions after the fact. 
Since CO2 is neither poisonous nor harmful in parts per mil 
lion quantities, but creates environmental problems simply by 
accumulating in the atmosphere, it is possible to remove CO2 
from air in order to compensate for equally siZed emissions 
elseWhere and at different times. 
[0006] Most prior art methods, hoWever, result in the inef 
?cient capture of CO2 from air because these processes heat 
or cool the air, or change the pressure of the air by substantial 
amounts. As a result, the net loss in CO2 is negligible as the 
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cleaning process may introduce CO2 into the atmosphere as a 
byproduct of the generation of electricity used to poWer the 
process. 
[0007] Various methods and apparatus have been devel 
oped for removing CO2 from air. For example, We have 
recently disclosed methods for e?iciently extracting carbon 
dioxide (CO2) from ambient air using capture solvents that 
either physically or chemically bind and remove CO2 from 
the air. A class of practical CO2 capture sorbents include 
strongly alkaline hydroxide solutions such as, for example, 
sodium or potassium hydroxide, or a carbonate solution such 
as, for example, sodium or potassium carbonate brine. See for 
example published PCT Application PCT/US05/29979 and 
PCT/US06/029238. 
[0008] There are also many uses for sequestered CO2. This 
includes the use of CO2 in greenhouses Where higher levels of 
CO2 contribute to increased plant groWth. CO2 may also be 
supplied to algae cultures. Researchers have shoWn that algae 
can remove up to 90% of gaseous CO2 from air streams 
enriched in CO2 and can also reduce the CO2 concentration in 
ambient air. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a system, i.e. a 
method and apparatus for extracting carbon dioxide (CO2) 
from ambient air and for delivering that extracted CO2 to 
controlled environments. 

[0010] In a ?rst exemplary embodiment, the present inven 
tion extracts CO2 from ambient air and delivers the extracted 
CO2 to a greenhouse. Preferably, the CO2 is extracted from 
ambient air using a strong base ion exchange resin that has a 
strong humidity function, that is to say, an ion exchange resin 
having the ability to take up CO2 as humidity is decreased, 
and give up CO2 as humidity is increased. Several aspects of 
this invention can also be used to transfer CO2 from the 
collector medium into the air space of a greenhouse Where the 
CO2 is again ?xed in biomass. In a preferred embodiment of 
the invention, CO2 is extracted from ambient air using an 
extractor located adjacent to a greenhouse, and the extracted 
CO2 is delivered directly to the interior of the greenhouse for 
enriching the greenhouse air With CO2 in order to promote 
plant groWth. 
[0011] In a second exemplary embodiment, this invention 
alloWs the transfer of CO2 from a collector medium into an 
algae culture, Where the CO2 carbon is ?xed in biomass. The 
algae biomass can then be used for the production of bio 
chemical compounds, fertiliZer, soil conditioner, health food, 
and biofuels to name just a feW applications or end-uses. 

[0012] This invention also discloses transfer of CO2 in 
gaseous phase and as a bicarbonate ion. In one embodiment, 
a calcareous algae is used Which creates calcium carbonate 
CaCO3 internally, and precipitates the CaCO3 out as lime 
stone. 

[0013] Accordingly, in broad concept, the present invention 
extracts CO2 from ambient air using one of several CO2 
extraction techniques as described, for example, in our afore 
said PCT/US05/29979 and PCT/US06/029238. Where a car 
bonate/bicarbonate solution is employed as the primary CO2 
sorbent, the CO2 bearing sorbent may be used directly as a 
feed to the algae. Where the CO2 is extracted using an ion 
exchange resin as taught, for example in our aforesaid PCT/ 
US06/029238 application, the CO2 is stripped from the resin 
using a secondary carbonate/bicarbonate Wash Which then is 
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employed as a feed to the algae. In a preferred alternative 
embodiment, the carbonate is fed to the algae in a light 
enhanced bioreactor. 

