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A method and means Is disclosed for managing the reduction of carbon during product transport for a large number of
hydrocarbon fuel producers within a given geographic region. This reduction of carbon Is accomplished at a few major
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(57) Abrege(suite)/Abstract(continued):

sequestration hubs located within the geographic region where the sequestration hubs themselves pass through or near major
carbon dioxide sequestration facilities. The method includes reducing the amount of carbon In the product and providing a carbon
credit or a carbon tax benefit to the producer as an additional alternative available to the producer than acquiring a carbon credit,
paying a carbon tax or installing on-site capture and sequestration facilities.
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tion of carbon during product transport for a large number of hydrocarbon
fuel producers within a given geographic region. This reduction of carbon
1s accomplished at a few major sequestration hubs located within the geo-
graphic region where the sequestration hubs themselves pass through or
near major carbon dioxide sequestration facilities. The method includes
reducing the amount of carbon in the product and providing a carbon
credit or a carbon tax benefit to the producer as an additional alternative
available to the producer than acquiring a carbon credit, paying a carbon
tax or installing on-site capture and sequestration facilities.
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METHOD OF MANAGING CARBON REDUCTION FOR
HYDROCARBON PRODUCERS

CROSS REFERENCE TO RELATED APPLICATION

The present application claims the benefits, under 35 U.S.C.§119(¢), of U.S.
Provisional Application Serial No.61/054,727 filed May 20, 2008, entitled “Method of
Managing Carbon Dioxide Emissions for Hydrocarbon Producers” to Gil and Squires,
which 1s incorporated herein by this reference.

FIELD

The present invention relates generally to processing hydrocarbons and

specifically to processing hydrocarbons with controlled carbon emissions.
BACKGROUND

There are many hydrocarbon producing regions around the world. These regions
may produce hydrocarbons by conventional means or by non-conventional means as
production from conventional sources declines. For example, conventional means include
mining coal, drilling wells and pumping crude o1l or natural gas to the surface. Non-
conventional means include, for example, recovering bitumen and heavy o1l by thermal
stimulation or mining, biomass production and the like. In all instances, the producing
regions are large producers of fossil and non-fossil carbon fuels, which when burned, emat
carbon dioxide which 1s becoming more and more regulated as the link between carbon
dioxide emissions and global warming becomes understood.

A prime example of such a producing region 1s the Western Canadian Sedimentary
Basin which contains immense reserves of unconventional hydrocarbons (principally 1n
the form of bitumen and heavy o1l) as well as large reserves of conventional o1l & gas,
coal and abundant biomass.

These producing regions are increasingly coming under regulatory pressures to
reduce emissions of carbon dioxide, especially fossil carbon dioxide, wherein each
producer may be regulated by a carbon accounting system. For example, a producer may
be given the choice of physically reducing their carbon dioxide emissions, purchasing a
carbon credit 1n a cap and trade system, paying a carbon tax in a carbon tax system or
some combination of each. For example, a producer may choose to reduce their fossil

carbon dioxide emissions by installing on-site carbon capture and sequestration facilities.
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In the case of many producers, purchasing or earning a carbon credit or paying a carbon
tax may be a less costly and, 1n the short term, a less risky course of action than installing
an on-site carbon capture and sequestration facility.

Ultimately, all the producers 1n a producing region must act together to effect a
real and significant reduction of carbon dioxide emissions. Otherwise, acquiring a carbon
credit or paying a carbon tax can become prohibitively expensive over time for producers
especially small producers who cannot atford to reduce their carbon dioxide emissions by
installing on-site carbon capture and sequestration facilities.

There remains, therefore, a need for alternative methods of managing the reduction
of carbon dioxide 1n a producing region that can provide an alternative to such carbon
accounting strategies as acquiring a carbon credit, paying a carbon tax or installing on-site
capture and sequestration facilities.

SUMMARY

These and other needs are addressed by the present invention. The various
embodiments and configurations of the present invention are directed generally to a
method and means of managing the reduction of carbon from hydrocarbon products from a
large number of hydrocarbon producers within a given geographic region during transport
of the product from 1ts source of recovery to the market. This removed carbon may be
disposed of by, for example, sequestering carbon dioxide generated during the carbon
removal process.

In a first embodiment, a method includes the steps:

(a) recelving, in a main hydrocarbon delivery system, a hydrocarbon product of a
first producer, the main hydrocarbon delivery system also carrying a hydrocarbon product
of other producers;

(b) removing at least a portion of the hydrocarbon product of the first producer
from the main hydrocarbon delivery system:;

(¢c) removing an amount of carbon from the at Ieast a portion of the hydrocarbon
product thereby creating an altered product;

(d) accounting for the amount of carbon removed from the at least a portion of the
hydrocarbon product; and

(e¢) providing the altered hydrocarbon product back to the main hydrocarbon

delivery system.
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In a second embodiment, a method includes the steps:

(a) determining, with one or more volumetric sensors, that an amount of
hydrocarbon product of a first producer has been removed from a main hydrocarbon
delivery system, wherein the main hydrocarbon delivery system also carries a
hydrocarbon product of a second producer;

(b) determining, by computer, an amount of carbon that has been removed from
the hydrocarbon product of the first producer;

(¢) accounting, by computer, for the amount of carbon removed from the
hydrocarbon product of the first producer;

(d) generating, by computer, a report representative of the amount of carbon that
has been removed from the hydrocarbon product of the first producer; and

(¢) providing, by computer, the report to the first producer.

In a third embodiment, a hydrocarbon processing system includes:

(a) a hydrocarbon product input connected to a main hydrocarbon transport means,
wherein the main hydrocarbon transport means carries hydrocarbon products from at least
a first and second hydrocarbon producer;

(b) a process facility connected to the hydrocarbon product input, the process
facility adapted to process a hydrocarbon product of the first hydrocarbon producer and
remove at least some carbon from the hydrocarbon product of the first hydrocarbon
producer; and

(¢) an accounting system adapted to determine an amount of carbon removed from
the hydrocarbon product of the first hydrocarbon producer and generating a report
representative of the amount of carbon that has been removed from the hydrocarbon
product of the first producer.

In a fourth embodiment, a method includes the steps:

(a) receiving, at a processing plant, a hydrocarbon-containing material;

(b) converting, by the processing plant, at least some of the carbon content of the
hydrocarbon mto carbon monoxide and/or dioxide to form a product gas comprising
produced hydrocarbons and carbon monoxide and/or dioxide;

(¢) separating, by the processing plant, at least most of the carbon monoxide and/or

dioxide from at least most of the produced hydrocarbons;
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(d) sequestering, by the processing plant, the separated carbon monoxide and/or
dioxide; and

(¢) determining, by a computer, a carbon credit or tax benefit as a function of the
amount of the sequestered separated carbon monoxide and/or dioxide.

The various embodiments can have advantages relative to conventional operations.
By way of example, the embodiments can provide a cost-effective way to comply with
regulatory requirements to reduce emissions of carbon dioxide, especially fossil carbon
dioxide. The embodiments facilitate cooperative action by producers in a producing
region to effect a real and significant reduction of carbon dioxide emissions. This can
maintain the cost of acquiring carbon credits or paying carbon taxes or both at reasonable
levels, thereby avoiding significant consumer price increases in fossil fuels. The
embodiments can provide a new alternative to producers for carbon accounting such as
purchasing or trading a carbon credit, paying a carbon tax or other tax or installing, by
producers, on-site capture and sequestration facilities.

The following definitions are used herein:

“At least one”, “one or more”’, and “and/or” are open-ended expressions that are
both conjunctive and disjunctive 1n operation. For example, each of the expressions “at
least one of A, B and C”, ““at least one of A, B, or C”, “one or more of A, B, and C”, “one
or more of A, B, or C” and “A, B, and/or C” means A alone, B alone, C alone, A and B
together, A and C together, B and C together, or A, B and C together.

