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(57) Abrégé/Abstract:

Techniques for humidifying a gas stream using a hydration system includes directing a gas stream through a contact zone of at
least one hydration system; directing a hydration solution into the contact zone using a pump; contacting the gas stream with the
hydration solution; evaporating water from the hydration solution into the gas stream to form a humidified gas stream, transporting
the humidified gas stream out of the at least one hydration system; and collecting the remaining hydration solution in a hydration
solution collection basin below the contact zone. The at least one hydration system is fluidly coupled to at least one downstream
process and the humidified gas stream from the at least one hydration system is transported as a feed stream to the at least one
downstream process.
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(57) Abstract: Techniques for humidifying a gas stream using a hydration system includes directing a gas stream through a contact zone
of at least one hydration system; directing a hydration solution into the contact zone using a pump; contacting the gas stream with the
hydration solution; evaporating water from the hydration solution into the gas stream to form a humidified gas stream, transporting the
humidified gas stream out of the at least one hydration system; and collecting the remaining hydration solution in a hydration solution
collection basin below the contact zone. The at least one hydration system is fluidly coupled to at least one downstream process and
the humidified gas stream from the at least one hydration system is transported as a feed stream to the at least one downstream process.
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HYDRATION OF GAS STREAMS

TECHNICAL FIELD
[0001] This disclosure describes systems, apparatus, and methods for gas-liquid

contacting for the humidification of gases.

BACKGROUND

[0002] Global water resources are seeing an increase in challenges including for example
mismanagement and/or overuse, pollution, and changes in availability. Addressing these
challenges with long term management strategies means that consumption of such water in
industrial processes needs to be minimized or eliminated. This can be accomplished in part

by developing methods and processes that enable usage of alternate water sources.

SUMMARY
[0003] In an example implementations, a method for humidifying a gas stream using a
hydration system includes directing a gas stream through a contact zone of at least one
hydration system, directing a hydration solution into the contact zone using a pump,
contacting the gas stream with the hydration solution, evaporating water from the hydration
solution into the gas stream to form a humidified gas stream, transporting the humidified gas
stream out of the at least one hydration system, and collecting the remaining hydration
solution in a hydration solution collection basin below the contact zone. The at least one
hydration system is fluidly coupled to at least one downstream process and the humidified
gas stream from the at least one hydration system is transported as a feed stream to the at

least one downstream process.
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[0004] In an aspect combinable with the example implementation, the contact zone
includes a packing material, and the method further includes wetting at least a portion of the
packing material with the hydration solution.

[0005] In another aspect combinable with any of the previous aspects, the packing
material includes at least one of loose fill or structured fill.

[0006] In another aspect combinable with any of the previous aspects, the at least one
downstream process includes a process solution, a process solution evaporator unit, and a
condenser and collection unit configured to evaporate and collect water from at least a
portion of the process solution.

[0007] Another aspect combinable with any of the previous aspects further includes
isolating the hydration solution from the downstream process.

[0008] In another aspect combinable with any of the previous aspects, at least a portion of
the hydration solution includes at least one of non-potable water, off-spec water, brackish
water, saline water, sea water, waste water, gray water, rain water, storm water, non-process
water, or a combination thereof.

[0009] Another aspect combinable with any of the previous aspects further includes
controlling a temperature of the hydration solution.

[0010] Another aspect combinable with any of the previous aspects further includes
supplying heat to the at least one hydration system.

[0011] In another aspect combinable with any of the previous aspects, the supplied heat is
supplied from the downstream process.

[0012] In another aspect combinable with any of the previous aspects, the contact zone
includes a wetted surface area within the contact zone volume, and the method further

includes controlling a rate and a direction of hydration solution flow into the contact zone,
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and varying a ratio of the wetted surface area to contact zone volume within a range of
between 0 m*/m? and 2000 m?/m?>.

[0013] Another aspect combinable with any of the previous aspects further includes
separating solids from the hydration solution.

[0014] In another aspect combinable with any of the previous aspects, separating solids
from the hydration solution includes operating the hydration solution collection basin fluidly
coupled to the at least one hydration system and a mechanical removal system and at least
one solid collection zone, flowing a mixed stream of liquids and solids into the hydration
solution collection basin, and collecting and processing the solids from the mixed stream with
the mechanical removal system and the at least one solid collection zone.

[0015] In another aspect combinable with any of the previous aspects, the mechanical
removal system includes at least one of an auger, screw conveyor, progressive cavity pump,
screw pump, high density solids pump, or reciprocating pump.

[0016] Another aspect combinable with any of the previous aspects further includes
reducing drift of the humidified gas stream.

[0017] In another aspect combinable with any of the previous aspects, reducing drift
includes flowing at least a portion of the humidified gas stream through a frame and drift
assembly that includes a pre-fabricated mechanical frame coupled to a drift eliminator
material with substantially no air gaps between the drift eliminator material and mechanical
frame.

[0018] In another aspect combinable with any of the previous aspects, reducing drift
further includes coupling the frame and drift assembly to the at least one hydration system.
[0019] In another aspect combinable with any of the previous aspects, the frame and drift
assembly further includes a flexible sealant coupled to at least one of the drift eliminator

material or the pre-fabricated mechanical frame.
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[0020] Another aspect combinable with any of the previous aspects further includes
capturing CO2 from at least one of a dilute gas source or a point source.

[0021] In another aspect combinable with any of the previous aspects, the dilute gas
source includes air, and the point source includes at least one of a flue gas, reservoir gas,
waste gas, exhaust flue stack gas from power generation processes, exhaust flue stack gas
from concrete production processes, or exhaust from a combustion process.

[0022] In another aspect combinable with any of the previous aspects, the downstream
process includes a bioreactor system.

[0023] In another aspect combinable with any of the previous aspects, directing the gas
stream includes circulating the gas stream with one or more of a fan or blower.

[0024] In another aspect combinable with any of the previous aspects, capturing CO2
includes capturing the CO2 in a dual cross flow contactor.

[0025] Another aspect combinable with any of the previous aspects further includes
turning on and turning off at least one of the at least one hydration system as part of
controlling the at least one downstream process.

[0026] Another aspect combinable with any of the previous aspects further includes
controlling at least a portion of the at least one downstream process by adjusting at least one
of a temperature of the hydration solution, a direction or flow rate of hydration solution
through the contact zone, or a flow of gas through the contact zone.

[0027] In another general implementation, an apparatus for humidifying a gas stream
includes inlet ports arranged to receive at least one feed stream into a hydration housing
vessel, a gas inlet section configured to receive at least one gas feed stream into the hydration
housing vessel, a hydration solution having a capacity for hydrating at least one of the gas
feed streams, a contact zone configured for gas-liquid contact, a solution distribution system

including a pump and configured for flowing the hydrating solution over at least a portion of
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the contact zone, a hydration solution collection basin configured to receive the hydration
solution leaving the contact zone, a drift elimination section configured to prevent hydration
solution from leaving with a humidified gas stream, at least one outlet configured to dispense
the humidified gas stream, and at least one outlet port configured to discharge at least a
portion of the hydration solution. The inlet ports and gas inlet section are coupled to the
hydration housing vessel, and the hydration housing vessel is coupled to the contact zone, the
drift elimination section, the solution distribution system, the hydration solution collection
basin, the at least one outlet and the at least one outlet port.

[0028] In an aspect combinable with the general implementation, the contact zone
includes packing material.

[0029] In another aspect combinable with any of the previous aspects, the packing
material includes at least one of loose fill or structured fill.

[0030] In another aspect combinable with any of the previous aspects, the apparatus is
coupled to a downstream process, and at least a portion of a humidified gas stream exiting the
apparatus is fluidly connected to the downstream process.

[0031] In another aspect combinable with any of the previous aspects, the drift
elimination section is configured to isolate the hydration solution from the downstream
process, and includes one or more of drift eliminators, inlet louvers, demisters, or a
combination thereof.

[0032] In another aspect combinable with any of the previous aspects, the downstream
process includes at least one of a fan or blower configured to move at least a portion of the
humidified gas stream through the apparatus, and into the downstream process.

[0033] In another aspect combinable with any of the previous aspects, the downstream

process includes a process solution, a process solution evaporator unit, and a condenser and
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collection unit configured to evaporate and collect water from at least a portion of the process
solution.

[0034] In another aspect combinable with any of the previous aspects, one or more of the
apparatus and the downstream process are fluidly connected to a water treatment and
filtration system.

[0035] Another aspect combinable with any of the previous aspects further includes a
temperature control system configured to control the temperature of the hydration solution,
and the temperature control system includes at least one of a heat exchanger and a gas
analysis unit.

[0036] In another aspect combinable with any of the previous aspects, the heat exchanger
is configured to receive at least one heat stream, and the at least one heat stream includes heat
from a downstream process.

[0037] In another aspect combinable with any of the previous aspects, the contact zone
includes a wetted surface area within the contact zone volume, and the apparatus further
includes a flow control system configured to control one or more of a flow rate and a flow
direction of the hydration solution over the contact zone, and further configured to vary a
ratio of the wetted surface area to contact zone volume within a range of between 0 m?/m?
and 2000 m?>/m?.

[0038] In another aspect combinable with any of the previous aspects, the hydration
solution collection basin includes at least one or more solid collection zones, and a solids
transfer system coupled to the hydration solution collection basin and configured to remove
solid material from the at least one or more solid collection zones.

[0039] In another aspect combinable with any of the previous aspects, the solids transfer
system includes at least one of an auger, screw conveyor, progressive cavity pump, screw

pump, high density solids pump, or reciprocating pump.
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[0040] In another aspect combinable with any of the previous aspects, the hydration
solution collection basin includes an inclined bottom basin area and a liquid level, and the
inclined bottom basin area is sloped down towards the at least one or more solid collection
zones.

[0041] In another aspect combinable with any of the previous aspects, the drift
elimination section further includes a pre-fabricated mechanical frame, and a drift eliminator
material coupled to the pre-fabricated mechanical frame.

[0042] Another aspect combinable with any of the previous aspects further includes a
flexible sealant pressed against the drift eliminator material configured for substantially no air
gaps between the hydration housing vessel and the drift eliminator material.

[0043] In another aspect combinable with any of the previous aspects, the hydration
solution includes non-potable water, off-spec water, brackish water, saline water, sea water,
waste water, gray water, rain water, storm water, non-process water, or a combination
thereof.

[0044] In another aspect combinable with any of the previous aspects, the downstream
process includes a system for capturing CO2 from at least one of a dilute gas source or a point
source.

[0045] In another aspect combinable with any of the previous aspects, the dilute gas
source includes air, and the point source includes at least one of a flue gas, reservoir gas,
waste gas, exhaust flue stack gas from power generation processes, exhaust flue stack gas
from concrete production processes, or exhaust from a combustion process.

[0046] In another aspect combinable with any of the previous aspects, the downstream
process includes a bioreactor system.

[0047] In another aspect combinable with any of the previous aspects, at least one of the

gas inlet section or the at least one outlet includes one or more of a fan or blower.
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[0048] In another aspect combinable with any of the previous aspects, the system for
capturing CO2 includes a dual cross flow contactor.

[0049] In another general implementation, a system for humidifying a gas stream
includes a plurality of hydration apparatus, at least one downstream process fluidly coupled
to at least one of the plurality of hydration apparatus, and a control system coupled to the
plurality of hydration apparatus and the at least one downstream process and configured
perform operations including selectively turning on and turning off the plurality of hydration
apparatus as part of controlling the at least one downstream process. Each of the plurality of
the hydration apparatus includes inlet ports arranged to receive at least one feed stream into a
hydration housing vessel, a gas inlet section configured to receive at least one gas feed stream
into the hydration housing vessel, the inlet ports and the gas inlet section coupled to the
hydration housing vessel, a hydration solution having a capacity for hydrating at least one of
the gas feed streams, a contact zone coupled to the hydration housing vessel and configured
for gas-liquid contact, a solution distribution system coupled to the hydration housing vessel
and including a pump configured for flowing the hydrating solution over at least a portion of
the contact zone, a hydration solution collection basin coupled to the hydration housing
vessel and configured to receive the hydration solution leaving the contact zone, a drift
elimination section coupled to the hydration housing vessel and configured to prevent
hydration solution from leaving with a humidified gas stream, at least one outlet coupled to
the hydration housing vessel and configured to dispense the humidified gas stream, and at
least one outlet port coupled to the hydration housing vessel and configured to discharge at
least a portion of the hydration solution.

[0050] Another aspect combinable with any of the previous aspects further includes at
least one process solution level measurement device coupled to at least one hydration

apparatus and the at least one downstream process, the control system further configured to
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perform operations including receiving an output from the at least one process solution level
measurement device, and controlling, based on the received output, a water content of the at
least one downstream process.

[0051] In another aspect combinable with any of the previous aspects, each of the
plurality of hydration apparatus further includes at least one temperature measurement
device, the control system further configured to perform operations including receiving a
temperature output from the at least one temperature measurement device, and controlling,
based on the received temperature output, at least a portion of the at least one downstream
process by adjusting at least one of a temperature of the hydration solution, a direction or
flow rate of hydration solution through the contact zone, or a flow of gas through the contact
zone.

[0052] In another aspect combinable with any of the previous aspects, the control system
is further configured to perform operations including controlling a fan or blower positioned in
at least one of the gas inlet section or the at least one outlet.

[0053] The details of one or more implementations of the subject matter described in this
disclosure are set forth in the accompanying drawings and the description below. Other
features, aspects, and advantages of the subject matter will become apparent from the

description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] FIG. 1 depicts an example system and process for humidification of gases.
[0055] FIG. 2 illustrates an example system and process for humidification of gases in
association with a direct air capture system.

[0056] FIG. 3 illustrates an example system and process for humidification of gases in

association with a solid sorbent-based CO: capture technology.
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[0057] FIG. 4 illustrates an example system and process for humidification of gases in
association with a liquid absorption based COz capture technology.

[0058] FIG. 5 illustrates an example system and process for humidification of gases in
association with a bioreactor system.

[0059] FIG. 6 illustrates an example system and process for humidification of gases in
association with a process water evaporator system.

[0060] FIG. 7 illustrates an example system and process for humidification of gases in
association with a water treatment and filtration system.

[0061] FIG. 8 illustrates an example system and process for humidification of gases in
association with a heat exchanger and temperature control system.

[0062] FIG. 9 depicts an illustrative embodiment of an inclined surface liquid collection
basin for removal of solids from the liquid in association with an example process for
humidification of gases.

[0063] FIG. 10 depicts an illustrative embodiment of a drift elimination and sealant
configuration fitted between the contact zone material, overall housing in association with an
example process for humidification of gases.

[0064] FIG. 11 illustrates an example system and process for humidification of gases in
association with a solution level measurement device

[0065] FIGS. 12A and 12B illustrate another example system and process for

humidification of gases in association with a direct air capture system.

DETAILED DESCRIPTION

[0066] A number of innovations to existing gas-liquid contacting systems are needed to
tailor them, and the system overall, to reduce water loss from the process solution, and
consequently makeup water intake, without negatively impacting the key process solution

and/or overall system capabilities or performance. These innovations may improve
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performance for process systems incorporating gas-liquid contacting wherein the gas directly
contacts the main process solution, including but not limited to CO2 capture applications,
cooling water applications, and bioreactor applications.

[0067] Embodiments are described, wherein an independent gas-liquid contacting
system, a hydration system, is configured with desirable features that accommodate efficient
gas-liquid contacting and subsequent humidification or hydration of the gas stream prior to
transfer of that gas stream to downstream process units, while preventing the contamination
of downstream process solutions with non-water components from the hydration solution,
and in some cases, reducing the pressure drop across the gas stream flow path.

[0068] Multiple embodiments of hydration units interfaced or fluidly coupled to different
downstream processes are described, wherein the hydration unit enables downstream
processes to reduce evaporative water losses without contaminating their process solution
with the hydration solution.

[0069] Embodiments of a hydration unit interfaced with a Direct Air Capture (DAC)
process is described, wherein the hydration unit enables the use of an evaporation and
condensation system within the DAC system to redistribute process water and further reduce
water treatment, disposal and makeup.

[0070] Embodiments utilizing temperature control and heat exchange are described,
wherein the hydration solution temperature is manipulated or controlled (or both), through
use of heat including waste process heat, to effect change in the water carrying capacity of
the gas stream exiting the hydration unit and feeding downstream process unit(s).

[0071] A basin configuration is described, that promotes hydration solution collection
and flow patterns within, such that suspended solids are able to settle out and migrate to one

or more collection zones for removal.

11
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[0072] A sealing configuration is described, wherein the sealant location and method of
application prevents gas bypass around the drift elimination material within the hydration
unit.

[0073] Embodiments utilizing control of flow of hydration solution over the contact zone
are described, where the contact zone may include gas-liquid contacting components such as,
hydration packing, wherein the volume of wetted contact zone is manipulated/controlled,
effecting the amount of evaporation of water from the hydration solution into the gas stream,
and impacting the overall pressure drop across the gas flow path, in order to accommodate a
range of seasonal changes and their impact on evaporative losses from the system.

[0074] Alternate Water Sources for Industrial Applications

[0075] Alternate water sources can include any water source that is not normally used as
a feed or makeup stream in a process, and can include sources such as non-potable, off-
specification (“off-spec™), waste water, and the like.

[0076] Non-potable water, in some aspects, is water that has not been examined, properly
treated and has not been approved by appropriate authorities for consumption. Non-potable
water sources may include, for example, recycled water (e.g., re-use of process or wastewater
treatment streams), storm water (e.g., run off from roads, hard surfaces and the like) or
greywater (e.g., water generated from showers and laundry facilities), or a combination
thereof. For instance, any type of water that is not fit for consumption without some type of
treatment, including but not limited to filtration, boiling, reverse osmosis, chlorination, and
the like, can be non-potable water.

