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Natural Gas  Oil  Coal  

  Carbon Dioxide  117000 164000 208000 

  Carbon Monoxide  40 33 208 

  Nitrogen Oxides  92 448 457 

  Sulfur Dioxide  11 1222 591 

  Particulates  7 842 744 

  Mercury 0.0 0.007 0.016 

• Fossil Fuel Emission Levels - Pounds per Billion Btu of Energy Input Pollutant  

Natural Gas- Environment Friendly Fuel 





LIQUEFACTION OF NATURAL GAS 



 

 Major Steps Involved 
 

 Gas Condensate Water Separation 

 Gas Treatment 

 Refrigeration (Gas Chilling) 

 Flashing & Compression 

 LNG Storage 

 

 

 

 

 

 

 

 

 

 

 

LIQUEFACTION OF NATURAL GAS 



 

 Methane Cycle 

 Nitrogen Cycle 

 Cascade Refrigeration  

 Mixed Refrigeration Process 

 Turbo-expander Process 

 

 

 

 

 

 

 

 

 

 

 

                              REFRIGERATION SYSYEM 

 



 

 High Pressure Compression (1000 Psia) 

 Cooling (-100 c) 

 Gas Expansion (-800 c) 

 Separation of LNG and Gas 

 Recovery of Refrigeration from - 800 c Gas 

 Gas Compression & Recycle 

 LNG Flashing (200 Psia to Atm Pressure) 

 Vapor Recycle 

 

 

 

 

 

 

 

 

 

 

 

 METHANE CYCLE 

 

 



 

 High Pressure Nitrogen Cooling (1200 Psia, - 300 C to - 90 
0 C) 

 High Pressure Nitrogen Expansion (200 Psia, -1620 C) 

 Cooling of Natural Gas with Low Temp. Nitrogen in Cold 
Box 

 Low Pressure Nitrogen Compression (200 Psia, 150 C to 
1000 Psia , -750 C) 

 HP LNG Expansion; 

 
  LNG TO STORAGE TANK AT ATM. PRESSURE 

  LOW PRESSURE NATURAL GAS TO COLD BOX FOR REFRIGERATION  RECOVERY 

 

 

 

 

 

 

 

 

 

 

 NITROGEN CYCLE 

 

 



 

 APCI Propane Pre-Cooled mixed Refrigerant Process 

 Philips Optimized Cascade Process 

 Black & Veatch Prico Process 

 Stat Oil / Linde Mixed Fluid Cascade Process 

 Axens Liquefaction Process 

 Shell Double Mixed Refrigerant Process 

 

 

 

 

 

 

 

 

 

 

 TECHNOLOGIES FOR LIQUEFACTION 

 

 

 



 

Process Selection Based On The Technical & 
Economic Consideration 

 

Process And Equipment Selection Depends Upon; 
 

Gas Pressure 

Gas Composition 

Ambient Conditions 

 

 

 

 

 

 

 

 

 

 

 PROCESS SELECTION 

 

 

 

 



SPIRAL WOUND EXCHANGERS ROBUST & FLEXIBLE IN 
OPERATION 

PROPRIETARY  & MORE 
EXPENSIVE 

PLATE FIN HEAT EXCHANGERS COMPETITIVE, LOW PRESSURE 
DROP AND GOOD TEMP. 
APPROACH 

VULNERABLE TO PLANT 
UPSET.  
NEED CAREFULL DESIGN. 
NOT SUITABLE FOR HP 
APPLICATIONS 

AXIAL COMPRESSORS PROVEN 
EFFCIENT 
COST EFFECTIVE 

SUITABLE FOR HIGH CAPACITY 

GAS TURBINES PROVEN 
EFFCIENT 
COST EFFECTIVE 

STRICT MAINTENANCE CYCLE 
COMPLICATED CONTROL 
SYSTEM 

LARGE MOTOR DRIVERS 
 

EFFICIENT 
FLEXIBLE 
 

NORMALLY NOT TRIED IN LNG 
REQUIRE VERY LARGE POWER  
PLANT 

AIR COOLING 
(compared to water) 

LOWER CAPITAL COST 
MORE SUITABLE  WHERE 
AMB. TEMP. IS LOW) 

LESS EFFICIENT 
HIGH OPERATING COST 

LIQUIFACTION PLANTS 
 

 

 

 

 

EQUIPMENTS USED; PROS & CONS 
 





Thank You 


