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METHOD OF GAS EXPANSION USING
LIQUEFIED GAS EXPANDER AND
INTEGRATED JOULE-THOMSON VALVE

RELATED APPLICATIONS

[0001] This Application is a Divisional application to and
related to U.S. Non-provisional patent application Ser. No.
12/767,774 filed Apr. 26, 2010 entitled LIQUEFIED GAS
EXPANDER AND INTEGRATED JOULE-THOMSON
VALVE, Attorney Docket No. EIC-801, which is related to
and non-provisional of U.S. Provisional Patent Application
Ser. No. 61/214,517 filed Apr. 24, 2009 entitled LIQUEFIED
GAS EXPANDER AND INTEGRATED JOULE-THOM-
SON VALVE, Attorney Docket No. EIC-801-P, which are
both incorporated herein by reference in its entirety, and
claims any and all benefits to which it is entitled therefrom.

FIELD OF THE INVENTION

[0002] The present invention pertains to a method and a
system that maximizes productivity of Liquefied Natural Gas
plants, thereafter “LLNG plants”, and more specifically, to a
cryogenic liquefied gas expander system that minimizes loss
due to expander bypass flow.

BACKGROUND OF THE INVENTION

[0003] The installation of cryogenic turbine expanders in
existing LNG plants presents a very effective upgrade with an
advanced but field proven technology requiring relatively low
investment costs and only short installation time. All LNG
plants commissioned before 1996 are currently operating
with an ineffective expansion valve. By replacing the existing
Joule-Thomson valve ak.a. J-T valve with a cryogenic tur-
bine to expand the condensed natural gas from high pressure
to low pressure, the thermodynamic efficiency of the existing
refrigeration process is substantially improved, providing an
increase of the total LNG output between about 5 to 7%. To
attain this increase in efficiency, no substantial investments
are necessary.

INTRODUCTION

[0004] LNG liquefaction plants have a complex structure
with numerous systems interacting to produce the desired
output. Capital investment and operation costs of these plants
are relatively high. These high economic demands have ini-
tiated new and additional efforts to reduce the costs of natural
gas liquefaction. The resulting innovations are already
applied to new LNG liquefaction plants in Oman and Malay-
sia and the attained economical and technical benefits are
convincing. It is anticipated that all future LNG liquefaction
plants will incorporate these innovations.

[0005] By progressively increasing the profitability of new
liquefaction plants, the gap between the productivity of exist-
ing and new LNG plants is widening and negatively affecting
the competitiveness of existing plants. Consequently there is
an inevitable demand to de-bottleneck and to upgrade exist-
ing LNG plants.

[0006] The installation of cryogenic turbine expanders in
existing LNG plants presents a very effective upgrade with an
advanced but field proven technology requiring relatively low
investment costs and only short installation time. The con-
ventional liquefaction process for natural gas is to operate at
high pressure through the condensation phase, after which the
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high pressure of the condensed liquid natural gas is reduced
by expansion across a Joule-Thomson valve, hereafter “J-T
valve”.

[0007] By replacing the existing JT-valve with a cryogenic
turbine to expand the condensed natural gas from high pres-
sure to low pressure the thermodynamic efficiency of the
existing refrigeration process is substantially improved.
[0008] Habets etal., Chen-Hwa Chiu et al., and Kikkawa et
al. presented comprehensive economical and technical analy-
ses of the overall effect of cryogenic liquid expanders to the
gas liquefaction process. Small improvements of the process
economics are multiplied by the quantity of the liquefied
natural gas, resulting in essential savings for the operational
costs of the plant. Consequently the optimization of all tech-
nical and operational aspects of cryogenic liquid expanders,
particularly LNG expanders as the largest cryogenic liquid
expanders, is an important engineering target for the de-
bottlenecking of existing LNG plants.

[0009] However, in the traditional cryogenic LNG expand-
ers as shown in FIG. 9, it is still necessary to bypass the
expander with a pipe and a J-T valve for safety reasons. The
bypass process will result in approximately 7% loss in pro-
duction.