Accounting as used herein means all transactions relating to tracking hydrocarbon
products and to all physical and financial transactions involving the hydrocarbon product
and 1ts alterations. In general, accounting 1s the practice concerned with (1) methods for
recording transactions, (2) keeping financial records, (3) performing internal audits, (4)
reporting and analyzing financial information to the service provider, client and, 1f
necessary, the appropriate government agency, and (5) advising on taxation matters. It 1S
a systematic process of identifying, recording, measuring, classifying, verifying,
summarizing, interpreting and communicating financial information for products and
SCTVICES.

Automatic and variations therecof, as used herein, refers to any process or operation

done without material human input when the process or operation 1s performed. However,

a process or operation can be automatic, even though performance of the process or
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operation uses material or immaterial human input, if the input 18 received before
performance of the process or operation. Human 1nput 1s deemed to be material 1f such
input influences how the process or operation will be performed. Human 1nput that
consents to the performance of the process or operation 1s not deemed to be “material”.

Carbon accounting means any prevailing system of accounting for carbon content
and 1ts associated emissions. Examples of carbon accounting systems are the cap and
trade system or a carbon tax imposed on carbon or carbon dioxide emitters.

Carbon cap and trade means a system of emissions control whereby a cap 1s put
on the total amount of a certain type of emissions such as for example carbon dioxide.
Emitters within the system may trade emissions credits amongst each other so long as the
total emissions remain under the cap. For example, an emitter who emits less than their
allotted amount of emissions can sell his shortfall in the form of a carbon credit to an
emitter who has exceeded his allotted emissions. A cap and trade system can operate as a
stand alone system of emission control or 1t can be combined with other carbon control
systems such as, for example, a carbon tax system.

Carbon credits are a component of national and international attempts to mitigate
the growth 1n concentrations of greenhouse gases. For example, carbon dioxide emissions
arc capped and then markets are used to allocate the emissions among the group of
regulated sources. Since carbon mitigation projects generate credits, this approach can be
used to finance carbon reduction schemes between trading partners around the world.
There are also many companies that sell carbon credits to commercial and individual
customers. These carbon offsetters purchase the credits from an investment fund or a
carbon development company that has aggregated the credits from individual projects.
Burning of fossil fuels 1s a major source of industrial carbon and other greenhouse gas
emissions, especially for power, cement, steel, textile, fertilizer and many other industries
which rely on fossil fuels (for example electricity derived from coal, natural gas, o1l and
the like). The major greenhouse gases emitted by these industries are carbon dioxide,
methane, nitrous oxide, hydrofluorocarbons and the like. The concept of carbon credits
was formalized 1n the Kyoto Protocol, an international agreement between more than 170
countries, and the market mechanisms were agreed through the subsequent Marrakesh
Accords. The Protocol agreed caps or quotas on the maximum amount of greenhouse

gases for developed and developing countries. In turn these countries set quotas on the
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emissions of installations run by local business and other organizations, generically
termed operators. Countries manage this through their own national registries, which are
required to be validated and monitored for compliance by the UNFCCC. Each operator
has an allowance of credits, where each unit gives the owner the right to emit one metric
tonne of carbon dioxide or other equivalent greenhouse gas. Operators that have not used
up their quotas can sell their unused allowances as carbon credits, while businesses that
are about to exceed their quotas can buy the extra allowances as credits, privately or on
the open market. By permitting allowances to be bought and sold, an operator can seek
out the most cost-etfective way of reducing 1ts emissions, either by investing in cleaner
machinery and practices or by purchasing emissions from another operator who already
has excess capacity.

A carbon sequestration facility 18 a facility in which carbon dioxide can be
controlled and sequestered 1n a repository such as, for example, by introduction into a
mature or depleted oil and gas reservoir, an unmineable coal secam, a deep saline
formation, a basalt formation, a shale formation, or an excavated tunnel or cavern.

Carbon tax means a tax imposed on carbon emissions by an approved regulatory
agency such as a government or a private agency approved and overseen by a government.

Computer-readable medium as used herein refers to any tangible storage and/or
transmission medium that participate in providing instructions to a processor for
execution. Such a medium may take many forms, including but not limited to, non-volatile
media, volatile media, and transmission media. Non-volatile media includes, for example,
NVRAM, or magnetic or optical disks. Volatile media includes dynamic memory, such as
main memory. Common forms of computer-readable media include, for example, a
floppy disk, a flexible disk, hard disk, magnetic tape, or any other magnetic medium,
magneto-optical medium, a CD-ROM, any other optical medium, punch cards, paper tape,
any other physical medium with patterns of holes, a RAM, a PROM, and EPROM, a
FLASH-EPROM, a solid state medium like a memory card, any other memory chip or
cartridge, a carrier wave as described hereinafter, or any other medium from which a
computer can read. A digital file attachment to e-mail or other self-contained information
archive or set of archives 1s considered a distribution medium equivalent to a tangible
storage medium. When the computer-readable media 1s configured as a database, 1t 18 to

be understood that the database may be any type of database, such as relational,



10

15

20

25

30

CA 02718885 2010-09-20
WO 2009/141733 PCT/1IB2009/006094

hierarchical, object-oriented, and/or the like. Accordingly, the invention 1s considered to
include a tangible storage medium or distribution medium and prior art-recognized
cquivalents and successor media, in which the software implementations of the present
invention are stored.

Determine, calculate and compute and variations thereof, as used herein, are used
interchangeably and include any type of methodology, process, mathematical operation or
technique.

Dilbit 1s short for diluted bitumen. Typically, dilbit 1s about 65% bitumen diluted
with about 35% naphtha. The naphtha 1s added to make a fluid that can be transported by
pipeline by reducing the viscosity of the bitumen/naphtha mixture. The dilbit can be
transported by pipeline to a refinery. The naphtha diluent can be taken out as a straight run
naphtha/gasoline and reused as diluent. Or it 1s processed to products n the refinery. The
dilbit has a lot of light hydrocarbons from the diluent and a lot of heavy hydrocarbons
from the bitumen. So 1t 15 a challenge to process directly 1n a normal refinery. Dilbit can
only be a small part of a normal refinery’s total crude slate. In addition to naphtha,
condensate can also be used as diluent.

A hydrocarbon transport means as used herein includes any means of bulk
hydrocarbon transport including but not limited to a pipeline, a train of tank cars or
gondolas, a ship, a barge or a truck convoy.

A sequestration hub as used herein 18 a location where a substantial carbon dioxide
sequestration facility 1s located and where at least one major hydrocarbon transport means
(¢.g., a pipeline or other conduit, train, tanker car, tanker truck, barge, scagoing tanker
vessel, or other hydrocarbon carrier) passes nearby.

A logistics hub as used 1n pipeline transport 18 a location that serves as gateways
for regional supply. These are characterized by interconnections among many pipelines
and, often, other modes of transportation — such as tankers and barges, sometimes rail, and
usually trucks, especially for local transport — that allow supply to move from
system-to-system across counties, states, and regions 1n a hub-to-hub progression. These
hubs are also characterized by their substantial storage capacity. The availability of
storage and transportation options at these hubs enhances supply opportunities and

increases supply flexibility, both essential ingredients for an efficient market.
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Module or agent as used herein refers to any known or later developed hardware,
software, firmware, artificial intelligence, fuzzy logic, or combination of hardware and
software that 1s capable of performing the functionality associated with that clement.

Also, while the invention 1s described 1n terms of exemplary embodiments, 1t should be
appreciated that individual aspects of the invention can be separately claimed.

A mobilized hydrocarbon 1s a hydrocarbon that has been made flowable by some
means. For example, some heavy oils and bitumen may be mobilized by heating them or
mixing them with a diluent to reduce their viscosities and allowing them to flow under the
prevailing drive pressure. Most liquid hydrocarbons may be mobilized by increasing the
drive pressure on them, for example by water or gas floods, so that they can overcome
interfacial and/or surface tensions and begin to flow.

An oleofinic hydrocarbon 1s a saturated hydrocarbon made from any of a series of
unsaturated open-chain hydrocarbons corresponding 1n composition to the general formula
C.H, . Anexample 1s benzene C.H,. Olefins containing two to four carbon atoms per
molecule are gascous at ordinary temperatures and pressure; those containing five or more
carbon atoms are usually liquid at ordinary temperatures. Olefins are only slightly soluble
in water. Ethylene, C,H,, 1s the smallest olefin. Significant fractions are found 1n crude
o1l.

