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[ 5 7 ] ABSTRACT 
A method of production under high pressure of a gas 
rich in methane, to which is added a volatile gaseous 
fraction in which the natural gas is brought to an inter 
mediate pressure and a volatile gaseous fraction is 
added to the natural gas at the said intermediate pres 
sure, wherein the volatile gaseous fraction is added to 
the natural gas in the liquid state, after which the mix 
ture obtained is brought to the pressure of the distri 
bution system reheated and vaporized. 

10 Claims, 2 Drawing Figures 
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ELEVATING NATURAL GAS WITH REDUCED 
CALORIFIC VALUE TO DISTRIBUTION 

PRESSURE 

This is a continuation of application Ser. No. 
837,518, filed June 30, 1969. 
The present invention has for its object a method of 

production under high pressure of a gas rich in meth 
ane, to which is added a volatile gaseous fraction, in 
which the natural gas is brought up to an intermediate 
pressure and the volatile gaseous fraction is added to 
the natural gas at the said intermediate pressure. 
The method of production according to the present 

invention is equally well applicable to the case of liquid 
natural gas in which the content of hydrocarbons 
heavier ‘than methane is relatively high, as to the case 
of liquid natural gas having a low content of hydrocar 
bons heavier than methane, that is to say in which it 
would not be necessary to separate out the hydrocar~ 
bons heavier than methane from the natural gas. 

In the case of liquid natural gas having a relatively 
high content of hydrocarbons heavier than methane, it 
is known that before sending the natural gas under 
high-pressure into a distribution system, it is desirable 
to eliminate from it the relatively heavy hydrocarbons 
such as propane, butanes and less volatile homologues, 
and also sometimes a part of the ethane. When the nat 
ural gas is obtained by re~vaporization of natural gas in 
the liquid state under low pressure, the liquid natural 
gas is subjected to a partial vaporization, followed by 
recti?cation of the residual liquid fraction, so as to sep 
arate out a residual liquid consisting of hydrocarbons 
of C3 and higher, with sometimes a part of the initial 
ethane, substantially free from methane. 
The gas which is compressed and sent into a distribu 

tion system has sometimes however a calori?c power 
which is too high for the use for which it is intended, 
whether this use is industrial or domestic. This calori?c 
power can be reduced by the addition of a non 
combustible gas such as air or nitrogen, that is to say 
of a gaseous fraction which is more volatile than meth 
ane. 

However, while the liquid natural gas can be brought 
up to the pressure of the system, at least partly in the 
liquid phase, and therefore with a small expenditure of 
power, the more volatile gaseous fraction necessitates 
a compressor having a large output from the initial 
pressure of this gas, generally in the vicinity of atmo 
spheric pressure, up to the high pressure of the distribu 
tion system and which therefore has a large number of 
compression stages. This compressor is costly and ne 
cessitates close supervision and a high consumption of 
power. 

Similarly, the vapours liberated in the storage tanks 
of lique?ed natural gas resulting from the passage of 
heat through the lagging may also be recovered by re 
compressing them in the same compressor as the non 
combustible gas when a non-combustible gas is added 
to the natural gas in order to reduce its calori?c power, 
but this recompression requires an additional expendi 
ture of power. 
The method of the invention has for its object to rem 

edy the disadvantages indicated above, and to permit 
the addition to the gas, freed from relatively little vola 
tile hydrocarbons, of a more volatile gaseous fraction 
constituted by a non-combustible gas, to which may 
possibly be added the vapours evolved in the storage 
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2 
tanks of the natural gas in the liquid state, with a small 
expenditure of energy, by means of a compressor hav 
ing a low ratio of the suction and delivery pressures and 
consequently comprising a small number of compres 
sion stages. 
According to the present invention the volatile gase 

ous fraction is added to the natural gas in the liquid 
state, after which the mixture obtained is brought up to 
the pressure of the distribution system, reheated and 
vaporized. 
According to one form of embodiment of the present 

