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Overview

» Bijorefineries: Reality or Chimera?
» Technological platforms

=» The GRTP ATP platform

= g-lab and kg-lab scale

= The projects underway

» Past and present projects
» Nano-F-PoRes
=» GOLD/HORIZON 2020
» Results
» Take-home message
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Biorefineries: Reality or Chimerae

» Sustainable production paradigm is
here to stay

» Although renewable energy vectors
are many, only waste and biomasses
re renewable products resources

Biorefinery is an alternative under
development but in a not so far future
(some generations ahead) will be the
only remaining alternative

®» Today’'s ‘chimera’ will be fomorrow’s
'lion king’
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Technological platforms
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Biogas, Syngas and Hydrogen from Biomass
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The ATP platform of the GRTP
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The Nano-F-PoRes project

Bubbling fluidized bed ATP : the lower part of the bed serves as exothermal
POX vessel producing the necessary thermal energy for the endothermic
thermolysis (thermal cracking) taking place at the upper part of the vessel.

Combination of a bubbling fluid bed and a mobile catalytic bed in a reactor
vessel: this vessel was patented [Abatzoglou et al., 2002] as a mobile bed filter
and it is now tested as a reactor vessel for the production of CNF.

e fluid product of the ATP is composed of gases and condensable
components.

The synthetic fluid stream can be used as it is produced after the solids
re’rﬁn’rion. If it is too heavy for the CNF production reactor, there are two
options:

» |ncrease the catalytic cracking inside the ATP.

» Add a Steam reforming reactor just before the CNF production reactor.
Our patented catalyst (Ni-UGSQO) [2016], known for its carbon-formation
resw’rcgjnce as well as its high reforming ability even under low H,O/C ratio,
s use
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Production of carbon nanofilaments
from waste streams
and their use as polymers additives

Where this idea is generated frome
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The DRIVE? Process

DRY REFORMING INDUCED VALORIZATION OF
ENVIRONMENTALLY FRIENDLY ENERGY CARRIERS
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Rationale : GHG Sequestratione
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The sequestered carbon
comes from the
biosphere; thus allows a
neat GHG decrease
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CNF collection setup

Process diagram

1-Preheater
2-Reactor
3-Filter

FC collection tank
S5-Cylinder
6-NFC Recovery
Barrel
/-Condenser
8-Glycol bath
9-Totalizer
10-Sampling point

"
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Experimental Conditions

Ar Flow

Catalyst Reaction

Catalyst H F(I;) Ij: ArA(;ie rate mass time (IGh!:ISI:, ST_PI) T(°C)
Activation (SLPM) (kg) (h) e
Fe-Al,O3
10 Wi% 1 3 0.5 0.5 480 550
Reacti
H, Flow rate i Catalyst on GHS Ve :
Catalyst rate mass . ] ) T(°C)
: (SLPM) time (.Lh-1.kg")
Re/action (SLPM) (kg) h
( Uplicq’red) ( )
Fe-Al,O3
10 Wi% 3 1 0.5 6 480 600

\
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Experimental results

Carbon mass (g) 615
Carbon Production rate (kgc.kgeot'.h!) 0.2
C Yield (%) 53.2
H, Yield (%) 46.4
C,H4 conversion (%) 73.0
CO, conversion (%) 69.9
C balance closure (%) 6.3
H balance closure (%) 4.0

O balance closure (%) 4.3
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SEM Carbon characterization
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Catalytic pyrolysis at g-lab scale
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Batch Catalytic Pyrolysis Setup
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Catalysts tested

Catalyst Ni-UGSO Fe/Al,O,

BET surface area (m?-g™1) 4.86 1.84
}>6re volume (mm3.g1) 23 10
Average pore size (nm) 7.9 8.5
H, chemisorption (ml-g™1) 566 206
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Catalyfic pyrolysis results —
Post-consumer HDPE Semi-Batch at 700 °C for 2 h

Catalyst| Ni-UGSO Fe/Al,O;

Parameters
Solid yield (wt%) 57.2 7.4

s yield (wt%) 34.4 63.7
Liquid yield (wt%) 8.4 29
Average carbon production rate (g-'g... *-h™) 2.26 0.13
Total filamentous carbon yield (wt%) 68 3.7
Total H, yield (wt%) 79.4 58.4
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Catalyfic pyrolysis results —
Various feedstoch Semi-Batch at 700 °C for 2 h

Plastic type | Virgin HDPE | Used HDPE | Mixed plastics
Parameters
Solid yield (wt%) 56.5 57.2 61.8
Gas/%eld (Wt%) 33.1 34.4 36.1
)/i/quid yield (wt%) 10.4 8.4 2.1
Average carbon production rate (g. g *-h™) 2.3 2.3 2.0
Total filamentous carbon yield (wt%) 67.8 67.9 58.6
Total H, yield (wt%) 75.6 79.4 70.4

10th International Conference on Sustainable Solid Waste Management 21/6/2023




Call: H2020-LC-SC3-2020-RES-
RIA: Combined clean biofuel
production and
phytoremediation solutions
from contaminated lands
worldwide

‘Bridging the gap between phytoremediation

solutions
on growing energy crops on contaminated lands

and clean biofuel production’
Acronym: GOLD
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GRTP’s Role in GOLD Project (WP2.5)
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Me-Contaminated biomass for Pyrolysis tests

» About 13g of previously washed, dried and ground biomass are used for each
pyrolysis test.

®» An experimental plan (Box-Behnken optimization plan) was established varying
the temperature (between 500 and 800°C), the heating rate (between 2 and
10°C/min) and the residence fime at the maximum temperature (between 20
and 60 min) for the pyrolysis of switchgrass biomass.

®» The biomass used contains 43.5 = 2.21% carbon (elemental analysis SC632) and
has an ash content of 1.4% (ASTM-e1755 method).

» According tfo our ICP the level of contamination of this biomass is:
» 35 ppb Cu

= 500 ppb Fe

» 40 ppbinSb

» Other heavy metals in trace.
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Results of preliminary pyrolysis tests

= The mass yields of biochars are between 21% for high heating rates and
26% for low heating rates.

= Elemental analysis of chars gives a carbon content of 85-90%. Metals are
captured by more than 95% in the solids.

= The bio-oil yields are around 30% for average temperatures (650°C) and
average heating rates (6°C/min).

= The quantity of gas increases with T, and it is favored with low heating rates.
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Take-home message

= Hybrid biorefineries development is to become the basis of
renewable resources-based products.

= The under-development autothermal pyrolysis technological
platform is the equivalent of the fossil carbon-based
resources pretreatment step (i.e.; heavy crude oil).

= The g-lab scale results are highly promising and scaled-up
runs are underway.

= The combination of residual (waste) plastic with biomass
(i.e.; me-contaminated biomass from phytoremediation)
adds a significant flexibility to the proposed technology.
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