SUMMARY OF INVENTION

LNG Expanders

[0010] Turbine expanders convert the hydraulic energy of
the LNG fluid stream into electric energy, thus reducing the
internal energy or enthalpy from the LNG. This conversion of
energy occurs in two steps:

[0011] The hydraulic energy is transformed into
mechanical shaft power, which is measured in shaft
torque times rotational speed, while passing through the
turbine

[0012] The rotating turbine shaft drives an electrical gen-
erator which converts the mechanical shaft power into
electrical power

[0013] All turbine expanders consist essentially of the fol-
lowing two parts: the non-rotating nozzle vanes, which gen-
erate the incoming angular momentum of the LNG fluid; and
the rotating turbine runner, which transforms the fluid
momentum into torque. Therefore the thermodynamic expan-
sion of LNG occurs predominantly within the turbine runner.
[0014] The conversion ratio of electric power output to
hydraulic power input is called the efficiency of the turbine
expander. The efficiency depends on the volumetric fluid flow
and the pressure difference between inlet and outlet, which
are the two primary turbine performance parameters.

[0015] For certain values of these two parameters the effi-
ciency reaches its maximum value, and this is called the best
efficiency point or BEP. It is possible to move the BEP to a
different location by adding a new design parameter, e.g. the
rotational speed of the turbine expander. By changing the
rotational speed, the BEP can be continuously shifted during
the operation of the turbine but not without observing small
changes in the value of the BEP.

[0016] The shifting of the BEP leads to another optimum
value: the absolute best efficiency point or ABEP.

[0017] The performance of variable speed LNG turbine
expanders is best described in a graphical presentation using
the Q-H-plane with the volumetric flow Q as abscissa and the
differential head H as ordinate. The hydraulic efficiency 11
and the shaft power P are the two most important performance
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parameters for variable speed LNG expanders. The curves for
constant efficiency 11 and for constant shaft power P in the
Q-H-plane are derived from the equations for conservation of
energy and conservation of momentum and are shown in FIG.
1 (prior art). The constant efficiency curves are parabolas
intersecting at the zero-point.

[0018] For each efficiency value there are two correspond-
ing parabola curves except for the unique maximum effi-
ciency 1),,,,.. The two zero efficiency curves correspond to the
no-load characteristic and to the locked rotor characteristic.
[0019] Theequation for the constant efficiency curves is the
following:

H=05[¢(n, a, B, 1,7, p)I(1)

with ¢ as a function of the constants ), o, p, A, T, and p only.
Derived from this equation the efficiency of variable speed
turbine expanders depends only on one parameter p, the ratio
p=H/Q,.

[0020] The constant shaft power curves, which are shaped
like the Greek letter u, are also obtained from the two equa-
tions of conservation of energy and momentum and represent
higher order polynomials.

H=0>{0+[B/4][12(1-4 MPAQ)Y2]} @

[0021] With increasing power P, the curves move towards
higher values of Q and H. For large values of Q the constant
shaft power curves approach asymptotically the two para-
bolic zero efficiency curves. Thus the hydraulic performance
of variable speed LNG expanders is best described with two
sets of curves: the constant shaft power curves and the con-
stant efficiency curves.

[0022] The performance range of the LNG expander is
limited by two characteristic curves that are parabolically
shaped: the no-load characteristic and the locked rotor char-
acteristic. It applies for both characteristics that the power and
the efficiency are equal to zero, and the constant power curve
and constant efficiency curve are identical for P=0 and n=0.

Specification of Rated Point

[0023] The output of LNG plants varies within a certain
time period and depends on sales demand, feed gas mixture
and factors such as ambient temperature and cooling water
temperature. It is desirable to operate the turbine expander for
all these different mass flows at the BEP to achieve maximum
economic benefits.

