
En
g. M

arco
 Tam

m
aro, P

h
.D

. 
H

ead
 o

f Lab
o

rato
ry Tech

n
o

lo
gies fo

r th
e R

eu
se, R

ecyclin
g, R

eco
very an

d
 valo

rizatio
n

 o
f W

aste an
d

 
M

aterials  (T4R
M

) o
f EN

EA
 

m
arco

.tam
m

aro
@

en
ea.it  

 D
ep

artm
en

t fo
r Su

stain
ab

ility (SSP
T)  

R
ealizatio

n
 o

f a p
ro

to
typ

e o
f an

 exp
erim

ental 
ap

p
aratu

s fo
r p

h
o

to
vo

ltaic w
aste recyclin

g fin
alized

 to
 

reco
very o

f m
aterials  

N
an

o
 In

n
o

vatio
n

 2
0

2
3

 
R

o
m

a, 2
1

 Settem
b

re
 2

0
2

3
 



D
ivisio

n
 R

eso
u

rce 
Efficien

cy 

R
eso

u
rces 

valo
rizatio

n
 

Tech
n

o
lo

gies fo
r th

e 
efficien

t u
se an

d
 

m
an

agem
en

t o
f 

w
ater an

d
 

w
astew

ater 

Tech
n

o
lo

gies fo
r th

e 
R

eu
se, R

ecyclin
g, 

R
eco

very an
d

 
valo

risatio
n

 o
f W

aste 
an

d
 M

aterials 

Su
stain

ab
le 

M
ate

rials 

C
h

em
ical an

d
 p

h
ysical 

tech
n

o
lo

gies 

Fu
n

ctio
n

al m
aterials 

an
d

 tech
n

o
lo

gies fo
r 

su
stain

ab
le 

ap
p

licatio
n

s 

M
aterial tech

n
o

lo
gies 

Faen
za 

N
an

o
m

aterials an
d

 
d

evices 

M
o

d
els an

d
 

Te
ch

n
o

lo
gies fo

r R
isks 

R
ed

u
ctio

n
 

C
lim

ate M
o

d
ellin

g 

A
tm

o
sp

h
eric P

o
llu

tio
n

  

Tech
n

o
lo

gies fo
r th

e 
D

yn
am

ics o
f 

Stru
ctu

res an
d

 th
e 

P
reven

tio
n

 o
f seism

ic 
an

d
 h

yd
ro

geo
lo

gical 
risk 

P
ro

te
ctio

n
 an

d
 

En
h

an
cem

en
t o

f th
e 

N
atu

ral C
ap

ital 

B
io

d
iversity an

d
 

Eco
system

 Services 

En
viro

n
m

en
tal 

B
io

geo
ch

em
istry 

O
b

servatio
n

 an
d

 
an

alyses o
f Earth

 an
d

 
clim

ate 

B
io

te
ch

n
o

lo
gies an

d
 

A
gro

in
d

u
stry 

B
io

tech
n

o
lo

gies 

A
grifo

o
d

 
Su

stain
ab

ility, Q
u

ality 
an

d
 Safety 

B
io

-p
ro

d
u

cts an
d

 B
io

-
p

ro
cesses 

H
ealth

 P
ro

te
ctio

n
 

Te
ch

n
o

lo
gies 

B
io

m
ed

ical 
Tech

n
o

lo
gies 

B
io

safety an
d

 R
isk 

A
ssessm

en
t 

D
ep

artm
e

n
t fo

r Su
stain

ab
ility 

M
an

agem
en

t an
d

 
o

p
eratio

n
 

A
cq

u
isitio

n
 o

f G
o

o
d

s an
d

 
Service

s 

Te
ch

n
o

lo
gy tran

sfer to
 

d
evelo

p
in

g co
u

n
tries in

 
th

e field
 o

f clim
ate 

ch
an

ge
 

Te
ch

n
ical an

d
 Strategic 

Su
p

p
o

rt 

Su
p

p
o

rt fo
r th

e 
co

o
rd

in
atio

n
 o

f activities 
o

n
 th

e C
ircu

lar Eco
n

o
m

y 

M
u

ltid
iscip

lin
ary ap

p
ro

ach
 fo

r th
e

 C
ircu

lar Eco
n

o
m

y 

D
ep

artm
en

t fo
r Su

stain
ab

ility - SSPT 
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
A

ctiv
ities in

 m
a

n
y

 secto
rs o

f resea
rch

 


E

n
v

iro
n

m
en

ta
l im

p
a

cts 


P

ro
m

o
tes th

e C
ircu

la
r E

co
n

o
m

y
 

 

 W
aste m

an
ag

em
en

t: treatm
en

t, recy
clin

g
, m

aterials reco
v

ery, reu
se. 

