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10:00 - 10:45 | Conferencia inaugural

Nuevos conceptos para el disefio de aeroestructuras basados en el uso de
laminados poliméricos no convencionales

Prof. Pedro Camanho, Profesor catedratico de Mecanica Aplicada de la
Universidade do Porto

10:45 - 11:45 | Sesion de Sostenibilidad

Sesion | - Composites Reforzados con Fibra de Carbono basados en resinas
epoxy termoestables con aplicaciones en el sector espacial y aeroespacial

Prof. Alice Mija, Catedratica de Quimica en el Instituto de Quimica de Niza de la
Université Cote D'Azur

Sesion Il - Liderando el camino hacia los plasticos reforzados con fibra de
carbono mas sostenibles

Dra. Caroline Petiot, Cientifica Senior en el grupo de Nuevos Materiales y Procesos de
Airbus

Sesion Il - Fabricacion avanzada y utillajes sostenibles para el procesado de
composites termoplasticos con fibra de carbono

Dr.José Antonio Dieste, Responsable de Ingenieria y Procesos Avanzados en Centro
Tecnoldgico Aitiip-y Profesor asociado en el Departamento de Ingenieria Mecanica de la
Universidad de Zaragoza
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en una Economia Circular

D. Julio Vidal, PhD(c) Investigador Senior de composites y plasticos| Centro Tecnologico Aitiip

Sesion V - Ingenieria de enzimas mediante evolucién dirigida y resurrecciéon ancestral
para la degradacion y valorizaciéon de composites termoestables

Dr. Miguel Alcalde | Co-fundador y consejero en EvoEnzyme | Profesor Investigador en el
Instituto de Catalisis CSIC

Sesion VI - Biocarbono circular: transformando los residuos organicos urbanos en
productos con valor anadido

Dra. Natalia Alfaro, Responsable de proyectos [+D+i | Urbaser| Coordinadora Proyecto Circular
Biocarbon

13:15 - 14:15 | Mesa Redonda sobre aplicaciones industriales
Sector Aeronautico: Dr. Alejandro Ibrahim| CEO del Aeropuerto de Teruel

Sector Construccion: D. Fernando Pardo Cobo, Responsable Economia Circular |Placo® e
Isover

Sector Automocion: Dr. Raul Gallego, Responsable de Materiales Avanzado | Grupo Antolin
Ingenieria

14:15-14:30 | Conclusiones y Cierre de la jornada
14:30 - 15:30 | Lunch - Networking (sala "13 Heroinas")
15:30 - 17:00 | Traslado en bus a Aitiip Centro Tecnolégico

17:00 | Cierre de la jornada
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Contents

1. Introduction.

2. Ultra-thin ply composite laminates.
o Manufacturing and potential advantages.
o) In-situ strengths — computational micromechanical analysis.
o Analysis models for ultra-thin ply laminates.

3. Fibre-hybrid composites.

o) Potential advantages.
o) Computational micromechanical models.
4. Variable-stiffness laminates
o Buckling of ideal laminates.
o Buckling and first-ply failure of manufacturable laminates.
o) Simulations and experimental validation.
5. Conclusions.
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5.Conclusions

Important innovation drivers in the aerospace industry

e Digitalization of processes/digital transformation, leading to
reductions in cost and lead time. 50% reduction of certification
costs by 2050 (ACARE vision for 2050). End-to-end simulation,
including design, manufacturing and certification.

“Certification and testing will be much tougher for novel airframe configurations or propulsion systems,

Structural Levels of Testing & Analysis

new certification procedures will have to be developed for some of them to ensure the undisputed safety

level required for commercial aviation.”

(Waypoint 2050, Air Transport Action Group, 2" ed., Sept. 2021).

¢ Uncertainty quantification and management.

“In practice, today’s simulation are providing a single result. In front
of the authorities, we wish to provide an envelop of uncertainty
associated to the results accounting for variations of specimens ...“

(M. Fouinneteau, Airbus, ECCOMAS Composite Materials 2017, Eindhoven)

Material variability
Rss)

208N/mim * Rea
Normal Distribution

L
17142GPa E

fE) A

!
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Important innovation drivers in the aerospace industry

e Highly optimized composite structures, non-conventional materials, simulation across the scales.

2,500

Emissions reduction
2,000 contributions in 2050

tonnes]

1,500

[millions of

1,000

COzemissions

500

1}
2015 2020 2025 2030 2035 2040 2045 2050
OPERATIONS AND INFRASTRUCTURE MARKET-BASED
o TECHNOLOGY INCLUDING EFFICIENCY IMPROVEMENTS SUSTAINABLEAVIATION FUEL o MEASURE
FROM LOAD FACTOR]

(Waypoint 2050, Air Transport Action Group, 2" ed., Sept. 2021). (Picture courtesy of Dr. Stéphane Mahdi, Airbus).

e Multidisciplinary & multifunctional (hydrogen, electrification, batteries, SHM, self-healing).

Three-point. hending

Aluminium rod
(Negative electrode)

All-solid-state electrolyte

25
z
100
8
= D75
0.30
Copper foil 0.23 —— CFRP Outer Shell (see Fig. 3 {d))
(Positive clectrode) 0.00 ; —— Strictoral Battery
hCFRP outer shell 00 23 50 78 100 135 1350
Displacoment [mm’
(a) (b)

(Danzi, Camanho et al., Molecules, 2012, Coaxial energy harvesting and storage, patent pending).

d
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“Alcoa announced its intention to reduce the cost and weight of its products by 20% in order to
defend the position of metallic aerospace structures against composites.” ). Hinrichsen, “Alcoa
Aerospace — Optimized Solutions Meeting Mission Requirements”, Aeromat Plenary Session Address,
Orlando, Florida, 6 June, 2005.

General guidelines to design aeronautical composite parts (Baker et al., Composite Materials for
Aircraft Structures, AIAA, 2004):

e Use balanced and symmetric laminates to avoid unwanted warping.

e Use a minimum of 10% of plies in each of the 0°, 90°, +45° directions.

e Use a maximum of four adjacent plies in any one direction.

e Place +45° plies on the outside surfaces of shear loaded panels to increase buckling loads.
e Avoid highly directional laminates in regions around holes and notches.

Typical laminates used in the industry based on standard-grade materials:

e Quasi—isotropic: [+45n/0n/90n]ms
e Directional: [+45/0n/90]ms

* The weight/fuel savings enabled by these configurations are relatively low (10%-20%).
e The costs of engineering are higher when compared to metals.
e Extra systems must be added (e.g. copper outer layer for lightning strike protection).

@meqgii Olets s
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Can we do better?

1. Analysis models to reduce recurring and

_ 2. Improvement of the mechanical response of
non-recurring costs.

composite structures with respect to the main
Structural Levels of Testing & Analysis design drivers.

Airframe structure breakdown by failure mode designing the structure:

14

\ —.—F11 /—'
crippling 134 o A No major

| —m—csal improvements in
21%

past decade

Damage
Tolerance

12 4

40% N

T300/5208
baseline

1970 1980 1990 2000 2010

(C. Rosseau, S. Engelstad, S. Owens, 53rd AIAA SDM
Conference, 2012).

3. Explore the potential of composite materials
as the basis of multifunctional structures.

Aluminium rod
(Negative electrode)

All-solid-state electrolyte

Ice
Nanostitch
Heater

Copper foil
; (Positive electrode)

CFRP outer shell

De-icing during ice-tunnel testing

@ meqgi::ii O|loeta o /a8



FEUP FACULDADE DE ENGENHARIA

UNIVERSIDADE DO PORTG 1.Introduction 2.Ultra-thin  3.Fibre-hybrid  4.Variable-stiffness  5.Conclusions

‘ Manufacturing - tow-spreading

e Ply thickness as low as 20um.
e 18gsm (UD) — 75gsm (fabrics).

@& meqgu::is O|laetg 10/48
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‘ Potential benefits

1. Improved fibre dispersion and reduced crimp angle.
Normal NCF

~500um x 500pum

~50pum x 50pm
resin pocket

resin pocket

2. Possibility of using continuous lay-up: mid-plane symmetry no longer required.

GN/m?40 -

IM7-8552 CFRP o |
[0/+45/-45/90] ; “

10 +

0

5 15 20 25 30 35

1 =306 0 =51 10 - 0.06mm 0.03mm
(B*(r)]=-1 0 306 =51 |x10° N/m?
"l -1 51101

30 +

a0 L
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Potential benefits

3. Improved resistance to delamination.
3.1 Free-edge delamination

T700/M21, tply=0.04mm
[+45,/-45,/0,/90,] ¢

Applied Load
(Turon, Davila, Camanho, Costa, Engineering Fracture Mechanics, 74, 1665-1682, 2007).

Thick, r=3, n=2 Thin, r=1, n=6
0
1% 1% 4.5% -
4.0% -
T . 3.5%
LT ATAALAALARAYTARATN 130y | ncreaseof
RARTAN | U . .
SN TO LT TMEAALA AR £ delamination
£ 25% 1 onset strain
% 2.0% - 1 Y
£
£ 1.5%
[5+]
1-9% =l 10% =
0.5%
0.0% : : : : : : ‘
(T 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
AT ALY i
_...n|||||||||||||||||'|i|lnlln;nﬁ'lnm\\\\\\\\.. Plyhickness; oum

d
@ Ineql R o ’ .lzc.!etq (Camanho, Turon, Costa, Guillamet, Arteiro, JEC Composites Magazine, 71, 2012). 12/48
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4. Improved resistance to ply cracking.

4.1 In-situ effect

g T300/944 -
130 . /
120 ]
E 110 .- m  In-situ strength (0/90n)s
2, 100 ® In-situ strength (+25/-25/90n)s .
-ED 90 4 = Unidirectional strength Sa me a p pl |ed
£ o] : ™ (remote)
% 70 .
2 E []
7 o] ‘ .|V (t) stress
0
é 40
z 307
& 20+

10

Generation of random RVEs Mesh generation Material models for Analysis

(Melro, Camanho, Composites Science and Technology, Vol. 68, 2092-2102, 2008). the constituents
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Models for the constituents

Resin: plastic damage model based on paroboloidal yield surface and non-associated flow.

