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Overview
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Topics of research interest 

BIOCIRCULAR ECONOMY, BIOENERGY, GREEN CHEMISTRY

Residual biomass and organic waste to: - food supplements 

- platform chemicals

- energy vectors 

- soil amendments 

- advanced carbon materials (e.g. adsorbents for env. rem.)

Skills and expertise 

• Chemical and Process Engineering

• Lab work and modelling and design

Feedstock of interest

• Agro-industrial: grape marc, olive pomace, apple pomace, manure

• Fish waste

• Urban waste: OFMSW, bioplastics, sewage sludge



Awards
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I Think Circular

Prize 1st place Research Institutions

May 2017

Project: «The biorefinery of the future»
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Hydrothermal processes: HTC, thermal hydrolysis, HTL, SCWG
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250 °C < T < 370 °C
50 bar < P < 220 bar

H2O + biomass

H2O + biocrude

HydroThermal
Liquefaction (HTL)

HydroThermal
Carbonization (HTC)

180 °C < T < 250 °C
10 bar < P < 50 bar

H2O + biomass

H2O + biochar

T > 375 °C
P > 221 bar

H2O + biomass

H2O + syngas 

SuperCritical Water 
Gasification (SCWG)



Hydrothermal processes: HTC, thermal hydrolysis, HTL, SCWG
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HTC 

180-250 °C

1 – 8 h

Adsorbent medium
Activated Carbon

Biofuel
HYDROCHAR PELLET

Amendment BIOCHAR 

Material for technological 
applications



Hydrothermal processes: HTC, thermal hydrolysis, HTL, SCWG
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Tdesign=300 °C

Pdesign=140 bar

V        =2 L

Material: AISI 316



Supercritical CO2 extraction
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Vextr: 0.1, 0.2, 0.5 L 

Pdes: 600 bar



Others

11

Biological:  

• Anaerobic digestion

• Composting

Thermochemical: 

• Pyrolysis

• Activation

Extraction:

• Solvent extraction at atm. pressure

• Pressurized water extraction
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Fish processing waste valorization
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• Protein meal extraction from trout processing waste (2024-26)

• Technical and scientific support activities for the production and 
conditioning of protein meals deriving from Trentino trout 
processing waste (2022)

• Industrial-scale production of oil enriched in omega-3 fats from 
processing waste of Trentino trout (2015-17)

• Enrichment in omega-3 fatty acids of raw fish oil extracted from 
trout processing by-products (2013)

• Feasibility study for the recovery of omega-3 from fish 
processing waste (2009)



Fish processing waste valorization

14

Trout

Waste

Fillet

Proteins

Oil

Omega-3 FAEEs

Glycerol

Light 
FAEEs

Thermal 
Energy

Electrical  
Energy



Tomato sauce processing waste valorization
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• Development of a platform for the production of bioactive ingredients from 
tomato industry waste (PRIN – 2023-25)

• Lycopene

• Polyphenols

• Polysaccharides

• Proteins



Apple pomace valorization
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• Enhancement of apple juice production waste - Melinda Project “SMS Green 
– Circular bioeconomy: apple-soil sustainability” (2022-23)

Reactor with AP 
before reaction

Apple pomace

(AP) And after HTC at 
200 °C



Manure treatment and valorization
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Integrated HTC and pyrolysis for valorizing mixed 

manure and agricultural residues to nutrient-enriched 

biochars and biofuels (2021)

Co-HTC of animal and agricultural waste for soil 

amendment and solid fuel (2022)

Cow manure HTC for P recovery and adsorbents for water treatment (2022)

Valorization of swine manure for a circular approach through HTC (2023)



Waste bioplastic treatment and upgrading
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• Bioplastics: from residual biomass to platform 
chemicals to produce them, and how to recycle 
them to new life (2022-24 - D.M. 10 agosto 
2021, n. 1062, Azione IV.6 "Contratti di ricerca 
su tematiche Green)

• Occhio al Bio! - Watch out for organic! Study of 
a certification method for bio-based optical 
products (2021-25)
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Bioplastics: Problems in disposal

Anaerobic
digestion

Composting

OFMSW
Separator

WtE plants

Landfilling

20

Biogas

Compost

OUR QUESTION:
Can hydrothermal

treatments facilitate the 
valorisation of waste

bioplastics?