invention, the volatile gaseous fraction consists wholly 
or partly of vapours rich in methane in pressure equilib 
rium with the liquid natural gas. 
According to a further form of embodiment of the 

present invention, the volatile gaseous fraction con 
sists, wholly or partly. of a non-combustible gaseous 
fraction such as air or nitrogen, that is to say of a gase 
ous fraction more volatile than methane. 
According to still another form of embodiment of the 

present invention, the volatile gaseous fraction con 
sists, at least in part, of a vapour rich in methane and 
ethane obtained from liquid natural gas under low pres 
sure, partly vaporized, from which there is separated a 
residual liquid fraction containing at least a part of the 
hydrocarbons heavier than methane, the said vapour 
rich in methane and ethane being re-lique?ed by ex 
change of heat with the natural gas during the course 
of fractionated vaporization, and is then brought-up by 
a pump to the high-pressure of production and re 
heated. 
According to one form of execution of the present 

invention, the volatile gaseous fraction formed by va 
pours rich in methane in pressure equilibrium with the 
liquid natural gas and the non-combustible gaseous 
fraction intended to be added to the gas rich in meth 
ane, is only compressed up to an intermediate pressure 
and is added to at least part of the said vapour before 
the re-liquefaction of this latter, the said intermediate 
pressure being such that the mixture of the said vapours 
and non-combustible gaseous fraction is wholly leque~ 
?ed during the course of its heat exchange with the nat 
ural gas during the fractionated vaporization. 
According to a still further form of execution of the 

present invention, the intermediate pressure is lower 
than the highest level of pressure at which is effected 
the partial vaporization of the natural gas, and the re 
sidual liquid fraction is expanded to this intermediate 
pressure before being subjected to separation into a liq 
uid containing at least part of the hydrocarbons heavier 
than methane and the said vapour rich in methane and 
ethane. 
According to another form of execution of the pres 

ent invention, at least part of the volatile gaseous frac— 
tion is compressed prior to the addition to the liquid 
natural gas. 

In another form of embodiment of the present inven 
tion, the volatile gaseous fraction is cooled before it is 
added to the liquid natural gas. 
According to still another form of embodiment of the 

present invention, the cooling is obtained by exchange 
of heat with a fraction of gas rich in methane to which 
is added a volatile gaseous fraction, at the pressure of 
the distribution system derived from the main flow be 
fore reheating and vaporization. 
According to still a further form of embodiment of 

the present invention, the liquid natural gas at the inter 
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mediate pressure is at a temperature below its boiling 
point after injection of the volatile gaseous fraction. 
FIG. 1 of the accompanying drawings shows, by way 

of non-limitative example, an installation for the pro 
duction of a gas rich in methane under high pressure, 
to which nitrogen is added so as to reduce its calori?c 
power to the desired level, from liquid natural gas 
under low pressure, in which the content of hydrocar 
bons heavier than methane is relatively high. 
The liquid natural gas coming in through the conduit 

1 at a pressure of 2 bars absolute and a temperature of 
about —1 62° C. is delivered by the pump 2 at a pressure 
of about 40 bars through the conduit 3 to the ex 
changer 4. it is reheated in this latter to about ——1 10° C 
in heat exchange with the gaseous fraction rich in 
methane arriving through the conduit 18, the origin of 
which will be indicated later. After evacuation from the 
exchanger 4 by the conduit 5, it passes into the ex 
changer 6 which ensures its heating to the vicinity of its 
boiling point, in exchange with the methane vapours to 
be re-lique?ed, coming from the separator 13. It is then 
sent through the conduit 7 into a condenser 8 at the 
head of a recti?cation column 37 which ensures the 
separation between the hydrocarbons of C3 and C1 
present in the residual liquid fraction of the natural gas. 
The natural gas thus heated to its boiling point returns 
through the conduit 9 to the exchanger 10. 
The natural gas is subjected in the exchanger 10 to 

