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LIFE+ covers the three
components:

LIFE+ Nature and Biodiversity
LIFE+ “Environment Policy and
Governance”

LIFE+ “Information
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SHEEP POPULATION IN EUROPE

»100 million sheep, mainly for meat and milk
production (december 2011):

 United Kingdom (25%)

* Spain (20%)

« Romania (10%)

*Greece (10%)

* Italy (9%)

* France (9 %)

* Ireland (4%)

200.000 tons /year (18-20.000 tons/year in Italy)




Good quality wool (25%) Low quality wool (75%)

| |

Textile applications

Alternative applications

|

FELTS, CARPETS,
BIO-BUILDING

EU COMMISSION REGULATION N ©142/2011
> Wool is a special waste subjected to restrictions provided for Class 3 Materials
Collection, storage, transport, treatment, use and disposal of unprocessed wool are

subjected to EU regulations. ,




LIFE+-GREENWOOLF PROJECT

COARSE WOOL VALORIZATION

hyd olysis conversion fW ol wastes
ntoarg nitrogen Fertilis
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Greasy wool without
washing
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Recover on a large scale waste wool to obtain nitrogen organic fertilizers by an
ecological and sustainable process 5



Long range objectives of the project

- reduce the wool wastes

- exploit renewable resources

- develop a chemical free treatment of raw wool

- reduce effluents from wool scouring

- improve the quality of the pasture lands

- Iimprove soil properties

- develop marginal areas increasing grasslands extension,
- reduce soil threats

- reduce transport costs of both fertilisers and wool wastes
- iIncrease employment and profit of sheep farming in EU

- reduce import of sheep meat
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KERATINS :> Soft keratins

Hard keratins

Wool and hairs ~ Horn, Hoof Feathers
and Nails

*Keratin can’t be used to
produce energy for combustion
Keratin in soil degrades very
slowly

(b)

Yarn specimens following (a) 30 days and (b) 145 days burial.




Degradation of keratin
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Hydrolysis of wool with superheated water in a microwave reactor

The superheated state of water is highly effective in the hvdroI_yS|s dlssolutlon of
keratin. e i WA

MILESTONE ETHOS 1600

Experimental parameters
Temperature: 150-170-180 ° C
Time: 60 — 30 min
Liquor ratios: 1:100 — 1:30 — 1:5

Volume:400 ml

Technical characteristics Power 150-570 W
Frequency of 2.45 GHz



Diagram of the operations

Hydrolysis with superheated water

wool

water

Hydrolysis

Slurry

Solid

Liquid phase

Liophylisation




LIQUID PHASE: EXTRACTION YIELD

Weight of dried liquid phase (mg) % 10

Extraction Yield (%) =

Weight of dried wool (mg)

0

Extraction yield (%0)

ELE. 1:100
NLER.1:30
BELR.1:5

150°C
60 min
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LIQUID PHASE: MOLECULAR WEIGHT

=
=

St 1 553,00

LS proteins 00

HS proteins o

HGT proteins

3 4
Lana 150°C 170 °C 180°C

wool 8-3 kDa
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HYDROLYSIS WHITH SUPERHEATED WATER

FREEZE-DRIED POWDERS AND SOLID SAMPLES:
AMINO ACIDS COMPOSITION

freeze dried solid

powders phase
AA WOOL 150° C 170° C 180° C 150° C 170° C 180° C
CYA 0,1 0,16 0,10 0,10 0.08 0,49 0,15
ASP 7 10,62 9,76 7,52 7,86 4,94 4,3
SER 10,75 10,55 9,66 8,02 10,9 8,98 8,3
GLU 12,8 15,09 16,56 16,34 12,94 10,03 11
GLY 8 8,58 9,37 11,39 9,43 12,35 13,85
HIS 0,9 0,95 0,99 0,89 0,85 0,94 0,85
ARG 6,92 7,13 6,60 6,73 7,37 7,86 8,2
THR 5,8 5,39 4,93 4,06 6,08 6,02 4.6
ALA 5,2 6,12 6,90 8,12 5,28 5,28 7,4
PRO 6,4 5,82 8,28 9,21 6,75 7,70 7,1
LAN 0 1,07 1,22 0,99 3,05 2,95 1,45

TYR 3,4 3,85 2,66 3,17 3,75 5,16 4,7
VAL 5,8 5,75 6,41 6,63 6,06 6,55 6,75
MET 0,4 0,62 0,39 0,30 0,42 0,65 0,7
LYS 3,45 2,83 2,76 3,07 3,06 3,33 4,3
ILE 3,1 3,29 3,45 3,56 3,18 3,58 3,7
LEU 6,8 8,09 7,69 7,72 7,07 7,30 8,45
PHE 2,1 2,47 1,87 2,08 2,48 3,48 3,5

*The cystine amount
decreases by
Increasing the
temperature
treatment from 150
to 180 ° C and the
amount of cystine is
lower in liquid
samples than in
solid samples.

