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High quality, 
engine-ready

LHV:
≈34 MJ/kg

C 76.6 wt. %

H 9.0 wt. %

N 7.3 wt. %

S 1.6 wt. %

O (diff.) 3.5 wt. %

H2O 2.0 wt. %

TAN 0.6 mg KOH/g

Ash < 0.005 wt.%

From solid waste Biomass to Bio-fuels
Analysis of the products – TCR®-oil

 Thermal stable

 Low in O;S;N

 Low water content

 High heating value

Excellent 
Precursor for 
Hydrogenation
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Engine-ready gas

HHV:
≈14-18 MJ/m³

H2 38 ± 3 v/v%

CO 8 ± 2 v/v%

CO2 30 ± 3 v/v%

CH4 14 ± 2 v/v%

CxHy 3 ± 1 v/v%

From solid waste Biomass to Bio-fuels
Analysis of the products – TCR®-gas

 Required hydrogen for the hydrogenation can be used from TCR®-gas

 No further hydrogen source is  needed
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From solid waste Biomass to Bio-fuels
Product application – TCR®-oil and hydrogenated TCR®-oil

TCR®-oil
CHP Engine

Dual Fuel Engine (with Syngas)

Fuel Blends
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From solid waste Biomass to Bio-fuels
Upgrading of TCR®-oil - Catalytic hydrogenation

 Removal of N, O, S, Water

 C & H content increase

 Saturation of double bounds

 NiMo or CoMo on Al2O3

 T = 240 - 400°C

 p = 40 - 150 bar 

 Hydrogen consumption: 34.4 mmol H2/goil

K = N + 1,5 X + Y + Z – 0,5 MCNHMNXOYSZ + K H2 → N CH2 + X NH3 + Y H2O + Z H2S
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From solid waste Biomass to Bio-fuels
Product application – TCR®-oil and hydrogenated TCR®-oil

TCR®-oil hydrogenated TCR®-oil
CHP Engine

Dual Fuel Engine (with Syngas)

Fuel Blends

Green Diesel

Green crude Naphtha

Green Chemicals
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From solid waste Biomass to Bio-fuels
Hydrogenation plant – Batch and continuous plant

Batch-Reactor

- 500 ml reactor volume

- 30 ml sample volume

Continuous Reactor system

- 3 reactors with volume of 2.5 liter per reactor

- 3 kg/h feedstock input

- Gas recycling, GC online analysis
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From solid waste Biomass to Bio-fuels
Analysis of TCR®-oil and hydrogenated TCR®-oil made of
sewage sludge

HYDROGENATED TCR®-OIL

C 86.2 wt%
H 13.8 wt%
N < 0.1 wt%
S 0.0015 wt%
O (diff.)< 0.1 wt%
H2O 0.0016 wt%
Ash < 0.005 wt%

LHV           42.8 MJ/kg
TAN < 0.1 mg KOH/g
Copper corr.     Grade 1
Flash point < - 20 °C
Yield ~ 80 %
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TCR®-OIL

C 76.6 wt%
H 9.0 wt%
N 7.3 wt%
S 1.6 wt%
O (diff.) 3.5 wt%
H2O 2.0 wt%
Ash < 0.005 wt%

LHV            34.8 MJ/kg
TAN 4.2 mg KOH/g
Viscosity 9,1 mm²/s
Density 960 kg/m³
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From solid waste Biomass to Bio-fuels
GC-analysis off-gas of the hydrogenation step

Species Amount Units  [vol.-% /ppm]

H2 96.01 vol.-%

NH3 2.1 vol.-%

H2S 1.0 vol.-%

CO 0.01 vol.-%

CO2 0.01 vol.-%

C1-C5 1.76 vol.-%
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From solid waste Biomass to Bio-fuels
Distillation of hydrogenated TCR®-oil sewage sludge
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From solid waste Biomass to Bio-fuels
Comparison of the diesel fraction with EN 590
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From solid waste Biomass to Bio-fuels
Comparison of the crude gasoline fraction with EN 228
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Conclusion

 Crude TCR®-oil highlights

 Thermally stable (atmospheric distillation)

 Directly suitable for hydrogenation

 Required hydrogen can be used from TCR®-
gas

 Hydrogenation highlights

 Renewable chemicals extractable

 Renewable crude gasoline and diesel (EN 
590)

 TCR® / Hydrogenation demonstration EU-
project: To-Syn-Fuel 
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Thermo-Catalytic Reforming of sewage sludge and 
hydrogenation of resulting TCR®-oils – A route to 
renewable chemicals and fuels
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