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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

E. S. D.

Re: Expediente No. 12-049.658
Solicitud de patente a nombre de BATELLE ENERGY ALLIANCE,
LLC.

Yo, SILVANA MARIA LOPEZ DIAZ, identificada como aparece al pie de mi firma,
domiciliada en la carrera 11 A No. 86-53, piso 6, actuando como apoderada sustituta de
acuerdo con la sustitucién presentada el 18 de octubre de 2013 de la sociedad
BATELLE ENERGY ALLIANCE, LLC,, solicitante de la patente de la referencia,
interpongo_recurso de reposicidn contra la resolucién No. 2454 emitida el 28 de enero de
2014 por el Superintendente de Industria y Cometcio, por medio de la cual se niega el
privilegio de patente para la solicitud contenida en el expediente de la referencia.

Mi mandante permite manifestar a ese despacho que se reafirma en todos y cada uno de
los argumentos que hacen parte integrante de la respuesta al oficio No. 13812
notificado por fijacién en lista el 30 de julio de 2013, presentada ante ese despacho el 5
de diciembre de 2013.

1. FUNDAMENTOS DEL RECURSO

11  El capitulo reivindicatotio presentado el 5 de diciembre de 2013 no
constituye una ampliacion de materia

En relacién con los argumentos presentados por ese despacho en la resolucion
impugnada No. 2454 emitida el 28 de enero de 2014, es necesario sefialar que carecen
de un enfoque adecuado de conformidad con las normas, jurisprudencia y reglas
técnicas que existen para evaluar una invencion.

Como primera medida, es deseo del solicitante indicar que se encuentra en total
desacuerdo con los argumentos indicados por el examinador, mediante los cuales
rechaza el capitulo reivindicatorio presentado en respuesta al oficio No. 13812
notificado por fijacidn en lista el 30 de julio de 2013, presentada ante ese despacho el 5
de diciembre de 2013, el cual consta de 20 reivindicaciones, ya que la materia objeto
contenida en dichas reivindicaciones no constituyen en absoluto una ampliacion de la
materia presentada originalmente.

En este sentido, es deseo del solicitante indicar que las modificaciones presentadas al
capitulo reivindicatorio que contiene 20 treivindicaciones, estin debidamente sopottadas
en el capitulo descriptivo que se presenta en la publicacion internacional de la solicitud
WO 2011/049665, especificamente en la pagina 12, lineas 5 a 27; pagina 13, lineas 8 a
16; pagina 14, lineas 1 a 2; pagina 15, lineas 1 a 25; pagina 16, lineas 24 a 29; y las figuras
1 y 2. Es pertinente aclarar que el capitulo descriptivo presentado con la presente
solicitud el 23 de marzo de 2012 cotresponde a una traduccién de la publicacion
internacional de la solicitud WO 2011/049665. Copia del documento de publicacion
internacional WO 2011/049665 se presenta como adjunto al presente memorial.

En forma especifica, es deseo del solicitante indicar que las expresiones “gue tiene un
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geogrdficas” incluida en las teivindicaciones 16 a 18, se encuentran debidamente
soportadas por la informacién descrita en la pagina 15, lineas 1 a 25, de la publicacion
internacional, en donde se establece que los médulos centrales pueden ser producidos
“en masa en una 0 mas /om/z':gacz’ones ) se transporten a varios /u(gare.r, tal como por transporte por
rieles y por carreteras convencionales” (ver pagina 14, ultimo parrafo del presente capitulo
descriptivo). Los términos “uno o mds lcaligaciones” 'y “varios lugares” soportan la
descripcién de una primera y una segunda (o una pluralidad de) localizaciones
geograficas, particularmente si los lugares se describen como estando separados
mediante “fransporte por rieles y por carreteras convencionales”. En la pagina 15 de la
publicacidn intetnacional también se establece que “una pluralidad de plantas de LNG
modulares que utilizan midulos centrales sustancialmente idénticos 2 se pueden localizar en o cerca de
varias localizaciones de puntos de uso de NG, (...) el cual puede tener varias y diferentes presiones y
temperaturas, y producen LING a partir de las fuentes de NG gaseoso en o cerca de las localizaciones
de puntos de uso de _LNG” (ver pagina 15, parrafo 2 del presente capitulo descriptivo). Las
“varias localizaciones de puntos de uso de ILNG” también soportan la descripcién de una
ptimera y una segunda (o una pluralidad de) localizaciones geograficas. Considerando lo
anterior, se demuestra que las expresiones “primera localizacion geogrdfica’, “segunda
localizacion  geogrdfica” 'y “una  pluralkidad de localizaciones geogrdficas” se encuentran
debidamente soportadas pot la informacién incluida en el capitulo descriptivo de la
presente solicitud, y pot tanto, no pueden ser consideradas por ese Despacho, como
una ampliacién de la materia reclamada.

Adicionalmente, la expresion “que tiene una composicion con menos didscido que la composicion de
gas de la primera fuente de gas natwral’ incluida en la reivindicacion 2, se encuentra
debidamente sopottada por la informacién descrita en el capitulo descriptivo, por lo
menos en las pagina 16, lineas 24 a 29 de la publicacién internacional. Por ejemplo, en
la pagina 16 de la publicacién internacional se establece que “si la fuente de gas natural trene
poco didxido de carbono, nitrdgeno, oxigeno, etano, etc., el uso de hidrociclones y la sublimacion de
didxido de carbono en el proceso de lcuefaccion y en el modulo central 2 pueden no necesitarse y puede
no incluirse” (ver pagina 16, parrafo 3 del presente capitulo desctiptivo). Esta afirmacion
es una afirmacidén comparativa que sugiere que algunas fuentes incluyen mas diéxido de
carbén que otras. De acuerdo a lo anterior, se demuestra que la afirmacion “gue siene una
composicion con menos didxido que la composicion de gas de la primera fuente de gas natural’ de la
reivindicacion 2 se encuentra completamente soportada por la informacion descrita en
el capitulo descriptivo de la presente solicitud.

Considerando los anteriotes argumentos, es clato que el examinador esta negando sin
fundamento técnico vilido las modificaciones al capitulo teivindicatotio presentadas
ante ese despacho el 5 de diciembre de 2013 en tespuesta al oficio No. 13812 notificado
por fijacién en lista el 30 de julio de 2013. Asi, se solicita a ese despacho se considere
dicho capitulo reivindicatotio que consta de 20 teivindicaciones y reemplaza totalmente
el capitulo reivindicatorio presentado con la solicitud original.

1.2 El capitulo reivindicatorio presentado el 5 de diciembre de 2013 tiene
NOVEDAD

Como se demostré debidamente en la respuesta al oficio No. 13812 notificado por
fijacién en lista el 30 de julio de 2013, presentada ante ese despacho el 5 de diciembre
de 2013, las reivindicaciones 16 a 18, cortespondientes a las antiguas reivindicaciones
19 2 21, cumplen con el requisito de novedad segin las disposiciones del articulo 16 de
la Decisién 486/00.
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Lo anteriot, por cuanto el documento D1 no ensefia cémo proporcionar una pluralidad
de plantas de licuefaccién de gas natural que comprenden moédulos centrales de
licuefaccion idénticos a una pluralidad de localizaciones geograficas de fuente de gas
natural gaseoso; y licuar una porcién del gas natural gaseoso de cada una de la
pluralidad de fuentes de gas natural gaseoso con la pluralidad de plantas de licuefaccién
de gas natural para propotcionar gas natural liquido a cada una de la pluralidad de
localizaciones geograficas de fuente de gas natural gaseoso, en donde cada una de
localizaciones geogrificas de fuente de gas natural gaseoso comprende una fuente de
gas natural que tiene una presidn de gas natural fuente diferente de los otros gas natural

fuente de la pluralidad de localizaciones geograficas de fuente de gas natural gaseoso,
como lo indica la nueva reivindicacién 16.