[0077] Off-spec water, in some aspects, is water that is unfit for use in an intended
application or process, due to containing levels of specific components that are outside of the
normal acceptable range for that process. Depending on the process specifications, there may

be types or levels of specific components that are incompatible with the process and should

12
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be avoided or minimized in order to maintain proper operation of the process. The presence
(or absence) of these specific impurities or components at levels outside of the acceptable
range, may cause reduced process performance or increased maintenance issues. For
example, in some processes, high enough levels of calcium and magnesium salts in the
process solution can cause scaling of boilers and heat exchangers. In another example, the
presence of iron and manganese ions at certain levels can interfere with processes like,
dyeing, tanning, papermaking. Off-spec water may also include saline water sources, such as
sea water and brackish water. Methods of measuring of impurities in water include
monitoring turbidity, hardness, alkalinity, free mineral acid, pH, dissolved and suspended
solids. For example, in cooling water systems, levels of biomass, chlorides, metals and other
minerals are maintained in their acceptable ranges through use of blowdown streams and
chemical additions. Off-spec water may include water from sources whose specifications do
not meet the requirements for potable water use. Uses of potable water include for example
human and/or animal consumption, agricultural use, e.g., irrigation, and the like. Off-spec
water may also include water from sources whose specifications do not meet the
requirements for direct use in a process to which the hydration unit is fluidly coupled.

[0078] In some processes, the direct introduction of non-potable, and in particular off-
spec water, e.g., sea, saline or brackish water, will introduce non-process elements, or NPEs,
which are components that are not needed nor normally found within the process. These
NPEs may be in the form of salts, organics, metals, and solids in both dissolved and
suspended forms, and may be non-volatile, which will require a continuous disposal of
process liquid to prevent build up. Disposing of process liquid will of course also dispose of
valuable process chemicals, which are necessary for the performance of the process.

[0079] In some embodiments, the NPEs introduced with the non-process, or off-spec

makeup water will not only become part of the process solution but will cause undesirable

13
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side reactions in the process. Examples of undesirable side effects include precipitation of
salts, for example Mg(OH): in the cases where at least a portion of the water makeup is
sourced from sea water. Salt formation can cause fouling and scaling of equipment and
surfaces, in addition to being a potential unintended reactant in the system chemistry.

[0080] On the other hand, water that is fit for applications such as agriculture, municipal
water systems and human consumption, with little or no further treatment, is considered to be
fresh or potable water.

[0081] Gas-liquid contact systems produce humidified gas streams which can be used as
feedstock for other processes, such as cooling tower processes, biomass or cell culture
bioreactor processes, and carbon dioxide capture processes. . Alternate water sources may
include water sources that would otherwise be unfit for use in a process. Such as, non-
potable water, off-spec water, sea water, saline water, brackish water, non-process water, and
the like.

[0082] CO» Capture Technology

[0083] The current operating method of processes that utilize liquid sorbent technology to
capture CO2 (from both point sources or dilute sources such as the atmosphere) require a
large amount of fresh water input to the process to make-up for water loss due to evaporation.
In many parts of the world, this can become a problem when looking at the required water
permits for installing and operating COz2 capture facilities and may limit the acceptable
locations for deploying the technology. If a non-potable, and/or off-spec water source can be
used as makeup instead of fresh or potable water, this restriction can be greatly reduced or
eliminated.

[0084] Where a direct air capture (DAC) system is used, and that DAC system includes
units such as a circulating fluidized bed calcination unit, fluidized bed pellet reactors, slaking

systems and the like, there may be intermediate feedstocks involved, for example solid
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precipitate in the form of calcium carbonate, which are used to feed downstream systems.
Here, the NPEs brought in with the makeup water could wind up in the solid precipitate and
alter the composition and properties of the solids being formed and processed in downstream
systems, including the fluidized bed pellet reactor and calcination systems. In some aspects,
alterations in crystal structure of calcium carbonate pellets grown in pellet reactors could
result in softer, more porous pellets, which could then be more difficult to process and
transfer. Additional salts that make it into the feed to downstream systems such as the
calcination system could produce unintended side effects, such as possible fouling of the
calcination system due to the presence of low melting point eutectic salts.

[0085] In systems with gas-liquid contactors, the process may still require fresh water for
other specific process purposes. For example, in some DAC processes, such as the pelletized
calcium process, where air contactor, slaking, fluidized pellet reactors and circulating
fluidized bed calciner system apparatus are used, there is sometimes a need to add water into
the process, for example in the slaking system, and/or as part of the pellet
conditioning/washing system where process solution is washed from the calcium carbonate
pellets before they are dried and sent to the calcination system.

[0086] Gas-liquid contact refers to the contact of a gas stream with a liquid stream, to
facilitate transfer of at least a portion of one or more of a mass component or heat component
of one stream to the other.

[0087] While DAC technologies (from dilute CO2 sources) and Carbon Capture and
Sequestration technologies (CCS, from concentration and/or point source CO2 sources) can
be liquid sorbent based processes, they can also be based on solid sorbent technologies, for
example they may be based on the application of solid-phase materials, such as, amine-based
sorbents, salts that can react with COz, metal organic frameworks, zeolites for COz capture.

The sorbents can be used in a range of sizes and forms, such as, pellets, granules, powder or
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sheets, based on the type or design of the reactor or vessel selected to house the sorbent.
Examples of types of reactors and/or vessels include fluidized beds, packed beds and
enclosures designed to contain sheets or structured blocks of sorbent. In some cases, both the
CO2 capture and desorption steps are carried out in the same reactor or vessel. In other cases,
the sorbent captures COz in one vessel, and then the saturated or CO»-rich sorbent is
transferred into another reactor, where the CO2 desorption or sorbent regeneration is carried
out and the COz is released. From here, the regenerated sorbent is transferred back to the
CO2 capture reactor, and the cycle is repeated. CO2 desorption or sorbent regeneration can be
carried out by heating the sorbent, purging the sorbent with a gas, such as steam, applying
vacuum, or a combination thereof.

[0088] Amine-based solid sorbents may consist of one type or a mix of amines added to
porous solid supports. These supports may include materials such as, silica, metal organic
frameworks, activated carbon, ceramic material, zeolite and cellulose.

[0089] In some aspects, the presence of moisture in a CO2 containing gas is beneficial,
for example it enhances the CO:z capture capacity of some solid-sorbents, such as in the case
of amine-based sorbents, in some cases it may slow down the degradation of the sorbent,
such as in the case of amine-based sorbents, and in some cases the presence of moisture may
provide both of these advantages. In other cases, the moisture assists in the COz capture
mechanism, such as, when using salts like potassium carbonate, the salt reacts with water and
CO2 to form a bicarbonate, hence capturing the CO2. In such scenarios, it could be
advantageous to humidify the CO2 containing gas stream upstream of the solid-sorbent
containing reactor, especially in hot/dry climate zones. Directly flowing liquid water through
the sorbent bed or vessel can cause leaching and/or rearrangement of sorbents like amines in
the support. Additionally, the impurities present in the water may bind to the sorbent, hence

interfering with the CO2 capture mechanism. In academic studies pertaining to the impact of
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moisture on sorbents, bubblers and/or spargers in a water-filled beaker, tank or vessel are
commonly used to humidify the gas stream before sending it to the sorbent reactor or vessel.
[0090] Some CO: capture systems are configured for capturing from more concentrated
sources, including from point sources such as flue gas from post-combustion systems, power
plants, cement plants, geological CO:2 sources or a combination thereof.

[0091] Existing point source COz capture systems, for example those used in Carbon
Capture and Sequestration (CCS) or Carbon Capture and Utilization (CCU) technologies may
include process solutions that contain amines, and may include standard industrial gas-liquid
contact absorption units, including spray towers, packed columns and the like. In some
aspects, the COz capture system may also include regeneration units such as steam stripping
columns. In these systems, the CO»z-containing gas is fed through the absorption tower,
where it comes into contact with the capture solution and can end up taking water (in the
form of vapor) out of the absorption unit and eventually venting to atmosphere.

[0092] Bioreactor Technology

[0093] A bioreactor system is a system that supports a biologically active environment,
such as, plant or algae cultivation for biofuel production, or cell culture (plant or animal) for
pharmaceutical processes.

[0094] In some embodiments, the NPEs introduced through use of off-spec makeup water
as makeup to processes including bioreactor systems could impact the growth and/or
productivity of the plant or cell-based culture, or could cause fouling and/or corrosion of
system apparatus, and would require additional chemical treatment and possibly solids
separation/filtration to resolve.

[0095] The innovations described herein offer technical and commercial advantages
above what the existing systems and methods provide in resolving the above-mentioned

water loss and make-up challenges in processes involving gas-liquid contactors. They also
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offer advantages above what existing methods provide in resolving challenges in deploying
processes with gas-liquid contactors in areas with water restrictions and/or hot, dry climates.
[0096] In some embodiments, the hydration unit includes apparatus that enables it to
contain a hydration solution within the hydration unit, move that hydration solution in such a
way as to bring it into contact with a feed gas stream, allow for water to evaporate from the
hydration solution into the gas stream, and let the hydrated gas stream leave the hydration
unit without losing significant solution from the hydration unit in the form of splashing or
entrained liquid droplets.

[0097] In some cases, having a hydration system fluidly coupled to a DAC system,
including the ones described earlier would mean that a broader selection of water sources,
including alternate, e.g., non-process, off-spec and the like, could be employed to meet the
water requirements for mitigating evaporation losses.

[0098] In some embodiments, the hydration system uses alternate water sources for the
hydration solution, and the hydration unit is fluidly coupled to one or more downstream
processes. In some aspects, a non-process water source is any type of water source other than
those that can be directly used in the main gas-liquid contacting process downstream of the
hydration system. This alternate and/or non-process water source may be unfit for direct use
in the downstream process because of levels of certain impurities or components that might
interfere with the downstream process. In some aspects, the alternate water sources include
for example, non-potable, sea water, brackish or saline water, greywater, rain or storm water,
waste water, non-process water or combinations thereof.

[0099] Instead of adding an alternate water source directly to the downstream process
solution, adding it to the hydration unit allows for isolated use of water with components that
may be undesirable to add directly to the downstream process solution, as they may impact

the process performance — including for example COz uptake rates in COz capture
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technologies, fouling, and/or they may interfere with downstream chemistry, solids buildup,
and the like. This method of isolated use (e.g., use of the hydration unit to contain any non-
water components within the hydration unit while still allowing water vapor to flow with the
gas stream from the hydration unit to downstream processes) prevents the alternate water
source from contaminating the downstream process solution, and still enables the benefits of
hydration.

[00100]  Use of non-process and/or alternate water for hydration in a system that ensures
the hydration solution is kept separate from downstream process solutions allows for
utilization of previously disposed or unusable solutions without risk of contamination of the
process solution. It also resolves some of the issues in current gas-liquid contact systems,
such as COz capture systems and bioreactor systems, where direct use of alternate water
sources, or “non-process water” in the process itself, requires additional treatment units,
including chemical treatment, and filtration units including but not limited to reverse osmosis
membrane filtration, solid agglomeration and settling, and the like, to mitigate impact of the
non-water components on the existing system — and in some cases and depending on the type
of non-process and/or alternate water, even these additional steps are not enough to facilitate
direct use of the non-process water.

[00101] In some embodiments, the hydration solution used in the hydration unit is selected
and conditioned to enable water evaporation without substantial CO2 capture. For example,
the hydration solution may be kept at a lower pH, and/or addition or use of chemicals with
high CO2 solubility, absorption and/or uptake kinetics, is avoided such that COz2 solubility,
kinetics and absorption in the hydration solution is lower than that in the downstream
process, so that the hydration solution does not compete with the downstream CO2 capture

process solution to capture CO2. For instance, while salt water is capable of capturing CO:
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from air, it has significantly slower kinetics of CO2 absorption, hence it won’t interfere with a
downstream CO: capture process and can be used in the hydration system.

[00102] Examples of some solutions which may be considered problematic as hydration
solutions include, for example, strong alkaline solutions, such as, potassium hydroxide,
sodium hydroxide, potassium carbonate and potassium bicarbonate; and inclusion of
additional components, such as catalysts and enzymes, that are known to improve the CO2
uptake kinetics of the COz capture solution, or any other solutions or chemicals that are
normally employed in COz capture systems.

[00103] Conversely, CO2 capture solutions used in processes such as DAC and CCS are
solutions that are selected and used specifically for their better performance/ability in
capturing at least a portion of CO2 when contacted with a CO2 containing gas. Examples
include, alkaline solutions, such as, potassium hydroxide, sodium hydroxide, potassium
carbonate and potassium bicarbonate; and the solution can include additional components,
such as catalysts and enzymes, that are known to improve the CO:2 uptake of the COz capture
solution.

[00104] In some embodiments, with evaporation losses from the main process solution
minimized, or altogether eliminated through fluidly coupling it with an upstream hydration
unit, would then allow the main process to become a zero water loss process. This could be
accomplished by utilizing an evaporator driven by heat, including but not limited to process
waste heat from units within the process, to produce water vapor from the main process
solution. The water vapor from the process solution could then be collected and condensed
as clean water and used to provide all the water requirements throughout the main process
(e.g., in the washing, lime hydration and/or slurry formation steps of the DAC system

mentioned earlier).
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[00105] In some embodiments, process solution refers to any solution used in the
downstream, or “main”, process, and does not include the hydration solution. For example,
CO2 capture solution in the DAC gas-liquid contactor system is a process solution.

[00106] In some embodiments, the gas stream flows through the hydration unit by use of
downstream apparatus — e.g., fans, blowers and the like, located in downstream processes,
such that the hydration unit itself does not require additional transport equipment to move the
gas stream through the unit.

[00107] In some embodiments, the temperature of the hydration solution in the hydration
system can be controlled using heat exchangers with heat input from waste heat or other heat
sources. In some aspects, this can alter the water carrying capacity of the gas stream flowing
through the hydration system, and as a result, would be a means of controlling water content
in the downstream units, helping to minimize water evaporation from the downstream
process units, and in some cases even adding water to the downstream process if necessary.
In some cases, this method of hydration solution temperature control and heat exchange may
also help to reduce the wetted volume of the contact zone, or the volume of gas-liquid contact
packing that is present within the contact zone, that is normally required for the
humidification process, which in turn would reduce the pressure drop across the gas flow
path and would require less energy to move the gas through the hydration system.

[00108] In some cases, including for example in the solid sorbent technology for CO2
capture, the co-adsorption of H20 with CO: on the sorbent can increase the energy demand
during the desorption stage. In such situations, the above discussed method of hydration
solution temperature control may help to optimize the advantages of the presence of moisture
in the gas stream in the CO2 capture stage, against the energy penalty in the desorption stage

due to the adsorption of H20 on the sorbent.
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[00109] In some embodiments, the contact zone is a portion of the hydration system that
facilitates gas-liquid contact, and may include at least one or more of a packing material
(either loose or structured), splash bars, trays, spray nozzles, or other means of dispersing the
liquid through the gas such that the liquid surface area is maximized within the volume of the
contact zone. Depending on the type of material used in the contact zone and/or the design of
the contact zone, the contact zone would have a certain surface area to volume ratio, where
the surface area is the total available area of the contact zone that could enable the gas-liquid
contact. In some aspects, the surface area to volume ratio can vary between 0 to 2000 m?/m?.
[00110] In some embodiments, gas-liquid contact packing is a material that fills at least a
portion of the volume in a gas-liquid contactor system, and facilitates contact between a gas
stream and the process solution used in the gas-liquid contactor system. Some examples of
gas-liquid contact packing as applied in downstream processes are described in FIGS. 2 and
4,

[00111] In some embodiments, the amount of wetted surface area within the contact zone
in the hydration system facilitates contact between a gas stream and the hydration solution,
and may drive the humidification amount or level of water saturation in the gas stream. As a
result, the amount of wetted surface area within the contact zone can be adjusted and used to
control the gas stream humidity. In some aspects, hydration packing, also referred to as
packing in some embodiments, is a material that fills at least a portion of space in the contact
zone within the hydration system, and facilitates contact between a gas stream and the
hydration solution, similar to other types of gas-liquid contact packing material. In some
aspects, this packing may include one or more of loose or random fill or structured fill. The
structured fill can consist of material that is modular in form, such that it enables stacking in
an ordered array, while loose fill may not have a fixed shape but is instead a type of randomly

arranged packing material.
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[00112] Wetted contact zone, which may include packing in some embodiments, is the
portion of contact zone that has solution distributed on the surface, such that the solution is
spread evenly, rather than beaded, in order to increase or maximize the interface between the
gas and the liquid streams. This interface is usually measured in terms of the wetted surface
area to volume ratio of the contact zone. In some aspects, the wetted contact zone has a
higher pressure drop than a dry contact zone of the same material.

[00113] In some aspects, the system may be configured to spray hydration solution over
only a portion of the contact zone, wetting that portion and leaving another portion of the
contact zone dry. In some embodiments, this contact zone may include packing. This
method of partial wetting of the packing would serve to reduce the overall pressure drop
through the packing (wet packing has a higher pressure drop than dry packing) while still
providing humidification to the gas stream. In some aspects, having control and/or flexibility
over how much of the existing hydration packing is wetted would be useful in dealing with
changes in weather— e.g., only wet a portion of the back end of the packing on days/times
when minimal humidification is needed, versus wetting all of the packing on days/times when
maximum humidification is needed. In some aspects, this would require designing the gas-
liquid contact packing to handle the “driest/most restrictive” climate case, but would also
make it capable of reducing the volume of packing wetted in order to save pumping and fan
energy whenever possible. In some aspects, this could be very useful in a location with a
wide range of seasonal conditions.