(A.R. Melro, P.P. Camanho et al, International J. Solids and Structures, 55, 92-107, 2015).

Fibre-matrix interface: frictional cohesive zone model.

(G. Catalanotti, P.P. Camanho, et al, Composite Structures, 182, 153-163, 2017).

Fibre: Non-linear elastic damage model based on stochastic fibre strengths.

(R.P. Tavares, P.P. Camanho, W.K. Liu, et al, Computational Mechanics, 57, 405-421, 2016).

@& meqgu::is O|laetg 1418
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Simulation of in-situ effects

0.02mm

.04 mam

0.06mm

0.08mm

—

@& mequ::i

15/48



FEUP FACULDADE DE ENGENHARIA

UNIVERSIDADE DO PORTO 1.Introduction 2.Ultra-thin  3.Fibre-hybrid  4.Variable-stiffness  5.Conclusions

Simulation of in-situ effects

. 12

1

S
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< i H _ __.—'
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c U H
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5 | 0 Computational micro-mechanics
— 6.0 LY
E \o ----UD
£ 5.0 1 X
= Y ot Camanho et al. (2006)
£ 4.0+ S
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= | Tl
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% 1.0 A o}
B e e e e Rl
0.0 T T T T T T T
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(A. Arteiro, P.P. Camanho et al, Composite Structures,
116, 2014).

0.08mm
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European Synchrotron Radiation Facility (Grenoble)

D29 beam- iz
high energy storzge r =5 cantzining experirient hall

- CCC detactor
high y coerent, manachrommatc, igh |* ¥ // |
Asity X &

intensity am rem ynchratren | ) specimen |
light source & S /
N |

N\
semRsitehovoniadiaion. N
ermercbeamivenis BN

(R. Kopp, PhD thesis, MIT)
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M40JB/ThinPreg80EP t,,=0.03mm, 0.100mm and 0.300mm.

Lay-ups: [(+45/90/-45/0)]
Unnotched strength

. N=10, 3, 1; Total laminate thickness 2.4mm

Strength (MPa) === Jltimate strength  “=@=Damage onset
a0

200
foo

600 L 30%

500

400

300

200

100

0

i 50 100 150 200 250 300 350 (Mollenhauer et al., (Malml’l Camanho, et al-’
Pl thiekness um) Composites — A, 43 Journal of Composite
Bolted joint strength (single-lap shear) 2012). Materials, 42, 2008).
"'“""E":::;‘ gD =EeaW
700
600 -2%
N\:g%
500
400
21%

300
200 -58%
100 Tests conducted at EFPL— Amacher et al. CSTE, 101, 2014.

1]

1] 5 10 15 20 n 30 35
Ply thickness {jmn}
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" M40JB/ThinPreg80EP

Lay-ups: [(+45/90/-45/0)] ., n=10, 3, 1; Total laminate thickness 2.4mm

ns’

Open-hole tensile strength (w/d=6).

t=0.03mm t=0.10mm t=0.30mm
 S— S
d=1mm 7Y d=1mm 1 B 'd=2mm]-'£_ E 4
... T [ dzzmm x 3 O %
: - =
m % ——
I e ¥ S ey
240 = 4 mm [ ]
I 4

2a =4 mm

0.08 0.08
0.06 0.06
0.04 0.04
0.02 0.02
0 0
d=2mm d=2mm
470MPa 524MPa
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2000 ' r E"‘rc:ei:jéictiflsst:ﬁr:(nn split)
' - Predicted Strains (with split)
25004
é 2000 ]
3
8- 1500 A
T
Longitudinal 1000 A
500 T T T
(larve et al, Composites - A, 36, 2005). 10 12 1.4 16 18
(Y-Yc)R

How can we increase both the unnotched and notched strength of baseline composites?

Hybrid grades — ultra thin grades used in the off axis plies.

Unnotched strength Open-hole tensile strength Open-hole fatigue (70% strength, R=0.1)

620
—e— Thin
o +3% (int.), +9% (thin) 584,48 Intermediate
- —a— Hybrid “  Percentage 5.1%

£ 798,68 i3 § s of stiffness :
E 800 791,24 : 564,25 ducti t
3 o & 526,92 +7% (int.),[+9% (thin) , | reductiona
E -1% B 520 | 5300 50k cycles 2.2%
- — ?
@ ¢ = 495,41 +5% (int.), +10% (thin) 3 2.5%
T 719,17 g
E 0, ‘E 470 e
g 700 -10% Z 472,68 .
=1

. Thin Interm.| [Hybrid 444,76 5 .

50 420 Thi= Irqgre Hyterid

1 3 5 7 9
Diameter [mm]
'
driving science .
@ Ineql o moauation o ’ Laeta (Furtado, Camanho et al., Composite Structures, 145, 2016). 20/48
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Implications in the design of composite structures

Strazs (HPa)
‘B EEE

002
Load = <06 (kN) . : : :
a : : :
- 7 1) [ R SRS S (e Ry
IE- : : £ ]
0 L e g

0 2l 40 G0 @ 100

Distance (mascro=pio=d)

(Maimi, Camanho et al., Mechanics of Materials, 39, 909-919, 2007).
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Finite Fracture Mechanics

“Both energy and stress criteria are necessary conditions for fracture but neither one nor

the other are sufficient”.

“The incremental form of the energy criterion (— % > gc) is the foundation of FFMs”.

(Leguillon, European J. of Mechanics A, 21, 61-72, 2002).

4

1 a1 .
7 / Oyy(r)dr = X7
' (L

/:H K3 (a)da = /{f K2 (Aa)d(Aa)

:f\_; ¢ v =2x/a
L INNA
9T A=t

\ Y ¥
, o K7
Oyy(2,0) =08 (N, 7, K7°) —— 1 N
7 K1 = o*VTa K0
1 (2)
J "
Complex Variable Theory  Finite width correction
(Lekhnitskii) factor K;=o®F,F,/7a , A=1
@ Ineql g?;ﬁg;;{?g;e o ’ LCIetCI (Camanho et al., Composites Part A, 43, 1219-1225, 2012). 22/48
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700 -
550 E imental
9 [ ] xperimenta
500 T [3% FFMs
- o
a = 450 1 FFMs with R<curve
%’ 300 ¢  Experimental A B Point Stress
= Finite Fracture Mechanics = >
g weeeee Point Stress £ 350 - : Average Stress
% 1007 .- Average Stress - o | d -9.7%
: :
5 L2504 00 TETE
2 -100 4 ¢ | e r—,
s o -~ - T
_300 - 150 T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40
2a (mm)
=500 T — — T —T — T
0 2 4 6 8 10 12
hole diameter (mm)
OO o fap M40JB/ThinPreg™ 80EP/CF (30 gsm)
700 [45/90/-45/0],
500 4 = 'T::.'_:-I-:‘_:A_O-.3% 1.0
E — ' o 0.9 1 e  Experimental
S 3004 ® Experimental T ' ! 0.8 11.5% FFMs
% ] Finite Fracture Mechanics £ 0.7 - o L
= Point Stress g ir : otch-sensiuve materia
£ 1007 e Average Stress <~ o = <] 0'5 Notch-insensitive material
E ] . N
= =
£ -100 4 53’ 0.4 A
2 L T I
-300 E 0.2 4
= 0.1 7
-500 . . . . . . . . X . : 0.0 T T T T T T T T T T T T T T
0 2 4 6 8 10 12 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
hole diameter (mm) hole diameter (mm)

(b) [(0/-45)/(45/0)/(90/45)/(-45/90)]s lay-up.
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Phase Field models

Le

o(x,t)

1II

0 — e XI/1

Solid shell discretisation

/ G.dI' ~ G.y(0,Vx0)dR2
I, Bo

X

I ‘ T

crack regularisation region

Positive-negative decomposition of the free energy:
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Degradation function:
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Fibre-hybrid composites

The main objective is to is to prevent catastrophic failure of composite materials by increasing
their ductility.

Cumulative distribution function for different fibres

T = _ - - _—=—=F-
’,
o9 T
’
e 08 ! b
- ; —— AS4 (Bayerlain 1004)
Z ot 1 - [—— X5 (Nakatani 1909)
= ' ———AS4 (Curtin 1998)
< 08 / _| | —— 7300 (Curtin 1208)
e / T300 (RMili 1996)
S sk ) | T300-B4C (RMill 1996)
[ — — =700°C (Tanaka 2014)
—, / — — = 1000°C (Tanaka 2014)
5 04 ’ 7 |- — — Te00G (Tanaka 2014)
= ’ — — —M30S (Tanaka 2014)
= 03 ‘ E M40S (Tanaka 2014)
~ — — Ms0S (Tanaka 2014)
02 =
01 =
0 1
0 2 25
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What are the main parameters of the microstructure of hybrid composites that influence
strength and toughness?
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Computational micromechanical model

Longitudinal tensile failure of composite material

5, 511 CSDMG

|
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(c) Stress profile after fibre failure
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Spring element model

 Simplified 1D micromechanical model.

* The main mechanisms of longitudinal failure are represented.

2 l v ; " | 1
: 3““":5 Matrix Shear | | f R §
Matrix crack z}g’\:::: Sprlng \:““. ‘ﬁ .w ‘ ‘ ‘ .
| e X YAETLY
e
Nodé Longitudinal
% Fibre Spring
du
Fn(r) = GAR(r)
d (G’Am(r)du) _
21 Ry ( A2 _ A,‘i)) dr dr
A = —r Anlr) =AY 4", @ _ 40
n G(Am—Am) L
K, =
dln (AL /aD) [—1 1 ]
|2 A(Q) _ 27TR2 lz N_f—N? NW_NVE;
"2 K= > K;+ Y Kg.
e=1 e=1
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Spring element model

(b) In-plane stress concentration factors

S PR ——

In-plarn SUF
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Simulations

Local fields around a broken fibre

AS4 fibres characterized by Curtin and Takeda.

