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(57) ABSTRACT

A process and apparatus of separating CO, gas from indus-
trial off-gas source in which the CO, containing off-gas is
introduced deep within an injection well. The CO, gases are
dissolved in the, liquid within the injection well while non-
CO, gases, typically being insoluble in water or brine, are
returned to the surface. Once the CO, saturated liquid is
present within the injection well, the injection well may be
used for long-term geologic storage of CO, or the CO, satu-
rated liquid can be returned to the surface for capturing a
purified CO, gas.

11 Claims, 2 Drawing Sheets
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1
SUBSURFACE CAPTURE OF CARBON
DIOXIDE

RELATED APPLICATION

This application claims the benefit of U.S. Application Ser.
No. 61/143,232 filed Jan. 8, 2009 and is incorporated herein
by reference.

STATEMENT AS TO RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED
RESEARCH AND DEVELOPMENT

This invention was made with Government support under
Contract No. DE-AC09-08SR22470 awarded by the United
States Department of Energy. The Government has certain
rights in the invention.

FIELD OF THE INVENTION

This invention is directed to an apparatus and a process for
the capture of carbon dioxide (CO,) gases in subsurface
hydrostatic conditions. The present invention is further
directed towards long-term storage of CO, gases in aquifers
and reservoirs that do not require a cap lock/seal, geologic
trap, or use of supercritical CO, pressures.

BACKGROUND OF THE INVENTION

It is known in the art to use supercritical CO, conditions to
trap and store CO, gases. Because of the unique requirements
of supercritical CO,, below ground storage of CO, has here-
tofore required safety traps and adequate geologic cap lock/
seals which has largely restricted suitable reservoirs to oil and
gas fields. The number of available oil and gas fields and their
capacity are but a few of the limitations which prevent more
widespread use of supercritical CO, storage.

Alternatively, it has been proposed to use above ground
processing of brine by dissolving the CO, in a surface facility
prior to injection of the saturated brine into the groundwater.
One such methodology is described in the publication Sur-
face Dissolution: Minimizing Groundwater Impact and Leak-
age Risk Simultaneously as published in Energy Procedia in
2008 authored by MacMillan Burton and Steven Bryant.
However, the methodology proposed by Burton and Bryant is
very capital and energy intensive in that above-ground treat-
ment and pressurization of the brine and CO, gases is
required and relies upon numerous injection wells.

Accordingly, there remains room for variation and
improvement within the art.

SUMMARY OF THE INVENTION

It is one aspect of at least one of the present embodiments
to provide for an apparatus and process in which an injection
well is used to dissolve carbon dioxide gases into water. The
dissolution of CO, gases into water within an injection well
may be used with a CO, capture process. Optionally, the
process may be further utilized to provide long-term geologic
storage of CO, under non-critical pressure conditions within
an aquifer.

It is a further aspect of at least one of the present embodi-
ments to use counterflow bubble columns in an injection well
to saturate water with CO, gas prior to releasing CO, satu-
rated water from the injection well.

It is a further aspect of at least one of the present embodi-
ments to provide for an injection well which is in communi-
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cation with a source of CO, containing gases of an industrial
waste stream. The waste stream gases are transported below
ground to one or more saturation modules within the injection
well. As the CO, gases are dissolved in the water, the undis-
solved non-CO, gases are returned to the surface for conven-
tional treatment. The CO, saturated water is then injected into
the subsurface aquifer.

It is yet a further aspect of at least one of the present
embodiments to provide a process and apparatus in which
CO, gases can be stripped from industrial flue gases, the CO,
gases being used to saturate water while within a portion of an
injection well. Following saturation, the CO, saturated water
or brine solution is released into the groundwater where the
greater density of the CO, saturated water helps maintain a
continuous gradient flow of CO, saturated water away from
the injection point of the well.

It is yet a further aspect of at least one of the present
embodiments to provide a process and apparatus in which the
water column pressure associated with a well is used to cap-
ture and/or provide for storage of CO, gas dissolved in the
water. The water pressure provided by the well head water
column greatly facilitates the CO, separation and CO, storage
energy needs by using the well head pressure to maintain the
CO, gas concentrations within the saturated injection well
water.