[00114]  As another example, the hydration system may be configured to promote solids
settling in specific locations of the hydration solution collection basin. In some aspects, if the
hydration solution contains particulates or fines, and it flows over the hydration packing, the
contactor itself will work to disperse the fines over the entire area of the solution collection

basin, which is a basin or a tank used to collect the hydration solution or CO2 capture solution
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after it has been used to wet the packing in a hydration system or a gas-liquid contactor
system, respectively. As the drops of solution fall out of the bottom of the packing, the solids
they contain may settle onto the solution collection basin floor when the liquid flow is not
sufficient to carry the fines along the basin to the liquid discharge sump. Thus, the basin acts
similar to a settling tank. The basin may have a large inclined section, located above liquid
level, which facilitates build-up of the solid layer. As drops fall and hit this inclined section,
they cause a “splash.” On a perfectly horizontal surface this splash would cause the solids to
jostle from one place to another with no net movement in one single direction over long
periods of time. But with an inclined section as described in example embodiments in the
present disclosure, the force of the droplet hitting the inclined surface washes the solids down
the incline. This is due in part to the force of the droplet hitting the surface, as well as the
force of gravity pulling more solids in the downward direction. Thus, even with very small
inclines, the solids will move toward the lower end of the surface and eventually discharge
into a sump area where they may be removed, for example, with an auger, and the clarified
liquid may also be withdrawn from the contactor basin.

[00115] In another example, drift elimination section installation and housing in the
hydration system may be improved in some applications by installing and sealing the drift
elimination material around the area immediately upstream of the exit. This method of
installing and housing drift elimination material enables the drift elimination material to be
supported and sealed such that any gas moving through the hydration packing material cannot
leave the system without first moving through the drift elimination material. In these types of
hydration systems, and where downstream processes move the gas with induced fans, the
pressure gradient between the hydration system and the downstream environment is such that
gas will always leak into the hydration system rather than out of the system, which also aids

in preventing escape of liquid aerosols from the system.
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[00116] In another example, the drift elimination material is positioned between the
packing material and gas outlet of the hydration system, where the drift elimination material
may be physically attached to the packing material and sealant is then additionally applied
around the perimeter of the drift elimination material, sealing the outer edges of the material
to the outer housing of the hydration system. Sealing the drift elimination material to the
housing walls in this way provides a desirable seal against any gaps, for example between the
packing material and the housing, where gas and/or hydration solution may be able to move,
that could allow for gas entrained with hydration solution to bypass the drift elimination
material.

[00117] These modifications to the drift elimination section installment and
housing/sealing may provide technical and commercial improvements to the hydration
system method/device, because the system includes non-water chemicals and/or impurities
that must be contained within the hydration system and not contaminate downstream
processes.

[00118] The process streams in the hydration systems, as well as process streams within
any downstream processes with which the hydration systems are fluidly coupled, can be
flowed using one or more flow control systems implemented throughout the system. A flow
control system can include one or more solids conveyors, flow pumps, fans or blowers to
move the process streams, one or more flow pipes through which the process streams are
flowed and one or more valves to regulate the flow of streams through the pipes.

[00119] The term “couple” and variants of it such as “coupled”, “couples™, and “coupling”
as used in this description is intended to include indirect and direct connections unless
otherwise indicated. For example, if a first device is coupled to a second device, that
coupling may be through a direct connection or through an indirect connection via other

devices and connections. Similarly, if the first device is communicatively coupled to the
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second device, communication may be through a direct connection or through an indirect
connection via other devices and connections. In particular, a fluid coupling means that a
direct or indirect pathway is provided for a fluid to flow between two fluidly coupled devices.
[00120] In some embodiments, a flow control system can be operated manually. For
example, an operator can set a flow rate for each pump or transfer device and set valve open
or close positions to regulate the flow of the process streams through the pipes in the flow
control system. Once the operator has set the flow rates and the valve open or close positions
for all flow control systems distributed across the system, the flow control system can flow
the streams under constant flow conditions, for example, constant volumetric rate or other
flow conditions. To change the flow conditions, the operator can manually operate the flow
control system, for example, by changing the pump flow rate or the valve open or close
position.

[00121]  In some embodiments, a flow control system can be operated automatically. For
example, the flow control system can be connected to a computer or control system (e.g.,
control system 999) to operate the flow control system. The control system can include a
computer-readable medium storing instructions (such as flow control instructions and other
instructions) executable by one or more processors to perform operations (such as flow
control operations). An operator can set the flow rates and the valve open or close positions
for all flow control systems distributed across the facility using the control system. In such
embodiments, the operator can manually change the flow conditions by providing inputs
through the control system. Also, in such embodiments, the control system can automatically
(that is, without manual intervention) control one or more of the flow control systems, for
example, using feedback systems connected to the control system. For example, a sensor
(such as a pressure sensor, temperature sensor or other sensor) can be connected to a pipe

through which a process stream flows. The sensor can monitor and provide a flow condition
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(such as a pressure, temperature, or other flow condition) of the process stream to the control
system. In response to the flow condition exceeding a threshold (such as a threshold pressure
value, a threshold temperature value, or other threshold value), the control system can
automatically perform operations. For example, if the pressure or temperature in the pipe
exceeds the threshold pressure value or the threshold temperature value, respectively, the
control system can provide a signal to the pump to decrease a flow rate, a signal to open a
valve to relieve the pressure, a signal to shut down process stream flow, or other signals.
[00122]  Referring to FIG. 1, a hydration system 100 for the humidification of a gas stream
109 includes a gas inlet section 102, contact zone 104, drift elimination section 106,
hydration solution distribution unit 103, a hydration housing vessel 101, a hydration solution
collection basin 105, a pump 113, and a fan 107. In some cases, the pump 113 may be
located in a pump house or pit that is external to the hydration housing vessel 101. In some
cases, the hydration solution 108 used in the system 100 can include portions of one or more
of types of water, such as, non-potable water, sea water, saline water, brackish water, rain or
storm water, gray water or waste water. In some aspects system 100 may include a control
system 999 communicably coupled to the components (illustrated or otherwise).

[00123] In some aspects, the gas stream 109 is ambient air that moves through the system
100 using an induced draft fan 107. In some cases, the induced draft may be generated by
other mechanical means, for example by a blower. In some cases, the fan 107 may not be
directly interfaced with the hydration system 100 and may be a component of a downstream
process, such that at least a portion of the gas stream 110 exiting the hydration system 100 is
fed into the downstream process. In some aspects, the fan 107 may be a forced draft fan
instead of an induced fan, and as such placed upstream of the hydration system 100, such that
at least a portion of the gas stream 109 is forced through the components of the hydration

system 100. In some cases, the gas stream 110 exiting the system 100 may carry a portion of
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the hydration solution 108 as drift. In the case of an induced draft fan 107, the drift
(containing aerosol droplets of hydration solution, which may include salts or other
impurities, depending on the hydration solution source) may cause fouling, corrosion or other
forms of deterioration of the fan components or housing. In such cases, it may be
advantageous to have a forced draft fan over an induced draft fan, to reduce the maintenance
cost of the fan 107.

[00124] In some aspects, the hydration housing vessel 101 comprises a gas inlet section
102, contact zone 104 and a drift elimination section 106. In some aspects, the contact zone
104 comprises of at least one or more of a packing, splash bars, trays, or spray nozzles.
[00125] In some aspects, the function of the system 100 is to pre-condition the gas stream
109 before it is sent to a downstream process. The stream 109 is humidified upon contacting
the hydration solution stream 108 in the system 100. In some aspects, this pre-conditioning
helps to reduce evaporative losses from a liquid solution used in the downstream process
when it comes in contact with the gas stream 110. In some aspects, having the hydration
system 100 upstream of the process provides a gas stream 110 to the downstream process
such that water loss through evaporation is minimized from the process solution of the
downstream process. In some aspects, this could reduce the amount of fresh solution make-
up required in the downstream process. This fresh solution make-up may have restrictions on
the types of non-water content, including for example the types of ionic species, dissolved
and suspended solids, metallic, mineral and organic matter, and the like. These non-water
components may have undesirable effects on performance of the downstream process, and as
such need to be restricted from entry into the downstream process. Directly adding non-
process liquid into the downstream process, from sources such as those listed as acceptable
for system 100, may not be desirable or possible. Additionally, in some aspects where the

downstream process is operating in hot, dry climates, and/or where it might be desirable to
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conserve potable or clean water, using system 100 with alternate water sources, such as those
used for hydration solution stream 108, as a means of preventing process solution evaporation
from the downstream process allows for the use of alternate water sources without incurring
the problems associated with using these sources directly in the downstream process.

[00126] The gas stream 109 is passed through the gas inlet section 102, and into the
contact zone 104. In some aspects, the gas inlet section 102 is an inlet louver that is used to
keep the hydration solution that is moving from the distribution unit 103 through the contact
zone 104 and into the collection basin 105, from splashing out of the hydration system 100.
After passing through the gas inlet section 102, the gas enters the contact zone 104, which is
wetted with hydration solution 108 flowing down from the hydration solution distribution
unit 103, through the contact zone 104 and discharging into the hydration solution collection
basin 105. In the contact zone 104, the gas stream 109 is contacted with the hydration
solution 108, and exits the contact zone 104 as a gas stream 110, which is partially or fully
saturated with at least a portion of evaporated hydration solution 108. In some cases, the
extent of saturation of gas stream 109 can be a function of the ambient temperature, the
temperature of hydration solution stream 108, surface area of the contact zone 104, and other
thermodynamic factors. The partially or fully saturated gas stream 110 exits the system 100
through the drift elimination section 106, which prevents any non-evaporated hydration
solution (e.g., hydration solution droplets) from being carried out of hydration system 100 by
the gas stream 110. In some aspects, the drift elimination section 106 is a drift eliminator that
prevents hydration solution droplets from leaving the hydration system 100 and entering any
downstream processes.

[00127] Hydration solution stream 108 flowing down the contact zone 104, as well as any
hydration solution that has been collected by the gas inlet section 102, the drift elimination

section 106 or a combination thereof, is discharged into the hydration solution collection
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basin 105. In some cases, over time, the hydration solution in the hydration system 100, may
become concentrated, as a result of the continual evaporation of pure water. In some cases,
as a result of the evaporation process, the hydration solution may become concentrated with
non-volatile components, including for example, metals, minerals, ions, suspended solids,
organics, dissolved solids and the like. This concentrated hydration solution and the
concentrated non-volatiles may be periodically or continually removed from the basin 105 as
a slip stream 112, before the pump 113 recycles the hydration solution 108 back to the
hydration solution distribution unit 103. The collection basin 105 may also be periodically or
continually supplied with a makeup hydration solution stream 111. In some cases, the source
of the makeup hydration solution stream 111 may include at least a portion of fresh water,
non-potable water, waste water, gray water, rain or storm water, brackish water, saline water,
sea water or the like. In some cases, the distribution unit 103, may include at least a portion
of a pressurized header system with nozzles to spray the hydration solution 108 onto the
contact zone 104, a non-pressurized or atmospheric basin that feeds nozzles which operate
using hydrostatic pressure or head, or a combination thereof.

[00128] In some cases, the system 100 may be fluidly coupled to one or more downstream
processes, including but not limited to CO2 capture units, including COz capture units that use
sorbent technology, liquid capture technology or a combination thereof, CO:z capture units for
both dilute and point source (concentrated) applications, bioreactors, or a combination
thereof.

[00129] Referring to FIG. 2, a COz2 capture system 200 includes a hydration sub-system
201 coupled with a gas-liquid contactor sub-system 221, where the sub-system 221 is
configured / purposed for COz capture. The hydration sub-system 201 includes a gas inlet
section 102, contact zonel04, drift elimination section 206, hydration solution distribution

unit 103, a hydration solution collection basin 105 and a pump 113. The gas-liquid contactor
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sub-system 221 includes COz capture packing 204, drift elimination section 214, CO:z capture
solution distribution unit 203, a pump 213, a CO:z capture solution collection basin 205 and
an induced draft fan 207. In some aspects system 200 may include a control system 999
communicably coupled to the components (illustrated or otherwise).

[00130] In some cases, the sub-system 221 includes apparatus and process solutions
similar to direct air capture systems in existence to date. The CO: capture solution 208 used
in the sub-system 221 is specifically selected for its ability to capture CO2 from gas stream
109. Additionally, the amount and material of construction of contact zone 104 used in the
sub-system 201 may be different than the CO:z capture packing 204, based on the distinctive
characteristics and functions required in each of these systems. The main function of the
hydration solution stream 108 used in the sub-system 201 is to humidify the gas stream 109
through evaporation of water from the hydration solution, and this hydration solution can be
comprised of a variety of sources such as, non-potable water, sea water, saline water,
brackish water, rain or storm water, gray water, waste water from either the downstream
process or elsewhere, or a combination thereof. In some aspects, the CO2 capture solution
stream 208 used in the sub-system 221 can be any liquid that can remove at least some CO2
from the gas stream 110, and can include alkaline solutions, such as, potassium hydroxide,
sodium hydroxide, potassium carbonate and potassium bicarbonate; and can include
additional components, such as catalysts and enzymes, to improve the CO:z uptake of the
liquid solution.

[00131] The function of the sub-system 201 is to pre-condition the gas stream 109 before it
is sent to the sub-system 221. In some aspects, the gas stream 109 is ambient air that moves
through system 200, and in some cases at least a portion of this movement may be generated
using an induced draft fan 207, which is a component of the downstream gas-liquid contactor

sub-system 221. In some aspects, the fan 207 is a forced draft fan instead of an induced fan,
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and as such is placed upstream of the hydration sub-system 201, such that at least a portion of
the gas stream 109 is forced through the components of the system 200. In some cases, the
gas stream 210 exiting the system 200 may carry a portion of the hydration solution 108, the
CO2 capture solution 208, or a combination of both as drift. In the case of an induced draft
fan 207, the drift (containing aerosol droplets of one or more of the hydration solution and the
CO2 capture solution, which may include salts, hydroxide or other impurities, depending on
the hydration solution source and the COz capture solution source) may cause fouling,
corrosion or other form of deterioration of the fan components or housing. In such cases, it
may be advantageous to have forced draft fan over an induced draft fan, to reduce the
maintenance cost of the fan 207.

[00132] The gas stream 109 is humidified upon contacting the hydration solution stream
108 in the sub-system 201. In some aspects, this pre-conditioning helps to reduce
evaporative losses from the COz capture solution stream 208 when it comes in contact with
the gas stream 110. In some aspects, having the hydration sub-system 201 upstream of the
gas-liquid contactor sub-system 221 provides a gas stream 110 to the sub-system 221 such
that water loss through evaporation is minimized from the CO2 capture solution 208 of the
sub-system 221. In some aspects, this could reduce the amount of fresh CO:2 capture solution
make-up stream 211 required in the gas-liquid contactor sub-system 221. This CO2 capture
solution makeup stream 211 may have restrictions on the types of non-water content,
including for example the types of ionic species, dissolved and suspended solids, metallic,
mineral and organic matter, and the like. These non-water components may have undesirable
effects on process performance of sub-system 221, and as such need to be restricted from
entry into sub-system 221. Directly adding non-process liquid into sub-system 221, from
sources such as those listed as acceptable for sub-system 201, may not be desirable or

possible. Additionally, in some aspects where sub-system 221 is operating in hot, dry
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climates, and/or where it might be desirable to conserve potable or clean water, using sub-
system 201 with alternate water sources, such as those used for the hydration solution stream
108, as a means of preventing process solution, e.g., COz capture solution evaporation from
sub-system 221 allows for the use of alternate water sources without incurring the problems
associated with using these sources directly in sub-system 221.

[00133] The gas stream 109 is passed through a gas inlet section 102, and into the contact
zone 104. In some aspects, the contact zone 104 comprises of at least one or more of a
packing, splash bars, trays, or spray nozzles. In some aspects, the gas inlet section 102 is an
inlet louver that is used to keep the hydration solution 108 that is moving from the
distribution unit 103 through the contact zone 104 and into the collection basin 105, from
splashing out of the hydration sub-system 201. After passing through the gas inlet section
102, the gas enters the contact zone 104, which is wetted with the hydration solution 108
flowing down from the hydration solution distribution unit 103, through the contact zone 104
and discharging into the hydration solution collection basin 105. In the contact zone 104, the
gas stream 109 is contacted with the hydration solution 108 and exits the contact zone 104 as
a gas stream 110, which is partially or fully saturated with at least a portion of evaporated
hydration solution 108. In some cases, the extent of saturation of gas stream 109 can be a
function of the ambient temperature, the temperature of hydration solution stream 108,
surface area of the contact zone 104, and other thermodynamic factors. The partially or fully
saturated gas stream 110 exits the sub-system 201 through the drift elimination section 206,
which prevents any non-evaporated hydration solution (e.g., hydration solution droplets)
from being carried out of hydration sub-system 201 by the gas stream 110. In some aspects,
the drift elimination section 206 prevents hydration solution droplets from leaving the
hydration sub-system 201 and entering the downstream sub-system 221. In some

implementations, section 206 may contain drift eliminator apparatus, inlet louver apparatus
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like that described in section 102, or a combination thereof, such that it can function to
contain the hydration solution 108 within the contact zone 104 and CO2 capture solution 208
within the CO2 capture packing 204 to minimize or eliminate cross-contamination of both the
solutions. In some cases, the section 206 may be designed to reduce the pressure drop across
it, by optimizing the portion allocated to drift eliminator function versus inlet louver function.
In some instances, parts of the drift elimination section 206 may be a component of the
contact zone 104 or the packing 204. In some instances, the packing 204 may include inlet
louver apparatus and the section 206 may include a drift elimination apparatus. In some
instances, the contact zone 104 may include a drift eliminator apparatus and the section 206
may include an inlet louver apparatus. In some instances, contact zone 104 and the packing
204 may include a drift eliminator apparatus and an inlet louver apparatus, respectively, and
section 206 is optionally included in the system 200.