Recovery region

Stress concentration on intact fibres

Kelly=Tyson model
— = - Muodified Cox model

SEM ¢ = 1GPat" =
——8EM 7 = 2GPa v" = 0o
— - - SEM & = 1GPa v = TOMPa

T T T T
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/ . i
. .
s A
;.’ .
II‘ " +
f .
] 'l
f '
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1
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(RP Tavares, PP Camanho, et al., Int. Journal of Fracture, 208, 269-285, 2017).
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Stress concentration along the axis of the intact fibres surrounding a fibre break

T T
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* ' 0 02 04 0.6 08 1 1.2 14 16 18 2
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Z/R

Cluster formation

Cluster: “distance between the centre of 2
fibres is lower than 4 times the fibre radius,
and the axial distance between break planes
less than 10 times the fiber radius.”

(Swolfs et al, Composites-A, 2015).

@ Ineql gr;;:g;;:g;e o ’ LCIGtC] (RP Tavares, PP Camanho, et al., Int. Journal of Fracture, 208, 269-285, 2017). 30/48

nnnnnnnnnnnnnnnnnnnn



FACULDADE DE ENGENHARIA . thi . . . . b .
FEUP UNIVERSIDADE DO PORTO l.Introduction  2.Ultra-thin 3.Fibre-hybrid  4.Variable-stiffness  5.Conclusions

T700 carbon fibres

S
wm
2° ' 7
3000 . ; . ; = | |—e=2312% "
g 4 —e =2.42% i
N B !
2500 ] g3 & =2.426% |
3 |
Ty 2 [ |
—_ I | 5 |
< 2000 51| i
E .g 0 BAVPENA Ay A ';-.u.iﬁ-_.-::"-.
g 19007 | S 0 0.1 0.2 0.3
2 &
& 1000+ ]
500 (]
0 1 1 1 1
0 0.5 1 1.5 2 25
Strain (%)

1000

—~ 900 e Experimental |
”g ——Numerical
E 800 B
‘% 700 B
é 600 |
f so0 | ] Predicted mean value of the critical cluster size: 12.6 fibres
Sl f T700 (Scott 2011): 14 fibres.
g 300 il
© 200 ]
<
B 100t B
0 o o ©
0 0.5

1
Strain (%)

@ Ineql g:ﬁ:g;;:g;e o | Lacta (RP Tavares, PP Camanho, et al., Int. Journal of Fracture, 208, 269-285, 2017). 31/48

Iabaraldria associada



FEU

FACULDADE DE ENGENHARIA
UNIVERSIDADE DO PORTO

1.Introduction

2.Ultra-thin

3.Fibre-hybrid

4 Variable-stiffness

5.Conclusions

J

=~

S Sged

B

Y,

Pond
g

K o

L 9Byt B Gy

"y

4

Nl
908 ot

S

o %

R atene,
® o
o

B8040 5

oo, B
23 0%,
jor e

50 75%

<

AS4 25%

ey
4 L

-,

i,

M50 100%

9%
bae

e

@meq

driving science
& Innovation

Iabaraldria associada

32/48



FACULDADE DE ENGENHARIA : Cthi . _ : . ot .
FEUP UNIVERSIDADE DO PORTO l.Introduction  2.Ultra-thin 3.Fibre-hybrid  4.Variable-stiffness  5.Conclusions
2000 T T T T T T T
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How can we increase the buckling load of composite structures?

Nose section of Boeing 787  Laminates with steered fibres

Individual tow payout
®=g with controlled tension

=

~_ Controlled heat

+41/-41

+29/-29

o< > }
[+-<17141>] +17/-17
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!
Linear fibre orientation variation: .9(-4;") = ¢+ (T1 + Tg) % —Th

Yo

7
course -
width

Notation: [ <T,|T,>]

Examples: [+ <30|60>], [90+ <15|45>], [+45/+ <17|54>]..

@& meqgu::is O|laetg 35/48
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Tow-overlapping and tow-dropping

thickness build-up or
constant thickness with
two-drops

» X

Tow-Drop Method Overlap Method

@meqgiizi O|geta
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Ply staggering: shifting of plies with the same orientation with respect to each other

7

[ /i
£ FIFSIFEEEE TEETTTRE CEFEREEFERE TERPERars FAEFrarEres Ig":,-"

F FIFFTITESET FEFITEEETES FETRREFITET TERTRNITEET FRNITERTIIN K/, ##

7
{ Lo, FETTTEFRTEE IRETTTTEARE SEEETIrar SRR Frery ¥
FTETEET FESTEIREEET SEerrEsass fErysssasss Srrrrrsiies &},

Staggering smoothes the thickness build-up and may avoid the need for tow-drops
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Variable stiffness panels

Problem statement

v=vpg, w=0

v= 0, w=0

Family of configurations : [+ <T,| T,>],

AS4/8773 CFRP, tp|y=0.2mm, tlaminate=4.8mm
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Buckling characteristics

4
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0 1 1 L 1 L 1 1 1
0 0.2 04 06 08
1 (1/(2 AT R i.\rﬁﬂ 62 Ey*
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@meql

driving science
& Innovation

(Lopes, Camanho, et al., Composites — Part A, Vol. 41, 1760-1767, 2010).
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Buckling characteristics

[+ <0]|75>],
Ny
Y Y l_ L r
SF, SF2
(Avg: 75%)

- _— -10.1
-3716
-7330
-1094.5
-1455.9
! \ -1817.4
2176838
S

The load is transferred to the supported edges
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Effect of a central hole

v=vp, w=0

' E

\\\ q):a.llr:}
YR

=0

v=0, w=0

@ Ineql fring seence o LCIGtC] (Lopes, Camanho, et al., Composites — Part A, Vol. 41, 1760-1767, 2010). 41/48
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Effect of a central hole

=== Straight Fibres

mmmm Straight Fibres

25

Ncr*
%]
T

1.5k

Ey* - - - - Ey*

(a) Flat panel (b) Panel with hole
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Performance of manufacturable VSP’s

head course
parallel fibres
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Buckling and first ply failure of “manufacturable” VSP

Design NgY Ngve o | vs. [£80]6s | vs. [£45]6s
[N/mm] || [N/min] 1] %]
Straight fibres ([+45]as) | 232.7 -47.2 -
Straight fibres ([£80]gs) ' . 89.7
[deal VSP 20.0 120.5
Manufacturable VSP 1.2 91.9
Manufacturable VSP 12.8 113.9
(staggered plies)
little influence higher influence on
on buckling first-ply failure
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Test cases
Rl m—

152.4

X
DCDT3
D=76.2 o
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-] 9]
139.7
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knife edge

381

®
.
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Configurations:
Straight-fibres - [£45,/+30/+45/4+15|,

Steered-fibres - [+45/4 < 45|60 >, /£ < 30[15 > /£ < 45|60 >]

1 - Tow-drop method 2 - Tow-overlap method
(staggered plies)
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Test cases
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Conclusions

v Thin-ply laminates result in improved fibre dispersion and reduced crimp angles. In addition,
continuous lay-up without mid-plane symmetry is possible.

v Thin-ply laminates increase delamination onset loads and the in-situ transverse tensile, compressive
and shear strengths. The tensile strength of unnotched specimens increases when thinner plies are
used. Finite Fracture Mechanics and phase-field methods are well-suited to predict the strength of
thin-ply laminates.

v" Selective hybridization, with inner 0° plies of intermediate thickness and thin off-axis plies, results in
improved open hole strengths. In addition, the unnotched and fatigue strengths are equivalent to
those of the thin ply laminate.

v" Judicious fibre hybridization increases the strain to failure of a baseline CFRP.

v The computational micromechanical models proposed are able to capture the mechanics of longitudinal
tensile failure of hybrid composites.

@meqgii Olets s
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Conclusions

v" Variable-stiffness panels are currently straightforward to manufacture. Their capacity for load
redistribution allows for marked improvements on the buckling and failure performances of composite
laminates.

v" It is possible to design variable-stiffness panels that are notch insensitive in terms of buckling failure.

v/ Manufacturability issues, such as tow-dropping, impose restrictions to the performance of variable-
stiffness panels. These can be mitigated by ply staggering.

v" The critical bucking load of optimized ‘traditional’ laminates can be increased by ~90% using variable-
stiffness panels (for roughly the same mass).

@meqgiizi O|geta 48 /48
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UNIERSITE ;737 %@d?&?ﬁ”&é’ﬁ; y Design of Sustainable Epoxy Thermosets @

1MIM [) :

o Elaboration of various
s e, formulations
HMPA "~ 2BAM Y L

(o]

Q)\l 1MIM

CHj

254Mﬂ Z;)I{\/%

0
Y TGPh Wtalyst
i 0
O i
OV/\ o O/W" Epoxide /

Dinu, R.; Lafont, U.; Damiano, O.; Mija, A.; High Glass Transition Materials from Sustainable Epoxy Resins with Potential Applications in the Aerospace and Space Sectors, ACS Applied Polymer Materials, 2022, 4, 5, 3636—-3646
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Reactivity study of thermoset resins by DSC

o] ﬂ

Exo

== TGPh-MNA_1MIM
= TGPh-MNA_2E4M
=== TGPh-HMPA_1MIM
== TGPh-HMPA_2E4M

=
ol
|

Heat flow (W.g™?)
|

o
o
|

0.0 H

25 50 75 100 125 150 175 200 225

Temperature (°C)

250

Formulations Tonset~Tend (°C) | Toeak(°C) | AH (J.g7)
TGPh-MNA_1MIM 45-205 132; 173 257
TGPh-MNA_2E4M 58-212 141 258
TGPh-HMPA_1MIM 36-200 115; 151 315
TGPh-HMPA_2E4M 58-201 127 292

v’ crosslinking reactions startat : T____.= 36-58 °C

onset™

v' T, >> suitable at industrial scale : T, ,,= 115-149 °C

v good reactivity: AH = 257-315 J.g™!

