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(57) Abstract: A method for vaporizing and heating a cryogenic fluid such as a liquefied natural gas, to a desired temperature in the
& ambient temperature range. The method comprises using an intermediate heat exchange fluid such as propane to heat the liquefied
& natural gas and to utilize the cold potential of the liquefied natural gas to produce power. The heat exchange fluid is heated by a heat
source, such as warm or hot water available from an industrial process. The heat exchange fluid is pressurized and heated to form
a heat exchange vapor. The heat exchange vapor is split into multiple streams that exchange heat with the cryogenic fluid in series
fashion so that the cryogenic fluid is vaporized and heated to the desired temperature in stages using a common heat exchange fluid

and heat source.
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METHOD FOR VAPORIZING AND HEATING A CRYOGENIC FLUID

FIELD OF THE INVENTION

The present invention relates {o the field of cryogenic fluids, and more
particufarly, to the transmission and vaporization of liquefied gases. The
methods of the present invention ulilize a heat exchange fluid within & closed
foop that can be heated with relatively low temperature heat to gasify a liquefied
natural gas (LNG) and warm the gasified LNG to a temperature suitable for
pipeline transmission. The methods of the present invention can also produce
by-product power to enhance efficiency.

BACKGROUND OF THE INVENTION

Natural gas is offen discovered and produced in locations that are remote
from where the gas can be marketed and distributed 1o end users. When suitable
pipelines are available natural gas can be transported to market in either a
gaseous or liguid fonm, however, there are many instances in which such
pipelines are not available or practical for connecting a particular natural gas
supply with consumers. When natural gas supplies are located overseas or a
substantial distance from a suitable distribution system, it may be necessary to
transport the gas by vessel Such vessels typically include specially designed
carriers that transport natural gas as a liguid housed in large insulated containers
or fanks.

When transported at or near atospheric pressure liquefied natural gas
{LNG) is held at temperatures slightly below about ~184°C. This temperature
represents the boiling-point temperature for methane at aimospheric pressure,
However, since the compaosition of natural gas will typically contain variable
amounts of heavier and higher boilling hydrocarbons such as ethane, propane,
butane and the fike, the liguelied gas will be characterized by a somewhat higher
boiling temperature, usually ranging from about -151°C to about -164°C
depending upon composition. At or near a destination, the LNG must be
regasified and warmed before i can be infroduced into a distribution pipeline. In

i
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addition, depending on the requirements of the pipeline and local natural gas
specifications, the LNG may be pressurized, depressurized, blended, odorized or
subjected to other processing before # can be introduced into a pipeline or similar
gigtribution system.

Systems for regasifying LNG can be utilized both on and off-shore. For
instance, vaporizers used to heat LNG to a vaporization temperature can be
empiloyed on-board an LNG carrier, on a structure or vessel floating near the
carrier, on a bottom founded structure, orin land-based facilities. Vaporizers
typically regasify the LNG by heating it with a warm fluid such as ambignt air, sea
water or other heat exchange {luid(s), which may be heatad by burning fuel gas.
In addition, attempis have been made to capture the potential of the LNG cold by
using the cold to assist in refrigeration and chilling applications and in some

cases to generate power.
SUMMARY OF THE INVENTION

in one embodiment, the present invention relates to a method for
vaporizing and heating a cryogenic fluid. The method includes the steps of
producing a high pressure heat exchange vapor from a heat exchange fluid,
splitting the high pressure heat exchange vapor inte a first heat exchange stream
and a second heat exchange stream, reducing the pressure of the first stream by
using the first heat exchange stream as a working fluid in a power generating
device, exchanging heal between the first heat exchange stream and g cryogenic
fluid to at least partially vaporize the cryogenic fluid, exchanging heat between
the second heat exchange stream and the partially vaporized eryogenic fluid to
heat the vaporized cryngenic fluid to a minimum temperature; adjusting the
pressure of one or more of the first and second heat exchange streams; and re-
combining the first and second heat exchange streams to produce the heat
exchange fiudd, In such an embodiment, the cryogenic fluid can be liquefied
natural gas and the heat exchange fluid can include one or more of ethane,
propane, bitane, ethylene and propylene. A high pressure heat edichange vapor

o
o
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can be produced from the heat exchange fluid by pumping the heat exchange
fluid 10 a higher pressure and then healing the heat exchange fluid. The method
can optionally include the step of increasing the pressure of the cryogenic fluid to
a pressure of af least about 500 psig, prior to exchanging heat with the first
stream. The cryogenic fluid can be vaporized and healed {o a minimums
temperature of at least about -8.67°C, and more preferably fo a minimum
temperalure of at least about 4,44°C.

