Biomass as a source of

renewable raw materials for #
bio-based products via
acid-catalyzed liguefaction

RUI GALHANO DOS SANTOS
APRIL 11th 2022

Lab

P CERENA TS (Rl Fundedby —  \\GEER
Materials Centro de Recursos EUROPEAN COOPERATION e the European Union -

Association Maturais e Ambiente IN SCIENCE & TECHNOLOGY *x




Greenhouse effect

Eunice Foote

1st Study
acknowledging Jonh Tyndall
Greenhouse effect Full paper
~ ~ 45000
~ @ @ 40000 E
1856 1859 1861 -
Jonh Tyndall 35000 ©
Preliminary o 30000 [
. b C
=3 C
Fundings (letter) 2 25000 |
882 On the Heat in the Sun’s Rays. S 5
) $ 20000 [
2 C
ARrr. XXX — Circumstances affecting the Heat of the Sun’s Rays; g 15000 E
by Eunice Foork. 2 E
(Read bofore the American Association, August 28d, 1856.) 10000 E
MY investigations have had for their object to determine the C
different circumstances that affect the thermal action of the rays u
of light that proceed from the sun, 5000 [
Several results have been obtained. C
First' Them'tioninmwwiththedenaityOftheaiI,and 0 L 11 I A T T T T A T T Y T N T Y A T Y Y S S |
is diminished as it becomes more rarified. )
The experiments were made with an air-pump and two cylin- 1980 1985 1990 1995 2000 2005 2010 2015 2020
drical receivers of the same size. four inches in diame-

ter and thirty in length. In each
and the air was exhausted from ¢
After both had acquired the sam
in the sun, side by side, and whi c_)

E

Year

rose to 110° in the condensed t
other. I had no means at hand «
densation or rarefaction.

Eunice Foote
1819-1888



Global Carbon Demand for Organic
Chemicals and Derived Materials
by Type of Feedstock

Total: 450 Mt embedded C/ur

Reference Years: 2015 - 2020

Main Sources: Piotrowski et al. (2015), Hundertmark et al. (2018),

Levi and Cullen (2018), Skoczinski et al. (2021)
ilable at www. ble-carb e _Institute.eu | 2021




BIOMASS AS RAW MATERIAL
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BIOMASS LIQUEFACTION
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BIOMASS LIQUEFACTION

SIMULTANEOUS DEPOLYMERIZATION OF
CELLULOSES AND LIGNIN
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CHARACTERIZATION TECNIQUES
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CORK LIQUEFACTION
PRODUCTION OF SUSTAINABLE ADHESIVES FOR CORK

CORK
SUPPLY

VALORS

Torsion angle Torque Shear strength  Breakage
Samples 6 (mm) ©) (Nm) (MPa) point
CP50 63.00 6.56 0.93 Cork
‘ Epoxy 33 66.33 8.37 1.19 Cork
AN Wood 62.33 6.44 0.91 Cork
Ctates
of .
,-(mr}i!'ﬂ e
« PT107143 TITET >96% BIO-BASED COMPONENTS

« PCT/PT2014/000058

. WO0/2015/034383 SR
+ CN 105745256 A s sl
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* US9688806 B2 Ll 9
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PU FOAMS FROM LIQUIFIED BIOMASS
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BIOMASS LIQUEFACTION
PILOT PLANT DESIGN AND CONSTRUCTION
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SUSTAINABLE BIO-BINDER FOR ROAD PAVEMENT. I
BITUMEN PRODUCTION FROM BIO-OILS

Objective: Development of a bio-binder for road pavement

Parameter
Penetration (0.1mm) a7
Softening Point (°C) 90.6

Bitumen from bio-oil with properties similar to those
from 35/50 bitumen
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LABORATORIO NACIONAL
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BlIO-OILS AND ORGANIC EXTRACT AS BIO-FUELS

2.00
1.80 .
1.60
- 1.40 g O
Entry Sample Moisture (%) HHV (M]/kg) 0 1.20 &
1 Cork wastes [18] 20 21.6 §1-UU e D@ \\\4,0
2 Liquefied cork 0.7 34.14 0.80 \??%
3 Aqueous extract 9.7 20.29 0.60 .Hydmca.bon;‘f'?@
4 Organic extract 1.0 37.91 0.40 o Tars/Coals :
0.20 oLignocellulosic Biomass
0.00
0.00 0.50 1.00 1.50 2.00
Sample Water content High heat value oic
(%) (M]/Kg)
. ‘ 1.90 .v“ -
P_oplar Chips . ' 29.1 ’I 3.9 1.70 " swine Manure
Liquefied Poplar biomass (organic extract)” 0.5 35.2 150 ~®
Poplar Pellets [46] n.a. =20.0 o Papper Sludge
-1- 17 A, | e I =~ .
Toneﬁe;d wood [47] 2-3 20 ?J é 1.30 +Pine Wood
Coal [47] 6—15 18—-30 110
Natural gas [48] n.a. 37.3
0.90 _
3 After extraction. #Blomass
0.70 mLiquefied Biomass
0.50
0.00 0.50 1.00 1.50 2,00
oic
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MAPPING, IDENTIFICATION AND |
VALORIZATION OF BIOMASS

