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FIG. 1

(57) Abstract: A natural gas fueling system supplies methane gas to an engine and includes a filter assembly. The filter assembly in-
cludes a gas inlet configured to receive inlet gas and a methane permeable filter configured to separate methane gas and first contam-
inant gases from the inlet gas. The natural gas fueling system also includes a reformer apparatus configured to convert the first con-

O taminant gases into a reformed gas stream including methane gas. The reformed gas is supplied to the gas inlet and is recirculated

W

through the filter assembly to extract the methane gas from the reformed gas stream.
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NATURAL GAS FUEL SYSTEM FOR AN INTERNAL COMBUSTION ENGINE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority to U.S. Provisional Patent Application
Serial No. 62/052,776, filed September 19, 2014, and entitled “NATURAL GAS FUEL
SYSTEMS FOR AN INTERNAL COMBUSTION ENGINE”, the complete disclosure of which

is expressly incorporated by reference herein.

TECHNICAL FIELD OF THE PRESENT DISCLOSURE
[0002] The present invention generally relates to a natural gas fuel system for an internal
combustion engine, and more particularly, to a natural gas fuel system configured to consistently

provide the internal combustion engine with fuel that has a predetermined combustion properties.

BACKGROUND OF THE PRESENT DISCLOSURE

[0003] Natural gas may be supplied to engines as fuel and comprises several different
gases including methane and others, such as, ethane, propane, butane, carbon dioxide, oxygen,
hydrogen, and nitrogen. Natural gas also may include water and hydrogen sulfide. Natural gas
may also include large or unsaturated hydrocarbons, which are hydrocarbons with double or

triple covalent bonds between adjacent carbon atoms.

[0004] Each of the gases comprising natural gas may have different combustion
properties which correlate to the knock tendency or knock resistance of that gas during
combustion in an engine. A methane number (MN) is an index number for classifying gases
according to their knock resistance. For example, methane gas has a high knock resistance and,
therefore, has a methane number of 100, while hydrogen gas has a low knock resistance because

it combusts fasters than methane gas and, therefore, has a methane number of 0.

[0005] The methane number for a given natural gas affects the fueling of an internal

combustion engine. For example, the valve timing and injection timing may be adjusted
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according to the methane number of the gas supplied to the engine in order to prevent knocking

in the combustion chambers.

SUMMARY OF THE PRESENT DISCLOSURE
[0006] In one embodiment of the present disclosure, a natural gas fueling system
supplies methane gas to an internal combustion engine and comprises a filter assembly. The
filter assembly includes a gas inlet configured to receive inlet gas and a methane permeable filter
configured to separate methane gas and first contaminant gases from the inlet gas. The natural
gas fueling system also comprises a reformer apparatus configured to convert the first
contaminant gases into a reformed gas stream including methane gas. The reformed gas is
supplied to the gas inlet and is recirculated through the filter assembly to extract the methane gas

from the reformed gas stream.

[0007] In another embodiment of the present disclosure, an engine comprises a
plurality of combustion cavities and a natural gas fueling system. The natural gas fueling system
is operably coupled to the combustion cavities and comprises a filter assembly including a gas
inlet and a methane permeable filter to separate methane gas and first contaminant gases.
Additionally, the natural gas fueling system includes a reformer apparatus configured to reform
the first contaminant gases into a reformed gas stream including methane gas. The reformed gas
is supplied to the gas inlet and is recirculated through the filter assembly. Also, the methane gas
separated by the filter assembly is supplied to the plurality of combustion cavities and combusted
therein to produce exhaust gases. At least a portion of the exhaust gases are supplied to the

reformer apparatus and are configured to heat the reformer apparatus.

[0008] In a further embodiment of the present disclosure, a method of fueling an
engine comprises supplying natural gas to a filter assembly, separating the natural gas into at
least methane gas and a first contaminant gas in the filter assembly, and circulating exhaust gases
from an internal combustion engine through a reformer apparatus. Additionally, the method
comprises reforming the first contaminant gas into at least methane gas and a second

contaminant gas in the reformer apparatus, separating the methane gas from the second
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contaminant gas, and supplying the methane gas separated from the natural gas and from the

reformed first contaminant gas to the internal combustion engine.

[0009] In another embodiment, a natural gas fueling system for an energy source,
comprises a filter assembly including a gas inlet configured to receive inlet gas and a methane
permeable filter configured to separate methane gas and first contaminant gases from the inlet
gas. The natural gas fueling system also comprises a conduit fluidly coupled to the filter
assembly and the energy source to deliver the methane gas to the energy source. Also, the
natural gas fueling system comprises a supplemental fluid assembly fluidly coupled to the filter
assembly and the energy source, the energy source being configured to receive the first

contaminant gases from the supplemental fluid assembly.

[0010] In a further embodiment, a method of fueling an energy source comprises
supplying natural gas to a filter assembly, separating the natural gas into at least methane gas and
a first contaminant gas in the filter assembly, delivering the methane gas to the energy source,

and providing the first contaminant gas to the energy source.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 is a block diagram illustrating an embodiment of a natural gas fueling

system set forth in the disclosure;

[0012] FIG. 1A is an alternative embodiment block diagram illustrating an alternative

embodiment of the natural gas fueling system of FIG. 1 and including a water source;

[0013] FIG. 2 is a block diagram illustrating an alternative embodiment natural gas

fueling system set forth in the disclosure;

[0014] FIG. 3 is a block diagram illustrating a further alternative embodiment natural gas

fueling system set forth in the disclosure;
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[0015] FIG. 3A is an alternative embodiment block diagram illustrating an alternative

embodiment of the natural gas fueling system of FIG. 3 and including a water source;

[0016] FIG. 4 is a flowchart of the operation of an embodiment of the natural gas fueling

method set forth in the disclosure;

[0017] FIG. 5 is a block diagram illustrating another alternative embodiment natural gas

fueling system set forth in the disclosure; and

[0018] FIG. 6 is a block diagram illustrating a further alternative embodiment natural gas

fueling system set forth in the disclosure.

