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METHOD FOR THE PRODUCTION OR TREATMENT OF AT LEAST ONE INDUSTRIAL GAS

WITH HIGH- EFFICIENCY CENTRALISED HEAT SUPPLY

(57) A method comprising:

a) producing or treating an industrial gas by a plant (12)
comprising heat-receiving units thermally independent
from one another, and at least one heat source (22),

b) obtaining a compressed gas (26) by compressing a
working gas (28),

c) dividing the compressed gas into compressed gas
streams (32),

d) performing heat exchanges between the compressed
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gas streams and the heat-receiving units, and conden-
sing the compressed gas streams into liquid streams
(36).

e) expanding the liquid streams and obtaining an ex-
panded stream (46),

f) vaporizing the expanded stream by heat exchange with
at least the heat source, and obtaining of a gas stream
(50),

g) obtaining the working gas from at least the gas stream.
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Description

[0001] The present disclosure relates to a gas produc-
tion or treatment method for producing or treating an
industrial gas, which includes producing or treating the
industrial gas by a plant comprising a plurality of heat-
receiving units that are thermally independent from one
another.

[0002] The disclosure also relates to a corresponding
gas production or treatmentinstallation, thatis capable of
producing or treating the industrial gas.

[0003] Forthe purposes and within the meaning of this
application, the term"industrial gas" is used to referto any
fluid used industrially, whether it be in gaseous or liquid
state. The industrial gas may comprise, for example,
liquefied petroleum gas (or LPG), ethylene, or liquefied
natural gas (LNG). The production plant may comprise,
for example, a petrochemical plant, a refinery, an LNG
plant, or a floating production, storage and offloading
("FPSQ", as per accepted terminology) unit.

[0004] In one or more example configurations, such a
production plant comprises a plurality of heat-receiving
units that may be referred to herein as thermally inde-
pendent from one another, in the sense that the load rate
of one does not directly influence the load rate of the
other. As a consequence, the amounts of heat received
by these units are not directly linked one with another.
The heat-receiving units may also generally have a
clearly identifiable function: reboiler at the bottom of a
distillation or separation column, such as a debutaniser,
etc. The load rate can be understood as the quantity of
gas/product handled by the different process units of a
plant.

[0005] A plant is usually divided in different process
units that achieve different tasks, such as transformation
or purification. Due to these different tasks, the heat
amounts received by the different units are not propor-
tional or linked in a way to the plant capacity.

[0006] There are three main types of heat transfer
fluids used to supply heat to the heat-receiving units:
steam, hot water, and hot oil. These high temperature
heat transfer fluids are typically produced by boilers or
furnaces, or by recovering heat from the exhaust gases
from one or more gas turbines. As a result, the heating
fluids may be heated by combustion and are therefore
generally notdecarbonised or carbon neutral (i.e. they do
not serve to reduce greenhouse gas (GHG) and carbon
dioxide emissions).

[0007] Heat transfer fluids may also be heated using
any of a variety of boilers, heaters or electric furnaces.
However, the thermal performance (efficiency) of such
equipment units can be limited. For example, 1 MW of
electricity is consumed in order to produce a little less
than 1 MW of heat.

[0008] Thermodynamicsystems may also be used that
are capable of supplying heat to a heat-receiving unit, for
example by using the waste heat from this unit and an
external energy source. However, these systems are
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difficult to balance, in particular during the start-up phase
of the heat-receiving unit, orin the event of a change inits
load. This adds to the complexity of operation.

[0009] One aspect of the disclosure is therefore to
improve performance metrics of gas processing systems
and methods, At least one aspect, for example, is to
provide a gas production method for producing at least
one industrial gas which reduces greenhouse gas emis-
sions, CO2 in particular, without increasing energy costs
to any significant extent, and which is easy to implement
operationally.