DEVELOPMENT OF FUEL MAPS FOR FOREST MANAGEMENT AND VALORIZATION

Parameter Bio-oil FPBO HTLBO
T, (°C) 213 251
T, (°C) 624 667
T 8 244 369
DTG,

(%omin-d) 18.21 7.89
0,

DTimea”(A) 4.53 4.20

min-1)

S (%2 °K-3

min?) x 107 3.89 1.28

[1] https://doi.org/10.1007/s10973-011-1604-8.

Diesel/Bio-oil emulsions
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BHT — butylated hydroxytolune
GA — Galllic acid

AA — Antioxidant activity

TPC — Total phenolic content

Conversion Yield (%)
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Bio-oil -- -- -- 2.92 6.05
Aqueous 21.70+1.11 42.70+2.47 43.21+0.89 1.19 0.92
Organic -- -- -- 1.05 193
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SUSTAINABLE PLASTICS
BIO-POLYMERS PRODUCTION AND SUSTAINABLE ADDITIVES
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SUSTAINABLE PLASTICS E

BIO-POLYMERS PRODUCTION AND SUSTAINABLE ADDITIVES

Cell dry weight

Bacteria Carbon source CDW (g/L) Fc
Pseudomonas Sugar mixture 3.58 t

chlororaphis FACULDADE DE

DSM 19603 Aqueous extract 3.52 CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
Pseudomonas Sugar mixture 2.21
resinovorans = |SOLAGO
NRRL B-2649 Aqueous extract 4.20
Pseudomonas Sugar mixture 1.78 Better
putidaDSMZ 6125\ iract 319 Plastics
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STEAM REFORMING OF BIO-OILS
PRODUCTION OF HYDROGEN-ENRICHED GASEOUS STREAMS

Weight (%)

Pyrolitic Heavy oil 46.3 5.48 48.19

C.HnO, + (2n — p)H,0—>nCO;, + (2n — p + m/2)H,
Pyrolitic Light oil  39.59 7.09 53.32
HTL Heavy oil 60.03 5.55 34.42
HTL Light oil 45.92 6.31 47.76
Bio-oil 69.8 12.65 17.55

Tubular Reactor

Cooling System

Oven Temperature
Control System

Drying and Condensed Water
Measuring System

R E
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Burnt wood liquefaction

Sample ID Biomass T'rf‘e Conversion
(min) (%)
! 0 14
2 45 35
3 60 55
4 Bark 90 49
5 120 51
6 180 a2
7 300 45
8 0 29
2 a5 62
10 60 79
11 Sapwood 90 67
12 120 73
13 180 80
14 300 82
15 0 40
16 45 63
1 60 84
18 Heartwood 90 73
19 120 76
20 180 83
21 300 &
22 0 40
23 a5 54
24 60 P
25 Branches 90 63
26 120 70
z7 180 64
28 300 68
29 0 43
30 45 71
3 60 74
32 Pinewood 90 71
33 120 72
34 180 76
35 300 80 19




PINEWOOD SHAVES
Alternative solvents

2-EH PG S GF PC GC Blomas.,s
(%ew/w) (%w/w) (%w/w) (%w/w) (%w/w) (%w/w) co"‘(’;‘;s'o"
1 100 - ; . - ’ oy
2 - 100 - - - - 79.4
3 20 80 - - - - 93.7
4 80 20 - - - - 83.9
> . ; Lo - - - 96.4
°* X ) 80 - - - 89.0
780 ; 20 - - - 81.9
2 - - - 100 - - 95.5
9 20 - - 80 - - 83.6
10 80 ; ) 20 ) ] o
N - - - 100 - 96.5
12 20 - - - 80 - 96.6
13 80 - - - 20 - 86.4
14 - - - - - 100 98.7
15 20 - - - - 80 92.3
16 80 : : : : 20 773

90 min, 3% w/w cat, 160°C
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