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CO, COMMODITY TRADING SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This patent application claims priority under CFR 1.78 (4) and (5) to
U.S. Provisional Patent Application No. 61/096,035 filed on September 11,
2008, titled: “METHODS OF PRODUCING CARBON SEQUESTRATION TRADABLE

COMMODITIES, AND SYSTEMS FOR TRANSFERRING THE SAME”, herein
incorporated by reference in its entirety; U.S. Provisional Patent
Application No. 61/101,629 filed on September 30, 2008, titled: “METHODS
OF PRODUCING CARBON SEQUESTRATION TRADABLE COMMODITIES, AND
SYSTEMS FOR TRANSFERRING THE SAME”, herein incorporated by reference in
its entirety; and U.S. Provisional Patent Application No. 61/117,541 filed on
November 24, 2008, titled: “METHODS OF PRODUCING CARBON
SEQUESTRATION TRADABLE COMMODITIES, AND SYSTEMS FOR TRANSFERRING

THE SAME”, herein incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION
[0002] Carbon dioxide (CO,) and other greenhouse gas (GHG) emitted

from industrial plants, e.g., fossil fuelled electrical power generating plants,
cement production plants and ore processing plants, have been identified
as a major cause of global climate change. Consequently, it is very
desirable to reduce and manage GHGs emission from these and other

sources.

SUMMARY OF THE INVENTION

[0003] In various embodiments, this invention pertains to a method and

system of generating and trading a CO, commodity that is correlated to a
quantified amount of CO, sequestered in a CO, sequestering product. The
invention also pertains to a computer-implemented method and system of

generating and trading the CO, commodity, and a program product
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comprising embedded instructions for causing the computer system to
generate and trade the CO, commodity. The invention also pertains to the
tradable CO, commodity.

[0004] In various embodiments, the system comprises a computer-
implemented system of trading a CO, commodity, comprising: a CO,
sequestration converter that is programmed to convert a quantified amount
of CO, sequestered in a CO, sequestering product into a tradable
commodity. In various embodiments, the CO, sequestering product
comprises a carbonate or bicarbonate, comprising calcium and/or
magnesium. The tradable commodity in various embodiments comprises a
tradable instrument comprising a CO, emission certificate, a CO, emission
permit, a CO, emission credit, a carbon offset, carbon allowance, or a
criteria pollutant allowance. In some embodiments, the tradable instrument
comprises a Verified Emissions Reductions unit (VER), a Carbon Financial
Instrument (CFI), a European Union Allowance (EUA), a Certified Emission
Reduction unit (CER), an Emission Reduction Unit (ERU), a Voluntary
Carbon Unit, or a tipping fee.

[0005] In various embodiments of the system, a CO, sequesterer or a
CO, regulator issues the tradable commodity; in some embodiments, the
CO, sequesterer issues the tradable commodity based on the quantified
amount of CO, in the CO, sequestration product; in some embodiments,
the CO, regulator issues the tradable commodity based on the amount of
CO in the environment; in some embodiments, a CO, generator, a CO,
trader or the CO, sequesterer acquires the tradable commodity.

[0006] In another embodiment of the system, the tradable commodity
permits the holder to emit a restricted amount of CO,; in various
embodiments, the tradable commodity is valid for a limited time. In various
embodiments, the tradable commodity is priced based on the supply and

demand for the tradable commodity in a commodity market; in other
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embodiments, the tradable commodity is priced based on the amount of
CO; in the environment.

[0007] In another embodiment of the system, the CO, generator is
correlated to a CO, emitting facility such as an electrical power generating
plant, a cement producing plant or an ore processing plant that emits CO,;
in some embodiments, the CO, generator, the CO, sequesterer and the
CO2 trader comprise a single entity. In some embodiments, the CO,
sequesterer or the CO, generator may transfer the tradable commodity to
a third party; in some embodiments, the CO, sequesterer or the CO,
generator may retire the tradable commodity.

[0008] In various embodiments of the system, the source of the CO,
sequestered in the CO, sequestering product is determined by measuring
the *C isotopic content of carbon sequestered in the CO, sequestering
product and correlating this measurement to CO, emitted from a facility
that burns fossil fuels. In various embodiments, the CO, sequestered in the
CO, sequestering product is quantified by measuring the CO, sequestered
in the CO, sequestration product.

[0009] In some embodiments of the system, the CO, generator may
issue instructions for paying a tipping fee to the CO, sequesterer for
sequestering criteria pollutants with the CO,; in other embodiments, the
CO, sequestration converter may estimate the carbon emission footprint of
a particular CO, emitter.

[0010] In some embodiments, the system is configured to perform any of
the following functions: receive payment for the tradable commodity; issue
a receipt for purchase of the tradable commodity; or manage the inventory
of tradable commodity. In various embodiments, the system comprises a
computer network that is programmed to implement the system and
method.

[0011]  In another embodiment, the system comprises a CO, commodity

trading system, comprising a CO, sequesterer that sequesters CO, into a
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CO, sequestering product; and a CO, sequestration converter that quantify
the sequestered CO; into a tradable commodity. In various embodiments,
the CO, sequesterer comprises a system configured to contact CO, with a
divalent cation solution to produce a solid, stable CO, sequestering
product. In various embodiments, the CO, sequestering product comprises
a carbonate or bicarbonate comprising calcium or magnesium.

[0012] In various embodiments of the system, the CO, sequestration
converter comprises a system configured to determine the amount of CO,
sequestered in the CO, sequestering product, and produce the tradable
commodity. In some embodiments, the CO, sequesterer may issue the
tradable commodity based on the amount of CO, quantified in the CO,
sequestration product, or the tradable commodity is issued based on the
amount of CO; in the environment.

[0013] In some embodiments of the system, a CO, generator or the CO,
sequesterer may acquire the tradable commodity. In some embodiments,
the tradable commodity is valid for a permitted amount of CO, emissions;
and the tradable commodity is valid for a limited time. In other
embodiments, the tradable commaodity is priced based on the supply and
demand for the tradable commodity in a commodity market; in some
embodiments, the tradable commodity is priced based on the amount of
CO; in the environment.

[0014] In some embodiments of the system, the CO, generator
comprises a CO, emitting facility, e.g., a fossil fuelled electrical power
generating plant, a cement producing plant or an ore processing plant. In
some embodiments, the CO, generator, the CO, sequesterer and the CO,
trader comprise a single entity; in some embodiments, the CO,
sequesterer or the CO, generator may transfer the tradable commodity to
a third party; and the CO, sequesterer or the CO, generator may retire the

tradable commodity.
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[0015]  In various embodiments of the system, the source of the CO,
sequestered in the CO, sequestering product is determined by measuring
the °C isotopic content in the CO, sequestering product and correlating
this measurement to CO, emissions from combusting fossil fuels. In
various embodiments, the CO, sequestered in the CO, sequestering
product is quantified by chemically measuring the CO, sequestered in the
CO, sequestration product. In some embodiments, the CO, generator may
pay a tipping fee to the CO, sequesterer for sequestering criteria pollutants
with the CO,; in other embodiments, the CO, sequestration converter may
estimate a carbon emission footprint.

[0016] In various embodiments, the system may perform any of the
following functions: receive payment for the tradable commodity; issue a
receipt for purchase of the tradable commodity; or manage the inventory of
tradable commodity. In various embodiments, the system comprises a
computer network.

[0017]  In one embodiment, the computer program product comprises a
computer installable medium comprising computer readable code embodied
therein for causing a computer to execute a program module, comprising: a CO»
sequestration converter that is programmed to convert a quantified amount
of CO, sequestered in a CO, sequestering product into a tradable
commodity. In various embodiments, the CO, sequestration converter
comprises computer-executable instructions for receiving data comprising
sequestered CO,; calculating a quantity of tradable commodity based on the
sequestered CO,; and issuing instructions for producing the tradable

commodity.

[0018]  In other embodiments of the program product, the tradable
commodity is valid for a permitted amount of CO, emissions; in some
embodiments, the tradable commaodity is valid for a limited time. In various

embodiments, the tradable commaodity is priced based on the supply and
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demand for the tradable commodity in a commodity market; in other
embodiments, the tradable commodity is priced based on the amount of
CO, in the environment. In various embodiments of the program product,
the CO, sequesterer or the CO, generator is programmed to transfer the
tradable commodity to a third party; in some embodiments, the CO,
sequesterer or the CO, generator is programmed to retire the tradable
commodity. In some embodiments, the CO, generator is programmed to
issue instructions for paying a tipping fee to the CO, sequesterer for
sequestering criteria pollutants with the CO,; in some embodiments, the
CO, sequestration converter is programmed to estimate a carbon emission
footprint. In various embodiments, the system is configured to execute any
of the following functions: receive payment for the tradable commodity;
issue a receipt for purchase of the tradable commodity; or manage the
inventory of tradable commodity; and the program is installed in a

computer network.

[0019] In another embodiment of the invention, the tradable CO,
commodity is correlated to a quantified amount of CO, sequestered in a
CO, sequestering product, wherein the CO, is sequestered as a carbonate
or bicarbonate comprising calcium and/or magnesium. In various
embodiments, the tradable commodity comprises a tradable instrument
comprising: a CO, emission certificate, a CO, emission permit, a CO,
emission credit, a carbon offset, carbon allowance, or a criteria pollutant
allowance. In various embodiments, the tradable instrument comprises a
Verified Emissions Reductions unit (VER), a Carbon Financial Instrument
(CFl), a European Union Allowance (EUA), a Certified Emission Reduction
unit (CER), an Emission Reduction Unit (ERU), a Voluntary Carbon Unit,

or a tipping fee.

[0020] In various embodiments, the tradable commodity is useable to

authorize an emission of a permitted amount of CO,. In other
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embodiments, the tradable commodity is useable to authorize CO,
emissions for a limited time. In some embodiments, the tradable
commodity is priced based on the amount of CO, in the environment. In
some embodiments, the tradable commodity is based on CO, emissions
from a CO, emitting facility. In some embodiments, the CO, emitting facility
comprises an electrical power generating plant, a cement producing plant
or an ore processing plant. In various embodiments, the amount and/or
source of the CO, is determined by measuring the "°C isotope in the CO,
sequestration product. In some embodiments, the tradable commodity is
based on a tipping fee paid by the CO, emitting facility to the CO,

sequesterer for sequestering criteria pollutants with the CO..

[0021] In another embodiment, the method pertains to producing a CO,
commodity, comprising: sequestering CO,in a CO, sequestering product;
and quantifying the sequestered CO2 into a tradable commodity. In various
embodiments, the CO, sequestering product comprises a carbonate or
bicarbonate comprising calcium and/or magnesium. In various
embodiments, the tradable commodity comprises a tradable instrument
comprising: a CO, emission certificate, a CO, emission permit, a CO,
emission credit, a carbon offset, carbon allowance, or a criteria pollutant
allowance. In various embodiments, the tradable instrument comprises a
Verified Emissions Reductions unit (VER), a Carbon Financial Instrument
(CFI), a European Union Allowance (EUA), a Certified Emission Reduction
unit (CER), an Emission Reduction Unit (ERU), a Voluntary Carbon Unit,
or a tipping fee. In various embodiments, a CO, sequesterer or a CO,
regulator issues the tradable commodity. In various embodiments, the CO,
sequesterer issues the tradable commodity based on the amount of CO,
quantified in the CO, sequestration product; in various embodiments, the
CO, regulator issues the tradable commodity based on the amount of CO,

in the environment; in various embodiments, a CO, generator, a CO,
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trader or the CO, acquires the tradable commodity. In various
embodiments, the tradable commodity is valid for a permitted amount of
CO, emissions; and the tradable commodity is valid for a limited time. In
various embodiments, pricing of the tradable commodity is based on the
supply and demand for the tradable commodity in a commodity market; in
various embodiments, the pricing of the tradable commodity is based on
the amount of CO, in the environment. In various embodiments, the
tradable commodity is correlated to CO, emissions by a CO, emitting
facility comprising an electrical power generating plant, a cement
producing plant or an ore processing plant. In various embodiments, the
CO, sequesterer or the CO, generator retires the tradable commodity. In
various embodiments, the amount and/or source of the CO, is determined
by measuring the °C isotope in the CO, sequestration product. In various
embodiments, the CO, generator pays a tipping fee to the CO, sequesterer
for sequestering criteria pollutants with the CO,. In various embodiments,
the method further comprises: receiving payment for the tradable
commodity; issuing a receipt for purchase of the tradable commodity; and

managing the inventory of tradable commodity.

[0022] In another embodiment, the method pertains to a computer-
implemented method of generating a tradable instrument, comprising:
calculating a quantity of CO, sequestration commaodity corresponding to CO»
sequestered is an CO, sequestering product; and issuing the carbon
sequestration commodity. In various embodiments, the CO, sequestering
product comprises a carbonate and/or bicarbonate comprising calcium and/or

magnesium.

[0023] In another embodiment, the method of producing the CO,
commodity comprises: contacting CO, with an alkaline-earth-metal-
containing water to produce a carbonate containing CO, sequestering

product; determining a quantified amount of CO, sequestered in the CO,
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sequestering product; and producing a tradable commodity based on the
determined quantified amount. In various embodiments, the tradable
commodity is transferred to a customer. In some embodiments, the

customer provides the CO,.

[0024] In another embodiment, the system pertains to a computer-
implemented system of trading a CO, commodity, comprising: (a) a
communication module comprising: (i) a input manager for receiving
commodity request information and payment from a customer; iii) an
output manager for providing a tradable commodity to a user; and (iv) a
user interface manager for transferring information about tradable
commodities between a user and the system; and (b) a processing module
configured to execute transactions with a customer, wherein the
processing module is configured to provide at least one of the following
features: a transfer manager configured to transfer commodities to a
customer; an inventory manager configured to register changes to the
inventory of tradable commodities available for transfer; or a receipt
manager configured to receive payment from a customer and issue a
receipt to said customer indicating a successful transaction. In various
embodiments, the tradable commodity represents a quantified amount of

CO, sequestered in a CO, sequestering product.

[0025]  In various embodiments, the system involves transferring the
tradable commodity to a customer. In some embodiments, the customer is
a provider of the CO,. In yet other embodiments, the customer is not a
provider of the CO.,. In some embodiments, the method involves receiving

consideration from the customer.

[0026] In another embodiment, the method comprises: generating CO,;
forwarding the CO, to a CO, sequesterer that: (i) contacts the CO, with an

alkaline-earth-metal-containing water to produce a carbonate containing
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CO, sequestering product; (ii) determines a quantified amount of CO,
sequestered in the CO, sequestering product; and (iii) produces a carbon
sequestration tradable commodity based on the determined quantified
amount; and receiving the carbon sequestration tradable commodity from
the CO, sequesterer. In certain embodiments, the method involves

transferring consideration to the CO, sequesterer.