DETAILED DESCRIPTION OF THE DRAWINGS
[0019] In one embodiment of the present disclosure, a natural gas fueling system 100
provides methane gas to an internal combustion engine 150. Natural gas fueling system 100
may be an on-board assembly directly supported on engine 150. Illustratively, natural gas
fueling system 100 is an on-board assembly provided separately, and spaced apart, from
engine 150. In particular, natural gas fueling system 100 may be positioned in proximity to
engine 150 but is not supported directly on engine 150 or contained within the engine
housing. For example, in one embodiment, engine 150 may be provided in a stationary
generator supported on a concrete pad and natural gas fueling system 100 also may be
supported on the concrete pad in proximity to engine 150. As such, the size of natural gas
fueling system 100 may be reduced to correspond to the unoccupied area of the platform or
location supporting engine 150. Therefore, engine 150 and natural gas fueling system 100

may be positioned adjacent each other or in a defined proximity to each other.

[0020] Engine 150 includes at least one combustion chamber or cavity (not shown).
During fuel injection processes in engine 150, fuel is injected into the combustion chambers and
combusts. Exhaust gases from the injection processes are released from the combustion

chambers before a subsequent fuel injection process is initiated. As disclosed herein, engine 150
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may operate entirely on methane gas. Alternatively, engine 150 may comprise a dual-fuel
internal combustion engine that operates, at different times, on one of at least two fuels, or a
combination of these fuels. Exemplary fuels include methane gas, diesel, dimethyl ether, and

gasoline.

[0021] Referring to FIG. 1, natural gas fueling system 100 is operably coupled to engine
150 and includes a gas source 102, a gas inlet 110, a fueling filter assembly 120, and a reformer
apparatus 180. As shown in FIG. 1, natural gas fueling system 100 receives natural gas from a
gas source 102. Gas source 102 may be an underground natural gas reservoir, a natural gas tank,
or other storage-type container or location for natural gas. When in gas source 102, the natural

gas may be compressed.

[0022] The natural gas flows from gas source 102 to filter assembly 120 through a
conduit or gas line 104. More particularly, natural gas flows from gas source 102 into inlet 110
where the natural gas may be combined with additional supplies of gas, as disclosed further
herein. The natural gas mixture from inlet 110 is then directed toward filter assembly 120
through a conduit or line 112. Conduit 112 is fluidly coupled to an inlet conduit or line 128 of
filter assembly 120 such that the natural gas mixture from inlet 110 flows into filter assembly

120 through conduits 112, 128.

[0023] Filter assembly 120 includes a methane permeable filter 130 to separate or extract
the methane gas from the raw natural gas. Before flowing through filter assembly 120, the
natural gas may not have the combustion characteristics necessary for proper operation of engine
150 because the natural gas contains gases other than methane, large or unsaturated
hydrocarbons, and/or contaminants, which affect the methane number of the natural gas. In
other words, the methane number of the natural gas may be outside of a predetermined range of
methane numbers that correlates to the operating conditions of engine 150. However, after the
natural gas flows through filter assembly 120, the methane gas extracted from the natural gas has
the combustion characteristics necessary for proper operation of engine 150, as evidenced by a

methane number within the predetermined range.
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[0024] Methane permeable filter 130 may be a generally non-porous membrane for
separating contaminants and/or other gases from the methane gas in the natural gas. For
example, methane permeable filter 130 may have a critical volume (V¢) of approximately 90-110
cm’/mol. Additionally, methane permeable filter 130 may be comprised of a polymeric material.
For example, materials comprised of acetate, polyimide, ether, amide, silicone rubber, and other
polymeric materials may be used for methane permeable filter 130. The properties of methane
permeable filter 130 may be modified or tuned to adjust the properties of the methane gas
separated from the natural gas. For example, the porosity, critical volume, and/or material of
methane permeable filter 130 may be modified to output methane gas with a specific,

predetermined methane number.

[0025] After the natural gas flows through methane permeable filter 130, the natural gas
is separated into two gas streams. The first gas stream comprises methane gas defined by a
predetermined methane number and the second gas stream comprises first contaminant gases,
such as non-methane gases or additional/residual gases present in the first gas stream which are
not filtered by methane permeable filter 130. In other words, methane permeable filter 130 may
“extract” or otherwise separate methane gas from the other gases, hydrocarbons, and other
contaminants in the natural gas. After the natural gas flows through methane permeable filter
130, the first gas stream may have a methane number of 50-100, and more particularly 70. More
particularly, the methane permeable filter 130 is configured to filter the natural gas to produce a
first gas stream comprised of methane gas with a specific methane number. The methane gas
comprising the first gas stream is directed toward engine 150 through a methane conduit or line
132 and is injected into the combustion chambers of engine 150 for combustion therein. Because
the methane number of the first gas stream is within a predetermined range of methane numbers
which are correlated to the fueling characteristics of engine 150, the likelihood of knock
occurring in the combustion chambers due to the characteristics of the fuel is reduced. By
receiving a constant flow of fuel with a consistent methane number, the number of adjustments
made to the fueling characteristics (e.g., timing) of engine 150 decreases and the likelihood of

knock occurring as a result of the properties of the fuel also decreases. After combustion,
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heated exhaust gases from the combustion chambers of engine 150 flow through an exhaust

conduit or line 152.

[0026] The second gas stream is comprised of the first contaminant gases within the
natural gas, which may include gases other than methane present in the natural gas (e.g., butane,
ethane, propane), hydrocarbons, and/or other contaminants (e.g., particulate matter). As shown
in FIG. 1, the first contaminant gases of the second gas stream flow through conduit 134 and into
reformer apparatus 180 to convert or reform at least a portion of the first contaminant gases of

the second gas stream into a reformed gas including methane gas.

[0027] [lustrative reformer apparatus 180 is a catalytic reformer which may be
activated by heat at a range of elevated temperatures or, alternatively, may be activated at a
range of decreased temperatures. More particularly, reformer apparatus 180 may be
thermally activated when the temperature of the catalyst therein increases to an activation
temperature. To increase the temperature of reformer apparatus 180, at least a portion of the
heated exhaust gases flowing through exhaust conduit 152 from engine 150 are directed
toward reformer apparatus 180. As such, the heated exhaust gases from engine 150 increase
the temperature of reformer apparatus 180, thereby activating reformer apparatus 180. After
flowing past and/or through reformer apparatus 180, the exhaust gases may be released to the
atmosphere through a conduit 154 and directed away from natural gas fueling system 100

and engine 150.