El documento D1 ensefia una planta de procesamiento de fluidos de hidrocarburos que
incluye una pluralidad de tipos de médulos unitarios de procesos, la pluralidad de tipos
de médulos unitatios de proceso incluyendo al menos un primer tipo de mddulo
unitario de proceso que incluye uno o més primeros médulos unitarios de procesos, y
un segundo tipo de médulo unitario de proceso que incluye dos o mas segundos
modulos integrados unitarios de procesos (favor referirse al resumen de dicha
anterioridad).

Ahora bien, el examinador patece considerar que la pluralidad de unidades de proceso
similares en paralelo, dependiendo del volumen de gas a ser procesado, como se
describen en la pagina 8, parrafo [0074] de D1, corresponden a las plantas ensefiadas en
la presente invencion. Igualmente, el Examinador parece considerar que las unidades de
proceso patalelas se ubican en localizaciones diferentes, en la medida que las unidades
de proceso paralelas son independientes las unas de las otras.

Frente a lo anterior, se desea aclarar que la reivindicacién 16 ha sido modificada para
describir de una manera mas clara y concisa que las localizaciones definidas no son
simples posiciones difetentes en una planta en particular. Por el contratio, las
localizaciones definidas cottesponden a una pluralidad de localizaciones geograficas.
Esto implica que los médulos centrales idénticos se encuentran localizados en una
pluralidad de 4reas o regiones de la tierra separadas por distancias. Como soporte de lo
anteriot, se llama la atencién de su Despacho a la memoria descriptiva de la solicitud,
en donde se aclara que los médulos centrales permiten que “se fransporten a varios lugares,
tal como por transporte por rieles y por carreteras convencionales” (pagina 14, lineas 32 y 33). Por
lo tanto, la nueva reivindicacién 16 no debe set interpretada como una referencia a una
pluralidad de modulos centrales idénticos en una planta o localizacién geogrifica unica.

De manera adicional, se desea traer a colacién el hecho que D1 no describe
localizaciones geograficas de fuente de gas natural que incluyen fuentes de gas natural
con diferentes ptesiones de fuente de gas natural, como es indicado en la nueva
reivindicacién 16. Por el contratio, la supuesta pluralidad de médulos centrales presenta
una conexion “en paralelo” de los mddulos, lo que significa que estos comparten la
misma fuente de gas a la misma presion.

Con base en los antetiotes argumentos y al hecho que el documento citado D1 no da a
conocer todas y cada unas de las caractetisticas técnicas de la invencidn bajo estudio, el
solicitante muy respetuosamente considera que se deben dan por superadas las
objeciones relacionadas con la novedad de la presente solicitud.
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1.2 EIl capitulo reivindicatorio presentado el 5 de diciembre de 2013 tiene
NIVEL INVENTIVO

Como igualmente se demostrd en la respuesta al oficio No. 13812 notificado por
fijacion en lista el 30 de julio de 2013, presentada ante ese despacho el 5 de diciembre
de 2013, las reivindicaciones 12 9, 13 2 15 y 19 de la presente solicitud cumplen con el
requisito de nivel inventivo segun las disposiciones del articulo 18 de la Decision

486/00.

Lo anterior considerando que la combinacién de las ensefianzas de los documentos D1
y D2 fallan en ensefiar o sugerir una serie de etapas en las que se licua el gas natural de
una primera fuente de gas natural que tiene un primer nivel de presién de gas en una
primera localizaciéon geografica con un primer moédulo central de licuefaccion, se
modifica un segundo nivel diferente de presién de gas de gas natural de una segunda

fuente de gas natural para igualarse al primer nivel de presién de gas, la segunda fuente

de gas natural en una segunda localizaciéon geografica diferente de la primera
localizacién geografica; y se licua el gas natural de la segunda fuente de gas natural en la
segunda localizacidn geogrifica diferente que tiene el primer nivel de presién de gas con
un segundo médulo central de licuefaccién idéntico al primer moédulo central de
licuefaccion.

El documento D1 no incluye ensefianza o sugetencia alguna sobre la posibilidad de
tener dos localizaciones geograficas y dos niveles de presion diferente. De igual manera,
el documento D2 falla en ensefiar dichas caracteristicas.

Especificamente, D2 ensefia un método para producir una corriente liquida rica en
metano a partit de una cortiente de gas natural (resumen). D2 ademas indica que “/&
corriente de gas natural es suministrada a wuna presion por emcima de la presion atmosferica.
Tipicamente, la presion usada se encuentra en el rango entre alrededor 150 a 1,200 psig. De manera
preferente, una presion entre alrededor 300 a 650 psig es usada”. Por otro lado, este documento
ensefia que “e/ gas de alimentacion estd a una presion por encima de la presion atmosférica y dentro
de un rango de temperatura entre alrededor 30°F a 110°F” (columna 6, lineas 9 a 13 de D2).

En este sentido, aunque ensefia posibles tangos para las presiones y temperaturas del
gas de alimentacién en una ubicacién dada, D2 se enfoca en un método para la
licuefaccion del gas natural en una unica planta o localizacién geografica a partir de una
cortiente sencilla o fuente de gas natural unica. Por lo tanto, la combinacién de D1y
D2 no llevaria a una petsona versada en la materia a modificar las ensefianzas de D1 o
D2 para incluir la modificacion del segundo nivel de presién de gas, como es ensefiado
en la nueva reivindicacién 1.

Aun mas, D1 y D2 no parecen teconocet o apreciar las ventajas y beneficios que la
invencién bajo estudio proporciona. En patticular, la invencién permite el uso de
“componentes  sustancialmente  estandarizados,  acoplados  operativamente de una  manera
sustancialmente estandarigada y adecuados para su uso en una amplia variedad de condiciones de
lugares con minima o ninguna modificacion interna que se requiera del midulo central”. Asimismo,
el médulo central de licuefaccion “se puede utilizar en cualquier nimero de lugares 88 con
minima o ninguna modificacion interna requerida. En vistas de lo anterior, un modulo central 2 se
puede producir en masa y luego entregarse a numerosos lugares”. De igual manera, el disefio
puede resultar en “ofras eficiencias, seguridad mejorada, una reduccion en los costos de diserio y de
ingenteria, una reduccion en los costos de mantenimiento, fiabilidad mejorada y una reduccion en los
cosctor de inwersidn inicial aue bueden suberar cualauier ineficiencia que buede existir em un lugar
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Las anteriores ventajas o beneficios no son alcanzados o esperados a partir de los
métodos ensefiados en D1 6 D2. A pesar que D1 indica que multiples “mddulos
unitarios de proceso” pueden proporcionar eficiencia y capacidad a varios puntos de
proceso de entrada, D1 no ensefia cémo disefiar médulos unitatios de proceso pata
usarse en diferentes sitios bajo diferentes perfiles de presion, y si estos deben ser
1dénticos o no los unos de los otros.

Adicionalmente, es deseo del solicitante indicar que la combinacién de las ensefianzas
de los documentos D1 y D3 no ensefian o sugieten “seleccionar un médulo central de
licuefaccién de gas natural configurado para recibir gas fuente a una presién de entrada
independiente del lugar y expulsar el gas de cola a una presioén de salida independiente
del lugar; disefiar un médulo de entrada para un lugar especifico para proporcionar gas
fuente de una fuente de gas natural especifica a una presién del gas fuente diferente de
la presién de entrada independiente del lugar al médulo central de licuefaccién de gas

natural a la presion de entrada independiente del lugar, (...) y disefiar un médulo de
salida para un lugar especifico para transportar gas de cola del médulo central de

licuefaccion de gas a la presién de salida hacia una tuberia de la corriente de gas de cola
especifica a una presién de corriente de gas de cola diferente de la presién de salida,
como lo indica la nueva reivindicacién 14.