D
ep

artm
en

t fo
r Su

stain
ab

ility - SSPT 



Eu
ro

p
ean

 G
reen

 D
eal: th

e ro
le o

f th
e circu

lar eco
n

o
m

y in
 

th
e clim

ate ch
allen

ge 

1
. C

o
m

p
letin

g th
e P

ictu
re: H

o
w

 th
e C

ircu
lar Eco

n
o

m
y Tackles C

lim
ate C

h
an

ge (2
0

1
9

)  w
w

w
.ellen

m
acarth

u
rfo

u
n

d
atio

n
.o

rg/p
u

b
licatio

n
s 

Th
e figh

t again
st clim

ate ch
an

ge is th
e

 m
o

st im
p

o
rtan

t ch
allen

ge o
f o

u
r fu

tu
re. A

n
d

 
th

e C
ircu

lar Eco
n

o
m

y can
 p

lay a fu
n

d
am

en
tal ro

le, b
o

th
 in

 th
e p

ro
d

u
ctio

n
 o

f 
ren

ew
ab

le en
ergy an

d
 in

 th
e p

ro
d

u
ctio

n
 o

f p
ro

d
u

cts. 
Th

is is im
p

o
rtan

t fo
r th

e green
 tran

sitio
n

 



C
ircu

lar vs Lin
ear 

5
 

M
an

u
factu

rin
g 

U
se 

W
aste 

R
aw

 M
aterials 

Th
e b

est w
ay to

 d
efin

e w
h

at is th
e C

ircu
lar Eco

n
o

m
y, is to

 say th
at it is n

o
t 

lin
ear!  
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In
 th

e “circu
lar eco

n
o

m
y” m

o
d

el p
ro

d
u

cts m
ain

tain
 th

eir ad
d

ed
 valu

e fo
r as lo

n
g 

as p
o

ssib
le w

ith
 a "zero

 w
aste“ o

b
jective. 

Fo
r th

e tran
sitio

n
 w

e n
eed

:  


In

creasin
g efficien

cy in
 th

e u
se

 o
f reso

u
rces 

an
d

 a m
in

im
izatio

n
 o

f w
aste p

ro
d

u
ctio

n
.  


Eco

-in
n

o
vatio

n
 

in
 

p
ro

d
u

ctio
n

 
cycles 

(m
o

re 
su

stain
ab

le 
tech

n
o

lo
gies, 

n
ew

 
m

aterials, 
recyclin

g ch
ain

s ).  


D

evelo
p

m
en

t o
f n

ew
 su

stain
ab

le treatm
en

ts 
o

f w
astes in

 o
rd

er to
 re

co
very all m

ate
rials as 

p
o

ssib
le

.  


Fo

rm
atio

n
 an

d
 in

fo
rm

atio
n

 fo
r citizen

s.  

C
IR

C
U

LA
R

 EC
O

N
O

M
Y  

R
aw

 m
aterials 

W
aste 

co
llectio

n
 

W
aste

 

R
ecyclin

g 

It's a
 sim

p
le co

n
cep

t b
u

t in
 rea

l-w
o

rld
 

a
p

p
lica

tio
n

 th
ere a

re m
a

ny tech
n

ica
l a

n
d

 
reg

u
la

to
ry co

n
stra

in
ts! 