partial vaporization by indirect exchange of heat with 
I an external water circulation shown diagrammatically 

at 1 1. It then passes through the conduit 12 to the sepa 
rator 13. 
The liquid collected in the lower portion of the sepa 

rator 13, which still contains a large proportion of 
methane, passes through the conduit 14 and the pres 
sure-reducing valve 15 at about 7 bars absolute, to the 
head of the exhaustion column 16. This column ensures 
the separation at its tank of a liquid fraction concen 
trated in hydrocarbons of C3 and higher, and at its head 
of a gaseous fraction containing substantially all the 
methane contained in the liquid coming from the sepa 
rator, with the major part of the ethane. It is provided 
at its base with a water-circulation or steam-circulation 
boiler 34. 
The volatile fraction evacuated at the head of the col 

umn 16 through the conduit 17 is sent for re 
liquefaction into the exchanger 4. There is previously 
added to it, through the conduit 22, a mixture of gase 
ous nitrogen coming from the conduit 19 and de 
gasi?cation vapours from the liquefied natural gas 
tanks (not shown), these vapours being combined with 
the nitrogen by the conduit 20. The mixture is brought 
up to a pressure of 7 bars by the turbo-compressor 21 
and, is then sent into the conduit 22. 
The mixture of volatile gases rich in methane and 

ethane, coming through the conduit 18 into the ex 
changer 4 at a temperature of about —75° C. is lique?ed 
there and again cooled to about ~l45° C in heat ex 
change with the natural gas during its reheating. 
The mixture of volatile gases rich in methane and re 

lique?ed passes through the conduit 25 into the pump 
26 which delivers it at a pressure of about 39 bars abso 
lute, equal to that existing in the separator 13. It can 
then be combined in the conduit 27 with the re 
lique?ed gaseous fraction evacuated from the ex 
changer 6 by the conduit 28. The whole mixture is ad 
mitted to the pump 29 which delivers it at a pressure 

20 

25 

45 

55 

65 

4 
of 72 bars absolute into the conduit 30 leading to the 
exchanger 31. There it is heated to about 0° C. in heat 
exchange with an external water circulation shown at 
32, and is then sent to the conduit 33 to a transport gas 
duct. 
The liquid fraction rich in hydrocarbons of C3 and 

higher, evacuated by the conduit 35 from the tank of 
the column 16, is sent through the pressure-reducing 
valve 36 at 1.3 bars into the rectification column 37, 
comprising at its head the re?ux condenser 8 already 
mentioned, and at its base the boiler 38 with external 
water circulation. 
At the head there is collected in troughs 40 a liquid 

fraction rich in propane which is sent through a conduit 
41 to the utilization sytem, and at its tank, a liquid frac— 
tion rich in butane which passes to the utilization sys 
tem through the conduit 39. 

It will be understood that various modi?cations may 
be made to the installation for heating, extraction of 
gasolene and re-compression of natural gas which has 
been described above, without thereby departing from 
the scope of the invention. 

In particular, the partial vaporization of the lique?ed 
natural gas can be effected by the method which 
formed the subject of French Pat. No. 2,501,013 of 
September 13, 1966 by the present Applicants, the gas‘ 
eous nitrogen and the methane vapours being added to 
the re-vaporized fraction of the natural gas relatively 
rich in ethane. 
A part of the natural gas can be re-lique?ed for the 

purpose of storage after extraction of gasolene. only 
the other portion being sent to the transport gas ducts 
after addition of the non-combustible gas and when so 
required, of vapours liberated in the storage tanks. 
FIG. 2 shows by way of non-limitative example, an 

installation for the production of a gas rich in methane 
under high pressure, to which nitrogen is added in 
order to reduce its calori?c power to the desired level, 
from liquid natural gas under low pressure, in which the 
content of hydrocarbons heavier than methane is small. 