[0014] Thus, the present invention provides a simple, rela 
tive loW-cost solution that addresses both CO2 capture from 
ambient air and subsequent disposal of the captured CO2. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Further features and advantages of the present 
invention Will be seen from the following detailed descrip 
tion, taken in conjunction With the accompanying draWings, 
Wherein 

[0016] FIG. 1 is a block ?oW diagram illustrating the use of 
humidity sensitive ion exchange resins in accordance With the 
present invention; 
[0017] FIGS. 2a and 2b are schematic vieWs of a CO2 
extractor/ greenhouse feeder in accordance With the present 
invention, Where ?lter units are located adjacent an exterior 
Wall; 
[0018] FIGS. 3a and 3b are schematic vieWs of a CO2 
extractor/ greenhouse feeder in accordance With the present 
invention, Where ?lter units are located adjacent to the roof of 
the greenhouse; 
[0019] FIG. 4 is a schematic vieW of a CO2 extractor/green 
house feeder shoWing an arrangement of ?lter units according 
the present invention; 
[0020] FIG. 5 is a schematic vieW of a CO2 extractor/green 
house feeder shoWing ?lter units arranged on a track accord 
ing to an alternative embodiment of the present invention; 

[0021] FIG. 6 is a schematic vieW of a CO2 extractor/green 
house feeder including convection toWers according to an 
alternative embodiment of the present invention; 
[0022] FIG. 7 is a schematic vieW of a CO2 extractor and 
algae culture according to the present invention utiliZing a 
humidity sWing applied to a collector medium; 
[0023] FIG. 8 is a schematic vieW of a CO2 extractor and 
algae culture according to the present invention utiliZing a 
humidity sWing applied to a collector solution; 
[0024] FIG. 9 is a schematic vieW of a CO2 extractor and 
algae culture according to the present invention transferring 
gaseous CO2 by an electro-dialysis process; 
[0025] FIG. 10 is a schematic vieW of a CO2 extractor and 
algae culture according to the present invention transferring 
bicarbonate by an electro-dialysis process; 
[0026] FIG. 11 is a schematic vieW of a CO2 extractor and 
algae culture according to the present invention utiliZing an 
algae culture for collector regeneration; 
[0027] FIG. 12 is a schematic vieW of a CO2 extractor and 
algae culture similar to FIG. 11 utiliZing a nutrient solution; 

[0028] FIG. 13 is a schematic vieW of a CO2 extractor and 
algae culture according to the present invention utiliZing a 
gas-permeable membrane; 
[0029] FIG. 14 is a schematic vieW of a CO2 extractor and 
algae culture according to the present invention utiliZing an 
anion-permeable membrane; 
[0030] FIG. 15 is a schematic vieW of a CO2 extractor and 
algae culture similar to FIG. 14; 
[0031] FIG. 16 is a schematic vieW ofa CO2 extractor and 
algae culture according to the present invention including a 
shoWer; and 
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[0032] FIG. 17 is a schematic vieW of a CO2 extractor and 
algae culture similar to FIG. 16. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0033] In broad concept, the present invention in one aspect 
extracts carbon dioxide from ambient air using a conventional 
CO2 extraction method or one of the improved CO2 extraction 
methods disclosed in our aforesaid PCT Applications, or 
disclosed herein, and releases at least a portion of the 
extracted CO2 to a closed environment. 
[0034] In a ?rst exemplary embodiment, this closed envi 
ronment is a greenhouse. Preferably, but not necessarily, the 
CO2 extractor is located adjacent to the greenhouse and, in a 
preferred embodiment the extractor also provides shading for 
crops groWn in greenhouses Which are sensitive to strong 
sunlight, and/ or reduces cooling requirements for the green 
house. 
[0035] In one approach to CO2 capture, the resin medium is 
regenerated by contact With the Warm highly humid air. It has 
been shoWn that the humidity stimulates the release of CO2 
stored on the storage medium and that CO2 concentrations 
betWeen 3% and 10% can be reached by this method, and in 
the case of an evacuated/dehydrated system, close to 100% 
can be reached. In this approach the CO2 is returned to gas 
eous phase and no liquid media are brought in contact With the 
collector material. 
