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CNR - STEMS - Via Guglielmo Marconi 4, Naples - ITALY

STEMS Institute of Sciences and Technologies for Sustainable Energy and 
Mobility belongs to the DIITET (Department of Engineering, ICT and 
Technologies for Energy and Transport) of National Research Council, CNR.

3 locations in Italy (Napoli, Torino, Ferrara)

Specialized laboratories with advanced equipment

Different size plants from the laboratory scale to the pilot scale

Its staff includes more than 100 researchers, 50 technicians and 
administratives and over 50 trainees

It is involved in national and international research networks
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Biochar

✓Adsorption of Crystal violet (Grottola et al., 2026)

✓ Filler in polymers (PLA, Botta et l., 2024)

✓Bio-remediation in contaminated mining soil (Pinna et al., 2023)

✓ antimicrobial activity (Kiani et al., 2023)

✓Anaerobi digestion (Florio et al., 2019)

For pyrolysis gas with 3< LHV <6 MJ/Kg, it is possible 

to stabilize MILD condition with air pre-heating 

(Tair=730K)

Results are not dependent on mixture composition but 

only on LHV values 
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GC-MS analysis of biocrude

For pyrolysis gas with 3< LHV <6 MJ/Kg, it is possible 

to stabilize MILD condition with air pre-heating 

(Tair=730K)

Results are not dependent on mixture composition but 

only on LHV values 
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MINICOR: MILD COMBUSTION WITH NITROGEN AND CARBON DIOXIDE 

REFORMING 

Contributing to an environmentally 

sustainable management of CO2 

and N2 through the combined 

production of energy/biofuel and 

materials for N-compounds 

adsorption
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MINICOR CONCEPT: PYROLYSIS 

t= 0  t=1 h

Effects of biomass type, temperature, holding time and carrier gas type on 

pyrolysis products yields:

 

biochar properties for ammonia adsorption

bio-oil aging 

bio-oil and gas composition for MILD combustion and dry reforming 

Softwood

Poplar

Straw



AGING BIO-OIL 

Parametres to study the Aging

Instability and storage of bio-oil:

High oxygen and water content

Complex composition

Time-dependent chemical reactivity

Motivation

Bio-oil separation and analysis (GC-MS)
Effect of Biomass and Inorganic Content – Multi-

technique Characterisation

CNR-STEMS (Napoli) - CNRS /LRGP (Nancy)  • 

Université de Lorraine -  (Metz)

Sample 

code

Pre-treatment / Rationale

P Untreated poplar: baseline, contains 

original structure and inorganic ash (K, 

Ca, Mg, etc.)

P-WASHED Water-washed poplar: removes water-

soluble inorganics (mainly K); isolates the 

effect of the organic matrix alone.

P-DOPED Washed poplar + controlled re-addition of 

selected salts (e.g. KCl, CaCl₂ at defined 

loadings): reconstructs specific catalytic 

effects.



Fundamental studies on pyrolysis 

mechanisms:

• conditions similar to TG

• advantage of producing bio-oil 

and biochar for offline 

characterization

Pyroly

s is  

vapors

Fixed bed reactor: 

• produce high amounts of 

torrefied biomass/biochar and 

torrefaction liquid under the 

optimal conditions defined 

with Pygrino

Single-particle reactor

• Effect of solar radiation 

on fast/flash pyrolysis

Continous reactor: 

• Process optimization for combined biochar and bio-oil 

production in continuous mode

SCALE-BRIDGING @PYMICOLAB: CNR-STEMS

PYGRONEPYGRINO

PYC-AUGER

PY-O REACTOR

Py-GC-MS, TG-FTIR

investigation of intrinsic reaction kinetics

•Limitation: small sample quantities not representative for 

heterogeneous materials

• internal heat and mass transfer phenomena within the particle are 

neglected



Naples



Thank you

corinnamaria.grottola@stems.cnr.it
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