A paraffinic hydrocarbon 1s saturated hydrocarbon and 1s the common name for
the alkane hydrocarbons with the general formula C_H, . The simplest paratfin molecule 18
that of methane, CH, Paraffin wax refers to the solids with n=20 to 40. Heavier members
of the series, such as that of octane CiH, ¢, appear as liquids at room temperature. The solid
forms of paratffin, called paratfin wax, are from the heaviest molecules from C,,H,, to
C,,Hy,. Paraftin, or paraffin hydrocarbon, 1s also the technical name for an alkane 1n
general, but 1n most cases 1t refers specifically to a linear, or normal alkane - whereas
branched, or 1soalkanes are also called 1soparattins. Typically the largest fraction found 1n
crude otl.

Petroleum coke or pet coke 1s a fuel produced using the byproducts of the
petroleum refining process. When crude o1l 1s refined to produce gasoline and other
products, a residue 1s left over from this process that can be further refined by “coking™ 1t

at high temperatures and under great pressure. The resulting product 1s pet coke, a hard
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substance that 1s similar to coal. Pet coke has a higher heating value than coal, at around
14,000 Btu per pound, compared with 12,500 BTU per pound for coal.

Primary production or recovery 1s the first stage of hydrocarbon production, in
which natural reservoir energy, such as gas-drive, water-drive or gravity drainage,
displaces hydrocarbons from the reservoir, into the wellbore and up to surface. Production
using an artificial lift system, such as a rod pump, an electrical submersible pump or a
gas-lift installation 1s considered primary recovery. Secondary production or recovery
methods frequently involve an artificial-lift system and/or reservoir injection for pressure
maintenance. The purpose of secondary recovery 1s to maintain reservoir pressure and to
displace hydrocarbons toward the wellbore. Tertiary production or recovery 1s the third
stage of hydrocarbon production during which sophisticated techniques that alter the
original properties of the o1l are used. Enhanced o1l recovery can begin after a secondary
recovery process or at any time during the productive life of an o1l reservoir. Its purpose 18
not only to restore formation pressure, but also to improve o1l displacement or fluid flow
in the reservoir. The three major types of enhanced oil recovery operations are chemical
flooding, miscible displacement and thermal recovery.

A producer 1s a any producer of natural gas, oil, heavy oil, bitumen, peat, biomass
or coal from a hydrocarbon reservotr.

A producing region as used herein 1s a region, defined by natural or imposed
boundaries, 1n which there are numerous producers and 1n which there 1s at least one
major carbon dioxide sequestration facility.

Reforming means fossil fuel reforming which 1s a method of producing useful
products, such as hydrogen or ethylene from fossil fuels. Fossil fuel reforming 1s done
through a fossil fuel processor or reformer. At present, the most common fossil fuel
processor 18 a steam reformer. This conversion 18 possible as hydrocarbons contain much
hydrogen. The most commonly used fossil fuels for reforming today are methanol and
natural gas, yet 1t 18 possible to reform other fuels such as propane, gasoline, autogas,
diesel fuel, methanol and ethanol. During the conversion, the leftover carbon dioxide 18
typically released into the atmosphere. On an industrial scale, reforming 1s the dominant

method for producing hydrogen. The basic chemical reaction for reforming 1s:

CH_ +nH,O-nCO+(m/2+n)H,
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This reaction 1s endothermic. The produced carbon monoxide can combine with more
stecam to produce further hydrogen via the water gas shift reaction.

A report producing device as used herein 1s any device or collection of devices
adapted to automatically and/or mechanically produce a report. As one example, a report
producing device may include a general processing unit and memory (likely residing on a
personal computer, laptop, server, or the like) that 1s adapted to generate a report 1n
clectronic format. The report producing device may also comprise a printer that 1s capable
of generating a paper report based on an electronic version of a report.

Synbit 1s a blend of bitumen and synthetic crude. Synthetic crude 1s a crude oil
product produced, for example, by the upgrading and refining of bitumen or heavy oil.
Typically, synbit 1s about 50% bitumen diluted with about 50% synthetic crude.

Syngas (from synthesis gas) 1s the name given to a gas mixture that contains
varying amounts of carbon monoxide and hydrogen. Examples of production methods
include steam reforming of natural gas or liquid hydrocarbons to produce hydrogen, the
gasification of coal and 1n some types of waste-to-energy gasification facilities. The name
comes from their use as intermediates 1n creating synthetic natural gas and for producing
ammonia or methanol. Syngas 1s also used as an intermediate 1in producing synthetic
petroleum for use as a fuel or lubricant via Fischer-Tropsch synthesis and previously the
Mobil methanol to gasoline process. Syngas consists primarily of hydrogen, carbon
monoxide, and very often some carbon dioxide, and has less than half the energy density
of natural gas. Syngas 1s combustible and often used as a fuel source or as an intermediate
for the production of other chemicals.

The Texaco Gasification Process (‘“TGP”) 1s a technology for the conversion of
heavy oils, petroleum coke, and other heavy petroleum streams, to valuable products. The
TGP allows conversion of hydrocarbons, including asphaltenes, into synthesis gas that
consists primarily of hydrogen, carbon monoxide, carbon dioxide, and water. The Texaco
Gasification Power System technology combines the TGP with combined-cycle power and
co-generation technology to produce steam and power. The Texaco Hydrogen Generation
Process combines TGP technology with that of hydrogen production. The syngas may also
be used as a precursor of other varied chemicals such as methanol, ammonia, and oxo-

chemicals.

10
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Upgrading (including partial upgrading) as used herein means removing carbon
atoms from a hydrocarbon fuel, replacing the removed carbon atoms with hydrogen atoms
to produce an upgraded fuel and then combining the carbon atoms with oxygen atoms to
form carbon dioxide.

It 1s to be understood that a reference to diluent herein 1s intended to include
solvents.

It 1s to be understood that a reference to o1l herein 1s intended to include low API
hydrocarbons such as bitumen (API less than ~10°) and heavy crude oils (API from ~10° to
~20°) as well as higher API hydrocarbons such as medium crude oils (API from ~20° to
~35") and light crude o1ls (API higher than ~35%). A reference to bitumen 1s also taken to
mean a reference to low API heavy oils.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a schematic of the general overall flow process of the present invention.

Figure 2 1s a schematic of an example flow process of the present invention
suitable for a feedstock of natural gas.

Figure 3 1s a schematic of an example flow process of the present invention
suitable for a feedstock of bitumen, biomass or coal.

Figure 4 1s a schematic of an example flow process of the present invention
suitable for a feedstock of crude oil.

Figure 5 18 a schematic flow chart for a producer accounting for and obtaining a
carbon credit or tax benefit.

Figure 6 1s a schematic flow chart showing an automated accounting system.

DETAILED DESCRIPTION
Overview
This disclosure relates generally to a method and means of managing the reduction
of carbon during product transport for a large number of hydrocarbon fuel producers
within a given geographic region. This reduction of carbon, in which the carbon 1s
typically eventually transformed into carbon dioxide and carbon monoxide, dioxide 18

accomplished at a few major sequestration hubs located within the geographic region
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where the sequestration hubs themselves pass through or near major carbon dioxide
sequestration facilities.

In general, the method disclosed herein 1s based on:
1. removing a portion of product from a major hydrocarbon transport means as it
passes near or through major a carbon or carbon dioxide sequestration facility
(sequestration hub)
2. Performing a process on the portion of product in which carbon or carbon dioxide
1s produced and separated
3. capturing and sequestering the carbon and/or carbon dioxide
4. if, necessary further processing the removed portion to produce a hydrocarbon

product compatible with the original hydrocarbon product in the hydrocarbon transport

means
5. returning the new hydrocarbon product to the hydrocarbon transport means
0. accounting for the change in product and product value as well as for the carbon

credits accrued and/or carbon tax benefits realized for each producer’s share of the
original hydrocarbon product

This general method 1s 1llustrated in Figure 1. Here a number of small feeder lines
101 are collected into a main transport means 102. When the main transport means 102
passes near or through a carbon sequestration hub 103, a portion 104 of the product 1n the
main line 18 removed and sent to a process facility 106. In addition to the portion 104,
other fuels and energy 105 may be mnput to the processing facility 106. In the processing
facility 106, carbon dioxide and/or carbon are produced, captured and removed from the
input portion and sequestered 107. A processed portion 108, now minus some carbon
and/or carbon dioxide, 18 then returned to the main line 109 where 1t 1s transported to a
refinery or other destination.