[0028] Alternatively, in one embodiment, natural gas fueling system 100 may be
operably coupled to an exhaust gas recirculation assembly (“EGR”) 158. As shown in FIG. 1,
EGR 158 is fluidly coupled to exhaust conduit 152 and is configured to receive exhaust gases
from engine 150 after the exhaust gases heat reformer apparatus 180. EGR 158 is configured to
reduced emissions of nitrogen oxide by recirculating at least a portion of the exhaust gases from

engine 150 back to engine 150.

[0029] Referring still to FIG. 1, when activated by the heat of the exhaust gases,

reformer apparatus 180 catalytically “cracks” or otherwise reforms the first contaminant
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gases of the second gas stream into at least methane gas and a second contaminant gas. For
example, the hydrocarbons may be reformed into at least methane gas. The volume of
combustion gases exhausted through exhaust conduit 152 may be regulated by an exhaust valve
160 to control the temperature of reformer apparatus 180 and maximize its ability to crack the
first contaminant gas into at least methane gas and the second contaminant gas. As such, after
the first contaminant gases flow through reformer apparatus 180, at least a portion of the first
contaminant gases is purified or converted to methane. The second contaminant gas
comprises unreformed gases present in the natural gas (e.g., butane, cthane, propane),
unreformed hydrocarbons, and/or other contaminants. This entire reformed gas stream,
including the reformed methane and the second contaminant gas, then flows from reformer

apparatus 180 into a reformed gas conduit or line 182 toward inlet 110.

[0030] Once at inlet 110, the reformed gas stream mixes with incoming, raw natural
gas from gas source 102 and recirculates through filter assembly 120. Filter assembly 120
again separates the raw natural gas into methane gas and the first contaminant gases, and also
separates or extracts the reformed methane gas from the second contaminant gas of the
reformed gas stream. Once again, the methane separated from the natural gas stream and the
reformed gas stream is directed toward engine 150 for combustion, while the mixture of the
first and second contaminant gases flows into conduit 134 and toward reformer apparatus

180.

[0031] In one embodiment, natural gas fueling system 100 of FIG. 1 also includes a filter
bypass assembly, which includes a bypass conduit or line 106 and a bypass valve 108. The filter
bypass assembly is operably coupled to a methane gas sensor 105 and a natural gas pressure
sensor 107 on conduit 104 and a methane gas pressure sensor 109 on engine 150. Bypass valve
108 and sensors 105, 107, 109 may be operably coupled to a computer or other device (not
shown) for receiving information from sensors 105, 107, 109. The computer then outputs
information to other components of natural gas fueling system 100 and engine 150 based on the
information from sensors 105, 107, 109. As disclosed herein, the filter bypass assembly may be

activated when the methane number of the raw natural gas is within the predetermined range of
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index values correlated to engine 150, when the pressure in methane conduit 132 is below a
predetermined value, and/or when filter assembly 120 is working improperly and/or is being

repaired or serviced.

[0032] For example, when engine 150 is continuously operated, it is necessary to provide
an uninterrupted flow of natural gas to engine 150 to maintain such operation. However, when
filter assembly 120 is not working properly and/or is being serviced, the filter bypass assembly
may be activated by opening filter bypass valve 108 to provide unfiltered natural gas fuel to
engine 150 through bypass conduit 106 to continue operation of engine 150, rather than stopping
engine 150 while filter assembly 120 is being serviced. As such, the filter bypass assembly
allows engine 150 to maintain a continuous operation even when filter assembly 120 is not

operating.

[0033] Additionally, the filter bypass assembly may be activated in response to a
determination or measurement from methane gas sensor 105 or by a change in the duty cycle of
engine 150 (e.g., changes in the load on engine 150). More particularly, methane gas sensor 105
determines the methane number of the raw natural gas flowing from gas source 102 to inlet 110
through conduit 104. When the methane number of the incoming, raw natural gas is outside of
the predetermined range of methane numbers correlated to the operation of engine 150, the filter
bypass assembly is not activated (i.e., bypass valve 108 remains closed) and the raw natural gas
flows into filter assembly 120 such that methane gas is separated therefrom for combustion and

contaminant gases are reformed for future combustion.

[0034] However, when the methane number of the incoming raw natural gas is within the
predetermined range of methane numbers correlated to engine 150, the filter bypass assembly
may be activated. With such incoming raw natural gas, it may be unnecessary to use filter
assembly 120 to affect the methane number of the natural gas because the natural gas may
already have a methane number necessary for proper operation of engine 150. As such, the filter
bypass assembly may be activated and the raw natural gas bypasses filter assembly 120 and

flows into bypass conduit 106. More particularly, bypass valve 108 is opened to allow the raw
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natural gas to flow from conduit 104, into bypass conduit 106, through bypass valve 108, and
into methane conduit 132 for combustion in engine 150. As such, the filter bypass assembly

allows unfiltered, raw natural gas to flow into engine 150 for combustion.

[0035] The filter bypass assembly also may be activated in response to a determination or
measurement from natural gas pressure sensor 107 on conduit 104 and/or methane gas pressure
sensor 109 on engine 150. For example, when the pressure of the incoming, raw natural gas is
above a predetermined pressure value, damage may occur to filter assembly 120 and/or filter
assembly 120 may not operate efficiently due to the increased pressure. Additionally, when the
pressure of the incoming, raw natural gas is below a predetermined pressure value, the pressure
of the methane flowing from filter assembly 120 to engine 150 may not be adequate for proper
fuel injection. As such, the filter bypass assembly may be activated in response to the pressure
of the incoming, raw natural gas for proper and efficient operation of natural gas fueling system

100 and engine 150.

[0036] Referring to FIG. 1, natural gas pressure sensor 107 determines the pressure of the
raw natural gas flowing from gas source 102 to inlet 110 through conduit 104. When the
pressure of the incoming, raw natural gas is outside of a predetermined pressure range, the filter
bypass assembly is activated and the raw natural gas bypasses filter assembly 120 and flows into
bypass conduit 106. Bypass valve 108 opens to allow the raw natural gas to flow from conduit
104, into bypass conduit 106, through bypass valve 108, and into methane conduit 132 for
combustion in engine 150. As such, the filter bypass assembly allows unfiltered, raw natural gas

to flow into engine 150 for combustion.

[0037] However, when the pressure of the incoming raw natural gas is within the
predetermined pressure range, the filter bypass assembly is not activated (i.e., bypass valve 108
remains closed) and the raw natural gas flows into filter assembly 120 such that methane gas is

separated therefrom for combustion and contaminant gases are reformed for future combustion.