[00134] Hydration solution stream 108 flowing down the contact zone 104, as well as any
non-evaporated hydration solution that has been collected by the gas inlet section 102, the
drift elimination section 206 or a combination thereof, is discharged into the hydration
solution collection basin 105. In some cases over time, the hydration solution in the
hydration sub-system 201, may become concentrated, as a result of the continual evaporation
of pure water. In some cases, as a result of the evaporation process, the hydration solution
may become concentrated with non-volatile components, including for example, metals,
minerals, ions, suspended solids, organics, dissolved solids and the like. This concentrated
solution and the concentrated non-volatiles may be periodically or continually removed from
the basin as a slip stream 112, before the pump 113 recycles the hydration solution 108 back
to the hydration solution distribution unit 103. The collection basin 105 may also be
periodically or continually supplied with a makeup hydration solution stream 111. In some

cases, the source of the makeup hydration solution stream 111 may include at least a portion
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of fresh water, non-potable water, waste water, gray water, rain or storm water, brackish
water, saline water, sea water or the like. In some cases, the hydration solution distribution
unit 103, may include at least a portion of a pressurized header system with nozzles to spray
the hydration solution 108 onto the contact zone 104, a non-pressurized or atmospheric basin
that feeds nozzles which operate using hydrostatic pressure or head, or a combination thereof.
[00135]  After the non-evaporated hydration solution (e.g., hydration solution droplets) are
removed by the drift elimination section 206, the gas stream 110 enters the CO2 capture
packing 204 where the gas stream 110 comes in contact with the CO2 capture solution 208
which flows down from the distribution unit 203 through the CO2 capture packing 204. At
least a portion of the CO: present in the gas stream 110 reacts with the CO2 capture solution
208 in the COz2 capture packing. CO2 capture solution 208 along with the captured CO:z flows
through the CO: capture packing 204 and is collected in the collection basin 205. From the
basin, the CO2 capture solution is either recycled in stream 208 to the COz capture solution
distribution unit 203 using pump 213 and flushed back over the CO2 capture packing 204 or
is sent as stream 212 for downstream processing, such as, for the recovery of captured COx.
Finally, after having been humidified with water and then having the CO2 removed the gas
passes as stream 210 through the second drift elimination section 214 to prevent the escape of
CO2 capture solution 208 droplets. In some embodiments, the section 214 may contain drift
eliminator apparatus, such that it can function to contain droplets of the CO2 capture solution
208 from being carried away with the gas stream 210 into a downstream process or the
atmosphere.

[00136] In some cases, the CO2 capture system 200 may include multiple hydration sub-
systems 201 coupled with multiple gas-liquid contactor sub-systems 221. In some aspects,
some of the hydration sub-systems are turned on, while the other hydration sub-systems are

turned off. In some cases, this may be based on feedback from measurement and control
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systems, such as the ones described in FIG. 8 and FIG.11.In some aspects this may be done to
optimize the overall process solution concentration in the CO2 capture system 200. In some
cases, the overall process solution concentration of stream 212 from the multiple gas-liquid
contactor sub-systems 221 may be controlled by a variety of methods. For example, where
the CO2 capture solution stream 208 of each sub-system 221 is collected and mixed together,
either in a universal capture basin 205, or as a result of mixing all process streams 212 in
downstream processes, one method to control process solution concentration in the combined
streams 212 could be to use flow control on pump 113 (e.g. by including a VFD or
combining each pump 113 with a control valve, not shown) within each hydration sub-system
201. In such case, all the hydration sub-systems would respond in a similar way to a control
signal, and there would arguably be a faster response and/or higher level of control, but at a
higher equipment cost and control complexity. In some cases, the gas-liquid contactor sub-
system 221 has a relatively slow response to changes in the water balance around the system,
and as a result, may be effectively controlled in a less complex manner than described above.
For example, another less discrete method to control the overall process solution
concentration would be to turn on and off individual hydration sub-systems 201 (i.e., turn off
individual pumps 113). This would result in higher evaporation taking place in the gas-liquid
contactor sub-systems 221 downstream of the turned off sub-systems 201, and lower
evaporation taking place in the gas-liquid contactor sub-systems 221 downstream of the
turned on hydration sub-systems 201. This control method would still have a discrete level of
control on the average overall process solution concentration, as seen by processes
downstream of sub-system 221. This method of control may have lower equipment costs and
simpler control methods, and may still provide an average evaporation rate (or, more
specifically, humidification rate) that can still be effectively controlled to match the average

water intake.
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[00137]  Referring to FIG. 3, a CO: capture system 300 includes a hydration sub-system
301 fluidly coupled with a CO:2 capture sub-system 321. Sub-system 301 includes a gas inlet
section 102, contact zone 104, drift elimination section 306, hydration solution distribution
unit 103, pump 113 and a hydration solution collection basin 105. The CO: capture sub-
system 321 includes a housing vessel 305 which contains sorbent 304, fan 307 and optional
vessel sealants 318. In some aspects, the sealants 318 may include various types of valves,
doors, lids or other mechanisms that allow for the housing vessel 305 to become periodically
isolated from the upstream and downstream systems. In some aspects system 300 may
include a control system 999 communicably coupled to the components (illustrated or
otherwise).

[00138] The gas stream 308 is a CO2 containing gas stream, such as, ambient air, flue gas,
exhaust gas, or industrial waste gas. In some cases, the hydration solution stream 108 used in
the hydration sub-system 301 can include portions of one or more of types of water, such as,
non-potable water, sea water, saline water, brackish water, rain or storm water, gray water or
waste water.

[00139] In some embodiments, the sorbent 304 includes a solid phase material that can
capture at least a portion of COz from the gas stream 309. Examples of such materials
include, amine-based sorbents, metal organic frameworks, zeolites and alkali carbonates. In
some aspects, the presence of moisture in the gas 309 can enhance the CO2 capture capacity
of the sorbent 304, inhibit or slow down the degradation mechanism of the sorbent 304, or a
combination of both. In some aspects, the CO2 capture can be carried out at ambient
temperature and pressure, or, at a temperature and/or pressure higher than the ambient
conditions.

[00140]  The function of the sub-system 301 is to pre-condition the gas stream 308 before it

is sent to the sub-system 321. In some aspects, at least a portion of the movement of gas
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stream 308 through the sub-system 301 may be generated using an induced draft fan 307,
which is a component of the downstream COz capture sub-system 321. In some aspects, the
fan 307 may be a forced draft fan instead of an induced fan, and as such is placed upstream of
the hydration sub-system 301, such that at least a portion of the gas stream 308 is forced
through the components of the system 300. The stream 308 is humidified upon contacting
the hydration solution stream 108 in the sub-system 301. In some cases, the gas stream 310
exiting the system 300 may carry a portion of the hydration solution 108 as drift. In the case
of an induced draft fan 307, the drift (containing aerosol droplets of hydration solution, which
may include salts, or other impurities, depending on the hydration solution source) may cause
fouling, corrosion or other form of deterioration of the fan componentry or housing. In such
cases, it may be advantageous to have forced draft fan over an induced draft fan, to reduce
the maintenance cost of the fan 307.

[00141] The gas stream 308 is passed through the gas inlet section 102, and into the
contact zone 104. In some aspects, the contact zone 104 comprises of at least one or more of
a packing, splash bars, trays, or spray nozzles. In some aspects, the gas inlet section 102 is an
inlet louver which keeps the hydration solution from splashing out of the hydration sub-
system 301. After passing through the gas inlet section 102, the gas stream enters the contact
zone 104, which is wetted with the hydration solution stream 108 flowing down from the
hydration solution distribution unit 103, through the contact zone 104 and discharging into
the hydration solution collection basin 105. In the contact zone 104, the gas stream 308 is
contacted with the hydration solution stream 108, and exits the packing as a gas stream 309,
which is at least partially humidified with water vapor evaporated from the hydration solution
stream 108. The extent of saturation or humidification of gas stream 308 will be a function of
its temperature, the temperature of hydration solution stream 108, surface area of the contact

zone 104, and other thermodynamic factors. The humidified gas stream 309 exits the sub-
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system 301 through the drift elimination section 306, which prevents any non-evaporated
hydration solution (e.g., solution droplets) from being carried away by the gas stream 309
into the sub-system 321.

[00142] In some embodiments, drift elimination section 306 may contain drift eliminator
apparatus, inlet louver apparatus like that described in unit 102, or a combination thereof,
such that it can function to contain the hydration solution 108 within the hydration sub-
system 301; minimizing or eliminating cross-contamination between the components within
sub-systems 301 and 321. In some cases, the section 306 may be designed to reduce the
pressure drop across it, by optimizing the portion allocated to drift eliminator function versus
inlet louver function.

[00143]  Hydration solution stream 108 flowing down the contact zone 104 and that
collected by the unit gas inlet section 102, drift elimination section 306, or a combination of
both, is collected and also discharged into the hydration solution collection basin 105. In
some cases over time, the hydration solution 108 in the hydration system 301, may become
concentrated, as a result of the continual evaporation of pure water. In some cases, as a result
of the evaporation process, the hydration solution may become concentrated with non-volatile
components, including for example, metals, minerals, ions, suspended solids, organics,
dissolved solids and the like. This concentrated solution and the concentrated non-volatiles
may be periodically or continually removed from the hydration solution basin 105 as a slip
stream 112, before the pump 113 recycles the hydration solution stream back to the hydration
solution distribution unit 103. The collection basin 105 may also be periodically or
continually supplied with a makeup hydration solution stream 111. In some cases, the source
of the makeup hydration solution stream 111 may include at least a portion of fresh water,
non-potable water, waste water, gray water, rain or storm water, brackish water, saline water,

sea water or the like. In some cases, the distribution unit 103, may include at least a portion
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of a pressurized header system with nozzles to spray the hydration solution 108 onto the
contact zone 104, a non-pressurized or atmospheric basin that feeds nozzles which operate
using hydrostatic pressure or head, or a combination thereof.

[00144]  After the hydration solution droplets are removed by the drift elimination section
306, the humidified gas stream 309 enters the CO:z capture sub-system 321, where it comes in
contact with the sorbent 304. At least a portion of the CO2 from the gas stream 309 is
captured onto the sorbent 304. In some aspects, a portion of the moisture present in the gas
stream 309 can also be captured by the sorbent 304. Upon removal of at least a portion of the
COz present, moisture or a combination of both, the gas exits the sub-system 321 as gas
stream 310.

[00145] In some aspects, when the CO:2 capture sub-system 321 is also used as a CO2
desorption system, the system may consist of sealants 318. Following the capture of CO2
from the gas stream 309, the next step may consist of desorbing the CO2 for application in a
downstream process and repeating the CO:2 capture-desorption cycle. The desorption can be
carried out by sealing the sorbent 304 off from upstream and downstream units by closing the
sealants 318, and then taking one or more of the following steps: heating the sorbent 304 with
a heat stream 320, purging the sorbent 304 with a gas stream 319, such as steam, applying
vacuum (not shown in the FIG. 3) on the sorbent 304, or a combination thereof. The sealants
318 can be used to isolate the sub-system 321 from the hydration sub-system 301 and the
ambient conditions, when the desorption is performed. In some aspects, when the desorption
is carried out in a different system than the CO2 capture sub-system 321, the sealants 318
may not be required. In such cases, the sorbent 304 may be designed to be transferrable (e.g.,
small pellets of sorbent rather than sheets or blocks) and instead be transferred to another

system (not shown in the FIG. 3) to carry out the desorption cycle.
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[00146]  Referring to FIG. 4, a CO2 capture system 400 includes a hydration sub-system
401 fluidly coupled with a gas-liquid contactor sub-system 414, where sub-system 414 is
configured / purposed for CO2 capture. The hydration sub-system 401 includes apparatus
such as contact zone 404, drift eliminator or demister unit 406, hydration solution distribution
unit 403, pump 413 and gas inlet port 418 and a hydration solution collection basin 405. The
gas-liquid contactor sub-system 414 may include apparatus such as internal packing or spray
tower internals. In some aspects system 400 may include a control system 999
communicably coupled to the components (illustrated or otherwise).

[00147] In some aspects, the gas stream 402 is a CO2 containing gas stream, such as, post-
combustion flue gas, exhaust gas, geologically sourced COz, or industrial waste gas.

[00148]  One function of the hydration solution stream 408 used in the system 401 is to
humidify the gas stream 402 through evaporation of water from the hydration solution, and
this hydration solution can be comprised of a variety of sources such as, non-potable water,
sea water, saline water, brackish water, rain or storm water, gray water, waste water from
either the downstream process or elsewhere, or a combination of any of these.

[00149]  The gas stream 402 upon entering the hydration sub-system 401 through the inlet
port 418, is passed through the contact zone 404, and comes into contact with the hydration
solution stream 408 which is flowing from the hydration solution distribution unit 403,
through the contact zone 404 and discharging into the hydration solution collection basin 405.
In the contact zone 404, the gas is humidified with water vapor from hydration solution
stream 408, and exits the contact zone 404 as humidified gas stream 409. In some aspects,
the contact zone 404 comprises of at least one or more of a packing, splash bars, trays, or
spray nozzles. In some cases, the extent of saturation of gas stream 409 can be a function of
the ambient temperature, the temperature of hydration solution stream 408, surface area of

the contact zone 404, and other thermodynamic factors.
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[00150] The humidified gas stream 409 exits the hydration sub-system 401 through the
drift eliminator or demister unit 406, which prevents any non-gaseous fluid (e.g., hydration
solution droplets) from being carried out of the hydration sub-system 401 by the gas stream
409. In some aspects, unit 406 prevents the non-gaseous fluid (e.g., hydration solution
droplets) from leaving the hydration system 401 and entering downstream processes. In
some aspects, unit 406 can function to contain the liquid 408 within the hydration system 401
and minimize or eliminate contamination of the downstream system 414,

[00151] Hydration solution stream 408 flowing down the contact zone 404, as well as any
hydration solution that has been collected by the drift eliminator or demister unit 406 or a
combination thereof, is discharged into the hydration solution collection basin 405. In some
cases over time, the hydration solution in the hydration sub-system 401, may become
concentrated, as a result of the continual evaporation of pure water. In some cases, as a result
of the evaporation process, the hydration solution may become concentrated with non-volatile
components, including for example, metals, minerals, ions, suspended solids, organics,
dissolved solids and the like. This concentrated hydration solution and the concentrated non-
volatiles may be periodically or continually removed from the basin 405 as a slip stream 412,
before the pump 413 recycles the hydration solution stream 408 back to the hydration
solution distribution unit 403. The hydration solution collection basin 405 may also be
periodically or continually supplied with a makeup hydration solution stream 411. In some
cases, the source of the makeup hydration solution stream 411 may include at least a portion
of fresh water, non-potable water, waste water, gray water, rain or storm water, brackish
water, saline water, sea water or the like. In some cases, the hydration solution distribution
unit 403, may include at least a portion of a pressurized header system with nozzles to spray
the liquid 408 onto the contact zone 404, a non-pressurized or atmospheric basin that feeds

nozzles which operate using hydrostatic pressure or head, or a combination thereof.
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[00152]  After the non-gaseous fluid, such as hydration solution droplets, are removed by
the unit 406, the humidified gas stream 409 enters the gas-liquid contactor sub-system 414,
where it comes in contact with the COz capture solution stream 416. At least a portion of the
COz present in the gas stream 409 reacts with the solution 416 in the sub-system 414. The
solution 416 along with the captured CO: exits the sub-system 414 as liquid stream 417,
which is sent for downstream processing, such as for the recovery of captured CO2. The gas
stream 409, which is stripped off at least a portion of CO2 in the system 414, exits the sub-
system 414 as gas stream 410.

[00153] In some aspects, the gas-liquid contactor subsystem 414 is an absorption column
or spray tower, in which the humidified CO2 containing gas stream 409 is contacted with a
CO2 capture solution stream 416. In some aspects, the CO:z capture solution stream 416 used
in the sub-system 414 can be any liquid that can remove at least some CO:2 from the gas
stream 409, and can include amine solvents, such as, monoethanolamine (MEA),
methyldiethanolamine (MDEA), or alkaline solutions, such as, potassium hydroxide, sodium
hydroxide. The CO: capture solution 416 is specifically selected for its ability to capture CO2
from the gas stream 409.

[00154]  The function of the sub-system 401 is to pre-condition the gas stream 402 before it
is sent to the sub-system 414. The stream 402 is humidified upon contacting the hydration
solution stream 408 in the sub-system 401. In some aspects, this pre-conditioning helps to
reduce evaporative losses from downstream gas-liquid contacting in the sub-system 414, e.g.,
when the COz2 capture solution stream 416 comes in contact with the gas stream 409. In some
aspects, having the hydration sub-system 401 upstream of the gas-liquid contactor sub-system
414 provides a humidified gas stream 409 to the sub-system 414 such that water loss through
evaporation is minimized from the CO:2 capture solution 416 of the sub-system 414. In some

aspects, this could reduce the amount of fresh CO2 capture solution make-up required in the
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gas-liquid contactor sub-system 414. This makeup stream (not shown in the FIG. 4) may
have restrictions on the types of non-water content, including for example the types of ionic
species, dissolved and suspended solids, metallic, mineral and organic matter, and the like.
These non-water components may have undesirable effects on process performance of sub-
system 414, and as such need to be restricted from entry into sub-system 414. Directly
adding non-process liquid into sub-system 414, from sources such as those listed as
acceptable for sub-system 401, may not be desirable or possible. Additionally, in some
aspects where sub-system 414 is operating in hot, dry climates, and/or where it might be
desirable to conserve potable or clean water, using sub-system 401 with alternate water
sources, such as those used for hydration solution stream 408, as a means of preventing
process solution ,e.g., CO:2 capture solution 416 evaporation from the sub-system 414 allows
for the indirect use of alternate water sources without incurring the problems associated with
using these sources directly in the sub-system 414,

[00155]  Referring to FIG. 5, a bioreactor system 500 includes a hydration sub-system 501
fluidly coupled with a bioreactor vessel 510, where system 510 is configured / purposed for
growth of biological material, for example plant or cell-based cultures. The hydration sub-
system 501 includes apparatus such as contact zone 504, drift eliminator or demister unit 506,
hydration solution distribution unit 503, heat exchanger 512, pump 515, gas inlet port 516
and a hydration solution collection basin 505. The bioreactor system 510 may include
apparatus such as bioreactor vessels with liquid stream inlets, mixing impellors, gas spargers
and/or inlet ports to feed gases into the bioreactor headspace (not shown in FIG. 5). The
hydration sub-system is fed gas stream 502 from a compressed / pressurized source system
507. In some aspects system 500 may include a control system 999 communicably coupled
to the components (illustrated or otherwise). In some aspects, the contact zone 504 comprises

of at least one or more of a packing, splash bars, trays, or spray nozzles.
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[00156] In some aspects, the gas stream 502 may contain inert gases and/or nutrients for
plant and/or cell culture growth, including mixtures of oxygen, nitrogen and COx.