El examinador considera tanto en el oficio No. 13812 notificado por fijacion en lista el
30 de julio de 2013, como en la resolucién No. 2454 emitida el 28 de enero de 2014 por
el Superintendente de Industria y Cometcio, que reciclar una porcion de gas de un
sistema de remocién de didxido de carbono, como lo ensefia D3 (parrafos [0008],
[0009], y [0037]) de alguna manera se puede comparat con disefiar un médulo de salida
para un lugar especifico para transportar gas de cola, como es reivindicado en la
reivindicacidén 14. A pesar de lo anterior, resulta claro que D3 no ensefia el disefio de un
modulo de salida, ya que reciclar el gas de regreso al sistema no proporciona ensefianza
alguna que permia el transporte de gas de cola a una tuberia, mucho menos que la
presion de corriente de fas de cola sea diferente de la presidn de salida del médulo.

De igual manera, D1 no ensefia o sugiete el disefio de un moédulo de salida para
transportar gas de cola a una tuberia a una presion diferente. Todo lo contrario: D1
solo muestra una salida (pata LNG, no gas de cola) de una unidad de licuefaccién. Asi,
Unicamente la unidad de recuperacién de nitrégeno/helio 39 y la unidad de
cogeneracion 41 se encuentran conectadas a la salida de LGN.

Asi, el capitulo reivindicatorio presentado ante ese despacho el 5 de diciembre de 2013
en respuesta al oficio No. 13812 notificado por fijacién en lista el 30 de julio de 2013, el
cual consta de 20 reivindicaciones, cumple con todos los requisitos de patentabilidad a
la luz del estado de la técnica citado. Una petsona medianamente versada en la técnica
no encontraria la motivacién para combinar las ensefianzas descritas en los documentos
D1 junto con D2 6 D3 para lograr llegar al objeto de la presente invencién.

En consecuencia, teniendo en cuenta lo anterior y los argumentos indicados el
respuesta al oficio anteriormente mencionado, es claro que la invencién definida en la
presente solicitud en las reivindicaciones 1 a 20, que incluye las reivindicaciones 1, 14 y
19, como teivindicaciones independientes son patentables segun los lineamientos de la
Decisién 486/00.

Teniendo en cuenta lo dicho anteriormente solicito a usted lo sicuiente:
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a) Que de conformidad con lo previsto por los articulos 3 (inciso 3); 35 (inciso 2) y 59
(inciso 2) del Cdédigo Contencioso Administrativo se consideren y se resuelvan
TODOS los atgumentos y TODAS las cuestiones planteadas asi como las que
aparezcan con motivo de este recurso.

b) Que se revoque la resolucién No. 2454 del 28 de enero de 2014 expedida por el
Supetintendente de Industria y Comertcio, se considere el capitulo reivindicatorio
presentado el 5 de diciembre de 2013 en respuesta al oficio No. 13812 notificado por
fijacién en lista el 30 de julio de 2013, y se proceda a conceder el privilegio de patente
de invencion a la solicitud de mi mandante

Serior Superintendente,

PN

LVAN RIA LOPEZ D

C.C. 22468787 de Barranquilla
T.P 147463 del CSJ

notificaciones(@clarkemodet.com.co
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ANEXOS

Publicacién Internacional No. WO 2011/049665 Al
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(57) Abstract: A method of natural gas liquefaction includes liquefying natural gas from a first gas source with a first core mod-
ule, and liquefying natural gas from at least a second gas source having a gas property different than a gas property of the first nat-

ural gas source

with at least a second core module substantially identical to the first core module. Additionally, a method of de-

signing a natural gas liquefaction plant includes utilizing a preconfigured core module design for a core module configured to re-
ceive source gas at site- independent predetermined input conditions, expel tail gas at site-independent predetermined outlet con-
ditions, and liquefy natural gas. Furthermore, a method of distributing liquid natural gas include providing a plurality of gas lique-
faction plants comprising substantially identical core modules to a plurality of gaseous natural gas source locations. Finally, a
modular gas liquefaction plant includes a preconfigured core module, and site-specific inlet and outlet modules.
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WO 2011/049665 PCT/US2010/045332

TITLE OF THE INVENTION

NATURAL GAS LIQUEFACTION CORE MODULES, PLANTS INCLUDING SAME
AND RELATED METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims benefit of and priority to U.S. Non-provisional Patent
Application Serial No. 12/604,139, filed October 22, 2009, entitled NATURAL GAS
LIQUEFACTION CORE MODULES, PLANTS INCLUDING SAME AND RELATED
METHODS, which is incorporated herein by reference in its entirety.

This application is related to U.S. Patent Application Serial No. 09/643,420, filed
August 23, 2001, for APPARATUS AND PROCESS FOR THE REFRIGERATION,
LIQUEFACTION AND SEPARATION OF GASES WITH VARYING LEVELS OF
PURITY, now U.S. Patent 6,425,263, issued July 30, 2002, which is a continuation of U.S.
Patent Application Serial No. 09/212,490, filed December 16, 1998, for APPARATUS AND
PROCESS FOR THE REFRIGERATION, LIQUEFACTION AND SEPARATION OF
GASES WITH VARYING LEVELS OF PURITY, now U.S. Patent 6,105,390, issued August
22, 2000, which claims the benefit of U.S. Provisional Patent Application Serial No.
60/069,698 filed December 16, 1997. This application is also related to U.S. Patent
Application Serial No. 11/381,904, filed May 5, 2006, for APPARATUS FOR THE
LIQUEFACTION OF NATURAL GAS AND METHODS RELATING TO SAME, now US.
Patent No. 7,594,414, issued September 29, 2009; U.S. Patent Application Serial
No. 11/383,411, filed May 15, 2006, for APPARATUS FOR THE LIQUEFACTION OF
NATURAL GAS AND METHODS RELATING TO SAME, now U.S. Patent No. 7,591,150,
issued September 22, 2009; U.S. Patent Application Serial No. 11/560,682, filed November
16, 2006, for APPARATUS FOR THE LIQUEFACTION OF GAS AND METHODS
RELATING TO SAME; U.S. Patent Application Serial No. 11/536,477, filed September 28,
2006, for APPARATUS FOR THE LIQUEFACTION OF A GAS AND METHODS
RELATING TO SAME; U.S. Patent Application Serial No. 11/674,984, filed February 14,
2007, for SYSTEMS AND METHODS FOR DELIVERING HYDROGEN AND
SEPARATION OF HYDROGEN FROM A CARRIER MEDIUM, which is a
continuation-in-part of U.S. Patent Application Serial No. 11/124,589, filed May 5, 2008, for
APPARATUS FOR THE LIQUEFACTION OF NATURAL GAS AND METHODS
RELATING TO SAME, now U.S. Patent 7,219,512, issued May 22, 2007, which is a
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continuation of U.S. Patent Application Serial No. 10/414,991, filed April 14, 2003, for
APPARATUS FOR THE LIQUEFACTION OF NATURAL GAS AND METHODS
RELATING TO SAME, now U.S. Patent 6,962,061, issued November 8, 2005, and U.S.
Patent Application Serial No. 10/414,883, filed April 14, 2003, for APPARATUS FOR THE
LIQUEFACTION OF NATURAL GAS AND METHODS RELATING TO SAME, now U.S.
Patent 6,886,362, issued May 3, 2005, which is a divisional of U.S. Patent Application Serial
No. 10/086,066, filed February 27, 2002, for APPARATUS FOR THE LIQUEFACTION OF
NATURAL GAS AND METHODS RELATED TO SAME, now U.S. Patent 6,581,409,
issued June 24, 2003, and which claims the benefit of U.S. Provisional Patent Application
Serial No. 60/288.985, filed May 4, 2001, for SMALL SCALE NATURAL GAS
LIQUEFACTION PLANT. This application is also related to U.S. Patent Application Serial
No. 11/855,071, filed September 13, 2007, for HEAT EXCHANGER AND ASSOCIATED
METHODS; U.S. Patent Application Serial No. 12/603,948, filed on even date herewith, for
COMPLETE LIQUEFACTION METHODS AND APPARATUS; and U.S. Patent
Application Serial No. 12/604,194, filed on even date herewith, for METHODS OF
NATURAL GAS LIQUEFACTION AND NATRUAL GAS LIQUEFACTION PLANTS
UTILIZING MULTIPLE AND VARYING GAS STREAMS. The disclosure of each of the

foregoing documents is hereby incorporated by reference in its entirety.

