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Introduction

atural gas, oil, and coal provide approximately 85% of
Nhumankind’s primary energy sources.' Studies indi-

cate that the high share of fossil fuels in primary
energy production (the energy found in nature which has not
been subjected to conversion and transformation processes)
may remain constant over the next 20 years,' despite much in-
terest and activities in the development of alternative energy
sources. Alternatives to natural gas and oil are limited. Both
technological and institutional problems preclude energy gen-
eration from alternative sources on a scale comparable to oil
and gas utilization in the foreseeable future. The main reason
for this heavy reliance on fossil fuels is growth in energy
demand in developing countries, where the increase in the
standard of living is tied to energy usage.

Burning of fossil fuels produces large quantities of CO,.
The annual release of CO, into the atmosphere is estimated to
be around 28 Gigatons. For the last few centuries prior to the
industrial revolution, the average atmospheric CO, concentra-
tion was about 280 ppm.” Since the onset of the industrial rev-
olution, there has been an increase in the CO, concentration to
the current level of around 390 ppm. The annual increase in
the atmospheric CO, concentration is currently” at a high level
of 1to2 ppm.2 In the past 400,000 years, there have been four
cycles of abrupt climate change. Various studies show that
these abrupt changes are closely linked to the concentration of
CO,, and to a lesser degree to other greenhouse gases.3 In a ar-
ticle published in 1895, the Swedish chemist Svante Arrhenius
predicted that CO, concentration in the atmosphere would
have a greenhouse effect resulting in global warming.4 His
concern was the use of too much coal in the future. Coal has a
high carbon to hydrogen ratio while natural gas, the premium
fuel of this century, has the lowest C/H ratio among fossil
fuels. Arrhenius calculated that one should expect an increase
of 5 to 6°C in the earth’s average surface temperature with a
doubling of CO, concentration from 280 ppm (at his time) to
560 ppm. Surprisingly, Arrhenius’ calculation is consistent
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with current estimates of global warming. The fourth assess-
ment report of the Intergovernmental Panel on Climate
Change® warns that “warming of the climate system is
unequivocal.” According to some recent studies, we have al-
ready reached CO, levels that compromise the stability of the
polar ice sheets.® Satellite data reveal that the mass loss of
Greenland and Antarctic ice sheets is accelerating with time and
more closely follows a quadratic trend than a linear one.” There
are various indications that further increase in CO, concentra-
tion in the atmosphere will increase the Earth’s temperature.’
Another consequence of rising CO, concentration in the atmos-
phere is the increase in CO, solubility in the oceans and the con-
sequent increase in ocean acidification, with currently unknown
effects on the marine life. Anthropogenic climate change may
give rise to physical, chemical, biological, economic, and politi-
cal effects whose possible consequences defy imagination. A so-
lution to this new and major challenge facing humankind will
likely require a multifaceted and interdisciplinary approach. The
chemical engineering profession can play a leading role in find-
ing solutions to many aspects of this challenge.

Perhaps the most effective way to solve the issue of global
warming is reduction of CO, emissions to the atmosphere
from combustion of fossil fuels through capture from station-
ary sources. A single coal-fired power plant with 1,000 MWe
capacity generates about 20,000 tons of CO, a day. Such a
large amount can be stored in a nearby subsurface formation.
Other options such as ocean storage in the form of small drop-
lets of CO, or creation of large CO, lakes are being increas-
ingly ruled out because of environmental, legal, and economic
concerns.® Still other options, such as enhancing CO, uptake
by plants and soil microorganisms are currently considered to
be of limited potential, but can be effective as supplements.

In this Perspective, the focus will be on storage, and we
will argue that subsurface storage is a natural choice, and that
there is much storage potential in the subsurface geological
formations. The most costly component is CO, capture, which
will be briefly reviewed first.

Carbon Capture

Large-scale carbon dioxide removal from gases has been in
use for several decades. Some of the natural gases obtained
from the subsurface have large quantities of CO,. The
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removed CO, has often been released to the atmosphere. In
recent years, some projects have included removal of CO,
from natural gases and subsurface storage, either in saline
aquifers9 or in depleted nearby gas reservoirs.'® For CO, cap-
ture from large power plants, there is a need for more eco-
nomical CO, separation technologies, where at least 70% of
the total capture and storage costs may be involved.'" Four
methods of capture will be reviewed: (1) postcombustion cap-
ture, (2) precombustion capture, (3) oxy-fuel combustion, and
(4) direct capture from the atmosphere. The last option is not
necessarily connected with power plants.