In another embodiment, the present invention relates to a method for
vaporizing and heating a liquefied natural gas. The method includes the steps of
producing a heat exchange vapor from a heat exchange fluid that comprises
prapane, splitting the heat exchange vapor into a first heat exchange stream and
a second heat exchange stream, reducing the pressure of the first heat exchange
stream by using the first heat exchange stream as a working fluid in a power
generating device, exchanging heat between the first heat exchange stream and
liquetied natural gas to al least partially vaporize the liquefied natural gas,
exchanging heat between the second heat exchange stream and the partially
vaporized liquefied natural gas to heat the vaporized liquetied natural gas to a
minimum femperature, adiusting the pressure of one or more of the first and
second heat exchange streams, and re-combining the first and second heat
gxchange streams fo produce the propane fluid. Such a method can optionally
include increasing the pressure of the liquefied natural gas to a pressure of at
least about 500 psig prior to exchanging heat with the first heat exchange strearm.
Producing a high pressure heat exchange vapor can include first pumping the
heat exchange fluid fo a higher pressure and then heating the heat exchangs
fluid. The liquefied natural gas is vaporized and healed to a minimum
temperature of at least about -8 87°C. The step of adjusting the pressure of ong
or more of the first heat exchange strearn and the second heat exchange stream
can include one or more of increasing the pressure of the first heat exchange
stream, reducing the pressure of the second heat exchange stream, and
increasing the pressure of the second heat exchange stream.
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in yet another embodiment, the present invention relates to a method for
vaporizing and heating a cryogenic fluid. The method includes the steps of
producing a heal exchange vapor from a heat exchange fiuid, splitting the heat
exchangs vapor into a first heat exchange stream and a second heat exchange
stream, exchanging heat between the first heat exchange stream and a cryogenic
fluid to at least partially vaporize the cryogenic fluid, exchanging heal between
the second heat exchange stream and the partially vaporized cryogenic fluid to
heat the vaporized cryogenic flidd to a minimum temperature, adjusting the
pressure of one or more of the first heat exchange stream and the second heat
gxchange stream; and re-combining the first and second heat exchange streams
to produce the heat exchange fluid. The heat exchange fluid can comprise
propane and the cryogenic fluid can comprise a liquefied gas such as liquefied
natural gas. Optionally, the method can comprise the step of adjusting the
pressure of one or more of the first and second heat exchange streams can
comprise reducing the pressure of the second heat exchange stream after

exchanging heat with the partially vaporized cryogenic fluid.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be understood by reference to the following description
taken in conjunction with the accompanying drawings.

Figure 1 is a schematic view Hlustrating a systemn that could be used to
parform a method of the present invention.

Figure 2 is a schematic view illustrating & system that could be usad to
perform a method of the present invention.

While the invention is susceptible 1o varous modifications and alternative
forms, specific embodiments thereof have been shown by way of example in the
drawings and are herein described in detail. It should be understood, however,
that the description herein of specific embadiments is not intended {o limil the

nvention to the particular forms disclosed, but on the contrary, the intention is o
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cover all modifications, squivalents, and alternatives falling within the spirit and
scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

fHlustrative embodiments of the invention are described below. In the
interest of clarity, not all features of an actual embodiment are described i this
specification. {t wilt of course be appreciated that in the development of any such
actual embodiment, numerous implementation-specific decisions must be made
ta achieve the developers’ specific goals, such as compliance with system-
related and business-related constraints, which will vary from one implementation
to another. Moreover it will be appreciated that such a development effort might
be complex and time-consuming, hut would nevertheless be a routing
undertaking for those of ardinary skill in the art having the benefit of this
disclosurs.

The present invention relates to various methods for efficiently vaporizing
liquefied natural gas (LNG) and warming the resulting natural gas for further
processing, storage, transport or end use, 1t is known that LNG terminals require
a significant amount of haat to vaparize the LNG. In the methods of the present
invention, an intermediate heat exchange fluid exchanges heat with the LNG to
vaporize the LNG and to further heat it to a desired temperature. By vaporizing
the LNG with a first portion of the heat exchange fluid and then heating the
vaporized gas with a second portion of the heat exchange fluid, an improved
conversion is achieved, As a result, the heat exchange fluid can be healed to
suitable temperatures with either a high or low grade heat source(s). Examples
of suitable low grads heat sowrces include cooling water streams from a refinery
or other industrial processes, as well as ambient air and water. Builable high
grade heat sources can include fluids that have been heated such as by buming
fuel gas.