[0010] To this end, an aspect of the disclosure relates
to a gas production method for producing at least one
industrial gas, a method comprising:

a) producing or treating an industrial gas by a plant
comprising a plurality of heat-receiving units that are
thermally independent from one another, the plant
comprising at least one heat source;

b) obtaining a compressed gas by compressing at
least one working gas;

c) dividing the compressed gas in order to obtain a
plurality of compressed gas streams;

d) performing heat exchanges respectively between
the plurality of compressed gas streams and the
heat-receiving units, the compressed gas streams
releasing and transferring heat respectively to the
heat-receiving units, and the compressed gas
streams condensing so as to form a plurality of liquid
streams;

e) expanding the liquid streams in order to obtain one
or more expanded stream(s), and obtaining an ex-
panded stream from at least the expanded streams,
the expanded stream being at a first expansion
pressure;

f) vaporizing the expanded stream by heat exchange
with at least said heat source, and obtaining a gas
stream; and

g) obtaining the working gas from at least the gas
stream.

[0011] According to otheraspects of the disclosure, the
method includes one or more of the following character-
istic features, taken into consideration in isolation or in
accordance with any technically feasible combination:

- theworking gas comprises a hydrocarbon, a mixture
of hydrocarbons, CO2, or ammonia;

- the heat-receiving units are capable of heating a
liquid, a gas or a two-phase mixture;

- for atleast a certain period of time, at least a fraction
of the compressed gas obtained in step b) is con-
densed by heat exchange with a coolant fluid in order
to obtain a liquid stream;

- inadditiontoorin substitution of steps c), d), e), f)and
g), at least a fraction of the said liquid stream is
expanded in order to obtain a stream, and a fraction
of the compressed gas obtained in step b) is ex-
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panded in order to obtain a gas stream; and the
working gas compressed in step b) is obtained at
least in part from the said gas stream and the said
stream;

step e) includes:

e1) expanding the liquid streams in order to
obtain the one or more expanded stream(s),
and obtaining a second expanded stream which
is at least partially liquid from the one or more
expanded stream(s), the second expanded
stream being at a second expansion pressure;
e2) obtaining the expanded stream, with the first
expansion pressure being lower than the sec-
ond expansion pressure, obtaining of the ex-
panded stream comprising at least one expan-
sion of the second expanded stream;

in addition to orin substitution of steps c), d), and sub-
step e1), at least a fraction of said liquid stream is
expanded in order to obtain an expanded stream at
the second expansion pressure, the second ex-
panded stream used in sub-step e2) being obtained
at least from the said expanded stream;

the plant comprises at least a first additional unit that
is thermally independent from the heat-receiving
units and from the heat source, the first additional
unit receiving heat at a lower temperature level than
the heat-receiving units; in sub-step e1), the one or
more expanded stream(s) are received in a first
capacitor at the second expansion pressure, the
second expanded stream being liquid and extracted
at the bottom of the first capacitor, a first gas stream
being extracted at the top of the first capacitor; and at
least a portion of the first gas stream transfers heat to
the first additional unit by condensing so as to form a
liquid stream;

in step b), at least a fraction of the first gas stream is
compressed in order to obtain the compressed gas;
the plantincludes at least one second additional unit
thatis thermally independent from the heat-receiving
units, from the first additional unit and from the heat
source, the second additional unitreceiving heatata
lower temperature level than the first additional unit;
and in sub-step e2), the expansion of the second
expanded stream produces an expanded stream
that is received in a second capacitor, a first liquid
stream being extracted at the bottom of the second
capacitor, a second gas stream being extracted at
the top of the second capacitor, at least a portion of
the second gas stream transferring heat to the sec-
ond additional unit by condensing so as to form a
second liquid stream, the first liquid stream and the
second liquid stream being expanded in order to
obtain the expanded stream; and

in step b), atleast a fraction of the second gas stream
is compressed in order to obtain the compressed
gas.
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[0012] Anotheraspectofthe disclosure relates toagas
production installation for producing at least one indus-
trial gas comprising:

a) a plant capable of producing or treating an indus-
trial gas, the plant comprising a plurality of heat-
receiving units that are thermally independent from
one another, the plant comprising at least one heat
source;

b) a compression unit that is capable of producing a
compressed gas from at least one working gas;

c¢) one or more dividers that are capable of dividing
the compressed gas into a plurality of compressed
gas streams;

d) heat exchangers adapted for performing heat
exchanges respectively between the plurality of
compressed gas streams and the heat-receiving
units, the compressed gas streams releasing and
transferring heat respectively to the heat-receiving
units, and condensing so as to form a plurality of
liquid streams;

e) a fluid expansion system that is capable of ex-
panding the liquid streams in order to obtain one or
more expanded stream(s), and obtain an expanded
stream from at least the expanded streams, the
expanded stream being at a first expansion pres-
sure; and

f) an evaporator that is capable of vaporizing the
expanded stream, by heat exchange with atleast the
said heat source, and of producing a gas stream;

the installation being capable of obtaining the working
fluid from at least said gas stream.