[0027] In another embodiment, the system comprises computer system
connected to the Internet and comprising software configured to
communicate with a customer wherein a tradable commodity obtained by
contacting CO, with an alkaline-earth-metal-containing water to obtain a
CO, sequestering product may be transferred to the customer. In some
embodiments, the customer is in communication with a CO, commodity
exchange, and the system is configured to transfer consideration to a CO,
sequesterer that sequesters the CO, in the CO, sequestering product.
[0028] Advantageously, with the present system and method, by
sequestering CO. in a CO, sequestering product and quantifying the
sequestered CO, to a tradable commodity that can be traded in a
commodity exchange market between a CO, generator and a CO,
sequesterer, the CO, generator is provided with increased flexibility in

managing CO, emissions

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The following drawings illustrate by examples and not by limitation

embodiments of the present system and method.

[0030]  Fig. 1 is an illustration of an embodiment of the system for trading
the commodities.

[0031]  Fig. 2 is an illustration of an embodiment of a method for

generating the tradable commodities.
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[0032] Fig. 3 is an illustration of an embodiment of a computer-
implemented system of trading the commodities.

[0033] Fig. 4 is an illustration of an embodiment of a method for obtaining
the tradable commodities.

[0034] Fig. 5 is an illustration of an embodiment of a method for obtaining

tradable commodities.

DETAILED DESCRIPTION OF THE INVENTION

[0035] In the following detailed description, the general market for a

tradable CO, commodity is first described. Thereafter, a method and
system of producing the CO, sequestering product are described. Next,
methods of determining the CO, sequestered in the CO, sequestering
product are described. Thereafter, methods and system of converting the
sequestered CO, to a tradable CO, commodity are described. Next,
methods and system of transferring the tradable CO, commodity to a
customer are described. Thereafter, the CO, generator and CO,
sequesterer are described. Next, systems and methods of transferring the
tradable CO, commodity are described, including a system of trading a

related commodity.

THE CO, COMMODITY MARKET

[0036] In recent years, several national and international markets for
trading a GHG commodity have emerged in response to governmental
regulations of GHG emissions. In these markets, although the details of
their operation varies, in practice the objective is the same, which is to
provide a means for participants to comply with legislation by allowing
them to trade in a commodity that corresponds to the emission of a certain
amount of GHGs. Thus, for example, as an incentive to limit CO,

emissions, in January 2005, the European Union (EU) member states
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implemented a mandatory carbon market, the EU Emissions Trading
Scheme (EU ETS), for its members. Similarly, in North America, the
establishment of the Chicago Climate Exchange (CCX) has illustrated the
viability of a voluntary carbon trading market for corporations that emit
GHGs.

[0037]  Also in recent years, the concept of "carbon neutrality" has
become increasingly popular among companies and individuals. "Carbon
neutrality” is based on the idea that an entity should directly bear the cost
of its carbon emissions, i.e., “offset” its emissions, rather than allowing
those emissions to become an externality of its operations. Thus, while
some companies have joined the CCX to trade in carbon credits, others
are offsetting their carbon emissions by purchasing carbon offsets. These
purchases can be done on an “over the counter” (OTC) market place, such
as CCX, or on a one to one basis between private parties, or between an
intermediary, who would represent an offset generator, and another party
interested in purchasing this offset. Likewise, individuals and families, are
increasingly offsetting their emissions by purchasing an offset. An average
individual in the United States, for example, can offset his/her own
personal GHG "footprint" for about $100-$200 per year. In 2007, it is
estimated that the OTC market was worth $258.4 million, greater than four
times its value in 2006 ($58.5 million).

[0038] In other instances, governments that have committed to reducing
GHG emissions under the Kyoto Protocol have also implemented a
market-based GHG regulating system, e.g., the ETS regulations of the EU
member states as noted above, and the project-based regulation system of
the Clean Development Mechanism (CDM) or the Joint Implementation
plan (JI). However, it should be noted that these latter two markets,
although regulated, are also part of the voluntary market as they are not
constrained by a cap and trade regulation; also, some developed countries

volunteer to invest in the developing countries via these markets.
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Generally, however, as these regulatory systems are implemented by law,
they are considered "regulated markets" as distinct from the "voluntary"
OTC offsets and CCX markets.

[0039] In the various GHG commodity markets, due to subtle differences
between the units used to quantify the GHG, the units are not completely
fungible. Thus, for example, under the CCX or EU ETS, companies are
allocated and can later trade "allowances.”" An allowance permits a
company to emit a certain amount of CO, (usually measured in units of
carbon dioxide equivalents, or CO,e's). By contrast, the OTC market relies
on project-based offsets. Purchasing a project-based offset means that a
company has paid for a project that will reduce CO, emitted in an amount
corresponding to the value of the offset. As a result, OTC offsets may not
be traded in a secondary market; however, offsets may be traded on
secondary markets if they are not sold OTC and are instead converted into
tradable units.

[0040] Notwithstanding their differences, there are commonality among
them, e.g., between the offset system and the allowance system. Thus, for
example, CDM and JI projects are examples of tradable project-based
offsets that satisfy Kyoto standards and which may be converted into
European Union Allowances (EUAs). Similarly, the CCX may issue
Carbon Financial Instruments (CFls) to project-based offsets. All offsets,
however, are not equal, e.g., the CDM and JI offsets require a much
greater level of scrutiny to garner approval than most OTC offsets, such as
Verified Emission Reductions (VERSs), available in the United States.

[0041] Offsets are inherently intangible commodities and, accordingly, an
offset’s "quality" varies widely by seller. For example, one offset provider
may plant a tree and sell offsets based on the expected future atmospheric
carbon dioxide reduction capacity of the tree over its lifetime, but will fail to
monitor the actual carbon dioxide disposal of the tree, or even the tree's

survival, in the future. In some instance, the same offset provider may sell



10

15

20

25

30

WO 2010/030826 PCT/US2009/056573
14

the entirety of the potential offsets provided by that tree today regardless of
how long it lives. By contrast, another offset provider may have developed
a new method for disposing of carbon dioxide, where the exact quantity of
carbon dioxide sequestered is monitored over time, and offsets are only
sold once the carbon dioxide has already been disposed. Thus, the value
of one offset may be of substantially higher quality than another offset.
[0042] In various markets, the concept of "additionality" is an indicator of the
quality of the offset. For example, if a project has additionality, it means
that that the sole motivation for engaging in the project that generates the
offset is the very generation of the offset itself; that is, the project would not
have occurred but for the incentive of offset generation. Thus, offsets
based on the CO, reduction from trees sold by an environmentalist that
would have planted trees without the offset incentive would be considered

low-quality offsets.

PrRoDUCING THE CO, SEQUESTERING PRODUCT

[0043] Embodiments of the invention include producing a carbon
sequestration tradable commodity by first producing a CO, sequestering
product. As such, embodiments of the invention include first producing
CO, sequestering products, and then producing tradable commodities
based on the CO, sequestering products that are produced, e.g., deriving
or calculating tradable commodities from the amount of CO, that is
sequestered in the CO, sequestering products. The steps of producing a
CO, sequestering product and then deriving a tradable commodity
therefrom are described separately in greater detail below.

[0044] As summarized above, a first step in various embodiments of the
method is to sequester an amount of CO, in a CO, sequestration product.
CO, sequestration procedures include, but are not limited to, those
disclosed in U.S. Patent Application Serial Nos. 12/126,776 and
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12/163,205; as well as pending U.S. Provisional Patent Application Serial
Nos. 61/017,405; 61/017,419; 61/057,173; 61/056,972; 61/073,319;
61/079,790; 61/081,299; 61/082,766; 61/088,347 and 61/088,340, the
disclosures of which are herein incorporated by reference in their entirety.
[0045] CO, sequestering products of the invention include carbonate
compositions that may be produced by precipitating a calcium and/or
magnesium carbonate composition from water, e.g., a divalent cation
solution comprising calcium and/or magnesium ions. In some
embodiments, the CO, sequestering products comprises other carbonates
and/or bicarbonates such as sodium and potassium carbonate and or
bicarbonates. In other embodiments the CO, sequestering product
comprises a solution and/or a slurry of the carbonates and/or bicarbonates.
The carbonate compound compositions that make up the CO,
sequestering products of the invention include metastable carbonate
compounds that may be precipitated from a water, such as a salt-water, as
described in greater detail below. In other embodiments, the carbonate
compound compositions of the invention include precipitated crystalline
and/or amorphous carbonate compounds.

[0046] In certain embodiments, the solution from which the carbonate
precipitates are produced comprises a saltwater. Hence, in these
embodiments, the carbonate compound composition may be viewed as a
saltwater derived carbonate compound composition. As used herein,
"saltwater-derived carbonate compound composition" means a
composition derived from saltwater and made up of one or more different
carbonate crystalline and/or amorphous compounds with or without one or
more hydroxide crystalline or amorphous compounds. The term "saltwater"
is employed in its conventional sense to refer to a number of different
types of aqueous liquids other than fresh water, where the term "saltwater"”
includes brackish water, sea water and brine (including man-made brines,

e.g., geothermal plant wastewaters, desalination waste waters, etc), as
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well as other salines having a salinity that is greater than that of
freshwater. Brine is water saturated or nearly saturated with salt and has a
salinity that is 50 ppt (parts per thousand) or greater. Brackish water is
water that is saltier than fresh water, but not as salty as seawater, having a
salinity ranging from 0.5 to 35 ppt. Seawater is water from a sea or ocean
and has a salinity ranging from 35 to 50 ppt. The saltwater source from
which the mineral composition of the invention is derived may be a
naturally occurring source, such as a sea, ocean, lake, swamp, estuary,
lagoon, etc., or a man-made source. In certain embodiments, the saltwater
source of the mineral composition is seawater or a naturally occurring
brine.

[0047)  While the present invention is described in some embodiments in
terms of saltwater sources, in certain embodiments, the water employed in
the invention may be a mineral rich, e.g., calcium and/or magnesium rich,
freshwater source. The water employed in the process is one that includes
one or more alkaline earth metals, e.g., magnesium, calcium, etc, and is
another type of alkaline-earth-metal-containing water that finds use in
embodiments of the invention. Other examples of suitable water include
those that comprises calcium in amounts ranging from 50 to 20,000 ppm,
such as 100 to 10,0000 ppm and including 200 to 5000 ppm. Waters of
interest include those that include magnesium in amounts ranging from 50
to 20,000 ppm, such as 200 to 10000 ppm and including 500 to 5000 ppm.
[0048] In some embodiments, the saltwater-derived carbonate
compound compositions are derived from a saltwater. As such, they are
compositions that are obtained from a saltwater in some manner, e.g., by
treating a volume of a saltwater in a manner sufficient to produce the
desired carbonate compound composition from the initial volume of
saltwater. The carbonate compound compositions of certain embodiments
are produced by precipitation from a water, e.g., a saltwater, a water that

includes alkaline earth metals, such as calcium and magnesium, etc.,
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where such waters are collectively referred to as alkaline-earth-metal-
containing waters.

[0049]  The saltwater employed in methods may vary. As reviewed
above, saltwater of interest include brackish water, sea water and brine, as
well as other salines having a salinity that is greater than that of freshwater
(which has a salinity of less than 5 ppt dissolved salts). In some
embodiments, calcium rich waters may be combined with magnesium
silicate minerals, such as olivine or serpentine, in solution that has become
acidic due to the addition of carbon dioxide to form carbonic acid, and/or
the addition of an exogenous acid such as hydrochloric acid produced in
an electrochemical process, which dissolves the magnesium silicate,
leading to the formation of calcium magnesium silicate carbonate
compounds as mentioned above.

[0050] In methods of producing a precipitated carbonate compound
composition of the invention, a volume of water is subjected to carbonate
compound precipitation conditions sufficient to produce a precipitated
carbonate compound composition and a mother liquor (i.e., the part of the
water that is left over after precipitation of the carbonate compound(s) from
the saltwater). The resultant precipitates and mother liquor collectively
make up the carbonate compound compositions of the invention. Any
convenient precipitation conditions may be employed, which conditions
result in the production of a carbonate compound composition
sequestration product.

[0051]  Precipitation conditions may vary. For example, the temperature
of the water may be within a suitable range for the precipitation of the
desired mineral to occur. In some embodiments, the temperature of the
water may be in a range from 5 to 70°C, such as from 20 to 50°C and
including from 25 to 45°C. As such, while a given set of precipitation

conditions may have a temperature ranging from 0 to 100 °C, the
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temperature of the water may have to be adjusted in certain embodiments
to produce the desired precipitate.

[0052] In normal seawater, 93% of the dissolved CO, is in the form of
bicarbonate ions (HCO5) and 6% is in the form of carbonate ions (CO5?).
When calcium carbonate precipitates from normal seawater, CO, is
released. In fresh water, above pH 10.33, greater than 90% of the
carbonate is in the form of carbonate ion, and no CO. is released during
the precipitation of calcium carbonate. In seawater this transition occurs at
a slightly lower pH, closer to a pH of 9.7. While the pH of the water
employed in methods may range from 5 to 14 during a given precipitation
process, in certain embodiments the pH is raised to alkaline levels in order
to drive the precipitation of carbonate compounds, as well as other
compounds, e.g., hydroxide compounds, as desired. In certain of these
embodiments, the pH is raised to a level which minimizes if not eliminates
CO, production during precipitation, causing dissolved CO,, e.g., in the
form of carbonate and bicarbonate, to be trapped in the carbonate
compound precipitate. In these embodiments, the pH may be raised to 10
or higher, such as 11 or higher. In other embodiments, similar results are
achieved with a brackish water or a naturally occurring brine.

[0053] The pH of the water may be raised using any convenient
approach. In certain embodiments, a pH raising agent may be employed,
where examples of such agents include oxides, hydroxides (e.g., calcium
oxide in fly ash, potassium hydroxide, sodium hydroxide, brucite (Mg(OH,),
etc. ), carbonates (e.g., sodium carbonate) and the like. One such
approach is to use the coal ash from a coal-fired power plant, which
contains many oxides, to elevate the pH of seawater. Other coal
processes, like the gasification of coal, to produce syngas, also produce
hydrogen gas and carbon monoxide, and may serve as a source of
hydroxide as well. Some naturally occurring minerals, such as serpentine,

contain hydroxide, and can be dissolved, yielding a hydroxide source. The
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addition of serpentine, also releases silica and magnesium into the
solution, leading to the formation of silica containing carbonate
compounds. The amount of pH elevating agent that is added to the water
will depend on the particular nature of the agent and the volume of
saltwater being modified, and will be sufficient to raise the pH of the water
to the desired value. Alternatively, the pH of the saltwater source can be
raised to the desired level by electrolysis of the water. Where electrolysis is
employed, a variety of different processes s may be taken, such as use of
the Mercury cell process (also called the Castner-Kellner process); the
Diaphragm cell process and the membrane cell process. Where desired,
byproducts of the hydrolysis product, e.g., H,, sodium metal, etc. may be
harvested and employed for other purposes, as desired. In some
embodiments, a low-voltage electrochemical process that requires a
voltage of 2V or less or 1.5V or less my be used to remove protons from
the solution directly and/or through the production of a base.

[0054] In yet other embodiments, the pH elevating approach as
described in pending U.S. application serial nos. 61/081,299 and
61/091,729 may be employed, the disclosures of which approaches are
herein incorporated by reference.