[0036] The CO2 extractor is immediately adjacent to the 
greenhouse and is moved outside the greenhouse to collect 
CO2 and moved into the greenhouse to give off CO2. In such 
embodiment, the CO2 extractor preferably comprises a 
humidity sensitive ion exchange resin in Which the ion 
exchange resin extracts CO2 When dry, and gives the CO2 up 
When exposed to higher humidity. A humidity sWing may be 
best suited for use in arid climates. In such environment the 
extractor is exposed to the hot dry air exterior to the green 
house, Wherein CO2 is extracted from the air. The extractor is 
then moved into the Warm, humid environment of the green 
house Where the ion exchange resin gives up CO2. The entire 
process may be accomplished Without any direct energy input 
other than the energy to move the extractor from outside to 
inside the greenhouse and vice versa. 
[0037] Ion exchange resins are commercially available and 
are used, for example, for Water softening and puri?cation. 
We have found that certain commercially available ion 
exchange resins Which are humidity sensitive ion exchange 
resins and comprise strong base resins, advantageously may 
be used to extract CO2 from the air in accordance With the 
present invention. With such materials, the loWer the humid 
ity, the higher the equilibrium carbon loading on the resin. 
[0038] Thus, a resin Which at high humidity level appears to 
be loaded With CO2 and is in equilibrium With a particular 
partial pressure of CO2 Will exhale CO2 if the humidity is 
increased and absorb additional CO2 if the humidity is 
decreased. The effect is large, and can easily change the 
equilibrium partial pressure by several hundred and even 
several thousand ppm. The additional take up or loss of car 
bon on the resin is also substantial if compared to its total 
uptake capacity. 
[0039] There also seems to be an effect on humidity on the 
transfer coe?icient, i.e. the reaction kinetics seem to change 
With changing humidity. HoWever, the measured ?ux in and 
out of the resin seems to depend strongly on the difference 
betWeen the actual partial pressure and the thermodynamic 
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equilibrium pressure. As the equilibrium pressure changes 
With humidity, the siZe of the ?ux can be affected Without an 
actual change in the reaction kinetics. 
[0040] In addition, it is possible that kinetics is affected by 
other issues. For example, ion exchange materials Which We 
have found to be particularly useful, are Anion l-200 ion 
exchange membrane materials available from SnoWpure 
LLC, of San Clemente, Calif. The manufacturer describes 
Anion l-200 ion exchange membrane material as a strong 
base, Type 1 functionality ion exchange material. This mate 
rial, Which is believed made according to the US. Pat. No. 
6,503,957 and is believed to comprise small resin charts 
encapsulatedior partially encapsulatediin an inactive 
polymer like polypropylene. We have found that if one ?rst 
hydrates this material and then dries it, the material becomes 
porous and readily lets air pass through. The hydration/dehy 
dration preparation is believed to act primarily to sWell the 
polypropylene binder, and has little or no permanent effect on 
the resin, While the subsequent humidity sWings have no 
ob served impact on the polypropylene binder. We have found 
that these strong base ion exchange resin materials have the 
ability to extract CO2 from dry air, and give the CO2 out When 
humidity is raised Without any other intervention. The ability 
of these materials to extract CO2 directly from the air, When 
dry, and exhale the CO2 as humidity is raised, has not previ 
ously been reported. 
[0041] As noted supra, it is necessary to ?rst hydrate this 
material and then dry it, before using, Whereupon the material 
becomes porous and readily lets air pass through. Before 
hydration, the membrane material is substantially non-po 
rous, or at least it is unable to permit passage of an appreciable 
amount of air through the membrane. HoWever, after hydra 
tion and drying, the material is believed to undergo irrevers 
ible deformation of the polypropylene matrix during the resin 
sWelling under hydration. Once the material has been 
deformed, the polypropylene matrix maintains its extended 
shape even after the resin particles shrink When drying. Thus, 
for substantially non-porous materials such as the SnoWpure 
Ion Exchange material above described, it is necessary to 
precondition the material by hydrating and then drying the 
material before use. 