[0013] The disclosure will become more clearly appar-
ent upon reading the following description, provided so-
lely by way of non-limiting example, and with reference
being made to the drawings, in which:

- Figure 1 is a schematic diagram representing an
installation according to one example embodiment
of the disclosure, and

- Figure 2 is a schematic diagram representing an
installation according to another example embodi-
ment of the disclosure.

[0014] In the figures, the arrows represent without
distinction the material flows of a method according to
the disclosure, and the pipes, or pipe systems, that con-
vey these flows in an installation according to the dis-
closure.

[0015] With reference to Figure 1, a gas production or
treatment installation 10 for producing or treating an
industrial gas is described.

[0016] The industrial gas may comprise, for example,
LPG, ethylene, anthropogenic CO2, or any other indus-
trial gas known per se.

[0017] The installation 10 is for example on land. By
way of a variant, the installation 10 may comprise, for
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example, an FPSO. Generally, a Floating Production
Storage and Offloading (FPSO) vessel may include a
floating vessel that acts as a mobile offshore production
and storage facility equipped with processing equipment
for the separation, storage and offloading of hydrocar-
bons. When such hydrocarbons are processed, they may
be safely stored in the FPSO until it can be offloaded onto
a tanker or a pipeline for transportation ashore.

[0018] In the representative example of FIG. 1, the
installation 10 includes a plant 12 that is capable of
producing or treating at least the said industrial gas, this
plantbeing represented, in part, in the form of a plurality of
heat-receiving units 14, 16, 17, 18, 20. The term "heat-
receiving unit" may be used herein to generally describe
any component of the plant 12 that, in its operation,
receives heat to perform a component function.

[0019] InFIG.1,the heat-receivingunits 14,16,17,18,
and 20 are thermally independent from one another, and
at least one heat source 22 that is preferably thermally
independent from the heat-receiving units. The term
"thermally independent" is used to indicate, for example,
that the load rate of one of the heat-receiving units 14 to
20 does not directly or appreciably influence the load rate
of another. Additionally, the heat requirements of one
may not be linked to the heat requirements of the others,
nor to the availability of the heat source 22. Advanta-
geously, the heat-receiving units have distinct and iden-
tifiable functions within the plant 12.

[0020] Inthis example, the heat-receiving units 14, 16,
17, 18, and 20 are along parallel material flow paths as
represented by the arrows. The heat-receiving units may
also be distinct structures, such that one heat-receiving
unit may be interconnected within the plant 12 along a
material flow path separately from another heat-receiving
unit. The heat-receiving units 14, 16, 17, 18, and 20 may
also be physically separated, as shown, such although
they may be interconnected in terms of flow path the
structure of the heat-receiving units are not in direct
thermal engagement with one another.

[0021] In addition to the plant 12, the installation 10
includes: a compression unit 24 that is capable of produ-
cing a compressed gas 26 from at least one working gas
28, dividers 30 for dividing the compressed gas into a
plurality of compressed gas streams 32, and heat ex-
changers 34 that are capable of performing heat ex-
changes respectively between the compressed gas
streams 32 and the heat-receiving units 14 to 20, with
the compressed gas streams releasing and transferring
heat respectively to the heat-receiving units, and con-
densing so as to form a plurality of liquid streams 36.
[0022] The installation 10 includes a fluid expansion
system 37 that is capable of expanding the liquid streams
36 in order to obtain one or more expanded stream(s) 40,
and obtain an expanded stream 46 at a first expansion
pressure P1.

[0023] In the example, the fluid expansion system
37includes a first sub-system 38 that is capable of ex-
panding the liquid streams 36 in order to obtain the one or
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more expanded streams 40, and obtain a second ex-
panded stream 42 that is at least partially liquid from the
one or more expanded streams, the second expanded
stream being at a second expansion pressure P2 that is
greater than the first expansion pressure P1. The fluid
expansion system 37 includes a second sub-system 44
thatis capable of producing the expanded stream 46, the
second sub-system being capable of expanding the sec-
ond expanded stream 42.