COMPOSIFORUM 2022 - The International Industrial Forum on Composite Materials

17 November 2022
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:'—.} @@ Institut de

Properties of synthesized thermosets - DMA

> 3 Points Bending, 3 °C/min heating rate, 1.0 Hz

=

vy
mmm
R gy

o —
o i
A g 4”;; ::.,% -
ar' oy .
%/% 3
T My
0_1000—_ % % { ]
=3 iy
%) LI
= iy
> iy
° it
o i
= L
= 1y
© A
2 AR
B = = TGPh-MNA_1MIM ty /;‘ N
= = TGPh-MNA_2E4M ., oo
100 — — N S o
1 |= «TGPh-HMPA_1MIM B
= = TGPh-HMPA_2E4M
] ! ] ! ] ! ] ! ] ! ] ] ]
50 75 100 125 150 175 200 225

Temperature (°C)

250

E’ at 30 °C

v

Thermosets (GPa) (mmol-cm™3) (g/mcol)
TGPh-MNA_1MIM 2.8 7.3 165
TGPh-MNA_2E4M 3.1 8.0 144
TGPh-HMPA_1MIM 2.7 6.7 175
TGPh-HMPA _2E4M 2.9 7.6 152

v" high storage moduli (E’) & crosslink
densities (v) = rigid materials

COMPOSIFORUM 2022 - The International Industrial Forum on Composite Materials

17 November 2022
ZARAGOZA, SPAIN
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250

@@ Institut de

@ Chimie de Nice

Properties of synthesized thermosets — Glass transition & tan 6

225 —

200

175

150 —

JEn

N

&]
|

Temperature (°C)
5
o
|

75 —

50 —

25 —

[ 7g DSC
[ ]Tg-onset
[ JTg-loss
[ JTan delta

COMPOSIFORUM 2022 - The International Industrial Forum on Composite Materials

T, ~190-210 °C

Commercial e.g.:

Tan &

0,5

0,4 -

0,3 A

0,2 A

= =TGPh-MNA_1MIM >

= =TGPh-MNA_2E4M i \ WA

= =TGPh-HMPA_1IMIM x-"” '

= =TGPh-HMPA_2E4M A IR v
i }i '

L
L
vy
vy
vt
1 \ LY
A SN
s a ‘ﬂ‘t.uwh;"f:

Sons

e {‘("gn;'l)j!’_‘h ny

T ? T T T T
125 150 175 200

T T T T T
225 250 275

Temperature (°C)

* Park Aerospace Nelco® N5000-30/32 BT : T,=205°C I
* Dow VORAFORCE™ TW 103/TW 158 : T‘g =175-185 °C
* Hexcel® HexPly® 108 : T, = 190-210 °C

17 November 2022 6
ZARAGOZA, SPAIN
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COTE DAZUR -3+ ®®Qg?;?;“;jgke Properties of synthesized thermosets — Glass transition, tan 6 & SD values @

< 1,3 g/cm3-in accordance with industrial criteria

b / Hardness Glass transition (°C) ] ] " . o
Thermosets e“S'EV Shore D = suitable for industrial hard material applications
(g/cm?) tests T, tan 6 construction, automotive and naval industry, materials for
(DSC) (DMA) structural aerospace components
TGPh-MNA_1MIM 1.20 89 211+1 210
TGPh-MNA_2E4M 1.22 88 184+1 199
TGPh-HMPA_1MIM 1.17 88 179£1 197 << Extra hard material category >>
TGPh-HMPA_2E4M 1.16 87 178 + 1 189
P T T T
FIEGE] 0 10 20 30 40 50 60 70 80 90 100 ) 1)
_________________ | SHORE A | 010:304:050:0!0.-0».100”. 1]

| Commercial e.g.: 0102030 40 50 60 7/| 80 90 10
| « Kohesi Bond KB 1427 HT-3 : 855D

|

|

* Henkel Loctite® Stycast® EO 1058 : 90SD ﬂi@ @

* Master Bond EP45HTND-2 : 70SD | womeen . mmmwes e merne svenn. mesecen Bowons

— — — — — — — — — — — — — — — — — N /

17 November 2022 7
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Properties of synthesized thermosets — Water Absorption & Gel Content

o

3,00

2,25

1,50

Water absorption (%)

0,75

0,00

I

=TGPh-MNA_1MiM | T 7 T 7T
= TGPh-MNA_2E4M
= TGPh-HMPA_1MIM
= TGPh-HMPA_2E4M

___________
-
- -
-
3

TGPh-MNA_1MIM

TGPh-MNA_2E4AM

TGPh-HMPA_1MIM

TGPh-HMPA_2E4AM

1.5

0.52

0.61

0.46

99.88

99.72

99.80

99.62

e e s TIIlCcse-mEmiieE v' Low hydrophilicity

- ’ o » = o & - - - -

1 » " - =

! ’d"\‘ () ()
WSS \ v AA GC% = highly crosslinked systems
1 Y,
_'k{é
0 l 214 418 712 916 1;0 14114 l 16138 l 15132 2::.6 24110 l 26134 l 2&138 l 3::.2 l 31136 360

Time (h)
= saturation stage after ~ 15 days > WA =1.5-1.95%
Samples WA at 24h (%) Gel Content (%)

| Commercial e.g.: |
| *  Cookson Group STAYCHIP® 3105: WA% = 1.5%

| *  Cookson Group STAYCHIP® 3100: WA% = 1.14%
Henkel Loctite® ABLESTIK 2053S Epoxy: WA% = 1%
Hexcel® F161 Epoxy Resin: WA% = 28%

COMPOSIFORUM 2022 - The International Industrial Forum on Composite Materials

17 November 2022
ZARAGOZA, SPAIN
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Properties of synthesized thermosets — Thermal Stability

o

» TGA under air; heating at 10 °C/min

» T, (heat resistance index ) - physical heat-tolerance

I e s I — 0.010
100
0 - " Ts = 0.49[Ts5¢, + 0.6(T300, — T59)]
80 | o4 ~ 0.005
I I I
70 300 325 350 375
S i Y G o VAP T ——— 1
S | ¢ % | Classified as heat resistant materials |
e TGPh-MNA_1IMIM
) 50 o |—— TGPh-MNA_2E4M ‘: , E v Ts =180-182 oc} T,=100-200 °C |
@ [ | TGPh-HMPA_1MIM \ - 0005 5 | T = 200 °C |
S 40 o [=—TGPh-HMPA_2E4M W = L s Epoxy & Phenolic resins ~ .
L ] ©
30 1 : ~ -0.010
20 ;
| ]
1
10 - . — -0.015
v T, =335-352°C
5%
0 I S e . R R 1  ememe—me—m e e e e e S e o = = 1
100 200 300 400 500 600 700 800 900 1000 I Commercial e.g.: I
Temperature (°C) | * Park Aerospace Nelco® N4000-6 FC : T, = 325 °C |
| * Park Aerospace Nelco® N4350-13 RF : T, = 350 °C ]
- 2-steps thermal degradation ... =———- """ —""—"—"—"—"—"—"—————
- o
> T,.., =369-379 °C
COMPOSIFORUM 2022 - The International Industrial Forum on Composite Materials 17 November 2022 9
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Properties of synthesized thermosets - BOC & BCC

» Bio-based Carbon Content (BCC)

BCC =

Z(Wloo% ’ TClOO%)

Y(Wi009 * TC100%) + X (Woq, - TCou)

» Bio-based Organic Carbon (BOC)

Y bio — based carbon

BOC =

-100
Y. bio — based carbon + ) petro — based carbon
Thermoset BCC (%) BOC (%)
TGPh-MNA_1MIM 56 74
TGPh-MNA_2E4M 55 74
TGPh-HMPA_1MIM 58 77
TGPh-HMPA_2E4AM 58 77

)

OK biobased

30%

biobased

TUY

AUSTRIA

*

BCC=40-60%

COMPOSIFORUM 2022 - The International Industrial Forum on Composite Materials

17 November 2022
ZARAGOZA, SPAIN
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el s O e Concluding remarks — Thermosets Resins

@ Chimie de Nice

WA % at 24h

Shore
, o Mc Density o
Comp.A Comp.B  Comp.C T, (°C) AH(lg?) T,(°C) Tans(°C) E (a(:PZaS) S (mmol:-cm'3) (g/mol) Ha(r;l;)e % (g/emd) BCC (%)
1M"\:I 132 257 211 210 2.8 7.3 165 89 1.20 335 0.30 1.75 56 74
MNA (1 wt.%)
(125;“;) 141 258 184 199 3.1 8.0 144 88 1.22 340 0.39 2.81 55 74
TGPh -
1M"\:| 115 315 179 197 2.7 6.7 175 88 1.17 350 0.40 1.95 58 77
HMPA (1 wt.%)
2E4M 127 292 178 189 2.9 7.6 152 87 1.16 352 0.21 1.80 58 77
(1 wt.%)
v" Synthesized biobased epoxy monomers
v Feasible industrial protocol for thermosets production
v’ High T, > Rigid materials; T, =~ 190-210 °C
v A GC=99% - high crosslinked thermosets
v" Thermal stability T, = 335-352 °C
v Low hydrophilicity
v’ BOC >74%

Dinu, R.; Lafont, U.; Damiano, O.; Mija, ACS Applied Polymer Materials, 2022, 4, 3636—3646