GOVERNMENT RIGHTS
This invention was made with government support under Contract Number

DE-AC07-05ID14517 awarded by the United States Department of Energy. The government

has certain rights in the invention.

TECHNICAL FIELD
The present invention relates generally to the compression and liquefaction of gases
and, more particularly, to the partial liquefaction of a gas, such as natural gas, by a modular

natural gas liquefaction plant utilizing a core module.

BACKGROUND

Natural gas is a known alternative to combustion fuels such as gasoline and diesel.

Much effort has gone into the development of natural gas as an alternative combustion fuel in

order to combat various drawbacks of gasoline and diesel including production costs and the
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subsequent emissions created by the use thereof. As is known in the art, natural gas is a
cleaner burning fuel than other combustion fuels. Additionally, natural gas is considered to
be safer than gasoline or diesel as natural gas will rise in the air and dissipate, rather than
settling.

To be used as an alternative combustion fuel, natural gas (also termed “feed gas”
herein) is conventionally converted into compressed natural gas (CNG) or liquified (or liquid)
natural gas (LNG) for purposes of storing and transporting the fuel prior to its use.
Conventionally, two of the known basic cycles for the liquefaction of natural gases are
referred to as the “cascade cycle” and the “expansion cycle.”

Briefly, the cascade cycle consists of a series of heat exchanges with the feed gas,
each exchange being at successively lower temperatures until liquefaction is accomplished.
The levels of refrigeration are obtained with different refrigerants or with the same refrigerant
at different evaporating pressures. The cascade cycle is considered to be very efficient at
producing LNG as operating costs are relatively low. However, the efficiency in operation is
often seen to be offset by the relatively high investment costs associated with the expensive
heat exchange and the compression equipment associated with the refrigerant system.
Additionally, a liquefaction plant incorporating such a system may be impractical where
physical space is limited, as the physical components used in cascading systems are relatively
large.

In an expansion cycle, gas is conventionally compressed to a selected pressure,
cooled, and then allowed to expand through an expansion turbine, thereby producing work as
well as reducing the temperature of the feed gas. The low temperature feed gas is then heat
exchanged to effect liquefaction of the feed gas. Conventionally, such a cycle has been seen
as being impracticable in the liquefaction of natural gas since there is no provision for
handling some of the components present in natural gas which freeze at the temperatures
encountered in the heat exchangers, for example, water and carbon dioxide.

Additionally, to make the operation of conventional systems cost effective, such
systems are conventionally built bn a large scale to handle large volumes of natural gas. Asa
result, fewer facilities are built, making it more difficult to provide the raw gas to the
liquefaction plant or facility as well as making distribution of the liquefied product an issue.
Another major problem with large-scale facilities is the capital and operating expenses

associated therewith. For example, a conventional large-scale liquefaction plant, i.e.,
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producing on the order of 70,000 gallons of LNG per day, may cost $16.3 million to $24.5
million, or more, in capital expenses.

An additional problem with large facilities is the cost associated with storing large
amounts of fuel in anticipation of future use and/or transportation. Not only is there a cost
associated with building large storage facilities, but there is also an efficiency issue related
therewith as stored LNG will tend to warm and vaporize over time creating a loss of the LNG
fuel product. Further, safety may become an issue when larger amounts of LNG fuel product
are stored.

In confronting the foregoing issues, various systems have been devised which attempt
to produce LNG or CNG from feed gas on a smaller scale, in an effort to eliminate long-term
storage issues and to reduce the capital and operating expenses associated with the
liquefaction and/or compression of natural gas.

For example, small scale LNG plants have been devised to produce LNG at a pressure
letdown station, wherein gas from a relatively high pressure transmission line is utilized to
produce LNG and tail gases from the liquefaction process are directed into a single lower
pressure downstream transmission line. However, such plants may only be suitable for
pressure let down stations having a relatively high pressure difference between upstream and
downstream transmission lines, or may be inefficient at pressure let down stations having
relatively low pressure drops. In view of this, the production of LNG at certain existing let
down stations may be impractical using existing LNG plants. Furthermore, the costs to
design, engineer, and manufacture LNG plants for a variety of natural gas source locations,
which may each supply NG at different gas conditions, such as at various temperatures and
pressures, may make it impractical to build an LNG plant for smaller markets.

Additionally, since many sources of natural gas, such as residential or industrial
service gas, are considered to be relatively “dirty,” the requirement of providing “clean” or
“pre-purified” gas is actually a requirement of implementing expensive and often complex
filtration and purification systems prior to the liquefaction process. This requirement simply
adds expense and complexity to the construction and operation of such liquefaction plants or
facilities.

In view of the shortcomings in the art, it would be advantageous to provide a process,
and a plant for carrying out such a process, of efficiently producing liquefied natural gas, such
as on a small scale. More particularly, it would be advantageous to provide a system for

producing liquefied natural gas from a source of relatively “dirty” or “unpurified” natural gas
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at various levels of inlet pressure and inlet temperature and the return of natural gas from the
plant. Such a system or process may include various clean-up cycles which are integrated
with the liquefaction cycle for purposes of efficiency. Further, it would be advantageous for
the process and plant to be readily transportable using available sources of transportation over
public roads and highways to other geographic locations. It would be advantageous for the
process and plant be capable of being operated in a variety of geographical Jocations without
substantially changing the process and apparatus of the plant.

It would be additionally advantageous to provide a plant for the liquefaction of natural
gas which is relatively inexpensive to build and operate, and which desirably requires little or
no operator oversight.

It would be advantageous to provide a plant for the liquefaction of natural gas which
having a core module of substantially standardized components operably coupled in a
substantially standardized manner and suitable for use in a wide variety of site conditions
with minimal or no internal modification being required of the core module.

It would be additionally advantageous to provide such a plant which is easily
transportable and which may be located and operated at existing sources of natural gas which
are within or near populated communities, thus providing easy access for consumers of LNG

fuel.

BRIEF SUMMARY

In some embodiments, a method of natural gas liquefaction may include liquefying
natural gas from a first natural gas source with a first core module, and liquefying natural gas
from at least a second natural gas source having a gas property different than a gas property of
the first natural gas source with at least a second core module substantially identical to the
first core module.

In additional embodiments, a method of designing a natural gas liquefaction plant may
include utilizing a preconfigured core module design for a core module configured to receive
source gas at site-independent predetermined input conditions, expel tail gas at site-
independent predetermined outlet conditions, and liquefy natural gas. The method may
further include designing a site-specific inlet module configured to provide source gas from a
specific natural gas source to the core module at the fixed predetermined input conditions,
and designing a site-specific outlet module configured to convey tail gas from the core

module at the predetermined tail gas outlet conditions to a specific tail gas stream.
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In further embodiments, a method of distributing liquid natural gas may include
providing a plurality of substantially identical core modules to a plurality of gaseous natural
gas source locations. The method may further include liquefying at least a portion of the
gaseous natural gas from each of the plurality of gaseous natural gas sources with the plurality
of substantially identical core modules to provide liquid natural gas at each of the plurality of
gaseous natural gas source locations.