The methods of the present invention can optionally include recovering the
colid potential of the LNG such as by generating power or extracting work from

o
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the heat exchange fivid using & Rankine cycle to further enhance the gthiciency of
the system. For instance, where power is generated using the heat exchange
thaid as the working fluid, the generated power is available to meet the power
requirements of the system, thereby reducing or even eliminating the neead for
less efficient on-site power generation technologies andfor the consumption of
power from external sources. Moreover, in contrast 1o many powsr generating
technologies, power generation using the cold potential of the LNG will generaily
have significantly lower emissions.

The methods of the present invention can be used in the vaporization angd
heating of any cryagenic fluid. For purposes of this discloswre, a cryogenic fiuid
is a hquid phase fluid that must be maintained at sub-ambient temperatures (i.e.
temperatures of less than about 25°C) and/or at a super-amblent pressure (Le. a
pressure greater than about 15 psia) to remain in the fiquid phase. Liquefied
natural gas is a eryogenic fluid that comprises methane and typically small
amounts of higher molecular weight hydrocarbons and other components. As
noted above, the boiling or vapanzation point of the liquefied natural gas will vary
depending on composition.

Where the pressure of the cryogenic fluid needs to be increased for its
intended use, itis prefemred that the fluid be pressurized prior to vaporization. In
an embodiment where the eryogenic fluld is a liquefied natural gas, the natural
gas will be substantially in the liquid phase and typically stored at a pressute
above about 1 atmosphere. Where {he product natural gas is intended for
pipeline transport, following vaporization and heating the natural gas should be at
a relatively high pressure, above about 500 psig, preferably above about 1000
paig, and more preferably above about 1200 psig. In addition, the temperature of
the natural gas product will preferably be at a temperature in the ambient
temperature range, and more specifically, af least about -8.87°C and more
prefarably at least about 4.44°C, At such elevated pressures and temperatures,
the natural gas praduct is considered a dense phase material,

A heat exchange fluld s used in the methods of the present invention as

an intermediate heat exchangs fluid to transfer heat from a heat source o the
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eryogenic fluid. Qptionally, a portion of the energy transferred {o the heat
exchange fluid from the heat source can be extracted in the form of power or
waork,

The heat exchange fluid is generally selected for particular properties that
will meet the needs of a particular application of the method. Cost and safety ars
primary considerations. The heat exchange fluid should be selscted so that #
has a suitably low freezing point so that it does not solidify when exchanging heat
with the cryogenic fluid and does not cause the heat source to freeze when
exchanging heat with the heat source. Morsover, during operation, the
temperature of the heat exchange fluid must be below the tempserature of the
heat sourcs,

itis preferred that the selected heat exchange fluid will undergo at least
partial phase changes during circulation with a resulting transfer of latent heat,
For example, the heat exchange fluid will preferably have moderate vapor
pressure at a temperature between the actual temperature of the heat source and
the freezing temperature of the heat source such that the heat exchange fluid will
vaporize during heat exchange with the heat source.  Further, in an embodiment
where the cryogenic fluid is a liguefied natural gas, the heat exchange fluid
should be liguefiable at a temperature above the boiling {femperature of the
lguefied natural gas, such that the heat exchange fluid will condense during heat
exchange with the iguefied natural gas.

The heat exchange fluid can be a pure material or a mixture of different
heat exchange fluids that yields a composition having desired thermal properties.
Exemplary heat exchange fluids include hydrocarbons having 1 to 6 carbon
atoms per molecule such as propane, sthane, ethylens, propylene, and methane,
and mixtures theveof. In an embodiment, where the cryogenic fluid is liquefied
natural gas, the heat exchange fhid is preferably selected from ethane, propane,
butane, and mixtures thereof, parficularly since such fluids are typically present in
at least minor amounts in natural gas, and thus, are readily available. Other heal
axchange fluids that may be yseful in the methods of the present invention
mclude commercial refrigerants and halogenated carbons such as

7
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shirofivorocarbons, which have excellent thermal and oxidation properties for
this use. Environmentally fiendly fluids are particulady desirable. Even higher
freezing point fluids such as watsr may be used as the heat exchange fluid
provided the system is designed to reduce the tendency of the water to freere at
the temperatures of the cryogenic fluids.