The standard technique for postcombustion capture is use of
a solvent to absorb CO, from the flue gas, similar to CO, re-
moval from natural gases. Amines like monoethanolamine have
been used as a solvent for a long time.'? Both high CO, solubil-
ity and high mass-transfer rates may be achieved using a mix-
ture of amino alcohols with amines.'”> Membrane techniques
are being increasingly considered for removal in high CO,-con-
tent natural gases and in capture from power plants. The action
of the membranes may be facilitated with chemical agents that
react selectively and reversibly with CO,."* An advantage of
postcombustion capture is that the necessary technological
components can be readily added to existing host plants.

The relatively low CO, concentration in the flue gas, how-
ever, limits the efficiency of these capture methods. This defi-
ciency is circumvented in precombustion capture, where fuel
is converted to a clean synthesis gas (syngas) in a gasifier that
can operate at a pressure of 65 bar or higher.® The highly con-
centrated CO, can be removed from the syngas before it
reaches the combustion chamber. After CO, removal, the syn-
gas is rich in hydrogen (H,); the overall efficiency may be
improved by using the H, to run fuel cells or to serve as a fuel
in electricity-generating turbines.

Oxy-fuel combustion is carried out in an oxygen-rich mix-
ture of recycled flue gas and high-purity oxygen supplied by a
cryogenic air separation unit (ASU). As a result, the product
is rich in CO, and water vapor. Carbon dioxide is separated
by condensing the water vapor. This technology can also be
retrofitted to existing plants, and unlike in postcombustion
capture, no solvents are required. The need for an ASU and
recycling of flue gas, however, significantly increases the cost.
A more inexpensive alternative may be to use metal oxides to
serve as oxygen carriers during combustion.®

Perhaps the most ambitious and least developed method is
capture from ambient air to reduce atmospheric CO, concentra-
tion directly. Because of rapid mixing processes in the atmos-
phere, air capture plants can be effective even when built in
remote areas.'> This allows flexibility to build them near
remote sequestration sites or in areas where construction and
operation costs may be low. Funding in air capture research has
been limited mainly due to concerns about economic viability,
although a true assessment of the costs will be possible only
when a pilot-scale development is completed.'® Even with the
limited funding currently available, some success has been
reported with both solid sorbents (e.g., amines on a mesoporous
silica substrate), and liquid sorbents (alkaline solutions).'®

CO, Storage in the Subsurface

There is plenty of CO, in subsurface formations. In a large
number of oil and gas reservoirs, CO, content is very high. In
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some oil reservoirs, the CO, content is as high as 70-80 mol
%."7 In gas reservoirs, CO, content can be higher than 90 mol
%."” Most of the CO, used for improved oil recovery is drawn
from the naturally occurring sources in the subsurface. There
is a large amount of CO, dissolved in some aquifers below
the oil and gas formations. Concentration of CO, in some
aquifers is around 5 weight %. The size of the aquifers can
sometimes be orders of magnitude larger than the aforemen-
tioned oil and gas formations.

Carbon dioxide and water are the main volatile species in
Earth’s upper mantle and crust. CO, is generated by rapid
reaction of calcite and quartz at high-temperature and pressure
in the upper mantle.'® The source of CO, in some oil and gas
reservoirs is likely the upper mantle and crust.

CO, can be stored in the subsurface in different types of for-
mations. Two forms of CO, placement help with oil and meth-
ane production and may have immediate economic benefits.

CO,, for Improved Oil Recovery

CO; has been injected in subsurface hydrocarbon reservoirs
for the purpose of improved oil recovery in the last four deca-
des. Current CO, injection for improved oil recovery is
around 70,000 tons per day worldwide.'® This modest amount
is about the same as the CO, generated from a 3,500 MWe
coal-fired power plant. The improved oil production from CO,
injection is about 300,000 barrels of oil per day worldwide."”
The main mechanism for CO, improved recovery is solubili-
zation of CO, in the oil, which can result in compositions as
rich as 70-80 mol % CO,. The solubility of CO, can drasti-
cally decrease viscosity (one- or two-orders of magnitude for
some oils) and can result in oil swelling by as much as 50—
60%.%° Swelling gives rise to the increase in oil recovery, and
viscosity reduction improves the mobility ratio of the phases
and results in increased well productivity.zo’21