In additional embodiments, methods of natural gas liquefaction may comprise
liquefying gaseous natural gas with a plurality of substantially identical core modules at a
single site.

In yet further embodiments, a modular natural gas liquefaction plant may include a
core module, an inlet module and an outlet module. The core module may include a
processed natural gas inlet configured to receive gaseous natural gas at a site-independent
predetermined pressure and temperature, a liquid natural gas outlet, and a tail gas outlet

configured to expel a tail gas at a site-independent predetermined pressure and temperature.
The inlet module may include a natural gas source inlet configured to receive gaseous natural
gas at a temperature and pressure of a site-specific natural gas source; and a processed natural
gas outlet configured to deliver gaseous natural gas to the processed natural gas inlet of the
core module at the site-independent predetermined pressure and temperature. Finally, the
outlet module may include a tail gas inlet configured to receive a tail gas from the tail gas
outlet of the core module at the site-independent predetermined pressure and temperature; and

a processed tail gas outlet configured to deliver the tail gas to a site-specific location at a site-

specific pressure and temperature.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
The foregoing and other advantages of the invention will become apparent upon
reading the following detailed description and upon reference to the drawings.

FIG. 1 is a schematic overview of a core module for a liquefaction plant according to

an cmbodiment of the present invention.
FIG. 2 is a flow diagram depicting a site having a gas supply pipeline and a tail gas

pipeline for a modular type liquefaction plant according to embodiments of the present

invention.
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FIG. 3 is a flow diagram depicting another site having a single gas supply pipeline that
may be utilized to supply gas to and receive tail gas from a modular type liquefaction plant

according to embodiments of the present invention.

DETAILED DESCRIPTION

A modular type liquefaction plant having a core module designed so that it may be
used for a variety of site conditions, may be readily transported to site locations, and may be
readily manufactured using common, substantially standardized components therein so as to
be capable of use at a wide variety of site locations and conditions substantially without
modification.

Tlustrated in FIG. 1 is a schematic overview of a core module 2 for natural gas (NG)
liquefaction according to an embodiment of the present invention. The core module 2 may
include a primary gas inlet 4 coupled to a splitter 6, and a primary gas outlet 8 coupled to a
mixer 10. A process stream 12, a cooling stream 14, and a transfer motive gas stream 16 may
originate from the splitter 6 of the primary gas inlet 4 and the cooing stream 14, as well as tail
streams 26, 30, may be combined in the mixer 10 and directed out of the core module 2
through the primary gas outlet 8.

As shown in FIG. 1, the process stream 12 may be directed through a NG inlet 32
from the splitter 6, and then directed through a primary heat exchanger 34 and an expansion
valve 36. The process stream 12 may then be directed though a gas-liquid separation tank 38,
a transfer tank 40, a hydrocyclone 42 and a filter 44. Finally, the process stream 12 may be
directed through a splitter 46, a valve 48, a storage tank 50 and a liquid natural gas (LNG)
outlet 52.

As further shown in FIG. 1, the cooling stream 14 may be directed through a cooling
fluid inlet 54 from the splitter 6, and then directed through a turbo compressor 56, an ambient
heat exchanger 58, the primary heat exchanger 34, a turbo expander 60, and finally, through a
cooling fluid outlet 62 and into the mixer 10. Additionally, the transfer motive gas stream 16
may be directed through a transfer fluid inlet 64 from the splitter 6, and then through an
expansion valve 66 to the transfer tank 40. In additional embodiments, the transfer motive
gas stream 16 may originate from other suitable locations of the core module 2. Optionally,
the transfer motive gas stream 16 may also be directed through the primary heat exchanger

34,

/
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A first tail gas stream 30 may include a combination of streams from the core module
2. For example, as shown in FIG. 1, the first tail gas stream 30 may include a carbon dioxide
management stream 22, a separation chamber vent stream 18, a transfer tank vent stream 20,
and a storage tank vent stream 24. The carbon dioxide management stream 22 may be

5 directed from an underflow outlet 82 of the hydrocyclone 42, and then may be directed
through a sublimation chamber 70, the primary heat exchanger 34 and finally through a first
tail gas outlet 72 into the mixer 10. Additionally, the separation chamber vent stream 18 may
be directed from a gas outlet of the gas liquid separation tank 38, the transfer tank vent stream
20 may be directed from the transfer tank 40, and a storage tank vent stream 24 may be

10 directed from the storage tank 50. The separation chamber vent stream 18, the transfer tank
vent stream 20, and the storage tank vent stream 24 may then be directed through a mixer 74,
the heat exchanger 34, a compressor 76, and into the sublimation chamber 70 to be mixed
with the carbon dioxide management stream 22 to form the first tail gas stream 30.

Finally, as shown in FIG. 1, a second tail gas stream 26 may be directed from an outlet

15  of the splitter 46. The second tail gas stream 26 may then be directed through a pump 78, the
heat exchanger 34, and finally, through a second tail gas outlet 80 into the mixer 10. In
additional embodiments, the pump 78 may not be required and may not be included in the
plant 10. For example, sufficient pressure may be imparted to the process stream 12 within
the transfer tank 40 by the transfer motive gas stream 16 such that the pump 78 may not be

20  required and may not be included in the core module 2.

In operation, a gaseous NG may be provided to the core module 2 through the primary
gas inlet 4, which may be divided by the splitter 6 into the cooling stream 14, the process
stream 12, and the transfer motive stream 16. The cooling stream 14 may be directed from
the splitter 6 through the cooling fluid inlet 54 and then directed into the turbo compressor 56

25  to be compressed. The compressed cooling stream 14 may then exit the turbo compressor 56
and be directed into the ambient heat exchanger 58, which may transfer heat from the cooling
stream 14 to ambient air. Additionally, the cooling stream 14 may be directed through a first
channel of the primary heat exchanger 34, where it may be further cooled.

In some embodiments, the primary heat exchanger 34 may comprise a high

30  performance aluminum multi-pass plate and fin type heat exchanger, such as may be
purchased from Chart Industries Inc., 1 Infinity Corporate Centre Drive, Suite 300, Garfield,

Heights, Ohio 44125, or other well known manufacturers of such equipment.
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After passing through the primary heat exchanger 34, the cooling stream 14 may be
expanded and cooled in the turbo expander 60. For example, the turbo expander 60 may
comprise a turbo expander having a specific design for a mass flow rate, pressure level of gas,
and temperature of gas to the inlet, such as may be purchased from GE Oil and Gas, 1333
West Loop South, Houston, Texas 77027-9116, USA, or other well known manufacturers of
such equipment. Additionally, the energy required to drive the turbo compressor 56 may be
provided by the turbo expander 60, such as by the turbo expander 60 being directly connected
to the turbo compressor 56 or by the turbo expander 60 driving an electrical generator (not
shown) to produce electrical energy to drive an electrical motor (not shown) that may be
connected to the turbo compressor 56. The cooled cooling stream 14 may then be directed
through a second channel of the primary heat exchanger 34 and then through the cooling fluid
outlet 62 into the mixer 10 to be directed out of the core module 2 through the primary gas
outlet 8.