The process facility 106 may incorporate any number of well-known processes to
produce, capture and remove carbon dioxide and/or carbon from the input portion. These
include processes used to produce synthetic fuels, processes to upgrade hydrocarbons,
processes used to refine hydrocarbons and other processes such as disclosed in US Patent
Application Serial Number 12/237,163 filed September 24, 2008 entitled "Method of
Upgrading Bitumen and Heavy O1l", to Gil which 1s incorporated herein by this reference.

This mvention 1s directed to separating a hydrocarbon feed-stock such as bitumen or
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heavy oil, into a de-asphalted o1l component and a residue component comprising
primarily asphaltenes. The asphaltenes with some added bitumen are converted by a
plasma arc reactor into a controllable mixture of primarily paratfins and impurities.
Natural gas liquids are separated out by refrigeration. The lighter paratfins may be used to
operate a stecam or gas turbine to produce ¢lectrical energy which, in turn, may be used to
provide power for generating steam, for powering the plasma arc reactor and other
apparatuses of an on-site processing plant or excess power may be sold to the grid.
Another such process 1s disclosed in US Patent Application Serial Number 12/255,503
filed October 21, 2008 entitled "Method of Removing Carbon Dioxide Emissions from In-
situ Recovery of Bitumen and Heavy O1l", to Gil which 1s incorporated herein by this
reference. This invention, in one configuration, 1s directed to producing a methane-
containing gas from a hydrocarbon fuel energy source extracted from an in-situ recovery
operation, such as a SAGD or HAGD operation, and subsequently converting at Ieast a
portion of the gas 1nto steam, electrical power and diluents for subsequent use 1n the
aforementioned 1n-situ recovery operation while emitting only controlled amounts of
carbon dioxide mnto the environment.

The process can be applied to any hydrocarbon product at a carbon sequestration
hub wherein a portion of product from the hydrocarbon transport means 1s removed and
processed by all or part of any of several well-known hydrocarbon reforming, upgrading
or refining processes to capture and sequester some carbon and/or carbon dioxide. When
coupled to an appropriate accounting system, this provides another way to account for
reducing carbon emissions for any hydrocarbon feedstock which passes near or through a
carbon sequestration facility on its way to a final destination such as a refinery.

The above process, which removes and accounts for a portion of fossil or non-
fossil carbon, provides an alternative to the producer for dealing with carbon emissions.
In addition to (1) installing on-site carbon capture and sequestration capability or (2)
purchasing or trading a carbon credit or (3) paying a carbon tax or obtaining another form
of tax benefit, the producer can (4) invest in or pay an amount less than the carbon credit
or carbon tax to an reforming or upgrading facility located at or near a sequestration hub.
General Method

One general method described herein involves removing a portion of product from

a hydrocarbon transport means as it passes near or through a carbon and/or carbon dioxide
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sequestration facility. The portion 1s then treated as a feedstock for a synthetic fuel plant
which consists of at least converting the feedstock to syngas by a gasification process,
water-shift conversion of the carbon monoxide to carbon dioxide, capturing and
sequestering the carbon dioxide and residual carbon. In the case of natural gas feedstock,
the remaining methane and hydrogen can be returned to the hydrocarbon transport means.
In the case of other feedstocks (crude oil, heavy crude oil, bitumen, dilbit, petcoke,
biomass, and coal), the portion now minus 1ts carbon dioxide and other carbon residuals
can be further processed by a fuel synthesis step (such as Fischer Tropsch, Bergius, Mobil
or Karrick processes for example) to produce a distribution of unbranched paraffinic and
olefinic hydrocarbons. If compatible with the original hydrocarbon product in the
hydrocarbon transport means, these can be returned to the hydrocarbon transport means.
Otherwise, the portion can be processed even further by hydroprocessing the fuel
synthesis products to produce a final product slate compatible with the original
hydrocarbon product and then returned to the hydrocarbon transport means.

Natural Gas

Figure 2 1s a schematic of an example flow process of the present invention
suitable for a feedstock of natural gas. This 1s an example of a method that involves
removing or slipstreaming out, a portion of natural gas from a natural gas transport means
(such as, for example, a compressed natural gas (“CNG”) pipeline or a liquified natural
gas (“LNG”) pipeline) as 1t passes near or through a carbon or carbon dioxide
sequestration facility. The portion 18 then used as a feedstock for a gas reforming plant in
which the portion of natural gas 1s converted to syngas, the carbon monoxide component
of the syngas 1s converted to carbon dioxide by the well-known water shift process and the
resulting carbon dioxide 1s captured and sequestered. The remaining methane and
hydrogen can be returned to the natural gas transport means.

Since steam 18 added to the natural gas 1n the reforming process, for every
molecule of carbon dioxide created, captured and sequestered, approximately four
molecules of hydrogen gas are available to be added back to the natural gas remaining 1n
the main natural gas transport means. In other words, a fraction of fossil carbon originally
in the portion of natural gas removed 1s captured and sequestered. The principal reactions
by which methane 1s reformed are:

CH, +H,O - CO+ 3 H, mecthane reforming
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CO+H,0-CO,+H, watershift

This method 1s 1llustrated in Figure 2. Here a number of small gas feeder lines 201
are collected mnto a main gas transport means 202. When the main gas transport means
202 passes near or through a carbon sequestration hub 203, a portion 204 of the natural
gas-containing product in the main line 1s removed and sent to a reformer facility 206. As
will be appreciated, a typical natural gas-containing product contains from about 50 to
about 98 mole percent methane, from about 1 to about 15 mole percent ethane, and up to
about 5 mole percent propane and butane. The product may contain various sulfur,
nitrogen and carbon dioxide compounds as contaminants. In addition to the removed
portion 204, stcam and energy 205 are mput to the reforming facility 206. In the
reforming facility 206, carbon monoxide 1s produced, by known techniques, primarily
from methane. Preferably, most, more preferably 75% or more, and even more preferably
95% or more of the carbon monoxide 1s converted into carbon dioxide by the water shift
reaction. Preferably, most, more preferably 75% or more, and even more preferably 95%
or more of the carbon dioxide 18, captured and removed by known techniques (such as the
chilled alcohol process) from the reformed gas, and sequestered 207. The carbon 1n the
sequestered gas 1s typically most, more typically 75% or more, and even more typically
835% or more of the carbon content of the removed portion 204. A remaining portion 208
consisting principally of molecular hydrogen 1s then returned to the main line 209 where
it 1s transported to a final destination. As can be appreciated, all or a part of the molecular
hydrogen can be returned to the main line 209. A part of the molecular hydrogen may also
be used as fuel to power the reforming facility 203.

In the above example, the portion of natural gas removed from a natural gas
transport means 18 1n the range of about 5% to about 20% by volume of the 1nitial amount
of gas in the transport means prior to arrival at the sequestration hub.

For the above example, the disclosure includes a means of accounting, valuing and
processing the removed portion of gas, the value added by reforming and the amount of
carbon and carbon dioxide sequestered. The amount and composition of gas in the main
gas transport means prior to arrival at a sequestration hub are determined by the operator
of the gas transport means as the individual products are added to the gas transport means.
The portion of gas removed from the gas transport means at the sequestration hub 1s

known by measurement. The effects of the reforming process processes are well-known
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and can be quantified. Therefore the amount of carbon and carbon dioxide removed for
cach gas producer can be determined and applied pro rata to each producers portion. In
addition, since the current value of cach product resulting from the reforming process 18
known, the pro rata value added for each producer by the products added back into the
gas transport means can also be determined. This provides the basis for accounting for the
carbon credits or carbon tax benefits and value added for each producer contributing to the
gas 1n the gas transport means prior to arrival at a sequestration hub.