It is a further aspect of at least one of the present embodi-
ments to provide a process and apparatus in which a well may
be utilized to capture CO, gases, within the water or brine by
saturation, which will release the CO, when the water or brine
is returned to a lower pressure condition.

These and other features, aspects, and advantages of the
present invention will become better understood with refer-
ence to the following description and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

A fully enabling disclosure of the present invention,
including the best mode thereofto one of ordinary skill in the
art, is set forth more particularly in the remainder of the
specification, including reference to the accompanying draw-
ings.

FIG. 1 is a schematic view of a CO, capture process and
apparatus using an injection well.

FIG. 2 is a schematic view of a CO, capture process and
apparatus including geological storage of CO, under non-
critical conditions.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Reference will now be made in detail to the embodiments
of'the invention, one or more examples of which are set forth
below. Each example is provided by way of explanation of the
invention, not limitation of the invention. In fact, it will be
apparent to those skilled in the art that various modifications
and variations can be made in the present invention without
departing from the scope or spirit of the invention. For
instance, features illustrated or described as part of one
embodiment can be used on another embodiment to yield a
still further embodiment. Thus, it is intended that the present
invention cover such modifications and variations as come
within the scope of the appended claims and their equivalents.
Other objects, features, and aspects of the present invention
are disclosed in the following detailed description. It is to be
understood by one of ordinary skill in the art that the present
discussion is a description of exemplary embodiments only
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and is not intended as limiting the broader aspects of the
present invention, which broader aspects are embodied in the
exemplary constructions.

In describing the various figures herein, the same reference
numbers are used throughout to describe the same material,
apparatus, or process pathway. To avoid redundancy, detailed
descriptions of much of the apparatus once described in rela-
tion to a figure is not repeated in the descriptions of subse-
quent figures, although such apparatus or process is labeled
with the same reference numbers.

In accordance with the present invention, an injection well
may be used to dissolve CO, into a water source. As seen in
reference to FIGS. 1 and 2, the water source may be derived
from a remote extraction well field.

CO, is known to have high solubility in water. At higher
hydrostatic pressures, the solubility of CO, is increased to
approximately 50 gms CO,/kg of water at depths of around
2,000 feet below an aquifer’s surface. When saturated water
or brine is placed in a subsurface environment, the greater
density which is attributable to the dissolved CO, makes the
water negatively buoyant and it will subsequently migrate in
a downward direction. As a result, the necessity of a suitable
cap lock/seal or geologic trap is not needed in order to contain
the dissolved CO, gas. As a result, the geologic storage of
CO, using the process and apparatus described herein opens
up a much larger number and variety of aquifers which are
suitable for storage of CO, saturated water or brine. Under the
conditions described herein, the injection well pressure can
be utilized to store CO, in a sub-surface environment in aque-
ous concentrations of about 6% by mass.

Set forth in FIG. 1 is a schematic diagram directed to an
overall process 10a using an injection well to saturate water
with CO, for a CO, capture process. As seen in reference to
FIG. 1, an industrial process 20 is illustrated that is associated
with a CO, discharge. The CO, discharge may be from a
variety of manufacturing and refining processes which gen-
erate high volumes of CO,.

The CO, enriched industrial source gas is collected and
processed within a gas compression subsystem 30 in which
the CO, rich source gas is cooled as needed and compressed.
From the subsystem 30, the CO, enriched gas is introduced
into a well head 40. Well head 40 has a controlled water level
42 through which the CO, flows along supply line 44 and
branches off at multiple locations into a multi-stage process
modules 46, each module including absorption and gas sepa-
ration units. Non-CO, gases within the source gas are much
less soluble in water and will be separately returned to the
surface where they may be treated or separated by other
conventional techniques or apparatuses.

As the water/brine solutions becomes saturated with CO,,
a return line 54 is used to remove the CO, saturated water
where it is pumped through a series of gas separators as seen
in a high pressure gas separator 70, mid-pressure gas separa-
tor 71 and low-pressure gas separator 74. The recovered CO,
from the gas separators may be directed to an energy recovery
subsystem 60 where moisture is removed and purified CO,
gas is collected as reflected by a collection outlet 62. The
energy recovery subsystem 60 also utilizes non-soluble gas
from the gas separation units within modules 46 as seen by
gas return lines 58. The non-soluble gases are directed to
energy recovery sub-system 60 where the non-soluble gas is
processed and may ultimately be discharged.

