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CLAIMS 

1. A method for liquefying a feed gas stream rich in methane using a first refrigeration 

system having a first refrigerant and a second refrigeration system using a second refrigerant, 

the method comprising: 5 

a. providing the feed gas stream at a pressure less than 1,200 psia (8.3x106 Pa); 

b. providing a compressed first refrigerant stream with a pressure greater than or 

equal to 1,500 psia (1.0x107 Pa), wherein the first refrigerant comprises the compressed first 

refrigerant stream; 

c. cooling the compressed first refrigerant stream by indirect heat exchange with 10 

an ambient temperature air or water, to produce a cooled first refrigerant stream; 

d. expanding the cooled first refrigerant stream in at least one work producing 

expander, thereby producing an expanded first refrigerant stream;  

e. cooling the feed gas stream to within a first temperature range by exchanging 

heat only with the expanded first refrigerant stream to form a liquefied feed gas stream and a 15 

warmed first refrigerant stream; 

f. providing a compressed second refrigerant stream, comprising the second 

refrigerant, and cooling the compressed second refrigerant stream by indirect heat exchange 

with an ambient temperature air or water, to produce a cooled second refrigerant stream; 

g. further cooling at least a portion of the cooled second refrigerant stream by 20 

exchanging heat with the expanded first refrigerant stream to form an additionally cooled, 

second refrigerant stream; 

h. expanding the additionally cooled, second refrigerant stream to form an 

expanded second refrigerant stream; and 

i. cooling the liquefied feed gas stream to within a second temperature range by 25 

exchanging heat with the expanded second refrigerant stream to form a sub-cooled LNG stream 

and a first warmed, second refrigerant stream.  

2. The method of claim 1, wherein at least a portion of the cooled second refrigerant 

stream is further cooled by exchanging heat with the first warmed, second refrigerant stream 30 

to form the additionally cooled, second refrigerant stream and the second warmed, second 

refrigerant stream, and wherein the second warmed, second refrigerant stream is compressed 

to form the compressed second refrigerant stream. 
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3. The method of claim 1 or 2, wherein the compressed first refrigerant stream comprises 

at least 90 mol% methane, and wherein the compressed second refrigerant stream comprises at 

least 95 mol% nitrogen.  

4. The method of any one of claims 1-3, wherein the first refrigeration system is a closed 5 

loop gas phase refrigeration cycle, and wherein the second refrigeration system is a closed loop 

gas phase refrigeration cycle, and further wherein the second refrigerant comprises nitrogen 

gas. 

5. The method of any one of claims 1-4, wherein the first temperature range is -70°C to   10 

-110 °C and the second temperature range is -130 °C to -175 °C. 

6. The method of any one of claims 1-5, wherein the sub-cooled LNG stream is expanded 

to a pressure greater than or equal to 50 psia (3.4x105 Pa) to less than or equal to 450 psia 

(3.1x106 Pa) to produce an expanded, sub-cooled LNG stream, optionally wherein at least a 15 

portion of the expanded, sub-cooled LNG stream is further expanded and then directed to a 

separation tank from which liquid natural gas is withdrawn and remaining gaseous vapors are 

withdrawn as flash gas.   

7. The method of any one of claims 1-6, wherein the feed gas stream is compressed to a 20 

pressure no greater 3,500 psia (2.4x107 Pa) and then cooled by indirect heat exchange with an 

ambient temperature air or water prior to cooling the feed gas stream to the first temperature 

range. 

8. The method of any one of claims 1-7, wherein the feed gas stream is cooled to a 25 

temperature below the ambient temperature by indirect heat exchange within an external 

cooling unit prior to cooling the feed gas stream by exchanging heat with the expanded first 

refrigerant stream.  

9. The method of any one of claims 1-8, wherein the cooled first refrigerant stream is 30 

cooled to a temperature below an ambient temperature by indirect heat exchange within an 

external cooling unit prior to expanding the cooled first refrigerant stream, and wherein the 

warmed first refrigerant stream is compressed to form the compressed first refrigerant stream.  
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10. A method for liquefying a feed gas stream rich in methane using a first refrigeration 

system having a first refrigerant and a second refrigeration system having a second refrigerant, 

the method comprising: 

a. providing the feed gas stream at a pressure less than 1,200 psia (8.3x106 Pa); 

b. providing a compressed first refrigerant stream with a pressure greater than or 5 

equal to 1,500 psia (1.0x107 Pa), wherein the first refrigerant stream comprises the compressed 

first refrigerant stream; 

c. cooling the compressed first refrigerant stream by indirect heat exchange with 

an ambient temperature air or water, to produce a cooled first refrigerant stream; 

d. expanding the cooled first refrigerant stream in at least one work producing 10 

expander, thereby producing an expanded first refrigerant stream;  

e. separating the expanded first refrigerant stream into a first expanded, first 

refrigerant stream and a second expanded, first refrigerant stream; 

f. cooling the feed gas stream to within a first temperature range by exchanging 

heat with the first expanded, first refrigerant stream to form a liquefied feed gas stream, wherein 15 

the first expanded, first refrigerant stream only exchanges heat with the feed gas stream to form 

a first warmed, first refrigerant stream;  

g. providing a compressed second refrigerant stream, comprising the second 

refrigerant, and cooling the compressed second refrigerant stream by indirect heat exchange 

with an ambient temperature air or water, to thereby produce a cooled second refrigerant 20 

stream; 

h. further cooling at least a portion of the cooled second refrigerant stream by 

exchanging heat with the second expanded, first refrigerant stream, to thereby form an 

additionally cooled, second refrigerant stream and a second warmed, first refrigerant stream;  

i. expanding the additionally cooled, second refrigerant stream to form an 25 

expanded second refrigerant stream; and  

j. cooling the liquefied feed gas stream to within a second temperature range by 

exchanging heat with the expanded second refrigerant stream, to thereby form a sub-cooled 

LNG stream and a first warmed, second refrigerant stream.  
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