[0024] This can be accomplished by using the described
method to shift the BEP. This shifting method has its limita-
tion, as it is not possible to change the absolute best efficiency
point ABEP. The ABEP has a fixed location for a specific
design of any type of turbine expander. It is beneficial to
specify the best location of the ABEP during the project
engineering stage, in order to receive the maximum economic
benefits for the turbine expander during a specific time period
of'operation, for instance during the period of 12 months. This
is a more difficult problem because the efficiency function is
unknown during the project-engineering phase, and the selec-
tion of the ABEP must be valid for different expander designs
and manufacturers. The problem of'the ABEP location, which
should also be identical to the rated point of the expander, is
not a technical but an economical one and can be solved with
the following method. The solid line in FIG. 2 shows a typical
curve for the turbine expander efficiency. The efficiency is a
function of the parameter p=H/Q, as previously described.
The efficiency function is unknown until the expander has
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been selected and the conventional method to analyse
unknown functions is to expand a generally presumed func-
tion into a Taylor polynomial of a certain degree. A Taylor
polynomial of the second degree offers an acceptable qua-
dratic approximation, particularly if it is expanded at the
optimum. The dotted curve in FIG. 2 demonstrates a qua-
dratic Taylor polynomial which is expanded at the BEP for the
parameter p=H/Q,. Because of the above-described condi-
tion for the BEP, the first derivative of the efficiency function
or the linear term of the Taylor polynomial is zero, and with
Npzzr—unknown efficiency at the BEP, C=unknown constant,
p=input parameter H/Q,, and qg=unknown BEP location, the
Taylor polynomial is reduced to:

N=NzzpZC(P-q)2 3

[0025] The value of the parameter p changes over the
observed time period with p=p, during the time ratio t_. The
time ratio is the individual time period over the total sum of all
time periods. Habets and Kimmel have shown that the opti-
mal location q for the BEP can be calculated by the formula:

q=2t,p, (©)]

[0026] The meaning of this solution is that for different
values of the parameter p=H/Q,, and within a certain period
of time, the optimal location of the BEP, in terms of this
parameter, is defined as the sum of all time ratio weighted
values of the parameter p. The solution for the optimum
location of the BEP has been developed for an undefined
expander. The formula offers a very practical algorithm to
specify the optimal rated point for LNG turbine expanders,
independent of their particular design.

[0027] FIG. 3 illustrates the method for optimal perfor-
mance specification. The dotted curve shows the conven-
tional specification for the rated point, where the operation
point with the highest time ratio is identical to the rated point
and to the best efficiency point. All other operational points
are off the BEP on the declining part of the efficiency curve.
[0028] The solid line demonstrates the optimized perfor-
mance specification. The optimized BEP is now between all
operation points and, in general, none of the operation points
are directly located at the BEP. Therefore, for optimal perfor-
mance specification, the rated point is still identical to the
BEP or ABEP, but not to the operation point with the highest
time ratio. The distribution of all operation points are such
that the summation of all the products of efficiency multiplied
by the operation time for each operational case during a
certain period of time will be a maximum value.

[0029] The method of optimal performance specification
for LNG expanders suggests the maximum enthalpy reduc-
tion for the liquefied gas under the consideration of time
related changes in the output and operation of LNG plants.
The time related output of the plant is well known and optimal
specifications can be provided, particularly for existing LNG
plants, which are subject to a de-bottlenecking project.
[0030] The present method of cryogenic LNG turbine
expanders replacing J-T valves with the possibility of process
optimization inherent to variable speed LNG expanders and
their technological benefits are ideal solutions for de-bottle-
necking existing LNG plants. The increase in LNG output
offers pay back times of less than one year.

[0031] The present invention is a further improvement to
current cryogenic LNG expanders. The system consists
essentially of integrated cryogenic LNG turbine expanders
and J-T valve system that is specifically designed for flam-
mable liquefied gases.



US 2014/0283549 Al

[0032] Benefits and features of the invention are made more
apparent with the following detailed description of a pres-
ently preferred embodiment thereof in connection with the
accompanying drawings, wherein like reference numerals are
applied to like elements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 (prior art) is a representative chart showing
the hydraulic performance of variable speed LNG expanders.
[0034] FIG. 2 (prior art) is a representative chart showing a
typical curve for turbine expander efficiency.

[0035] FIG. 3 (prior art) is a representative chart showing
optimal performance specification.

[0036] FIG. 4 is a representative chart showing process
optimization with variable speed LNG expander.