17 November 2022
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B/ Carbon Fibers Biobased

Epoxy Composites

17 November 2022
J 12
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UNIVERSITE 5% (DO insttor de

COTEDAZUR * () Chimie de Nice CF Biobased Epoxy Composites Manufacturing

gl N RER

| | o3 «
a A R@ﬁ[lﬁ

N

\\ 12 layers

Fibres count : 7.9 yarns/cm

<<<<<<<<%/%\\\ S

HexForce G0947 Carbon Fabrics - HEXCEL

Biobased epoxy resin// HexForce G0947 CF

= 0.62 - fiber mass fraction
= 0.83 - fiber volum fraction

___________________________________________

COMPOSIFORUM 2022 - The International Industrial Forum on Composite Materials

17 November 2022
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Properties of CF Biobased Epoxy Composites - DMA

o

COTED'AZUR %22 Chimie de Nice
3 Points Bending, 3 °C/min heating rate, 1.0 Hz
- = - - . 0,5
S a == Resin - =Resin
1 = ' = Composite - = Composite
e mmm s - F,at30  Tané 044 "
4 " X an ’ ]
10* o Rt I
] tem - - Samples °C(GPa) | (°C) .'.
2 Resin 2.9 189 03 ) !
g oy - . 9 H !
3 IS Composite 42.4 163 & 374 < Co
o “
E S 0,2 T
103 = A [ ’ -
% E . = l\_f : ,'I \
5 g Py Fo
n [ PY| i I
. . 0’1 _ , I‘ ’ .
' » Increase of mechanical properties : A , ¥
) . P \ 3
2 \ E’: - glassy region ~ 3 to 43 GPa N L T -
102 - - . R R o NG -
: - rubbery region ~ 0.1 to 14 GPa  *°
T T T T T T T T T T T g T T T L T T T T T
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
. o
Temperature (°C) > 2 tan6: 163 & 374 °C Temperature (°C)
I Commercial e.g.: |
I *  Solvay CYCOM® 890 RTM Resin - Woven Carbon Fabric Composite: T, = 169-210 °C |
| *  Polynt 90 CF40-400g Carbon Fiber Epoxy Fleece: T, = 150-200 °C |
| *  Solvay CYCOM® 934 Epoxy-Carbon Fiber Reinforced Laminate: T, = 160-194 °C |
| *  Park Aerospace Nelcote® E-746 Epoxy Prepreg, 3k 5HS Carbon Reinforced: T, = 180-230 °C |
Unpublished results
COMPOSIFORUM 2022 - The International Industrial Forum on Composite Materials 17 November 2022 14
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UNIVERSITE -3 (DO nsir de Properties of CF Biobased Epoxy Composites — Compression tests

COTED'AZUR “%:: @ Chimie de Nice

o

= at room temperature according with ASTM D3410

Length (mm) Thickness (mm) Max Force (N) Compressive

20000 A ’ - stress (MPa)
s1 25.07 2.14 20957 390.63
S2 25.05 2.06 20143 390.35
Z /
o s3 25.08 2.05 20950 407.48
(5] 2
= 140 x 25 mm Mean 25.07 2.08 20683  396.15
L 10000 - - Standard deviation 0.02 0.05 468 9.81
Dispersion 0.06% 2.37% 2.26% 2.48%
— 51 ] ]
— 52 'k = Maximum compressive strength of ~ 400 MPa
— 83
0 ! | : | ! | ! 1 J | 3 N e e e e e e e e e e e e e e e e e e e e e e e e T E— E— —
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 | commercial e.g.:

Displacement (mm)

Unpublished results

*  Epoxy Novolac 27%, Carbon fabric 73% - 115 MPa
| *  Solvay LTM® 16 Epoxy with CFO700 Prepreg - 326 MPa
| *  Hexcel® HexMC® C/2000/R1A Carbon Epoxy Molding Composite - 350 MPa
| *  Toray 2511 Prepreg Laminate with F4829-11M (M46J-6K PW) Fiber ->216 - 484 MPa

COMPOSIFORUM 2022 - The International Industrial Forum on Composite Materials

17 November 2022 15
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Interlaminar Shear Strength (ILSS) of the Fiber - Matrix Interface @

UNIVERSITE 535 (DO institt de
COTEDAZUR %2 @ Chimie de Nice
= at room temperature according with IGC 04 26 235 "
Length (mm) Thickness Max Force (N) IS5
. . (mm) (MPa)
= describes the shear strength between the laminate planes / the
quality of the fiber-matrix bonding s1 10.06 2.10 1730 61.42
S2 10.12 2.13 1886 65.62
2000 oo :; S3 10.11 2.15 1827 63.04
: o ---S3 Mean 10.10 2.13 1814 63.36
0 - N
o0 P Standard deviation 0.03 0.03 79 2.12
1500 N e e Dispersion 0.32% 1.18% 4.34% 3.35%
20 x 10 mm? g e
’Z-\ 1250 + .';::’ ot L) [ .
rO ; ILSS~ 64 MPa = very good adhesion matrix/fiber
LBL 1000—- j"
750 !:;
y
N ¥
L
500 J
] ,l
250 - ‘i
0 " vl
T T T T T T T T
0.00 0.25 0.50 0.75 1.00 1.25 1.50
Displacement (mm)
R L — [ S R A

| Commercial e.g.:

| Hexcel® HexPly® F522 Epoxy Resin, W3C282 Carbon Fabric - 26-62 MPa
*  Hexcel® HexMC® C/2000/R1A Carbon Epoxy Molding Composite - 45 MPa

I

Solvay Thornel® P-55 Carbon Fiber/Epoxy Advanced Composite System - 55 MPa |
I

I

I * Toray 2511 Prepreg Laminate with F4829-11M (M46J-6K PW) Fiber - 46-64 MPa

17 November 2022
16
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UNIVERSITE ;%' ®®(®cgy;?;“;j;ice Properties of CF Biobased Epoxy Composites — SD & WA% @

2,0
1,8 - B 0
' ’ Density WA (%) GC
1 Samples SD
161 \' N (g/cm?) (%)
] s 24h 25 days
&
St e m = Resin 1.16 87 0.46 1.85  99.62
S124 1 Pl -
= ! , Composite 1.37 97 0.25 1.02 99.94
7
é 104 ,
o] i ’
© 0,8 - _/
5 ! ,
g 06" ’ ‘
=% » SD A ~ 10% = from 87 to 97 SD
4
0,4 —-; Il
021" e > Decrease WA% : from 0.46 to 0.25 % after 24h
00 | = = Composite
' ' I ' I ' I i I ' I i I . . . . . °
0 250 500 750 1000 1250 1500 » GC A (99.94%) = proper crosslinking & interaction matrix - fibers
Time (h)
|_ R T T .~ 1 TP Y / L
Commercial e.g. for WA% : | | commercial e.g. for SD: |
| *  Solvay CYCOM® 5320-1 Epoxy with T40/800B Unidirectional Carbon fiber: WA = 0.55% | *  NRI Thermo-Wrap™ CF Carbon Fiber Composite - 90 SD
| *  Norplex-Micarta NP185 Carbon Fiber: WA =1.32 % _! | *  NRI Trans-Wrap Carbon Fiber Epoxy Composite - 85 SD JI

Unpublished results

COMPOSIFORUM 2022 - The International Industrial Forum on Composite Materials 17 November 2022 17
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Properties of CF Biobased Epoxy Composites — Thermal Stability

100 A
90
80 —
70
~—~ 60—
S
0 50+
%)
©
= 40 <
30
20 o |Air FIowI
10 —||==== Composite
||== Resin
0 _C|F Fiber |
100 200
100
90 —
80
70
e
P 60 —
[%]
©
= 50
40
1 IN, Flow
30
J |=== Composite
e RESIN
20 - |— cF Fiber
L T
100 200
Unpublished results

TGA under Air & N,; heating at 10 °C/min

0,010

- 0,005

- 0,000

- -0,005

- -0,010

- -0,015

T
300

T T T T T T T
400 500 600 700

Temperature (°C)

T
800

T
900

1000

0,010

- 0,005

I- -0,005

- -0,010

- -0,015

T
300

T T T T T T T
400 500 600 700

Temperature (°C)

T
800

T
900

1000

-0,020

dm/dT (%/°C)

dm/dT (%/°C)

T, (°C) T,
Samples
Air N, Air N,
Resin 350 320 180 169
Composite 350 350 233 197

T, (heat resistance index ) - physical heat-tolerance

TS = 0 4'9[T5% + O 6(T30% - Ts%)]

v' T, improved from “heat resistant materials” to “high heat resistant materials”

v" High thermal stability : T, ~ 350 °C

I Commercial e.g. : |

I *  Hexcel® HexPly® 8552 Epoxy Matrix, Carbon Fabric Form - T, =121 °C |
*  Solvay CYCOM® 5250-4 BMI Prepreg System with G40-800 Carbon Fiber - T, ; =232 °C

| *  DuPont Performance Polymers Vespel® CP-9800 Carbon Fiber and Epoxy Composite - T,

s,air

COMPOSIFORUM 2022 - The International Industrial Forum on Composite Materials

17 November 2022 18
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UNIVERSITE e - DO s de Properties of CF Biobased Epoxy Composites — Flame Resistance Q

@ Chimie de Nice

> By TGA : under N,; heating at 10 °C/min » By horizontal & vertical combustion tests < UL-94 standard

= CFRC ignite after 10 s - flame persist for another 13 s
- the flame front does not pass the 25 mm reference
mark = = classified as HB

Oxygen Limit Index (LO/)

LOI - 175 als 04‘ X Cygoo

Cya00 (%) LOI (%)

v

Samples
N2 N2
Resin 19.7 25.4 UL94V test )
Composite 67.3 44.4 @ ---------------------------------------------

= extinguished in 28 s after the 1% ignition -
self-extinguished in 35 s after the 2" ignition
- small amount of smoke & no melting-
dripping = = classified with V-1 rank

= LOI > 28% >> “self-extinguishing” system

<< Intrinsic flame-retardant character without supplementary addition of any flame retardants >>

Unpublished results

17 November 2022
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g&%ﬁ%g ' DD nsi Properties of CF Biobased Epoxy Composites — Chemical recycling @

@ Chimie de Nice

NaOH 1N
b > > >4

(o .
80 °C, 72h y /g

-

Polymeric matrix fully disintegrates = CFRC extracted, dried & reused for new composite development