[0024] The installation 10 includes an evaporator 48
that is capable of evaporating the expanded stream 46,
by heat exchange with at least the said heat source 22,
and of producing a gas stream 50.

[0025] Theinstallation 10 includes, for example, a heat
exchanger 52 that is capable of superheating the gas
stream 50 by heat exchange with the second expanded
stream 42 and of producing a superheated gas 54, with
the said working gas 28 comprising at least the super-
heated gas.

[0026] By way of a variant, the installation 10 does not
include such an exchanger 52, and the working gas 28
comprises at least the gas stream 50.

[0027] In the example, the installation 10 includes a
heat exchanger 56 that is capable of condensing at least
a fraction 58 of the compressed gas 26 by heat exchange
with a coolant fluid 60 and of producing a liquid stream 62
thatis intended to be sent either to the first subsystem 38
in order to be expanded therein, or to the inlet of the
compression unit 24 after at least one expansion. In the
example, all the compressed gas flowing into the heat
exchanger 56 is condensed, this compressed gas being
a fraction or all of the compressed gas 26 exiting the
compression unit 24. This makes it possible to ensure the
operating flexibility of the installation 10.

[0028] The installation 10 includes, for example, a
storage capacitor 64 in order to contain a portion of the
working gas 28, and advantageously a gas source 66 that
is capable of supplying a working gas make-up 68. Ad-
vantageously, the installation 10 includes a purge system
(not represented) for purging the working fluid.

[0029] The installation 10 is advantageously capable
of expanding a flow representing a fraction 70 of the
compressed gas 26 and producing a gas stream 72 that
is intended to be sent to the storage capacitor 64. For
example, the installation 10 is capable of expanding a
flow representing a fraction 74 of the compressed gas 26
and producing a stream 76 that is intended to be sent
directly to the first sub-system 38 without passing through
the heat-receiving units 14 to 20, this being in order to
ensure maximum operating flexibility.

[0030] The installation 10 may include additional reg-
ulation and control systems which are not expressly
shown.

[0031] In the installation 10, the expansion of fluids is
carried outin valves, turbines or any system known per se
to the person skilled in the art, regardless of the repre-
sentation thereof in Figure 1.

[0032] For example, the working gas 28 comprises,
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and according to one particular embodiment is, a hydro-
carbon or a mixture of hydrocarbons, in particular ethane,
propane, butane, pentane, isopentane and cyclopen-
tane.

[0033] Advantageously, in one or more examples, in
the event that the working gas 28 comprises only one
single hydrocarbon, the proportion thereofis atleast 70%
by mass.

[0034] Advantageously, in one or more examples, the
mixture of hydrocarbons comprises, in a proportion of at
least 70% by mass, of propane, butane, or a mixture of
propane and butane. For example, the working gas com-
prises at least 80% by mass of butane.

[0035] According to one or more other examples, the
working gas 28 comprises, at least 80% by mass, of CO2
or ammonia. According to one particular embodiment,
the working gas 28 is CO2 or ammonia.

[0036] Inthe example, the plant 12 in addition includes
two additional units 78, 80 that are thermally independent
from the heat-receiving units 14 to 20 and from the heat
source 22, and that consume heat at alower temperature
level than the heat-receiving units 14 to 20.

[0037] According to other variants that are not ex-
pressly shown but are within the scope of the disclosure,
the plant 12 includes only one of these two additional
units, or at least three additional units.

[0038] Advantageously, the plant 12 also comprises at
least one other additional unit 82 that is thermally inde-
pendent from the heat-receiving units 14 to 20 and from
the heat source 22, and that consumes heat at a lower
temperature level than the two additional units 78, 80.
[0039] According to particular embodiments, the heat-
receiving units 14 to 20 are a distillation column or se-
paration column reboiler, or more generally a heater for
liquid, gas or atwo-phase mixture. Forexample, the heat-
receiving units 14 to 20 are at least five in number.
[0040] The heatsource 22is, forexample, one referred
to as a "waste" heat source, or simply a stream of water
(notrepresented) to be cooled, this stream being capable
of transferring its heat.