The liquid natural gas coming-in through the conduit 
101 is delivered by a pump 102 through the conduit 
103 into a conduit 127, in which it is combined with a 
mixture of gas brought in through the conduit 125. The 
mixture is composed of gaseous nitrogen, brought in 
through the conduit 119, and de-gasi?cation vapours 
from the tanks of lique?ed natural gas (not shown), 
brought in through the conduit 120. This mixture is 
compressed by the compressor 121 to an intermediate 
pressure, and is then passed through the conduit 122 to 
the exchanger 104, in which it is cooled to the vicinity 
of the temperature of the liquid natural gas. it leaves 
this exchanger through the conduit 125. 
The liquid gas rich in methane from the conduit 127 

is compressed by a pump 129 to the ?nal pressure of 
the transport system, and is completely vaporized and 
reheated in the exchanger 131, to a temperature of 
about 0° C, in heat exchange with an external water cir 
culation shown at 132, after which it is sent through the 
conduit 133 to a transport gas-duct (not shown). 
A fraction of the liquid gas rich in methane, com 

pressed by the pump 129, is led through a branch con 
duit 143 into the exchanger 104, and is then combined 
in the conduit 144 with the vaporized gas rich in meth 
ane from the conduit 133. 
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EXAMPLE. 

A liquid natural gas at a temperature of —l62°C. and 
at a pressure of 1 atmosphere absolute, comprising, by 
volume: 

9315 of methane. 
0.40 ‘7: of nitrogen. 
5.95 ‘7r of ethane. 
0.40 ‘7: of propane, 
0.10 ‘7! of butane. 

is delivered by the pump 102, at an intermediate pres 
sure of 3.5 atmospheres absolute into the conduit 103, 
in which it is at a temperature of —l 6 1 .4° C, and is then 
passed into the conduit 127 in which it is combined 
with a mixture of gaseous nitrogen (non-combustible 
gaseous fraction) and de-gasi?cation vapours (vapours 
rich in methane in pressure equilibrium with the liquid 
natural gas) at —140° C. coming from the conduit 125. 

The liquid gas rich in methane to which is added a 
volatile fraction, obtained in the conduit 127, is at 
—157.8° C., that is to say at a temperature slightly lower 
than the boiling point. This liquid gas is delivered by 
the pump 129 which brings it up to the pressure of the 
system, into the conduit 142 in which it is at —147° C. 
This liquid gas is then brought into the heat exchanger 
131 in which it is vaporized and reheated to 0° C. by ex 
change of heat with an external water circulation 132, 
and leaves the installation through the conduit 133. A 
branch conduit 143 permits the vaporization in the 
heat exchanger 104 of a small portion of the liquid gas 
which is led through the conduit 144 to the conduit 
133. In the exchanger 104, the mixture of volatile gases 
and vapours, at ambient temperature, brought in by the 
conduit 122 is cooled to ——l40° C. by heat exchange 
with the small part of liquid gas derived from the main 
conduit 142. This mixture leaves the exchanger 
through the conduit 125. 
The non-combustible volatile gaseous fraction 

brought in through the conduit 120 is nitrogen in volu 
metric proportions of 6% with respect to the gas emit 
ted at 133. The vapours arriving through the conduit 
120, in volumetric proportions of 0.5 percent with re 
spect to the gase delivered at 133, are de-gasi?cation 
vapours from tanks of natural gas; they are in principle 
composed of methane (and small proportions of eth 
ane). The. mixture of nitrogen and vapours rich in 
methane in pressure equilibrium with the liquid natural 
gas. is composed in the compressor 121 before passing 
into the conduit 122. 

It will of course be understood that the invention is 
not limited to the form of execution shown; it is capable 
of receiving other alternative forms available to those 
skilled in the art, according to the applications contem 
plated, without thereby departing from the spirit of the 
invention. 
Thus, at least part of the volatile fraction added to 

the liquid natural gas may be derived from another in 
stallation, in which it is available at an intermediate 
pressure and at a suitable temperature; it is directly 
added to the liquid natural gas brought-up to this same 
intermediate pressure. 