[0042] We have observed a large change in the equilibrium 
partial pressure of CO2 over the resin With a change in humid 
ity. Humidity either changes the state of the resin, or alterna 
tively the entire system that needs to be considered is the 
CO2/H2O resin system. While not Wishing to be bound by 
theory, it is believed that the free energy of binding CO2 to the 
resin is a function of the H20 partial pressure With Which the 
resin is in equilibrium. 
[0043] This makes it possible to have resins absorb or 
exhale CO2 With a simple sWing in humidity Without the need 
to resort to thermal sWing and/or pressure sWing, Which 
Would add to energy costs Which could have an unfavorable 
effect With regard to the overall carbon dioxide balance of the 
system. 
[0044] The amount of Water involved in such a sWing 
appears to be quite small. The possibility of a humidity sWing 
also alloWs us to recover CO2 from an air collector With 
minimal Water losses involved. 
[0045] Other strong base Type 1 and Type 2 functionality 
ion exchange materials are available commercially from a 
variety of venders including DoW, DuPont and Rohm and 
Haas, and also advantageously may be employed in the 
present invention, either as available from the manufacturer, 
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or formed into heterogeneous ion-exchange membranes fol 
loWing, for example, the teachings of US. Pat. No. 6,503,957. 
[0046] FIG. 1 illustrates a ?rst embodiment of our inven 
tion. A primary ion exchange ?lter material 4 is provided in a 
recirculation cycle. A primary pump 1 or a secondary pump 
(not shoWn) is used to remove the bulk of the air in the system 
While valve V1 is open and push it out through the air exhaust 
2. At this point valve V1 is closed and a secondary ion 
exchange capture resin is sWitched into the system by opening 
valves V2 and V3. The secondary ion exchange resin can be 
utiliZed to provide humidity and possibly some heat. Warm 
steam stimulates the release of CO2 from the primary ion 
exchange ?lter material 4, Which is then captured on the 
secondary ion exchange resin Which is still out of equilibrium 
With the CO2 partial pressure. The volume of Water in the 
system remains small as it is recirculated and not taken up by 
the secondary resin. While CO2 is unloading from the primary 
ion exchange resin material 14 and being absorbed by the 
secondary ion exchange resin, the bulk of the Water cycles 
through the apparatus. The amount of Water that can be 
devolved or absorbed is much smaller than the amount of CO2 
that is transferred. At the end of the cycle the primary ion 
exchange ?lter material 14 is refreshed and the secondary ion 
exchange capture resin is loaded With C02. 
[0047] This system could he used to transfer CO2 from the 
air capture medium, eg an ion exchange resin onto a second 
ary resin Without Washing or Wetting the primary resin. This 
has tWo advantages. First, the primary resin is not directly 
exposed to chemicals such as amines that Were used in the 
past and described in our aforesaid PCT Application PCT/ 
US06l/029238. Second, We have seen that Wet resins are 
ineffective in absorbing CO2 until they have dried out. It is 
therefore advantageous to avoid the Wetting of the material 
and thus operate in this fashion Where the resin is Washed With 
loW-pressure steam. Steam pressures could be less than 100 
Pa and thus be saturated at temperatures similar to ambient 
values. HoWever, the CO2 exchange is obviously accelerated 
at higher temperatures and higher steam pressures. The dis 
advantage of raising temperatures Would be additional energy 
consumption. 