C
ritical R

aw
 M

aterials 

“W
ith

o
u

t critica
l ra

w
 m

a
teria

ls, th
ere is n

o
 g

reen
 tra

n
sitio

n
 a

n
d

 
d

ig
ita

l tra
n

sitio
n

”. U
rsu

la vo
n

 d
e

r Leye
n

 

A
ccess to

 reso
u

rces is a secu
rity issu

e. Th
e risk is th

at, w
ith

 

th
e eco

lo
gical tran

sitio
n

, th
e cu

rren
t d

ep
en

d
en

ce o
n

 fo
ssil 

fu
els co

u
ld

 b
e rep

laced
 b

y a d
ep

en
d

en
ce o

n
 (critical) raw

 

m
aterials, 

m
an

y 
o

f 
w

h
ich

 
co

m
e 

fro
m

 
C

o
u

n
tries 

extra 

Eu
ro

p
e an

d
 fo

r w
h

ich
 glo

b
al co

m
p

etitio
n

 b
eco

m
es m

o
re 

in
ten

se 



It is im
p

o
rtan

t to
 n

o
te th

at th
ese

 m
aterials are n

o
t classified

 as 
‘critical’ b

ecau
se are co

n
sid

ere
d

 scarce, rath
er th

ey are classified
 

as ‘critical’ b
ecau

se: 
​ 

Th
ey h

ave a sign
ifican

t e
co

n
o

m
ic im

p
o

rtan
ce

 fo
r key se

cto
rs 

in
 th

e
 Eu

ro
p

e
an

 e
co

n
o

m
y. 

  


Th
ey h

ave a h
igh

-su
p

p
ly risk d

u
e to

 th
e very-h

igh
 im

p
o

rt 
d

ep
en

d
en

ce an
d

 h
igh

 level o
f co

n
cen

tratio
n

 o
f set critical raw

 
m

aterials in
 p

articu
lar co

u
n

tries 
  

Lastly, th
ere is a lack o

f (viab
le

) su
b

stitu
te

s, d
u

e
 to

 th
e very 

u
n

iq
u

e an
d

 reliab
le p

ro
p

ertie
s o

f th
ese m

aterials fo
r existin

g, as 
w

ell as fu
tu

re ap
p

licatio
n

s 

W
hy are C

R
M

s so
 im

p
o

rtant?   
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C
R

M
 list 2

0
2

3
 

* co
p

p
e

r an
d

 n
ickel d

o
 n

o
t m

e
et th

e lim
its fo

r C
R

M
, b

u
t are in

clu
d

ed
 as strategic raw

 m
aterials 

Every th
ree years, th

e EU
 p

u
b

lish
es a list 

In
 last list, 3

4
 C

R
M

s w
ere id

en
tified

.  
A

n
d

 1
6

 are d
efin

ed
 as strategic. 



C
R

M
 m

in
es in

 th
e w

o
rld

 (2
0

2
3

) 

1
0

 

In
 th

is slid
e

, th
e m

ap
 o

f C
R

M
 m

in
es in

 th
e w

o
rld

 is rep
o

rted
. 

A
s can

 b
e seen

, in
 Eu

ro
p

e w
e h

ave very few
 m

in
es 

 
(So

u
rce: A

n
n

ex o
f p

ro
p

o
sal C

R
M

 A
ct) 



M
u

n
icip

al W
aste: U

rb
an

 m
in

es 

W
e h

ave n
o

 C
R

M
 m

in
es. O

u
r m

in
es are th

e w
astes! 

W
EEE 

 
TY

R
E 

 

U
SW

 
U

rb
an

 So
lid

 W
aste

 

B
&

D
 

B
u

ild
in

g an
d

 d
e

m
o

litio
n

 m
ate

rials 

R
u

b
b

e
r 

 
P

lastic 
 

M
etals 

 

En
e

rgy 
W

o
o

d
, p

ap
e

r, etc 

Eco
-in

n
o

vative
 

tre
atm

e
n

t 
te

ch
n

o
lo

gie
s 

G
lass 

Th
e

 to
w

n
s, in

 th
e

 
n

ext 
fu

tu
re, 

w
ill 

b
e

co
m

e
 

a 
m

egalo
p

o
lis, w

ith
 

several m
illio

n
s o

f 
in

h
ab

itan
ts, 

w
h

ich
 

w
ill 

p
ro

d
u

ce a m
illio

n
 

to
n

s o
f w

aste 



Period Recovery (%) 

Form 13/08/2012 to 

14/08/2015 
75 

From 15/08/2015 to 

14/08/2018 
80 

From 15/08/2018 85 

Recycling and recovery percentages established by 
Directive 2012/19/EU (Source: Directive 2012/19/EU) 

Aluminium frame + glass ~ 85% 

Directive 2012/19/EU was implemented in Italy by Legislative Decree 

no. 49 in force on 12 April 2014. 