The disclosure, which 1s a means of removing and accounting for a portion of
fossil or non-fossil carbon, provides another way to account for reducing carbon emissions
to the producer for dealing with carbon credit or tax 1ssues. In addition to (1) installing
on-site carbon capture and sequestration capability or (2) acquiring a carbon credit or (3)
incurring a carbon tax liability, the producer can (4) invest 1in or pay an amount less than
the carbon credit or carbon tax to an reforming or upgrading facility located at or near a
sequestration hub..

Bitumen

Figure 3 1s a schematic of an example flow process according to an embodiment of
the present invention suitable for a feedstock of bitumen/diluent (“dilbit™”). As will be
appreciated, dilbit 1s a blend of bitumen and naphtha. This process may, of course, be
applied by synbit (which 1s a blend of bitumen and synthetic crude). Figure 3 1s an
example of a method that removes a portion of dilbit from a dilbit transport means (such
as, for example, a bitumen pipeline or a bitumen train) as it passes near or through a
carbon or carbon dioxide sequestration facility. The portion 1s then used as a feedstock for
the first two steps of a well-known three-step synthetic fuel process. In the first step,
syngas 18 produced by any well-known gasification process. The carbon monoxide
component of the syngas is converted to carbon dioxide by the well-known water shift
process and the resulting carbon dioxide 1s captured and sequestered. In the second step,
the syngas minus 1ts carbon monoxide component 18 then treated by a process such as, for
example, the Fischer Tropsch process to produce medium to heavy unbranched paraffinic
and olefinic hydrocarbons. These are added back into the main dilbit transport means. In
this way, a portion of fossil carbon related to the portion of dilbit removed 1s captured and
sequestered. As can be appreciated, some of the hydrogen produced may be used to

produce power for the synthetic fuel plant.
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In the above example, the portion of dilbit removed from a dilbit transport means
1S 1n the range of about 5% to about 50% by volume of the 1nitial amount of dilbit in the
transport means prior to arrival at the carbon sequestration hub.

This method 1s 1llustrated in Figure 3. Here a number of small bitumen feeder
lines 301 are collected into a main bitumen transport means 302. When the bitumen
transport means 302 passes near or through a carbon sequestration hub 303, a portion 304
of the dilbit in the main line 1s removed and sent to a synthetic fuel processing facility
306. In addition to the removed portion 304, steam (or oxygen or air) and energy 305 are
input to the processing facility 306. In the processing facility 306, syngas 1s produced. As
will be appreciated, syngas 1s a mixture of carbon monoxide, molecular hydrogen, water
vapor, carbon dioxide, methane, and nitrogen. The precise concentrations of the
components depends on the particular gasification process employed. Using the water-gas
shift process, preferably most, even more preferably 75% or more, and even more
preferably 95% or more of the carbon monoxide 1s converted 1nto carbon dioxide.
Typically, most, more typically 75% or more, and even more typically 90% or more of the
carbon dioxide 1s captured and removed from the gascous product of gasification and
sequestered 307. The removed carbon commonly 1s most, more commonly 60% or more,
and even more commonly 65% or more of the carbon content of the removed portion 304.
The remaining portion of the gascous product consists principally of methane, molecular
hydrogen and asphaltene residues 1s then sent 311 to a second process step 310 (such as,
for example, the Fischer Tropsch process) to produce medium to heavy unbranched
paraffinic and olefinic hydrocarbons. These are added back 308 into the main dilbat
transport means 309 where 1t 1s transported to a refinery or other destination. As can be
appreciated, all or a part of the molecular hydrogen from the sygas step 306 can be sent to
the next process step 310. All or a part part of the molecular hydrogen may also be used
as fuel to power the gasification facility 306.

In the gasification step, asphaltenes which are carbon-rich are produced as a
residue. These asphaltenes may be used as road bed material (a form of sequestration),
they may be buried if there value as a carbon credit outweighs there value as a low-grade
fuel or they may be used as a low grade fuel (where 1ts combustion characteristics can be
improved by the addition of dilbit) to provide additional on-site power. If used in this

latter role, any carbon dioxide generated, can be captured by any of several well-known
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means and sequestered, thereby adding to the carbon credits and/or carbon tax benefits
cttected by the overall process.

Another option 18 to process the portion of dilbit removed from a dilbit transport
means by solvent deasphalting. This process produces deasphalted o1l (“DAQO”) and
asphaltenes. The DAO can be added back into the dilbit transport means. The asphaltenes
which, being very carbon rich and of low heat value, may sequestered or further processed
by a gasifier to produce syngas from which carbon dioxide can be recovered and
sequestered.

Crude Ol

Figurc 4 1s a schematic of an example flow process according to an embodiment
of the present invention that 1s suitable for a feedstock of crude o1l. This 1s an example of
a method that involves removing a portion of crude o1l from a crude o1l transport means
(such as, for example, a crude o1l pipeline or an o1l train) as 1t passes near or through a
carbon or carbon dioxide sequestration facility. The removed portion 1s then used as a
feedstock for the all three steps of a well-known synthetic fuel process. In the first step,
syngas 1s produced by any well-known gasification process. The carbon monoxide
component of the syngas 1s converted to carbon dioxide by the well-known water shift
process and the resulting carbon dioxide 1s captured and sequestered. In the second step,
the syngas minus its carbon monoxide component 18 then treated by a process such as, for
example, the Fischer Tropsch process to produce medium to heavy unbranched paraffinic
and olefinic hydrocarbons. In the third step, the output of the Fischer Tropsch stage 1s
further processed by hydroprocessing to produce a final product slate compatible with the
original hydrocarbon product (such as for example naptha, kerosene and gas o1l) and then
returned to the crude oil transport means. In this way, a portion of fossil carbon related to
the portion of crude oil removed is captured and sequestered. As can be appreciated, some
of the hydrogen produced during the gasification step may be used to produce power for
the synthetic fuel plant.

This method 1s 1llustrated 1n Figure 4. Here a number of small crude o1l feeder
lines 401 are collected into a main crude o1l transport means 402. As will be appreciated,
crude o1l normally contains various hydrocarbon gases having from 1 to 4 carbons, light
and heavy naphtha, kerosene, light and heavy gas oil, and residuum. When the crude o1l

transport means 402 passes near or through a carbon sequestration hub 403, a portion 404
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of the crude o1l 1n the main line 1s removed and sent to a synthetic fuel processing facility
406. In addition to the removed portion 404, stecam (or oxygen or air) and energy 405 are
input to the processing facility 406. In the processing facility 406, carbon dioxide and
carbon monoxide are produced. Preferably, most of the carbon monoxide is converted
into carbon dioxide using the water-gas shift reaction. Preferably, most of the carbon
dioxide 1s captured and removed from the product gas and sequestered 407. The carbon
content of the sequestered gas typically includes most of the carbon content of the
removed portion 404. The remaining portion consisting of principally methane, molecular
hydrogen and heavy oil residues 1s then sent 411 to a second process step 410 (such as, for
example, the Fischer Tropsch process) to produce medium to heavy unbranched paraffinic
and olefinic hydrocarbons. The medium to heavy unbranched paraffinic and olefinic
hydrocarbons can be further processed by a hydroprocessing step 413 to produce a final
product slate (mainly naptha, kerosene and gas o1l) which 1s compatible with the original
crude o1l product and then returned 408 to the crude o1l transport means 409 where 1t 18
transported to a refinery or other destination.

In the above example, the portion of crude o1l removed from a crude o1l transport
means 18 1n the range of about 5% to about 50% by volume of the 1nitial amount of crude
oil in the transport means prior to arrival at the carbon sequestration hub.

Accounting

Generally, the main or trunk hydrocarbon transport means operates 1n “fungible”
mode 1n which the shipper receives the same quality of product that was tendered for
transport, but not the same molecules.