[00157]  One function of the hydration solution stream 508 used in the sub-system 501 is to
humidify the gas stream 502 through evaporation of water from the hydration solution, where
this hydration solution may be comprised from a variety of sources such as, non-potable
water, sea water, saline water, brackish water, rain or storm water, gray water, waste water
from either the downstream process or elsewhere, or a combination of any of these.

[00158] The gas stream 502 upon entering the hydration sub-system 501 through the inlet
port 516, is passed through the contact zone 504, and comes into contact with hydration
solution stream 508 which is flowing from the hydration solution distribution unit 503,
through the contact zone 504 and discharging into the hydration solution collection basin 505.
In the contact zone 504, the gas is humidified with water vapor from hydration solution
stream 508, and exits the hydration contact zone 504 as humidified gas stream 509. In some
cases, the extent of water saturation of gas stream 509 can be a function of the gas
temperature, the temperature of hydration solution stream 508, surface area of the hydration
contact zone 504, and other thermodynamic factors. In some aspects, the hydration solution
stream 508 can be heated using a heat exchanger 512, prior to being sent to the hydration
solution distribution unit 503, in order to optimize the extent of water saturation of gas stream
509. This temperature control mechanism is described further in FIG. 8.

[00159] The humidified gas stream 509 exits the hydration sub-system 501 through the
drift eliminator or demister unit 506, which prevents any non-gaseous fluid (e.g., hydration
solution droplets) from being carried out of the hydration sub-system 501 by the gas stream
509. In some aspects unit 506 prevents hydration solution droplets from leaving the
hydration sub-system 501 and entering downstream processes. In some aspects, unit 506 can

function to contain the hydration solution 508 within the hydration sub-system 501 and
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minimize or eliminate contamination of hydration solution/liquid in the downstream system
510.

[00160] Hydration solution stream 508 flowing down the contact zone 504, as well as any
hydration solution that has been collected by the drift eliminator unit 506 or a combination
thereof, is discharged into the hydration solution collection basin 505. In some cases over
time, the hydration solution in the hydration sub-system 501, may become concentrated, as a
result of the continual evaporation of pure water. In some cases, as a result of the
evaporation process, the hydration solution may become concentrated with non-volatile
components, including for example, metals, minerals, ions, suspended solids, organics,
dissolved solids and the like. This concentrated hydration solution and the concentrated non-
volatiles may be periodically or continually removed from the basin as a slip stream 511,
before the pump 515 recycles the hydration solution back to the hydration solution
distribution unit 503. The collection basin 505 may also be periodically or continually
supplied with a makeup hydration solution stream 520. In some cases, the source of the
makeup hydration solution stream 520 may include at least a portion of fresh water, non-
potable water, waste water, gray water, rain or storm water, brackish water, saline water, sea
water or the like. In some cases, the distribution unit 503, may include at least a portion of a
pressurized header system with nozzles to spray the hydration solution 508 onto the contact
zone 504,

[00161]  After the hydration solution droplets are removed by the unit 506, the humidified
gas stream 509 enters the bioreactor system 510, where it comes in contact with the
bioreactor solution (not shown in FIG. 5). Atleast a portion of the gases present in the gas
stream 509 are absorbed into the bioreactor solution in the bioreactor system 510. The gas

exits the bioreactor system 510 as gas stream 513.
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[00162]  The function of the sub-system 501 is to pre-condition the gas stream 502 before it
is sent to the system 510. The stream 502 is humidified upon contacting the hydration
solution stream 508 in the sub-system 501. In some aspects, this pre-conditioning helps to
reduce evaporative losses from downstream gas-liquid contacting in system 510, e.g., when
the liquid bioreactor solution comes in contact with the gas stream 509. In some aspects,
having the hydration sub-system 501 upstream of the bioreactor system 510 provides a
humidified gas stream 509 to the system 510 such that water loss through evaporation is
minimized from the process solution/liquid of the system 510. In some aspects, this could
reduce the amount of fresh solution make-up required in the bioreactor system 510. This
makeup stream (not shown in the FIG. 5) may have restrictions on the types of non-water
content, including for example the types of ionic species, dissolved and suspended solids,
metallic, mineral and organic matter, and the like. The presence of non-water components
outside of the system’s requirements and/or specifications may have undesirable effects on
process performance of system 510, and as such need to be restricted from entry into system
510. Directly adding non-process liquid into system 510, from sources such as those listed as
acceptable for hydration sub-system 501, may not be desirable or possible. Additionally, in
some aspects where system 510 is operating in hot, dry climates, and/or where it might be
desirable to conserve potable or clean water, using sub-system 501 with alternate water
sources, such as those used for hydration solution stream 508, as a means of preventing
process solution evaporation from system 510 allows for the indirect use of alternate water
sources without incurring the problems associated with using these sources directly in system
510.

[00163]  Referring to FIG. 6, a COz2 capture system 600 includes a hydration sub-system
601 coupled with a gas-liquid contactor sub-system 621, where the sub-system 621 is

configured/purposed for COz capture. The hydration sub-system 601 includes a gas inlet
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section 102, contact zone 104, drift elimination section 606, hydration solution distribution
unit 103, a hydration solution collection basin 105 and a pump 113. The gas-liquid contactor
sub-system 621 includes CO2 capture packing 204, drift elimination section 214, CO:z capture
solution distribution unit 203, a CO:2 capture solution collection basin 205 and an induced
draft fan 207. Additionally, the gas-liquid contactor sub-system 621 includes a process
solution evaporator unit 615 and a process water condenser and collection unit 616. In some
aspects system 600 may include a control system 999 communicably coupled to the
components (illustrated or otherwise).

[00164] In some cases, the sub-system 621 includes apparatus and process solutions
similar to direct air capture systems in existence to date. The CO: capture solution 208 used
in the sub-system 621 is specifically selected for its ability to capture CO2 from gas stream
109. Additionally, the amount and material of construction of contact zone 104 used in the
sub-system 601 may be different than the CO: capture packing 204 used in the sub-system
621, based on the distinctive characteristics and functions required in each of these systems.
The main function of the hydration solution stream 108 used in the sub-system 601 is to
humidify the gas stream 109 through evaporation of water from the hydration solution, and
this hydration solution can be comprised of a variety of sources such as, non-potable water,
sea water, saline water, brackish water, rain or storm water, gray water, waste water from
either the downstream process or elsewhere, or a combination thereof. In some aspects, the
CO2 capture solution stream 208 used in the sub-system 621 can be any liquid that can
remove at least some COz from the gas stream 109, and can include alkaline solutions, such
as, potassium hydroxide, sodium hydroxide, potassium carbonate and potassium bicarbonate;
and can include additional components, such as catalysts and enzymes, to improve the CO2

uptake of the liquid solution.
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[00165] The function of the sub-system 601 is to pre-condition the gas stream 109 before it
is sent to the sub-system 621. In some aspects, the gas stream 109 is ambient air that moves
through system 600, and in some cases at least a portion of this movement may be generated
using an induced draft fan 207, which is a component of the downstream gas-liquid contactor
sub-system 621. In some aspects, the fan 207 may be a forced draft fan instead of an induced
fan, and as such is placed upstream of the hydration sub-system 601, such that at least a
portion of the gas stream 109 is forced through the components of the system 600. In some
cases, the gas stream 210 exiting the system 600 may carry a portion of the hydration solution
108, the CO: capture solution 208, or a combination of both as drift. In the case of an
induced draft fan 207, the drift (containing aerosol droplets of one or more of the hydration
solution and the CO2 capture solution, which may include salts, hydroxide or other
impurities, depending on the hydration solution source and the COz capture solution source)
may cause fouling, corrosion or other form of deterioration of the fan componentry or
housing. In such cases, it may be advantageous to have forced draft fan over an induced draft
fan, to reduce the maintenance cost of the fan 207.

[00166]  The gas stream 109 is humidified upon contacting the hydration solution stream
108 in the sub-system 601. In some aspects, this pre-conditioning helps to reduce
evaporative losses from the COz capture solution stream 208 when it comes in contact with
the gas stream 110. In some aspects, having the hydration sub-system 601 upstream of the
gas-liquid contactor sub-system 621 provides a gas stream 110 to the sub-system 621 such
that water loss through evaporation is minimized from the CO2 capture solution 208 of the
sub-system 621. In some aspects, this could reduce the amount of fresh CO:2 capture solution
make-up stream 611 required in the gas-liquid contactor sub-system 621. This CO2 capture
solution makeup stream 611 may have restrictions on the types of non-water content,

including for example the types of ionic species, dissolved and suspended solids, metallic,
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mineral and organic matter, and the like. These non-water components may have undesirable
effects on process performance of sub-system 621, and as such need to be restricted from
entry into sub-system 621. Directly adding non-process liquid into the sub-system 621, from
sources such as those listed as acceptable for sub-system 601, may not be desirable or
possible. Additionally, in some aspects where sub-system 621 is operating in hot, dry
climates, and/or where it might be desirable to conserve potable or clean water, using sub-
system 601 with alternate water sources, such as those used for the hydration solution stream
108, as a means of preventing process solution, e.g., COz capture solution evaporation from
sub-system 621 allows for the use of alternate water sources without incurring the problems
associated with using these sources directly in sub-system 621.

[00167] The gas stream 109 is passed through a gas inlet section 102, and into the contact
zone 104. In some aspects, the contact zone 104 comprises of at least one or more of a
packing, splash bars, trays, or spray nozzles. In some aspects, the gas inlet section 102 is an
inlet louver that is used to keep the hydration solution that is moving from the hydration
solution distribution unit 103 through the contact zone 104 and into the hydration solution
collection basin 105, from splashing out of the hydration sub-system 601. After passing
through the gas inlet section 102, the gas enters the contact zone 104, which is wetted with
the hydration solution 108 flowing down from the hydration solution distribution unit 103,
through the contact zone 104 and discharging into the hydration solution collection basin 105.
In the contact zone 104, the gas stream 109 is contacted with the hydration solution 108 and
exits the contact zone 104 as a gas stream 110, which is partially or fully saturated with at
least a portion of evaporated hydration solution 108. In some cases, the extent of saturation
of gas stream 109 can be a function of the ambient temperature, the temperature of hydration
solution stream 108, surface area of the contact zone 104, and other thermodynamic factors.

The partially or fully saturated gas stream 110 exits the sub-system 601 through the drift
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elimination section 606, which prevents any non-evaporated hydration solution (e.g.,
hydration solution droplets) from being carried out of hydration sub-system 601 by the gas
stream 110. In some aspects, the drift elimination section 606 prevents the hydration solution
droplets from leaving the hydration sub-system 601 and entering the downstream sub-system
621. In some embodiments, drift elimination section 606 may contain drift eliminator
apparatus, inlet louver apparatus like that described in unit 102, or a combination thereof,
such that it can function to contain the hydration solution 108 within the contact zone 104 and
CO2 capture solution 208 within the CO2 capture packing 204 to minimize or eliminate cross-
contamination of both the solutions. In some cases, the section 606 may be designed to
reduce the pressure drop across it, by optimizing the portion allocated to drift eliminator
function versus inlet louver function. In some instances, parts of the drift elimination section
606 may be a component of the contact zone 104 or the packing 204. In some instances, the
packing 204 may include an inlet louver apparatus and the section 606 may include a drift
elimination apparatus. In some instances, the contact zone 104 may include a drift eliminator
apparatus and the section 606 may include an inlet louver apparatus. In some instances,
contact zone 104 and the packing 204 may include drift eliminator apparatus and inlet louver
apparatus, respectively, and section 606 is optionally included in the system 600.

[00168] Hydration solution stream 108 flowing down the contact zone 104, as well as any
non-evaporated hydration solution that has been collected by the gas inlet section 102, the
drift elimination section 606 or a combination thereof, is discharged into the hydration
solution collection basin 105. In some cases over time, the hydration solution in the
hydration sub-system 601, may become concentrated, as a result of the continual evaporation
of pure water. In some cases, as a result of the evaporation process, the hydration solution
may become concentrated with non-volatile components, including for example, metals,

minerals, ions, suspended solids, organics, dissolved solids and the like. This concentrated
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solution and the concentrated non-volatiles may be periodically or continually removed from
the basin as a slip stream 112, before the pump 113 recycles the hydration solution 108 back
to the hydration solution distribution unit 103. The collection basin 105 may also be
periodically or continually supplied with a makeup hydration solution stream 111. In some
cases, the source of the makeup hydration solution stream 111 may include at least a portion
of fresh water, non-potable water, waste water, gray water, rain or storm water, brackish
water, saline water, sea water or the like. In some cases, the hydration solution distribution
unit 103, may include at least a portion of a pressurized header system with nozzles to spray
the hydration solution 108 onto the contact zone 104, a non-pressurized or atmospheric basin
that feeds nozzles which operate using hydrostatic pressure or head, or a combination thereof.
[00169]  After the hydration solution droplets are removed by the drift elimination section
606, the gas stream 110 enters the CO2 capture packing 204 where the gas stream 110 comes
in contact with the CO:2 capture solution 208 which flows down from the CO2 capture
solution distribution unit 203 through the CO: capture packing 204. At least a portion of the
COz present in the gas stream 110 reacts with the CO: capture solution 208 in the CO2
capture packing. CO2 capture solution 208 along with the captured CO2 flows through the
CO2 capture packing 204 and is collected in the collection basin 205. From the basin, the
CO2 capture solution is either recycled in stream 208 to the CO:z capture solution distribution
unit 203 using pump 213 and flushed back over the CO2 capture packing 204, or is sent as
stream 212 for downstream processing, such as for the recovery of captured COz. Finally,
after having been humidified with water and then having the CO2 removed the gas passes as
stream 210 through the second drift elimination section 214 to prevent the escape of CO2
capture solution 208 droplets. In some embodiments, the section 214 may contain drift

eliminator apparatus, such that it can function to contain droplets of the CO2 capture solution
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208 from being carried away with the gas stream 210 into a downstream process or the
atmosphere.

[00170] In order to repurpose water content in the CO2 capture solution of the CO> capture
sub-system 621, the process solution evaporator unit 615 is fluidly connected to the CO2
capture solution collection basin 205 as well as to other units within the gas-liquid contactor
sub-system 621. This unit 615 is fed process solution stream 619, which comes from one or
more units (not shown in FIG. 6) within the system 621, whereby it heats the process solution
to evaporate water out of the solution. The water vapor stream 617 exits unit 615 and flows
to the condenser and collection unit 616, where it is condensed and sent as a pure water
stream 620 to units within the system 621 that need additional fresh water, for example any
pellet washing systems, lime slaking systems and the like. The remaining concentrated
process solution can be sent to the gas-liquid contactor 621 as make up stream 611.

[00171] The evaporation process needs heat, and this heat stream 618 may be provided to
unit 615 in the form of indirect heat via electricity, a heat exchanger, combustion of natural
gas in a furnace or the like (not shown in FIG. 6), or direct heat through the addition of steam
streams from other process units such as reactors, steam turbines, and the like.

[00172] In some aspects, the combination of the hydration sub-system 601 with the gas-
liquid contactor 621 allows for the direct extraction and redistribution of process water in this
manner, as the process no longer needs to add fresh water to make up for evaporative water
loss from the gas-liquid contactor sub-system 621.

[00173] In some cases, the CO2 capture system 600 may include multiple hydration sub-
systems 601 coupled with multiple gas-liquid contactor sub-systems 621. In some aspects,
some of the hydration sub-systems are turned on, while the other hydration sub-systems are

turned off, as described with reference to FIG. 2. In some cases, this may be based on
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feedback from measurement and control systems, such as the ones described in FIG. 8 and
FIG.11.

[00174] Referring to FIG. 7, a COz2 capture system 700 includes a hydration sub-system
701 coupled with a gas-liquid contactor sub-system 721, where the sub-system 721 is
configured/purposed for COz capture. The hydration sub-system 701 includes a gas inlet
section 102, contact zone 104, drift elimination section 706, hydration solution distribution
unit 103, a pump 113 and a hydration solution collection basin 105. The gas-liquid contactor
sub-system 721 includes CO2 capture packing 204, drift elimination section 214, CO:z capture
solution distribution unit 203, a CO:2 capture solution collection basin 205, a pump 213 and
an induced draft fan 207. Additionally, the CO2 capture system 700 includes a water
treatment and filtration unit 717, which is used to supply make-up water to the sub-systems
701 and 721. In some aspects system 700 may include a control system 999 communicably
coupled to the components (illustrated or otherwise).

[00175] Process waste water stream 715 from processes within sub-systems 701 and 721 is
collected and sent to the water treatment and filtration system 717. In some aspects, treated
water can be sent as make-up water stream 711 to the sub-system 701, as make-up water
stream 712 to the sub-system 721, or a combination thereof. Waste stream 716 from the unit
717 is sent either for downstream processing or disposal. In some aspects, the make-up water
stream 711 can be added to the sub-system 701 in addition to the make-up water stream 111
that is sourced from alternate water sources.

[00176] In some cases, the sub-system 721 includes apparatus and process solutions
similar to direct air capture systems in existence to date. The CO: capture solution 208 used
in the sub-system 721 is specifically selected for its ability to capture CO2 from gas stream
109. Additionally, the amount and material of construction of contact zone 104 used in the

sub-system 701 may be different than the CO: capture packing 204 used in the sub-system
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721, based on the distinctive characteristics and functions required in each of these systems.
The main function of the hydration solution stream 108 used in the sub-system 701 is to
humidify the gas stream 109 through evaporation of water from the hydration solution, and
this hydration solution can be comprised of a variety of sources such as, non-potable water,
sea water, saline water, brackish water, rain or storm water, gray water, waste water from
either the downstream process or elsewhere, or a combination thereof. In some aspects, the
CO2 capture solution stream 208 used in the sub-system 721 can be any liquid that can
remove at least some COz from the gas stream 110, and can include alkaline solutions, such
as, potassium hydroxide, sodium hydroxide, potassium carbonate and potassium bicarbonate;
and can include additional components, such as catalysts and enzymes, to improve the CO2
uptake of the liquid solution.