[0038] Similarly, when the pressure in methane conduit 132 is less than a predetermined

pressure necessary for proper operation of engine 150, the filter bypass assembly may be
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activated to ensure that a proper quantity of fuel is being supplied to engine 150 at a proper
operating pressure. More particularly, when the pressure in methane conduit 132 is less than the
predetermined pressure required by engine 150, filter bypass valve 108 may be activated to allow

the raw natural gas to flow through bypass conduit 106 and into engine 150.

[0039] As shown in FIG. 1, natural gas fueling system 100 also includes a reformer
bypass assembly fluidly coupled to conduits 134, 182. The reformer bypass assembly also is
operably coupled to an inlet pressure sensor 184, an outlet pressure sensor 186, and a
temperature sensor 188. Sensors 184, 186, 188 are operably coupled to the computer (not
shown) such that the computer receives information therefrom and outputs information to other
components of natural gas fueling system 100 and engine 150 based on the information from

sensors 184, 186, 188.

[0040] The reformer bypass assembly includes a reformer bypass valve 190 and a bypass
conduit 136. The reformer bypass assembly allows the contaminant gases separated from the
methane gas to bypass reformer apparatus 180 based on determinations from sensors 184, 186,
188. For example, if pressure in conduit 134 is outside of a predetermined pressure range, the
reformer bypass assembly may be activated to divert the contaminant gases away from reformer
apparatus 180 to prevent inefficient operation or damage to reformer apparatus 180. As such, if
pressure sensor 184 and/or the computer (not shown) measures or otherwise determines that
pressure in conduit 134 is greater than a predetermined pressure value, then the reformer bypass
assembly is activated by opening reformer bypass valve 190 to allow the contaminant gases from
methane permeable filter 130 to flow through bypass conduit 136, instead of through reformer

apparatus 180 and conduit 182.

[0041] Similarly, if the pressure in conduit 134 is less than a predetermined range of
pressure values, this may be an indication that the volume of the contaminant gases is low and,
as such, it may not be necessary to operate reformer apparatus 180. More particularly, if
pressure sensor 184 and/or the computer (not shown) measures or otherwise determines that

pressure in conduit 134 is less than a predetermined pressure value, then the reformer bypass
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assembly is activated by opening reformer bypass valve 190 to allow the contaminant gases from
methane permeable filter 130 to flow through bypass conduit 136, instead of through reformer

apparatus 180 and conduit 182.

[0042] Additionally, if a temperature of reformer apparatus 180 is outside of a
predetermined temperature range, the reformer bypass assembly may be activated to divert the
contaminant gases away from reformer apparatus 180. For example, if the temperature of
reformer apparatus 180 is greater than a predetermined temperature, reformer apparatus 180 may
not operate efficiently and/or the contaminant gases may not be efficiently or properly reformed.
As such, if the temperature of reformer apparatus 180 is greater than a predetermined
temperature, the reformer bypass assembly is activated by opening reformer bypass valve 190 to
allow the contaminant gases to flow through bypass conduit 136, instead of through reformer

apparatus 180 and conduit 182.

[0043] Also, as shown in FIG. 1, if the temperature of reformer apparatus 180 is less than
a predetermined temperature, reformer apparatus 180 does not reform the contaminant gases
because the catalyst (not shown) of reformer apparatus 180 may not be activated. More
particularly, the catalyst of reformer apparatus 180 is thermally activated such that when the
temperature of the catalyst increases to a predetermined temperature, the catalyst reforms the
contaminant gases. For example, when natural gas fueling system 100 initially operates, the
temperature of reformer apparatus 180 may be below the predetermined temperature because
exhaust gases have not yet increased the temperature reformer apparatus 180. As such, the
catalyst of reformer apparatus 180 is not activated at the onset of the operation of natural gas
fueling system 100 and, therefore, contaminant gases from methane permeable filter 130 are

diverted away from reformer apparatus 180.

[0044] As shown in FIG. 1, natural gas fueling system 100 also includes an exhaust
bypass assembly fluidly coupled to exhaust conduit 152 and conduit 154. The exhaust bypass
assembly includes a bypass conduit 156 and exhaust valve 160. As disclosed herein, if the

temperature of reformer apparatus 180 is greater than a predetermined, reformer apparatus 180
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may not operate efficiently and/or the contaminant gases may not be efficiently or properly
reformed. As such, if the temperature of reformer apparatus 180 is greater than a predetermined
temperature, the exhaust bypass assembly is activated by opening exhaust bypass valve 160 to
allow the contaminant gases to flow through bypass conduit 156, instead of reformer apparatus
180 to prevent further heating of thereof. In this way, the exhaust bypass assembly regulates and

maintains a generally constant temperature of reformer apparatus 180.

[0045] Referring to FIG. 1A, an alternative embodiment of natural gas fueling system
100 of FIG. 1 is shown as natural gas fueling system 100’. Natural gas fueling system 100’ is
similar to natural gas fueling system 100 (FIG. 1) and is operably coupled to engine 150. Similar
to natural gas fueling system 100, natural gas fueling system 100 includes gas source 102, inlet
110, filter assembly 120, and reformer apparatus 180, and is configured to separate methane gas
from the natural gas stream with methane permeable filter 130 and reform the contaminant gases
into methane gas through a catalytic process. Natural gas fueling system 100’ further a water
source or storage container 170 and a conduit 172 fluidly coupled to reformer apparatus 180.
The water in water source 172 is directed to reformer apparatus 180 through conduit 172. In this
way, water may be provided to reformer apparatus 180 in either liquid form or vapor form (i.c.,
steam) to interact with particular catalyst alloy combinations that may be required for specific
applications of engine 150. For example, the water from water source 170 may be necessary to
activate the catalyst within reformer apparatus 180. Natural gas fueling system 100 may further
include valves, seals, and sensors, such as pressure and/or temperature sensors, for water source

170 and conduit 172.

[0046] Referring to FIG. 2, an alternative embodiment natural gas fueling system 200 is
shown. Natural gas fueling system 200 is similar to natural gas fueling system 100 (FIG. 1) and
is operably coupled to engine 150. Similar to natural gas fueling system 100, natural gas fueling
system 200 includes gas source 102, inlet 110, filter assembly 120, and reformer apparatus 180,
and is configured to separate methane gas from the natural gas stream with methane permeable
filter 130 and reform the contaminant gases into methane gas through a catalytic process.

