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Energy production - distribution - consumption - control

Department of Energy Technology

Advanced Biofuels: ~15 researchers, 200+225 m2 lab

App. 60 faculty members
App. 100 PhDs

More than 30 guest researchers
App. 30 TAP

App. 360 students

Lab. Facilities:
Power Electronic Systems

Drive Systems Tests
Fluid Power

Smart Energy Systems Lab
Power Systems & RTDS

Micro Grid
High Voltage

Medium Voltage
PV Convert & Systems

Fuel Cell Systems
Battery Test

EMC
Vehicles Test Lab

Biofuel production and characterization Facilities
Proto Type Facilities

John K. Pedersen
Head of Department



3Pilot scale HTL facility – CBS1

Pontoppidanstræde 105

~15m
~15m

HTL process 1+2

Feed preparation Storage & 

workshop

Storage & 

de-mineralization

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



4Research activity overview

HTLà fuels

HTL & pyrolysis oils à co-refining à fuels

Energy system 
transition of the 
North Sea region

HTL à road transport fuels

Long chain esters as aviation fuel blendstock

Fundamental studies in HTL

C3BO



5HydroThermal Liquefaction – efficient production of liquid energy intermediates

CO2, CH4, 

H2, CO
Gas phase

Solid phase

Biocrude

Aqueous 
phase

High pressure
Medium temperature

• Processing of biomass in an aqueous medium

• Extreme feedstock flexibility

• Wet or dry biomass 

• Four product phases



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



7Upgrading to drop-in fuels

Gasoline

Jet fuel

Diesel

Marine fuel

Chemicals

Biocrude

H2 Heteroatoms removal

Hydrogenation

Hydrocracking

OH

H2

NH2
+

H2
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+
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8Lignocellulosic-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™



9Production 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 % à

Biocrude

Castello et al (2019). Manuscript in preparation, Renewable Energy



10Hydrofaction™ energy flows and GHG reduction potential

Steeper Energy indicates a price range of $70-80 per barrel 
of biocrude, and “upgraded biocrude to renewable fuels, 
lubricants or biochemicals for well under $90 a barrel”*

*http://www.biofuelsdigest.com

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.

2000 BPD plant

In-situ
hydrogen

Renewable 
electricity

CCS

All combined

Baseline WEO 2018: Need
for link between

renewable carbon
and renewable

electricity



11HTL Carbon balances

Can gas and aqueous phase C be
utilized differently to increase
carbon efficiency and provide 
link to renewable electricity?

~57 % fuel>TPB 350oC

CCS

CCU



12Electro-HTL …

Hansen, Pedersen, Rosendahl (2018). TEA of a novel HTL implementation with 
electrofuels for high carbon efficiency. BioFPR (in review)

Integrated HTL on any feedstock 
co-producing FT-SPK/A with 
internal(+external) CO2 stream



13eFUEL system

AGR

+MEA

ELECTROLYSIS

Renewable 
Electricity



14Overall energy flow

Overall carbon efficiency: 84.1 %
MFSP: 25.66 USD/GJ



15Competitivenes of HTL implementations

De Jong (2015), BIOFPR
Copernicus Institute of Sustainable Development, Utrecht University

HTL is
- Most feedstock efficient
- Least CAPEX intensive
- Least maintenance

intensive



16Commercialisation of HTL

Denmark/Canada

Hydrofaction™ 
process

Wood

4,000 L/day

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

Tofte forestry operations site, Norway
EUR 50 mill
Operational: Q4 2019



THANK YOU FOR YOUR ATTENTION

Continuous HTL processing @ 1/3 bpd Continuous hydrotreatment (2 stage)
End use validation – jet or 
ICE engine platform

AAU BIOMASS TO VALIDATED FUEL PLATFORM
WWW.BIOMASS.AAU.DK

Product separation

ANALYSIS

Renewable oil well Existing & adapted infrastructure

Acknowledgements:
Contact details:
www.et.aau.dk

www.biomass.et.aau.dk
lar@et.aau.dk

Biomass pretreatment

Take-home messages
- HTL is currently making its way into demonstration scale

- Cost- and resource effective production of sustainable fuels from diverse 
feedstocks

- Can be operated as RED II-compliant biofuel plant or effective BioCCS

- Provides interesting opportunities for renewable electricity integration and 
BioCCU

- Effective technology for circular economy – valorization of organic waste 
fractions as well as inorganic (eg phosphorous)

http://www.et.aau.dk/
http://www.biomass.et.aau.dk/
mailto:lar@et.aau.dk