For example, consider pipeline transport. Pipeline operators ship different
petroleum products or grades of the same product 1n sequence through a pipeline, with
cach product or “batch” distinct from the preceding or following. A pipeline operating 1n
fungible mode may also use batch sequencing, but on larger size batches. Once unrefined
product (crude oil of a known grade for example) 1s injected and begins its journey, then
another batch 1s 1njected, and then another batch 1s injected. A batch 1s a quantity of one
product or grade that will be transported before the 1njection of a second product or grade.
Each pipeline publishes 1ts batch size based on the characteristics of 1ts shippers and on
pipe size. For a pipeline operating 1n fungible mode, products that meet common

specifications can be mixed and sent through the pipeline together as a batch. For
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example, a pipeline will establish the acceptable specifications for batch of crude oil.
Shippers whose crude meets that pipeline's specifications can obtain transport services for
smaller volumes because their crude will be added to other crude of the same quality and
orade from other shippers. As can be appreciated, a batch may consist of just one
producers product or 1t may consist of several producers product. In either case, the
product or mix of products all fall within a known range of common specifications

For any of the above examples of Figures 2, 3 and 4, the present invention includes
a means of accounting, valuing and processing a first portion of a hydrocarbon 1n a main
hydrocarbon transport means to remove and sequester an amount of either or both
clemental carbon and carbon dioxide and while returning a second portion of partially or
wholly upgraded fuel to the main hydrocarbon transport means. In a bulk hydrocarbon
transport means, the bulk hydrocarbon product 1s comprised of product from a large
number of producers but where the product specifications fall within a predetermined
narrow range. Thus each individual producer has a known pro rata amount of the total
shipment. The portion of hydrocarbon removed from a main hydrocarbon transport means
at the sequestration hub 1s also known by direct measurement with one or more volumetric
sensors. The effects of the syngas process and/or subsequent process steps are well-
known and can be quantified for ecach component of the original bulk hydrocarbon product
(that 1s, the product as it was before arriving at the sequestration hub). Therefore the
amount of carbon removed for each producer from the first portion of a hydrocarbon taken
from the a main hydrocarbon transport means can be quantitatively determined. In
addition, since the current value of each product resulting from the one or more process
steps 1s known, the value added for each producer by the products added back into the
bulk hydrocarbon transport means can also be accounted for. If some of the portion
removed 1s converted to a form that can be used as an energy source for the process, then
the pro rata amount of that energy 1s measurable and can be credited pro rata to each
producer. This provides the basis for determining the value of carbon credits, and/or the
value of any carbon tax benefits and the value added or subtracted for each producer
contributing to the hydrocarbon products in the bulk hydrocarbon transport means prior to
arrival at a sequestration hub. As will be appreciated, other accounting methods may be

used.
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Figure 5 1s a schematic flow chart for a producer accounting for and obtaining a
carbon credit or tax benefit. The carbon accounting procedure starts 501. The producer
produces an amount of product 502 such as for example, natural gas, heavy o1l or dilbat.
The producer typically knows the properties of their product such as for example 1ts API
rating and ratio of hydrogen-to-carbon. If the producer has their own internal carbon
capture program 503, the producer would prepare their own carbon credit and/or tax
benefit paperwork and submit 1t to an approved regulatory agency 504 and this would end
the carbon accounting procedure 517. An approved regulatory agency may be a
government agency or a private agency appointed by and overseen by a government
agency. If the producer has no carbon capture program, the producer may decide to
acquire a carbon credit or pay a carbon tax 505, then the producer would prepare the
carbon credit and/or tax information paperwork and submit 1t to an approved regulatory
agency 506 and this would end the carbon accounting procedure 517. If the producer
does not have their own carbon capture program or 1f the producer does not wish to
acquire a carbon credit or pay a carbon tax, then the producer may retain the services of a
carbon removal and carbon tax credit service 507. In this case, the producer delivers a
known amount of their product into a delivery system such as, for example, a pipeline, rail
tanker car or tanker truck 508. When the product reaches a sequestration hub location, the
hub operator removes an selected amount of product 509 from that delivered to the
delivery system by the producer. The hub operator then processes the removed portion
510 m a way that removes a known amount of the carbon from the removed portion. The
hub operator then calculates the carbon credit and/or tax benefit due the producer 511 and
sends this information to the approved regulatory agency 512 and to the producer 513. In
step 510, the hub operator removes carbon from the producers product, creating an altered
product, and, 1n doing so, may generate residual products such as for example liquid
petroleum gas, hydrogen, diluents and the like. The hub operator then either (1) returns
this residual product to the producer; (2) uses a portion of the residual product as fuel in
the hub operation then compensates the producer 515 for the use of this residual product;
or (3) sells this residual product and then delivers the net proceeds of this sale to the
producer 514. The hub operator then calculates any adjustments to the producers product

price 515 resulting from a sale, use or return of the residual products. The sequestration
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hub then returns the producer’s altered product, which contains a reduced amount of
carbon, to the delivery system 516. This ends the carbon accounting procedure 517.

The following example 1llustrate this accounting for a natural gas pipeline.
Suppose N moles of CH, 1s the original amount of gas 1n a pipeline and 10% 1s removed at
a carbon sequestration hub. Then 0.1N moles of CH, are converted to 0.1N moles of CO,
and 0.4N moles of H,.

Suppose further that 0.3N moles of H, are diverted for use as power for the gas
reforming operation and the 0.1N mole of CO, 1s sequestered. Then 0.1N moles of H, are
returned to the gas pipeline.

Incoming gas - N moles CH, (worth Y dollars)

Removed gas - 0.1N moles CH, (worth 0.1Y dollars)

Sequestered carbon dioxide - 0.1N moles CO, (cost to sequester but generates a
carbon credit)

Hydrogen used for power - 0.3N moles H, (credit to producer against cost to
sequester)

Hydrogen returned to pipeline - 0.1N moles H, (worth greater than 0.1Y dollars)

Outgoing gas - N moles CH, plus 0.1N moles H, (worth greater than 0.9Y dollars)

So the producer would net a pro rata share greater than 0.9Y dollars plus a carbon
credit or tax benefit minus the cost to sequester plus a credit for hydrogen used.

Referring to Figure 6, an automated accounting system will be discussed. The
system 1ncludes a sequestration hub enterprise network 600, regulatory authority platform
604, first, second, and up to an nth producer platforms 608a-n, and sensors 612a-p, all
interconnected by a Wide Area Network (WAN) 616 (such as the Internet).

The regulatory authority platform 604 1s a computational system of a regulatory
authority, such as a state or federal tax agency or a private approved regulatory agency,
that 1s operable to receive carbon credit and/or tax information, including carbon tax
liability and tax credit information.

The first, second, and up to the nth producer platforms 608a-n are computational
systems of the various producers introducing hydrocarbon products into the hydrocarbon
transport means (not shown). The systems are operable to provide, via WAN 616,

producer information to the enterprise network 600.
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The various platforms 604 and 608 can be any processor-based system, such as a
mainframe, personal, laptop or notebook computer.

The sensors 612 sense and collect parameters regarding the hydrocarbon fluid 1n
the transport means and provide, via the WAN 616, the sensed parameters to the
enterprise network 600. The sensed parameters can be any suitable sensed parameter,
including flow rate, flow volume, composition, specific gravity, BTU content, and the
like. A sensor may be associated with a particular producer to collect information about
the specific type and/or amount of hydrocarbon fluid introduced by the producer into the
transport means. Exemplary sensors include flow volume rate sensors and flow
hydrocarbon composition sensors.

The enterprise network 600 includes a number of sub-components. A processing
plant platform (which can be, for example, a sequestration hub) 620 has a memory 624
and processor 628. Included in the memory 624 1s an accounting agent to determine
payment information, including carbon tax liability and credit, and report 1t automatically
to the regulatory authority platform 604 and first, second, and up to the nth platforms
608a-n. A producer database 636 includes a number of profiles of each of the first,
second, and up to the nth producers, including name, address, tax identifier, and the flow
rate, flow volume, specific gravity, BTU content, and composition parameters, either
sensed or provided by the respective producer, about the hydrocarbon fluid introduced
into the transport means by the producer, pro rata or other distributions of payment,
carbon tax liability, carbon tax credit, and volumes of products and byproducts produced,
by the processing plant, from the producer’s hydrocarbon fluid. As will be appreciated,
the database and memory can be any suitable computer readable medium.