Similarly, the method according to the present inven 
tion can be applicable to the case where a natural liquid 
gas, brought in by a tanker ship for example, is deliv 
ered directly into the distribution system, after prior 
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6 
addition of the vapours rich in methane in pressure 
equilibrium with the liquid natural gas. 
What we claim is: 
1. In a method of reducing the calori?c power of nat 

ural gas recompressed in liquid phase from a low stor 
age pressure to a high distribution pressure, by adding 
thereto a gaseous fraction which is of lower calori?c 
power than said natural gas, which is at least as volatile 
as a gas that is in equilibrium with said liquid natural 
gas under said low storage pressure, and which is ob 
tained independently and separately from said liquid 
natural gas undergoing said recompression; the im 
provement in which said method is conducted at said 
low storage pressure and at high distribution pressure 
and at least one intermediate pressure between said 
high and low pressures, comprising: 

a. compressing at least part of said natural gas in liq 
uid phase from said low storage pressure to a first 
said intermediate pressure, 

b. compressing a said gaseous fraction in vapor phase 
to a second said intermediate pressure, 

c, thereafter admixing at least a portion of said com 
pressed natural gas and said compressed gaseous 
fraction at said second intermediate pressure, 

d. compressing said admixture in liquid phase from 
said second intermediate pressure to said high dis 
tribution pressure, and 

e. vaporizing at least a part of said compressed ad 
mixture at said high pressure. 

2. A method as claimed in claim 1, in which said gas 
eous fraction comprises a non-combustible gas more 
volatile than methane, obtained from a separate source 
independently of said natural gas. 

3. A method as claimed in claim 2, said non 
combustible gas being nitrogen. 

4. A method as claimed in claim 1, in which said ?rst 
intermediate pressure to which said part of said natural 
gas in liquid phase is compressed is higher than said 
second intermediate pressure to which said gaseous 
fraction in vapor phase is compressed, partially vapor 
izing said compressed part of said natural gas in liquid 
phase under said ?rst intermediate pressure, then sepa 
rating a ?rst portion of gas rich in methane from a re 
maining liquid portion; expanding said remaining liquid 
portion to said second intermediate pressure, than sep 
arating a second portion of gas rich in methane from at 
least a residual liquid portion; and admixing at said sec 
ond intermediate pressure said second portion of gas 
rich in methane and said compressed gaseous fraction. 

5. A method as claimed in claim 4, and liquefying 
said ?rst portion of gas rich in methane and admixing 
it under said second intermediate pressure with said ad 
mixture in liquid phase prior to the compression 
thereof to said high pressure. 

6. A method as claimed in claim 1, and prior to said 
admixing under said second intermediate pressure, sep 
arating under at least a said intermediate pressure at 
least a portion of the hydrocarbons less volatile than 
methane from said compressed part of natural gas. 

7. A method as claimed in claim 1, in which said por 
tion of compressed natural gas admixed with said com 
pressed gaseous fraction is in vapor phase prior to said 
admixture, and liquefying said admixture under said 
second intermediate pressure. 

8. A method as claimed in claim 1, in which said por 
tion of compressed natural gas admixed with said com 
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pressed gaseous fraction is in liquid phase prior to said 
admixture, and dissolving said compressed gaseous 
fraction into said portion of the natural gas under said 
second intermediate pressure. 

9. A method as claimed in claim 8, in which said first 
intermediate pressure to which said part of said natural 
gas in liquid phase is compressed, is substantially equal 
to said second intermediate pressure to which said gas 
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8 
eous fraction in vapor phase is compressed. 

10. A method as claimed in claim 8, and cooling to 
a low temperature at least equal to the temperature of 
the liquid portion of compressed natural gas, and below 
ambient temperature. the compressed gaseous fraction. 
prior to its admixing with said portion of natural gas at 
said second intermediate pressure‘ 

>l< * * * * 


