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Table S1. Ultimate analysis (%), yields (wt%), and higher heating value - HHV (MJ/kg) of upgraded bio-crude.

HTL Feedstock

Biocrude

Process

Catalyst

P H,

Temp

Time

Better Yield

(MPa) (°C) (min) conditions (wt.%) ¢ H N s o HHV Ref.
Northern sea crude 86.6 13.1 n.d. n.d. 0.3 44.4 54
[ [IChlorella RB - - - - - - - 728 9.4 6.0 0.8 11.1 36.1 55
UB Dry * CoMo, NiMo, No cat. 3.8 350- 120 CoMo, 3.8 MPa 69.4 84.4 11.9 2.7 0.0 1.0 45.4
405 H,, 405 °C
“Chlorella RB - - - - - - - 76.4 10.4 7.7 0.76 55 39.8 56
pyrenoidosa
uB Wet  “Ru/Cwith Pd/C, Pt/C, 6 400 240 Ru/C + Mo,C 772 839 129 31 008 0.1 468
Pt/C-S, Pt/y-Al,0;,
Rh/y- Al,0;, CoMo/ y-
Al,03-S, MoS,, Mo,C,
Raney-Ni, activated
carbon, or alumina; No
cat.
“Chlorella RB - - - - - - - 79.2 108 8.0 NR 2.1 39.8 57
pyrenoidosa
uB Wet “Ru/C, Pd/C, Pt/C, 6 400 240 Ru/C + Raney- 772 839 121 2.0 NR 2.0 45.3
Pt/C-S, Pt/C(CO), Ni

Pt/C(n-C¢H14), Mo,C,
Ni/SiO,- AL, O3,
CoMo/Al,03, HZSM-5,
MoS,, Raney-Ni,

activated carbon,




alumina, Ru/C + Raney-

Ni, No cat.
*Nannochloropsis ~ RB - - - - - - - 773 105 4.8 0.7 6.5 40.1 58
sp.
UB Wet Pt/C, No cat. 0-34 400 240 Pt/C, 3.4 MPa 822 82.1 11.2 2.2 n.d. 4.5 43.0
H,
Nannochloropsis RB - - - - - - - 759 104 4.8 0.5 8.1 39.2 59
sp.
uB Wet *Pt/C, Mo,C, HZSM-5 35 430- 120- HZSM-5, 430 76 844 10.8 2.4 n.d. 2.5 43.5
530 360 °C, 360 min
Nannochloropsis RB - - - - - - - 744 101 4.8 0.5 103 37.0 60
gaditana
uB Dry, wet * Pt/Al,0;, HZSM5, No 4-8 400 240  Dry, Pt/Al,0;, 8 619 84.2 11.7 2.4 <0.1 1.6 43.2
cat. MPa H,
‘ Scenedesmus RB - - - - - - - 742 9.4 5.7 0.8 10.0 36.3 60
almeriensis
uB Dry, wet *Pt/Al,05, HZSMS5, No 4-8 400 240  Dry, Pt/Al,0s, 8 61.8 827 110 42 0.2 1.9 41.9
cat. MPa H,
Spirulina RB - - - - - - - 75 10.4 7.7 NR 6.9 37.7 61
UB Dry *NiMo/Al,0; 4-8 350- 240 8 MPa H,, 350 73 84 121 4.0 NR 0.0 435
400 °C
Hard wood RB - - - - - - - 839 10.4 0.4 n.d. 53 40.43 54
UB Dry *NiMo/Al,0; 152- 150- 120 350 °C, 337 - 872 12.2 0.4 n.d. 0.3 43.90