[0037] FIG.5isarepresentative chart showing the range of
process optimization.

[0038] FIG. 6 is a representative chart showing the optimi-
zation power output for reduced flow.

[0039] FIG.7is arepresentative chart showing the optimiz-
ing power output for overflow.

[0040] FIG. 8 is a representative chart showing the control
schematic for optimized expander operation.

[0041] FIG. 9 (prior art) is a representative diagram show-
ing a conventional configuration of a cryogenic liquefied gas
expander system 90.

[0042] FIG. 10 is a representative diagram showing inte-
grated cryogenic liquefied gas expander and J-T valve system
of the present invention 100.

[0043] FIG. 11 is a representative sectional view of the
integrated cryogenic liquefied gas expander 108.

[0044] FIG.12is arepresentative sectional view of a cross-
flow integrated cryogenic liquefied gas expanders 120.
[0045] FIG.13A is a representative sectional view of three-
way cross-flow J-T valve 104.

[0046] FIG. 13B is a representative top view of three-way
cross-flow J-T valve 104.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0047] The description that follows is presented to enable
one skilled in the art to make and use the present invention,
and is provided in the context of a particular application and
its requirements. Various modifications to the disclosed
embodiments will be apparent to those skilled in the art, and
the general principals discussed below may be applied to
other embodiments and applications without departing from
the scope and spirit of the invention. Therefore, the invention
is not intended to be limited to the embodiments disclosed,
but the invention is to be given the largest possible scope
which is consistent with the principals and features described
herein.

[0048] FIG. 9 (prior art) is a representative diagram show-
ing a conventional configuration of a cryogenic liquefied gas
expander system 90. As mentioned above, cryogenic turbine
expanders convert the hydraulic energy of the fluid stream
into electric energy, thus reducing the internal energy or
enthalpy from the liquid. In one embodiment, the cryogenic
temperatures of the present invention is defined as the
approximate range below 240 K, -24.7° F. or -33.2° C. As
shown in FIG. 9, LNG flow through cryogenic liquid
expander 92 during the expansion process. However, it is
necessary to install an external bypass route encompassing
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throttling valve(s) such as J-T valve(s) 94 and pipes. The
bypass route acts as a security measure in the event of a failure
of'the cryogenic liquefied gas expander 92 or during mainte-
nance. In the event of a failure or maintenance, the bypass
route must have the capacity to process the entire incoming
cryogenic flow 96 instantly. To attain this objective, the
bypass route has to be kept at cryogenic temperatures at all
times since expander failure can happen anytime. Otherwise,
pipes and valve(s) of the bypass route would crack when the
incoming cryogenic flow 96 suddenly passes there through.
In prior art expander systems, approximately 7% by mass of
the incoming cryogenic flow 96, viz the pipe cooling leakage
flow 99, will pass through the bypass route at all times to
maintain its cryogenic temperature. Since the pipe cooling
leakage flow 99 does not pass through liquid expander 92, it
is considered a loss in the expansion process.

[0049] Additionally, cryogenic liquefied gas expander sys-
tem 99 should not process any flammable liquefied gases such
as natural gas, methane, propane ammonia, ethylene, etc. to
avoid explosions and fire hazards. However, the system 100
of the present invention is capable of processing flammable
liquid due to its unique configuration, which the system 100 is
entirely contained within stainless steel pressure vessel 102.
[0050] FIG. 10 is a representative diagram showing inte-
grated cryogenic liquefied gas expander and J-T valve system
of the present invention 100. In one embodiment, integrated
cryogenic liquefied gas expander and J-T valve system of the
present invention 100 further comprises cryogenic liquefied
gas expander 92, stainless steel pressure vessel 102, a throt-
tling valve which is called a three-way cross-flow J-T valve
104 and external J-T valve(s) 94. The cryogenic liquefied gas
expander 92 can be a constant speed liquefied gas expander or
a variable speed liquefied gas expander. In one embodiment,
cryogenic liquefied gas expander 92, a three-way cross-flow
J-T valve 104 are mounted inside stainless steel pressure
vessel 102 which is kept under controllable pressure and in
cryogenic temperatures of the approximate range below 240
K, -24.7° F. or -33.2° C., to form collectively integrated
cryogenic liquefied gas expander 108.