CO, injection for the purpose of improved recovery has
been mainly limited to the USA and Canada, due to the prox-
imity to natural CO, reservoirs. The potential for CO, injec-
tion worldwide is much higher. Current oil production from
CO,-improved recovery is less than 0.4% of total oil produc-
tion worldwide. We believe when CO, becomes available eco-
nomically from capture, its injection for improved oil recov-
ery can potentially increase by one or two-orders of magni-
tude. Very large-scale fluid injection in oil reservoirs, when
beneficial, can be carried out successfully. In the Cantarell oil
field complex in Mexico, nitrogen extracted from the air is
being injected at the level of 55,000 tons per day,22 which is
of the same order as the amount of CO, injection for
improved recovery in the world. We would like to point out
that current numerical models require much advancement to
reliably predict CO, injection in both complex hydrocarbon
reservoirs, as well as in saline aquifer formations. The defi-
ciency in the current algorithms is that not all of the important
physics of CO, injection is taken into account properly.?’**

CO, Storage in Depleted Oil
and Gas Reservoirs

A large number of oil and gas reservoirs in different parts
of the world have been depleted. Some of these reservoirs can
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be used to store CO,. The resulting pressure increase can be
allowed as long as the integrity of the cap rock (the seal at the
top of formation) is maintained. Much information from the
hydrocarbon production stage is available which can help with
the design of such projects.

Injection of CO, in depleted oil and gas reservoirs is partic-
ularly attractive when large volumes of CO, are being pro-
duced from separation of CO, in oil and gas production opera-
tions. An example is the CO,CRC Otway project, in Australia.
In this project CO, is captured from a nearby gas field that
contains approximately 80% CO, and 20% methane (by
weight), and is injected in a depleted gas reservoir.'® Our own
estimate for CO, storage in depleted oil and gas reservoirs is
of the order of 50 Gigatons worldwide.

CO,, Storage in Coal Seams

In coal seams, part of the methane is adsorbed onto the
rock substrate. Production of methane from coal seams leave
substantial amounts of this gas adsorbed onto the rock in the
formation. Injection of CO, can help release the methane and
result in adsorption®* of CO,. Estimates of CO, storage in
coal seams> are of the order 100 Gigatons. However, the low
permeability of the rock toward CO,, and its swelling from
CO, adsorption remain considerable challenges that must be
overcome.

CO, Storage in Saline Aquifers

Saline aquifers are not thought of as a source of water for
either drinking or agriculture, and, therefore, can be consid-
ered for CO, storage. In the following discussion, CO, pos-
sesses unusual density characteristics, both in the pure state
and when dissolved in some liquids. CO, is also unusual in
having a low viscosity across a range of conditions in which
the density can change by an order of magnitude. The low vis-
cosity allows injection of large quantities of CO, in the sub-
surface at high-flow rates in a single well. We will briefly dis-
cuss density aspects.

Density of CO,, CO,-Water, and CO,-brine

The density of CO, depends sensitively on pressure and
temperature at the conditions existing in saline aquifers, and
can vary between 200 and 1,000 kg/m3. CO, density can be
higher than water density at sufficiently high pressure. High
CO, density gives rise to high-storage capacity.

The density of water often decreases with dissolution of
gases other than carbon dioxide.”® The dissolution of CO, in
water or in brine increases the density by 1 to 2%.2" The
increase of density from CO, dissolution is also observed in
hydrocarbon liquids under appropriate temperatures.”'*® CO,
when dissolved in normal decane, for example, increases the
mass density by 15% at 5°C. The density increase becomes
less pronounced as the temperature increases to 100°C.** As
we will see, the density increase may have a significant effect
on mixing of CO,-water, and CO,-brine systems in open
space (cavity without porous media), and in porous media.
Many aspects of mixing and the numerical simulation of the
process require further research.”’
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Distribution of Deep Saline Aquifers Around
the World

Unlike coal, oil and gas, which are not uniformly distrib-
uted, saline aquifers are evenly distributed in various parts of
the world. On the other hand, unlike hydrocarbon reservoirs,
basic parameters such as permeability and pore volume are
not generally available or accurately known for saline aqui-
fers.

Aquifers suitable for storage are plentiful in the USA and in
many other parts of the world (Figure 1). Basins are often
multiply-layered, with one aquifer formation lying on top of
another within the same area. The aquifers studied by the US
Dept. of Energy (USDOE) for its Carbon Sequestration Atlas
of the USA and Canada (Atlas II),25 encompass an area of
approximately 9 x 10° km? (equal to more than 90% of total
US area).