WEEE: Waste from Electrical and Electronic Equipment 

https://environment.ec.europa.eu/topics/waste-and-recycling/waste-electrical-and-electronic-equipment-weee_en��


P
V

 in
stallatio

n
s in

 Italy 

1
3

 

Th
e tren

d
 is in

creasin
g u

n
til 2

0
1

1
. Th

en
 d

ecreasin
g fo

r few
 years. In

 th
e last few

 years, it is 
in

creasin
g again

. 
 Exam

p
le

 o
f calcu

latin
g o

f th
e

 am
o

u
n

t o
f m

aterials reco
verab

le fro
m

 P
V

 w
aste 



P
o

ten
tial cu

rve fit o
f p

ro
jectio

n
 o

f P
V

 p
an

el w
eigh

t-to
-

p
o

w
er ratio

 (t/M
W

) 

A
verage

 valu
e 

1
 M

W
   

8
0

 t w
aste

 
Life tim

e =
 3

0
/2

5
 years 

Th
is ratio

 is d
ecreasin

g in
 tim

e. Th
is 

m
ean

 
th

at, 
at 

eq
u

al 
p

o
w

er, 
th

e
 

layer o
f m

aterial p
h

o
to

 active (th
e

 
w

afer), is d
e

creasin
g. Th

is b
e

cau
se

 
th

e 
efficien

cy 
o

f 
p

h
o

to
active

 
m

aterial 
is 

in
creasin

g. 
So

, 
less 

m
aterial 

is 
req

u
ested

 
to

 
p

ro
d

u
ce 

th
e sam

e en
ergy. 

Th
is 

grap
h

ic 
co

n
tain

s 
so

m
e

 
d

ata 
an

d
 a p

revisio
n

 fo
r n

ext years. 

If w
e take th

e average valu
e, w

e h
ave th

e am
o

u
n

t o
f w

aste p
ro

d
u

ced
 fo

r each
 M

W
 in

stalled
. 

O
f co

u
rse, at en

d
 o

f life (after 2
0

-2
5

-3
0

 years) 
 

(so
u

rce: IR
EN

A
) 



B
ase

d
 o

n
 th

e
 h

yp
o

th
e

se
s co

n
tain

ed
 in

 th
e

 p
revio

u
s slid

e
s, w

e
 can

 extrap
o

late
 th

e
 fo

recast o
f th

e
 

p
ro

d
u

ctio
n

 o
f p

h
o

to
vo

ltaic w
aste

 in
 Italy in

 th
e co

m
in

g years 



Pan
el co

m
p

o
sitio

n
 crystallin

e
 silico

n
 

(c-Si) 

(San
d

e
r et al., 2

0
0

7
) 

%
Kg

Glass (panel surface)
73

13.14

Alum
inium

 (m
ostly 

the fram
e)

10
1.8

Polym
er 

(encapsulant and 

backsheet foil)
9

1.62

Silicon
5

0.9

Copper
1

0.18

Silver
0.1

0.018

Tin
0.12

0.0216

Lead
0.07

0.0126

Other
1.71

0.3078

Pan
e

l co
m

p
o

sitio
n

 (c-Si) 
 A

verage
 W

eigh
t: 1

8
 kg 



U
sin

g d
ata o

n
 th

e p
ro

d
u

ctio
n

 o
f p

h
o

to
vo

ltaic 
w

aste an
d

 th
e

 average co
m

p
o

sitio
n

 o
f a p

an
el, 

w
e can

 h
ave a fo

recast o
f th

e
 p

ro
d

u
ctio

n
 o

f 
th

e
 m

ain
 co

n
stitu

e
n

t m
aterials in

 th
e

 co
m

in
g 

d
ecad

es, o
n

ly in
 Italy 



G
lass 

EV
A

 

EV
A

 

B
acksh

eet (G
lass/P

V
F)  

P
V

 cell 
P

V
 cell 

Ju
n

ctio
n

 b
o

x 

Fram
e (A

l) 

M
etal 

electro
d

es 

c-Si. C
ro

ss sectio
n

 

Th
e 

sco
p

e 
o

f 
th

e 
m

eth
o

d
s 

o
f 

treatm
en

ts is th
e

 reco
very o

f th
e 

m
aterials. 