Natural gas fueling system 200 further includes a second filter assembly operably coupled to
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filter assembly 120. The second filter assembly includes a second gas permeable filter 202 and a
conduit 206. In particular, as shown in FIG. 2, second gas permeable filter 202 is fluidly coupled
to conduit 112 and conduit 128 of filter assembly 120, and is positioned intermediate inlet 110

and methane permeable filter 130. Illustratively, second gas permeable filter 202 is positioned in

series with methane permeable filter 130.

[0047] Second gas permeable filter 202 separates or filters inert gases from the incoming,
raw natural gas from gas source 102 before the natural gas flows into methane permeable filter
130. For example, second gas permeable filter 202 may be configured to separate inert gases,
such as O, Ny, and CO,, from the incoming natural gas from gas source 102. The inert gases
may be exhausted into the atmosphere through conduit 206. The remaining filtered gas is
directed into methane permeable filter 130 though conduit 128 to separate methane gas from at
least the remaining hydrocarbons. The methane gas flows into engine 150 through conduit 132
and the hydrocarbons flow toward reformer apparatus 180 through conduit 134. Alternatively,
the hydrocarbons separated from the methane gas by methane permeable filter 130 may be stored
for intermittent injection into engine 150, or may be disposed of and removed from natural gas

fueling system 200.

[0048] The size of the pores of second gas permeable filter 202 may be different than the
size of the pores of methane permeable filter 130 to allowing filtering the inert gases from the
methane gas and hydrocarbons. For example, second gas permeable filter 202 may have a
critical volume (V) of approximately 70-90 cm’/mol. Additionally, second gas permeable filter
202 may be comprised of a polymeric material. For example, materials comprised of acetate,
polyimide, ether, amide, silicone rubber, and other polymeric materials may be used for second
gas permeable filter 202. The properties of second gas permeable filter 202 may be modified to
adjust the properties of the inert gases separated from the natural gas. For example, the porosity,
critical volume, and/or material of second gas permeable filter 202 may be modified to facilitate

the output of methane gas which has a specific and consistent methane number.
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[0049] Referring to FIG. 3, an alternative embodiment natural gas fueling system 300 is
shown. Natural gas fueling system 300 is similar to natural gas fueling system 200 (FIG. 2) and
is operably coupled to engine 150. Similar to natural gas fueling system 200, natural gas fueling
system 300 includes gas source 102, inlet 110, filter assembly 120, and reformer apparatus 180,
and is configured to separate methane gas from the natural gas stream with methane permeable
filter 130 and reform the contaminant gases into methane gas through a catalytic process.
Natural gas fueling system 300 further includes a third filter assembly operably coupled to filter
assembly 120. The third filter assembly includes a third filter member 302 and a conduit 306. In
particular, as shown in FIG. 3, third filter member 302 is operably coupled to conduit 112 and
second gas permeable filter 202, and is positioned intermediate inlet 110 and second gas
permeable filter 202. Illustratively, third filter member 302 is positioned in series with methane

permeable filter 130 and second gas permeable filter 202.

[0050] The third filter assembly may be configured as a drying assembly for removing
water from natural gas fueling system 300. For example, third filter member 302 may be
configured as a condenser for condensing water vapor in the incoming, raw natural gas to liquid
water. As such, water vapor is removed from the natural gas before the natural gas flows into
second gas permeable filter 202 and methane permeable filter 130. The water from third filter
member 302 may be removed from natural gas fueling system 300 through conduit 306.
Alternatively, the water from third filter member 302 may remain within natural gas fueling
system 300 to cool various components. For example, the water removed from the natural gas
by third filter member 302 may be directed to conduit 134 in order to decrease the temperature of

the hydrocarbons before entering reformer apparatus 180.

[0051] Referring to FIG. 3A, an alternative embodiment of natural gas fueling system
300 of FIG. 3 is shown as natural gas fueling system 300°. Natural gas fueling system 300’ is
similar to natural gas fueling system 300 (FIG. 3) and is operably coupled to engine 150. Similar
to natural gas fueling system 300, natural gas fueling system 300’ includes gas source 102, inlet
110, filter assembly 120, and reformer apparatus 180, and is configured to separate methane gas

from the natural gas stream with methane permeable filter 130 and reform the contaminant gases
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into methane gas through a catalytic process. Natural gas fueling system 300’ further includes
the third filter assembly operably coupled to filter assembly 120. The third filter assembly
includes third filter member 302 and a conduit 306’. In particular, as shown in FIG. 3, third filter
member 302 is operably coupled to conduit 112 and second gas permeable filter 202, and is
positioned intermediate inlet 110 and second gas permeable filter 202. Illustratively, third filter
member 302 is positioned in series with methane permeable filter 130 and second gas permeable
filter 202.

[0052] The third filter assembly of FIG. 3A may be configured as a drying assembly for
removing water from natural gas fueling system 300°. For example, third filter member 302 may
be configured as a condenser for condensing water vapor in the incoming, raw natural gas to
liquid water. As such, water vapor is removed from the natural gas before the natural gas flows
into second gas permeable filter 202 and methane permeable filter 130. The water from third
filter member 302 may be directed to a water source or storage container 308 through conduit
306°. The water in water source 308 is further directed to reformer apparatus 180 through a
conduit 310. In this way, water may be provided to reformer apparatus 180 in either liquid form
or vapor form (i.c., steam) to interact with particular catalyst alloy combinations that may be
required for specific applications of engine 150. For example, the water from water source 308
may be necessary to activate the catalyst within reformer apparatus 180. Natural gas fueling
system 300’ may further include valves, seals, and sensors, such as pressure and/or temperature

sensors, for water source 308 and conduit 310.