Unpublished results

17 November 2022
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Eﬁ%!%ﬁ%‘ﬁ% ' DO i ce Properties of CF Biobased Epoxy Composites — Chemical recycling & Repairability test Q

@ Chimie de Nice
,é 2 2, n n’

Scratching i\ B Repairing

v CFRC biobased epoxy with
self-healing ability

Unpublished results

COMPOSIFORUM 2022 - The |, jonal Industrial F C ite Material 17 November 2022 21
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UpERS R ccet: %@;ﬁyg;’;@ Concluding remarks — CF Biobased Epoxy Composites @

A/ Thermosets with BOC ~ 77%, T,~ 189 °C, GC=99%, WA=0.4%

B/ CF Composites with high performances:
v’ E’=42 GPa (at RT)

T,~163 & 374 °C

ILSS ~ 64 MPa = very good interaction matrix/fiber
compressive strength ~ 400 MPa

GC ~ 100%- high crosslinked systems
WA ~ 0.25%

Extra hard materials = 95 SD

High thermal stability T, > 350 °C

D N N N N N N RN

Flame resistant systems = LO/ = 44.4%

= classified with - HB rank (UL94HB test)
- V-1 rank (UL94YV test)
v" Chemically recyclable

Unpublished results v SEIf'heaIing ablllty

17 November 2022
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| Leadmg the journey towards more
sustamable Carbon Fiber Reinforced plastics

| Dr. Caroline Petiot
A VAV Central Research & Technology. Composite
materials senior scientist- AIRBUS



We pioneer sustainable
aerospace for a safe and
~ united wo

Leading the journey towards more
sustainable Carbon Fiber Reinforced
plastics

Dr Caroline Petiot,
Central Research & Technology
Composite materials senior scientist

Zaragoza, Nov. 17th

AIRBUS



Outline

Introduction to the journey towards clean aerospace
and targeted ambition

Reduction of our industrial footprint during operations
Towards a Circular economy for Carbon Fiber
Reinforced Plastics considering progressive
iIntroduction of more Biobased formulations

Conclusions

401510

AIRBUS




Ambition to be the first to offer a zero-emission commercial aircraft by 2035

ZEROe concept aircraft powered by hydrogen
AIRBUS



Sustainable growth

Progress since dawn of the jet age
CO reduced by 50% ;
ecuosaty 80% :
wcedby 90% el

prebe Source: Airbus, ATAG

Ambitious aviation industry goals

Cap CO, emissions from 2020

Reach net zero CO, emissions.by 2050

.-.-,.-‘.-’“-l

AIRBUS



Emissions per passenger kilometre (%)

-50% achieved

due to:
v @ @
optimised advanced  next-gen

aerodynamics materials engines

Aviation’s path towards zero emissions

|
2000

2021

Addressing the remaining 50%

?' Improved ATM
& Aircraft Operations

New Engine &
34\ Aircraft Technologies
53 ilg Sustainable

Aviation Fuels

; { Market-based
2 I.__.“ Measures

20  AIRBUS



Waste and
== raw
@ materials

Airbus Amber

2. REDUCING THE
ENVIRONMENTAL
FOOTPRINT

OF OUR
OPERATIONS

AIRBUS AIRBUS



“Towards a circular economy: a zero waste programme for Europe”

The Waste Hierarchy

- - 3. TOWARDS A
CIRCULAR

=610])[0]\")4

Source: Eurppean Commission.

: reUSE', repalf

A zero waste
programme for

Europe
Proposal for a Directive of the EU Parliament

and of the Council to amend the 6 waste directives AIRBUS




A

Operations

Optimising aircraft operations and
maintenance to achieve optimal
noise and emissions throughout

the aircraft’s entire service
lifespan

Managing our
environmental
footprint across
the entire
aircraft lifecycle

Airbus Amber

4

Design

3. TOWARDS A

Investing in R&D to design CIRCULAR
fuel-efficient aircraft that achieve ECONOMY

better environmental performance

- AIRBUS

Supply chain ENVIRONMENTAL

Working closely with our suppliers RESPONSABILITY

to
help them comply with our
environmental commitments

ﬁss the supply chain INCL. OUR
Q SUPPLY CHAIN

Manufacturing

, — Develop
Setting ambitious goals to reduce .
our manufacturing footprint, promot ECOdeSIQ”
conservation of resources and bettq principles
manage our industrial footprint

AIRBUS



PRINCIPLE

Renewables @ go Finite matarials

Regenerate Substitute materials Virtualise Restore
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Renewables flow management Stock management
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Parts manufacturer
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£ ' \ " feedstock Product manufacturer
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Service provider

o Share
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Recycle

Rethinking the

comaputaciure future of plastics
Reusd/redistribute 201 6’ E”en
Maintaip/prolghg

MacArthur

foundation

e User
Anaearobic -1 ™
digestion J — . Collection Collection

Ext.r..au:tion of Renewable fIOW

bicchemical

| and plastics stock
3 i | management

Minimise systematic
eakage and negative
externalities

Rethinking the future of plastics 2016, Ellen MacArthur foundation AIRBUS
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CONSUMPTION PRODUCTS WASTE

private and industria l H USE collection & sorting
end-users)
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Export

RE-USE
& REPAIR

CONVERSION’
o plastic parts and products

sent for
@ RECYCLING

EXPORT THE NEW MINE

SURPLUS

Inpast mit ELJ

T ﬁ
|=§L RECYCLING PLANTS®

| poEl- COnSLneT)

PRE-CONSUMER Al
RECYCLED PLASTICS® %E':":i

output

L' F’?EH PROCESS Our feedstock for
e i new classes of
high performant

CFRPs

POST-CONSUMER A
RECYCLED PLASTICS | & |

QUtput

PLASTICS' I Chemically recycled feedstock
s ction : Bio-based feedstock
sl Carbon-captured feedstock

= Fossil feedstock

Source: PlasticsEurope-CircularityReport-2022_2804
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RECYCLED PLASTICS

ll|
MECHANICAL
RECYCLING IF%T
I

s |
WASTE [ RECYCLING BY .r‘fhl-
pissoLution B &

COLLECTION |
AND SORTING @

RECYCLED PLASTICS

. DEPOLYMERISATION RECYCLED MONOMER n
' . ']‘ RECYCLED PLASTICS
CHEMICAL .rﬁﬁ S .
RECYCLING ™I ~
U RECYCLED FEEDSTOCK
GASIFICATION [SYNGAS, PYROLYSIS OIL)* PLASTICS

PRODUCTION
[POLYMERISATION)

Source: THE CIRCULAR ECONOMY FOR PLASTICS, PlasticsEurope circularity report 2022

The US global recycled plastics market size evolution
] 46.09 billion USD in 2021
1 69 billions USD by 2030 (estimation)
1 More than 4% of annual growth in the period 2022-2030.

Source: Recycled Plastic Market Size & Share Report 2030, edition 2022

[ Could recycled Cellulose for alternatives precursors carbon fibers lead one day to
High Performances carbon fibers ?

] Could more sustainable PP be used to produce PAN based carbon fibers ?
(1 Could economical viability be found in Bio based glycerol feedstock through
acrolein route for the production of PAN carbon fibers ?

Source: Jean-Luc Dubois, Serge Kaliaguine, Acrylonitrile, industrial green chemistry, Dec. 2020
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THE NEW MINE

How many loops of
circularity could
plastics survive
without losing their
properties ?

AIRBUS




- Chain of CUStOdy model which provides the potential for businesses in the
chemicals and plastics industry to incrementally transition to
using sustainable feedstocks, without the need to set up separate
production lines for sustainable products.

- Guaranteed by third party certification

PRODUCTION IN
SHARED PLANTS

RAW MATERIALS

— Fossil

IN ouT

PRODUCTS

Allocated:
100% recycled

s Recycled

Conventional
product

“Mass balance approach for the sustainable chemicals transition” Chris Stretton, Mesbah Sabur, Igor Konstantinov, August 17, 2022.

https://www.circularise.com/blog/mass-balance-approach-for-the-sustainable-chemicals-transition
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Mass Balance
Approach

Mixed of Fossil &
recycled feedstock
incl. Biobased

Same industrial
system

Sustainable credits
allocated to one
product

AIRBUS




Turnover in the bio-based economy in the
EU-27, 2019, total: 814 billion Euro*

10%

20%

3. TOWARDS A CIRCULAR ECONOMY

Chemicals and plastics

Bioenergy

| Biofuels

it BIO-BASED ECONOMY

B Textiles and textile products

27%

The turnover of only the EU industrial sectors

) Bio-based Industries  ‘exchding siriculure forestry fishery food products,
5 beverages and tobacco praducts Prepared by —Institute.eu | 2022
814 M€ in 2019

Turnover in the bio-based economy in the 6% share for chemicals and p|aStiCS
EU (2008-2018: EU-28, 2019: EU-27)

EU Growth +4% in 2019 compared to 2018
g Sonay despite Brexit

y Chemicals and plastics sector turnover

o ® Textiles and textile products from EU-28 : +68% 2008_201 9

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2018

&\Bio based Industries ﬁ AIRBUS
J Institute.eu | 2022
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New sources of monomers / Bio-sourced
Renewable

Can be purified or synthetized by enzymatic process 3. TOWARDS ACIRCULAR ECONOMY

Selectivity and Yield can be boost by catalysis

Q
Q.
S BIO BASED RESIN
2
() e,
:x O
SS Thod NN Should be also harm substance free
O @ il g n % -
N &
~ NS v/
9 o ‘ “
g ”° Efficient use of natural ressources
m [}
® Agro based feedstocks (carbohydrate ie:
S sugar cane ; corn,..),
£ Ligno Cellulosic feedstock,
23 Organic wastes feedstock
S . -
TEB B_io—bgs_ed cu_ring agfantfrom FeedStOCk NOT Competlng Wlth
i divanillin derivatives: DMAN FOOd (WaSte Or byprOdUCtS)
Q

Savonnet & al., 2019 (doi/10.3389/fchem.2019.0066
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https://doi.org/10.1016/j.cej.2019.123124