[0055]  Additives other than pH elevating agents may also be introduced
into the water in order to influence the nature of the precipitate that is
produced. As such, certain embodiments of the methods include providing
an additive in water before or during the time when the water is subjected
to the precipitation conditions. Certain calcium carbonate polymorphs can
be favored by trace amounts of certain additives. For example, vaterite, a
highly unstable polymorph of CaCOj; that precipitates in a variety of
different morphologies and converts rapidly to calcite, can be obtained at
very high yields by including trace amounts of lanthanum as lanthanum
chloride in a supersaturated solution of calcium carbonate. Other additives

beside lanthanum that are of interest include, but are not limited to
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transition metals and the like. For instance, the addition of ferrous or ferric
iron is known to favor the formation of disordered dolomite (protodolomite)
where it would not form otherwise.

[0056]  The nature of the precipitate can also be influenced by selection
of appropriate major ion ratios. Major ion ratios also have considerable
influence of polymorph formation. For example, as the
magnesium:calcium ratio in the water increases, aragonite becomes the
favored polymorph of calcium carbonate over low-magnesium calcite. At
low magnesium:calcium ratios, low-magnesium calcite is the preferred
polymorph.

[0057] Rate of precipitation also has a large effect on compound phase
formation. The most rapid precipitation can be achieved by seeding the
solution with a desired phase. Without seeding, rapid precipitation can be
achieved by rapidly increasing the pH of the seawater, which results in
more amorphous constituents. When silica is present, the more rapid the
reaction rate, the more silica is incorporated with the carbonate precipitate.
The higher the pH is, the more rapid the precipitation is and the more
amorphous the precipitate is.

[0058]  Accordingly, a set of precipitation conditions to produce a desired
precipitate from water includes, in certain embodiments, the water's
temperature and pH, and in some instances the concentrations of additives
and ionic species in the water. Precipitation conditions may also include
factors such as mixing rate, forms of agitation such as ultrasonics, and the
presence of seed crystals, catalysts, membranes, or substrates. In some
embodiments, precipitation conditions include supersaturated conditions,
temperature, pH, and/or concentration gradients, or cycling or changing
any of these parameters. The processes s employed to prepare carbonate
compound precipitates according to the invention may be batch or

continuous processes s. It will be appreciated that precipitation conditions
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may be different to produce a given precipitate in a continuous flow system
compared to a batch system.

[0059] In certain embodiments, the methods further include contacting
the volume of water that is subjected to the mineral precipitation conditions
with a source of CO,. Contact of the water with the source CO, may occur
before and/or during the time when the water is subjected to CO,
precipitation conditions. Accordingly, embodiments of the invention include
methods in which the volume of water is contacted with a source of CO,
prior to subjecting the volume of saltwater to mineral precipitation
conditions. Embodiments of the invention include methods in which the
volume of salt water is contacted with a source of CO, while the volume of
saltwater is being subjected to carbonate compound precipitation
conditions. Embodiments of the invention include methods in which the
volume of water is contacted with a source of a CO, both prior to
subjecting the volume of saltwater to carbonate compound precipitation
conditions and while the volume of saltwater is being subjected to
carbonate compound precipitation conditions. In some embodiments, the
same water may be cycled more than once, wherein a first cycle of
precipitation removes primarily calcium carbonate and magnesium
carbonate minerals, and leaves remaining alkaline water to which other
alkaline earth ion sources may be added, that can have more carbon
dioxide cycled through it, precipitating more carbonate compounds.

[0060] The source of CO, that is contacted with the volume of saltwater
in these embodiments may be any convenient CO, source. The CO,
source may be a liquid, solid (e.g., dry ice) or gaseous CO, source. In
certain embodiments, the CO, source is a gaseous CO, source. This
gaseous CO, is, in certain instances, a waste feed from an industrial plant.
The nature of the industrial plant may vary in these embodiments, where
industrial plants of interest include power plants, cement production plants,

ore processing plants, chemical processing plants, and other industrial
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plants that produce CO, as a byproduct. By waste feed is meant a stream
of gas (or analogous stream) that is produced as a byproduct of an active
process of the industrial plant. The gaseous stream may be substantially
pure CO, or a multi-component gaseous stream that includes CO, and one
or more additional gases. Multi-component gaseous streams (containing
CO,) that may be employed as a CO, source in embodiments of the
subject methods include both reducing, e.g., syngas, shifted syngas,
natural gas, and hydrogen and the like, and oxidizing condition streams,
e.g., flue gases from combustion. Exhaust gases containing NOx, SOx,
VOCs, particulates and Hg would commonly incorporate these compounds
along with the carbonate in the precipitated product. Particular multi-
component gaseous streams of interest that may be treated according to
the subject invention include: oxygen containing combustion power plant
flue gas, turbo charged boiler product gas, coal gasification product gas,
shifted coal gasification product gas, anaerobic digester product gas,
wellhead natural gas stream, reformed natural gas or methane hydrates,
and the like.

[0061]  The volume of water, e.g., saltwater may be contacted with the
CO, source using any convenient process. Where the CO, is a gas,
contact process include, but are not limited to: direct contacting processes,
e.g., bubbling the gas through the volume of saltwater, concurrent
contacting means, i.e., contact between unidirectional flowing gaseous and
liquid phase streams, countercurrent means, i.e., contact between
oppositely flowing gaseous and liquid phase streams, and the like. Thus,
contact may be accomplished through the use of one or more of: infusers,
bubblers, fluidic Venturi reactor, sparger, gas filter, spray, tray, or packed
column reactors, or combinations thereof and the like, as may be
convenient.

[0062]  Production of the carbonate mineral precipitate as described

above yields a carbonate compound composition (also referred to herein
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as CO, sequestering products), which includes precipitated carbonate
solids suspended in the mother liquor. In some embodiments, the CO,
sequestering product is an agueous slurry or solution; in other
embodiments, it is a precipitate, and in still others it is it is a combination of
an aqueous solution and precipitate. In some embodiments, at least a part
of the CO, sequestering product or all of the CO, sequestering product
comprises a precipitate suitable for use in the built environment, e.g., a
cement, a supplementary cementitious material, an aggregate or a
combination thereof.

[0063] The CO, sequestering products produced by methods of the
invention are derived from, e.g., precipitated from, a water (as described in
greater detail below). As the CO, sequestering products are precipitated
from water, they will include one or more components that are present in
the water from which they are derived. For example, where the water is
salt water, the CO, sequestering products will include one or more
compounds found in the salt-water source. These compounds identify the
solid precipitations of the compositions that come from the salt-water
source, where these identifying components and the amounts thereof are
collectively referred to herein as a saltwater source identifier. For example,
if the saltwater source is sea water, identifying compounds that may be
present in the precipitated solids of the compositions include, but are not
limited to: chloride, sodium, sulfur, potassium, bromide, silicon, strontium
and the like. Any such source-identifying or "marker" elements are
generally present in small amounts, e.g., in amounts of 20,000 ppm or
less, such as amounts of 2000 ppm or less. In certain embodiments, the
"marker" compound is strontium, which may be present in the precipitated
incorporated into the aragonite lattice, and make up 10,000 ppm or less,
ranging in certain embodiments from 3 to 10,000 ppm, such as from 5 to
5000 ppm, including 5 to 1000 ppm, e.g., 5 to 500 ppm, including 5 to 100

ppm. Another "marker" compound of interest is magnesium, which may be
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present in amounts of up to 20% mole substitution for calcium in carbonate
compounds. The saltwater source identifier of the compositions may vary
depending on the particular saltwater source employed to produce the
saltwater-derived carbonate composition. In certain embodiments, the
calcium carbonate content is 25% w/w or higher, such as 40 % w/w or
higher, and including 50% w/w or higher, e.g., 60% w/w.

[0064]  Following production of the CO, sequestering product, the product
is disposed of in a manner sufficient to sequester the CO, that is present in
the solid components of the product, e.g., present as carbonate
compounds, etc. Disposal procedures may vary widely, and may include
separation of the product from the mother liquor, treatment of the mother
liquor, disposal in land or water, e.g., ocean/sea locations, or in
subterranean locations and the like.

[0065] In certain embodiments, the CO, sequestering product is
disposed of by simply locating it and the mother liquor at an above ground
location using any convenient process, e.g., by transporting it to a suitable
location, such as a tailing pond type structure, reservoir, etc, where the
composition is placed and, over time, the liquid component may evaporate
leaving precipitated solids. In these embodiments, the CO, sequestering
product and mother liquor together make up a composition that includes
one or more carbonate compounds. In certain embodiments, the
compositions are thick suspensions of solid carbonate precipitates in an
aqueous liquid, e.g., a slurry of carbonate compound precipitates in water.
In certain embodiments, the viscosity of the carbonate compound slurry is
1 cp or more, such as 100 cp or more and including 1000 cp or more as
determined at standard laboratory temperature and pressure conditions
(i.e., 100 kPa, 25°C) using the viscosity determination protocol as
described in Handbook of Food Science, Technology, and Engineering,
Vol. 4, Edited by Y.H. Hui. See e.g., United States Provisional Application
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Serial No. 61/082,766; the disclosure of which is herein incorporated by
reference.

[0066] In certain embodiments where the product and mother liquor are
disposed of together, the flowable composition is disposed of in an
underwater location. Underwater locations may vary depending on a
particular application. While the underwater location may be an inland
underwater location, e.g., in a lake, including a freshwater lake, of interest
in certain embodiments are ocean or sea underwater locations. The
underwater location may be shallow or deep. Shallow locations are
locations which are 200 ft or less, such as 150 ft or less, including 1000 ft
or less. Deep locations are those that are 200 ft or more, e.g., 500 ft or
more, 1000 ft or more, 2000 ft or more, including 5000 ft or more.

[0067] Where desired, the compositions made up of the precipitate and
the mother liquor may be stored for a period of time following precipitation
and prior to disposal. For example, the composition may be stored for a
period of time ranging from 1 to 1000 days or longer, such as 1 to 10 days
or longer, at a temperature ranging from 1 to 40°C, such as 20 to 25°C.
[0068]  Any convenient process for transporting the composition to the
site of disposal may be employed, and will necessarily vary depending on
the locations of the precipitation reactor and site of disposal relative to
each other, whether the site of disposal is an above ground or below
ground site of disposal, etc. In certain embodiments, a pipeline or
analogous slurry conveyance structure is employed, where these
approaches may include active pumping, gravitational mediated flow, etc.,
as desired. In yet other embodiments, cargo type transportation processes
are employed, e.g., shipping via train, truck, barge, ship, etc.

[0069]  While in certain embodiments the carbonate compound is directly
disposed at the disposal site without further processing following
precipitation, in yet other embodiments the composition may be further

processed prior to disposal. For example, in certain embodiments solid
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physical shapes may be produced from the composition, where the
resultant shapes are then disposed of at the disposal site of interest. One
example of this embodiment is where artificial reef structures are produced
from the carbonate compound compositions, e.g., by placing the flowable
composition in a suitable mold structure and allowing the composition to
solidify over time into the desired shape. The resultant solid reef structures
may then be deposited in a suitable ocean location, e.g., a shallow
underwater location, to produce an artificial reef, as desired.

[0070]  Other embodiments may include treatment of the mother liquor
prior to disposal, where the mother liquor may or may not be present in the
same composition as the product. For example, where the mother liquor is
to be returned to the ocean, the mother liquor may be contacted with a
gaseous source of CO, in a manner sufficient to increase the
concentration of carbonate ion present in the mother liquor. Contact may
be conducted using any convenient processes, such as those described
above. In certain embodiments, the mother liquor has an alkaline pH, and
contact with the CO, source is carried out in a manner sufficient to reduce
the pH to a range between 5 and 9, e.g., 6 and 8.5, including 7.5 t0 8.2. In
certain embodiments, the treated brine may be contacted with a source of
CO,, e.g., as described above, to sequester further CO,. For example,
where the mother liquor is to be returned to the ocean, the mother liquor
may be contacted with a gaseous source of CO, in a manner sufficient to
increase the concentration of carbonate ion present in the mother liquor.
Contact may be conducted using any convenient processes, such as those
described above. In certain embodiments, the mother liquor has an
alkaline pH, and contact with the CO, source is carried out in a manner
sufficient to reduce the pH to a range between 5 and 9, e.g., 6 and 8.5,
including 7.5 to 8.2.

[0071]  The resultant mother liquor of the reaction may be disposed of

using any convenient processes. In certain embodiments, it may be sent to
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a tailings pond for disposal. In certain embodiments, it may be disposed of
in a naturally occurring body of water, e.g., ocean, sea, lake or river. In
certain embodiments, the mother liquor is returned to the source of
feedwater for the methods of invention, e.g., an ocean or sea.

[0072]  In certain embodiments, following production of the CO,
sequestering product, the resultant product is separated from the mother
liquor to produce separated CO, sequestering product. Separation of the
product can be achieved using any convenient approach, including a
mechanical approach, e.g., where bulk excess water is drained from the
product, e.g., either by gravity alone or with the addition of vacuum,
mechanical pressing, by filtering the product from the mother liquor to
produce a filtrate, etc. Separation of bulk water produces, in certain
embodiments, a wet, dewatered precipitate.

[0073]  The resultant dewatered precipitate may then be dried, as
desired, to produce a dried product. Drying can be achieved by air-drying
the wet precipitate. Where the wet precipitate is air dried, air-drying may be
at room or elevated temperature. In yet another embodiment, the wet
precipitate is spray dried to dry the precipitate, where the liquid containing
the precipitate is dried by feeding it through a hot gas (such as the
gaseous waste stream from the power plant), e.g., where the liquid feed is
pumped through an atomizer into a main drying chamber and a hot gas is
passed as a co-current or counter-current to the atomizer direction.
Depending on the particular drying processes of the system, the drying
station may include a filtration element, freeze drying structure, spray
drying structure, etc. Where desired, the dewatered precipitate product
may be washed before drying. The precipitate may be washed with
freshwater, e.g., to remove salts (such as NaCl) from the dewatered
precipitate.

[0074]  The dried product may be disposed of or employed in a number of

different ways. In certain embodiments, the precipitate product is
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transported to a location for long-term storage. Such embodiments find use
where CO, sequestration is desired, since the product can be transported
to a location and maintained as a storage stable above ground CO,
sequestering material. For example, the carbonate precipitate may be
stored at a long term storage site adjacent to the source of CO,, e.g., at
the power plant or at a precipitation system. In yet other embodiments, the
precipitate may be transported and placed at long term storage site, e.g.,
above ground, below ground, etc. as desired, where the long term storage
site is a distance from the source of CO, (which may be desirable in
embodiments where real estate is scarce in the vicinity of the source of
CO.,). In these embodiments, the precipitate finds use as an above-ground
storage stable form, so that CO, is no longer present as, or available to be,
a gas in the atmosphere. As such, sequestering of CO, according to
methods of the invention results in prevention of CO, gas from entering the
atmosphere and long-term storage of CO, in a manner that CO, does not
become part of the atmosphere. By above-ground storage stable form is
meant a form of matter that can be stored above ground under exposed
conditions (i.e., open to the atmosphere) without significant, if any,
degradation for extended durations, e.g., 1 year or longer, 5 years or
longer, 10 years or longer, 25 years or longer, 50 years or longer, 100
years or longer, 250 years or longer, 1000 years or longer, 10,000 years or
longer, 1,000,000 years or longer, or even 100,000,000 years or longer. As
the storage stable form undergoes little if any degradation while stored
above ground under normal rain water pH, the amount of degradation if
any as measured in terms of CO, gas release from the product will not
exceed 5%/year, and in certain embodiments will not exceed 1%/year. The
above-ground storage stable forms are storage stable under a variety of
different environment conditions, e.g., from temperatures ranging from -
100°C to 600 °C humidity ranging from 0 to 100% where the conditions

may be calm, windy or stormy. Testing for such storage stability may be
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any reasonable test; in some embodiments, stability may be derived from
the chemical composition of the CO, sequestering product, e.g., a product
similar to a natural product such as limestone that is known to be stable
under a variety of conditions for thousands or even millions of years.

