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F. J. Armellini, PhD thesis, Dept. of Chem. Eng. , MIT, 1993 

Exit
D2O
residual salts

Dip tube outlet

D2O, Na2SO4, Na2B4O7

Expected: Salts will precipitate and settle to the bottom.
Observed: At certain operating conditions, the salts will 
stick to the inlet dip tube and even plug the vessel.

30 MPa
400-450°C

Imaging of salt precipitation from supercritical 
water by in-situ Neutron radiography (PSI-MIT)

Liquefaction of wood slurry studied in sealed quartz capillaries
Raney Nickel used as gasification catalyst (particle size ca. 30 μm)
Gas bubble formation starts around 290°C (p ca. 8 MPa)

Continuous Process Demonstration
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CH1.49O0.67(s) + 0.33 H2O(g)

CO + 1.08 H2

0.52 CH4 + 0.48 CO2 + 0.04 H2O(g)

∆ rH
°  =

 +100.8 k
J/mol ∆

r H° = –126.8 kJ/mol

∆rH°  = –26 kJ/mol

“Simultaneous” Gasification and Methanation?

Gasification
800-900°C

1 atm
no catalyst

Methanation
400°C

10-20 atm
Ni catalyst

Tars, Char

0.33 H2O(l)

∆vH100 = +41 kJ/mol
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Aspen plus™ used for calculating mass and energy balances.
Heat exchanger efficiency of 75% assumed.
High feed concentrations (> 15 wt%) are needed for good process efficiencies.
For wood (spruce), an overall net thermal process efficiency of 70% was obtained.
For manure and sewage sludge, the process efficiencies are in the range of
65-70%, depending on the heating value of the feedstock.
SNG costs depend mostly on the biomass cost
Focus on low (or even negative)-cost residual biomass (manure, sewage sludge)
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Low pressure separation by Pressure Swing Adsorption (PSA)
High pressure separation by scrubbing with water or alkaline solution
High pressure SNG suited for natural gas pipeline
Low pressure SNG may be used for electricity generation in a gas engine, a gas
turbine, or a fuel cell.
CO2 available as a concentrated stream, ideal for further use or sequestration.

Biomass is a renewable, indigenous energy carrier.
Manure represents a large, mostly untapped energy potential (ca. 23 PJ per year in
Switzerland).
Only 0.1 PJ per year are used to produce biogas by anaerobic fermentation.
Direct energetic use of manure is not feasible Conversion to a secondary,
versatile energy carrier in the form of synthetic natural gas (SNG).
Biogas plants convert only ca. 30-40% of the heating value of manure into biogas.
In order to tap the large potential of manure (and of other “wet” biomass), a new
efficient process is needed!
Hydrothermal Gasification & Methanation

Reference: Bundesamt für Energie, Bern, 2004

„Direct energetic use of 
manure is not feasible…“

Biomass slurry

Carrying out the gasification process under high pressure (> 22.1 MPa) avoids 
vaporization of the water lower heat demand than steam gasification
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Raney Nickel (Ru doped)

Supported Noble Metal

9 nm
BET = 29 m2/g

45 nm
BET < 5 m2/g
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