Meanwhile, a gaseous NG stream may be directed from the splitter 6 into the NG inlet
32 to provide the process stream 12 to the core module 2 and the process stream 12 may then
be directed through a third channel of the primary heat exchanger 34. Heat from the process
stream 12 may be transferred to the cooling stream 14 within the primary heat exchanger 34
and the process stream 12 may exit the primary heat exchanger 34 in a cooled gaseous state.
The process stream 12 may then be directed through the expansion valve 36, such as a
Joule-Thomson expansion valve, wherein the process stream 12 may be expanded and cooled
to form a liquid natural gas (LNG) portion and a gaseous NG portion. Additionally, carbon
dioxide (CO,) that may be contained within the process stream 12 may become solidified and
suspended within the LNG portion, as carbon dioxide has a higher freezing temperature than
methane (CH,), which is the primary component of NG. The LNG portion and the gaseous
portion may be directed into the gas-liquid separation tank 38, and the LNG portion may be
directed out of the separation tank 38 as a LNG process stream 12, which may then be
directed into the transfer tank 40. A transfer motive gas stream 16 may then be directed
through the transfer motive gas inlet 64 from the splitter 6 through the valve 66, which may
be utilized to regulate the pressure of the transfer motive gas stream 16 prior to being directed
into the transfer tank 40. The transfer motive gas stream 16 may facilitate the transfer of the
liquid NG process stream 12 through the hydrocyclone 42, such as may be available, for

example, from Krebs Engineering of Tucson, AZ, wherein the solid CO, may be separated

from the liquid NG process stream 12. /
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Optionally, a separate transfer tank 40 may not be used and instead a portion of the
separation tank 38 may be utilized as a transfer tank to transfer the process stream 12 into the
hydrocyclone 42. In additional embodiments, a pump may be utilized to transfer the process
stream from the separation tank 38 into the hydrocyclone. A pump may provide certain
advantages, as it may provide a constant system flow, when compared to a batch process
utilizing a transfer tank. However, a transfer tank configuration, such as shown in FIG. 1,
may provide a more reliable process stream 12 flow. In yet further embodiments, a plurality
of transfer tanks 40 may be utilized; optionally, a plurality of hydrocyclones 42 may also be
utilized. Such a configuration may improve flow regularity of the process stream 12 through
the core module 2 while maintaining a reliable flow of the process stream 12. Additionally,
an accumulator (not shown) may be provided and the transfer motive gas stream 16 may be
accumulated in the accumulator prior to being directed into the transfer tank 40 to facilitate an
expedient transfer of the process stream 12 out of the transfer tank 40 and through the
hydrocyclone 42.

In the hydrocyclone 42, a slurry including the solid CO, from the LNG process stream
12 may be directed through an underflow outlet 82 and the LNG process stream 12 may be
directed through an overflow outlet 84. The LNG process stream 12 may then be directed
through the filter 44, which may remove any remaining CO, or other impurities, which may
be removed from the system through a filter outlet 86, such as during a cleaning process. In
some embodiments, the filter 44 may comprise one screen filter or a plurality of screen filters
that are placed in parallel. A substantially pure LNG process stream 12, such as substantially
pure liquid CH4, may then exit the filter 44 and be directed into 2 LN G process stream 12 and
a secondary LNG stream that may form the second tail stream 26. The LNG process stream
12 may be directed through the valve 48 and into the storage tank 50, wherein it may be
withdrawn for use through the LNG outlet 52, such as to a vehicle which is powered by LNG
or into a transport vehicle.

Additionally, the CO, slurry in the hydrocyclone 42 may be directed through the
underflow outlet 82 to form the CO, management strcam 22 and be directed to the CO,
sublimation chamber 70 to sublimate the solid CO, for removal from the core module 2.
Additionally, the separation chamber vent stream 18, the transfer tank vent stream 20 and the
storage tank vent stream 24 may be combined in the mixer 74 to provide a gas stream 28 that
may be used to sublimate the CO, management stream 22. The gas stream 28 may be

relatively cool upon exiting the mixer 74 and may be directed through a fourth channel of the
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primary heat exchanger 34 to extract heat from the process stream 12 in the third channel of
the primary heat exchanger 34. The gas stream 28 may then be directed through the
compressor 76 to further pressurize and warm the gas stream 28 prior to directing the gas
streamn 28 into the CO, sublimation chamber 70 to sublimate the CO, of the CO, management

5 stream 22 from the underflow outlet 82 of the hydrocyclone 42. In some embodiments, a heat
exchanger, such as described in application Serial No. 11/855,071, filed September 13, 2007,
titled Heat Exchanger and Associated Method, owned by the assignee of the present
invention, the disclosure thereof previously incorporated by reference in its entirely herein,

may be utilized as the sublimation chamber 70. In further embodiments, a portion of the gas

10 stream 28, such as an excess flow portion, may be directed through a tee (not shown) and into

the mixer 10, rather than being directed into the CO, sublimation chamber 70.

The combined gaseous CO, from the CO, management stream 22 and the gases from
the stream 28 may then exit the sublimation chamber 70 as the first tail gas stream 30, which
may be relatively cool. For example, the first tail gas stream 30 may be just above the CO,

15  sublimation temperature upon exiting the sublimation chamber 70. The first tail gas

stream 30 may then be directed through a fifth channel of the primary heat exchanger 34 to
extract heat from the process stream 12 in the third channel prior to entering the mixer 8
through the first tail gas outlet 72 and being directed out of the core module 2 through the

primary gas outlet 8.
Finally, the second tail gas stream 26, which may initially comprise a secondary

20
substantially pure LNG stream from the splitter 46, may be directed through the pump 78. In
additional embodiments, the pump 78 may not be required and may not be included in the
core module 2. For example, sufficient pressure may be imparted to the process stream 12
within the transfer tank 40 by the transfer motive gas stream 16 such that the pump 78 may
25 ot be required and may not be included in the core module 2. The second tail gas stream 26
may then be directed through a sixth channe] of the primary heat exchanger 34, where it may
extract heat from the process stream 12 in the third channel, and may become vaporized to
form gascous NG. The second tail stream 26 may then be directed into the mixer 10 via the
second tail gas outlet 80 and out of the core module 2 through the primary gas outlet 8.

30 Tn some embodiments, as the process stream 12 progresses through the primary heat
exchanger 34, the process stream 12 may be cooled first by the cooling stream 14, which may
extract about two-thirds (2/3) of the heat to be removed from the process stream 12 within the

heat exchanger 34. Remaining cooling of the process stream 12 within the primary heat
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exchanger 34 may then be accomplished by the transfer of heat from the process stream 12 to
the second tail gas stream 26. In view of this, the amount of flow that is directed into the
second tail gas stream 26 may be regulated to achieve a particular amount of heat extraction
from the process stream 12 within the heat exchanger 34.

In some embodiments, the core module 2 may be configured to utilize a desired site-
independent predetermined inlet gas condition, such as a desired site-independent
predetermined inlet pressure level and a desired site-independent predetermined inlet
temperature level, for the source gas directed into the primary gas inlet 4. In other words, the
core module 2 may be configured to receive a gas into the primary gas inlet 4 at a pressure
and temperature level that may each be selected independent of a specific source gas pressure
and temperature at a site at which the core module 2 is to be utilized. Additionally, the core
module 2 may be configured to utilize a desired site-independent predetermined outlet gas
condition, such as a desired site-independent predetermined outlet pressure level and a
desired site-independent predetermined outlet temperature level, for the tail gas directed out
of the primary gas outlet 8.

As the core module 2 may be designed and manufactured independent of a specific
site 88, a modular type natural gas liquefaction plant for a specific site 88 may include a
customized inlet module 90 and a customized outlet module 92 in addition to the
preconfigured core module 2, as shown in FIGS. 2 and 3. The inlet module 90 may include
an inlet 94 to receive a source gas, such as gaseous NG, from the specific site 83, such as
from a NG supply pipeline 96, into the inlet module 90. Upon entering the inlet module 90
the source gas may be processed, such as by one or more of compression, expansion, cooling,
heating, dehydration, and filtration using conventional methods and devices, to meet the site-
independent predetermined inlet gas conditions for the core module 2. The source gas may
then be directed into the primary gas inlet 4 of the core module 2 at the site-independent
predetermined inlet conditions, such as a site-independent predetermined temperature and
pressure.