NL H,/L bio-




550° 350 crude
Miscanthus RB - - - - - - - 705 8.2 1.7 NR 196 32.2 61
uB Dry “NiMo/Al,03 4-8 350- 240 8 MPa H,, 400 61 87.4 103 1.5 NR 0.8 422
400 °C
Duckweed RB - - - - - - - 734 7.9 47 038 136 33.5 62
uB Wet Ru/C, Pd/C, Pt/C, Pt/C 6 350 240 Ru/C 67.6 83.6 11.5 45 0.13 0.3 42.6
(sulfide), Pt/y-Al,0s,
Rh/y- Al,0;, CoMo/ y-
Al,O; (sulfide), MoS,,
Mo,C, activated
carbon, zeolite, No cat.
Primary sludge RB - - - - - - - 745 106 3.9 NR 11.0 374 61
from WWTP
uB Dry *NiMo/Al,0; 4-8 350- 240 8 MPa H,, 400 72 853 13.8 0.9 NR 0.0 46.1
400 °C
Primary sludge RB - - - - - - - 765 101 43 063 843 38.8° 41
from WWTP
UB Dry CoMo-S 1276° 400 NR - 76.7 84.7 14.2  0.03 224 1.1 48.7¢
Anaerobic RB - - - - - - - 82.3 9.3 4.7 1.14 2.6 40,6° 41
digestate from
WWTP uB Dry CoMo-S 1276° 400 NR - 93.1 85.0 142 0.06 249 0.96 48,8

RB: Raw biocrude; UB: Upgraded biocrude; NR: Not reported; n.d.: Not detected; WWTP:

a Carbon basis

b Normal litre hydrogen per litre bio-crude (NL/L)

Waste water treatment plant.



¢ Calculated according to the Dulong’s formula 53: HHV (MJ/kg) = 0.338C + 1.428(H - O/8)

d Expressed as parts per million (ppm)



Table S2. Operating conditions of HTL and main results for selected organic wastes

. . AP yield
Feedstock Type of Process Temp Reaction  Volume Slurry TS  Slurry COD (g  Biocrude (wt;)b Hydrochar  Ref.
reactor gas / (°C) time of slurry  (wt%) CoD/L) yield (wt%) ’ yield (wt%)
Catalyst i fed (mL cobD
atalys (min) ed (mL) [HHV [HHV E oo/L)]
(Mi/kg)l®  (Mi/kg)ls B
. . 153 24.8 15.84d
Pre-digested Continuous, *~ N,/No 350 19 1500¢ 9.7 1.99 4
[16.2] [35.8] [73]
WAS 500 mL cat.
d
Post-digested Continuous, N,/ No 350 30 1500¢ 16 [210;9] ?:;‘0] [158'82] 5.7 41
PS+WAS 500 mL cat. ’ ' '
Swi Batch, 1800 N, /N 305 120 800 ¢ 20 237.4° 48.1 l4.0° 3.3 v
wine manure atch, »/ No [19.1] ¢ (36.6] [77.4] .
mL cat.
48 28.7 27.6
h 63
Food waste Batch, 500 N,/ No 300 40 200 5 (19.7] (35.1] [7.3] 8 8.9
mL cat.
178.21 45.3 -k
64
Sorghum Batch, 1000 N, /K,CO; 300 60 100 28 [15.5] [29.7] [23.1]) 18.35
bagasse mL

TS: Total solid content; COD: chemical oxygen demand; AP: aqueous product; HHV: higher heating value; WAS: waste activated sludge; PS: primary sludge

a Calculated according to the Dulong’s formula 53: HHV (MJ/kg) = 0.338C + 1.428(H - 0/8)

b The volume of aqueous product was assumed as equal to the volume of water supplied to the HTL reactor

€ Feed rate (mL/h)

dvalue from 65
€ value from 66
fvalue from 67
& Value from 68

h value from 3

I Calculated according to McCarty (1964) %

Jvalue from 5

KTotal solid content of the aqueous product was not reported



Table S3. MM dry tons of waste annually produced, and excess currently not being used in selected regions.

Feedstock us US Excess EU EU Excess China China Excess
Wastewater sludge ©14.8270h 7.7 70h 11.127 6.2 207172 40473 32473
Animal manure 4170 2670 122f74 33.4f7 554 ¢75 152.9¢75
Food waste 15.370¢ 14 70¢ 876876 78.4 876 202.5877 114.6877
Agricultural waste 52478 17.178 91.6f74 728174 76775 240.1¢75

a Data from 2013

b Percentage of used sludge is estimated from Eurostat 2012 72, considering agricultural use, compost and other.
¢ Data from 2012

d Data from 2014

€Data from 2015

f Average value over the years 2009-2011 from EU

€ Data from 2011

h Data from 2016
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