[0048] The design outlined here is a special example of a 
broader class of designs Where the secondary resin is replaced 
With any other sorbent material that is capable of absorbing 
CO2 Without absorbing Water. Such sorbents may include 
liquid amines, ionic liquids, solid CO2 sorbents such as 
lithium Zirconate, lithium silicate, magnesium hydroxide or 
calcium hydroxide, or any of a Wide class of chemical or 
physical sorbents capable of absorbing CO2 from a gas mix 
ture including Water vapor and C02. The central concept is 
that of using a humidity sWing, rather than a pressure or 
temperature sWing to remove CO2 from the primary sorbent 
Without bringing it in direct physical contact With a secondary 
sorbent. 

Application in a Greenhouse for Improving Crop Yields 

[0049] As noted supra, crop yield in greenhouses can be 
improved by increasing the carbon dioxide level in the green 
house air. The present invention provides for the introduction 
of carbon dioxide into a greenhouse Without combusting fuels 
emitting fossil fuel CO2 into the air. More particularly, We 
have found that We can employ humidity sensitive ion 
exchange resins to capture CO2 from dry outside air, and then 
release the CO2 into the greenhouse by exposing the resins to 
the Warm moist greenhouse air. 
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[0050] In greenhouses located in Warm in desert climates 
such as found in the Southwest United States, the outside CO2 
loading may be performed at night When outside tempera 
tures are cooler Which may enhance CO2 uptake capacity. In 
cooler climates Where greenhouses rely in part on radiative 
heating, our system of CO2 loading avoids the need to let in 
cold air to replenish the CO2 and thus reduces the need for 
heating employing fossil fuel consumption until temperatures 
drop so loW that fuel based heating becomes necessary. 
[0051] In one embodiment, We employ several ?lters made 
from humidity sensitive ion exchange active material. In one 
part of the cycle the ?lters are exposed to outside air that could 
be driven by natural Wind ?oW, by thermal convection, or 
fans. It is preferable to avoid fans as they add an unnecessary 
energy penalty. In a second part of the cycle, moist air from 
inside the greenhouse preferably is driven through the ?lter 
material, eg by fans, Which then releases CO2 into the green 
house atmosphere. Since the climate control of the green 
house typically Will rely on a fan system anyWay, there is little 
or no energy penalty. 
[0052] Since plants at night respire, in some greenhouse 
designs it is possible to strip the CO2 from the greenhouse air 
by pulling the greenhouse air through the ?lters. The ?lters 
can then be exposed to higher humidity to facilitate the day 
time release of the CO2 into the greenhouse. 
[0053] In one embodiment, as shoWn in FIGS. 2A and 2B, 
the ?lter units 10 are located adjacent an exterior Wall 12 of a 
greenhouse, and outside air or greenhouse air routed selec 
tively therethrough, as the case may be, via pivotally mounted 
Wall panels 14. Alternatively, as shoWn in FIGS. 3A and 3B, 
the ?lter material 10 may be located exterior to and adjacent 
the roof 18 of the greenhouse, and outside air or greenhouse 
air routed selectively therethrough, as the case may be, via 
pivotally mounted roof panels 20. 
[0054] In yet another embodiment of the invention, shoWn 
in FIG. 4, the ?lter units 10, can be moved from outside the 
greenhouse Where they extract CO2 from the air to inside the 
greenhouse Where they release the captured CO2. One pos 
sible option for doing this is to have ?lter units mounted to 
pivotally mounted Wall or roof panels 22 Which can be 
reversed so that a ?lter unit on the outside of the greenhouse 
is exposed to the inside of the greenhouse and vice versa. 
Filter units that are inside the greenhouse can have air bloWn 
through them by a fan system. Filter units on the outside are 
exposed to ambient air. In a preferred embodiment, shoWn in 
FIG. 4, the ?lter units 10 on the outside are located adjacent 
the bottom end of a convection toWer 24 that is solar driven. 
Preferably the inlets are installed at the bottom end of the 
convection toWers Where cool air enters and ?oWs up the 
toWers through natural convection. 
[0055] In yet another embodiment, shoWn in FIG. 5, the 
?lter units 10 are moved in and out of the greenhouse, e.g. 
suspended from a track 26. 