in the methods of the present invention, a heat exchange vapor is
produced from the heat exchange fluid. The heat exchange vapor can be
produced from the heat exchange fluid by pumping the heat exchange fluid to a
higher pressure and/or heating the heat exchange fluid to a temperature at which
the heat exchange fluid is fully vaporized. In an embodiment where power is {o
be generated or work extracted, a high pressure heat exchange vapor can be
produced by first pumping the heat exchange fluid to a higher pressure and then
heating the heatl exchange fiuid o an elevated pressure. The pressure and
tempearature required {0 vaporize the heat exchange fluid will depend on the
camposition of the thuid. Where the heat exchange fuid comprises propane the
high pressure heat exchange vapor can be produced by first pumping the
propane o a pressure of at least about 60 psig and then heating the propane
fluid to a femperature of at least about 4 44°C,

Pumping or compressing the heat exchange fluid can be achieved using
devices known for pumping and compressing flulds. The selsction of a pumps
and compression eguipment will be a matter of design choice and will depend on
factors such as the composition of the heat exchange fluid, its flow rate, the
desired vaporization andfor condensation temperatures, and whether power is to
be produced from the circulating heat exchange fluid. Because it is typically
mare efficient to increase the pressure of a liquid than a gas, there is a
preference for increasing the pressure of the heat exchange fluid when it is
primarily in a iguid phase. Suilable pumps can include centrifugal and
reciprocating pumps. Of course, there may be particular applications of the
present invertion in which it is desirable to compress the heat exchange fluid

when it is primarily in a gaseous state,
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Heating the heat exchange fluid can be achieved by exchanging heat
between a heat source and the heat exchange fluid. This heat gxehange can
ocour in any conventional heat exchange device that is capable of at least
partially vaporizing the heat exchange fiuid given the propetties of the selected
heat source and heat exchange fluid. In one embodiment, thermal energy is
supplied to a heat exchanger via a relatively hot liquid process stream such as
heated stream of cooling water from a refinery or other petrachemical facility. In
another embodiment, the heat source is a vapor stream that is cooled andfor
condensed as thermal energy is exchanged with the heat exchange fluid. For
conling and/or candensing liguid or vapor streams, the selection and desun of
the heat exchanger is a matter of enginesring choice. A shell and tube-type heat
exchanger is ong possible choice.

Suitable heat sources include ambient air, ground water, seawater, river
water, waste or cooling water streams. In other embodiments, the heat source
can include a combustor, such as a process boller, process heater or a process
furnace. In such cases, fuel is combusted to produce the heat that Is used to
heat the heat exchange fluid. 1t will be recognized by those skilled in the art that
the choice of heat source for a given process will depend on a number of
considerations. Moreover, the cooling and/or condensing of a stream that
originates from a separate process (e.g. a refinery) may be desirable, particularly
if the cooling provided by the heat exchange fluid can replace equipment reguired
in the other process. Another consideration in selecting a heat source will be
whether power and/or work is to be generated from the circulating heat exchange
fluid, such as for instance by using the heat exchange fluid as a working fluid in a
power generating device.

The heat exchange vapor is split into a first heat exchange stream and a
second heat exchange stream. Valves, manifolds and other known flow control
devices can be used {o split the heat exchangs vapor into two or more streams,

Where it is desirable to generate powsr or extract work, the circulating
heat exchange fluid, such as in the form of a first or second heat exchange
stream, can be used as a working fluld In a power generating device. Suitable

9
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power generating devices can include expansion lurbines, condensing furbines,
hydraulic expanders, reciprocating engines and the ke, but can include any
engine thal operates by expansion of the vaporized heat exchangs fluid. In an
embodiment where the power generating device is an expansion turbine, the
rotation of the turbine can be used to drive electrical generators or to drive
associated equipment such as pumps or comprassors, The expanded heat
exchange strearm exiting the turbine will exhibit reduced pressure. Typically, a
cooling effect will also accompany the reduction in pressure of the heat exchange
stream such that the exiting heat exchange stream will be substantially liquid,
vapor, or some combination of liguid and vapor depending upon its composition
and the resulting temperature and pressure. The amount of power generated will
depend in part on the flow rate, pressure and temperature of the circulating heat
exchange fluid. While higher temperatures and pressures are capable of
generating more power, greater energy inputs are generally required to achieve
such temperatures and pressures. As a result, the amount of power, if any, that
is to be generated in a particutar application will vary depending on factors such
as the power requirements of the particutar system, the composition and
conditions of the circulating heat exchange fluid at the location where power is to
be generated, and the availability and cost of power from other sources.