[00177]  The function of the sub-system 701 is to pre-condition the gas stream 109 before it
is sent to the sub-system 721. In some aspects, the gas stream 109 is ambient air that moves
through system 700, and in some cases at least a portion of this movement may be generated
using an induced draft fan 207, which is a component of the downstream gas-liquid contactor
sub-system 721. In some aspects, the fan 207 may be a forced draft fan instead of an induced
fan, and as such is placed upstream of the hydration sub-system 701, such that at least a
portion of the gas stream 109 is forced through the components of the system 700. In some
cases, the gas stream 210 exiting the system 700 may carry a portion of the hydration solution
108, the CO2 capture solution 208, or a combination of both as drift. In the case of an
induced draft fan 207, the drift (containing aerosol droplets of one or more of the hydration
solution and the CO2 capture solution, which may include salts, hydroxide or other
impurities, depending on the hydration solution source and the COz capture solution source)

may cause fouling, corrosion or other form of deterioration of the fan componentry or
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housing. In such cases, it may be advantageous to have forced draft fan over an induced draft
fan, to reduce the maintenance cost of the fan 207.

[00178] The gas stream 109 is humidified upon contacting the hydration solution stream
108 in the sub-system 701. In some aspects, this pre-conditioning helps to reduce
evaporative losses from the CO2 capture solution stream 208 when it comes in contact with
the gas stream 110. In some aspects, having the hydration sub-system 701 upstream of the
gas-liquid contactor sub-system 721 provides a gas stream 110 to the sub-system 721 such
that water loss through evaporation is minimized from the COz capture solution 208 of the
sub-system 721. In some aspects, this could reduce the amount of water make-up water
stream 712 and fresh COz capture solution make-up stream 211 required in the gas-liquid
contactor sub-system 721. The make-up streams 211 and 712 may have restrictions on the
types of non-water content, including for example the types of ionic species, dissolved and
suspended solids, metallic, mineral and organic matter, and the like. These non-water
components may have undesirable effects on process performance of sub-system 721, and as
such need to be restricted from entry into sub-system 721. Directly adding non-process
liquid into the sub-system 721, from sources such as those listed as acceptable for sub-system
701, may not be desirable or possible. Additionally, in some aspects where sub-system 721 is
operating in hot, dry climates, and/or where it might be desirable to conserve potable or clean
water, using sub-system 701 with alternate water sources, such as those used for the
hydration solution stream 108, as a means of preventing process solution, e.g., CO2 capture
solution evaporation from sub-system 721 allows for the use of alternate water sources
without incurring the problems associated with using these sources directly in sub-system
721.

[00179] The gas stream 109 is passed through a gas inlet section 102, and into the contact

zone 104. In some aspects, the contact zone 104 comprises of at least one or more of a
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packing, splash bars, trays, or spray nozzles. In some aspects, the gas inlet section 102 is an
inlet louver that is used to keep the hydration solution that is moving from the hydration
solution distribution unit 103 through the contact zone 104 and into the hydration solution
collection basin 105, from splashing out of the hydration sub-system 701. After passing
through the gas inlet section 102, the gas enters the contact zone 104, which is wetted with
the hydration solution 108 flowing down from the hydration solution distribution unit 103,
through the contact zone 104 and discharging into the hydration solution collection basin 105.
In the contact zone 104, the gas stream 109 is contacted with the hydration solution 108 and
exits the contact zone 104 as a gas stream 110, which is partially or fully saturated with at
least a portion of evaporated hydration solution 108. In some cases, the extent of saturation
of gas stream 109 can be a function of the ambient temperature, the temperature of hydration
solution stream 108, surface area of the contact zone 104, and other thermodynamic factors.
The partially or fully saturated gas stream 110 exits the sub-system 701 through the drift
elimination section 706, which prevents any non-evaporated hydration solution (e.g.,
hydration solution droplets) from being carried out of hydration sub-system 701 by the gas
stream 110. In some aspects, the drift elimination section 706 prevents the hydration solution
droplets from leaving the hydration sub-system 701 and entering the downstream sub-system
721. In some embodiments, drift elimination section 706 may contain drift eliminator
apparatus, inlet louver apparatus like that described in unit 102, or a combination thereof,
such that it can function to contain the hydration solution 108 within the contact zone 104 and
CO2 capture solution 208 within the CO2 capture packing 204 to minimize or eliminate cross-
contamination of both the solutions. In some cases, the section 706 may be designed to
reduce the pressure drop across it, by optimizing the portion allocated to drift eliminator
function versus inlet louver function. In some instances, parts of the drift elimination section

706 may be a component of the contact zone 104 or the packing 204. In some instances, the
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packing 204 may include an inlet louver apparatus and the section 706 may include a drift
elimination apparatus. In some instances, the contact zone 104 may include a drift eliminator
apparatus and the section 706 may include an inlet louver apparatus. In some instances,
contact zone 104 and the packing 204 may include drift eliminator apparatus and inlet louver
apparatus, respectively, and section 706 is optionally included in the system 700.

[00180] Hydration solution stream 108 flowing down the contact zone 104, as well as any
non-evaporated hydration solution that has been collected by the gas inlet section 102, the
drift elimination section 706 or a combination thereof, is discharged into the hydration
solution collection basin 105. In some cases over time, the hydration solution in the
hydration sub-system 701, may become concentrated, as a result of the continual evaporation
of pure water. In some cases, as a result of the evaporation process, the hydration solution
may become concentrated with non-volatile components, including for example, metals,
minerals, ions, suspended solids, organics, dissolved solids and the like. This concentrated
solution and the concentrated non-volatiles may be periodically or continually removed from
the basin as a slip stream 112, before the pump 113 recycles the hydration solution 108 back
to the hydration solution distribution unit 103. The collection basin 105 may also be
periodically or continually supplied with a makeup water stream 111. In some embodiments,
the source of the makeup water stream 111 may include at least a portion of fresh water, non-
potable water, waste water, gray water, rain or storm water, brackish water, saline water, sea
water or the like. In some cases, the hydration solution distribution unit 103, may include at
least a portion of a pressurized header system with nozzles to spray the hydration solution
108 onto the contact zone 104, a non-pressurized or atmospheric basin that feeds nozzles
which operate using hydrostatic pressure or head, or a combination thereof.

[00181]  After the hydration solution droplets are removed by the drift elimination section

706, the gas stream 110 enters the CO2 capture packing 204 where the gas stream 110 comes
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in contact with the COz capture solution 208 which flows down from the COz capture
solution distribution unit 203 through the CO: capture packing 204. At least a portion of the
COz present in the gas stream 110 reacts with the CO: capture solution 208 in the CO2
capture packing. COz capture solution 208 along with the captured CO2 flows through the
CO2 capture packing 204 and is collected in the collection basin 205. From the basin, the
CO2 capture solution is either recycled in stream 208 to the CO:z capture solution distribution
unit 203 using pump 213 and flushed back over the CO2 capture packing 204, or is sent as
stream 212 for downstream processing, such as for the recovery of captured COz. Finally,
after having been humidified with water and then having the CO2 removed the gas passes as
stream 210 through the second drift elimination section 214 to prevent the escape of CO2
capture solution 208 droplets. In some embodiments, the section 214 may contain drift
eliminator apparatus, such that it can function to contain droplets of the CO2 capture solution
208 from being carried away with the gas stream 210 into a downstream process or the
atmosphere.

[00182] In some cases, the CO2 capture system 700 may include multiple hydration sub-
systems 701 coupled with multiple gas-liquid contactor sub-systems 721. In some aspects,
some of the hydration sub-systems are turned on, while the other hydration sub-systems are
turned off, as described with reference to FIG. 2. In some cases, this may be based on
feedback from measurement and control systems, such as the ones described in FIG. 8 and
FIG.11.

[00183] Referring to FIG. 8, a hydration system 800 for the humidification of a gas stream
109, includes a gas inlet section 102, contact zone 804, drift elimination section 806,
hydration solution distribution unit 103, a hydration solution collection basin 105, a pump
113, a heat exchanger 815, a gas analysis unit 817 and a fan 107. In some cases, the

hydration solution 808 used in the system 800 can include portions of one or more of types of
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water, such as, non-potable water, sea water, saline water, brackish water, rain or storm
water, gray water or waste water. In some aspects system 800 may include a control system
999 communicably coupled to the components (illustrated or otherwise). In some aspects,
the contact zone 804 comprises of at least one or more of a packing, splash bars, trays, or
spray nozzles.

[00184] In some aspects, the gas stream 109 is ambient air that moves through the system
800 using an induced draft fan 107. In some cases, the induced draft may be generated by
other mechanical means, for example by a blower. In some cases, the fan 107 may not be
directly interfaced with the hydration system 800 and may be a component of a downstream
process, such that at least a portion of the gas stream 809 exiting the hydration system 800 is
fed into a downstream process. In some aspects, the fan 107 may be a forced draft fan
instead of an induced fan, and as such is placed upstream of the hydration system 800, such
that at least a portion of the gas stream 109 is forced through the components of the system
800. In some cases, the gas stream 809 exiting the system 800 may carry a portion of the
hydration solution 808 as drift. In the case of an induced draft fan 107, the drift (containing
aerosol droplets of hydration solution, which may include salts or other impurities, depending
on the hydration solution source) may cause fouling, corrosion or other form of deterioration
of the fan componentry or housing. In such cases, it may be advantageous to have forced
draft fan over an induced draft fan, to reduce the maintenance cost of the fan 107.

[00185] In some aspects, the function of the system 800 is to pre-condition the gas stream
109 before it is sent to a downstream process. The stream 109 is humidified upon contacting
the hydration solution stream 808 in the system 800. In some aspects, this pre-conditioning
helps to reduce evaporative losses from a liquid solution used in the downstream process
when it comes in contact with the gas stream 809. In some aspects, having the hydration

system 800 upstream of the process provides a gas stream 809 to the downstream process
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such that water loss through evaporation is minimized from the process solution of the
downstream process. In some aspects, this could reduce the amount of fresh solution make-
up required in the downstream process. This fresh solution make-up may have restrictions on
the types of non-water content, including for example the types of ionic species, dissolved
and suspended solids, metallic, mineral and organic matter, and the like. These non-water
components may have undesirable effects on performance of the downstream process, and as
such need to be restricted from entry into the downstream process. Directly adding non-
process liquid into the downstream process, from sources such as those listed as acceptable
for system 800, may not be desirable or possible. Additionally, in some aspects where the
downstream process is operating in hot, dry climates, and/or where it might be desirable to
conserve potable or clean water, using system 800 with alternate water sources, such as those
used for hydration solution stream 808, as a means of preventing process solution evaporation
from the downstream process allows for the use of alternate water sources without incurring
the problems associated with using these sources directly in the downstream process.

[00186] The gas stream 109 is passed through the gas inlet section 102, and into the
contact zone 804. In some aspects, the gas inlet section 102 is an inlet louver that is used to
keep the hydration solution that is moving from the distribution unit 103 through the contact
zone 804 and into the hydration solution collection basin 105, from splashing out of the
hydration system 800. After passing through the gas inlet section 102, the gas enters the
contact zone 804, which is wetted with hydration solution 808 flowing down from the
hydration solution distribution unit 103, through the contact zone 804 and discharging into
the hydration solution collection basin 105. In the contact zone 804, the gas stream 109 is
contacted with the hydration solution 808, and exits the contact zone 804 as a gas stream 809,
which is partially or fully saturated with at least a portion of evaporated hydration solution

808. In some cases, the extent of saturation of gas stream 809 can be a function of the
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ambient temperature, the temperature of hydration solution stream 808, surface area of the
contact zone 804, and other thermodynamic factors.

[00187]  The gas analysis unit 817 is a measurement device, which can be used to monitor
properties of the gas stream 809, including for example the temperature and humidity of the
gas stream 809 exiting the system 800. The measurement data along with similar data from a
downstream process can be used to control the operation of the heat exchanger 815.

[00188] In some aspects, the downstream process is another gas-liquid contacting system,
such as, system 200 described in the FIG. 2. In such case, data collected by the unit 817 may
be used to maintain the temperature of the hydration solution stream 808 at a similar or
higher temperature than the hydration solution 208 used in the system 200 (not shown in FIG.
8). Hydration solution stream 808 leaving the heat exchanger 815 is pumped back to the
hydration solution distribution unit 103 and passed through the contact zone 804, where it
comes in contact with the inlet gas stream 109. As the gas and hydration solution mix,
sensible heat from the hydration solution stream 808 is transferred to the gas, which in turn
enhances the moisture carrying capacity of the gas. The hydration solution loses heat in this
process, and is collected as hydration solution stream 810 in the collection basin 105. The
stream 810 is heated upon passing through the heat exchanger 815 using a heat stream 816,
and the heated hydration solution 808 is sent to the hydration solution distribution unit 103.
In some aspects, the heat stream 816 is waste heat from processes downstream of the
hydration system.

[00189] The gas stream 809 exiting the system 800 would have a more controlled moisture
content than when exiting a system without the heat exchanger 815, such as, system 100 as
shown in FIG. 1. This ability to control and/or increase the water vapor content of stream
809 exiting the system 800 would reduce water loss in the downstream process, such as 200

(not shown in FIG. 8), which would then require less make-up water. In some aspects,
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controlled heating and humidification of gas stream 109 would enable for less contact zone
material 804 required to carry out the required gas humidification process, which would save
costs and perhaps even make the unit 800 footprint smaller. In some aspects, less volume of
contact zone 804 also means lower pressure drop through the unit 800, which would reduce
energy requirements.

[00190] The partially or fully saturated gas stream 809 exits the system 800 through the
drift elimination section 806, which prevents any non-evaporated hydration solution (e.g.,
hydration solution droplets) from being carried out of hydration system 800 by the gas stream
809. In some aspects, the drift elimination section 806 is a drift eliminator that prevents
hydration solution droplets from leaving the hydration system 800 and entering any
downstream processes.

[00191] Hydration solution stream 808 flowing down the contact zone 804, as well as any
hydration solution that has been collected by the gas inlet section 102, the drift elimination
section 806 or a combination thereof, is discharged into the hydration solution collection
basin 105. In some cases over time, the hydration solution in the hydration system 8§00, may
become concentrated, as a result of the continual evaporation of pure water. In some cases,
as a result of the evaporation process, the hydration solution may become concentrated with
non-volatile components, including for example, metals, minerals, ions, suspended solids,
organics, dissolved solids and the like. This concentrated hydration solution and the
concentrated non-volatiles may be periodically or continually removed from the basin 105 as
a slip stream 812, before the pump 113 recycles the hydration solution 810 back to the
hydration solution distribution unit 103 via the heat exchanger 815. The collection basin 105
may also be periodically or continually supplied with a makeup hydration solution stream
111. In some cases, the source of the makeup hydration solution stream 111 may include at

least a portion of fresh water, non-potable water, waste water, gray water, rain or storm water,

63



CA 03096891 2020-10-12

WO 2019/204320 PCT/US2019/027698

brackish water, saline water, sea water or the like. In some cases, the distribution unit 103,
may include at least a portion of a pressurized header system with nozzles to spray the
hydration solution 808 onto the contact zone 804, a non-pressurized or atmospheric basin that
feeds nozzles which operate using hydrostatic pressure or head, or a combination thereof.
[00192] In some cases, the system 800 may be fluidly coupled to one or more downstream
processes, including but not limited to COz capture units, including CO: capture units that use
sorbent technology, liquid capture technology or a combination thereof, CO:z capture units for
both dilute and point source (concentrated) applications, bioreactors, or a combination
thereof.

[00193] In some cases, the heat exchange and control concept described in this
embodiment can be applied to other configurations of the hydration subsystem, such as the
configurations shown in Figures 1 through 7.

[00194]  Referring to FIG. 9, a hydration solution basin collection system 900 for settling,
collection and removal of solids is described with respect to illustrative system 900, where
system 900 is fluidly coupled to a hydration system as described in FIG. 1 to 8. The
hydration solution collection basin 901 is fluidly coupled to contact zone 104, an inclined
bottom basin area 905, a hydration solution redistribution pump 113 and associated suction
intake and piping 918, and a solids collection basin 915. The solids collection basin is fluidly
coupled to a mechanical removal system 916. In some aspects system 900 may include a
control system 999 communicably coupled to the components (illustrated or otherwise). In
some aspects, the contact zone 104 comprises of at least one or more of a packing, splash
bars, trays, or spray nozzles.

[00195] In some aspects, hydration solution stream 108 may include lower quality water,
such as, non-potable water, brackish water, storm water, gray water or process waste water,

and could also contain suspended solids, for example, particulates entrained from the makeup
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water source, and/or particulates captured by the hydration solution from the gas stream 109.
In some aspects, the gas stream 109 is ambient air that moves through the contact zone 104,
gets humidified upon contacting the hydration solution 108 in the packing, and exits the
packing as humidified gas stream 909. In some aspects, the gas stream 909 is sent to a
downstream process, such as a COz capture unit.

[00196]  Stream 108 flows through contact zone 104, is distributed and falls off the packing
as small drops and/or trickles of hydration solution, 908, into the hydration solution basin
collection unit 901, where it comes into contact with the inclined bottom basin area 905.
Some amount of particulates in hydration solution stream 108 will settle out onto the basin
area 905, in particular when the hydration solution flow rate across the basin towards a
suction intake of the pump 113 and piping 918 is low enough, the particulate settling velocity
is high enough, and the distance to the pump’s suction intake and piping 918 is far enough to
enable settling of the particulates out of the hydration solution flow before it reaches the
pump’s suction intake and piping 918.