[0053] As shown in FIG. 4, a method of operating natural gas fueling systems 100, 200,
or 300 is shown, and includes steps 402, 404, 406, 410, 412, and 414. When supplying natural
gas to engine 150 with natural gas fueling system 100, 200, or 300, natural gas is first supplied
from on-board gas source 102 to filter assembly 120, as shown in step 402. As shown in step
404, filter assembly 120 separates the natural gas into methane gas and a first contaminant gas,
which includes hydrocarbons. The methane gas is injected into engine 150 for combustion
therein and the first contaminant gas flows into reformer apparatus 180. As shown in step 406,

exhaust gases from engine 150 are directed to reformer apparatus 180 and heat the catalyst
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therein in order to reform the first contaminant gas. As shown in step 410, the first contaminant
gas is reformed into at least methane gas and a second contaminant gas. In particular, at least the
hydrocarbons of the first contaminant gas are cracked and reformed into methane gas such that
the first contaminant gas is separated into a methane gas stream and a second contaminant gas
stream. As shown in step 412, the methane gas from reformer apparatus 180 is separated from
the second contaminant gas when circulated through methane permeable filter 130.
Additionally, the continuously incoming stream of raw natural gas is separated into methane gas
and contaminant gases. Both the methane gas from reformer apparatus 180 and the methane gas
from the raw natural gas are supplied to engine 150 for combustion, as shown in step 414. This
filtering and reforming process continues during operation of natural gas fueling systems 100,
200, and 300 to increase the quantity of methane available for use from the natural gas and to
provide methane gas to engine 150 that has a consistent methane number required for specific
engine operation, regardless of the quality and/or methane number of the raw natural gas. For
example, the methane gas supplied to engine 150 in step 414 may have a methane number of

approximately 50-100 and, more particularly, a methane number of approximately 70.

[0054] As disclosed herein, the methane number of the fuel supplied to engine 150 may
be maintained at a generally constant index value (e.g., 70 MN). By adjusting the properties of
filter assembly 120, and in particular, methane permeable filter 130, the combustion
characteristics of the methane supplied to engine 150 may be tuned or adjusted to the specific
applications and power outputs required for engine 150. For example, if the critical volume,
porosity, pore size, material, or other parameters of methane permeable filter 130 are adjusted,
the methane number of the fuel supplied to engine 150 is adjusted. As such, natural gas fueling
systems 100, 200, and 300 are configured to tune the fuel provided to engine 150 to the specific

requirements of engine 150.

[0055] Referring to FIG. 5, an alternative embodiment natural gas fueling system 500 is
shown. Natural gas fueling system 500 is similar to natural gas fueling system 100 (FIG. 1) and
is operably coupled to engine 150 and/or any other energy source (e.g., a fuel cell).

[lustratively, natural gas fueling system 500 is operably coupled to a fuel cell assembly 502,
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which, in one embodiment, is a solid-oxide fuel cell assembly. Similar to natural gas fueling
system 100, natural gas fueling system 500 includes gas source 102, inlet 110, and filter
assembly 120, and is configured to separate methane gas from the natural gas stream with
methane permeable filter 130. In one embodiment, filter assembly 120 includes methane
permeable filter 130 which may have a cylindrical or canister-type configuration and can be
directly coupled to engine 150, an engine skid for engine 150, and/or is otherwise operably
coupled to fuel cell assembly 502. Natural gas fueling system 500 further includes a
supplemental fluid assembly, illustratively a gas burner assembly 504, operably coupled to filter
assembly 120 and fuel cell assembly 502. In one embodiment, gas burner assembly 504 includes

catalytic burner elements (not shown) to improve the quality of any exhaust emissions therefrom.

[0056] The natural gas flows from gas source 102 into methane permeable filter 130
though conduit 128 to separate methane gas from at least the remaining hydrocarbons. The
methane gas flows into engine fuel cell assembly 502 through conduit 132 to provide fuel to fuel
cell assembly 502 while the hydrocarbons which are too large to flow through methane
permeable filter 130 flow toward gas burner assembly 504 through a conduit 506. The larger or
unsaturated hydrocarbons feed gas burner assembly 504 so that gas burner assembly 504 may
heat fuel cell assembly 502. Because natural gas fueling system 500 of FIG. 5 does not include
reformer apparatus 180 (FIG. 1), the larger hydrocarbons and/or other gases are filtered by
methane permeable filter 130 but are not reformed before being supplied to gas burner assembly
504. Similarly, the methane supplied to fuel cell assembly 502 from methane permeable filter

130 also is not reformed.

[0057] The size of the pores of methane permeable filter 130 is configured to allow
methane gas to pass through and flow to fuel cell assembly 502 but is not configured to allow
larger hydrocarbons or other gases (e.g., gas molecules larger than ethane) to flow toward fuel
cell assembly 502. Instead, larger hydrocarbons and/or other gases are directed from methane
permeable filter 130 to gas burner assembly 504 where the larger hydrocarbons and/or other

gases may be burned to supply heat to fuel cell assembly 504.
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[0058] In one embodiment of natural gas fueling system 500, a charging member 508
may be operably coupled to gas burner assembly 504 and fuel cell assembly 502, as shown in
FIG. 5. More particularly, charging member 508 is fluidly coupled to gas burner assembly 504
through an exhaust conduit 510 and is fluidly coupled to fuel cell assembly 502 through a blower
conduit 512. In this way, exhaust gases from gas burner assembly 504 may drive a turbine
portion of charging member 508 which operates a blower or compressor portion of charging
member 508 and/or a front-end blower (not shown) for fuel cell assembly 502. As such,
air/reformate flow into the fuel cells of fuel cell assembly 502 may be maintained by charging

member 508 through the exhaust from gas burner assembly 504.

[0059] Referring to FIG. 6, an alternative embodiment natural gas fueling system 600 is
shown. Natural gas fueling system 600 is similar to natural gas fueling system 500 (FIG. 5) but
gas burner assembly 504 of FIG. 5 may be replaced with at least one fuel injector 602. Fuel
injector 602 is fluidly coupled to fuel cell assembly 502. More particularly, fuel cell assembly
502 may include a plurality of fuel cell stacks (not shown) and at least one fuel injector 602 is

fluidly coupled to each of the fuel cell stacks.