Aquifers in other parts of the world are similarly distrib-
uted. In China, a sizeable fraction (10 out of 27 total basins)
of the suitable aquifers (“candidate formations”) exist off-
shore. Aquifer basins in Brazil cover approximately 4.8 x 10°
km? (equal to more than half of the total area), and are espe-
cially prevalent in the southeast, where most of the CO, sta-
tionary sources are located. Although not shown in Figure 1d,
large aquifer basins exist in the North Sea; in the Sleipner pro-
ject in the North Sea, CO, has been injected at an annual rate
of about 1 Megaton since 1996.

Size of Deep Saline Aquifers
Aroung thepWorld quif

Knowledge of the pore volume and permeability of aquifer
formations are central to storage capacity estimates. Total
pore volumes are presented in Table 1 for selected regions of
the world. It is important to note the caveats associated with
each value. When possible, we cite total pore volume data
directly from the literature. In the case of Brazil, we present
the pore volume of one large aquifer system which sets the
lower limit. However, in most cases, the pore volume is not
readily available and is instead calculated based on a pub-
lished storage capacity value. Storage capacity calculations in
the literature have generally been based on one of two meth-
odologies. The one developed by the USDOE® assumes that
CO; injected into an aquifer displaces the water in the entire
formation, whereas the one developed by the Carbon Seques-
tration Leadership Forum (CSLF) proposes that injected CO,
displaces the water located only in stratigraphic traps.>*® The
calculated value for the total pore volume depends on whether
or not the entire formation is considered. In both methods it is
assumed that CO, does not dissolve in water. Our estimate of
the total pore volume of oil reservoirs in the world is of the
order of 10 x 10"? m3, which is orders of magnitude less than
the pore volume of the saline aquifers.

Key Aspects of CO, Storage Capacity in
Aquifers

For the purpose of illustration we consider a cavity of con-
stant volume and constant temperature filled with permeable
media and saturated with water. The pressure of water in the
cavity will change when there is charge. As a result of CO,
addition, pressure will increase due to the positive partial
molar volume of CO, and nearly constant partial molar
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Figure 1. Aquifer distribution in selected regions of the world.

(@) USA and Canada (adapted from NETL??). Focus is on aquifers (turquoise) in the USA and certain parts of western Can-
ada, Gulf of Mexico, and the Bering Sea, (b) China (adapted from Dahowski et al.>°). More suitable formations are in
deep blue, while less suitable ones are in light gray, (c) Brazil (adapted from Ketzer et al.3*). Basins (teal blue) cover
more than half of total area. Basins along the southeastern coast include extensive off-shore sites, and (d) the EU
(adapted from Anthonsen et al.>?). Data were compiled from publicly available information (detailed mapping), and/or
from regional studies by participating countries (dark gray) of the EU GeoCapacity project.>?

volume of water. The increase in pressure is a key factor for
assessing how much CO, can be stored in the cavity. The
pressure increase is a function of water compressibility, pore
compressibility, the degree of CO, dissolution in water, and
chemical reaction of CO, with the permeable media. We will
not consider the reaction of CO, with mineral species in the
permeable media. The reaction can occur with a limited suite
of rock-forming chemical components. The amount of CO,
stored as a result of the reaction of host rock can be compara-
ble to other processes mentioned previously, but the rate is
very slow to reach equilibrium.

The compressibility of water is around 2.5 to 7 x 1077
bar~" across a wide range of pressure and temperature condi-
tions (from 313 to 413 K, and from atmospheric pressure to

AIChE Journal June 2010 Vol. 56, No. 6

Published on behalf of the AIChE

700 bar). For a pressure increase of about 70 bar (say, from
initial pressure of 230 to 300 bar), the decrease in water vol-
ume is around 0.35% for a compressibility of 5 x 107 bar™".