[0051] The setup of the present invention 100 also enables
processing of flammable liquefied gases without the high risk
of'explosions and fire hazards. Incoming high pressure cryo-
genic flow 96 passes in stainless steel pressure vessel 102 via
cryogenic liquid inlet 110 and subsequently through the
three-way cross-flow J-T valve 104. In one embodiment,
three-way cross-flow J-T valve 104 is a rotating 3-way valve
which direct incoming cryogenic flow 96 to cryogenic lique-
fied gas expander 92 for expansion and processing under
normal circumstances; and to an internal bypass route 114 in
the event of failure and maintenance of cryogenic liquefied
gas expander 92. Since the entire internal bypass route includ-
ing the pipes and the three-way cross-flow J-T valve 104 are
kept at cryogenic temperatures, it is unnecessary to have a
constant internal pipe cooling flow through the internal
bypass route and hence loss is reduced. As best shown in FIG.
10, the pipe cooling leakage flow 99 will be greatly reduced to
approaching 0%, hence greatly reduce the loss of the expan-
sion process.

[0052] FIG. 11 is a representative sectional view of the
integrated cryogenic liquefied gas expander 108. As shown in
FIG. 11, high pressure incoming cryogenic flow 96 passes
cryogenic liquid inlet 110 and enter the stainless steel pres-
sure vessel 102 and continue to pass through cryogenic liq-
uefied gas expander 92 for expansion under normal circum-
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stances. Then the low pressure outgoing flow will be guided
out of stainless steel pressure vessel 102 through outlet 112.
Inthe event of failure or maintenance, an internal bypass flow
114 will pass through the three-way cross-flow J-T valve 104
and eventually out of stainless steel pressure vessel 102
through outlet 112.

[0053] FIG.12is arepresentative sectional view of a cross-
flow integrated cryogenic liquefied gas expanders 120. Alter-
natively, two cryogenic liquefied gas expanders 92' can be
mounted and connected inline to an intermediate support
plate 128 inside a single stainless steel pressure vessel 106' as
best shown in FIG. 12. The two cryogenic liquefied gas
expanders 92' have separate shafts 122 and generators. In one
embodiment, both expanders 92' are operated in parallel, in
series, individually or combination thereof. A cross-flow
valve 104' is installed to allow flow control to both expanders
92'. The cross-flow integrated cryogenic liquefied gas
expanders 120 allow a two-phase possibility. Other advan-
tages of the cross-flow integrated cryogenic liquefied gas
expanders 120 includes up to 50% turndown, high machine
efficiency with turndown, higher flow capacity and greater
flexibility as in two-phase operation possibility and also rela-
tively small footprint.

[0054] FIGS. 13A and 13B are representative sectional
view and top view respectively of cross-flow J-T valve 104. In
one embodiment, the three-way cross-flow J-T valve 104 has
a flat embodiment further composed essentially of top plate
502, middle plate 504 and bottom plate 506. As shown in FIG.
13 A, each plate has a plurality of through apertures 508 on
their rim. In one embodiment, middle plate 504 is driven by a
motor to rotate perpendicularly to the shaft 122 (not shown).
As middle plate 504 rotates, it gives free fluid passage either
through cryogenic liquefied gas expander 92 and closing the
bypass inside the vessel, or gives free passage to the bypass
route and closing the passage to through the expander 92. As
middle plate 504 is rotating, it closes or opens the passages if
apertures 508 in all three plates align at least partially, and
closes a passage if the apertures 508 do not align.

Advanced Process Control

[0055] The installation of variable speed LNG expanders in
existing LNG plants offers further improvements to the over-
all process. In conventional gas liquefaction plants liquid
expanders are operated as close as possible at the best effi-
ciency point (BEP), which is defined for certain flow rates and
expansion ratios. FIG. 4 shows a typical process arrangement
to operate the liquid expander at the BEP. Because of varia-
tions and uncertainties of the pressure drop in the system, it is
necessary to install a control valve preferably between the
expander and downstream system to meet the best efficiency
point of the expander.