Macromolecular Design Built to Spec. 3 TOWARDS A CIRCULAR ECONOMY
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bond exchange (Polymers 2022, 14, 3180. https.//doi.org/

Leibler, & al. 2011 DOI: 10.1126/science.1212648 10.3390/polym14153180) n " V
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Design of new imidazolium ILs
bearing two epoxy functions

Catalysis for selectivity and yield

C. Chardin, J.H. Rouden, S. Livi, J. Baudoux, Green Chemistry, 129, (2017).
S Livi, L.C Lins, L. B. Capeletti, C Chardin, N Halawani, J. Baudoux, M.B. Cardoso,
European Polymer Journal, 116, 56-64 (2019). AI R BUS

Can be designed for end of life chemical link degradation by enzymatic process



https://doi.org/10.1126/science.1212648

CFRP composites are opportunities as lightweight materials

Conditions for their futures are:

4. CONCLUSIONS

] Minimized the use of materials / Reduction of waste

1 Repairability

1 Incorporate functions for Disassembly/ Segregation / End
of Life

1 Reuse / Repurposed / Recycling

1 Develop progressively no harm Bio based formulation with
Recycled content

] Secure Mindful use of critical raw materials

] Secure raw material sourcing fully certified / Provide
evidence through early Life Cycle assessment /
Demonstrate costs models AIRBUS




© AIRBUS (Airbus S.A.S., Airbus Operations S.A.S., Airbus Operations GmbH, Airbus
Operations LTD, Airbus Operations SL, Airbus China LTD, Airbus (Tianjin) Final Assembly
Company LTD, Airbus (Tianjin) Delivery Centre LTD). All rights reserved. Confidential and
proprietary document. This document and all information contained herein is the sole property
of AIRBUS. No intellectual property rights are granted by the delivery of this document or the
disclosure of its content. This document shall not be reproduced or disclosed to a third party
without the express written consent of AIRBUS S.A.S. This document and its content shall
not be used for any purpose other than that for which it is supplied. The statements made
herein do not constitute an offer. They are based on the mentioned assumptions and are
expressed in good faith. Where the supporting grounds for these statements are not shown,
AIRBUS S.A.S. will be pleased to explain the basis thereof. AIRBUS, its logo, A220, A300,
A310, A318, A319, A320, A321, A330, A340, A350, A380, A400M are registered trademarks.
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Advanced ‘manufacturing and sustainable tooling for
Carbon flbre Reinforced Thermoplastic processing

\\\\\\\\\\\\

José Antonio Dieste
Engineering and Advanced Process Manager

Joseantonio.dieste@aitiip.com
0034 627 441 629



Advanced manufacturing and sustainable
tooling for Carbon fibre Reinforced
ermoplastic processing
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Aitiip

Technology Center

2021 Data

#i 120

Multidisciplinary experienced professionals —
Technology Centre and Spin-offs

“’ 15 M€ turnover

2 M£ vyearly investment for key enabling
technologies to the European Industry

leg 17000 m?

Innovative pilot lines for circular processes
and sustainable products

%% 200 customers

65% SMEs // 20% Large Industry // 15%
Research, Innovation & Development Centers



C> 1-INTRODUCTION

2-Carbon Fibre Reinforced Thermoplastics
3-Novel Process for CFRTP

4-Joining CFRTP

5-Smart Tooling for CFRP



Mixed approach - with

for a skilled and effective value chain

- _

dwm) FUNCTIONAL HYBRID PLASTIC
MATERIALS MANUFACTURING TRANSFORMATION

DESIGN & - / SMART
ENGINEERING n H “ IN )USTRIALIZATION
/- \ = ch
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PE) FORMAL DUAL

ADVANCED FLEXIBLE

MATERIALS MANUFACTURING
CIRCULAR BIO - DIGITAL 4
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All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for property rights. Fundacion Aitiip 2021
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Design and
Engineering

We collaborate effectively in the development of your product
from the concept and we optimize it in a dedicated way to its
manufacturing process (injection, blow molding, 3D printing,
thermoforming...). We carry out CAM, CAD and CAE.
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® "Additive Manufacturing— 3D

Printing

We are the best-qualified European entity for industrial 3D
printing for plastic, metal, composite and ceramic parts. We
manufacture very large and certified parts and tools. We have
FDM, SLS, Polyjet, WAAM technologies...




Mechanical
Manufacturing

We offer our clients the most advanced means of
production in the field of mechanical manufacturing for
the production of moulds, tools and unitary parts with the
highest dimensional and functional quality.
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We have all the technologies for the transformation
of plastic: injection thermoplastics (25t to 4000t),
blown extrusion, thermoforming and blown film
and thermosetting, composite, biobased and
biodegradable materials.

Plastic Transformation




Large scale demonstration &
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1-INTRODUCTION
¢ 2-Carbon Fibre Reinforced Thermoplastics

3-Novel Process for CFRTP
4-Joining CFRTP
5-Smart Tooling for CFRP



THERMOSET POLYMERS

POSSITIVE

o Able to be moulded with different tolerances

o Allows for flexible product designs

o Improved structural integrity through variable wall
thicknesses

Typically, cheaper than components fabricated from
metals

Superb electrical insulation properties

Excellent heat resistance at high temperatures
Corrosion resistant

Strong dimensional stability

Low thermal conductivity

Cheaper setup and tooling costs than with
thermoplastics

o High strength-to-weight ratio

o Water resistant

o Wide range of colours and surface finishes
NEGATIVE

o Cannot be reshaped or remoulded

o Cannot be recycled

O

O O O O O O

THERMOPLASTIC POLYMERS

POSSITIVE

O
O
O

O O O O O

O

Good adherence to metals

High quality aesthetic finish

Can be recycled and reshaped with little impact on
material properties

Resistant to chemicals and detergents

Good electrical insulation

High impact resistance

Enhanced anti-slip properties

Can create both rubbery and hardened crystalline
surfaces

Resists chipping

Corrosion resistant

NEGATIVE

Not suited to all applications due to softening when
heated

Typically, more expensive than thermosetting
polymers C?aitiip

centro tecnoldglco



THERMOPLASTIC POLYMERS

High Termperature Resistance
Steamn Resistance

High Wear Resistance
High Chemical Resistance

NV
7

Polyaryletherketones (PAEK) are semicrystalline
polymers. They exhibit good stability and
mechanical strength at high temperatures. PAEK is
extremely resistant to chemicals and hydrolysis,
making them ideal for medical applications, oil
drilling components, automotive gears, etc.

TN

'..Engineelring_,-
' Material

250 Engineering Grade
Structural
Good Wear Resistance

7

r v

Engineering
Plastics

I

|

Performance

50
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General Purpose
Low Stress

Good Bonding
. Good Formability,
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AMORPHOUS CRYSTALLINE

2y
£
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o2 2
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¥ 8

PROPERTY VALUE
Nominal Consolidated Ply Thickness (TC1225 194gsm) (mm) 0,185
Nominal resin content (%) 34
Glass Transition Temperature (2C) 147
Melt Temperature (2C) 305 -
Typical processing temperature (2C) 340-385 (@] aitiip

centro tecnoldglco



1-INTRODUCCION
2-Carbon Fibre Reinforced Thermoplastics

C» 3-Novel Process for CFRTP
4-Joining CFRTP
5-Smart Tooling for CFRP



The next generation Multifunctional Fuselage
Demonstrator (leveraging thermoplastics for cleaner skies)

leverage the full potential of thermoplastic composites in aviation

weight reduction and the lowering of recurring costs in aircraft
production when using thermoplastic composites

high potential combinations of airframe structures, cabin, cargo and
system elements using composite thermoplastics

processing is evaluating thermoplastics which are easy to model by
pressing or stamping using high-production processes

using thermoplastic material, components at the end of their service
life can be recycled

new thermoplastic joining technologies that enable moulded
elements to be combined into larger components

G aitiip

centro tecnoldglco



While it can be made malleable through the application
of heat, because the natural state of the thermoplastic

MOULD

resin is solid, it's difficult to impregnate it with reinforcing S
fibre. The resin must be heated to the melting point and lr gt I h

pressure must be applied to integrate fibres, and then, PREFORM = T = = 5
the composite has to be cooled, all while still under CUTTING ON FRAME IR HEATING FORMING

pressure.

MOULD

COOLING

Special tooling, techniques, and equipment must be
used, many of which are expensive. The process is much
more complex and expensive than traditional thermoset
composite manufacturing.

DEMOLDING
AND
EXTRACTION

TRIMMING

-

G aitiip

centro tecnoldglco






\\, & INNOTOOL

\ INNOVATIVE TOOLING DESIGN

O a|t||p

antro leanologico
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Blanket preparation Water Jet. No delamitation

Todas las referencias S]
Total de longitud de curva 471.499 mm

Flat: 325mm
Curved: 475 mm

G aitiip

centro tecnoldglco






G aitiip

centro tecnoldglco



1-INTRODUCTION
2-Carbon Fibre Reinforced Thermoplastics

3-Novel Process for CFRTP
C) 4-Joining CFRTP
5-Smart Tooling for CFRP




RESISTANCE WELDING

Resistance welding is a well-known technique
which entails the use of a heating element
sandwiched between the parts to weld Electrical
power, provided to the heating element through
electrode connection, heat up the material,
following the Joule’s Law, where the energy
dissipated (E) from the resistor is proportional to
the resistance (R), current (1) and time (t)

Copper
electrode

Insulating block

I

f

i

(

gl

/y»""‘

5 aitiip
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RESISTANCE UN-WELDING

Future EoL of CFRTP aircraft. Product
recovery, by disassembling

Craitiip



1-INTRODUCTION
2-Carbon Fibre Reinforced Thermoplastics

3-Novel Process for CFRTP
4-Joining CFRTP
C» 5-Smart Tooling for CFRP
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@ ACROBA

connect & produce through sgils roducton

Additive manufacturing platform

\
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Building direction
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TRADITIONAL RAW MATERIAL 260 kg
MANUFACTURING | piNAL WEIGHT 156,5kg
INNOTOOL RAW MATERIAL 145 kg
MANUFACTURING | piNAL WEIGHT 96,5kg

G aitiip

centro tecnoldgleo



TRADITIONAL
MANUFACTURING

RAW MATERIAL

FINAL WEIGHT 199kg
INNOTOOL RAW MATERIAL 171,5 kg
MANUFACTURING | i NAL WEIGHT 118,5kg

G aitiip

centro tecnoldgleo



IMPACT RESULTS

THERMAL INERTIA REDUCTION:
Core plate: Thermal Inertia Reduction 38%

Cavity plate: Thermal Inertia Reduction 40%

RAW MATERIAL CONSUMPTION
Core plate: Material consumption reduction: 45%

Cavity plate: Material consumption reduction: 25%

EXPECTED BENEFITS FOR AIRCRAFT INDUSTRY

Manufacturing time reduction: Thermal inertia reduction will
reduce heating and cooling time, thus reducing the press hot
forming time.

