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EU H2020 — SMART-Plant Scale-up of low-carbon footprint material recovery
techniques in existing wastewater treatment plants www.smart-plant.eu (Ref:
f.fatone@univpm.it; a.l.eusebi@univpm.it) Period: 2016-2020

EU H2020 — NoAW No agricultural waste www.noaw2020.eu (Ref:
david.bolzonella@innoven.it ) Period: 2016-2020

La progettazione
europea recente
in tema di
circolarita
applicata ai
servizi ed alle
filiere
agroalimentari:

EU H2020 — AFTERLIFE Advanced filtration technologies for the recovery and later
conversion of relevant fractions from wastewater www.afterlife-project.eu (Ref:
nicola.frison@innoven.it ) Period: 2017-2020

EU H2020 - Glopak (Ref: david.bolzonella@innoven.it ) Period: 2018-2022

EU H2020 — RES-URBIS Resources from Urban Biowaste www.resurbis.eu (Ref:
david.bolzonella@univr.it ) Period: 2016-2020
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Digestione anaerobica e produzione di biogas (Il)

Materiale organico
- Proteine

- Grassi

- Carboidrati

Intermedi di reazione

- Volatile Fatty Acids (VFA)
- Hydrogen (H,)

- Carbon Dioxide (CO,)

Composti finali
- Carbon Dioxide (CO,)
- Methane (CH,)
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Methanospirillum
Methanoculleus
Methanosphaerula
Methanoregula

Top 5 genera

and abundance

sisauadopy

YIBIN

sisauagoue

SE

VENICE
SUSTAINABILITY
FOUNDATION

Universita
Ca'Foscar
Venezia




Intermediate
Platforms

Biobased
Syn Gas

Hemicellulose |

Biomass
Feedstocks

Starch

Sugars
Glucose
Fructose
Xylose
Arabinose
Lactose
Sucrose
Starch

Cellulose }

Oil |

Protein '

SG

Cc2

c3

C4

C5

Cé

Building
Blocks

H
Methanc!
ixed alcohols
gher alconors

Oxo synthesis
wducts

Isc-synthesis
roducts

Fischer-Tropsch
Liquids

Glyceral
Lactic

3-Hydroxy-
lonate

Propionic acid
Malonic acid
Serine

Secondary
Chemicals

amen s b, by gt products.

] Acesk acid,
Smativylcarbonn, Mating smines, MTBE, olsfies, gasoling

Lineas and branches 1° sicahods, and mined higher skconols

[r——

164 molscules, kobutans and ite dorivaties

el s, waes, disnsd

raalnic, 1.3-P00, diackls,

orogyl a'cobol, desldeiyde, epoxiies

Acrylates, LPropybene ghycol, D oxanes, Palyesiers, Lactids

Acrybams, Acrfamisen Banen. 1 Prophomcicl, Wakane ack and

Reagunt, propional, acrylste

Prarma. intermediates

Py ———

Succinic acid

Fumaric acid_}

alic acid
Aspartic acld
3-Hydroxy-

butyrolactone
Acetoin

Threonine

Itaconic acid
Furfusal
Levulinic acid
Glutamic acid
Xylonic acid
XylitalArabital

itric/Aconitic acid
S-Hydroxymethyl-

Lysine
uconic acid
ucaric acid

sorbitol

THE, 1, wsts, diamines,

4 Bio00 1, Iy OraxyDuyTIa ack

Untaturatid succinate derivatiees (e abaove)

A Sucon e Serreatress duse abe)

Hydayatyretes, spony v betyralectons, butercis acid

Butaned ols, busenots

Diaie, kotone derwal v, sndeterminant

Miethy! SUCcinate Serfvathves (see sbove). wisanraed esters

Marsy fumn decivatzsm.

Saminoierulinase, 2 Meting THE, 1,4-di0is, #4ters, woc sinass

Lacsores, ssters

WG, PG, giymeral, bactats, rydinay farans, suger asids

1, satern

Numerous furan derivates, sucomate, sters. levu s seid

Capralactam, diaming sicohsls, 1.5-Siamincpentane.

Diactones, manolasicnes, other products

Glyecls (63, ). ghycarol, lacta, iosorbite

Y

Intermediates

[ ——
[LN——

Falyvingl slcohol

Palypyrreliane.
Piithalate potyesters
PEIT pobymar.