Additionally, the outlet module 92 may be configured to receive the tail gas stream,
including the combined first tail gas stream 30, second tail gas stream 26, and cooling stream
14, directed out of the primary gas outlet 8 of the core module 2. Upon entering the outlet
module 92 the tail gas stream may be processed, such as by one or more of compression,
expansion, cooling, and heating using conventional methods and devices, to meet the site 88

specific tail gas requirements. The tail gas may then be directed out of an outlet 98 of the
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outlet module 92 to a site-specific location at a site-specific pressure and temperature. For
example, a site-specific location for the tail gas may be a relatively low pressure NG pipeline
100, such as shown in FIG. 2, and the tail gas may be processed to an appropriate relatively
low pressure. For another example, the site-specific location for the tail gas may be the same
NG supply pipeline 96 that provides the NG source gas, such as shown in FIG. 3, and the tail
gases may require compression within the outlet module to provide the tail gas to the supply
pipeline 96 at an appropriate pressure.

In view of this approach to plant design and configuration, the inlet module 90 and the
outlet module 92 may be configured to enable a preconfigured core module 2 to operate at
any number of specific sites, which may each provide a source gas having different
properties, such as gas composition, gas pressure, and gas temperature, and may have unique
tail gas requirements. In some cases, one or more of the source gas conditions and the
required tail gas conditions for a specific site may coincidentally meet one or more of the site-
independent predetermined gas conditions for the primary gas inlet 4 and primary gas outlet 8
of the core module 2. In such a case, one or more of the inlet module 90 and the outlet
module 92 may simply be configured as a gas conduit.

The inlet module 90 and the outlet module 92, allow a specific site 88 to be adapted to
the core module 2, and the core module 2 may be utilized at any number of sites 88 with
minimal or no internal modifications required. In view of the foregoing, a core module 2 may
be mass produced and then delivered to numerous sites.

Although a common design between numerous core modules 2 may not necessarily
provide the most energy efficient system at every site, when compared to custom site-specific
plants, a common design for core module 2 may result in other efficiencies, improved safety,
a reduction in engineering and design cost, a reduction in maintenance cost, improved
reliability and a reduction in initial investment cost that may outweigh any inefficiencies that
may exist at an individual site.

The core module 2 may be configured with some flexibility in its mechanical design,
such as shown in FIG. 1, to allow accommodation of somewhat varying input and output
temperatures and pressures without necessitating a replacement of any of the physical
components of the core module 2. However, the plant may be designed and configured for
specific site-independent predetermined gas conditions for the primary gas inlet 4 and the

primary gas outlet 5 selected for efficiency.
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Provided for example and not limitation, the core module 2 may be configured to
utilize an inlet pressure level of about 800 psia and a inlet temperature level of about 50°F to
about 120°F. Extensive modeling has suggested that approximately 800 psia may be the most
efficient incoming pressure. Additionally, for example and not limitation, the desired
predetermined specified outlet pressure level of the core module 2 may be about 100 psia. In
general, the Jower the outlet pressure level, the higher the production rate. However, from
studying location data the inventors of the present invention have discovered that ideal low
pressure lines with enough available flow to accommodate tail gas from the core module 2 are
few and may be difficult to access. In view of this, as the designed tail gas outlet pressure of
the core module 2 is increased, more potential natural gas liquefaction plant sites become
available. Tt is believed at the present time that selection of a 100 psia outlet pressure may be
a good compromise between the relatively few sites with available lower pressure pipelines
and the more readily available sites with available higher pressure pipelines. This may also
be a good outlet pressure to provide to an outlet module 92 having a compressor to increase
the gas pressure for a higher pressure pipeline, as it may result in a relatively low compression
ratio. Lower compression ratios require less power and may be more economical.
Furthermore, an outlet or exit pressure of about 100 psia may provide efficiencies for the
cooling stream 14 of the core module 2, since a higher gas pressure may result in a lower
critical temperature for certain components of the gas, such as CO,, which may allow the
cooling stream 14 to reach a Jower temperature.

While these may be desired pressure levels and temperature levels for the core
module 2, such may vary without substantially impacting the operation of the core module 2
because the core module 2 described herein has the flexibility to accommodate such varying
conditions of inlet gas pressure level and temperature level as well as outlet gas pressure level
therefrom.

In additional embodiments, the core module 2 may not include the primary gas inlet
4, the splitter 6, the primary gas outlet 8 and the mixer 10. Instead, the inlet gas streams 12,
14, 16 may be maintained separately and the outlet gas streams 14, 26, 30 may also be
maintained separately, which may provide a more flexible core module 2, such as described
in U.S. Patent Application Serial No. 12/604,194, filed on even date herewith, for
METHODS OF NATURAL GAS LIQUEFACTION AND NATURAL GAS
LIQUEFACTION PLANTS UTILIZING MULTIPLE AND VARYING GAS STREAMS,

previously incorporated by reference herein in its entirety.
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The core module 2 may have a relatively small physical size and may be readily
transported from one geographic location to another. Such a compact design may allow core
modules 2 to be mass produced at one or more locations and transported to various sites, such
as by conventional rail and roadway transport. Furthermore, the mass production of core
modules 2 may allow components to be purchased and manufactured in relatively high
numbers, which may reduce the cost of components and may make it economically feasible to
design unique and especially efficient components for the core module 2. Mass production
may result in replacement components being relatively inexpensive, resulting in lower
maintenance cost. Furthermore, if a core module 2 at a site became damaged and required
extensive repair or replacement, the damaged core module 2 could be replaced with another
substantially identical core module 2 that is operable relatively quickly and cost effectively.
Additional and various other advantages may also result from the mass production of
substantially identical core modules 2.

Modular LNG plants utilizing substantially identical core modules 2 may also be
utilized to more efficiently and cost effectively distribute LNG. It may be relatively
expensive to ship LNG from a large plant, such as by truck, to each point-of-use location
where it is required. It may also be relatively expensive and difficult to provide
infrastructure, such as a LNG pipeline, to transport LNG from a large plant to various distant
locations. However, a plurality of modular LNG plants utilizing substantially identical core
modules 2 may be located at or near various LNG point-of-use locations, such as LNG
vehicle fueling stations, having existing gaseous NG sources, which may have various and
different pressures and temperatures, and produce LNG from the gaseous NG sources at or
near the LNG point-of-use locations. In view of this, existing gaseous NG infrastructure may
be utilized with core modules 2 according to the present invention to distribute LNG in a
relatively efficient and cost effective manner.

In some embodiments, the core module 2 may be configured as a “small-scale” natural
gas liquefaction core module 2 which is coupled to a source of natural gas such as a pipeline
96, although other sources, such as a well head, are contemplated as being equally suitable.
The term “small-scale” is used to differentiate from a larger-scale plant having the capacity of
producing, for example 70,000 gallons of LNG or more per day. In comparison, the presently
disclosed liquefaction plant may have a capacity of producing, for example, approximately
30,000 gallons of LNG a day but may be scaled for a different output as needed and is not

limited to small-scale operations or plants. Additionally, the liquefaction core module 2 of
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the present invention may be considerably smaller in size than a large-scale plant and may be
transported from one site to another, as previously described herein. However, the core
module 2 may also be configured as a large-scale plant if desired. A core module 2 may also
be relatively inexpensive to build and operate, and may be configured to require little or no
operator oversight.

In further embodiments, a plurality of core modules 2 may be utilized at a single site,
such as at sites that have a relatively large LNG demand, sites having variable demand or at
critical demand sites. In some embodiments, a site having a relatively high LNG demand
may include a plurality of core modules 2, each producing LNG simultaneously to meet the
demand. Provided for example and not limitation, a site having a LNG demand of about
120,000 gallons a day may utilize four substantially identical core modules 2, each configured
to produce about 30,000 gallons of LNG a day. Additionally, the site may include one or
more additional substantially identical core modules 2, which may be rotated into use at the
site, which may allow individual core modules 2 to be shut down for cleaning, servicing or
repairs while backup core modules 2 are utilized to make up for the lost LNG production,
thus allowing the LNG demand to be met at all times. If a site has a particularly critical LNG
demand, a greater redundancy in core modules 2, and thus backup LNG production capacity,
may be provided. Additionally, if a site has variable demand, as demand increases additional
core modules 2 at the site may be activated and utilized to meet the increased demand,
likewise, the additional core modules 2 may be deactivated as demand decreases.