In operation, the accounting agent 632 periodically determines for the
sequestration hub the various products and byproducts produced from removed portions of
the hydrocarbon fluid, slurry or solid. Using the process outlined above, the agent 632
determines, based on sensed parameters, information received from the producer
platforms, and sensors and other data collected 1n the processing plant, payment
information, including available carbon credits, carbon or other tax credit and liability, for
cach producer introducing hydrocarbon fluids, slurries or solids into the transport means.
This mformation 1s directed automatically, by the agent 632, via WAN 616 to the

regulatory authority and producer platforms.
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Embodiments of the present invention, which are means of removing and
accounting for a portion of fossil or non-fossil carbon, provides an additional alternative to
the producer for dealing with carbon accounting. In addition to (1) installing on-site
carbon capture and sequestration capability or (2) paying a carbon tax or (3) acquiring or
usig up a carbon credit, the producer can (3) invest 1n or pay an amount less than the
carbon credit or tax to an reforming or upgrading facility located at or near a sequestration
hub.

In North America, there are a number of carbon dioxide and carbon sequestration
repositories under consideration.

These are:

N mature or depleted o1l and gas reservoirs - Mature o1l and gas reservoirs consist of
a layer of permeable rock with a layer of nonpermeable rock (caprock) above, such
that the nonpermeable layer forms a trap that holds the hydrocarbons in place. Oil
and gas ficlds have many characteristics that make them excellent target locations
for geologic storage of CO2. The geologic conditions that trap oil and gas are also
the conditions that are conducive to CO2 sequestration. Estimated capacity 1s 90

billion tons.

[ unmineable coal scams - Unmineable coal scams are too deep or too thin to be
cconomically mined. All coals have varying amounts of methane adsorbed onto
pore surfaces. Wells can be drilled into unmineable coalbeds to recover coalbed
methane, dewatered and depressurized and carbon dioxide sequestered.
Unmineable coal seams provide an excellent storage site for CO2 along with the

additional benefit of enhanced coalbed methane. Estimated capacity 1s as high as

200billion tons.

[ deep saline formations - Deep saline formations are layers of porous rock that are
saturated with brine. They are much more extensive than coal seams or o1l- and
gas-bearing rock, and represent an enormous potential for CO2 storage. Estimated

capacity 1s as high as 3,700 billion tons.

[ basalt formations - Basalt formations are geologic formations of solidified lava.
Basalt formations have a unique chemical makeup that could potentially convert

all of the mjected CO2 to a solid mineral form, thus 1solating 1t from the
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atmosphere permanently. Research 1s focused on enhancing and utilizing the

mineralization reactions and increasing CO2 flow within a basalt formation.

[ organic rich shale formations - Shale, the most common type of sedimentary rock,
1s characterized by thin horizontal layers of rock with very low permeability in the
vertical direction. Many shales contain 1-2 percent organic material 1in the form of
hydrocarbons, which provides an adsorption substrate for CO2 storage similar to
CO?2 storage 1n coal scams. Research 1s focused on achieving economically viable

CO2 injection rates, given the shales’ low permeability.

[ excavated tunnels and caverns - large tunnels and caverns may be excavated in, for
example, limestone or sandstone formations nearby hydrocarbon recovery
operations or in locations nearby logistical hubs. Such excavated tunnels and
caverns have the advantage of being placed where they are desired to form a
sequestration facility. For example, a 15-meter diameter tunnel, 10-kilometers
long could contain up to 1.5 million tons of carbon dioxide.

A number of variations and modifications of the invention can be used. As will be
appreciated, 1t would be possible to provide for some features of the invention without
providing others. For example, the method and means of the present invention may be
applied to bio-fuels such as derived from corn, sugar beets, switchgrass, trees and the like
so as to upgrade the bio-fuel while recovering and sequestering some amount of carbon
dioxide. While this application sequesters non-fossil carbon dioxide, it creates tradeable
carbon credits 1n addition to providing some product upgrade. The method can also be
applied to coal wherein a portion of coal taken from a main coal transport means 18
removed and partially upgraded. In this case, nothing may be added back to the coal
transport means but may be transported and sold separately. As can be appreciated, the
examples of Figures 2,3 and 4 are three examples of many combinations of processes used
to produce synthetic fuels, processes to upgrade hydrocarbons etcetera. These processes
may be applied to remove impurities such as sulphur or they may be used 1n simplified
form to just remove carbon or carbon dioxide or both.

The present invention, 1n various embodiments, includes components, methods,
processes, systems and/or apparatus substantially as depicted and described herein,
including various embodiments, sub-combinations, and subsets thercof. Those of skill in

the art will understand how to make and use the present invention after understanding the
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present disclosure. The present invention, 1n various embodiments, includes providing
devices and processes 1n the absence of items not depicted and/or described herein or in
various embodiments hereof, including in the absence of such 1tems as may have been
used 1n previous devices or processes, for example for improving performance, achieving
case and\or reducing cost of implementation.

The foregoing discussion of the invention has been presented for purposes of
illustration and description. The foregoing 1s not intended to limit the invention to the
form or forms disclosed herem. In the foregoing Detailled Description for example,
various features of the invention are grouped together 1n one or more embodiments for the
purpose of streamlining the disclosure. This method of disclosure 1s not to be interpreted
as reflecting an mtention that the claimed invention requires more features than are
expressly recited in each claim. Rather, as the following claims reflect, inventive aspects
lic 1n less than all features of a single foregoing disclosed embodiment. Thus, the
following claims are hereby incorporated into this Detailed Description, with each claim
standing on 1ts own as a separate preferred embodiment of the invention.

Moreover though the description of the invention has included description of one
or more embodiments and certain variations and modifications, other variations and
modifications are within the scope of the invention, ¢.g., as may be within the skill and
knowledge of those in the art, after understanding the present disclosure. It 1s intended to
obtain rights which include alternative embodiments to the extent permitted, including
alternate, interchangeable and/or equivalent structures, functions, ranges or steps to those
claimed, whether or not such alternate, interchangeable and/or equivalent structures,
functions, ranges or steps are disclosed herein, and without intending to publicly dedicate

any patentable subject matter.
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What is claimed is:

1. A method, comprising:

receiving, in a main hydrocarbon delivery system, a hydrocarbon
product of a first producer, the main hydrocarbon delivery system also carrying a
hydrocarbon product of other producers;

removing at least a portion of the hydrocarbon product of the first
producer from the main hydrocarbon delivery system;

removing an amount of carbon from the at least a portion of the
hydrocarbon product thereby creating an altered product;

accounting for the amount of carbon removed from the at least a
portion of the hydrocarbon product;

accounting for a carbon regulatory metric determined by the amount
of carbon removed from the at least a portion of the hydrocarbon product, the
carbon regulatory metric comprising a carbon credit, a carbon tax, and a carbon
reduction value; and

providing the altered hydrocarbon product back to the main
hydrocarbon delivery system.

2. The method of claim 1, wherein a residual product is created
when the amount of carbon is removed from the at least a portion of the
hydrocarbon product, the method further comprising:

performing at least one of the following:

(i) returning at least a portion of the residual product to
the first producer;

(i)  using at least a portion of the residual product as fuel;
and

(i)  selling at least a portion of the residual product; and
calculating a price adjustment for the first producer based on the
step performed with the residual product.
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3. (Original) The method of claim 2, wherein the residual product
comprises at least one of liquid petroleum gas, hydrogen, and a diluent.

4. The method of any one of claims 1 to 3 wherein the carbon
regulatory metric is at least one of a carbon credit and a carbon tax, the method
further comprising:

calculating the carbon regulatory metric based on the amount of
carbon removed from the at least a portion of the hydrocarbon product;

sending the carbon regulatory metric to the first producer; and

sending the carbon regulatory metric to an approved regulatory
agency.

S. The method of claim 4, further comprising:

charging the first producer a first amount of compensation for
removing the amount of carbon from the at least a portion of the hydrocarbon
product, wherein the first amount of compensation is less than an amount of the

carbon regulatory metric otherwise due to the approved regulatory agency from
the first producer.

6. The method of any one of claims 1 to 5, wherein the main
hydrocarbon delivery system comprises one or more of a pipeline, rail car, truck,
barge and marine cargo ship.