[0041] Forexample, the two additional units 78, 80 are
a de-icing heater, a washing column reboiler, or more
generally a heater for liquid, gas or a two-phase mixture.
[0042] For example, the other additional unit 82 is a
feed gas preheater, or more generally a heater for liquid,
gas or a two-phase mixture.

[0043] The first subsystem 38 comprises, for example,
a first capacitor 84 that is capable of receiving the one or
more expanded stream(s) 40 at the second expansion
pressure P2.

[0044] The second sub-system 44 comprises, for ex-
ample, a second capacitor 90 that is capable of receiving,
in particular, an expanded stream 92 resulting from the
expansion of the second expanded stream 42.

[0045] The compression unit 24 comprises, for exam-
ple, a compressor 93, advantageously a centrifugal com-
pressor. The compression unit 24 comprises a main inlet
94 for the working gas 28, an outlet 96 for the compressed

10

15

20

25

30

35

40

45

50

55

gas 26, and in the example two additional inlets 98, 100
for receiving a first gas stream 102 and a second gas
stream 104 from the first capacitor 84 and the second
capacitor 90 respectively.

[0046] The operation of the installation 10 illustrates a
method according to the disclosure and will hereinafter
be described. In other words, the installation 10 is cap-
able of operationally implementing this method accord-
ing to the disclosure.

[0047] The working gas 28 constitutes a working fluid
which circulates in gaseous, liquid, or possibly two-phase
form in a closed circuit 106 (with the exception of any
eventual make-up and purging) formed by the installation
10.

[0048] According to one advantageous embodiment,
the working gas 28 is supplied by the plant 12 itself.
[0049] By way of a variant, the working gas 28 origi-
nates from another source (not represented).

[0050] Inastepa),theindustrial gasis produced by the
plant 12.

[0051] Inastepb), the compressed gas 26 is obtained
by compressing at least the working gas 28 in the com-
pression unit 24. The working gas 28 is, for example, ata
pressure of 2 bar absolute and at 40°C. The compressed
gas 26 is for example at 34 bar absolute and 150°C.
[0052] Inastepc),the compressed gas 26isdivided by
the dividers 30 in order to obtain the plurality of com-
pressed gas streams 32.

[0053] In a step d), the heat exchanges are respec-
tively brought about between the plurality of compressed
gas streams 32 and the heat-receiving units 14 to 20 in
the exchangers 34, with the compressed gas streams
releasing and transferring heat respectively to the heat-
receiving units, and condensing so as to form the plurality
of liquid streams 36. The liquid streams 36 are, for ex-
ample, at approximately 33 bar absolute and 140°C.
[0054] Inastepe), the liquid streams 36 are expanded
in order to obtain the expanded streams 40, and the
expanded stream 46 is obtained at the first expansion
pressure P1. The expanded stream 46 is, for example, at
2.2 bar absolute (first expansion pressure) and 18°C.
[0055] By way of a variant (not represented), the liquid
streams 36 are combined together and expanded so as to
form a single expanded stream (not represented).
[0056] Inthe example, the step €) includes a sub-step
e1), in which the liquid streams 36 are expanded in order
to obtain the expanded streams 40, and the second
expanded stream 42 is obtained from the one or more
expanded stream(s) 40 at the second expansion pres-
sure P2. The second expansion pressure P2 is, for ex-
ample, approximately 10 to 15 bar absolute. The step €)
also includes a sub-step €2), in which the expanded
stream 46 is obtained at the first expansion pressure
P1, this obtaining of the stream comprising at least one
expansion of the second expanded stream 42, for ex-
ample in a valve 107.

[0057] In a step f), the expanded stream 46 is va-
porised in the evaporator 48 by heat exchange with the
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heat source 22, and the gas stream 50 is obtained.
[0058] For example, the gas stream 50 is then super-
heated in the heat exchanger 52 by heat exchange with
the second expanded stream 42, in order to obtain the
superheated gas 54, for example at 40°C.

[0059] Inastep h), the working gas 28 is obtained from
atleast the gas stream 50 (possibly superheated), and is
advantageously stored in the storage capacitor 64.
[0060] Possibly, for atleast a certain period of time, for
example during the start-up of the plant 12, or during a
drop in the load of the production plant, at least the
fraction 58 of the compressed gas 26 is condensed by
heat exchange with the coolant fluid 60 in order to obtain
the liquid stream 62. This is carried out, for example,
when the heat requirement of the heat-receiving units 14
to 20 is less than a nominal requirement, corresponding
to the quantity of heat that the compressed gas 26 could
release and transfer by condensing completely.

