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Questions to be Answered Today
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• How physics rules economic performance?
• Key physical principles mirrored in moneymaking…

• What do we have to make bioLNG?
• Technologies overview…

• Why bioLNG is so costly whereas LNG 
develops so quickly?

• Is the scale the only answer?



How Physics Rules Economics
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Heat Removal Efficiency

Cascade (rev. Joule-Brayton cycle)
Gas

cooling curve

Mixed refrigerant
(rev. Rankine cycle)

Linde process
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Higher CAPEX (lower efficiency -> bigger equipment)
Higher OPEX (higher power consumption)



Reversed Joule-Bryton Cycle
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• Reversed gas turbine
• Closed nitrogen cycle for 

optimised efficiency
• Expansion in several stages to 

fit the T/H curve better…
• One stage = poor efficiency

• High Efficiency = High 
complexity & CAPEX

• Several stages, N2/CO2 loops & 
staging, etc.

• < 0.8-0.9 kWhe/ 1 kg bioLNG

Simple, reliable, but…

1.4-1.7 kWhe/ 1 kg bioLNG 
Including upgrading & CO2

Since 1 Nm3 CH4 weights 0.671 kg, Ordinary upgrading needs 0.09-0.36 kWhe/ 1 kg CH4 
plus 0.25 kWhe/ 1 kg CO2



Reversed Joule-Bryton Cycle

5

CryoPur – A Category For Itself…

Source: CryoPur



Linde Process
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• Staged, high pressure compression
• 100 bars and more (CAPEX)

• Cooling before J-T expansion 
crucial for competitive efficiency

• about -80 °C
• about 40% remains liquid

• 0.7-0.9 kWhe/ 1 kg bioLNG
• 0.52 kWhe/ 1 kg for 

thermodynamic cycle only
• more for heat rejection, etc.

Powerful & Demanding



Stirling Engine Refrigeration
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• Inherently small scale
• Advantage for bioLNG
• As small as 200 kgpd

• Big capacities only via parallel units
• 1.0 kWhe/ 1 kg bioLNG

• @ 2 bar inlet
• Very dependent on input pressure

• Can be <0.5 kWh @ 20 bar

Smallest Scale @ High Efficiency



Liquid Nitrogen Refrigeration
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• Almost  no moving parts
• Low CAPEX & OPEX (energy)
• Robust & Reliable

• CAPEX mostly in heat exchangers
• 0.07 kWhe/ 1 kg bioLNG
• About 2.5 kg LN/ 1 kg bioLNG

• Extreme OPEX
• Demo & pilot units, or cheap LN2

Simplest, Unbeatable CAPEX, Rocketing OPEX



Reversed Rankine Cycle
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Highest Efficiency 

Source: Applied Thermal Engineering 233 (2023) 121145

• Compare to J-B cycle, there is a phase change



Reversed Rankine Cycle
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Single Mixed Refrigerant (SMR) 

• SMR allows for precise cooling curve match (high efficiency)
• Mixed refrigerant consists of methane, ethane, propane and nitrogen 

mixture (e.g. 35-35-20-10)
• Much better for NG (mixture) than for biomethane (pure)
• Cold Box – three way heat exchanger:

• Fairly complex device
• High CAPEX
• Impractical for small scale devices  alternative designs for bioLNG

• LNG normal size is in order of Mtpa, whereas bioLNG in 0.001-0.01 Mtpa
• 0.7 kWhe/ 1 kg bioLNG



Economic Performance - OPEX
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15 TPD Plant 

Specific CAPEX Euro/TPA
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Economic Performance – OPEX 
Energy Demand
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15 TPD Plant 

Specific Energy Consumption kWh/kg bioLNG
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Economic Performance
Life-Cycle Costs
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5 TPD Plant, 20 Years, 5% Discount Rate

Life-Cycle Costs
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PLEASE CONTACT ME
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