[0075]  In certain embodiments, the CO, sequestering product produced
by the methods of the invention is employed as a building material. An
additional benefit of certain embodiments is that CO, employed in the
process that may be obtained from a gaseous waste stream is effectively
sequestered in the built environment. By building material is meant that the
carbonate mineral is employed as a construction material for some type of
manmade structure, e.g., buildings (both commercial and residential),
roads, bridges, levees, dams, and other manmade structures etc. The
building material may be employed as a structure or nonstructural
component of such structures. In such embodiments, the precipitation
plant may be co-located with a building products factory.

[0076]  In certain embodiments, the precipitate product is refined (i.e.,
processed) in some manner prior to subsequent use. Refinement may
include a variety of different processes. In certain embodiments, the
product is subjected to mechanical refinement, e.g., grinding, in order to
obtain a product with desired physical properties, e.g., particle size, etc. In
certain embodiments, the precipitate is combined with a hydraulic cement,
e.g., as a supplemental cementitious material, as sand, as an aggregate,
etc. In certain embodiments, one or more components may be added to
the precipitate, e.g., where the precipitate is to be employed as a cement,
e.g., one or more additives, sands, aggregates, supplemental cementitious
materials, etc. to produce a final product, e.g., concrete or mortar.

[0077]  In certain embodiments, the product is utilized to produce
aggregates. Such aggregates, methods for their manufacture and use are
described in co-pending United States Application Serial No. 61/056,972,
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filed on May 29, 2008, the disclosure of which is herein incorporated by
reference.

[0078]  In certain embodiments, the product is employed as a component
of a hydraulic cement. The term "hydraulic cement" is employed in its
conventional sense to refer to a composition that sets and hardens after
combining with water. Setting and hardening of the product produced by
combination of the CO, sequestration product with an aqueous fluid results
from the production of hydrates that are formed from the cement upon
reaction with water, where the hydrates are essentially insoluble in water.
Such carbonate compound component hydraulic cements, methods for
their manufacture and use are described in co-pending United States
Application Serial No. 12/126,776 filed on May 23, 2008; the disclosure of
which application is herein incorporated by reference.

[0079]  In some embodiments, the product is employed as a
“supplementary cementitious material” (SCM). SCMs are those materials
that, although they may or may not be hydraulically cementitious in and of
themselves, react to a degree with a hydraulic cement composition, such
as portland cement, to produce a cured material. Examples of common
SCMs for use in portland cement compositions include flyash and ground

granulated blast furnace slag.

DETERMINING THE CO, SEQUESTERED IN THE CO, SEQUESTERING PRODUCT

[0080] Subsequent to the production of a CO, sequestering product, e.g.,
as described above, the amount of CO, sequestered in the product is
quantified. By “quantified” is meant determining an amount, e.g., in the
form of a numeric value, of CO, that has been sequestered (i.e., fixed) in
the CO, sequestering product. The determination may be an absolute
quantification of the product where desired, or it may be an approximate

quantification, i.e., not exact. The quantification is adequate to give a
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market-acceptable measure of the amount of CO, sequestered.

[0081] The amount of CO, in the CO, sequestering product may be
quantified using any convenient method. In certain embodiments the
quantification may be done by actual measurement of the composition. A
variety of different methods may be employed in these embodiments. For
example, the mass or volume of the composition is measured. In certain
embodiments, such measurement can be taken while the precipitate is in
the mother liquor. In these cases, additional methods such as x-ray
diffraction may be used to quantify the product. In other embodiments, the
measurement is taken after the precipitate has been washed and/or dried.
The measurement is then used to quantify the amount of CO, sequestered
in the product, for example, by mathematical calculation. For example, a
Coulometer may be used to obtain a reading of the amount of carbon in
the precipitated sequestration product. This Coulometer reading may be
used to determine the amount of alkaline carbonate in the precipitate,
which may then be converted into CO, sequestered by stoichiometry
based on several factors, such as the initial alkaline metal ion content of
the water, the limiting reagent of the chemical reaction, the theoretical yield
of the starting materials of the reaction, etc. In some embodiments,
contaminants may be present in the product, and other determinations of
the purity of the product, e.g., elemental analysis, may be necessary to
determine the amount of CO, sequestered.

[0082] In other embodiments, an carbon isotopic method as described in
US Provisional Patent Application No. 61/219,310, filed June 22, 2009 and
titled “Compositions and Methods Using Substances with Negative 5'°C
Values”, herein incorporated by reference in its entirety, is used to
determine the amount and/or source of the CO, in the CO, sequestration
product. This method is based on the knowledge that the "*C/ '2C ratio in
fossil fuels is substantially different from the "*C/ '*C ratio in geologic

carbon sources such as limestone. Accordingly, the *C/ '2C ratio in a
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sample, as can be readily elucidated via mass spectrometry that
guantitatively measures isotopic mass, can be used to indicate the source
of the carbon. Thus, even if another source carbon, e.g., limestone is
used, the utilization of mass spectrometry for isotopic analysis will allow
elucidation of the amount of the carbon attributable to captured CO, from
fossil fuel combustion. In this manner, the amount of carbon sequestered
in the precipitate or even a downstream product that incorporates the
precipitate, e.g., concrete, may be determined, particularly where the CO,
gas employed to make the precipitate is obtained from combustion of fossil
fuels, e.g., coal. Determining the source and/or amount of CO,
sequestered based on the "°C/ '2C ratio in the CO,is based on the
knowledge that many elements, e.g., carbon, have stable isotopes, and
some of these isotopes are preferentially selected and/or concentrated in
various products and/or processes, €.g., biological processes. For
example, the relative carbon isotope composition (s"°C) value with units of
%o (per mil) is a measure of the ratio of the concentration of two stable
isotopes of carbon, namely '°C and '°C, relative to a standard of fossilized
belemnite (the PDB standard):

813C 0A)O = [ ( 13C/12C sample '13C/12C PDB standard ) / (130/12(: PDB standard ) ] X
1000

[0083] In various processes, '°C is preferentially taken up by plants during
photosynthesis and in other biological processes that use inorganic carbon
because of its lower mass. The lower mass of '*C allows for kinetically
limited reactions to proceed more efficiently than with *C. Thus, materials
that are derived from plant material, e.g., fossil fuels, have relative carbon
isotope composition values that are less than those derived from inorganic
sources. The CO, in flue gas produced from burning fossil fuels reflects

the relative carbon isotope composition values of the organic material that
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was fossilized. Table 1 lists relative carbon isotope composition value
ranges for relevant carbon sources for comparison.

[0084] Material incorporating carbon from burning fossil fuels reflects §'°C
values that are more like those of plant derived material, i.e., less than that
which incorporates carbon from atmospheric or non-plant marine sources.
Verification that the material produced by a CO, sequestering process is
composed of carbon from burning fossil fuels can include measuring the
§"°C value of the resultant material and confirming that it is not similar to

the values for atmospheric CO, dioxide, nor marine sources of carbon.
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Table 1. Relative carbon isotope composition (§'°C) values for carbon

sources of interest.

5°C Range | 8"C Average value
Carbon Source
[%o] [%o]

C3 Plants (most

_ -23 to -33 -27
higher plants)
C4 Plants (most
tropical and marsh -9 to0 -16 -13
plants)
Atmosphere -6 to -7 -6
Marine Carbonate

-2 to +2 0
(COs)
Marine Bicarbonate
-3 to +1 -1
(HCO,)
Coal from Yallourn
_ » -27.1 t0 -23.2 -25.5
Seam in Australia
Coal from Dean
-24.47 to -
Coal Bed in -24.805
) 25.14

Kentucky, USA

1. Holdgate, G.R. et al., Global and Planetary Change, 65 (2009) pp. 89-
103.
2. Elswick, E.R. et al., Applied Geochemistry, 22 (2007) pp. 2065-2077.

[0085] In some embodiments, the invention provides a method of
characterizing a composition comprising measuring its relative carbon
isotope composition (§'°C) value. In some embodiments the composition
is a composition that contains carbonates, e.g., magnesium and/or calcium

carbonates. Any suitable method that are currently available may be used
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for measuring the 8'°C value, such as mass spectrometry or off-axis
integrated-cavity output spectroscopy (off-axis ICOS).

[0086] In some embodiments, the amount of CO, sequestered from a
particular source of CO,, e.g., a fossil fuel source is quantified. For
example, coulometry may be used to determine the relative amount of
carbon in a composition, and isotopic ratio values may be used to verify
that the carbon is wholly or partially of fossil fuel origin. Itis then a
relatively simple calculation to determine the amount of CO, (or carbon)
sequestered in the composition, given the relative amount of the carbon
that is of fossil fuel origin and the total carbon. In some embodiments, the
total CO, may be calculated without regard to origin, e.g., where a mass
balance is kept between the CO, content and the volume of gas entering
and exiting a CO, sequestration process, and the CO, content and volume
and/or mass of the CO, sequestering product or products or the CO,
sequestering process.

[0087]  In other embodiments, the quantification may be done by making
a theoretical determination of the amount of CO, sequestered, such as by
calculating the amount of CO, sequestered. The amount of CO,
sequestered may be calculated by using a known yield of the above-
described method, such as where the yield is known from previous
experimentation. The known yield may vary according to a number of
factors, including one or more of the input of gas (e.g., CO,) and water, the
concentration of alkaline-earth-metal ions in the water, pH, salinity,
temperature, the rate of the gaseous stream, the embodiment of the
method selected, etc., as reviewed above. Standard information, e.g., a
predetermined amount of CO, sequestered per amount of product
produced by a given reference process, may be used to readily determine
the quantity of CO, sequestered in a given process that is the same or

approximately similar to the reference process, e.g., by determining the
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amount produced and then calculating the amount of CO, that must be
sequestered therein.

[0088] In certain embodiments, the CO, sequestering product can store
about 50 tons or more of CO,, such as about 100 tons or more of CO,,
including 250 tons or more of CO,, for instance about 500 tons or more of
CO,, such as about 750 tons or more of CO,, including about 900 tons or
more of CO, for every 1000 tons of concrete produced. Thus, in certain
embodiments, the CO, sequestering product comprises about 5% or more
of CO,, such as about 10% or more of CO,, including about 25% or more
of CO,, for instance about 50% or more of CO,, such as about 75% or

more of CO,, including about 90% or more of CO..

CONVERTING THE SEQUESTERED CO, INTO A TRADABLE CO, COMMODITY

[0089] Embodiments of the invention include converting the quantified
amount of sequestered CO, into a tradable commodity. After the amount
of CO, sequestered in the CO, sequestering product has been quantified,
the quantified amount is converted into a tradable commodity. By
“tradable commodity” is meant a unit, e.g., a financial instrument, which
may be exchanged in a market for other goods or services. Further, a
traditional commodity does not vary in quality, and in certain embodiments
of the invention, the commodity produced will not vary in quality. However,
in certain embodiments of the invention, the commodity may be a
competitor in a market with similar goods that do vary in quality from the
tradable commodity of the invention, such as in the OTC offset market. In
other embodiments of the invention, the tradable commodity of the
invention will be completely fungible with commodities produced by other
entities or methods, such as on the Chicago Climate Exchange (CCX)

where fungible Carbon Financial Units (CFls) are traded.
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[0090] Because there are a number of tradable commodities into which a
quantified amount of sequestered CO, may be converted, the precise
method of the conversion will depend on the type of tradable commodity
sought to be obtained. The following examples of tradable commodities
into which the quantified amount may be converted are offered merely by
way of example, and should not be construed to limit the types of
commodities into which the quantified amount of sequestered CO, may be
converted or the markets in which those commodities may be traded.

[0091] In certain embodiments, the tradable commodity sought is a
carbon offset. As described above, an offset is an intangible good that can
be purchased by an entity to “offset” its GHG emissions. This allows the
entity, such as a company, a family, an individual, etc. to bear the cost of
its emissions. When an offset is purchased, it means the seller has
reduced the amount of atmospheric CO,in an amount corresponding to
the value of the offset sold, for example, the seller has reduced the amount
of atmospheric CO, by one ton of CO, per offset sold. In some of these
embodiments, the quantified amount of CO, sequestered may be directly
converted into tradable commodities, for example, by taking no further
steps beyond quantification and routine calculation. In other embodiments
where the quantified amount is to be converted into carbon offsets, the
quantified amount is converted into Verified Emission Reduction (VER)
units or some other carbon offset unit. A VER is an offset that has been
verified by an independent auditor, i.e., an independent auditor has
ensured that the company selling the offset has actually reduced the
amount of atmospheric CO, by the amount the seller claims for each offset
sold. The method of such conversion is discussed in greater detail below
[0092] For example, verification, certification, or authentication may not
be required to obtain a commodity, such as where an unverified offset is
sold directly to a consumer. The quantified amount may be directly

converted into an offset, such as by recording in an inventory or on a
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system that a certain amount of sequestered CO, is available for transfer
to a customer, e.g., where one ton of sequestered CO,is converted into a
one-ton CO,e offset. The offset is then made available for transfer to a
customer, e.g., by listing it on a website for sale.

[0093] In another embodiment, the quantified amount of sequestered
CO, is converted into Verified Emission Reduction units (VERs). VERs
may be sold, for example, in the OTC offset market to countries,
companies, or individuals as disclosed above. VERs are emissions
reductions, the quality of which has been verified by at least one
independent auditor. For example, an auditor may be selected from the
list provided by the Carbonfund.org Foundation at, for example, the

Internet site:

,,,,,A
S
(]

The auditor may then be given information about the method of
sequestration, and may visit one or more locations at which sequestration
occurs according to the above-described method. The auditor may further
investigate business practices employed by the possessor of the invention,
including the method of calculating the quantified amount, the procedure
by which offsets are recorded in an inventory or by a system, etc. The
auditor may then upon approval of the invention list the method of the
invention in a registry of verified emissions reductions, and issue or
authorize the use of certain documents or images, such as labels, logos,
stamps, etc. that are symbols indicative of a verified emission reduction.
The method of embodiments of the invention may then use such
documents or images as a certificate of verification when marketing and
transferring the offsets to a customer.

[0094] In yet other embodiments, the tradable commodity sought is a
carbon allowance or other related financial instrument. The method of
converting the quantified amount into an allowance or other related

financial instrument will vary based on the type of allowance or instrument
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sought. For example, in certain embodiments, the quantified amount of
CO, sequestered is converted into, for example, a Carbon Financial
Instrument (CFl), a Certified Emission Reduction (CER), an Emission
Reduction Unit (ERU), a European Union Allowance (EUA), a Voluntary
Carbon Unit (VCU), or any of a number of other carbon financial
instruments. The method of such conversion is discussed in greater detail
below.