[0056] If the turbine is expanding the differential pressure
(P,-P,), then the control valve expands exactly the remaining
differential pressure (P,-P;) to meet the target pressure P of
the terminal vessel. The control valve reduces the liquid pres-
sure in a Joule-Thomson expansion without any enthalpy
reduction and with zero isentropic efficiency.

[0057] This inefficient Joule-Thomson expansion has to be
as small as possible to increase the overall process efficiency.
Variable speed liquid expanders operate at variable differen-
tial pressures and variable flow rates and are therefore essen-
tially both a turbine and a control valve.

[0058] FIG. 5 demonstrates the process arrangement for a
variable speed liquid expander operating simultaneously as a
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control valve. The expander is able to expand the total difter-
ential pressure (P,-P;) to the exact value necessary to meet
the target value P,.

[0059] The differential pressure (P,—P;) is now expanded
through the turbine additionally reducing the enthalpy of the
liquefied gas and increasing the power recovery. The target
pressure P, in the terminal vessel determines the correct
speed of the turbine expander, the control speed N.. This
advanced method of controlling the overall process through
the expansion ratio of the turbine expander offers a maximum
power recovery and enthalpy reduction of the liquefied gas.

Reduced Flow Operation

[0060] Inmostcases of project engineering the selection of
the rated point for the LNG expander is determined to operate
at the maximum efficiency 1,,,,- During the practical opera-
tion of the liquefaction plant the LNG expander operates
temporary at reduced flow, but maintaining the higher pres-
sure.

[0061] FIG. 6 demonstrates the LNG expander perfor-
mance for reduced flow. The LNG is expanded with a differ-
ential head of (H,-H,) across the turbine expander. The gen-
erated power P, is relatively small and depends on the
location of the point 1. The closer point 1 is to the no-load
characteristic, the smaller the value of generated power. If
point 1 is located at the no-load characteristic then the LNG
expander generates zero power.

[0062] By reducing the differential head from (H;-H,) to
(H,-H,) and shifting the point 1 to point 2 and maintaining
the same reduced flow Q,, the power output of the LNG
expander increases due to the characteristic shape of the
constant power curves. Point 2 is located at the power curve
for P,=constant and P,>P;.

[0063] The increase of power output is optimized when the
vertical line through Q, is also the vertical tangential line on
the constant power curve. All vertical tangents to the constant
power curves determine the locus of all points for optimized
power generation at reduced flow condition. The locus of
these optimized power points is a parabolically shaped curve
shown in FIG. 4 as the left-sided borderline of the hatched
area. The power output of LNG expanders operating under
reduced flow and to the left of this borderline (example point
1) can be significantly increased if the differential head across
the turbine expander is reduced to meet the borderline (ex-
ample point 2).

[0064] FIG. 8 presents the control schematic to achieve the
optimized expander operation. A control valve 1 operating as
controllable pressure reduction or J-T valve is installed
upstream or preferably downstream of the LNG expander.
Parallel to the expander and the control valve 1 is a bypass
with a second J-T valve or control valve 2.

[0065] To optimize the power for reduced flow, control
valve 2 is completely closed with the bypass flow Q=0, and
the condition Q,=Q. Control valve 1 reduces the differential
head (H;-H,) to the optimum differential head (H,-H,) for
the LNG expander. To achieve this optimum differential head
across the LNG expander, the rotational speed of the turbine
expanders is reduced to the corresponding value of the
hydraulic performance characteristic.

[0066] The control schematic for optimized expander
operation at reduced flow condition, practically consistent of
only one control valve downstream or upstream the variable
speed LNG expander, presents an efficient method to signifi-
cantly increase the power output of the LNG expander. The
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optimized power output at reduced flow from originally low
or zero power up to 50% of the rated power offers a significant
economical benefit for the plant operational costs.

Overflow Operation

[0067] The temporary operation of LNG expanders for
overflow condition caused by increased flow and/or reduced
differential head occurs less frequent than operation at
reduced flow, but the benefits of improvements are multiplied
by the larger flow.