[00197]  In some aspects, the basin bottom area 905 is inclined such that it remains largely
above the hydration solution level 910, of the bottom basin, and as a result, a solids layer 906,
accumulates. The motion of the hydration solution droplets 908 as they splash onto the
inclined basin surface 905 is such that it displaces some of the solid layer 906 in a downward
direction towards the solids collection basin(s) 915. The solid collection basin could contain
a mechanical removal system 916, for example an auger, screw conveyor, progressive cavity
pump, screw pumps, high density solids pump such as reciprocating pumps, or the like,
which removes the solids material from the basin.

[00198]  In some embodiments, the basin collection unit 901 may be the same shape and
size as the footprint of the contact zone 104, for example rectangular if the packing footprint

is rectangular or circular if the packing footprint is circular, to ensure proper collection of the
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hydration solution. In some embodiments, at least one of the inclined bottom basin 905 and
the solid collection basin(s) 915 allow for solids collection to take place in non-circular
shapes of the footprint of the basin collection system 901.

[00199] In some types of commercial solids separation systems, for example clarifier
settling tank designs, a circular footprint may be necessary to gain full advantage of the use
of solids removal equipment such as sludge raking or suction systems, where a circular
sweeping pattern can remove solids with fewer dead zones from the circular footprint that
from a non-circular footprint.

[00200]  In some aspects, the hydration solution basin collection system 901 described
within this embodiment may be incorporated into any of the other embodiments described in
FIGS. 1-8 and 10-12.

[00201]  Referring to FIG. 10, a hydration system 1000 for the humidification of a gas
stream 109, includes a gas inlet section 102, flexible seals 1009 fitted between the contact
zone 104 and the drift elimination section 106. Along with the drift elimination section106,
the flexible seals minimize the bypass of gas stream 109 around the drift elimination section
106, and leakage from the hydration system 1000. In some aspects system 1000 may include
a control system 999 communicably coupled to the components (illustrated or otherwise). In
some aspects, the contact zone 104 comprises of at least one or more of a packing, splash
bars, trays, or spray nozzles. In some aspects, the gas inlet section 102 is an inlet louver. In
some aspects, the drift elimination section 106 is a drift eliminator that prevents hydration
solution droplets from leaving the hydration system 1000 and entering any downstream
processes.

[00202]  The drift elimination section 106 is coupled to a pre-fabricated frame assembly
1002, which is also coupled to flexible seals 1009 as part of a frame and drift assembly 1005,

which is coupled to the hydration system structure walls 1003. The flexible seal material
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1009 is attached to the framed drift elimination section assembly 1005 to further reduce gas
bypass, resulting in substantially no gas gaps, around the drift elimination section 106.
[00203] In some aspects, the gas stream 109 is ambient air that is induced through the
system 1000 using an induced draft fan 107. The fan 107 may not be fluidly coupled to the
system 1000 and may be a component of a downstream process, such that the gas stream 110
exiting the system 1000 is fed into the downstream process. In some aspects, the fan 107
may be a forced draft fan instead of an induced fan, and as such is placed upstream of the
hydration system 1000, such that at least a portion of the gas stream 109 is forced through the
components of the system 1000. In some cases, the gas stream 110 exiting the system 1000
may carry a portion of the process solution used in the system 1000 as drift. In the case of an
induced draft fan 107, the drift (containing aerosol droplets of process solution, which may
include salts or other impurities, depending on the process solution source) may cause
fouling, corrosion or other form of deterioration of the fan componentry or housing. In such
cases, it may be advantageous to have forced draft fan over an induced draft fan, to reduce
the maintenance cost of the fan 107. In some cases, the process solution used in system 1000
may be the hydration solution 108, as described in FIG. 1.

[00204] In some aspects, the flexible seals 1009 and/or the frame and drift assembly 1005
described within this embodiment may be incorporated into any of the other embodiments
described and shown in FIGS. 1 through 12A-12B.

[00205] Referring to FIG. 11, a COz capture system 1100 includes a hydration sub-system
1101 coupled with a gas-liquid contactor sub-system 1121, where the sub-system 1121 is
configured / purposed for COz capture. The hydration sub-system 1101 includes a gas inlet
section 102, contact zone 104, drift elimination section 206, hydration solution distribution
unit 103, a hydration solution collection basin 105 and a pump 113. The gas-liquid contactor

sub-system 1121 includes COz capture packing 204, drift elimination section 214, CO2
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capture solution distribution unit 203, a pump 213, a COz capture solution collection basin
1105, a CO2 capture solution level measurement device 1117 and an induced draft fan 207.
In some aspects system 1100 may include a control system 999 communicably coupled to the
components (illustrated or otherwise).

[00206] In some cases, the sub-system 1121 includes apparatus and process solutions
similar to direct air capture systems in existence to date. The CO: capture solution 208 used
in the sub-system 1121 is specifically selected for its ability to capture CO2 from gas stream
109. Additionally, the amount and material of construction of contact zone 104 used in the
sub-system 1101 may be different than the CO: capture packing 204, based on the distinctive
characteristics and functions required in each of these systems. The main function of the
hydration solution stream 108 used in the sub-system 1101 is to humidify the gas stream 109
through evaporation of water from the hydration solution, and this hydration solution can be
comprised of a variety of sources such as, non-potable water, sea water, saline water,
brackish water, rain or storm water, gray water, waste water from either the downstream
process or elsewhere, or a combination thereof. In some aspects, the CO2 capture solution
stream 208 used in the sub-system 1121 can be any liquid that can remove at least some CO2
from the gas stream 1110, and can include alkaline solutions, such as, potassium hydroxide,
sodium hydroxide, potassium carbonate and potassium bicarbonate; and can include
additional components, such as catalysts and enzymes, to improve the CO:z uptake of the
liquid solution.

[00207]  The function of the sub-system 1101 is to pre-condition the gas stream 109 before
it is sent to the sub-system 1121. In some aspects, the gas stream 109 is ambient air that
moves through system 1100, and in some cases at least a portion of this movement may be
generated using an induced draft fan 207, which is a component of the downstream gas-liquid

contactor sub-system 1121. In some aspects, the fan 207 may be a forced draft fan instead of
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an induced fan, and as such is placed upstream of the hydration sub-system 1101, such that at
least a portion of the gas stream 109 is forced through the components of the system 1100. In
some cases, the gas stream 210 exiting the system 1100 may carry a portion of the hydration
solution 108, the CO: capture solution 208, or a combination of both as drift. In the case of
an induced draft fan 207, the drift (containing aerosol droplets of one or more of the
hydration solution and the COz capture solution, which may include salts, hydroxide or other
impurities, depending on the hydration solution source and the CO:2 capture solution source)
may cause fouling, corrosion or other form of deterioration of the fan components or housing.
In such cases, it may be advantageous to have forced draft fan over an induced draft fan, to
reduce the maintenance cost of the fan 207.

[00208]  The gas stream 109 is humidified upon contacting the hydration solution stream
108 in the sub-system 1101. In some aspects, this pre-conditioning helps to reduce
evaporative losses from the COz capture solution stream 208 when it comes in contact with
the gas stream 1110. In some aspects, having the hydration sub-system 1101 upstream of the
gas-liquid contactor sub-system 1121 provides a gas stream 1110 to the sub-system 1121
such that water loss through evaporation is minimized from the CO2 capture solution 208 of
the sub-system 1121. In some aspects, this could reduce the amount of fresh CO:2 capture
solution make-up stream 211 required in the gas-liquid contactor sub-system 1121. This CO2
capture solution makeup stream 211 may have restrictions on the types of non-water content,
including for example the types of ionic species, dissolved and suspended solids, metallic,
mineral and organic matter, and the like. These non-water components may have undesirable
effects on process performance of sub-system 1121, and as such need to be restricted from
entry into sub-system 1121. Directly adding non-process liquid into sub-system 1121, from
sources such as those listed as acceptable for sub-system 1101, may not be desirable or

possible. Additionally, in some aspects where sub-system 1121 is operating in hot, dry
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climates, and/or where it might be desirable to conserve potable or clean water, using sub-
system 1101 with alternate water sources, such as those used for the hydration solution
stream 108, as a means of preventing process solution, e.g., CO:2 capture solution evaporation
from sub-system 1121 allows for the use of alternate water sources without incurring the
problems associated with using these sources directly in sub-system 1121.

[00209]  The gas stream 109 is passed through a gas inlet section 102, and into the contact
zone 104. In some aspects, the contact zone 104 comprises of at least one or more of a
packing, splash bars, trays, or spray nozzles. In some aspects, the gas inlet section 102 is an
inlet louver that is used to keep the hydration solution 108 that is moving from the
distribution unit 103 through the contact zone 104 and into the collection basin 105, from
splashing out of the hydration sub-system 1101. After passing through the gas inlet section
102, the gas enters the contact zone 104, which is wetted with the hydration solution 108
flowing down from the hydration solution distribution unit 103, through the contact zone 104
and discharging into the hydration solution collection basin 105. In the contact zone 104, the
gas stream 109 is contacted with the hydration solution 108 and exits the contact zone 104 as
a gas stream 1110, which is partially or fully saturated with at least a portion of evaporated
hydration solution 108. In some cases, the extent of saturation of gas stream 109 can be a
function of the ambient temperature, the temperature of hydration solution stream 108,
surface area of the contact zone 104, and other thermodynamic factors. The partially or fully
saturated gas stream 1110 exits the sub-system 1101 through the drift elimination section
206, which prevents the majority of non-evaporated hydration solution (e.g., hydration
solution droplets) from being carried out of hydration sub-system 1101 by the gas stream
1110. In some aspects, the drift elimination section 206 prevents hydration solution droplets
from leaving the hydration sub-system 1101 and entering the downstream sub-system 1121.

In some implementations, section 206 may contain one or more drift eliminator apparatus,
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inlet louver apparatus similar to described in section 102, or a combination thereof, such that
section 206 can function to contain the hydration solution 108 within the contact zone 104
and CO: capture solution 208 within the CO2 capture packing 204 to minimize or eliminate
cross-contamination of both the solutions. In some cases, the section 206 may be designed to
reduce the pressure drop across it, by optimizing the portion allocated to drift eliminator
function versus inlet louver function. In some instances, parts of the drift elimination section
206 may be a component of the contact zone 104 or the packing 204. In some instances, the
packing 204 may include an inlet louver apparatus, and the section 206 may include a drift
elimination apparatus. In some instances, the contact zone 104 may include a drift eliminator
apparatus, and the section 206 may include an inlet louver apparatus. In some instances, the
contact zone 104 and the packing 204 may include a drift eliminator apparatus and an inlet
louver apparatus, respectively, and the section 206 is optionally included in the system 1100.
[00210] Hydration solution stream 108 flowing down the contact zone 104, as well as any
non-evaporated hydration solution that has been collected by the gas inlet section 102, the
drift elimination section 206 or a combination thereof, is discharged into the hydration
solution collection basin 105. In some cases over time, the hydration solution in the
hydration sub-system 1101, may become concentrated, as a result of the continual
evaporation of pure water. In some cases, as a result of the evaporation process, the
hydration solution may become concentrated with non-volatile components, including for
example, metals, minerals, ions, suspended solids, organics, dissolved solids and the like.
This concentrated solution and the concentrated non-volatiles may be periodically or
continually removed from the basin as a slip stream 112, before the pump 113 recycles the
hydration solution 108 back to the hydration solution distribution unit 103. The collection
basin 105 may also be periodically or continually supplied with a makeup hydration solution

stream 111. In some cases, the source of the makeup hydration solution stream 111 may
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include at least a portion of fresh water, non-potable water, waste water, gray water, rain or
storm water, brackish water, saline water, sea water or the like. In some cases, the hydration
solution distribution unit 103, may include at least a portion of a pressurized header system
with nozzles to spray the hydration solution 108 onto the contact zone 104, a non-pressurized
or atmospheric basin that feeds nozzles which operate using hydrostatic pressure or head, or a
combination thereof.

[00211]  After the non-evaporated hydration solution (e.g., hydration solution droplets) are
removed by the drift elimination section 206, the gas stream 1110 enters the CO:2 capture
packing 204 where the gas stream 1110 comes in contact with the CO2 capture solution 208
which flows down from the distribution unit 203 through the COz capture packing 204. At
least a portion of the CO2 present in the gas stream 1110 reacts with the CO2 capture solution
208 in the COz2 capture packing. CO2 capture solution 208 along with the captured CO:z flows
through the CO: capture packing 204 and is collected in the collection basin 1105. From the
basin, the CO2 capture solution is either recycled in stream 208 to the COz capture solution
distribution unit 203 using pump 213 and flushed back over the CO: capture packing 204 or
is sent as stream 212 for downstream processing, such as, for the recovery of captured COz.
Finally, after having been humidified with water and then having the CO2 removed the gas
passes as stream 210 through the second drift elimination section 214 to prevent the escape of
CO2 capture solution 208 droplets. In some embodiments, the section 214 may contain drift
eliminator apparatus, such that it can function to contain droplets of the CO2 capture solution
208 from being carried away with the gas stream 210 into a downstream process or the
atmosphere.

[00212] In some cases, the CO2 capture solution collection basin 1105 may consist of a
CO2 capture solution level measurement device 1117, where the device 1117 is configured to

measure the level of the CO:2 capture solution in the collection basin 1105. The measurement
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data can be used to control the operation of the sub-system 1101. In some aspects, this
measurement data can be compared against a set point, such that, when the measurement data
is higher than the set point, the sub-system 1101 is turned off, and when the measurement
data is lower than the set point, the sub-system 1101 is turned on. In some cases this is done
to indirectly control the water content of the CO2 capture solution. In some aspects, the
measurement data can be combined with data from other devices, such as the gas analysis
unit device 817 (as described in FIG. 8), to control the operation of the sub-system 1101.
[00213] In some cases, the CO:2 capture system 1100 may include multiple hydration sub-
systems 1101 coupled with multiple gas-liquid contactor sub-systems 1121. In some aspects,
some of the hydration sub-systems are turned on, while the other hydration sub-systems are
turned off, as described with reference to FIG.2. In some cases, this may be based on
feedback from measurement and control systems, such as device 1117 described above, and
other systems as described in FIG. 8.

[00214] Referring to FIG. 12A, a CO2 capture system 1200 includes hydration sub-
systems 1201 coupled with a gas-liquid contactor sub-system 1221, where the sub-system
1221 is configured / purposed as a dual cross flow contactor for COz capture. The hydration
sub-systems 1201 includes gas inlet sections 102, contact zone 104, drift elimination sections
106, hydration solution distribution units 103, hydration solution collection basins 105 and
pumps 113. The gas-liquid contactor sub-system 1221 includes CO2 capture packings 1204,
drift elimination sections 1214, CO:z capture solution distribution units 1203, pumps 1213, a
CO2 capture solution collection basin 12035, sealants 1218, structural housing 1220, open
plenum area 1222, fan cowling outlet 1219 and an induced draft fan 1207. In some aspects
system 1200 may include a control system 999 communicably coupled to the components

(illustrated or otherwise).
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[00215]  The sub-system 1221 described herein is shown as an induced flow dual cross
flow gas-liquid contactor. In this configuration, the fan 1207 is located downstream of the
contact zone 104 and drift elimination section 1214, and it functions to pull gas stream 109
into the system, through the gas inlet sections 102, contact zone 104 and the packing 1204,
and drift elimination sections 1214 before leaving the via the fan cowling outlet 1219. The
structural housing 1220 may include sealants 1218 and an open plenum area 1222. The edges
of the draft elimination sections 1214 may be sealed against the structural housing 1220 using
sealants 1218, such that there are substantially no air gaps or cracks. The sealants 1218 may
be constructed of a flexible and air tight material, and will be chemically compatible and inert
in regards to the CO2 capture solution. An alternative configuration for sealants 1218 and the
drift elimination sections 1214 has been shown in FIG. 12B. In this configuration, the drift
elimination section 1214 is installed immediately below the fan cowling 1219 and the edges
of the drift elimination section 1214 material are sealed against the structural housing 1220.
[00216]  The notion of substantially no air gaps or cracks can mean that between 0-1% of
the total outlet surface area is not directly covered by drift elimination section 1214. The
outlet surface area is the area through which the gas stream 1210 being drawn through the
system 1200 must move in order to exit the system, and may be located downstream of the
CO2 capture packing zone 1204. As shown in FIGs 12A and 12B, the outlet surface area may
include but is not limited to the area immediately adjacent to the packing 1204, the surface
area immediately upstream of the fan 1207 and cowling 1219, and the area downstream of the
packing 1204 but upstream of the plenum 1222.

[00217] In some cases, the sub-system 1221 includes apparatus and process solutions
similar to direct air capture systems in existence to date. The CO:z capture solution 1208 used
in the sub-system 1221 is specifically selected for its ability to capture CO2 from gas stream

109. Additionally, the amount and material of construction of contact zone 104 used in each
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of the sub-systems 1201 may be different than the COz capture packing 1204, based on the
distinctive characteristics and functions required in each of these systems. The main function
of the hydration solution stream 108 used in each of the sub-systems 1201 is to humidify the
gas stream 109 through evaporation of water from the hydration solution, and this hydration
solution can be comprised of a variety of sources such as, non-potable water, sea water, saline
water, brackish water, rain or storm water, gray water, waste water from either the
downstream process or elsewhere, or a combination thereof. In some aspects, the CO2
capture solution streams 1208 used in the sub-system 1221 can be any liquid that can remove
at least some CO:z from the gas streams 110, and can include alkaline solutions, such as,
potassium hydroxide, sodium hydroxide, potassium carbonate and potassium bicarbonate;
and can include additional components, such as catalysts and enzymes, to improve the CO2
uptake of the liquid solution.

