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Bio-crude oil production

Program

©® HTL-en kort indfgring
® Implementering og baeredygtighed

©® Ud af laboratoriet — implementering og
demonstration

— NextGenRoadFuels og andre projekter
— Aalborg projektet
1 integration, end use
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HTL — HydroThermal Liquefaction
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HTL — cirkulaer key enabling technology
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Superkritisk HTL — giver nogle ekstra handtag 5

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

DEPARTMENT OF
ENERGY TECHNOLOGY

4 BRE
A4
&
s, &
l;.’

@
() *
Re yuiv®



Effectiveness evaluation of HTL
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Yield of biocrude (-)
For all types of feedstocks HTL is an efficient upcycler!

Supercritical HTL superior in energy yield

0.5 0.7

0.8

Castello, Pedersen, Rosendahl (2018). Energies MDPI. https://doi.org/10.3390/en11113165
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(Supercritical) HTL chemistry for organic materials .
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Forskellige feedstocks giver forskellig olie — men indenfor et begraenset
spektru

Urban resource chemical composition

Derived HTL bio-crude compounds

Type of sludge
Untreated Secon- i Food
i waste

Cyclo-
. — alkanes,
L‘;‘_;'h;’)'y Stk 0812 60120 | 129289 P Cyclo-alkanes, light

Volatile solids (% TS) 60-80 59-88 ! 296-96.1 %5 aromatics

Grease and fats (% TS) 7-35 512 36472 . ™

Protein (% TS 20-30 32-41 15-20 | 47265 | s Hemi-
s[...f.l:‘ ‘(,. TS)) =4 cellulose
Cellulose (% TS) 8.0-15.0 797 804150 | 37-106 |

Hemicellulose (% TS) - = 1647 = .
Lignin (% TS) - . . 15217 - Heavy arorréauc
P (%TS) 0828 28110 1540 : ' compounas
N (% TS) 154 2450 1660

K (% TS) 0-1 0507 0-30

S (%TS) 0323 0323 0323 . A0 - .
oH 5080 6580 6575 - it : Amines /
Inorganics Very high High High —ERVURINN amides

light aromatics

Aliphatics,
paraffins
light / heavy

Present in sewage
sludgeffood waste
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HTL — gron feedstock til raffinaderier 0
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Raffinering er — naesten — kendt teknologi
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Standard NiMo hydrotreating catalysts
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Recovered (%)

Lignhocellulosic-based HTL biocrude and upgraded product ’
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‘ | N | |
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0 O - 1 h | 1 1 - == y ‘
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' Temperature (C) Continuous EN 590 Diesel specs
— —» Manual achieved spring 2018
steepgﬂrsg Hydrofaction™ Standard NiMo hydrotreating catalysts
wEW org, 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.
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Production of fuel fractions from different feedstocks@subcrit HTL ..

Castello et al (2019). Renewable Energy
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= Large part of the sewage
sludge biocrude is
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® Naphthenes constituted by fatty
Olefi acids. especially in the
etns range C12-C18
® Aromatics )
Oxvaenates = The upgrading converts
xy9 fatty acids into straight-
Nitrogenates chain alkanes
u Others - High potential in the jet-
fuel and diesel range
OH
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l C18
C12 Cl4 44
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HTL - energieffektivitet og electrofuel 1
1]

\ Electrofuel: breendstof der produceres ved brug af el

HTL - effektiv electrofuel biobooster ...

10 % Hydrogen

20.6 MWh/h

| o)) Diese|
~ c 63.9 MWh/h

r %

Trae Bio-raolie c

. =
84 %[ (lignocellulose) ~ 139.9 MWh/h é s
164.1 MWh/h 73.7 MWh/h

Gasses

Termisk energi
21.8 MWh/h

5 % m Electricity 9.4 MWh/h
1 % — LNG 0.6 MWh/h

~60% > 90-100 °C
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CO2 strammen ind og ud af HTL
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CO2 profil ved forskellige implementeringer af HTL

17
0 RED Il (>2021): 65 % reduktion 100
Fossil raolie — index 100
: (2 %)
Toais
L H, ‘ Brug af braendstof: - 80 % i
' (~8%) H~10%) / rug ar brandstot: 7 | 80 % reduktion
e | El (~18%) m\ Brug af braendstof: - 80 % |~100 % reduktion
Neutral i
negtaohve
I BECCS (- 20-25%) El (~18%) “T Brug af braendstof: - 80 % |~125 % reduktion
s,
?\,—wmh
i_,( & Baseret pa 2000 bpd HTL anleeg der anvender lignocellulose
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Samlet vurdering af skonomi for HTL
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Pilot scale HTL facility — CBS1

* Continuous Hydrothermal Liquefaction (HTL) facility (CBS-1)

+ 25-50 kg/h feed, processing conditions up to 500 °C, 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
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Silva Green Fuel — forste storre demonstrationsanlaeg i Europa 2
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Forste demonstrationsanlaeg i Europa pa vej
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SLUDGE WOOD WASTE WASTE
Neue Wege’ WASTEWATER 13M ton 5M t 28M ton  WASTE MANAGEMENT
TREATMENT PLANTS

URBAN FEEDSTOCK
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IFD Sino-DK 2019: 5 mio DKK for HTL valorization — )
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Lastbiler skal kare pa lort og
madrester

Aalborg projektet

Ny metode skal gore spildevandslam, treeaffald og madrester til beeredygtigt braendstof

— et af fremtidens grgnne braendstoffer

Aalborg inviterer
til samarbejde med v 4
globale perspektiver kifota o Sonchery
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Aalborg projektet

Med udgangspunkt i Aalborg arbejder initiativtagerne mal-
rettet pa at kortlegge perspektiverne i opferelsen af et HTL
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