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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)

SHEEP POPULATION IN EUROPE
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Alternative applications

Low quality wool (75%)

Textile applications

Good quality wool (25%)

European wool

FELTS, CARPETS, 

BIO-BUILDING

EU COMMISSION REGULATION N o 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.
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Recover on a large scale waste wool to obtain nitrogen organic fertilizers by an 

ecological and sustainable process

LIFE+GREENWOOLF PROJECT

COARSE WOOL VALORIZATION

Greasy wool without 

washing
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- 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

- improve soil properties

- develop marginal areas increasing grasslands extension,

- reduce soil threats

- reduce transport costs of both fertilisers and wool wastes

- increase employment and profit of sheep farming in EU

- reduce import of sheep meat

Long range objectives of the project
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KERATINS

Wool and hairs FeathersHorn , Hoof 

and Nails

•Keratin can’t be used to 

produce energy for combustion

•Keratin in soil degrades very 

slowly
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Degradation of keratin

hydrolysis hydrolysis

protein peptides amino acids
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MILESTONE ETHOS 1600

Temperature: 150-170-180 °C

Time: 60 – 30 min

Liquor ratios: 1:100 – 1:30 – 1:5

Volume:400 ml

Hydrolysis of wool with superheated water in a microwave reactor 

The superheated state of water is highly effective in the hydrolysis- dissolution of 

keratin.

Technical characteristics Power 150-570 W

Frequency of 2.45 GHz

Experimental parameters



10

Drying

wool water

Hydrolysis 

Slurry

Filtration

Solid phase Liquid phase 

Liophylisation

Hydrolysis with superheated water

Diagram of the operations



11

LIQUID PHASE: EXTRACTION YIELD

100 x  
(mg)    wooldried  ofWeight  

(mg)  phase  liquid  dried ofWeight  
(%) Yield Extraction 
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LIQUID PHASE: MOLECULAR WEIGHT

LS proteins

HS proteins

HGT proteins

wool 8-3 kDa
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HYDROLYSIS WHITH  SUPERHEATED WATER

FREEZE-DRIED POWDERS AND SOLID SAMPLES:

AMINO ACIDS COMPOSITION

freeze dried 

powders

solid 

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

1/2CYS 11,3 1,61 0,39 0,10 3,43 2,40 0,6

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
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Secondary structure: FT-IR Spectroscopy

Sample
Peaks 

(cm-1)
Assignement Content (%)

Keratin

1742 Terminal COOH 6

1690 Random Coil 35

1653 a - helix 33

1622 b sheet 26

150 °C

1728 COOH 17

1700 Random Coil 27

1660

b sheet / 

Random Coil 37

1625 b sheet 19

170 °C

1733 Terminal COOH 17

1682

b sheet / 

Random Coil 40

1645 Random Coil 25

1610 Other 18

180 °C

1720 Terminal COOH 15

1691 Random Coil 31

1647 Random Coil 54
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- 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.

Bio-amendment fertilisation 
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Laboratory scale unit used to evaluate the process conditions

Main components:

-Superheated water    

preparator

H2S scrubbing unit

drain collection vessel

-

- hydrolysis reactor
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Process demonstration plant with superheated water will be able to process 1/3 of the 

Piedmont wool clip (1ton/day)
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http://www.life-greenwoolf.eu/

WEB SITE
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The LIFE+GreenWoolf group

Thank you for your kind attention