[0061] According to afirst possibility, in addition to orin
substitution (by-passing) of the steps c¢), d), and sub-step
e1), at least a fraction 108 of the liquid stream 62 is
expanded in order to obtain a stream 110 at the second
expansion pressure P2. The second expanded stream
42 used in implementation in the sub-step e2) is obtained
at least from the said stream 110.

[0062] The term "in substitution of" is used to indicate
that the steps c), d) and sub-step e1) temporarily do not
take place. The exchangers 34 are then completely "by-
passed" (as per accepted terminology).

[0063] According to a second possibility, in addition to
orin substitution of the steps c¢), d), e), f) and g), atleast a
fraction 112 of the liquid stream 62 is expanded in order to
obtain a stream 114. The fraction 70 of the compressed
gas 26 obtained in the step b) is expanded in order to
obtain the gas stream 72. The working gas 28 is obtained
at least in part from the said gas stream 72 and the said
stream 114.

[0064] By way of a variant or in addition, for at least a
certain period of time, the fraction 74 of the compressed
gas 26 is expanded in order to produce the stream 76 that
is sent directly to the first sub-system 38 without passing
through the heat-receiving units 14 to 20.

[0065] In the sub-step e1), in the example, the ex-
panded streams 40 are received in the first capacitor
84 at the second expansion pressure P2. The second
expanded stream 42 is liquid and extracted at the bottom
of thefirst capacitor 84. Afirst gas stream 116 is extracted
at the top of the first capacitor 84, and for example is at
80-120°C.

[0066] In the example, the first gas stream 116 is
divided into at least two gas streams 118, 120 which
transfer heat to the two additional units 78, 80 by con-
densing in order to form two liquid streams 122, 124. The
two liquid streams 122, 124 are expanded and sent to the
second capacitor 90.

[0067] Optionally, in the step b), at least a fraction 102
of the first gas stream 116 is compressed in the compres-
sion unit 24 in order to obtain the compressed gas 26. For
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example, the totality of the first gas stream 116 is com-
pressed if the two additional units 78, 80 do not require
heat.

[0068] Inthe sub-step e2), the expansion of the second
expanded stream 42 produces, for example, the ex-
panded stream 92 thatis received in the second capacitor
90. The second capacitor 90 is at a third expansion
pressure P3, which lies between the first expansion
pressure P1 and the second expansion pressure P2.
[0069] The third expansion pressure P3 is, for exam-
ple, 5-6 bar absolute.

[0070] For example, a first liquid stream 126 is ex-
tracted at the bottom of the second capacitor 90, and a
second gas stream 128 is extracted at the top of the
second capacitor, for example at a temperature of 30 to
60°C. Atleasta portion 130 of the second gas stream 128
transfers heat to the other additional unit 82 by conden-
sing so as to form a second liquid stream 132. The first
liquid stream 126 and the second liquid stream 132 are
expanded in order to obtain the expanded stream 46.
[0071] Optionally, in the step b), at least the fraction
104 of the second gas stream 128 is compressed in order
to obtain the compressed gas 26. For example, the
totality of the second gas stream 128 is compressed if
the other additional unit 82 does not require heat.
[0072] Thanks to the characteristic features described
here above, the supply of heat to the heat-receiving units
14 to 20, and possibly 78, 80, 82, does not necessitate
either resorting to the combustion of hydrocarbons in
furnaces or boilers, or to electric heating. The industrial
gas produced or treated in the plant 12 is therefore at
leastin partdecarbonised, while providing a good level of
performance (efficiency). In fact, the heat produced and
transferred to the heat-receiving units is produced with a
high degree of efficiency: 1 MW of electricity consumed in
the compression unit 24 being able to supply up to 4 MW
of thermal power produced and transferred to the heat-
receiving units. The Coefficient of Performance (COP) is
therefore around 4.

[0073] The method is also simple to implement in
operation, thanks to the heat-receiving units 14 to 20
and the heat source 22 being independent of each other.
Advantageously, the steps b) to h) may be started up with
aminimum heat demand on the part of the heat-receiving
units, and in a manner that is not correlated with the start-
up of the units of the plant 12.