[0095]  In certain embodiments of the invention, the quantified amount of
sequestered CO, is converted into Carbon Financial Instruments (CFls).
CFls may be traded, for example, on the CCX. To convert a quantified
amount of sequestered CO, into CFls, CCX is contacted and a procedure
specified by CCX is followed. Such a procedure might include, for
example, the steps of: 1) submitting a project proposal and/or
questionnaire to CCX; 2) obtaining project approval from the Committee on
Offsets; 3) obtaining independent project verification from a CCX-approved
verifier; 4) registering as a CCX Offset Provider and/or Offset Aggregator;
and 5) receiving CFI contracts for project offsets.

[0096] In other embodiments of the invention, the quantified amount of
sequestered CO, is converted into Certified Emission Reduction units
(CERs). CERs may be purchased, for example, in the OTC market from
providers or aggregators, or may be converted into European Union
Allowances (EUAs) or other financial instruments to be utilized or traded
on an exchange. CERs are issued under the Clean Development
Mechanism (CDM) of the Kyoto Protocol, which is administered by the
United Nations Framework Convention on Climate Change (UNFCCC)
(see, e.g., the Internet site: httpiffunfose. int/ 2880, phy/ for more information
about the UNFCCC). Information about the CDM, including information
about CERs such as about the verification, use, and transfer of CERs, may
be found at http://cdm.unfccc.int/index.html, which website is herein

incorporated by reference. The CDM is a project-based mechanism for
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countries, and in turn entities within countries, to meet their Kyoto
obligations. To convert a quantified amount of sequestered CO, into
CERs, a project first, for example, is typically qualified through a
registration and issuance process overseen by the CDM Executive Board,
after obtaining approval from the Designated National Authorities (DNA).
[0097] In yet other embodiments of the invention, the quantified amount
of sequestered CO, is converted into Emission Reduction Units (ERUs).
ERUs may be purchased, for example, in the OTC market from providers
or aggregators, or may be converted into European Union Allowances
(EUAS) or other financial instruments to be utilized or traded on an
exchange. ERUs are issued under the Joint Implementation plan (JI) of
the Kyoto Protocol, which is administered by the United Nations
Framework Convention on Climate Change (UNFCCC). Information about
the JI, including information about ERUs, such as about the verification,
use, and transfer of ERUs, may be found at, e.g., the Internet site:
http://ji.unfccc.int/index.html, the contents of which website is herein
incorporated by reference. The Jl is a project-based mechanism for
countries to meet their Kyoto obligations. To convert a quantified amount
of sequestered CO, into ERUSs, a project is first, for example, typically
qualified by an Accredited Independent Entity (AIE) as approved by the
Joint Implementation Supervisory Committee (JISC).

[0098] JI and CDM projects differ according to the type of country in
which they are carried out. Generally, CDM projects allow developed
countries with Kyoto commitments to reduce emissions in developing
countries (that are likely not bound by Kyoto) in order to meet the
developed countries’ Kyoto commitments, a mechanism that is typically
less expensive than reducing emissions in a developed country. Jl
projects, by contrast, involve reducing emissions in developed countries to

meet Kyoto obligations.
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[0099]  The conversion of the quantified amount into CERs or ERUs may
be facilitated by utilizing independent auditors approved by the UNFCCC
and its subsidiary bodies. In certain embodiments, these auditors may be
the same as those listed by the Carbonfund.org Foundation at the website
listed above. For example, The Gold Standard® (see, e.g., Internet site:
ard.org) may be used to obtain VERs, CERSs,

and ERUs. These commodities may be obtained according to the method

set forth in the document entitled, “The Gold Standard® Premium quality

carbon credits: Requirements,” available at, e.g., the Internet site:

St cov 04l OO \\ ol "\ >yt onsd \\\

< QUIMISMIS/ oY
LHY O LA SRS G \ JLUITHIS IOV

0.ndt, which document is herein incorporated by reference.

[00100] In other embodiments of the invention, the quantified amount of
sequestered CO, is converted into European Union Allowances (EUASs).
EUAs may be traded, for example, on the ECX or in the OTC market, and
are the standard unit of the European Union Emissions Trading Scheme
(EU ETS), the world's largest cap and trade system. To convert a
quantified amount of sequestered CO, into EUAs, the quantified amount
may, for example, be first converted into an intermediary unit that may then
be converted into EUAs. For example, the quantified amount may first be
converted into CERs or ERUs as described above. As carbon markets
mature, however, other units may become fungible with EUAs or it may be
possible to directly convert projects into EUAs, methods that are

embodiments of the invention.

TRANSFERRING THE CO, COMMODITY TO A CUSTOMER

[00101] Embodiments of the invention further include the transfer of the
tradable commodity to a customer. By “transfer” is meant the commodity
is given to a customer, sold to a customer for a price, or placed on an

exchange for a price where a customer may then purchase the commodity.
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By “customer” is meant the receiver of the tradable commodity. The
customer, as described below, may be the generator of CO,, or may be
some third-party that is different from the generator of CO..

[00102] Transferring the commodity may occur through any convenient
procedure. For example, the transfer may occur electronically or may
include the physical transfer, e.g., by mailing an item (e.g., a document), or
both. The transfer may involve the receipt of payment such as where
payment is made either before or after the commodity is transferred. In
certain embodiments, the transaction may involve one or more
intermediate parties, such as a commodity aggregator, broker, or
exchange. In other embodiments, the tradable commodity is transferred
directly to the customer.

[00103] Upon transfer of the commodity, the transaction may be recorded,
such as, for example, in a log, inventory, database, server, document,
machine, etc. Such recordation may be either manual, such as by a user,
or automatic, such as by a machine. In some embodiments, the user may
record transfers in a document or on a computer, such as by writing down
the transfer in a log or by typing it into a word processing document or
database that is then saved. In other embodiments, a machine such as a
computer may automatically record the transfer. In some of these
embodiments, the recordation may further include calculating the number
of tradable commodities available to be transferred as a result of the sale.
The calculating may be done, for example, by debiting the number of
commodities transferred against the total number of commodities
available.

[00104] Where desired, a commodity may be transferred on the Chicago
Climate Exchange (CCX) (see, e.g., the Internet site:

hitpd A chicagocimatex.comy). After converting the quantified amount
into CFls tradable on the CCX as described above, a user or a machine

may log onto the exchange through the CCX website listed above. After
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logging onto the exchange, the user or machine may list commodities
available for sale on the exchange and set the prices at which those
commodities may be sold, i.e., transferred, to a customer acting as a buyer
on the exchange.

[00105] In other embodiments, a commodity may be transferred to an
entity within a country bound by Kyoto Protocol commitments or an
equivalent e.g. a protocol based on a future international agreement, e.g.,
the Copenhagen meeting of December 2009. Such an entity may be, for
example, a government, such as a national, regional, or local government.
In other embodiments, the entity may be part of a private sector, such as a
corporation, company, organization, individual, or group of individuals. For
example, such an entity may have particular interest in CERs or ERUs
generated by the invention, since these commodities may allow them to
meet their Kyoto commitments. In these embodiments, after converting
the quantified amount into CERs or ERUs as described above, the
possessor of the commodity may communicate with such a government or
entity, such as by postal mail, electronic mail, telephone, advertising, or
any other convenient means. Alternatively, the entity may contact the
possessor directly. Such communication may be facilitated by the listing of
the possessor’s contact information and information about the commaodity
on a commodity registry maintained by an auditor, as described above. A
price for a number of CERs or ERUs may be negotiated, e.g., the
commodities may be bargained for. After the possessor and the entity
have agreed on a price, they may arrange for transfer of the commodity
according to any convenient means, such as electronically, physically

(e.g., by postal service), etc..

THE CO, GENERATOR AND CO, SEQUESTERER
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[00106] Embodiments of the invention include systems and methods of
acquiring the CO; such as, for example, from a manufacturing or other
process of which CO, may be a product or byproduct. In certain
embodiments, CO,is generated and then sequestered according to the
method described above. In other embodiments, the generated CO, is
forwarded to a CO, sequesterer where it is sequestered in accordance
with to the methods described above.

[00107] Where desired, the CO, generator may provide consideration
(e.g., valuable consideration, such as currency) to the sequesterer in
exchange for the sequesterer’s receipt of the forwarded CO,. In other
embodiments, the CO, generator may not provide consideration in
exchange for the sequesterer receiving the CO,. In some embodiments,
the tradable commodity produced from the method is then transferred to
the generator of CO,. By contrast, in other embodiments, the sequesterer
retains the tradable commodity. In still other embodiments, the tradable
commodity may be transferred to a third party that is neither the generator
nor the sequesterer of CO,. While in many embodiments the third party
will provide consideration in exchange for the tradable commodity, in some
embodiments the third party may not provide consideration.

[00108] Consideration, also commonly referred to as “tipping fees”, may
also be granted by the CO, generator for the sequestering of other
pollutants of interest, sometime referred to as “criteria pollutants”. In the
power generation and industrial smelting and cement industries, these
pollutants often include hazardous products and gas “pollutants” such as
sulfur oxides, nitrogen oxides, particulates, as well as other regulated
pollutants such as mercury and other heavy metals, radioactive
substances, and the like. The carbonate precipitation process may
sequester some or all of these pollutants, and in doing so provide a service
of considerable value to the CO, generator, resulting in the payment of

tipping fees by the generator. In some markets, these pollutant emissions
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allowances e.g., criteria pollutants emission allowances are granted to
industries that burn fossil fuels, and are traded much like carbon credits
and allowances as previously described.

[00109] The possessor of the tradable commodity (whether the possessor
is the sequesterer or the generator or some third party) may then transfer
the commodity. The commodity may be transferred, for example, by
trading the commodity on an exchange. For example, the possessor may
trade the commodity on the Chicago Climate Exchange (CCX), the
European Climate Exchange (ECX), or on some other exchange where
carbon sequestration tradable commodities may be transferred.
Alternatively, the possessor may choose to sell the commodity to a
customer, such as in the OTC market.

[00110] In certain embodiments of the system and method, e.g., valuable
consideration, such as currency, is involved in the transaction where the
tradable commodity is transferred. Such consideration may be involved
whether the transaction occurs on an exchange or directly with a customer.
For example, the customer may be the generator of CO,, and may provide
some consideration for the sequestration of the CO,, regardless of whether
the generator, the sequesterer, or some third party retains the tradable
commodity once the commodity is produced. Alternatively, the
sequesterer may give consideration to the CO, generator or producer in
exchange for the CO,. In some embodiments of the invention, the amount
of consideration provided (as well as who is responsible for providing as
well as who receives consideration) may be linked to the terms of the
subsequent distribution of tradable commaodities, i.e., the agreement
between the possessor of the invention and the customer may correlate
consideration with the distribution and number of commodities generated.
For example, the generator may give the sequesterer more consideration if

the generator is to retain rights to the tradable commodities produced.
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[00111] In still other embodiments the customer of the CO, sequesterer
may be some third party not involved in generation of CO,. In these
embodiments, the customer may provide consideration to the sequesterer
in exchange for some tradable commodities. The invention further
encompasses all other permutations of arrangements between the
sequesterer, generator, and third parties where consideration is provided
in exchange for the transfer of one or more of CO,, tradable commaodities,

or some intermediate product of the above-described method.

SYSTEMS AND METHODS OF TRANSFERING THE CO, COMMODITY

[00112] As indicated above, embodiments of the invention provides for
systems and methods of facilitating an electronic transfer of tradable
commodities. Such systems may include a computer, e.g., a computer
connected to the Internet and having software configured to communicate
with a customer or an exchange. The system in various embodiments
embodiment can be configured to transfer tradable commodities obtained
from the method described above to a customer or on an exchange. In an
exemplarary embodiment, the number of commodities available for
transfer onto the system is uploaded to the system. This may be done, for
example, by a user, or by a machine, e.g., by a mechanical or electronic
process. The number of commodities available may be quantified based
on the actual amount of CO, sequestered. In other embodiments, the
number of commodities available may be approximated, such as by
calculating based on a known (approximate or exact) rate of sequestration
of CO, input into the system. Such calculation may estimate with
reasonable certainty the number of commodities available in real time, or
may project the number of commodities that will be available at some
future time.

[00113] In some embodiments, the system can be configured to send to

an exchange the number of commodities available for trade on that
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exchange, i.e., the system is capable of placing commodities on an
exchange. For example, the number of commodities available may be
sent to the exchange by uploading that number to a server, e.g., via the
Internet. The price at which each commodity is sold may be sent, e.g.,
uploaded, to an exchange. In certain embodiments, the prices of each of
these commodities on an exchange may be the same. In other
embodiments, the prices of some commodities offered on an exchange
may be higher or lower than other commodities, even in cases where the
commodities are entirely fungible, i.e., the same.

[00114] In some embodiments, the system can be configured to
communicate with a number of different exchanges, such as the Chicago
Climate Exchange, European Climate Exchange, Montreal Climate
Exchange, or any other exchange on which a carbon sequestration
tradable commodity obtained by CO, sequestration may be traded. In
certain embodiments, the system can be configured to configured to buy
as well as sell tradable commodities on any of these exchanges. When a
commodity is sold on an exchange, the system receives and registers the
receipt of payment, and further registers the sale or transfer of the
commodity. When a commodity is purchased on an exchange, the system
authorizes payment and registers the debit, and further registers the
additional commodity obtained. Moreover, the system may update the
inventory of commaodities available to customers directly or on each
exchange with which it is connected based on transactions that have
occurred with other customers or on other exchanges.

[00115] As described above, in certain embodiments, the invention
pertains to methods of trading or selling a tradable commodity directly to a
customer (rather than through a commodity exchange), e.g., on the OTC
offset market. In these embodiments, the system may be configured to
recruit customers, e.g., by advertising. The system may communicate to

the customer, via the Internet or other means, information about the offsets
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available for sale. In particular, the system may communicate information
about the quality of the offset, such as about the means of its production.
The system may further provide opportunities for the customer to estimate
or calculate its "emissions footprint", e.g., its "carbon footprint" in CO..
Such estimation may aid the customer in determining the number of
commodities it may desire to purchase to meet its needs.

[00116] In some embodiments, when a customer chooses to purchase
offsets, the system can be configured to execute the transaction. This can
be accomplished, for example, by configuring the system to receive
payment, issue a receipt of purchase to the customer for verification, debit
the inventory of offsets available by the number of offsets purchased, and
the like.

[00117] In some embodiments, when commodities are sold or traded to a
customer or on an exchange, the system can be configured to account for
the number of commodities sold, transferred, or acquired. The system
also can be configured to determine the number of commodities still
available, and to update according to the method described above the
exchanges and customers with which it is in communication at certain
intervals, such as more frequently than about once per month, more
frequently than about once per week, more frequently than about once per
day, more frequently than about once per hour, in real-time, or in any other
convenient interval.

[00118] In some embodiments, the system can be configured to provide
and receive consideration associated with the transfer of one or more of
CO,, tradable commodities, or some intermediate of the above-described
methods. For example, such consideration may be valuable consideration,
e.g. currency.