7. The method of any one of claims 1 to 5, wherein the
hydrocarbon delivery system comprises at least one of a plurality of rail cars,
trucks, barges and marine cargo ships and wherein the hydrocarbon product
comprises at least one of natural gas, oil, crude oil, heavy oil, peat, coal, biomass,
bitumen, petcoke, synbit and dilbit.
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8. The method of any one of claims 1 to 7, further comprising:

removing at least a portion of the hydrocarbon product of a second
producer from the main hydrocarbon delivery system;

removing an amount of carbon from the at least a portion of the
hydrocarbon product of the second producer thereby creating a second altered
product;

accounting for the amount of carbon removed from the at least a
portion of the hydrocarbon product of the second producer; and

providing the second altered product back to the main hydrocarbon
delivery system.

9. The method of claim 8, further comprising:
calculating carbon credit and/or tax information based on the amount

of carbon removed from the at least a portion of the hydrocarbon product of the
second producer;

sending the carbon credit and/or tax information to the second
producer and not the first producer; and

sending the carbon credit and/or tax information to an approved
regulatory agency.

10.  The method of any one of claims 1 to 9, wherein the carbon
removed from the at least a portion of the hydrocarbon product is removed
principally in the form of carbon dioxide.

11.  The method of any one of claims 1 to 10, further including the
step of at least one of sequestering the amount of carbon from the at least a
portion of the hydrocarbon product and utilizing the amount of carbon from the at

least a portion of the hydrocarbon product for enhanced hydrocarbon recovery
operations.
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12. A method, comprising:

determining, with one or more flow quantity sensors, that an amount
of hydrocarbon product of a first producer has been removed from a main
hydrocarbon delivery system, wherein the main hydrocarbon delivery system also
carries a hydrocarbon product of a second producer;

determining, by computer, an amount of carbon that has been
removed from the hydrocarbon product of the first producer;

accounting, by computer, for the amount of carbon removed from
the hydrocarbon product of the first producer;

accounting, by a computer, for a carbon regulatory metric
determined by the amount of carbon removed the hydrocarbon product of the first
producer, the carbon regulatory metric comprising a carbon credit, a carbon tax,
and a carbon reduction value;

generating, by computer, a report representative of the amount of
carbon that has been removed from the hydrocarbon product of the first producer;

and

providing, by computer, the report to the first producer.

13. The method of claim 12, wherein the report comprises a

paper report that is generated by a report producing device which is then
delivered to the first producer.

14. The method of claim 12 or 13, wherein the report indicates an

amount of carbon credits and/or tax benefits available to the first producer based
on the amount of carbon removed from the hydrocarbon product.

15. The method of clam 12, 13 or 14, wherein the carbon

removed from the hydrocarbon product is removed principally in the form of
carbon dioxide.
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16. The method of any one of claims 12 to 15, wherein at least
one residual product is created when the amount of carbon is removed from the
hydrocarbon product, the method further comprising:

determining that at least one of the following has occurred:

(i) at least a portion of the at least one residual product
has been returned to the first producer:;

(ii) at least a portion of the at least one residual product
has been used as fuel; and

(i)  at least a portion of the at least one residual product
has been sold; and
calculating a price adjustment for the first producer based on the
step performed with the at least one residual product.

17. The method of claim 16, wherein the at least one residual

product comprises at least one of liquid petroleum gas, molecular hydrogen, and a
diluent.

18.  The method of any one of claims 12 to 17, wherein the main

hydrocarbon delivery system comprises one or more of a pipeline, railcar, truck,
barge and marine cargo ship.

19. The method of any one of claims 12 to 17, wherein the
hydrocarbon delivery system comprises at least one of a plurality rail tanker cars,

tanker trucks, tanker barges and marine tankers and wherein the hydrocarbon
product comprises at least one of natural gas, oil, crude oil, heavy oil, peat, coal,
biomass, bitumen, petcoke, synbit and dilbit.

20. The method of any one of claims 12 to 19, further comprising:
providing the report or a copy thereof to an approved regulatory
agency.
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21. A hydrocarbon processing system, comprising:

a hydrocarbon product input connected to a main hydrocarbon
transport means, wherein the main hydrocarbon transport means carries
hydrocarbon products from at least a first and second hydrocarbon producer;

a process facility connected to the hydrocarbon product input, the
process facility adapted to process a hydrocarbon product of the first hydrocarbon
producer and remove at least some carbon from the hydrocarbon product of the
first hydrocarbon producer; and

an accounting system adapted to determine an amount of carbon
removed from the hydrocarbon product of the first hydrocarbon producer, account
for a carbon regulatory metric determined by the amount of carbon removed from
the hydrocarbon product of the first hydrocarbon producer, the carbon regulatory
metric comprising a carbon credit, a carbon tax, and a carbon reduction value,
and generate a report representative of the amount of carbon that has been
removed from the hydrocarbon product of the first producer.

22. The system of claim 21, wherein the report comprises a paper

report that is generated by a report producing device which is then delivered to the
first producer.

23. The system of claim 21 or 22, wherein the report indicates an
amount of carbon credits and/or tax benefits available to the first producer based

on the amount of carbon dioxide removed from the hydrocarbon product.

24. The system of claim 21, 22 or 23, wherein at least one
residual product is created when the amount of carbon is removed from the
hydrocarbon product, and wherein the accounting system if further adapted to
determine that at least one of the following has occurred:

(i) at least a portion of the at least one residual product
has been returned to the first producer;

(i)  at least a portion of the at least one residual product

has been used as fuel; and
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(i)  at least a portion of the at least one residual product
has been sold;

(iv) at least a portion of the removed carbon has been
sequestered or sold; and

calculate a price adjustment for the first producer based on the step
performed with the at least one residual product.

25. The system of claim 24, wherein the at least one residual

product comprises at least one of liquid petroleum gas, hydrogen, and a diluent.

26. The system of any one of claims 21 to 25, wherein the main

hydrocarbon delivery system comprises one or more of a pipeline, railcar, truck,
and marine cargo ship.

27. The system of any one of claims 21 to 25, wherein the
hydrocarbon delivery system comprises at least one of a plurality of rail tanker
cars, tanker ftrucks, tanker barges and marine tankers and wherein the
hydrocarbon product comprises at least one of natural gas, oil, crude oil, heavy

oil, peat, coal, biomass, bitumen, petcoke, synbit and dilbit.

28. The system of any one of claims 21 to 27, wherein the
accounting system if further adapted to provide the report or a copy thereof to a
government regulatory agency.

29. The system of any one of claims 21 to 28, further comprising

a flow quantity measurement system comprising one or more flow quantity
Sensors.
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30. A method, comprising:

receiving, at a processing plant, a hydrocarbon-containing material
from a plurality of hydrocarbon producers:

converting, by the processing plant, at least some of the carbon
content of the hydrocarbon into carbon monoxide and/or carbon dioxide to form a

product gas comprising produced hydrocarbons and carbon monoxide and/or
carbon dioxide;

separating, by the processing plant, at least most of the carbon
monoxide and/or carbon dioxide from at least most of the produced hydrocarbons;

sequestering, by the processing plant, the separated carbon
monoxide and/or carbon dioxide;

determining, by a computer, a carbon credit and/or tax benefit as a
function of the amount of the sequestered separated carbon monoxide and/or
carbon dioxide; and

accounting, by a computer, for the carbon credit and/or tax benefit.

31. The method of claim 30 further comprising:

distributing the carbon credit and/or tax benefit among the plurality of
hydrocarbon producers.

32. The method of claim 31, wherein the distribution is a function

of a respective amount and/or content of hydrocarbon material provided by each
of the plurality of producers.

33. The method of any one of claims 30 to 32, wherein the
hydrocarbon-containing material is at least one of natural gas, a
bitumen-containing material, biomass, and crude oil, wherein the
hydrocarbon-containing material is received from a pipeline, rail car, truck, barge
and marine cargo ship and further comprising:

introducing the separated produced hydrocarbons into the pipeline,

rail car, truck, barge and marine cargo ship.
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34. The method of any one of claims 30 to 33, wherein the
computer provides, automatically and via a wide area network, the carbon credit

and/or tax benefit to an approved regulatory authority.
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