The cryogenic fluid exchanges heat with the heat exchange fluid in at least
two separate and distinet steps. By splitting the heat exchange fluid into two or
more separate streams and using the separate streams to exchange heat with
the cryogenic fiuid in series fashion, a more effective heat fransfer to the
cryogenic fuid is achieved. Heat can be exchanged between the cryogenic Huid
and the first and second heat exchange streams in heat exchangers designed for
iow femperature operation and for high volume throughput  Heat exchangers
known for such use are commonly referred to as vaporizers and can include shell
and tube lype exchangers, core-in-kettle type heat exchangers, and plate-fin type
heat exchangers amang others. it should be noted that atthough the heal

exchanger or vaporizer may be referred o in a singular sense, that these terms
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are representative of mulliple single pass heat exchangers, a single multi-pass
heatl exchanger, and combinations of the same.

i the first heating step, the cryogenic fluid exchanges heat with the first
heat exchange stream at least partially vaporizing the oryegenic fluid. The
cryogenic fluid is heated in this exchange to a temperature in an intermediate
temperature range. I an embodiment where the cryogenic fluid comprises a
iquefied natural gas and the first heat exchange stream comprises propane, the
natural gas is heated to a femperature of at least about -73.33°C, and preferably
at least about -45.56°C. This heat exchange partially vaporizes the liquefied
naturat gas and at least partially condenses the propane vapor in the first heat
exchange stream. The condensed propane fluid can then be directed {0 a surge
vesse! or other container for holding a reserve of the heat exchangse fluid.

tn the second heating step, heat is exchanged batween the second heat
exchange stream and the panially vaporized cryogenic fluld to heat the vaporized
cryogenic fluid to a minimum temperature. The minimum femperature is the
temperature reguired of the cryogenic fluld by a downstream process, storage or
pipeline. Where the cryogenic fluid comprises natural gas, the osinirmmum
temperature will be a temperature in the ambient temperature rangs, but will
generally be at least about -8 .67°C, preferably at least about 4.44°C and more
preferably at least about 15.56°C. During this heatl exchange, the sscond heat
exchange stream is subcooled by the parfially vaporized cryogenic fluid.

The first and second heat exchange streams are then re-combined o
produce the heat exchange fluid that will be used to form the heat exchange
vapor. Prior to recombining the first and second heat exchange streams, the
pressure of one or more of the first heat exchange stream and the second heat
exchange stream may need {o be adjusied so that the pressures of the first angd
second heat exchange streams ars about the same. Adjusting the pressure of
one or more of the first and second heat exchange streams can comprise ong of
more of increasing the pressure of the first heat exchange sfream, reducing the
pressure of the second heat exchange stream and increasing the pressure of the
second heat exchange stream. Increases in pressure can be achieved by using

i
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pumps and compressors as described herein. Decreases in pressure can be
achieved by directing the stream through a power generating device as described
elsewhere herein or by other pressure reducing means known in the art such as
throttle valves, e.g. a Joule-Thompson valve, flash vessels and the like.

I view of the above disclosure, one of ordinary skill in the art should
undersiand and appreciate that the present invention includes many possible
illustrative embodiments that depend on design criteria. One such ilustrative
embodiment includes a method for vaperizing and heating & cryogenic fluid. The
method comprises the steps of producing a high pressure heat exchange vapor
from a heat exchange fluid; splitting the high pressure heat exchange vapor into a
first heat exchange stream and a second heat exchange stream; reducing the
pressure of the first heat exchange stream by using the first heat exchange
stream as a working fluid in a power generaling device; exchanging heat between
the first heat exchange stream and a crycgenic fluid io at least partially vaporize
the aryegenic Tluid; exchanging heat between the second heat exchange stream
and the partially vaporized cryogenic fluid fo heat the vaponized cryogenic fluid o
a minimum temperature; adjusting the pressure of one or more of the first and
sacond heat exchange streams; and re-combining the first and second heat
exchange streams to produce the heat exchange fluid. In such an embodiment,
the cryogenio fuid can comprise a liquefied natural gas and the heat exchangs
fluid can include one or more of sthane, propans, butang, ethylene and
propylens. A high pressure heat exchange vapor can be produced from the heat
exchange fluld by pumping the heat exchange fluid fo a higher pressure and then
heating the heat exchange fluid. The method can optionally inclide the step of
increasing the pressure of the crycgenic fluid fo a pressure of at least about 800
psig. prior 1o exchanging heat with the first stream. The cryogenic fluid can be
vaporized and heated to 8 minimum temperature of at least about -8.67°C, and
more preferably 10 a minimum temperature of at leas! about 4.44%C.