Th
is 

can
 

b
e 

m
ad

e
 

th
ro

u
gh

 
th

e 
sep

aratio
n

 
o

f 
each

 
layer o

f th
e p

an
el. Th

e first step
 is 

th
e rem

o
val o

f th
e ju

n
ctio

n
 b

o
x. 

Th
e 

fram
e 

is 
rem

o
ved

 
m

ech
an

ically. 
Th

en
 

th
e 

rem
o

val 
o

f EV
A

 is req
u

ested
. Th

is can
 b

e 
p

erfo
rm

ed
 th

ro
u

gh
 a th

erm
al o

r 
m

ech
an

ical m
eth

o
d

. 

Fo
r th

e
 electrical 

co
n

n
ectio

n
s 



R
eco

very o
f m

aterials fro
m

 P
V

 p
an

els at en
d

 o
f life. EN

EA
 

activities 

1
9

 


Scien

tific p
ap

er 


In

tern
atio

n
al R

esearch
 P

ro
jects 


Paten

t 

T
h
e aim

 o
f th

ese activ
ities in

 E
N

E
A

 are to
 fin

d
 a su

stain
ab

le w
ay

 to
 

reco
v

ery
 m

aterials fro
m

 p
h

o
to

v
o

ltaic w
aste 



2
0

 

“Lo
w

 en
ergy co

n
su

m
p

tio
n

 an
d

 lo
w

 en
viro

n
m

en
tal im

p
act m

eth
o

d
 

fo
r th

e reco
very o

f th
e m

ain
 co

m
p

o
n

en
ts o

f p
h

o
to

vo
ltaic p

an
els in

 
crystallin

e silico
n

 at th
e en

d
 o

f its life“ EN
EA

. Italian
 p

aten
t (N

. 
1

0
2

0
1

7
0

0
0

0
3

3
4

8
8

) 

EN
EA

 p
aten

t 

In
ven

to
rs:  

M
arco

 Tam
m

aro
 (EN

EA
) 

Patrizia M
igliaccio

 (B
eta-Tech

 Srl) 

Th
e target w

as to
 set a reco

very p
ro

cess at lo
w

 en
viro

n
m

en
tal im

p
act. 

Th
an

ks to
 all th

ese
 exp

erien
ces, EN

EA
 , to

geth
er w

ith
 a start-u

p
 B

eta-
Tech

, h
as realized

 a p
aten

t o
n

 a p
ro

cess fo
r th

e treatm
en

t o
f P

V
 w

aste
  

fin
alized

 to
 reco

very o
f all m

ain
 co

m
p

o
n

en
ts 



2
1

 

EN
EA

. Italian
 p

aten
t G

lass 

EV
A

 

EV
A

 

B
acksh

eet (G
lass/P

V
F)  

P
V

 cell 
P

V
 cell 

Ju
n

ctio
n

 b
o

x 

Fram
e 

(A
l) 

EV
A

 

EV
A

 

M
etal 

electro
d

es 

Th
e 

m
eth

o
d

 
co

n
sists 

o
f 

co
n

tro
lled

 
h

eatin
g 

to
 

so
ften

 
th

e 
p

o
lym

eric 
layers 

an
d

 
th

e 
su

b
seq

u
en

t d
etach

m
en

t o
f all 

rem
ain

in
g layers. 

 Th
e 

p
ro

cess 
is 

ro
u

gh
ly 

b
ased

 
o

n
 

a 
th

erm
al 

treatm
en

t 
th

at 
can

 b
e d

efin
ed

 as "ligh
t". Th

is 
is 

b
ecau

se 
th

e 
EV

A
 

layer 
is 

w
arm

ed
 

w
ith

 
in

frared
 

lu
m

p
s 

o
n

ly 
u

n
til 

th
e 

so
ften

in
g 

(aro
u

n
d

 
1

0
0

 
C

elsiu
s 

d
egree). 

Th
is w

arm
in

g is fo
cu

sed
 an

d
 fo

r 
a 

tim
e 

strictly 
req

u
ested

 
fo

r 
th

e 
d

etach
m

en
t 

th
ro

u
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