[0074] The working fluid may advantageously be pro-
duced on site by the plant 12. All of the equipment units
used in operation in order to carry out the steps of the
method are readily available and often already used
individually in an industrial gas production or treatment
plant.

[0075] The disclosure provides the means for supply-
ing heat to numerous units, and potentially to the entire
plant 12, in a centralised manner.

[0076] Figure 2 represents an installation 200 accord-
ing to one other example embodiment of the disclosure.
The installation 200 is similar to the installation 10 re-
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presented in Figure 1 in certain respects. The similar
elements therein bear the same numerical references
and will not be described again. However, one difference
is that, in the installation 200, the plant 12 includes, for
example, only two heat-receiving units, or only two of the
units thereof are supplied with heat by the working fluid
circulating in the circuit 106.

[0077] The plant 12 may omit the units 78, 80, 82
shown in Figure 1, or these units do not receive heat
from the working fluid and are therefore not represented.
[0078] The installation 200 may include only the first
subsystem 38, which is simplified, and may omit the
subsystem 37 shown in Figure 1.

[0079] Thefirstsub-system 38 does notinclude thefirst
capacitor 84, and for example is limited to two expansion
valves 202, 204.

[0080] The installation 200 does not include the heat
exchanger 52 represented in Figure 1.

[0081] The expanded stream 46 is obtained, for ex-
ample, directly after combining together the expanded
streams 40. The expanded stream 46 is, for example, a
liquid or a two-phase stream (with a liquid phase and a
gaseous phase).

[0082] Forexample, the entirety of the liquid stream 62
derived from the fraction 58 of the compressed gas 26
may possibly be expanded in order to obtain the stream
114.

[0083] For example, itis not intended that the fraction
74 of the compressed gas be expanded and sent directly
to the first sub-system 38.

[0084] The installation 200, although simplified, oper-
ates in a manner analogous to the installation 10 and
offers similar advantages.

Claims
1. A method comprising:

a) producing or treating an industrial gas by a
plant (12) comprising a plurality of heat-receiv-
ing units (14, 16, 17, 18, 20) that are thermally
independent from one another, the plant (12)
comprising at least one heat source (22);

b) obtaining acompressed gas (26) by compres-
sing at least one working gas (28);

c¢) dividing the compressed gas (26) in order to
obtain a plurality of compressed gas streams
(32);

d) performing heat exchanges respectively be-
tween the plurality of compressed gas streams
(32) and the heat-receiving units (14, 16, 17, 18,
20), the compressed gas streams (32) releasing
and transferring heat respectively to the heat-
receiving units (14, 16, 17, 18, 20), and the
compressed gas streams (32) condensing so
as to form a plurality of liquid streams (36);

e) expanding the liquid streams (36) in order to
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obtain one or more expanded stream(s) (40),
and obtaining an expanded stream (46) from at
least the expanded streams (40), the expanded
stream (46) being at a first expansion pressure;
f) vaporizing the expanded stream (46) by heat
exchange with at least said heat source (22),
and obtaining a gas stream (50); and

g) obtaining the working gas (28) from at least
the gas stream (50).

2. The method according to claim 1, wherein the work-
ing gas (28) comprises a hydrocarbon, a mixture of
hydrocarbons, CO2, or ammonia.

3. The method according to claim 1 or 2, wherein the
heat-receiving units (14, 16, 17, 18, 20) are capable
of heating a liquid, a gas or a two-phase mixture.

4. The method according to any one of claims 1 to 3,
wherein, for atleast a certain period of time, atleasta
fraction (58) of the compressed gas (26) obtained in
step b) is condensed by heat exchange with a cool-
ant fluid (60) in order to obtain a liquid stream (62).

5. The method according to claim 4, wherein :

-in addition to or in substitution of steps c), d), e),
f)and g), atleastafraction (112) of the said liquid
stream (62) is expanded in order to obtain a
stream (114), and a fraction (70) of the com-
pressed gas (26) obtainedin step b) is expanded
in order to obtain a gas stream (72); and

- the working gas (28) compressed in step b) is
obtained atleast in part from the said gas stream
(72) and the said stream (114).