[0060] Natural gas fueling system 600 operates by flowing natural gas from gas source
102 and into methane permeable filter 130 though conduit 128 to separate methane gas from at
least the remaining hydrocarbons. The methane gas flows into fuel cell assembly 502 through
conduit 132 to provide fuel to fuel cell assembly 502. The hydrocarbons which are too large to
flow through methane permeable filter 130 flow toward fuel injector 602 through a conduit 506.
The larger or unsaturated hydrocarbons are provided as “trim” fuel for fuel cell assembly 502.
More particularly, the filtered methane gas provided to fuel cell assembly 502 through line 132
defines the base fueling rate while the unfiltered, larger hydrocarbon fuel (i.e., the trim fuel)
defines an additional or supplemental fueling rate. Collectively, the base fueling rate from the
filtered methane gas and the additional fueling rate from the trim fuel define the final fueling

level or rate for each fuel cell within fuel cell assembly 502.
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[0061] By combining the filtered methane gas provided directly to fuel cell assembly 502
and the trim fuel provided to fuel cell assembly through fuel injector 602, the array of fuel cells
within fuel cell assembly 502 may be balanced and operation of the fuel cells is tailored to
specific conditions to optimize operation of fuel cell assembly 502. Additionally, this balanced
fueling provided by the filtered methane gas and the trim fuel may allow for simpler and/or less
expensive valve mechanisms to be used for fuel cell assembly 502. For example, a single hot or
cold metered delivery valve may be provided on line 132 to deliver the filtered methane gas to
fuel cell assembly 502 but a single cold delivery valve may be fluidly coupled to fuel injector
602 and/or fuel cell assembly 502 to provide the trim fuel to fuel cell assembly 502. The cold
delivery valve is less expensive than the hot or cold metered delivery valve and, therefore, the

cost of natural gas fueling system 600 may decrease.

[0062] In one embodiment, water may be added to natural gas fuel system 600 to allow
the fuel within fuel cell assembly 502 to reform therein or self-reform. In one embodiment,
water may be provided to natural gas fuel system 600 in a single feed or a plurality of individual

feeds.

[0063] While the invention has been described by reference to various specific
embodiments it should be understood that numerous changes may be made within the spirit and
scope of the inventive concepts described, accordingly, it is intended that the invention not be
limited to the described embodiments but will have full scope defined by the language of the

following claims.
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WHAT IS CLAIMED IS:
1. A natural gas fueling system to supply methane gas to an engine, the natural gas fueling
system comprising:

a filter assembly including a gas inlet configured to receive inlet gas and a methane
permeable filter configured to separate methane gas and first contaminant gases from the inlet
gas; and

a reformer apparatus configured to convert the first contaminant gases into a reformed
gas stream including methane gas,

wherein the reformed gas is supplied to the gas inlet and recirculated through the filter
assembly to extract the methane gas from the reformed gas stream.

2. The natural gas fueling system of claim 1, the filter assembly also comprising a second
gas permeable filter positioned between the gas inlet and the methane permeable filter, the
second gas permeable filter configured to separate a second gas from the inlet gas.

3. The natural gas fueling system of claim 2, wherein the filter assembly further comprises a
receptacle fluidly coupled to the second gas permeable filter and configured to store the second
gas.

4. The natural gas fueling system of claim 2, the filter assembly further comprising a third
filter positioned between the gas inlet and the second gas permeable filter, the third filter
configured to separate at least one of a liquid and particulate matter from the inlet gas.

5. The natural gas fueling system of claim 1, wherein the reformer apparatus includes a
catalyst and the catalyst is thermally activated by a heated fluid.

6. The natural gas fueling system of claim 1, further comprising a valve assembly operably
coupled to the gas inlet and configured to divert the inlet gas away from the filter assembly based
on a pressure of the inlet gas.

7. The natural gas fueling system of claim 1, further comprising a valve assembly operably
coupled to the gas inlet and a sensor operably coupled to the gas inlet, the sensor being
configured to determine a methane number of the inlet gas, and the valve assembly being
configured to divert the inlet gas away from the filter assembly based on the methane number of

the inlet gas.
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8. An engine comprising:
a plurality of combustion cavities; and
a natural gas fueling system operably coupled to the combustion cavities and comprising:
a filter assembly including a gas inlet and a methane permeable filter to separate
methane gas and first contaminant gases; and
a reformer apparatus configured to reform the first contaminant gases into a
reformed gas stream including methane gas,
the reformed gas being supplied to the gas inlet and being recirculated through the
filter assembly,
the methane gas separated by the filter assembly being supplied to the plurality of
combustion cavities and combusted therein to produce exhaust gases, and
at least a portion of the exhaust gases being supplied to the reformer apparatus
and configured to heat the reformer apparatus.
9. The engine of claim 8§, wherein the reformer apparatus includes a catalyst and the portion
of exhaust gases are configured to activate the catalyst.
10.  The engine of claim 8, wherein the filter assembly and the reformer apparatus are
removably coupled to the combustion cavities.
11.  The engine of claim 8, further comprising a valve assembly operably coupled to the
combustion cavities and the reformer apparatus, the valve assembly being configured to supply
the portion of exhaust gases to the reformer apparatus.
12.  The engine of claim 11, wherein operation of the valve assembly is based on a pressure
of gas flow through the methane permeable filter.
13.  The engine of claim 11, wherein operation of the valve assembly is based on a
temperature of the reformer apparatus.
14.  The engine of claim 8, wherein the methane gas separated by the filter assembly has a
methane number of at least 50.
15. A method of fueling an engine, the method comprising:

supplying natural gas to a filter assembly;
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separating the natural gas into at least methane gas and a first contaminant gas in the filter
assembly;

circulating exhaust gases from an engine through a reformer apparatus;

reforming the first contaminant gas into at least methane gas and a second contaminant
gas in the reformer apparatus;

separating the methane gas from the second contaminant gas; and

supplying the methane gas separated from the natural gas and from the reformed first
contaminant gas to the engine.
16.  The method of claim 15, further comprising providing a catalyst within the filter
assembly and increasing the temperature of the catalyst by circulating the exhaust gases about
the catalyst.
17.  The method of claim 15, further comprising determining a pressure of the natural gas and
supplying the natural gas to the filter assembly based on the pressure of the natural gas.
18.  The method of claim 15, further comprising determining a methane number of the natural
and supplying the natural gas to the filter assembly based on the methane number of the natural
gas.
19.  The method of claim 15, further comprising determining a temperature of the reformer
apparatus and circulating the exhaust gases through the reformer apparatus based on the
temperature of the reformer apparatus.
20.  The method of claim 15, further comprising providing a first gas permeable membrane
and a second gas permeable membrane within the filter assembly, separating the natural gas into
at least the methane gas and the first contaminant gas with the first gas permeable membrane,
and separating the natural gas into at least the methane, the first contaminant gas, and a second
contaminant gas with the second gas permeable membrane.
21. A natural gas fueling system for an energy source, comprising:

a filter assembly including a gas inlet configured to receive inlet gas and a methane
permeable filter configured to separate methane gas and first contaminant gases from the inlet

gas; and
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a conduit fluidly coupled to the filter assembly and the energy source to deliver the
methane gas to the energy source; and

a supplemental fluid assembly fluidly coupled to the filter assembly and the energy
source, the energy source being configured to receive the first contaminant gases from the
supplemental fluid assembly.
22.  The natural gas fueling system of claim 21, wherein the energy source is a fuel cell
assembly.
23.  The natural gas fueling system of claim 22, further comprising a charging member fluidly
coupled to the supplemental fluid assembly and the energy source.
24.  The natural gas fueling system of claim 23, wherein the charging member includes a
turbine portion and a blower portion.
25.  The natural gas fueling system of claim 21, wherein the supplemental fluid assembly
defines a gas burner assembly configured to receive the first contaminant gases and provide heat
to the energy source.
26.  The natural gas fueling system of claim 21, wherein the supplemental fluid assembly
defines at least one fuel injector configured to receive the first contaminant gases and provide
supplemental fuel to the energy source.
27. A method of fueling an energy source, the method comprising;:

supplying natural gas to a filter assembly;

separating the natural gas into at least methane gas and a first contaminant gas in the filter
assembly;

delivering the methane gas to the energy source; and

providing the first contaminant gas to the energy source.
28.  The method of claim 27, further comprising delivering the first contaminant gas to a
supplemental fluid assembly fluidly coupled to the energy source and the filter assembly.
29.  The method of claim 28, further comprising providing a gas burner assembly configured
to receive the first contaminant gases and provide heat to the energy source as the supplemental

fluid assembly.
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30.  The method of claim 28, further comprising providing at least one fuel injector
configured to receive the first contaminant gases and provide supplemental fuel to the energy
source as the supplemental fluid assembly.

31.  The method of claim 27, further comprising providing a fuel cell assembly as the energy
source.

32.  The method of claim 27, further comprising fluidly coupling a charging member to the

supplemental fluid assembly and the energy source.
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A. - CLASSIFICATION OF SUBJECT MATTER
IPC(8) - F02B 43/00, FO2M 25/07, C10L 3/10, FO2C 6/18 (2015.01)

CPC . -.F028B 43/10, FO2M 27/02, FO2D 19/10, FO2B 3/06
According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification sgstem followed b)'/:classiﬁcation ng
IPC (8): FO2B 43/00, FO2M 25/07, C10L 3/10, FO2C 6/18, FO2C*, FO2B 43/*, F02B*

CPC: F02B 43/10, FO2M 27/02, F02D 19/10, F02B 3/06

ots.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC: 123/3, 123/27GE, 123/527, 123/406.48, 123/3, 123/3P, 60/39.12, 60/780, 60/780S, 123/*, 60/*

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Patbase, Google (Images, Web, Patents, Scholar) R

Gas, natural, methane, filer, hydrocarbons, reformer, apparatus, permeable, combustion, piston, turbine, number, separate, output, alter,
rich, catalyst, catalytic,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2009/0314227 A1 (Mahlanen et al.) 24 December 2009 (24.12.2009) entire document, 1-20
especially fig.1, para [0019}, [0021)-[0023], {0027].

A US 7,429,287 B2 (Frantz) 30 September 2008 (30.09.2008) entire document, especially fig.1, 1-20
col 2, In 56-60, col 5, In 29-39, co! 6, In 1-43, col 7, In 17-36.

A US 7,343,905 B2 (Willi ét al.) 18 March 2008 (18.03.2008) entire document, especially Title; 1-20
. | Abstract; col 2, In 35-65. :

A US 6,161,386 A (Lokhandwala) 19 December 2000 (19.12.2000) entire document, especially 1-20
figs. 1-7; col 2, In 25-46, col 8, In 44-65, col 9, In 1-11.

D Further documents are listed in the continuation of Box C. D
*  Special categories of cited documents: “T”  later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the ap, lication but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E" earlier application or patent but published on or after the international “X” document of particular relevance; the claimed invention cannot be
filing date . considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is .step when the document is taken alone
;:ltecdiatlor::;ggh(sa}; ;hecgggljl)cauon date of another citation or other “Y™ document of particular relevance; the claimed invention cannot be
" pe 'S spe . L considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P” document published prior to the international filing date but later than « g » ;
the priority date claimed & documgnt member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
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Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young
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Box No.II.  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Ctlaims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically: ’

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international ap?lication, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-20 drawn to a natural gas fueling system for an engine and a method of fueling an engine.

Group ii: Claims 21-32 drawn to a natural gas fueling system for an energy source and a method of fueling an energy soufce.

--See E);tra Sheet--

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
! claims. : '

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:_I As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.: :

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

’ D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

El No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)

LIBERTY EXHIBIT 1056, Page 36
Liberty Energy, Inc. and Liberty Oilfield Services LLC v. U.S. Well Services, LLC, IPR2024-01274



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 15/50552

-*-Box lil ? Observations where unity of invention is lacking-*-

The inventions listed as Groups | and Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Group | has the special technical features of a natural gas fueling system for an englne having a reformer apparatus and a reformed gas
stream not required by Group 1.

Group Il has the special technical features of natural gas fueling system for an energy source havnng conduit fluidly coupling a filter and
said energy source and a supplemental fluid assembly not required by Group I :

The only technical features shared between Groups | and |l are a natural gas fueling system having a filter assembly including a gas
inlet and a methane permeable filter which does not provide any contribution over the prior art as it is anticipated by US 7, 429 287 B2 to
Frantz.

Frantz teaches a high efficient gas sweetening system wherein the gas fueling system has the ability to supply methane gas to an
engine (col 2, In 56-60) comprising a filter assembly (fig. 1; col 5, In 29-30) including a gas inlet (4; col 5, In 38-39) configured to receive
inlet gas and a methane permeabile filter (30; col 5, In 29-36) configured to separate methane gas (32) and first contaminant gases (34)
from the inlet gas (see fig. 1; col 6, In 1- -5).

As the common features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Groups I-1| fack unity under PCT Rule 13 because they do no@ share a same or corresponding special technical feature.
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