[00119] An embodiment of the system100 is illustrated schematically in
Fig.1. With reference to in Fig. 1, a carbonate-containing CO, sequestering

product 110, e.g., produced from the above-described methods, is



10

15

20

25

30

WO 2010/030826 PCT/US2009/056573
49

quantified. Such quantification, as disclosed above, may be done by any
conventional means, for example, by measuring the amount of carbonate
in the CO, sequestering product and correlating this measurement to an
amount of sequestered carbon dioxide. Such measuring may be done in
certain embodiments by measuring the mass or volume of the CO,
sequestering product. That measurement may then be converted to
tradable commodity 120. Such conversion may be done by any
conventional means, for example, by a routine mathematical/chemical
calculation. In certain embodiments, it may be desirable to obtain
verification or authentication of the sequestration process before the
conversion into the tradable commodity 120 is complete. The dashed
arrows as illustrated in Fig. 1 indicate that the step represented by those
arrows may only be present in certain embodiments of the invention.
[00120] Tradable commodity 120 is then input into system 130. This may
be done manually, for example, by user 170. Alternatively, the tradable
commodity may be input, e.g., registered or uploaded, into system 130
automatically, e.g., mechanically or electronically. The system is in
communication with a customer 160 and/or an exchange 150 via a
computer network such as the Internet 140. For example, the system may
operate on Internet 140 using a website, or may send communications via
Internet 140 to customer 160 and exchange 150. Such communications
may include information about the quantities of tradable commodities
available and the prices at which each of those tradable commodities are
available. In addition, system 130 may be configured to receive
communications from customer 160 and exchange 150. Customer 160
may send information via Internet 140 to system 130 indicating the quantity
of tradable commodities sold by the invention (those purchased by the
customer) in some transaction. Exchange 150 may send information to
system 130 via Internet 140 regarding quantities of tradable commodities

transferred on the exchange, and the prices at which those quantities were
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transferred. After system 130 has registered these transactions, it may
update exchange 150 and customer 160 with the new quantities and prices
of tradable commodities available, e.g., the system will repeatedly update
the customers and exchanges with which it is in communication after each
transaction, such as in regular intervals. In addition, system 130 may
communicate this information to user 170. User 170 may input information
into system 130, such as information about the price and quantity of
tradable commodities available. User 170 may also input information
about the quality of tradable commodity 120 or communicate other
information to customer 160 and exchange 150 via system 130 and
Internet 140.

[00121] In some embodiments, a salable product, e.g., a cement product,
is produced by sequestering carbon dioxide in the CO, sequestering
product. Consequently, in these embodiments, an additional tradable
commodity (with respect to the initial commodity generated by the
sequestration step) may be generated by selling this salable product to a
user, e.g., company, individual, or other entity, that would have purchased
a different cement product had the CO, sequestering salable product not
been available, and wherein the manufacture of that different alternative
product would have emitted a substantially greater amount of CO, than
that emitted by producing the present CO, sequestering product. Thus, in
certain embodiments, the present system may be configured to account for
commodities produced at each and every of these stages of a salable
product production, and to transfer carbon sequestration tradable
commodities to a customer or on an exchange based on that accounting.
In various embodiments, the present system encompasses all possible
permutations of transfer of commodities based on the above disclosed
methods, for example, where the sequesterer and/or manufacturer retains
some or all of the above described commodities, and where the

sequesterer and/or manufacturer transfers some or all of the above
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described commodities to a customer, to a producer of CO,, to some third
party or parties, or on an exchange.

[00122] The present system further encompasses all embodiments where
consideration is exchanged between one or more of the sequesterer,
manufacturer, customer, producer of CO,, and third party. This
consideration may be exchanged in association with the exchange of some
other commodity, such as CO,, the CO, sequestering product, e.g., a
cement, an aggregate or the like. In other embodiments, consideration
may not be tied to an exchange of the commodity.

[00123] Fig. 2 illustrates an example of the system 200 wherein a tradable
commodity is generated based on producing a salable product, e.g., a
cement, from the CO, sequestering product as described above. In Fig. 2,
a CO, producer 280 generates CO, and forwards it to CO, sequesterer
210. The CO, sequesterer 210 may provide consideration to the CO,
producer 280, or the CO, producer 280 may provide consideration to the
CO, sequesterer 210 as is illustrated by the dashed lines. The CO,
sequesterer 210 then produces a carbonate-containing CO, sequestering
product 220, such as by the methods described above. The CO,
sequestering product 220 is quantified and converted into tradable
commodity 220 and may then be returned to the CO, producer 280, the
CO, sequesterer 210, or divided (either proportionally or disproportionally)
between them. Other transactions between the CO2 producer 280, the
CO2 sequester regarding the tradable commodity 230, 270 are indicated
by the dashed lines in Fig. 2.

[00124] In some embodiments, and with reference to Fig. 2, a
determination is made at step 240 regarding whether a salable product,
e.g., cement, will be manufactured from CO, sequestering product 220. If
a cement will not be manufactured, CO, sequestering product 220 is
disposed at step 250. Alternatively, manufactured cement 260 is

produced, such as by using an intermediate aggregation step as described
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above. The reduction of atmospheric CO, resulting from the sale of
manufactured cement 260 - the manufacture of which requires the release
of less CO, than does the manufacture of other building and construction
cements - as opposed to such other building and construction cements
generates tradable commodity 270. Tradable commodity 270 may then be
transferred to CO, producer 280, CO, sequesterer 210, or divided (either
proportionally or disproportionally) between them. The manufactured
product may be a cement as in this example, or, e.g., some other product
useful in the built environment such as an aggregate or a supplementary
cementitious material or combinations thereof.

[00125] Fig. 3 is an illustration of an embodiment of a computer-
implemented system 300 of trading the tradable commodity 330. In one
implementation, the system 300 comprises, a CO, sequestration converter
310 programmed to convert a quantified amount of CO, sequestered in a
CO, sequestering product 320 into a tradable commodity 330. In some
embodiments, the CO, sequestering product comprises a carbonate
and/or bicarbonate, such as calcium or magnesium carbonate and/or
bicarbonate, produced as described above. In various embodiments, the
tradable commodity 330 comprises a tradable instrument that may include
a CO, emission certificate, a CO, emission permit, a CO, emission credit,
a carbon offset, carbon allowance, or a criteria pollutant allowance. In
other embodiments the tradable instrument include a Verified Emissions
Reductions unit (VER), a Carbon Financial Instrument (CFl), a European
Union Allowance (EUA), a Certified Emission Reduction unit (CER), an
Emission Reduction Unit (ERU), a Voluntary Carbon Unit, or a tipping fee.
[00126] In various embodiments of a computer-implemented system, the
system 300 includes a CO, sequesterer 380 module or a CO, regulator
395 module that is programmed to issue the tradable commodity. In a
manual system, the sequester may comprise a facility for sequestering

carbon dioxide as describe above; similarly, in a manual system, the
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regulator may be a government regulator. In various embodiments, the
CO, sequesterer 380 issues the tradable commodity based on the amount
of CO, quantified in the CO, sequestering product 320; in other
embodiments, the CO, regulator may issue the tradable commodity based
on the amount of CO, in the environment.

[00127] In some embodiments, system 300 includes a CO, generator 340,
a CO, trader 360, or the CO, sequesterer 380 that is programmed to
acquire the tradable commaodity. In a computer implementation of the
system, the a CO, generator 340, a CO, trader 360 or the CO, sequesterer
380 may comprise a program module, whereas in a manual system, the a
CO, generator 340 may comprise a facility that generates and emits
carbon dioxide, e.g., a power generating plant, a cement plant, an ore
processing facility, and the like; and the CO, trader and/or the CO,
sequesterer 380 may be individuals or corporate entities. In various
embodiments, the tradable commodity is acquired by a transfer of
consideration, e.g., money, among the CO, generator, the CO, sequesterer
and the CO, trader. In various embodiments, the CO, generator, the CO,
sequesterer and the CO, trader comprise a single entity.

[00128] In various embodiments, the tradable commodity 330 is valid for a
permitted amount of CO, emissions; in other embodiments, the tradable
commodity is valid for a limited time. In some embodiments, the tradable
commodity is priced based on the supply and demand for the tradable
commodity in a commodity market such as the CCX. In other
embodiments, the tradable commodity is priced based on the amount of
CO, in the environment, e.g., the pricing is based on the carbon dioxide
concentration in the atmosphere at one time relative to the carbon dioxide
concentration at a baseline year. In some embodiments, the CO,
sequesterer or the CO, generator may transfer the tradable commodity to
a third party, or the CO, sequesterer or the CO, generator may to retire the

tradable commodity after its has been acquired or after it has expired.
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[00129] In various embodiments, the amount and/or source of the CO, is
determined by measuring the "°C isotope in the CO, sequestration product
as described herein; in other embodiments, the amount of CO.is
determined by a conventional chemical procedures that determine the
composition of a material. In various embodiments, the CO, generator may
issue instructions for paying a tipping fee to the CO, sequesterer as
described herein. Thus, in various embodiments, the CO, sequestration
converter can estimate the carbon emission footprint by the CO,
generator. In various embodiments, the system is configured to perform
several management functions including: receiving payments for the
tradable commodity; issuing a receipt for purchase of the tradable
commodity; and/or managing the inventory of tradable commodity. In
various embodiments, the system may comprise a computer network or
can be operated without a computer network.

[00130] In another embodiment (not illustrated), the system comprises a
CO, commodity trading system, comprising: a CO, sequesterer configured
to sequester CO, into a CO, sequestering product; and a CO,
sequestration converter configured to quantify the sequestered CO, into a
tradable commodity. As with the system of Fig.1, the CO, sequesterer is a
system configured to contact CO, with a divalent cation solution to produce
the CO, sequestering product comprising a carbonate and/or bicarbonate,
e.g., calcium and/or magnesium carbonate and/or bicarbonate. In various
embodiments, the CO, sequestration converter comprises a system
configured to: determine the amount of CO, sequestered in the CO,
sequestering product; and produce the tradable commodity. As with the
system of Fig. 1, the tradable commodity comprises a tradable instrument
comprising: a CO, emission certificate, a CO, emission permit, a CO,
emission credit, a carbon offset, carbon allowance, or a criteria pollutant
allowance. In various embodiments, the tradable instrument comprises a

Verified Emissions Reductions unit (VER), a Carbon Financial Instrument
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(CFl), a European Union Allowance (EUA), a Certified Emission Reduction
unit (CER), an Emission Reduction Unit (ERU), a Voluntary Carbon Unit,
or a tipping fee.

[00131] As with system 100 of Fig. 1, in this system, the CO, sequesterer
can issue the tradable commodity based on the amount of CO,
sequestered in the CO, sequestration product. In various embodiments, a
CO, generator or the CO, sequesterer may acquire the tradable
commodity. Since the tradable commodity is valid for a permitted amount
of CO, emissions, in one embodiment, by acquiring the tradable
commodity the CO, generator may rely on the acquisition to emit the
permitted amount of CO, beyond a regulated amount. In another
embodiment, the CO, sequesterer can use the acquisition to trade with
other CO, generators in the tradable commodity. Thus, in various
embodiments, the tradable commaodity is priced based on the supply and
demand for the tradable commodity as in a commodity market as, e.g., the
CCX. Factors that can influence the price of the commaodity include the
amount of CO, in the environment, and the regulated amount of CO, that
can be emitted in a specified time frame. In some embodiments, the CO,
generator is a CO, emitting facility, e.g., a fossil fuelled electrical power
generating plant, a cement producing plant or an ore processing plant; in
other embodiments, the CO, generator, the CO, sequesterer and the CO,
trader comprise a single entity.

[00132] Also as with the system of Fig. 1, in this system, the CO,
sequesterer or the CO, generator may retire the tradable commodity,
depending on how much CO, they have emitted. In various embodiments,
the amount and/or source of the CO, can be determined by measuring the
3C isotope in the CO, sequestration product as disclosed above. Thus, in
various embodiments, the CO, sequestration converter can estimate the
carbon emission footprint of a CO, emitter. In some embodiments, the

CO, generator may pay a tipping fee to the CO, sequesterer, also as
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discussed above. In various embodiments, the system can be configured
to performs and does perform several management functions including
receiving payment for the tradable commodity; issuing a receipt for
purchase of the tradable commodity; and managing the inventory of
tradable commodity. In various embodiments, the system | implemented
on a computer network or a manual system.

[00133] In another embodiment, the invention comprises an installable
computer program product comprising program modules that can be executed to
convert a quantified amount of CO, sequestered in a CO, sequestering
product into a tradable commodity. Another module in the program product
includes a CO, sequestration converter module for receiving sequestered CO,
data; calculating a quantity of tradable commodity based on the sequestered
CO, data; and issuing instructions to produce the tradable commodity. As with
the systems of Fig, 1 and 2, the CO, sequestering product comprises a divalent

cation carbonate or bicarbonate comprising magnesium or calcium.

[00134] In various embodiments, the modules of the program product can be
executed in the computer to produce the tradable commodity, e.g., a
tradable instrument comprising, e.g., a CO, emission certificate, a CO,
emission permit, a CO, emission credit, a carbon offset, carbon allowance,
or a criteria pollutant allowance. In various embodiments, the tradable
instrument may include a Verified Emissions Reductions unit (VER), a
Carbon Financial Instrument (CFl), a European Union Allowance (EUA), a
Certified Emission Reduction unit (CER), an Emission Reduction Unit
(ERU), a Voluntary Carbon Unit, or a tipping fee. In some embodiments,
the program product modules may be programmed to issue the tradable
commodity, e.g., based on the amount of CO, quantified in the CO,
sequestration product, or based on the amount of CO, in the environment
in compliance with, e.g., a governmental CO, regulation. In other

embodiments, a CO, generator module or a CO, trader module is
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programmed to acquire the tradable commodity.

[00135] In various embodiments, the program product is programmed to
issue a tradable commodity that is valid for a permitted amount of CO,
emissions, and/or is valid for a limited time. In some embodiments, the
tradable commodity is priced based on the supply and demand for the
tradable commodity; in other embodiments, the tradable commodity is
priced based on the amount of CO, in the environment. In various
embodiments, the CO, generator module is correlated to a CO, emitting
facility such as an electrical power generating plant, a cement producing
plant or an ore processing plant. In some embodiments, the CO,
generator, the CO, sequesterer and the CO, trader of as represented in

the program product comprise a single entity.

[00136] In various embodiments, the CO, sequesterer module or the CO,
generator module of the program product is programmed to transfer the
tradable commodity to a third party; in other embodiments, the CO,
sequesterer module or the CO, generator module is programmed to retire
the tradable commodity. In another embodiment, the program product is
programmed to determine the amount and/or source of the O, by
measuring the "°C isotope in the CO, sequestration product. In some
embodiments, the CO, generator is programmed to issue instructions for
paying a tipping fee to the CO, sequesterer; in other embodiments, the
CO, sequestration converter module is programmed to estimate a carbon
emission footprint. In some embodiments, the system is configured to
execute several management functions including issuing a receipt for
purchase of the tradable commodity; or manage the inventory of tradable
commodity. In various embodiments, the product is installed and

executable in a computer network.