6. The method according to any one of claims 4 or 5,
wherein step €) includes:

e1) expanding the liquid streams (36) in order to
obtain the one or more expanded stream(s) (40),
and obtaining a second expanded stream (42)
which is at least partially liquid from the one or
more expanded stream(s) (40), the second ex-
panded stream (42) being at a second expan-
sion pressure;

e2)obtaining the expanded stream (46), with the
first expansion pressure being lower than the
second expansion pressure, obtaining of the
expanded stream (46) comprising at least one
expansion of the second expanded stream (42).

7. The method according to claim 6, wherein, in addi-
tion to or in substitution of steps c), d), and sub-step
e1), atleast a fraction (108) of said liquid stream (62)
is expanded in order to obtain an expanded stream
(110) at the second expansion pressure, the second
expanded stream (42) used in sub-step e2) being
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obtained at least from the said expanded stream
(110).

The method according to any one of claims 6 or 7,
wherein :

- the plant (12) comprises at least a first addi-
tional unit (78) that is thermally independent
from the heat-receiving units (14, 16, 17, 18,
20) and from the heat source (22), the first
additional unit (78) receiving heat at a lower
temperature level than the heat-receiving units
(14, 16, 17, 18, 20),

- in sub-step e1), the one or more expanded
stream(s) (40) are received in a first capacitor
(84) at the second expansion pressure, the sec-
ond expanded stream (42) being liquid and ex-
tracted at the bottom of the first capacitor (84), a
first gas stream (116) being extracted at the top
of the first capacitor (84), and

- at least a portion (118) of the first gas stream
(116) transfers heat to the first additional unit
(78) by condensing so as to form a liquid stream
(122).

The method according to claim 8, wherein, in step b),
atleast a fraction (102) of the first gas stream (116) is
compressed in order to obtain the compressed gas
(26).

The method according to any one of claims 6 to 9,
wherein :

- the plant (12) includes at least one second
additional unit (82) that is thermally independent
from the heat-receiving units (14, 16,17, 18, 20),
from the first additional unit (78) and from the
heat source (22), the second additional unit (82)
receiving heat at a lower temperature level than
the first additional unit (78); and

- in sub-step e2), the expansion of the second
expanded stream (42) produces an expanded
stream (92) that is received in a second capa-
citor (90), a first liquid stream (126) being ex-
tracted at the bottom of the second capacitor
(90), a second gas stream (128) being extracted
at the top of the second capacitor (90), at least a
portion (130) of the second gas stream (128)
transferring heat to the second additional unit
(82) by condensing so as to form a second liquid
stream (132), the firstliquid stream (122) and the
second liquid stream (132) being expanded in
order to obtain the expanded stream (46).

11. The method according to claim 10, wherein, in step

b), at least a fraction (104) of the second gas stream
(128) is compressed in order to obtain the com-
pressed gas (26).
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12. An installation (10; 200) comprising:

a) a plant (12) capable of producing or treating
an industrial gas, the plant (12) comprising a
plurality of heat-receiving units (14, 16, 17, 18,
20; 17, 18) that are thermally independent from
one another, the plant (12) comprising at least
one heat source (22);

b) a compression unit (24) that is capable of
producing a compressed gas (26) from at least
one working gas (28);

c¢) one or more dividers (30) that are capable of
dividing the compressed gas (26) into a plurality
of compressed gas streams (32);

d) heat exchangers (34) adapted for performing
heat exchanges respectively between the plur-
ality of compressed gas streams (32) and the
heat-receiving units (14, 16, 17, 18, 20; 17, 18),
the compressed gas streams (32) releasing and
transferring heat respectively to the heat-receiv-
ing units (14, 16, 17, 18, 20; 17, 18), and con-
densing so as to form a plurality of liquid streams
(36);

e) a fluid expansion system (37) that is capable
of expanding the liquid streams (36) in order to
obtain one or more expanded stream(s) (40),
and obtain an expanded stream (46) from at
least the expanded streams (40), the expanded
stream (46) being at a first expansion pressure;
and

f) an evaporator (48) that is capable of vaporiz-
ing the expanded stream (46), by heat exchange
with at least the said heat source (22), and of
producing a gas stream (50);

the installation (10; 200) being capable of obtaining
the working fluid (28) from at least said gas stream
(50).
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