Another such ilustrative embodiment includes a method for vaporizing and
heating a liquelied natural gas. The method comprises the steps of producing a
haat exchange vapor from a haat exchange fluid that comprises propane; splifting

12
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the heat exchange vapor into a first heat exchange stream and a second heat
exchange stream; reducing the pressure of the first heat exchange stream by
using the first heat exchange stream as a working fluid in a power generating
device; exchanging heat between the first heat exchange stream and the
fiquetied natural gas to at least partially vaporize the liquefied natural gas,
exchanging heat between the second heat exchange stream and the partially
vaperized liquefied natural gas to heat the vaporized liquefied natural gas to a
minimum temperature; adjusting the pressure of one or more of the first heat
exchange stream and the second heat exchange stream; and re-combining the
first and second heat exchange streams to produce the heatl exchange fluid. The
high pressure heat exchange vapor can be produced from the heat exchange
fluid by pumping the heat exchange fluid to & higher pressure and then heating
the heat exchange fluid. The method can optionally include the step of
increasing the pressure of the liguefied natural gas 1o a pressure of at least about
500 psig, prior to exchanging heat with the first stream. The liquefied natural gas
can be vaporized and heated to a minimum temperature of at least about
~B.87°C.

Yet another illustrative embodiment includes a method for vaporizing and
heating & ¢ryogenic fluid. The methods comprises the steps of producing a heat
exchange vapor from a heat exchange fluid; sphifting the heat exchange vapor
into & first heat exchange stream and a second heat exchange stream:
exchanging heat between the first heat exchange stream and a oryogenic fluid to
at feast partially vaporize the cryogenic fluid; exchanging heat between the
second heat exchange stream and the parially vaporized cryogenic fluid to heat
the vaporized cryogenic fluld to a minimum temperature; adjusting the pressure
of one or more of the first heat exchange sfream and the second heat exchange
stream; and re-combining the first and second heat exchange streams fo produce
the heat exchange fluid. In such a mathod, the heat exchange vapor can
comprise propane and the cryogenic fluid can comprise liquefied natural gas. In
such an smbodiment, the pressure of one or more of the first and second heat
gxchange streams can be adjusted by reducing the pressure of the second heat

13
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exchange stream after exchanging heat with the partially vaporized arvogenic
fluid.

The particular embodiments disclosed above are Hustrative oaly, as the
nvention may be maodified and practiced in different but equivalent manners
apparent to those skilled in the arl having the benefit of the teachings herein.
Furthermore, no limitations are intended to the detalls of construction or design
hergin shown, ather than as described in the claims below. It is therefore svident
that the particular embodiments disclosed above may be altered or modified and
all such variations are considersd within the scope and spirit of the invention.

Accordingly, the protection sought herein is as set forth in the claims below.

DETAWLED DESCRIPTION OF THE FIGURES

In the embodiment ilfustrated in Figs. 1 and 2, the cryogenic fluid is LNG
and the heat exchange fluid is propane.

Surge vessed 140 is a tank or other suitable container for holding a reserve
of propane i its hquid phase. The propane is directed through line 144 to pump
180 where it is pumped to a pressure between about 90 psig and 110 psig. The
propane is then directed through line 105 to heat exchanger 110 wheare it
exchanges heat with a heated stream of cooling water from a refinery 1o produce
a propans vapor having a temperature betweean about ~17.78%°C and about
37.78°C. The cooling water has an inlet temperature in line 118 between about
20°C and about 40°C and an outlet temperature i fine 117 of between about
4.44°C and about 30°C. The propane vapor exils heat exchanger 110 through
fine 112 and is splitinto first and second streams that flow thraugh lines 114 and
118, respectively.

Where an objective is to generate more power or extract more work from
the heat exchange fluid, more heat will be transferred to the propang in heat
exchanger 110, I such an embodiment, line 116 would contain a heated fluld
such as steam from a beiler or exhaust gases from a furnace or combustor that
would exchangs heat with the propane in exchanger 110. The temperatures of
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sich healed fluids will exceed about 40°C and could be greater than about 120°C
depending on pressure congdifions.

As illustrated, the multiple streams Inslude a first heat exchange stream
that is directed through iine 114 to expansion turbine 120 where the first heat
exchange stream serves as the working fluid to produce power. The expansion
of the propane vapor reduces its temperature to between about -17.78°C and
about 10°C and its pressure to between about 2 psig and about 20 psig. The
propane exiting turbineg 120 flows through line 122 o vaporizer 130 where #t
gxchanges heat with the LNG flowing from line 132, Line 132 is preferably
connected to a storage tank {not shown) that containg the LNG with intermediate
pumg 118 increasing the pressure of the LNG. The stored LNG is held at
ambient or Jow pressure and s directed to pump 118 upstream of vaporizer 130
where the pressure of the LNG can be elevated to the desired pressure. The
LNG flowing through vaporizer 130 is warmed {0 a temperature between about
~73.33°C and about -28.89°C, at least partially vaporizing the LNG. Due to heat
exchange with the LNG in vaporizer 130, the first heal exchange stream is cooled
to a temperature between about -51.11°C and about -17.78°C, at which the
propane condenses and is directed out of the vaporizer.