Polyhydranypodyssters

Palyhydraxppolpamides

Uinphenct A raplacement

Products/Uses

Industrial

Corrosion inhibitors, dust control,
boiler water treatment, gas
purification, emission abatement,
specialty lubricants, hoses, seals

Transportation

Fuels, oxygenates, anti-freeze, wiper
fluids molded plastics, car seats, belts
hoses, bumpers, corrosion inhibitors

Textiles

Carpets, Fibers, fabrics, fabric
coatings, foam cushions, upholstery,
drapes, lycra, spandex

Safe Food Supply

Food packaging, preservatives,
fertilizers, pesticides, beverage
bottles, appliances, beverage can
coatings, vitamins

Environment
Water chemicals, flocculants,
chelators, cleaners and detergents

Communication

Molded plastics, computer casings,
optical fiber coatings, liquid crystal
displays, pens, pencils, inks, dyes,
paper products

Housing

Paints, resins, siding, insulation,
cements, coatings, varnishes, flame
retardents, adhesives, carpeting

Recreation

Footgear, protective equipment,
camera and film, bicycle parts & tires,
wet suits, tapes-CD's-DVD's, golf
equipment, camping gear, boats

Health and Hygiene

Plastic eyeglasses, cosmetics,
detergents, pharmaceuticals, suntan
lotion, medical-dental products,

disinfectants, aspirin

ESEMPIO DI FLOW CHART BASATO SU BIOMASSE DI RIFIUTO O SECONDARIE

VENICE
QRLD SUSTAINABILITY
1L FOUNDATION

=
Universita
Ca'Foscar
Venezia




JERICE Ca'Foscar

SUSTAINABILITY

FOUNBATION Venezia

ALLA PIENA SCALA NEL

Dall’idea su
scala pilota:

Scale: pre-industrial - WWTP
Period: from 1995

Reactor volume: 22 m3
Flowrate: up to 75 m3/d
Wastewaters: municipal
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Bio-hydrogen & Bio-methane
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SCOD E VFA PRODOTTI RISPETTO AL COD TOTALE
IN INGRESSO: UNA CONVERSIONE QUASI TOTALE!

COD fractionation

TCOD

SCOD

TVFA




Process-related challenges
University of Roma “La Sapienza” (Italy)
New University of Lisbon (Portugal)
University Ca Foscari of Venice (lItaly)
University of Barcelona (Spain)
University of South Wales (UK) WP2
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consortium

University
Research Institute
Industry

Public Administration
Territorial clusters

University of Bologna(ltaly)

WP3
WP1
) WP5
.
social aspects pr—
Technical University of Denmark (Denmark) WP4

University of Verona (Italy) | WP1

:
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Poliidrossialcanoati (PHA)

v Bio-polimeri microbici

._RZC@ v Materiale intracellulare di stocca; \LCHS H 9\(\02”5 ?;\
C
URB‘@ v'short-chain length (scl) 3-6 C “er] oy
\Y

v Batteri G-and G*: ~75 generi, 30(

(R)-3HB R)-3H

< Materiali termoplastici
<Potenziali applicazioni simili ai materiali
derivati da petrolio
+Proprieta funzione della composizione

monomerica

WO= 4mm Detector = STEM = 70000-2538 of
EHT = 30.00 WV STEM Sog Mode = OF F2 UA+Ph : FELMIZFE-GRAZ

PHA-rich Cupravidus necator DSM 545 cells
Koller et al., Eng Life Sci 2011




Il portafoglio prodotti e le prospettive di diffusione del
mercato Applicazione:

* Filminterstrato, valore di mercato totale € 2-3 miliardi (PHA utilizzato come componente
puro tramite elettrofilatura).

* Mercato adiacente degli adesivi (bio sostituti dei polieteri poliuretanici) valore di mercato di
circa 35 miliardi di euro.

* Filmdiimballaggio fino al 25% di contenuto di PHA nella formulazione; valore di mercato 20
miliardi di euro.

* Benidurevoli, ad es. maniglie flessibili, arredamento per interni: fino al 60% nella
formulazione, valore di mercato totale 1-2 miliardi di euro (maniglie flessibili realizzate).

« Valore di mercato totale delle bonifiche ambientali fino a 1 miliardo di euro. Questa &
un'applicazione di nicchia in cui PHA ha mostrato buone prestazioni.
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In definitiva:

Ogni processo e strategia illustrata, ogni
sinergia tra le tecnologie e gli ambiti

(compostaggio, digestione anaerobica, ZENRO

dark fermentation) diventa un must nel

prossimo futuro, anzi, gia nell’attuale. s e
Tutto cio porta al concetto di bioraffineria. WASTE

SOLUTION

Tutto questo e completamente in linea con
la visione ‘Zero waste’ di Paul Connett, S
che prevede un reale utilizzo conservaivo
dei rifiuti come una risorsa ambientale.
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Dal 1981:

Trattamenti aerobici-anaerobici dei
rifiuti organici/scarti organici

SEMPRE SU SCALA PILOTA
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