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Program

HTL – en kort indføring

Implementering og bæredygtighed

Ud af laboratoriet – implementering og 
demonstration

– NextGenRoadFuels og andre projekter
– Aalborg projektet

Afrunding



3HTL – HydroThermal Liquefaction

Hot Compressed Water Processes

Vand som væske

HTL: Hydrothermal 
liquefaction regime

Vand som damp

Kritisk punkt 
@374oC, 220 bar

Supercritical
Region

SuperCritical Water 
Gasification (SCWG)

Hydrothermal
Gasification (HTG)

+ H2O + catalyst
CO2, CH4, 

H2, CO 

Forhold sammenlignelige med de 
som fossil råolie og kul er dannet 
ved: tryk omkring 2-300 bar, 
temperaturer omkring 250-450 grader

Bortset fra tiden: 100 mio. år vs 15 
minutter!



4HTL – cirkulær key enabling technology
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5Superkritisk HTL – giver nogle ekstra håndtag

Supercritical
HTL

Jensen, CU, Guerrero, JKR, Karatzos, S, Olofsson, G, Iversen, SB 2017. ‘Fundamentals of Hydrofaction™: Renewable 
crude oil from woody biomass.’ Biomass Conv.Bioref. 7:495-509, DOI 10.1007/s13399-017-0248-8

Subcritical HTL: only T 
Supercritical HTL: both T and p



6Effectiveness evaluation of HTL

Castello, Pedersen, Rosendahl (2018). Energies MDPI. https://doi.org/10.3390/en11113165

25 % 50 % 75 % 100 %

For all types of feedstocks HTL is an efficient upcycler!
Supercritical HTL superior in energy yield



7(Supercritical) HTL chemistry for organic materials

Jensen, CU, Guerrero, JKR, Karatzos, S, Olofsson, G, Iversen, SB 2017. ‘Fundamentals of Hydrofaction™: Renewable crude oil from woody biomass.’ Biomass Conv.Bioref. 
7:495-509, DOI 10.1007/s13399-017-0248-8

Ex-situ Upgrading



8
Forskellige feedstocks giver forskellig olie – men indenfor et begrænset 
spektrum



9HTL – grøn feedstock til raffinaderier
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10Raffinering er – næsten – kendt teknologi

Gasoline

Jet fuel

Diesel

Marine fuel

Chemicals

Biocrude

H2 Heteroatoms removal

Hydrogenation

Hydrocracking

OH

H2

NH2
+

H2

+

+

OH2

NH3

H2 +

H2 H2

Standard NiMo hydrotreating catalysts



11Lignocellulosic-based HTL biocrude and upgraded product

Jensen et al, Hydrofaction™ of Forestry Residues to Drop-in Renewable Transportation Fuels. In Direct Thermochemical Liquefaction for 
Energy Applications edited by L. Rosendahl, ISBN: 9780081010259, pp. 319-345, 2018.

Kerosene 
range

EN 590 Diesel specs 
achieved spring 2018

Hydrofaction™ Standard NiMo hydrotreating catalysts

Fra distillationskurven:
10 % benzin
30 % jet fuel
30 % diesel
30 % marine fuel



12Production of fuel fractions from different feedstocks@subcrit HTL
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13,6

51,5

0 10 20 30 40 50 60

Gasoline
(<193 °C)

Jet‐fuel
(193‐271 °C)

Light gasoil
(272‐321 °C)

Heavy gasoil
(322‐425 °C)

Residue
(>425 °C)

Mass fraction (wt. %)

Spirulina Sewage sludge Miscanthus

Sewage sludge C
(wt. %)

H
(wt. %)

N
(wt. %)

O*

(wt. %)

Raw biocrude 74.5 10.6 3.9 11.0

350 °C‐40 bar 83.1 12.1 3.6 1.2

350 °C‐80 bar 84.1 13.4 2.5 0.0

400 °C‐80 bar 85.3 13.8 0.9 0.0

350+400 °C‐80bar 85.2 14.5 0.3 0.0

* Oxygen by difference

51.5 % 

Biocrude

Castello et al (2019). Renewable Energy

Standard NiMo hydrotreating catalysts



13HTL – energieffektivitet og electrofuel 1

Baseret på Jensen et al, Hydrofaction™ of Forestry Residues to Drop-in Renewable Transportation Fuels. In Direct Thermochemical Liquefaction for 
Energy Applications edited by L. Rosendahl, ISBN: 9780081010259, pp. 319-345, 2018.

~60% > 90-100 oC

Termisk energi

84 %

10 %

5 %
1 %

HTL - effektiv electrofuel biobooster …

R
af

fin
er

in
g

Træ 
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Bio‐råolie

H
TL

Electrofuel: brændstof der produceres ved brug af el



16CO2 strømmen ind og ud af HTL

CO2
37

00
 k
g

1000 kg kulstof HTL Bio‐råolie:
700 kg kulstof

Produktgas:
300 kg kulstof 900 kg CO2

2800 kg CO2

?



17CO2 profil ved forskellige implementeringer af HTL

Baseret på 2000 bpd HTL anlæg der anvender lignocellulose

Fossil råolie – index 100

Brug af brændstof: ‐ 80 % El 
(~10%)

H2
(~8%)

Dyrkning, indsamling mv
(2 %)

0 100

Brug af brændstof: ‐ 80 % El (~18%)

Brug af brændstof: ‐ 80 %El (~18%)BECCS (‐ 20‐25%)

-30

80 % reduktion

~100 % reduktion

~125 % reduktion

RED II (>2021): 65 % reduktion

RED II (<2021): 60 % reduktion



18Samlet vurdering af økonomi for HTL

AAU TEA: 



19Pilot scale HTL facility – CBS1

Pontoppidanstræde 105

~15m~15m

Garages

• Continuous Hydrothermal Liquefaction (HTL) facility (CBS-1)
• 25-50 kg/h feed, processing conditions up to 500 oC, 350 bar
• Oil production capacity: 1-5 kg/h (0.3 bpd)
• Designed in collaboration with and constructed by Steeper Energy
• Commissioned 2013, recommissioned 2018 with improved up- and 

downstream handling

Product
separation



20Silva Green Fuel – første større demonstrationsanlæg i Europa

Australia

Cat-HTR™ process

Pulp/paper, plastics

10,000 ton/y

Australia

Green2black™ 
process

Tires, algae

168 L/h

U.S.A.

HTP™ process

Sewage sludge 
(Vancouver,
California)

Internationale udviklinger …



21Første demonstrationsanlæg i Europa på vej

Investering:
EUR 50 Mill.

Silva Green Fuel



22Research activity overview - >20 mio EUR HTL portfolio

HTL fuels

HTL & pyrolysis oils co-refining in existing refineries fuels

Energy system 
transition of the 
North Sea region

HTL  road transport fuels

Electro-HTL grid integration and modeling

EUDP 2019: 10 mio DKK for pre-study and 
hardware upgrades for HTL on organic waste and 
sludge from Aalborg Kommune

IFD Sino-DK 2019: 5 mio DKK for HTL valorization 
and disposal of sewage sludge, incl phosphorous



23Aalborg projektet



24Aalborg projektet

Partnerne: 
Aalborg Kommune 
Aalborg Forsynings vanddivision
Aalborg Forsynings renovationsdivision
Aalborg Forsynings energidivision
Aalborg Havn A/S
Aalborg Lufthavn a.m.b.a.
I/S Reno-Nord
Region Nordjylland

Steeper Energy ApS
Aalborg Universitet
Krüger A/S
DCC & Shell Aviation Danmark A/S
COOP Invest A/S
A2Energy ApS
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