[00218]  The function of the sub-systems 1201 is to pre-condition the gas streams 109
before they are sent to the sub-system 1221. In some aspects, each of the gas stream 109 is
ambient air that moves through system 1200, and in some cases at least a portion of this
movement may be generated using an induced draft fan 1207, which is a component of the
gas-liquid contactor sub-system 1221. The gas streams 109 are humidified upon contacting
the hydration solution streams 108 in each of the sub-systems 1201. In some aspects, this
pre-conditioning helps to reduce evaporative losses from the CO2 capture solution streams
1208 when they comes in contact with the gas streams 110. In some aspects, having the
hydration sub-systems 1201 upstream of the gas-liquid contactor sub-system 1221 provides
gas streams 110 to the sub-system 1221 such that water loss through evaporation is
minimized from the CO2 capture solution streams 1208 of the sub-system 1221. In some
aspects, this could reduce the amount of fresh CO: capture solution make-up stream 1211

required in the gas-liquid contactor sub-system 1221. This CO2 capture solution makeup
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stream 1211 may have restrictions on the types of non-water content, including for example
the types of ionic species, dissolved and suspended solids, metallic, mineral and organic
matter, and the like. These non-water components may have undesirable effects on process
performance of sub-system 1221, and as such need to be restricted from entry into sub-
system 1221. Directly adding non-process liquid into sub-system 1221, from sources such as
those listed as acceptable for sub-systems 1201, may not be desirable or possible.
Additionally, in some aspects where sub-system 1221 is operating in hot, dry climates, and/or
where it might be desirable to conserve potable or clean water, using sub-systems 1201 with
alternate water sources, such as those used for the hydration solution streams 108, as a means
of preventing process solution, e.g., COz capture solution evaporation from sub-system 1221
allows for the use of alternate water sources without incurring the problems associated with
using these sources directly in sub-system 1221.

[00219]  In each of the sub-systems 1201, the gas stream 109 is passed through a gas inlet
section 102, and into the contact zone 104. In some aspects, the contact zone 104 comprises
of at least one or more of a packing, splash bars, trays, or spray nozzles. In some aspects, the
gas inlet section 102 is an inlet louver that is used to keep the hydration solution 108 that is
moving from the distribution unit 103 through the contact zone 104 and into the collection
basin 105, from splashing out of the hydration sub-system 1201. After passing through the
gas inlet section 102, the gas enters the contact zone 104, which is wetted with the hydration
solution 108 flowing down from the hydration solution distribution unit 103, through the
contact zone 104 and discharging into the hydration solution collection basin 105. In the
contact zone 104, the gas stream 109 is contacted with the hydration solution 108 and exits
the contact zone 104 as a gas stream 110, which is partially or fully saturated with at least a
portion of evaporated hydration solution 108. In some cases, the extent of saturation of gas

stream 109 can be a function of the ambient temperature, the temperature of hydration
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solution stream 108, surface area of the contact zone 104, and other thermodynamic factors.
The partially or fully saturated gas stream 110 exits the respective sub-system 1201 through
the drift elimination unit 106, which prevents any non-evaporated hydration solution (e.g.,
hydration solution droplets) from being carried out of hydration sub-system 1201 by the gas
streams 110. In some aspects, the drift elimination sections 106 prevents hydration solution
droplets from leaving the hydration sub-systems 1201 and entering the downstream sub-
system 1221. In some implementations, sections 106 may contain drift eliminator apparatus,
inlet louver apparatus similar to that described in unit 102, or a combination thereof, such that
it can function to contain the hydration solution 108 within the contact zone 104 and CO:
capture solution 1208 within the CO:2 capture packings 1204 to minimize or eliminate cross-
contamination of both the solutions. In some cases, the section 106 may be designed to
reduce the pressure drop across it, by optimizing the portion allocated to drift eliminator
function versus inlet louver function.

[00220] In some instances, in each of the sub-system 1201, parts of the drift elimination
section 106 may be a component of the contact zone 104 or the packings 1204. In some
instances, the packings 1204 may include an inlet louver apparatus, and the sections 106 may
include drift eliminator apparatus. In some instances, the contact zones 104 may include drift
eliminator apparatus, and the sections 106 may include inlet louver apparatus. In some
instances, contact zones 104 and the packings 1204 may include drift eliminator apparatus
and inlet louver apparatus, respectively, and the sections 106 are optionally included in the
system 1200.

[00221] Hydration solution streams 108 flowing down the contact zone 104, as well as any
non-evaporated hydration solution that has been collected by the gas inlet sections 102, the
drift elimination sections 106 or a combination thereof, is discharged into the hydration

solution collection basins 105. In some cases over time, the hydration solution in each of the
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hydration sub-systems 1201, may become concentrated, as a result of the continual
evaporation of pure water. In some cases, as a result of the evaporation process, the
hydration solution may become concentrated with non-volatile components, including for
example, metals, minerals, ions, suspended solids, organics, dissolved solids and the like.
This concentrated solution and the concentrated non-volatiles may be periodically or
continually removed from the respective basins 105 as slip streams 112, before the pumps
113 recycle the hydration solution streams 108 back to the hydration solution distribution
units 103. The collection basins 105 may also be periodically or continually supplied with
makeup hydration solution streams 111. In some cases, the source of the makeup hydration
solution streams 111 may include at least a portion of fresh water, non-potable water, waste
water, gray water, rain or storm water, brackish water, saline water, sea water or the like. In
some cases, each of the hydration solution distribution units 103, may include at least a
portion of a pressurized header system with nozzles to spray the hydration solution streams
108 onto the contact zones 104, a non-pressurized or atmospheric basin that feeds nozzles
which operate using hydrostatic pressure or head, or a combination thereof.

[00222]  After the non-evaporated hydration solution (e.g., hydration solution droplets) are
removed by the drift elimination sections 106, the gas streams 110 enters the CO2 capture
packings 1204 where the gas streams 110 comes in contact with the CO2 capture solution
streams 1208 which flows down from the distribution units 1203 through the COz capture
packings 1204. At least a portion of the CO2 present in the gas streams 110 reacts with the
CO2 capture solution 1208 in the COz2 capture packings. COz2 capture solution 1208 along
with the captured CO: flows through the CO2 capture packings 1204 and is collected in the
collection basin 1205. From the basin, the COz capture solution is either recycled in streams
1208 to the CO2 capture solution distribution units 1203 using pumps 1213 and flushed back

over the CO2 capture packings 1204 or is sent as streams 1212 for downstream processing,
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such as, for the recovery of captured COz. Finally, after having been humidified with water
and then having the COz removed the gas streams pass as streams 1210 through the second
drift elimination sections 1214 to prevent the escape of CO2 capture solution 1208 droplets.
In some embodiments, the sections 1214 may contain drift eliminator apparatus, such that it
can function to contain droplets of the COz capture solution 1208 from being carried away
with the gas streams 1210 into a downstream process or the atmosphere.

[00223] In some cases, the CO2 capture system 1200 may include one or more
measurement and control systems (as described in FIG. 8 AND 11). In some aspects, one or
more of the hydration sub-systems 1201 may be turned off or on, based at least in part on the
feedback from the control systems.

[00224] A number of embodiments of the invention have been described. Nevertheless, it
will be understood that various modifications may be made without departing from the spirit
and scope of the invention. Accordingly, other embodiments are within the scope of the
following claims. Further modifications and alternative embodiments of various aspects will
be apparent to those skilled in the art in view of this description. Accordingly, this
description is to be construed as illustrative only. It is to be understood that the forms shown
and described herein are to be taken as examples of embodiments. Elements and materials
may be substituted for those illustrated and described herein, parts and processes may be
reversed, and certain features may be utilized independently, all as would be apparent to one
skilled in the art after having the benefit of this description. Changes may be made in the
elements described herein without departing from the spirit and scope as described in the

following claims.
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WHAT IS CLAIMED IS:

1. A method for humidifying a gas stream using a hydration system, comprising:
directing a gas stream through a contact zone of at least one hydration system;
directing a hydration solution into the contact zone using a pump;

contacting the gas stream with the hydration solution;

evaporating water from the hydration solution into the gas stream to form a

humidified gas stream;

transporting the humidified gas stream out of the at least one hydration system; and

collecting the remaining hydration solution in a hydration solution collection basin

below the contact zone, wherein the at least one hydration system is fluidly coupled to at least
one downstream process and the humidified gas stream from the at least one hydration

system is transported as a feed stream to the at least one downstream process.

2. The method of claim 1, wherein the contact zone comprises a packing
material, and the method further comprises wetting at least a portion of the packing material

with the hydration solution.

3. The method of claim 2, wherein the packing material comprises at least one of

loose fill or structured fill.

4, The method of claim 1, wherein the at least one downstream process
comprises a process solution, a process solution evaporator unit, and a condenser and
collection unit configured to evaporate and collect water from at least a portion of the process

solution.

5. The method of claim 1, further comprising isolating the hydration solution

from the downstream process.

6. The method of claim 1, wherein at least a portion of the hydration solution
comprises at least one of non-potable water, off-spec water, brackish water, saline water, sea
water, waste water, gray water, rain water, storm water, non-process water, or a combination

thereof.

7. The method of claim 1, further comprising controlling a temperature of the

hydration solution.
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8. The method of claim 7, further comprising supplying heat to the at least one

hydration system.

9. The method of claim 8, wherein the supplied heat is supplied from the

downstream process.

10. The method of claim 1, wherein the contact zone comprises a wetted surface
area within the contact zone volume, the method further comprising:

controlling a rate and a direction of hydration solution flow into the contact zone, and

varying a ratio of the wetted surface area to contact zone volume within a range of

between 0 m%/m> and 2000 m?/m?.

11. The method of claim 1, further comprising separating solids from the

hydration solution.

12. The method of claim 11, wherein separating solids from the hydration solution
comprises:

operating the hydration solution collection basin fluidly coupled to the at least one
hydration system and a mechanical removal system and at least one solid collection zone;

flowing a mixed stream of liquids and solids into the hydration solution collection
basin; and

collecting and processing the solids from the mixed stream with the mechanical

removal system and the at least one solid collection zone.

13. The method of claim 12, wherein the mechanical removal system comprises at
least one of an auger, screw conveyor, progressive cavity pump, screw pump, high density

solids pump, or reciprocating pump.

14.  The method of claim 1, further comprising reducing drift of the humidified gas

stream.
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15.  The method of claim 14, wherein reducing drift comprises:

flowing at least a portion of the humidified gas stream through a frame and drift
assembly that comprises a pre-fabricated mechanical frame coupled to a drift eliminator
material with substantially no air gaps between the drift eliminator material and mechanical

frame.

16. The method of claim 15, wherein reducing drift further comprises coupling the

frame and drift assembly to the at least one hydration system.

17.  The method of claim 15, wherein the frame and drift assembly further
comprises a flexible sealant coupled to at least one of the drift eliminator material or the pre-

fabricated mechanical frame.

18. The method of claim 1, further comprising capturing CO2 from at least one of

a dilute gas source or a point source.

19. The method of claim 18, wherein the dilute gas source comprises air, and the
point source comprises at least one of a flue gas, reservoir gas, waste gas, exhaust flue stack
gas from power generation processes, exhaust flue stack gas from concrete production

processes, or exhaust from a combustion process.

20. The method of claim 1, wherein the downstream process comprises a

bioreactor system.

21.  The method of claim 1, wherein directing the gas stream comprises circulating

the gas stream with one or more of a fan or blower.

22. The method of claim 18, wherein capturing CO2 comprises capturing the CO2

in a dual cross flow contactor.

23. The method of claim 1, further comprising turning on and turning off at least
one of the at least one hydration system as part of controlling the at least one downstream

process.
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24, The method of claim 1, further comprising controlling at least a portion of the
at least one downstream process by adjusting at least one of a temperature of the hydration
solution, a direction or flow rate of hydration solution through the contact zone, or a flow of

gas through the contact zone.

25. An apparatus for humidifying a gas stream, comprising:

inlet ports arranged to receive at least one feed stream into a hydration housing vessel;

a gas inlet section configured to receive at least one gas feed stream into the hydration
housing vessel, the inlet ports and the gas inlet section coupled to the hydration housing
vessel;

a hydration solution having a capacity for hydrating at least one of the gas feed
streams;

a contact zone coupled to the hydration housing vessel and configured for gas-liquid
contact;

a solution distribution system coupled to the hydration housing vessel and comprising
a pump configured for flowing the hydrating solution over at least a portion of the contact
zone;

a hydration solution collection basin coupled to the hydration housing vessel and
configured to receive the hydration solution leaving the contact zone;

a drift elimination section coupled to the hydration housing vessel and configured to
prevent hydration solution from leaving with a humidified gas stream;

at least one outlet coupled to the hydration housing vessel and configured to dispense
the humidified gas stream; and

at least one outlet port coupled to the hydration housing vessel and configured to

discharge at least a portion of the hydration solution.

26.  The apparatus of claim 25, wherein the contact zone comprises packing
material.
27. The apparatus of claim 26, wherein the packing material comprises at least

one of loose fill or structured fill.
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28. The apparatus of claim 25, wherein the apparatus is coupled to a downstream
process, and at least a portion of a humidified gas stream exiting the apparatus is fluidly

connected to the downstream process.

29. The apparatus of claim 28, wherein the drift elimination section is configured
to isolate the hydration solution from the downstream process, and comprises one or more of

drift eliminators, inlet louvers, demisters, or a combination thereof.

30.  The apparatus of claim 28, wherein the downstream process comprises at least
one of a fan or blower configured to move at least a portion of the humidified gas stream

through the apparatus, and into the downstream process.

31.  The apparatus of claim 28, wherein the downstream process comprises a
process solution, a process solution evaporator unit, and a condenser and collection unit

configured to evaporate and collect water from at least a portion of the process solution.

32.  The apparatus of claim 28, wherein one or more of the apparatus and the

downstream process are fluidly connected to a water treatment and filtration system.

33. The apparatus of claim 28, further comprising a temperature control system
configured to control the temperature of the hydration solution, wherein the temperature

control system comprises at least one of a heat exchanger and a gas analysis unit.

34.  The apparatus of claim 33, wherein the heat exchanger is configured to receive
at least one heat stream, and the at least one heat stream comprises heat from a downstream

process.

35.  The apparatus of claim 25, wherein the contact zone comprises a wetted
surface area within the contact zone volume, the apparatus further comprising;

a flow control system configured to control one or more of a flow rate and a flow
direction of the hydration solution over the contact zone, and further configured to vary a
ratio of the wetted surface area to contact zone volume within a range of between 0 m?/m?

and 2000 m%/m3.

36. The apparatus of claim 25, wherein the hydration solution collection basin
comprises:

at least one or more solid collection zones; and
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a solids transfer system coupled to the hydration solution collection basin and

configured to remove solid material from the at least one or more solid collection zones.

37.  The apparatus of claim 36, wherein the solids transfer system comprises at
least one of an auger, screw conveyor, progressive cavity pump, screw pump, high density

solids pump, or reciprocating pump.

38. The apparatus of claim 36, wherein the hydration solution collection basin
comprises an inclined bottom basin area and a liquid level, wherein the inclined bottom basin

area is sloped down towards the at least one or more solid collection zones.

39.  The apparatus of claim 25, wherein the drift elimination section further
comprises:
a pre-fabricated mechanical frame; and

a drift eliminator material coupled to the pre-fabricated mechanical frame.

40. The apparatus of claim 39, further comprising a flexible sealant pressed
against the drift eliminator material configured for substantially no air gaps between the

hydration housing vessel and the drift eliminator material.

41. The apparatus of claim 25, wherein the hydration solution comprises non-
potable water, off-spec water, brackish water, saline water, sea water, waste water, gray

water, rain water, storm water, non-process water, or a combination thereof.

42.  The apparatus of claim 28, wherein the downstream process comprises a

system for capturing CO: from at least one of a dilute gas source or a point source.

43.  The apparatus of claim 42, wherein the dilute gas source comprises air, and
the point source comprises at least one of a flue gas, reservoir gas, waste gas, exhaust flue
stack gas from power generation processes, exhaust flue stack gas from concrete production

processes, or exhaust from a combustion process.

44, The apparatus of claim 28, wherein the downstream process comprises a

bioreactor system.

45.  The apparatus of claim 25, wherein at least one of the gas inlet section or the

at least one outlet comprises one or more of a fan or blower.
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46. The apparatus of claim 42, wherein the system for capturing CO2 comprises a

dual cross flow contactor.

47. A system for humidifying a gas stream comprising:
a plurality of hydration apparatus, each of the plurality of hydration apparatus
comprising:

inlet ports arranged to receive at least one feed stream into a hydration housing
vessel;

a gas inlet section configured to receive at least one gas feed stream into the
hydration housing vessel, the inlet ports and the gas inlet section coupled to the hydration
housing vessel;

a hydration solution having a capacity for hydrating at least one of the gas feed
streams;

a contact zone coupled to the hydration housing vessel and configured for gas-
liquid contact;

a solution distribution system coupled to the hydration housing vessel and
comprising a pump configured for flowing the hydrating solution over at least a portion of the
contact zone;

a hydration solution collection basin coupled to the hydration housing vessel
and configured to receive the hydration solution leaving the contact zone;

a drift elimination section coupled to the hydration housing vessel and
configured to prevent hydration solution from leaving with a humidified gas stream;

at least one outlet coupled to the hydration housing vessel and configured to
dispense the humidified gas stream; and

at least one outlet port coupled to the hydration housing vessel and configured
to discharge at least a portion of the hydration solution;

at least one downstream process fluidly coupled to at least one of the plurality of
hydration apparatus; and

a control system coupled to the plurality of hydration apparatus and the at least one
downstream process and configured to perform operations comprising selectively turning on
and turning off the plurality of hydration apparatus as part of controlling the at least one

downstream process.
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48. The system of claim 47, further comprising at least one process solution level
measurement device coupled to at least one hydration apparatus and the at least one

downstream process, the control system further configured to perform operations comprising:

receiving an output from the at least one process solution level measurement device;
and
controlling, based on the received output, a water content of the at least one

downstream process.

49, The system of claim 47, wherein each of the plurality of hydration apparatus
further comprises at least one temperature measurement device, the control system further
configured to perform operations comprising:

receiving a temperature output from the at least one temperature measurement device;
and

controlling, based on the received temperature output, at least a portion of the at least
one downstream process by adjusting at least one of a temperature of the hydration solution, a
direction or flow rate of hydration solution through the contact zone, or a flow of gas through

the contact zone.

50. The system of claim 47, wherein the control system is further configured to
perform operations comprising controlling a fan or blower positioned in at least one of the

gas inlet section or the at least one outlet.
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