Definitevely: YES
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Anaerobic
digestion

OFMSW
Separator

Bioplastics + 
other residues

HTC

Thanks to

Recovery of 
chemicals (5-HMF, 

lactic acid, …)

Advanced carbon 
materials (so far only for 

cellulose-based bioplastics)
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Anaerobic
digestion

OFMSW
Separator

Bioplastics + 
other residues

HTC

Thanks to

Recovery of 
chemicals (5-HMF, 

lactic acid, …)

Advanced carbon 
materials (so far only for 

cellulose-based bioplastics)

Chemicals in the 

aqueous phase

Nano/microspheres
Base for advanced

carbons (carbon black, 

electrodes, activated

carbons)

Biopolymer precursors

bacterial synthesis of 

polyhydroxyalkanoates



OFMSW treatment and valorization
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• C2Land: Innovation in soiltech: a soil improver obtained by 
HTC as a tool to reduce GHG emissions (2020)



OFMSW treatment and valorization
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COMPOSTING
ANAEROBIC DIGESTION 

(AD)

OFMSW

COMPOST

BIOGAS

DIGESTATE

Existing plant: BAT
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COMPOSTING
ANAEROBIC DIGESTION 

(AD)

OFMSW

COMPOST

BIOGAS

DIGESTATE

MORE

HTC

HTC 
LIQUOR

HYDROCHAR

SCENARIO 1
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COMPOSTING
ANAEROBIC DIGESTION 

(AD)

OFMSW

BIOGAS

DIGESTATE

MORE

HTC

HTC 
LIQUOR

HYDROCHAR HYDROCHAR CO-
COMPOST

SCENARIO 2



Sewage sludge management via hydrothermal processing
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• Technologies for the reduction of sewage sludge with a 
sustainable impact on the overall energy balance of the integrated 
WWTP (2020-22)

• Hydrothermal carbonization of sewage sludge: energy recovery, 
nitrogen and phosphorus extraction and valorization of the 
hydrochar (2019-22)

• R&D on hydrothermal processes applied to sewage sludge (2015-
18)

• Hydrothermal carbonization of wastes from municipal solid waste 
treatment (2014-16)



HTC and sludges: dewaterability
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Palabile diluito

(16 % S.S.)Thickened sludge

(16% T.S.)

After 60 mins

Hydrochar from 

thickened sludge

after filtration

After 100 s



HTC and sludges: dewaterability
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HTC destroys the colloidal structure 

of the sludge causing the <<bound 

water>> (inside the cells) to 

become <<free water>>.

This makes sludge dewatering 

easier. As a result, the volumes of 

sludge destined for 

disposal/recovery becomes 

significantly lower.



HTC and sludges: dewaterability
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Max d.m. 25%

Filtering - centrifugation

Drying

Energy

Water

Water 
vapor

Sludge

Dried solid

Energy



HTC and sludges: dewaterability
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Filtration

HTC

Drying

Energy

Water

Water 
vapor

Sludge

Dried solid
Energy

CO2

Energy



HTC and sludges: dewaterability
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Filtration

HTC

Drying

Energy

Water

Water 
vapor

Sludge

Dried solid
Energy

CO2

Energy

100 kWhth/tonsludge

15 kWhe/tonsludge

HTC:



Sewage sludge management via hydrothermal processing
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Grape marc valorization
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• VALORVITIS 2.0 – La ricerca e l’innovazione incontrano il 
mercato - Research and innovation meet the market (2018-
2019)

• VALORVITIS - Valorisation of the wine industry by-products 
for the production of high-added value compounds (2011-
2015)



Valorization of waste and by-products of the winemaking industry
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Thanks
for listening!

e-mail luca.fiori@unitn.it

mailto:luca.fiori@ing.unitn.it
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