The partially vaporized LNG is directed out of the vaporizer through line
134 {o heat exchanger 180 where it exchanges heat with the second heat
exchange stream in line 115, The vaporized natural gas exiling heat exchanger
160 has a temperature of at least about -8.67°C and about 26.67°C, and
depending on pressure, may be ready for inlroduction into a natural gas
distribution pipeline. The propane flowing through heat exchanger 160 is
subcooled by the partially vaporized natural gas to & lemperature between about
-45.56°C and about -23.33°C. The second heat exchange stream s then
directed to expansion turbine 125 where i is expanded o praduce power and
reduce the pressure of the propane. The siep down in pressure condenses the
second stream {0 a hquid that can be recombined with the first heat exchangs
stream in fine 136, The recombined heat exchange fluid is divected through line

142 to the surge vessel 140,
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The embodiment Blustrated in Fig. 2 is similar {o that of Fig. 1 whersin the
cryogenic fluid is LNG, the heat exchange fluid is propane and the heating
medium is a heated stream of conling water from a refinery.

Liguid propane is held in surge vessel 240 and increased in pressure by
purmp 250 to a pressure of at least about 90 psig to vield a high pressure
propaneg. This high pressure propang is combined with propane from line 282
and the re-combined high pressure propane is directed through line 205 to haat
exchanger 210 wherg it exchanges heat with a heated stream of cooling water to
produce a high pressure propane vapor having a temperature of at least about
-17.78°C. The high pressure propane vapor exits heat exchanger 210 through
fine 212 and is spiit into first and second streams that flow through fines 214 and
215, respectivaly.

The first stream is directed through fine 214 lo expansion turbine 220. The
first stream, which comprises a high pressure propane vapot, serves a working
fluid in twrbine 220, Within turbine 220, the expansion of the high pressure
propane vapor produces power and reduces the tempsrature and prassure of the
propane. The propane exiting turbine 220 through line 222 flows to vaporizer 230
where it exchanges heat with the LNG flowing from line 232. Line 232 8
preferably conmected to pump 218, which is connected at #ts inlet {o a storage
tank {not shown) that contains LNG. Pump 218 increases ihe pressure of the
LNG upstream from vaporizer 230,

{ue to heat exchange with the LNG in vaporizer 230, the first heat
exchange stream of propane is cooled and condensed {o hquid and directed to
surge vassel 240 through line 238. The LNG flowing through vaporizer 230 is
warmed by the propane to a temperature of at least about -73.33°C at least
partially vaporizing the LNG. The partially vaporized LNG flows out of the
vaporizer through line 234 {o heat exchanger 260 where it exchanges heat with
the second heat exchange stream from ine 215, The propane flowing through
heat exchanger 260 is subcooled and at least partially condensed by the partially
vaporized natural gas. The second heat exchange stream is then directed to
surge vessel 270 and subseguently 1o pump 280 where the pressure of the

16
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second heat exchange stream can be increased 1o that of the first stream before

recombining the streams and vaporizing the propane in heat exchanger 210.

17
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WHAT {8 CLAIMED 1S

1. A method for vaporizing and healing a cryogenic fluid, the method
comprising the steps of;

5 producing a high pressure heat exchange vapor from a heat exchange
fluid;
splitting the high pressure heat exchange vapor into a first heat
exchange stream and a second heat exchange stream;
reducing the pressure of the first heat exchange stream by using the
10 first heat exchange stream as a working fluid in a power generating
devics;
exchanging heat between the first heat exchange stream and a
cryogenic fluid to at least partially vaporize the cryogenic fluid;
exchanging heat between the second heat exchange stream and the
15 partially vaporized cryogenic fluid to heat the vaperized cryogenic
fluid to a minimum temperature;
adjusting the pressure of one or more of the first and second heat
exchange streams; and
re-combining the first and second heat exchange streams {o produce

20 the heat exchange fluid.