=The amount of
lanthionine decreses
by increasing the
temperature
treatment and it is
higher in solid
samples, but also in
freeze-dried
powders small
amounts of
lanthionine are
detected 13



Secondary structure: FT-IR Spectroscopy
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Bio-amendment fertilisation

- Green hydrolysis (with superheated water) of wool keratin
has been proposed in the GreenWoolF project for the
production of fertilizers with a N release in the soil which
can be tailored as a function of hydrolysis temperatures
and times.

- Protein hydrolysates (amino-acids and low molecular weight
peptides) are permitted in biological agricolture;

- Protein hydrolysates display bio-stimulant properties (soil
microbic activity) and are suitable for foliar-feeding;

- Protein hydrolysates display chelating properties for micro-
elements (Fe, Cu, Zn) and may reduce the use of chemical
fertilisers and complexing agents such as EDTA.
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Green hydrolysis conversion of Wool wastes

into o

rganic nitrogen Fertilisers

TIMETABLE
Action 2013 2014 2015 2016 2017 2018
Action .
humbe Name of the action PQORQIn ] o fam (e 0 pnnjann ey 0 On gl o (00 (Renpne o o) neg
A. Preparatory actions:
A1 Selection and contact with regional, national and european public and H R
' private stakeholders and wool samples collection
B. Implementation actions:
5.1 Conceptusl design of the process and optimization; mass and enengy [ |
' bslance; detailed process design
B.2 De_;ign, construction and testing of a laboratory-scale process hydrolysys | Il |
unit
B.3 Tuning of wool hydmolysis using the laboratory-scale unit and HE BB
' characterization of the products
B.4 Detsiled mechanical design, material procurements, construction and EEBR
' commissioning of the demostration unit
B.5 |Start-up and tuning of demonstration unit to obtsin different matensals EEN
B.6 |Characterization of the ferilizers EEEEEEEN
C. Monitoring of the impact of the project actions: |
C.1 |Project monitoring of the impact of the project actions

[ | meje/eseeeeeme | ||]]][]]]

D. Communication and dissemination actions:

D.1 |Dissemination of the project ides and results ] .". Ennm/mnmlm'm
D2 |Networking Action 00000000000
E. Project management and monitoring of the project progress: |
E.1 Project management and monitoring of the project progress | | .". EEREEEEEE
E.2 |After LIFE Communication Plan || | |
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Laboratory scale unit used to evaluate the process conditions
H,S scrubbing unit

Main components:

-Superheated water
preparator

- hydrolysis reactor

hitpi/iec.europa.eu/life

drain collection vessel 17



Process demonstration plant with superheated water will be able to process 1/3 of the
Piedmont wool clip (1ton/day)
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Green hydrolysis conversion of Wool wastes
into organic nitrogen Fertilisers
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«GreenWoolf» @ stato ap-

Ritaglio ad uso io. Non ripr |

Claudio
Tonin
Dirigente
di Ricerca
del Cnr
diBiella

Green Woolf, i vecchi abiti
diventano fertilizzante anti-frana

provato nell’ambito del pro-
gramma Life+ 2012, il fondo per
'ambiente dell’'Unione Euro-
pea, in particolare nel settore
Politica e Governance ambien-
tali e avra un'ulteriore ricaduta
positiva: la formazione di giova-
ni ricercatori e la valorizzazio-
ne di personale che possa gesti-
re il nuovo processo industriale.
«Llobiettivo - spiega Claudio
Tonin, dirigente di Ricerca del
Cnr - & quello di recuperare le la-
ne di scarto fin dalla tosa, ma an-
che icascami, la lana rigenerata o
icapi di abbigliamento a fine vita.
Altri progetti di riuso della lana
sucida prevedono una fase preli-
minare di lavaggio che, in questo
€aso, non serve: quesw &un ulte-
riore \mntagglo in termini am-
bientali, di risparmio di costi di
gestione del “rifiuto” e, viceversa,
di valorizzazione della risorsa».

Un reparto di Obem dove verra realizzato il progetto Green Woolf

11 sistema, in via di progetta-
zione, sara sviluppato nei pros-
simi 3 anni e permettera di por-
tare piccoli impianti in loco, di-
rettamente nelle zone di alleva-
mento. Il prodotto finale, il fer-
tilizzante organico a lento rila-
scio di azoto, mantiene anche la
proprieta di idrofilia della lana
quindi, se depositato sui terreni
montani, aumenta la capacita
del terreno di trattenere le ac-
que, riducendo il rischio di fra-
ne e smottamenti.

«Non & la prima volta che
collaboriamo con enti di ricer-
ca perché siamo convinti che
il confronto con I'ambiente
universitario sia molto impor-
tante - conclude Paolo Bar-
chietto, contitolare di Obem -
Cosl nascono nuove idee e so-
luzioni, magari applicabili fin
da subito nell'attivita quoti-
diana, che sono il risultato del
dialogo fra le conoscenze pii
teoriche e il “saper fare” piut

pratico».
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The LIFE+GreenWoolf group

Green hydrolysis conversion of Wool wastes
into organic nitrogen Fertilisers

Thank you for your kind attention