[00137] In another embodiment, the invention pertains to a tradable
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commodity that is correlated to CO, sequestered in a CO, sequestering
product. As disclosed above, in various embodiments the CO, is
sequestered as a carbonate and/or bicarbonate, comprising calcium and/or
magnesium; and the tradable commodity comprises a tradable instrument
comprising a CO, emission certificate, a CO, emission permit, a CO,
emission credit, a carbon offset, a carbon allowance, or a criteria pollutant
allowance, wherein the tradable instrument comprises a Verified Emissions
Reductions unit (VER), a Carbon Financial Instrument (CFl), a European
Union Allowance (EUA), a Certified Emission Reduction unit (CER), an
Emission Reduction Unit (ERU), a Voluntary Carbon Unit, or a tipping fee.
As with the other embodiments described herein, the tradable commodity
in various embodiments may authorize a permitted amount of CO,
emissions; or may authorize CO, emissions for a limited time. In various
embodiments, the tradable commodity is priced based on the amount of
CO; in the environment, or the amount of CO, emissions from a CO,
emitting facility, or a tipping fee paid by the CO, emitting facility to the CO,
sequesterer. In various embodiments, the CO, emitting facility is an
electrical power generating plant, a cement producing plant or an ore

processing plant.

[00138] Fig. 4 is an illustration of an embodiment of a method 400 for
obtaining the tradable commodities. In one embodiment, the method
comprises sequestering CO, in a CO, sequestering product; and
quantifying the sequestered CO, to a tradable commodity. As with the
other embodiments, the CO, sequestering product comprises a carbonate
and/or bicarbonate comprising, e.g., calcium and/or magnesium. In various
embodiments, the tradable commodity comprises a tradable instrument
such as a CO, emission certificate, a CO, emission permit, a CO, emission
credit, a carbon offset, carbon allowance, or a criteria pollutant allowance.

In some embodiments, tradable instrument comprises a Verified Emissions
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Reductions unit (VER), a Carbon Financial Instrument (CFl), a European
Union Allowance (EUA), a Certified Emission Reduction unit (CER), an
Emission Reduction Unit (ERU), a Voluntary Carbon Unit, or a tipping fee.
In some embodiments, the tradable commodity is issued by the CO,
sequesterer the CO, regulator based on the amount of CO, quantified in
the CO, sequestration product, or based on the amount of CO, in the
environment. Once issued, the tradable commodity can be acquired by the
CO, generator or the CO, trader. In various embodiments, the tradable
commodity is valid for a permitted amount of CO, emissions and/or for a
limited time. In some embodiments, the price of the tradable commodity is
based on the supply and demand for the tradable commodity in a
commodity market, or is based on the amount of CO, in the environment.
In some embodiments, the CO, generator pays a tipping fee to the CO,
sequesterer. In some embodiments, the tradable commodity is correlated
to a CO, emissions by a CO, emitting facility such as an electrical power
generating plant, a cement producing plant or an ore processing plant. In
some embodiments, the CO, sequesterer or the CO, generator can retire
the tradable commodity. In various embodiments, the amount and/or
source of the CO, is determined by measuring the "°C isotope in the CO,
sequestration product. In some embodiments, the method comprises
receiving payment for the tradable commodity; issuing a receipt for
purchase of the tradable commodity; or managing the inventory of tradable
commodity.

[00139] Fig. 5 is an illustration of an embodiment of a method 500 for
obtaining the tradable commodities. In this embodiment, the method
comprises contacting CO, with an alkaline-earth-metal-containing water to
produce a CO, sequestering product; determining a quantified amount of
CO, sequestered in the CO, sequestering product; and producing a
tradable commodity based on the determined quantified amount. In various

embodiments, the method comprises transferring the tradable commodity
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to a customer, wherein the customer provides the CO,. In some
embodiments,

the tradable commodity comprises a tradable instrument comprising a CO,
emission certificate, a CO, emission permit, a CO, emission credit, a
carbon offset, carbon allowance, or a criteria pollutant allowance. In some
embodiments, the tradable instrument comprises a Verified Emissions
Reductions unit (VER), a Carbon Financial Instrument (CFl), a European
Union Allowance (EUA), a Certified Emission Reduction unit (CER), an
Emission Reduction Unit (ERU), a Voluntary Carbon Unit, or a tipping fee.
[00140] In another embodiment, the system is a computer-implemented
system of trading a CO, commodity, comprising: (a) a communication
module comprising: (i) a input manager for receiving commodity request
information and payment from a customer; (ii) an output manager for
providing a tradable commodity to a user; and (iii) a user interface
manager for transferring information about tradable commodities between
a user and the system; and (b) a processing module configured to
execute transactions with a customer, wherein the processing module is
configured to provide at least one of the following features: a transfer
manager configured to transfer commodities to a customer; an inventory
manager configured to register changes to the inventory of tradable
commodities available for transfer; or a receipt manager configured to
receive payment from a customer and issue a receipt to said customer
indicating a successful transaction wherein the tradable commodity
represents a quantified amount of CO, sequestered in a CO, sequestering
product. In various embodiments, the CO, sequestering product comprises
a carbonate and/or bicarbonate comprising, e.g., calcium and/or
magnesium. In various embodiments, the tradable commodity comprises a
tradable instrument comprising: a CO, emission certificate, a CO, emission
permit, a CO, emission credit, a carbon offset, carbon allowance, or a

criteria pollutant allowance. In some embodiments, the tradable instrument
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comprises a Verified Emissions Reductions unit (VER), a Carbon Financial
Instrument (CFI), a European Union Allowance (EUA), a Certified Emission
Reduction unit (CER), an Emission Reduction Unit (ERU), a Voluntary
Carbon Unit, or a tipping fee.

[00141] In another embodiment, the method pertains to obtaining a carbon
sequestration tradable commodity, comprising: (a) generating CO;; (b)
forwarding said CO, to a CO, sequesterer that: (i) contacts said CO, with
an alkaline-earth-metal-containing water to produce a carbonate containing
CO, sequestering product; (ii)determines a quantified amount of CO,
sequestered in said CO, sequestering product; and (iii) produces a carbon
sequestration tradable commodity based on said determined quantified
amount; and (c) receiving said carbon sequestration tradable commodity
from said CO, sequesterer.

[00142] In another embodiment the system comprises a computer system
connected to an Internet and comprising: software configured to
communicate with a customer wherein, a tradable commodity obtained by
contacting CO, with an alkaline-earth-metal-containing water to obtain a
CO, sequestering product may be transferred to the customer. In some
embodiments of the system, the customer is in communication with a CO,
commodity exchange. In some embodiments, the system is configured to
transfer consideration to a CO, sequesterer that sequesters the CO, in the

CO, sequestering product.

UTILITY

[00143] As will be appreciated, the methods and systems can be utilized
in both comprehensive and targeted CO, sequestration processes, where
the processes may be enacted at the individual, group, corporate, town,
county, state, federal, national or international levels. By "sequestering

CO," is meant the removal or segregation of CO, from the gaseous waste
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stream and fixating it into a stable non-gaseous form so that the CO,
cannot escape into the atmosphere. By "CO, sequestration" is meant the
placement of CO, into a storage stable form, such as an above-ground or
under-water storage stable form, so that it is no longer present as, or
available to be, a gas in the atmosphere. As such, sequestering of CO,
according to methods of the invention results in prevention of CO, gas
from entering the atmosphere and long term storage of CO. in a manner
that CO, does not become part of the atmosphere. By storage stable form
is meant a form of matter that can be stored above ground or underwater
under exposed conditions (i.e., open to the atmosphere, underwater
environment, etc.) without significant, if any, degradation for extended
durations, e.g., 1 year or longer, 5 years or longer, 10 years or longer, 25
years or longer, 50 years or longer, 100 years or longer, 250 years or
longer, 1000 years or longer, 10,000 years or longer, 1,000,000 years or
longer, or even 100,000,000 years or longer. As the storage stable form
undergoes little if any degradation while stored, the amount of degradation
if any as measured in terms of CO, gas release from the product will not
exceed 5%/year, and in certain embodiments will not exceed 1%/year. The
above-ground storage stable forms are storage stable under a variety of
different environment conditions, e.g., from temperatures ranging from -
100°C to 600 °C, or -100°C to 50 °C, or -50°C to 50 °C; and humidity
ranging from 0 to 100%, where the conditions may be calm, windy,

turbulent or stormy.

EXPERIMENTAL RESULTS

[00144] The following examples provides by way of illustration and not by
way of limitation results achieved in accordance with the present system
and method.

Example 1
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[00145] A 20% CO, / 80% Air gas mixture was sparged into 1L of
seawater until a pH <5 is reached. Once reached, 1.0g of Mg(OH), was
added to the 1L carbonic acid/seawater solution. The 20/80 gas mixture
continues to be sparged for 20 minutes to ensure maximal dissolution of
the Mg(OH), and gases. After dissolution, sparging is stopped and 2M
NaOH is added until a pH of 9.8 is reached. Sparging of the 20/80 gas is
resumed until a pH of 8.5 is reached. 2M NaOH and counter-additions of
the 20/80 gas are continued maintaining a pH range between 8.5 and 9.8
until a total of 200ml of 2M NaOH is added. A yield of 6.91g was observed
having a Coulometer reading of 10.6% Carbon (~80% Carbonate).This
finding corresponds to sequestration of 2.89 g CO..

Example 2

[00146] A 20% CO,/80% Air gas mixture was sparged into 1L of
seawater until a pH <5 is reached. Once reached, 2.69g of Mg(OH), was
added to the 1L carbonic acid/seawater solution. The 20/80 gas mixture
continues to be sparged for 20 minutes to ensure maximal dissolution of
the Mg(OH), and gases. After dissolution, sparging is stopped and 2M
NaOH is added until a pH of 9.8 is reached. Sparging of the 20/80 gas is
resumed until a pH of 8.5 is reached. 2M NaOH and counter-additions of
the 20/80 gas are continued maintaining a pH range between 8.5 and 9.8
until a total of 200ml of 2M NaOH is added. A yield of 10.24g was
observed having a Coulometer reading of 9.7% Carbon (~75%
Carbonate). This finding corresponds to sequestration of 4.01g CO,. SEM,
EDS, and X-Ray Diffraction of the precipitated carbonates showed
amorphous and crystalline Ca and Mg carbonates, and also the presence
of Ca/Mg Carbonates.

Example 3

[00147] A 4260.0 kg of substantially pure carbon dioxide is obtained from
California Industrial Rubber Company in Yuba, California. The carbon

dioxide is purified of other contaminants found in the company’s exhaust
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byproduct before it is used. In use, the CO, is passed into a CO, charger
and precipitator where it is mixed with an excess of water from a seawater
source having a calcium concentration of 0.4128 g Ca®*/kg and an
elevated pH of 8.3. The slurry is separated, and the resulting wet cake is
washed with clean water and subsequently dried. The resulting product is
massed at 7249.0 kg and is determined to be 98.6% pure CaCO; by
elemental analysis, meaning 7148.0 kg of CaCOs are obtained. CO, is the
limiting reagent. Accordingly, the theoretical yield of calcium carbonate is
9692.0 kg, and the percent yield is 73.8%. Thus, 3144 kg of CO, are
successfully sequestered, or 3.144 metric tons of CO,. A certified
independent verifier approves by the California Climate Action Registry
verified the emissions reduction of the project. An issuance fee was paid,
and three Carbon Reduction Tons (CRT) are issued and recorded by the
system. 0.144 metric tons of CO, are “banked” by the system as verified
reductions that can be combined with other verified reductions in the future
to obtain issuance of further tradable commodities. Three CRTs are then
sold by the system to an individual from Palo Alto, CA to offset his family’s
carbon footprint in 2008. The individual provides $234.58 in exchange for
the three CRTs.

[00148] Although the foregoing invention has been described in some
embodiments with illustrations and examples, it should be understood that
this invention is not limited to particular embodiments described, as such
may. It should also be understood that in light of the teachings of this
disclosure, certain changes and modifications may be made thereto

without departing from scope of the appended claims.
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CLAIMS

1. A computer-implemented CO, commodity trading system,
comprising:
a CO, sequestration converter programmed to convert a quantified
amount of CO2 sequestered in a CO, sequestering product into a

tradable commodity.

2.  The system of claim 1, wherein the CO, sequestering product

comprises a carbonate or bicarbonate.

3.  The system of claim 2, wherein the carbonate or bicarbonate

comprises calcium or magnesium.

4.  The system of claim 1, wherein the tradable commodity comprises a
tradable instrument comprising: a CO, emission certificate, a CO, emission
permit, a CO, emission credit, a carbon offset, carbon allowance, or a

criteria pollutant allowance.

5.  The system of claim 4, wherein the tradable instrument comprises a
Verified Emissions Reductions unit (VER), a Carbon Financial Instrument
(CFl), a European Union Allowance (EUA), a Certified Emission Reduction
unit (CER), an Emission Reduction Unit (ERU), a Voluntary Carbon Unit,

or a tipping fee.

6. The system of claim 4, comprising a CO, sequesterer or a CO,

regulator programmed to issue the tradable commodity.
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7. The system of claim 6, wherein the CO, sequesterer issues the
tradable commodity based on the amount of CO, quantified in the CO,

sequestering product.

8.  The system of claim 6, wherein the CO, regulator issues the tradable

commodity based on the amount of CO, in the environment.

9.  The system of claim 6, wherein a CO, generator, a CO, trader or the

CO, sequesterer is programmed to acquire the tradable commodity.

10. The system of claim 1, wherein the tradable commodity is valid for a

permitted amount of CO, emissions.

11. The system of claim 1, wherein the tradable commodity is valid for a

limited time.

12. The system of claim 1, wherein the tradable commodity is priced
based on the supply and demand for the tradable commodity in a

commodity market.

13. The system of claim 1, wherein the tradable commodity is priced

based on the amount of CO, in the environment.

14. The system of claim 9, wherein the CO, generator is correlated to a

CO, emitting facility.

15. The system of claim 14, wherein the CO, emitting facility comprises
an electrical power generating plant, a cement producing plant or an ore

processing plant.



10

15

20

25

WO 2010/030826 PCT/US2009/056573
67

16. The system of claim 9, wherein the CO, generator, the CO,

sequesterer and the CO, trader comprise a single entity.

17. The system of claim 9, wherein the CO, sequesterer or the CO,

generator is programmed to transfer the tradable commodity to a third

party.

18. The system of claim 9, wherein the CO, sequesterer or the CO,

generator is programmed to retire the tradable commodity.

19. The system of claim 1, wherein the amount and/or source of the CO,
is determined by measuring the °C isotope in the CO, sequestration

product.

20. The system of claim 9, wherein the CO, generator is programmed to

issue instructions for paying a tipping fee to the CO, sequesterer.

21. The system of claim 1, wherein the CO, sequestration converter is

programmed to estimate a carbon emission footprint.

22. The system of claim 4, wherein the system is configured to perform
any of the following functions:

receive payment for the tradable commodity;

issue a receipt for purchase of the tradable commodity; or

manage the inventory of tradable commodity.
23. The system of claim 1, comprising a computer network.