The process as set forth in FIG. 1 takes advantage of the
gravity induced pressure well head such that discharged water
or brine solution becomes saturated with CO, gas at the
hydrostatic pressure at the bottom of seal 50, and is then
redirected towards the surface for depressurization and off-
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gassing of the CO,. For adequate saturation of gas within the
well, it is desirable to have a well depth of at least about 2000
feet, though the actual depth of the well may vary with area
geology.

As seen in reference to FIG. 2, a schematic diagram and
supporting apparatuses are seen in reference to a process 106
of capturing and storing geologically CO,.

As seen in reference to FIG. 2, an industrial process 20,
which generates CO, discharges has the CO, source gas col-
lected and transferred to a gas compression subsystem 30.
The gas compression subsystem 30 is used to accumulate a
CO, rich gas which is then supplied under pressure to the
bottom of a well 40. The compressed source gas is introduced
into the well along a supply line 44 where the CO, gas enters
a series of modules 46 which are used to absorb non-CO, and
to further separate out the non-CO, gases from the source gas
constituents. The gas, in the form of a CO, saturated liquid,
exits the multi-absorption and separation units and is intro-
duced into a discharge region of the well. A return line 52 is
used to transport non-soluble gases to an energy-recovery
subsystem 60 for processing and discharge of non-soluble
gases.

As further seen in FIG. 2, a withdraw well 80 may be
utilized with pump 82 to provide a water source for maintain-
ing the water level within well head of well 40. As seen,
additional water input may be from other site specific sources
and may include saline water, waste water or other discharge-
able water/brine sources which may be discharged into the
aquifer. As further seen in reference to both FIG. 1 and FIG.
2, appropriate support rings and packing material 56 may be
provided to eliminate contamination of the well.

As seen in reference to FIGS. 1 and 2, a water level 42 is
maintained within the structural well 40. The mass of the
water column within the well helps maintain the high pressure
conditions to facilitate discharge of the saturated accumula-
tion of CO, within the bottom of the well. As seen in reference
to FIG. 1, the CO, saturated liquid such as water/brine may be
returned to the surface for processing and CO, capture or, as
described in reference to FIG. 2, may be discharged into the
associated aquifer.

As set forth in FIGS. 1 and 2, the injection well may
employ a gas cushion for water/gas separation and recycling.
The saturation module(s) within the well uses a counterflow
bubble column that may be configured for desired length and
saturation levels depending upon flow rate and the nature of
the source gas. Use of counterflow bubble columns for gas
saturation is well known within the art. As further seen in
FIGS. 1and 2, a conventional free gas separator is provided to
separate gaseous (undissolved) remove CO, and other gas
bubbles prior to injection.

The excess gas which is captured in the separator may be
introduced into the gas cushion for recycle. As illustrated,
well packers may be used to create a seal between the well
casing and the injection well components.

As seen in FIGS. 1 and 2, the water level within the injec-
tion well may be controlled by the injection rate of water from
an extraction well, the permeability of the receiving aquifer,
as well as the injection rate of gas into the saturation modules.
The interaction of these various parameters controls the free
gas capture rate as well as the release of gas from the gas
cushion or recycle or venting to the atmosphere.

The gas cushion illustrated in the injection well functions
as an “in well” gas/water separator. The water level at the base
of the gas cushion can also be controlled by the rate of water
injection, the rate of gas injection, and the amount of recycle/
venting of gas from the gas cushions.
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The apparatus and process described above is well suited
for capturing of CO, gases from flue gases and other indus-
trial sources. CO, has a solubility in water which is dozens of
times greater than the non-water vapor components of con-
ventional flue gases. For industries such as cement manufac-
turing, burnt lime production, and coal fired utility plants, the
flue gases are rich in CO,. While other flue gas components
may be dissolved into the water, such dissolution of non-CO,
gases is at extremely low concentrations and is miniscule
compared to the relative saturation amount of CO, in the
water/brine.