2. The method of claim 1, wherein proeducing a high pressure heat exchange
vapor from a heat exchanges fluid comprises one or more of pumping and
heating the heat exchange fluid

25
3. The methad of claim 2, wherein producing a high pressure heat exchange
vapor comprises pumping the heat exchange fluid to a higher pressure
and then heating the heat exchangs fluid.
30 4, The method of claim 1, wherein the step of adjusting the pressurs of one

or more of the first and second heat exchange streams comprises one or
more of

13
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increasing the pressure of the first heat exchangs stream;
reducing the pressure of the second heat exchange stream; and

increasing the pressure of the sscond heat exchange stream.

The method of claim 4, wherein the step of adjusting the pressure of one
or more of the first stream and the second stream comprises reducing the

pressure of the second stream.

The method of claim 4, wherein the step of adjusting pressure of one or
more of the first heal exchange stream and the second heat exchange
stream comprises pumping the first heat exchange stream 1o a higher
pressure and pumping the second heat exchange stream fo a high

pressure,

The method of claim 1, wherein the cryogenic fluid comprises liguefied

natural gas.
The method of claim 1, wherein the heat exchange fivid comprises a
hydrocarbon having about 1 to aboul 6 carbon atoms per moleculs, a

halpgenated carbon, and mixtures thereof.

The method of claim 8, whersin heat exchange fluid comprises one or

miore of ethane, propane, butane, ethylene and propylene.

The methad of claim 9, wherain the high pressure heat exchange vapor is

at a pressure of at least about 60 psig.

The method of claim 9, wharein the high pressure heat exchange vapor is

at a temperature of at least about 4.44°C.

19
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15,

18.

The method of claim 1, wheren the minimum temperature is at least about
-5.87°C.

The method of claim 12, wherein the minimum temperature is at least
about 4.44°C.

The method of claim 1, further comprising the step of increasing the
pressure of the cryogenic fluid fo a pressure of at least about 500 psig,

prior to exchanging heat with the first heat exchange stream.

The method of claim 14, wherein the pressure of the aryogenic fluid is

increased o a pressure of at least about 1000 psig.

A method for vaporizing and heating a liguefied natural gas, the method
gomprising the steps of:

praducing a heat exchange vapor from a heat exchange fluid, the heat
aexchange fluid comprising propane;

spliting the heat exchange vapor into a first heat exchange stream and
a second heat exchange stream;

reducing the pressure of the first heat exchange stream by using the
tirst heat exchange stream as a working fluid in a power generating
device,;

exchanging heat between the first heat exchange stream and liquefied
natural gas to at least partiaily vaporize the liquetied natural gas;

exchanging heat between the second heat exchange stream and the
partially vaporized ligusfied natural gas to heat the vaporized
iquefied natural gas to a minimun temperature;

adjusting the pressure of one or more of the first heat exchange stream
and the second heat exchange stream; and

re-combining the first and second heat exchange streams fo produce

the heat exchange fluld,
20



WO 2007/140353 PCT/US2007/069826

10

15

30

ey
oo

18,

21.

The method of claim 18, further comprising the step of increasing the
pressure of the lquefied natural gas to a pressure of at least about 500

psig, prior to exchanging heat with the first heat exchange stream.

The method of claim 18, wherein producing a high pressure heat
exchange vapor comprises one or more of pumping and heating the heat

exchange fluid.

The method of clain 16, the minimum temperature is at lsast about
-6.87°C,

The method of claim 16, wherein the step of adjusting the pressure of one
or more of the first heat exchange stream and the second heat exchange

straam comprises ong or more of:

increasing the prassure of the first heat exchange stream;
reducing the pressure of the second heat exchange stream; and

increasing the pressure of the second heat exchange stream.

A method for vaporizing and heating a cryogenic fluid, the method

comprising the steps of:

producing a heat exchangse vapor from a heat sxchange fluld;

splitting the heat exchange vapor into a fivst heat exchange stream and
a second heat exchange streamy;

reducing the pressure of the first heat exchange stream;

exchanging heat between the first heat exchange stream and a
cryogenic fluid to at least parfially vaporize the cryogenic fluid;

exchanging heat between the second heat exchange stream and the
partially vaporized cryogenic fuid to heat the vaporized cryogenic
fiuid to a minimum temperature;
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adjusting the pressure of one or more of the first and second heat
exchange streams; and
re-combining the first and second heat exchange streams to produce

the heatl exchange fluid,

5
22.  The method of claim 21, wherein the heat exchange fluid comprises
propane and the cryogenic fluid comprises liquefied natural gas.
23, The method of claim 21, wherein adjusting the pressure of ane or mare of
10 the first and second heat exchange streams comprises reducing the

pressure of the second heat exchange stream after exchanging heat with

the partially vaporized cryogenic fuid,
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