The pore volume of the permeable media can vary over a
much larger range than water volume changes associated with
the same pressure increase. For rocks such as Boise, Bandera,
and Berea sandstones,”’ the pore compressibility varies in the
range of 3-25 x 10> bar~'. The variation in pore compressi-
bility is mainly due to differences in pore structure. For reser-
voir rocks, a pore compressibility of 25 x 107> bar™' is not
uncommon. The change in gravitational potential from the sun
and the moon can be used to measure the pore compressibility
in the subsurface.*® Production data from hydrocarbon reser-
voirs confirm the accuracy of compressibility determination
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Table 1. Estimated Total Pore Volume of Saline Aquifers in
Selected Regions of the World

Total Pore
Country/Region Volume (m?) Notes
United States and 3.3 x 10M— Considered the entire
Canada® 1.6 x 10" formation (not only
stratigraphic traps)
China™ L1x10™ Calculated from a
theoretical CO,
storage capacity
Brazil** >5.7 % 10" Size of Mercosul
aquifer system that
spans the entire
Parana Basin cited
as a lower limit
European Union™ 2.4 x 10— Very conservative
12 x 10" estimate. Some
countries considered
traps only
Australia® 7 % 102 Directly cited from

source. Total pore
volume of 65
potential sites

from the gravitational potential change. For a pore compressi-
bility of 25 x 107> bar™", the pore volume change for a pres-
sure increase of 70 bar is 1.75%. For abnormally-pressured
formations in which the pore pressure is above the hydrostatic
head of a column of water, the pore compressibility can be
even higher than the gas compressibility. Despite its signifi-
cance, the effect of formation compressibility has been often
overlooked in CO, sequestration studies in saline aquifers.

The third important effect on storage relates to the dissolu-
tion of CO, in water. This effect, due to its importance for
storage and for a major reduction of CO, leakage, will be dis-
cussed in more detail.

Let us consider the sketch shown in Figure 2a, and pressure
evolution in Figure 2b. In Figure 2a, CO, is placed on top of
water in permeable media.*’ Comparison of the measured
pressure drop with that computed from Fickian diffusion
reveals a large difference. The mixing of CO, and water is
much faster than the diffusion prediction. Due to a small den-
sity increase from CO, solubility (Ap = 5 kg/m?), the density
at the top of the liquid column is higher than water density.
As a result, natural convection develops. Figure 3 shows the
early process of mixing, with CO, placed on top of a column
of normal decane in open space.2 For accurate modeling of
natural convection in open space (1) the swelling of the liquid,
as a result of CO, dissolution, and (2) the moving boundary
between the CO,-rich and liquid-rich phases, and the rota-
tional nature of flow, as well as slip boundary conditions
should be considered.>*** Due to solubility, the column of
water could rise as much as 7%.

There is much theoretical work in the literature on buoy-
ancy-driven flow in CO,-liquid systems. A restrictive assump-
tion in most cases is the fixed interface between the CO,-rich
and water-rich phases. Because of the large swelling of the
water, a fixed boundary may not be a good assumption.

CO,, Storage Capacity

First we assume that CO, forms a separate phase, immisci-
ble with water. CO, only displaces the water to raise the pres-
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sure. Let us assume a pore volume capacity of 1,000 m°>. The
initial pressure is 230 bar and the temperature is 100°C. The
pore volume created by a pressure increase of 70 bar is around
0.3% based on a value of water compressibility of 4.5 X 107°
bar~'. For a CO, density of 625 kg/m>, the stored CO, from
water compressibility is two tons. The pressure increase may
create an even higher pore volume as a result of pore com-
pressibility. Let us assume a pore compressibility of 2 x 10~
bar~'. For the same pressure increase, the pore volume cre-
ated is 1.4% of the initial pore space. The CO, storage, is,
therefore, about eight tons. The combined storage capacity is
of order of 10 tons of CO,, which is equivalent to 1% of the
weight of water. If we assume a pore compressibility of 10™*
bar™', the pore volume increase will be 0.7%.

Now let us assume that all the CO, will dissolve in water at
a pressure of 300 bar. When 0.9 mol % of CO, is dissolved in
water, there is a volume increase of about 1.8%, which is
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Figure 2. Schematic of the apparatus (a) used to measure the
rate of dissolution of CO, in porous media saturated
with water at room-temperature.

Plot of pressure evolution vs. time showing meas-
ured data and computed results using only Fickian
diffusion (b). In the top plot numbers represent: (1)
the pressure transducer, (2) the cell, (3) the liquid
phase, (4) the CO, phase, (5) the bath, and (6) the
pressure safety valve. DAS represents the data ac-
quisition system (adapted from Farajzadeh et al.>).
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Figure 3. Velocity (top), and concentration(bottom) profiles at early times for a small cavity when CO, is placed on top of a lig-
uid column of normal decane at an initial pressure of 12 bar and temperature of 25°C.