[0056] Referring to FIG. 6, yet another option for a green 
house is to locate convection toWers as double glass Walls on 
the outside of the greenhouse, and use the convection stream 
generated to collect CO2 on the outside. The double Walls also 
serve to reduce the heatload on the interior during the day and 
thus reduce the need for air exchange Which in turn makes it 
possible to maintain an elevated level of CO2 in the green 
house. The double glass Walls also reduce heat loss during the 
night. 
[0057] In this example a protective glass surface 40 may be 
provided to keep some of the heat aWay from the main roof of 
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the glass house 42, causing a convective How 44 of ambient 
air over the roof surface. The How of ambient air is passed 
through a C02 absorbing ?lter medium 46, Which can by 
some mechanism, such as a rotating roof panel 48, exchange 
places With a second like ?lter medium 50, Where the air 
driven by fan 52 on the inside of the greenhouse is passed 
through the ?lter medium Which gives up the CO2 captured 
When the ?lter medium Was exposed to ambient air outside 
the greenhouse. Because the air inside the greenhouse is 
moist, the CO2 readily is released from the ?lter medium, and 
adds to the CO2 available in the greenhouse. 
[0058] An advantage of such a unit is that it could operate at 
elevated levels of CO2 Without combusting fuels. Because 
CO2 is delivered to the inside of the greenhouse Without 
bloWing air into the greenhouse, this offers a possibility of 
reducing the exchange of air betWeen the outside and the 
inside of the greenhouse, thus improving the heat manage 
ment and moisture management of the greenhouse. 
[0059] In a second exemplary embodiment of the invention, 
the CO2 is extracted and delivered to an algal or bacterial 
bioreactor. This may be accomplished using conventional 
CO2 extraction methods or by using an improved extraction 
method as disclosed in our aforesaid PCT applications or 
disclosed herein; e.g., by a humidity sWing. A humidity sWing 
is advantageous for extraction of CO2 for delivery to algae 
because the physical separation alloWs the use of any collec 
tor medium Without concern about compatibility betWeen the 
medium and the algae culture solution. Transfer of gaseous 
CO2 alloWs for the selection of any algae species, including 
macro and microalgae, marine or freshWater algae. There 
fore, the selection of algae species to be groWn could be solely 
dependent on environmental factors and Water quality at the 
collector site. For example, the algae species to be used could 
be selected from algae naturally occurring at the site, Which 
are uniquely adapted to the local atmospheric, environmental 
and Water quality conditions. 
[0060] There are tWo major advantages of transferring cap 
tured CO2 in gaseous form. The ?rst advantage is that the 
collector medium and/or the collector regeneration solution 
Will not contact the algae culture solution and/or algae. The 
second is that all species of algae are capable of absorbing 
gaseous C02. 
[0061] Depending on the CO2 tolerance of particular algae 
cultures, the CO2-enriched air can be pumped successively 
through several algae cultures in order of decreasing CO2 
tolerance and increasing CO2 uptake ef?ciency. Alternatively 
the air can be diluted to the optimum CO2 concentration. 
[0062] Referring to FIG. 7, one embodiment of the present 
invention takes advantage of the fact that gaseous CO2 can be 
driven off the collector medium using a humidity sWing. The 
humidity sWing Will transfer captured CO2 as gaseous CO2 
from the collector 110 into the algae culture 116. An ion 
exchange collector medium loaded With CO2 Will emit gas 
eous CO2 When subjected to an increase in humidity or When 
Wetted With Water. And the collector medium Will absorb 
more gaseous CO2 When the humidity of the COZ-supplying 
gas stream is decreased and/ or the collector medium dries. 
[0063] The present invention provides a common head 
space above the collector medium and the algae culture. This 
exposes the algae to gaseous CO2 While physically separating 
the collector medium from the algae culture solution. The 
headspace Will be sealed from ambient air. The humidity is 
then raised in the closed headspace volume. Alternatively, the 
collector medium may be Wetted. The CO2 emitted from the 
