[0068] FIG. 7 demonstrates the LNG expander perfor-
mance for overflow condition. The LNG with a flow rate of Q,,
is expanded with a differential head of (H;-H,) across the
turbine expander. The generated power P, is relatively small
and depends on the location of the point 1. The closer point 1
is to the locked rotor characteristic, the smaller the value of
generated power. If point 1 is located at the locked rotor
characteristic, then the LNG expander generates zero power.
[0069] By reducing the flow from Q, to Q and shifting the
point 1 to point 2 and maintaining the same differential head
(H5-H,), the power output of the LNG expander is again
increased due to the characteristic shape of the constant
power curves. Point 2 is located at the power curve for
P,=constant and P,>P,.

[0070] The increase of power output is optimized when the
horizontal line through (H;-H), ) is also the horizontal tangen-
tial line on the constant power curve. The locus of all points
for optimized power generation at overtlow condition is
determined by all horizontal tangents to the constant power
curves. The locus of these optimized power points is a para-
bolically shaped curve shown in FIG. 7 as the right-sided
borderline of the hatched area. The power output of LNG
expanders operating under overtlow condition and to the right
of this borderline, e.g. example point 1 can be significantly
increased if the flow across the turbine expander is reduced to
meet the borderline, e.g. example point 2.

[0071] The control schematic for optimized expander
operation shown in FIG. 8 is also applicable for overflow
operation. To optimize the power output for overtlow, control
valve 2 in the bypass line is partially open expanding the flow
rate Q, with a differential head of (H,—H, ). Control valve 1 is
completely open and the LNG expander reduces the difter-
ential head (H,-H),) for the flow rate Q.

[0072] To achieve this optimum flow Q across the LNG
expander, the rotational speed of the turbine expanders is
increased to the corresponding value of the hydraulic perfor-
mance characteristic.

[0073] The control schematic for optimized expander
operation at overflow condition, practically consistent of only
one control valve in a bypass line to the LNG expander,
presents an efficient method to significantly increase the
power output of the LNG expander. The optimized power
output at overflow condition from originally low power up to
30% of the rated power offers an additional economical ben-
efit for the plant operational costs.

[0074] The method of cryogenic LNG turbine expanders
replacing J-T valves and the possibility of process optimiza-
tion inherent to variable speed LNG expanders and their
technological benefits are ideal solutions for de-bottleneck-
ing existing LNG plants. The increase in LNG output offers
pay back times of less than one year.

[0075] Theintegrated cryogenic liquefied gas expander and
J-T valve system 100 of the present invention eliminate
required leakage flow 99 to keep bypass route at cryogenic
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temperatures and also optimizes power output for both
reduced and overflow conditions.

[0076] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
present invention belongs. Although any methods and mate-
rials similar or equivalent to those described can be used in the
practice or testing of the present invention, the preferred
methods and materials are now described. All publications
and patent documents referenced in the present invention are
incorporated herein by reference.

[0077] While the principles of the invention have been
made clear in illustrative embodiments, there will be imme-
diately obvious to those skilled in the art many modifications
of structure, arrangement, proportions, the elements, materi-
als, and components used in the practice of the invention, and
otherwise, which are particularly adapted to specific environ-
ments and operative requirements without departing from
those principles. The appended claims are intended to cover
and embrace any and all such modifications, with the limits
only of the true purview, spirit and scope of the invention.

I claim:

1. An improved method of liquefied gas expansion, the

method comprising:

A. directing incoming high pressure liquefied gas flow
through a pipe system;

B. selecting a cryogenic turbine expander system to pro-
cess the incoming flammable liquefied gas flow, the
cryogenic turbine expander system comprising a cryo-
genic liquid pressure vessel, the cryogenic turbine
expander system further comprising a turbine expander,
an internal bypass configuration, operable in parallel
and disposed therein, a three-way valve directing said
incoming flow to the turbine expander or the internal
bypass configuration;

C. directing outgoing low pressure liquefied gas flow out of
said cryogenic turbine expander system.

2. The turbine expander system of claim 1 in which the

internal bypass configuration further comprises a Joule-Th-
omson valve.