Depth zero indicates the free-liquid surface where there is movement due to swelling from CO, dissolution in the liquid
phase. As a result of density increase from CO, dissolution, natural convention accelerates the mixing (adapted from

Haugen and Firoozabadi*?).

equivalent to the volume created from the combined water
and pore compressibility from a pressure increase of 70 bar
based on a high-pore compressibility. The dissolution will
allow storage of about 20 tons of CO,, about twice the storage
calculated assuming that the CO, does not dissolve. Because
of a density increase of 10 kg/m’, CO, is expected to dissolve
in water rapidly in highly permeable media. For a pore com-
pressibility of 10~* bar !, the CO, dissolution may be around
10 tons.

The size of saline aquifers in the United States and Canada
is estimated to be of the order of 10" m3; 1to2 wt % CO,
can be stored in such aquifers. The storage capacity, therefore,
is of the order of 1 t0 2 x 103 tons; or 1 to 2 x 10* Gigatons.
The annual CO, production in the USA and Canada is around
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6 Gigatons (ca. 20% of world production). Our simple compu-
tations provide evidence that there is adequate storage
capacity in saline aquifers for all of the produced CO,. The
key to success is selection of aquifers on the basis of full solu-
bility of CO, in water to minimize CO, leakage to the atmos-
phere in case the cap rock integrity is lost. When CO, is dis-
solved in water there will be only a rise in water level, without
release of CO,.We would like to emphasize that in order to
benefit from rapid dissolution of CO, in water or in brine,
only high-permeability aquifers should be selected for storage.
This important aspect is being neglected in current studies.
There is very little information for the permeability of saline
aquifers. This information will be required for assessing the
rate of dissolution of CO,, with proper numerical models.

DOI 10.1002/aic 1403



Our storage capacity calculation based on the assumption of
dissolution can be compared with that calculated by the
USDOE,> which assumes that injected CO, displaces water
in the entire aquifer. The formations are assumed to be open
systems unconfined laterally by impermeable layers.>® The
storage capacity is calculated as the product of the total pore
volume with a representative CO, density and a storage effi-
ciency factor E. This efficiency factor is expressed as a prod-
uct of several correction parameters. It takes into account
technical and physical limitations such as the fraction of the
aquifer that is suitable for storage. Each parameter is assigned
a likely range. Monte Carlo simulations are performed to
obtain low- and high-end E estimates of 0.01 and 0.04, respec-
tively. The storage capacity for the aquifers in the study is cal-
culated to be between 3.30 x 10* and 1.26 x 10 Gigatons.
Remarkably, our simple calculation approach gives estimates
of the same order as those by USDOE.

Discussion and Concluding Remarks

Despite the gravity of the challenges from global warming,
there are viable options for reducing CO, emissions to the
atmosphere and mitigating the problem. Storage of CO, pro-
duced from combustion of fossil flues in subsurface forma-
tions may be a natural choice. There is already some CO, in
the subsurface; it is not foreign to the Earth’s crust and to the
subsurface.

Perhaps one of the most important issues of CO, sequestra-
tion in saline aquifers relates to the dissolution rate of CO, in
the aqueous phase. The dissolution increases the storage
capacity by a factor of two or more, depending on the temper-
ature and pressure conditions. A more important aspect relates
to leakage in case the cap rock integrity is lost due to pressure
increase. When CO, is dissolved in water, and there is a leak,
water will move upward with the dissolved CO,. Because of
high pressure, CO, will remain in solution until a new hydro-
static equilibrium is reached. The pressure from the column of
the rock is about twice as much as the hydrostatic column of
water; therefore, water movement will stop after some dis-
placement. However, if CO, does not dissolve in water, the
upward movement and decrease in density may lead to leak-
age into the atmosphere. The rate of dissolution of CO, in
water and in brine, both in porous media and in open space, is
of fundamental importance. In porous media, the permeability
has an important effect on natural convection arising from the
density increase. With better understanding and modeling, a
more intelligent selection of saline aquifers can be made.

In the last few years, we have evaluated the benefits of
CO,-improved oil recovery in a number of very large hydro-
carbon reservoirs in different parts of the world. One specific
example is given in Hoteit and Firoozabadi.”® There appear to
be great benefits in increased recovery in some cases. Once
CO, becomes available from capture in power plants, it could
significantly assist improved oil recovery.

In our simple computations related to CO, storage capacity,
instead of using the properties of brines, we use water proper-
ties. In brines, the solubility of CO, is less than in water.
However, the results do not change appreciably for the disso-
lution range in our computations. Whether with water or with
brines, saline aquifers provide adequate capacity for storage
of C02
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