In additional embodiments, core modules 2 may be designed in several sizes or
capacities, and core modules having different sizes and capacities may be combined in
various combinations to meet any particular sites LNG demand.

The core module 2 and methods illustrated and described herein may include the use
of any well known apparatus and methods, such as within the inlet module 90, to remove
carbon dioxide, nitrogen, oxygen, ethane, etc. from the natural gas supply before entry into
the core module 2. Additionally, if the source of natural gas has little carbon dioxide,
nitrogen, oxygen, ethane, etc., the use of hydrocyclones and carbon dioxide sublimation in the
liquefaction process and core module 2 may not be needed and may not be included.

While the invention may be susceptible to various modifications and alternative
forms, specific embodiments have been shown by way of example in the drawings and have

been described in detail herein. However, it should be understood that the invention is not

intended to be limited to the particular fowmer, the invention includes all
16
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modifications, equivalents, and alternatives falling within the scope of the invention as

defined by the following appended claims.
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CLAIMS

What is claimed is:

1. A method of natural gas liquefaction, the method comprising:

liquefying natural gas from a first natural gas source with a first core module; and
liquefying natural gas from at least a second natural gas source having a gas property different

than a gas property of the first natural gas source with at least a second core module

substantially identical to the first core module.

2. The method of claim 1, wherein liquefying natural gas from at least a second

natural gas source having a gas property different than a gas property of the first natural gas
source comprises liquefying natural gas from at least a second natura] gas source having a gas

pressure level different than a gas pressure level of the first natural gas source.

3. The method of claim 1, further comprising increasing the gas pressure level of

the natural gas from the at least a second natural gas source with an inlet module prior to

directing the natural gas from the at least a second natural gas source into the at least a second
core module for liquefaction.

4. The method of claim 3, further comprising directing the natural gas from the

first natural gas source into the first core module and directing the natural gas from the at

Jeast a second natural gas source into the at least a second core module at substantially the
same pressure.

5. The method of claim 4, further comprising directing the natural gas from the

first natural gas source into the first core module and directing the natural gas from the at
Jeast a second natural gas source into the at least a second core module at about 800 psia.
6. The method of claim 1, wherein liquefying natural gas from at least a second

natural gas source having a gas property different than a gas property of the first natural gas

rd
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source comprises liquefying natural gas from at least a second natural gas source having a gas

temperature different than a gas temperature of the first natural gas source.

7. The method of claim 6, further comprising decreasing the gas temperature
level of the natural gas from the at Jeast a second natural gas source with an inlet module
prior to directing the natural gas from the at least a second natural gas source into the at least

a second core module for liquefaction.

3. The method of claim 6, further comprising increasing the gas temperature
level of the natural gas from the at least a second natural gas source with an inlet module
prior to directing the natural gas from the at least a second natural gas source into the at least

a second core module for liquefaction.

9. The method of claim 8, further comprising directing the natural gas from the
first natural gas source into the first core module and directing the natural gas from the at
least a second natural gas source into the at least a second core module at substantially the

same temperature.

10.  The method of claim 9, further comprising directing the natural gas from the
first natural gas source into the first core module and directing the natural gas from the at
Jeast a second natural gas source into the at least a second core module at a temperature level

between about 50°F and about 120°F.

11.  The method of claim 1, further comprising:

processing a first tail gas expelled from the first core module with a first outlet module to
change at least one of the pressure level and the temperature level of the first tail gas;
and

processing a second tail gas expelled from the at least a second core module with a second
outlet module to change at least one of the pressure level and the temperature level of

the second tail gas.
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12.  The method of claim 11, further comprising expelling the first tail from the

first core module and the second tail gas from the at least a second core module at

substantially the same temperature and pressure.

13.  The method of claim 12, further comprising expelling the first tail from the

first core module and the second tail gas from the at least a second core module at a pressure

level of about 100 psia.

14.  The method of claim 1, further comprising:
expelling a first tail gas comprising carbon dioxide out of the first core module; and

expelling a second tail gas comprising carbon dioxide out of the at least a second core

module.

15. A method of designing a natural gas liquefaction plant, the method

comprising:

utilizing a preconfigured core module design for a core module configured to receive source
gas at site-independent predetermined input conditions, expel tail gas at site-
independent predetermined outlet conditions, and liquefy natural gas;

designing a site-specific inlet module configured to provide source gas from a specific natural
gas source to the core module at the fixed predetermined input conditions; and

designing a site-specific outlet module configured to convey tail gas from the core module at

the predetermined tail gas outlet conditions to a specific tail gas stream.

16.  The method of claim 15, wherein designing a site-specific inlet module
configured to provide source gas from a specific natural gas source to the core module at the
fixed predetermined input conditions further comprises designing a site-specific inlet module
configured to provide source gas from a specific natural gas source to the core module at a

pressure level of about 800 psia and at a temperature level of about 50°F and about 120°F.

e
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17.  The method of claim 15, wherein designing a site-specific outlet module
configured to convey tail gas from the core module at the predetermined tail gas outlet
conditions to a specific tail gas stream further comprises designing a site-specific outlet
module configured to convey tail gas from the core module at a pressure level of about 100

psia.

18.  The method of claim 15, wherein utilizing a preconfigured core module design
for a core module configured to liquefy natural gas further comprises utilizing a
preconfigured core module design for a core module configured to liquefy natural gas by:
cooling a gaseous natural gas process stream by transferring heat from a gaseous natural gas
process stream to a cooling stream; and
expanding the cooled gaseous natural gas process stream to form a liquid natural gas process

stream.

19. A method of distributing liquid natural gas, the method comprising:

providing a plurality of natural gas liquefaction plants comprising substantially identical core
modules to a plurality of gaseous natural gas source locations; and

liquefying at least a portion of the gaseous natural gas from each of the plurality of gaseous
natural gas sources with the plurality of natural gas liquefaction plants to provide

liquid natural gas at each of the plurality of gaseous natural gas source locations.

20.  The method of claim 19, wherein providing a plurality of natural gas
liquefaction plants comprising substantially identical core modules to a plurality of gaseous
natural gas source locations further comprises providing a plurality of natural gas liquefaction
plants comprising substantially identical core modules to a plurality of gaseous natural gas

sources comprising gaseous natural gas sources having various gas properties.

21.  The method of claim 19, further comprising locating the plurality of natural
gas liquefaction plants comprising substantially identical core modules at a plurality of liquid

natural gas point-of-use locations.
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22. A modular natural gas liquefaction plant comprising:
a core module comprising:
a processed natural gas inlet configured to receive gaseous natural gas at a site-
independent predetermined pressure and temperature;
a liquid natural gas outlet; and
a tail gas outlet configured to expel a tail gas at a site-independent predetermined
pressure and temperature;
an inlet module comprising:
a natural gas source inlet configured to receive gaseous natural gas at a temperature
and pressure of a site-specific natural gas source; and
a processed natural gas outlet configured to deliver gaseous natural gas to the
processed natural gas inlet of the core module at the site-independent
predetermined pressure and temperature; and
an outlet module comprising:
a tail gas inlet configured to receive a tail gas from the tail gas outlet of the core
module at the site-independent predetermined pressure and temperature; and
a processed tail gas outlet configured to deliver the tail gas to a site-specific location

at a site-specific pressure and temperature.

23. A method of natural gas liquefaction, comprising liquefying gaseous natural

gas with a plurality of substantially identical core modules at a single site.
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