3. The turbine expander system of claim 1 in which the
liquefied gas is flammable, high pressure.

4. The turbine expander system of claim 3 in which the
liquefied gas is selected from the group consisting of:

natural gas, methane, propane, ammonia, ethylene.

5. The turbine expander system of claim 1 in which the
cryogenic liquid pressure vessel is kept below cryogenic tem-
peratures.

6. The turbine expander system of claim 5 in which the

cryogenic temperatures are in an approximate range below
240K, -24.7° F. or -33.2° C.

7. The turbine expander system of claim 1 in which the
turbine expander is a constant speed liquefied gas expander.

8. The turbine expander system of claim 1 in which the
turbine expander is a variable speed liquefied gas expander.

9. The turbine expander system of claim 1 in which the
cryogenic liquid pressure vessel is made of stainless steel.

10. The turbine expander system of claim 1 in which the
three-way valve is configured to direct the incoming liquefied
gas flow to the internal bypass configuration only when the
turbine expander is not operational.



US 2014/0283549 Al

11. The turbine expander system of claim 1 in which the
three-way valve is configured to direct all incoming liquefied
gas flow to the internal bypass configuration when the turbine
expander is not operational.

12. The turbine expander system of claim 1 in which the
three-way valve is configured to direct a predetermined
amount of incoming liquefied gas flow to the internal bypass
configuration when the turbine expander is not operational at
load.

13. The turbine expander system of claim 1 further com-
prising an external bypass configuration.

14. The turbine expander system of claim 13 in which the
external bypass configuration further comprising connecting
pipes and a Joule-Thomson valve.

15. The turbine expander system of claim 13 in which the
external bypass configuration is configured to direct the
incoming liquefied gas flow to the external bypass configu-
ration as desired.

16. The turbine expander system of claim 13 in which the
external bypass configuration is configured to direct the
incoming liquefied gas flow to the external bypass configu-
ration only when both the turbine expander and the internal
bypass configuration are not operational at the same time.

17. The turbine expander system of claim 13 in which the
external bypass configuration is configured to direct the
incoming liquefied gas flow to the external bypass configu-
ration when either the turbine expander or the internal bypass
configuration are not operational.

18. The turbine expander system of claim 13 in which the
external bypass configuration is configured to direct all the
incoming liquefied gas flow to the external bypass configu-
ration only when both the turbine expander and the internal
bypass configuration are not operational at the same time.
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19. The turbine expander system of claim 1 in which the
turbine expander comprises two separate cryogenic turbine
expanders, operable in parallel, in series or individually.

20. The turbine expander system of claim 19 in which the
two cryogenic turbine expanders are identical.

21. The turbine expander system of claim 19 in which the
two cryogenic turbine expanders are different.

22. The turbine expander system of claim 19 in which the
two cryogenic turbine expanders are supported intermedi-
ately relative to the cryogenic liquid pressure vessel.

23. The method of claim 1 further comprises:

D. directing the incoming high pressure liquefied gas flow
through an external bypass configuration, the external
bypass configuration further comprising a conventional
Joule-Thomson valve and a pipe system.

24. A method for operating cryogenic liquefied gas
expander systems for flammable liquefied gases according to
an optimal performance specification wherein the liquefied
gas expander is mounted inside an explosion-proof stainless
steel pressure vessel alongside a liquefied flammable gas
bypass system, the gas bypass system comprising a pipe and
throttling valve also maintained at cryogenic liquids tempera-
tures for safely handling the flow of flammable liquefied
gases when the gas expander is not operational, the improve-
ment comprising the steps of configuring the pipe and valve
bypass system inside the stainless steel pressure vessel adja-
cent the liquefied gas expander such that the entire configu-
ration is maintained at cryogenic liquids temperatures, fur-
ther providing a three-way valve adjacent the inlet of the
stainless steel pressure vessel to direct the flow either through
the expander or through the bypass system, and operating the
gas expander system at the best efficiency point as

determined based upon the actual operating input param-
eter.