24. A CO, commodity trading system, comprising:
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a CO, sequesterer configured to sequester CO, into a CO,
sequestering product; and
a CO, sequestration converter configured to quantify the

sequestered CO, into a tradable commodity.

25. The system of claim 24, wherein the CO, sequesterer is configured
to contact CO, with a divalent cation solution to produce the CO,

sequestering product.

26. The system of claim 25, wherein the CO, sequestering product

comprises a solid, stable carbonate or bicarbonate.

27. The system of claim 26, wherein the carbonate or bicarbonate

comprises calcium or magnesium carbonate or bicarbonate.

28. The system of claim 24, wherein the CO, sequestration converter
comprises a system configured to:

determine the amount of CO, sequestered in the CO, sequestering
product; and

produce the tradable commodity.

29. The system of claim 28, wherein the tradable commodity comprises
a tradable instrument comprising: a CO, emission certificate, a CO,
emission permit, a CO, emission credit, a carbon offset, carbon allowance,

or a criteria pollutant allowance.

30. The system of claim 29, wherein the tradable instrument comprises a
Verified Emissions Reductions unit (VER), a Carbon Financial Instrument

(CFl), a European Union Allowance (EUA), a Certified Emission Reduction
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unit (CER), an Emission Reduction Unit (ERU), a Voluntary Carbon Unit,

or a tipping fee.

31. The system of claim 28, wherein the CO, sequesterer issues the

tradable commodity.

32. The system of claim 31, wherein the tradable commodity is issued

based on the amount of CO, quantified in the CO, sequestration product.

33. The system of claim 31, wherein the tradable commodity is issued

based on the amount of CO, in the environment.

34. The system of claim 31, wherein a CO, generator or the CO,

sequesterer may acquire the tradable commodity.

35. The system of claim 24, wherein the tradable commodity is valid for a

permitted amount of CO, emissions.

36. The system of claim 24, wherein the tradable commodity is valid for a

limited time.

37. The system of claim 24, wherein the tradable commodity is priced
based on the supply and demand for the tradable commodity in a

commodity market.

38. The system of claim 24, wherein the tradable commodity is priced

based on the amount of CO, in the environment.

39. The system of claim 34, wherein the CO, generator comprises a CO,

emitting facility.
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40. The system of claim 39, wherein the CO, emitting facility comprises
an electrical power generating plant, a cement producing plant or an ore

processing plant.

41. The system of claim 34, wherein the CO, generator, the CO,

sequesterer and the CO, trader comprise a single entity.

42. The system of claim 34, wherein the CO, sequesterer or the CO,

generator may transfer the tradable commodity to a third party.

43. The system of claim 34, wherein the CO, sequesterer or the CO,

generator may retire the tradable commodity.

44. The system of claim 24, wherein the amount and/or source of the
CO, is determined by measuring the °*C isotope in the CO, sequestration

product.

45. The system of claim 34, wherein the CO, generator pays a tipping

fee to the CO, sequesterer.

46. The system of claim 24, wherein the CO, sequestration converter

estimates a carbon emission footprint.

47. The system of claim 24, wherein the system performs any of the
following functions:

receive payment for the tradable commodity;

issue a receipt for purchase of the tradable commodity; or

manage the inventory of tradable commodity.
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48. The system of claim 24, comprising a computer network.

49. A computer program product comprising a computer installable medium
comprising a computer readable code embodied therein for causing a computer

to execute a program module, comprising:

a CO, sequestration converter programmed to convert a quantified
amount of CO, sequestered in a CO, sequestering product into a tradable

commodity.
50. The program product of claim 49, wherein the CO, sequestration
converter comprises computer-executable instructions for:

receiving sequestered CO, data;

calculating a quantity of tradable commodity based on the sequestered
CO, data; and

issuing instructions to produce the tradable commodity.

51. The program product of claim 49, wherein the CO, sequestering product

comprises a divalent cation carbonate or bicarbonate.

52. The program product of claim 51, wherein the CO, sequestering product

comprises magnesium or calcium.

53. The program product of claim 49, wherein the tradable commodity
comprises a tradable instrument comprising: a CO, emission certificate, a
CO, emission permit, a CO, emission credit, a carbon offset, carbon

allowance, or a criteria pollutant allowance.

54. The program product of claim 53, wherein the tradable instrument

comprises a Verified Emissions Reductions unit (VER), a Carbon Financial
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Instrument (CFl), a European Union Allowance (EUA), a Certified Emission
Reduction unit (CER), an Emission Reduction Unit (ERU), a Voluntary
Carbon Unit, or a tipping fee.

55. The program product of claim 53, comprising a CO, sequesterer that

is programmed to issue the tradable commodity.

56. The program product of claim 55, wherein the amount of tradable
commodity is based on the amount of CO, quantified in the CO,

sequestration product.

57. The program product of claim 55, wherein the amount of tradable

commodity is based on the amount of CO, in the environment.

58. The program product of claim 55, wherein a CO, generator or a CO,

trader is programmed to acquire the tradable commodity.

59. The program product of claim 49, wherein the tradable commodity is

valid for a permitted amount of CO, emissions.

60. The program product of claim 49, wherein the tradable commodity is

valid for a limited time.

61. The program product of claim 49, wherein the tradable commodity is

priced based on the supply and demand for the tradable commodity.

62. The program product of claim 49, wherein the tradable commodity is

priced based on the amount of CO, in the environment.
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63. The program product of claim 58, wherein the CO, generator is

correlated to a CO, emitting facility.

64. The program product of claim 63, wherein the CO, emitting facility
comprises an electrical power generating plant, a cement producing plant

or an ore processing plant.

65. The program product of claim 58, wherein the CO, generator, the

CO, sequesterer and the CO, trader comprise a single entity.

66. The program product of claim 58, wherein the CO, sequesterer or
the CO, generator is programmed to transfer the tradable commodity to a
third party.

67. The program product of claim 58, wherein the CO, sequesterer or

the CO, generator is programmed to retire the tradable commodity.

68. The program product of claim 49, wherein the amount and/or source
of the CO, is determined by measuring the "°C isotope in the CO,

sequestration product.

69. The program product of claim 58, wherein the CO, generator is
programmed to issue instructions for paying a tipping fee to the CO,

sequesterer.

70. The program product of claim 49, wherein the CO, sequestration

converter is programmed to estimate a carbon emission footprint.

71.  The program product of claim 53, wherein the system is configured

to execute any of the following functions:
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receive payment for the tradable commodity;
issue a receipt for purchase of the tradable commodity; or

manage the inventory of tradable commodity.

72. The program product of claim 49, installed in a computer network.

73. A tradable commodity that correlates to CO, sequestered in a CO,

sequestering product.

74. The tradable commodity of claim 73, wherein the CO, is sequestered

as a carbonate or bicarbonate.

75. The tradable commodity of claim 74, wherein the carbonate or

bicarbonate comprise calcium or magnesium.

76. The tradable commodity of claim 73, wherein the tradable commodity
comprises a tradable instrument comprising: a CO, emission certificate, a
CO, emission permit, a CO, emission credit, a carbon offset, carbon

allowance, or a criteria pollutant allowance.

77. The tradable commodity of claim 78, wherein the tradable
instrument comprises a Verified Emissions Reductions unit (VER), a
Carbon Financial Instrument (CFl), a European Union Allowance (EUA), a
Certified Emission Reduction unit (CER), an Emission Reduction Unit

(ERU), a Voluntary Carbon Unit, or a tipping fee.

78. The tradable commodity of claim 73, that is correlated to a permitted

amount of CO, emissions.
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79. The tradable commodity of claim 78, that is correlated to a restricted

amount of CO, emissions for a limited time.

80. The tradable commodity of claim 73, that is priced based on the

amount of CO, in the environment.

81. The tradable commodity of claim 81, that is correlated to CO,

emissions from a CO, emitting facility.

82. The tradable commodity of claim 82, wherein the CO, emitting facility
comprises an electrical power generating plant, a cement producing plant

or an ore processing plant.

83. The tradable commodity of claim 73, wherein the amount and/or
source of the CO, is determined by measuring the "°C isotope in the CO,

sequestration product.

84. The tradable commodity of claim 73, that is based on a tipping fee

paid by the CO, emitting facility to the CO, sequesterer.

85. A method of producing a CO, commodity, comprising:
sequestering CO, in a CO, sequestering product; and

quantifying the sequestered CO, to a tradable commodity.

86. The method of claim 85, wherein the CO, sequestering product

comprises a carbonate or bicarbonate.

87. The method of claim 86, wherein the carbonate or bicarbonate

comprises calcium or magnesium.
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88. The method of claim 85, wherein the tradable commodity comprises
a tradable instrument comprising: a CO, emission certificate, a CO,
emission permit, a CO, emission credit, a carbon offset, carbon allowance,

or a criteria pollutant allowance.

89. The method of claim 88, wherein the tradable instrument comprises
a Verified Emissions Reductions unit (VER), a Carbon Financial Instrument
(CFl), a European Union Allowance (EUA), a Certified Emission Reduction
unit (CER), an Emission Reduction Unit (ERU), a Voluntary Carbon Unit,

or a tipping fee.

90. The method of claim 88, wherein a CO, sequesterer or a CO,

regulator issues the tradable commodity.

91. The method of claim 90, wherein the CO, sequesterer issues the
tradable commodity based on the amount of CO, quantified in the CO,

sequestration product.

92. The method of claim 90, wherein the CO, regulator issues the

tradable commodity based on the amount of CO, in the environment.

93. The method of claim 90, wherein a CO, generator, a CO, trader or

the CO, acquires the tradable commodity.

94. The method of claim 85, wherein the tradable commodity is valid for

a permitted amount of CO, emissions.

95. The method of claim 85, wherein the tradable commodity is valid for

a limited time.
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96. The method of claim 85, comprising pricing the tradable commodity
based on the supply and demand for the tradable commodity in a

commodity market.

97. The method of claim 85, comprising pricing the tradable commodity

based on the amount of CO, in the environment.

98. The method of claim 85, wherein the tradable commodity is

correlated to a CO, emissions by a CO, emitting facility.

99. The method of claim 98, wherein the CO, emitting facility comprises
an electrical power generating plant, a cement producing plant or an ore

processing plant.

100. The method of claim 90, wherein the CO, sequesterer or the CO,

generator retires the tradable commodity.

101. The method of claim 85, wherein the amount and/or source of the
CO, is determined by measuring the *C isotope in the CO, sequestration

product.

102. The method of claim 90, wherein the CO, generator pays a tipping

fee to the CO, sequesterer.

103. The method of claim 85, further comprising:
receiving payment for the tradable commodity;
issuing a receipt for purchase of the tradable commodity; or

managing the inventory of tradable commodity.

104. A computer-implemented method of generating a CO, commodity
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comprising:

calculating an amount of CO, sequestration commodity corresponding to

CO, sequestered is an CO, sequestering product; and
issuing the carbon sequestration commodity.

105. The method of claim 104, wherein the CO, sequestering product

comprises a carbonate or bicarbonate.

106. The method of claim 105, wherein the carbonate or bicarbonate

comprises calcium or magnesium.

107. The method of claim 104, wherein the wherein the tradable commodity
comprises a tradable instrument comprising: a CO, emission certificate, a
CO, emission permit, a CO, emission credit, a carbon offset, carbon

allowance, or a criteria pollutant allowance.

108. The method of claim 107, wherein the tradable instrument
comprises a Verified Emissions Reductions unit (VER), a Carbon Financial
Instrument (CFI), a European Union Allowance (EUA), a Certified Emission
Reduction unit (CER), an Emission Reduction Unit (ERU), a Voluntary
Carbon Unit, or a tipping fee.

109. The method of claim 104, wherein the amount and/or source of the
CO, is determined by measuring the °C isotope in the CO, sequestration

product.

110. A method of producing a CO, commaodity, comprising:
contacting CO, with an alkaline-earth-metal-containing water to

produce a CO, sequestering product;
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determining a quantified amount of CO, sequestered in the CO,
sequestering product; and
producing a tradable commodity based on the determined quantified

amount.

111. The method of claim 110, further comprising transferring the

tradable commodity to a customer.

112. The method of claim 111, wherein the customer provides the CO..

113. The method of claim 110, wherein the tradable commodity
comprises a tradable instrument comprising: a CO, emission certificate, a
CO, emission permit, a CO, emission credit, a carbon offset, carbon

allowance, or a criteria pollutant allowance.

114. The method of claim 113, wherein the tradable instrument comprises
a Verified Emissions Reductions unit (VER), a Carbon Financial Instrument
(CFl), a European Union Allowance (EUA), a Certified Emission Reduction
unit (CER), an Emission Reduction Unit (ERU), a Voluntary Carbon Unit,

or a tipping fee.

115. A computer-implemented system of trading a CO, commodity,
comprising:

(a) a communication module comprising:

(i) a input manager for receiving commodity request information and
payment from a customer;

(iii) an output manager for providing a tradable commodity to a user;

and

(iv) a user interface manager for transferring information about

tradable commodities between a user and the system; and
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(b) a processing module configured to execute transactions with a
customer, wherein the processing module is configured to provide at least
one of the following features:

(i) a transfer manager configured to transfer commodities to a
customer;

(ii) an inventory manager configured to register changes to the
inventory of tradable commodities available for transfer; or

(iii) a receipt manager configured to receive payment from a
customer and issue a receipt to said customer indicating a successful
transaction
wherein the tradable commodity represents a quantified amount of CO,

sequestered in a CO, sequestering product.

116. The system of claim 115, wherein the CO, sequestering product

comprises a carbonate or bicarbonate.

117. The system of claim 116, wherein the carbonate or bicarbonate

comprises calcium or magnesium.

118. The system of claim 115, wherein the tradable commodity comprises
a tradable instrument comprising: a CO, emission certificate, a CO,
emission permit, a CO, emission credit, a carbon offset, carbon allowance,

or a criteria pollutant allowance.

119. The system of claim 118, wherein the tradable instrument comprises
a Verified Emissions Reductions unit (VER), a Carbon Financial Instrument
(CFl), a European Union Allowance (EUA), a Certified Emission Reduction
unit (CER), an Emission Reduction Unit (ERU), a Voluntary Carbon Unit,

or a tipping fee.
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120. A method of obtaining a carbon sequestration tradable commodity,
said method comprising:
(a) generating COy;
(b) forwarding said CO, to a CO, sequesterer that:
(i)  contacts said CO, with an alkaline-earth-metal-containing
water to produce a carbonate containing CO, sequestering
product;
(i)  determines a quantified amount of CO, sequestered in
said CO, sequestering product; and
(i) produces a carbon sequestration tradable commodity
based on said determined quantified amount; and
(c) receiving said carbon sequestration tradable commodity from

said CO, sequesterer.

121. A computer system connected to an Internet and comprising:
software configured to communicate with a customer wherein,
a tradable commodity obtained by contacting CO, with an alkaline-
earth-metal-containing water to obtain a CO, sequestering product may be

transferred to the customer.

122. The system of claim 121, wherein the customer is in

communication with a CO, commodity exchange.

123. The system of claim 121, wherein the system is configured to
transfer consideration to a CO, sequesterer that sequesters the CO, in the

CO, sequestering product.
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