The presence of dissolved CO, in the water and/or brine
solution is mildly acidic which helps prevent the formation of
scale on the processing equipment. Further, once injected into
the subsurface, the CO, contained within the water will have
atendency to mineralize into mineral carbonates. The forma-
tion of carbonates will extend the capacity of the aquifer for
storage of CO, and also provides for a very durable compo-
nent of a stored CO,, product.

As seen in reference to FIGS. 1 and 2, the operation of the
injection well can be remote from the source of the CO,
containing industrial gas. Likewise, as is well known to one
having ordinary skill in the art, the operation of an extraction
well and related injection well may create the necessary sub-
surface directional flow and beneficial pressures to facilitate
the introduction of the saturated CO, water/brine into the
subsurface region. As the more dense water saturated with
CO, will migrate in a downward direction, the injection well
can operate for extended periods of time as the introduced
material migrates away from the injection point.

An advantage of the present process over the surface pres-
surization of both water and gases is that the present process
uses gravity to provide the hydrostatic pressurization of the
water. The source gases are then injected at various depths in
at corresponding pressures to optimize the energy required
for the compression process. Further energy savings are real-
ized through the use of the described ancillary above-ground
subsystems, such as compression, heat transfer and energy
recovery, which further optimize energy use and recovery to
make the process more economically viable.

Although preferred embodiments of the invention have
been described using specific terms, devices, and methods,
such description is for illustrative purposes only. The words
used are words of description rather than of limitation. It is to
be understood that changes and variations may be made by
those of ordinary skill in the art without departing from the
spirit or the scope of the present invention which is set forth in
the following claims. In addition, it should be understood that
aspects of the various embodiments may be interchanged,
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both in whole, or in part. Therefore, the spirit and scope of the
appended claims should not be limited to the description of
the preferred versions contained therein.
That which is claimed:
1. A process of separating carbon dioxide from a waste gas
comprising the steps of:
transporting said waste gas from above ground to a satura-
tion module below ground, the saturation module being
within a well, the waste gas comprising carbon dioxide
and non-carbon dioxide gases, the waste the to the satu-
ration module via a supply line:
transporting a liquid within the well, the liquid flowing
downward below ground and within the well;

introducing said waste gas from the supply line into the
liquid contained within said well at the saturation mod-
ule, the carbon dioxide dissolving into the liquid follow-
ing the introduction and the liquid becoming saturated
with the carbon dioxide within the well, the non-carbon
dioxide gases substantially insoluble in said liquid;

returning the non-carbon dioxide gases to above-ground
via a first return line from the saturation module; and

removing the liquid that has been saturated with the carbon
dioxide from the well.

2. The process according to claim 1, further comprising
supplying the waste gas to the well from an industrial source.

3. The process according to claim 1, wherein said well is
about 2,000 feet below ground surface.

4. The process according to claim 1, wherein the process
utilizes more than one saturation module.

5. The process according to claim 1, wherein the liquid is
water or brine.

6. The process according to claim 1, wherein the liquid that
has been saturated with the carbon dioxide is removed from
the well to above-ground via a second return line.

7. The process according to claim 6, further comprising
capturing the carbon dioxide that saturated the liquid, the
carbon dioxide that is captured being substantially free of the
non-carbon dioxide gases.

8. the process according to claim 7, further comprising
returning the liquid to the well in a recirculation loop.

9. The process according to claim 1, further comprising
directing the non-carbon dioxide to an energy recovery sub-
system.

10. The process according to claim 1, further comprising
compressing the waste gas prior to transporting the waste gas
to the saturation module within the well.

11. The process according to claim 1, wherein the satura-
tion module comprises a counter-flow bubble column.

#* #* #* #* #*
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In the Claims

-- Claim 1, column 6, lines 10-11 -- please correct “...the waste the to the saturation module via a
supply line;” to read as follows -- ““...the waste gas being transported to the saturation module via a

supply line;”

Signed and Sealed this
Twenty-eighth Day of October, 2014

Decbatle X Loa

Michelle K. Lee
Deputy Director of the United States Patent and Trademark Office



	Clemson University
	TigerPrints
	7-22-2014

	Subsurface Capture of Carbon Dioxide
	Gerald Blount
	Alvin A. Siddal
	Ronald W. Falta
	Recommended Citation


	US000008783371X620141028