Increase of the production capabilities: Potential increasement
of the production batches

Environmental. Reduction of the raw material consumption for
tooling manufacturing. Energy reduction consumption as
manufacturing time is reduced.




THANK YOU FOR YOUR
ATTENTION

9 Calle Romero 12, P.I. Empresarium, La Cartuja Baja. 50720 — Zaragoza (ES) . +34 976 46 45 44 . aitiip@aitiip.com . www.aitiip.com

José Antonio Dieste
Engineering and Advanced Process Manager

joseantonio.dieste@aitiip.com
T. +34 627 441 629



https://www.facebook.com/aitiip.centrotecnologico/
https://twitter.com/aitiip
https://www.linkedin.com/company/aitiip-centro-tecnol-gico/




Brmgmg thermoset materials to a circular
econc], v through recycling technologies

\\\\\\\\\\\\
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VALV T Head of composite materials-Aitiip

..........

0034 684 468 701 julio.vidal@aitiip.com




Bringing thermoset materials to a
circular economy through recycling
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Aitiip

Technology Center

2021 Data

#i 120

Multidisciplinary experienced professionals —
Technology Centre and Spin-offs

leg 17,000 m?

Innovative pilot lines for circular processes
and sustainable products

#2* 200 customers

65% SMEs // 20% Large Industry // 15%
Research, Innovation & Development Centers



Mixed approach - with

for a skilled and effective plastic value chain
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All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for property rights. Aitiip 2022



B epes
Your partner for industrial demonstration in international projects G aitii

centro tecnol6gico

@BIZENTE

igninases To Resolve End - fIFa
fTh rmoset Composite Plasfi

[ Aitiip makes transfer of knowledge to its 1

spin-offs and Industry “' t”? European
partners |

o IR First EU www.bizente.eu

MOSEeS ® Project 2 EU Projects

advanced malerials
for - VIBES

2021 %

2019 14 EU Projects

9 EU Projects www.vibesproject.eu
First EU Project |

2013

2012

2010 New facilities REVILUZION
Our Spin-offs brings into the market
LS,CEDQ%Q Commercial Products & Technologies WWW. revo|u2|onpr01ect.eu

G’ aitiip

pentro feenetogo Our Spin-offs are conceived as technology
based with a strong R&D spirit

1995



http://www.vibesproject.eu/
http://www.bizente.eu/
http://www.revoluzionproject.eu/

Pilots plants

We offer all our capacities to install pilot
demonstration plants in our industrial facilities.

Different technologies for thermoplastics: injection,
blow molding, extrusion, casting, thermoforming,
3Dprinting.

A T
lwww.ghsa.com|

U/ LZOL

16/10t
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Pilot Plants

We offer all our capacities to install pilot
demonstration plants in our industrial facilities.

e

Different technologies for thermosets: RTM,
infusion, hot-forming) SMC (Sheet Moulding
Compound) y BMC (Bulk Moulding Compound)



This project has received funding from the Bio-Based
Industries Joint Undertaking under the European

Union’s Horizon 2020 Research and Innovation
Programme under Grant Agreement N° 101023190.

Thermoset composite waste management aren’t currently properly recycled and they are either incinerated
(42.6%) or diverted to landfill (24.9%) due to their inherent complexity.

PLATA (Teruel Airport’s aircraft
parking and dismantling area)

v

o e i

Hundreds of wind turbine blades buried in Tucson, Arizona, 309th AMARG (Aerospace Maintenance and 2
Wyoming in the US (February 2020) Regeneration Group) : The largest 'aircraft cemetery'in the = e T
= — world, with capacity for 5000 aircraft. Fa Sags. . -
: T BY T bia 7 ‘ ER TN ACCIONA 100% composite civil constructions (Examples:

lighthouse in Valencia & walkway in Madrid)

ot R T g 1.6 kilometers of Bangladeshi coastline . =
Thousands of retired cars waiting to (Chittagong, 2014), where ships from all over the Sunk & ahandeonod vessels VEOLIA dismantling area at
dismantled (Madrid, 2016) world embark and dismantle Torvilliers site (France)

» Decrease the amount of non-biodegradable polymers sent to disposal or even discharged to the environment in
more than 40%.

»Development of a new green technology focused on the controlled separation and recovery of composite
materials by means of developing customised biobased bonding materials (BBM).

All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for property rights. Fundacion Aitiip 2022




This project has received funding from the Bio-Based
Industries Joint Undertaking under the European

Union’s Horizon 2020 Research and Innovation
Programme under Grant Agreement N° 101023190.

VIBES project proposed solution

Building up the VC

A J

100% Biobased bonding materials:
* Supramolecular
* Diels-Alder

e Vitrimers

o

v ——— N

W@'i" &
a

-

Alternative 100% biobased
thermoset precursors and
resins (bio-epoxy, -
vinylester, -polyester)

Vanillin alcohol

Alternative 100% biobased
fibers (flax and TPU-lignin
based BioCarbonFiber)

Activation of fiber’s surface (plasma, AP-
PECVD)

Recycling
Pre-treatment sequece

QIR 4P

R
Washing with Green solvents

Protrested Gre
composites -
from subtack31.1 Sohent €]
Recovered =, Post Areat ment
= Monomersioligomers Task3.4
Fesins

= .:c,ﬁe:n\.gedl_‘P"_lee‘ arts
fibers
Filtratidn

esigning and Implementing the

Recycling Technology

FROM LAB SCALE TO PILOT SCALE

-

Valorization of fibers and
monomers/oligomers into new
mdustrlal products for selected sectors

- Environmental assessment: LCA, s-LCA
(social perspective), Economical
assessment: LCC, market analysis

- EPR considerations

- Collecting and Directing waste

- Regulation compliance

- Toxicity & Safety

- Defined IPRs & Business strategy

- Training plan to create skilled jobs

- Dissemination and social awareness

All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for property rights.

Fundacion Aitiip 2022




VIBES consortum

cooroiNATION € 3itiip
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This project has received funding from the Bio-Based

0 Industries Joint Undertaking under the European
I I lc 0 " ent etwor Union’s Horizon 2020 Research and Innovation
Programme under Grant Agreement N° 101023190.

VIBES

network network Supramolecular
approach

Bridging the gap between thermoplastics and thermosets

Dynamic Covalent

Vitrimer-like (CAN)

Network approach
= -
low temperature high temperature
Reactive Extrusion Diels-Alder (DA)
approach

Biobased Bonding
Materials (BBM)
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This project has received funding from the Bio-Based
Industries Joint Undertaking under the European

‘ N— l I ra I Ole l lar Union’s Horizon 2020 Research and Innovation
Programme under Grant Agreement N° 101023190.

The BBM strategy of Leitat is based in TA and its derivatives

HO
(o]
@) =
OH — S s(s S)'s S ﬁ =0, =0 =0, =0,
Tt feot ot foM
S..-S Poly(TA) Q ? T
0 O - Hydroxy surface
HO
Dynamic covalent bond Non-covalent site
: Non-covalent site for
5-membered ring for ROP subramolecular
Click-chemistry based i?\teractions
functionalization .
S-'S Susceptible group
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Vitrimers are covalent networks, which can change their topology through a thermally activated reactions (bonds)

BBM — resin/resin interface — resin hardeners BBM — fiber/resin interface
Disulfide/imine Epoxy/methacrylate/ | To connect the
. . amine BBM to the
To impart the BBM with resin

reversible properties
T Eugenol

B ¢
\

To connect the BBM to

To connect the BBM to 4—‘ b .

the fiber surface

the resin i 0 Alkoxysilane/amine/
HO .
Amine/epoxide/ H acids/isocyanate To impart the BBM with
vinyl ester Vanillin reversible properties

Disulfide/imine
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Diels-Alder adduct between the resin and the fiber

'S 0
rDA O
DA

0 {;fg o 0 o 7 MALEIMIDE

M
0 v}f} QNN:] Dimaleimide
0 - 0

Maleimide amine
Qﬂ‘"ﬂ NH2

Diels-Alder adduct into the resin
| o] \ s

Diels-Alder adduct into the resin, and between the resin and the fiber
: " W2 & ':"H FURFURAL

Furfuryl alcohol
&/ NH2
O
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This project has received funding from the Bio-Based

Industries Joint Undertaking under the European

° °
Synthesis of bio carbon fiber
Programme under Grant Agreement N° 101023190.

* Lignin: TPU ratio (50:50/ 45:55/ 40:60)

e Coating and sizing to improve the thermal stabilisation step
(250 °C) Using natural acids such as citric acid

e Carbonisation carried out at 1000 °C

P S

N
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Textile treatments:

AMINATED FLAX HBRE
400w, \6He ,16Ne , SOMIW

AMINATE® CF
00w, ISwin , (6He, EN2

UNTREATED CF

|r
s

Padding

Exhaustion

liquid 0
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THANK YOU FOR YOUR
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9 Calle Romero 12, P.I. Empresarium, La Cartuja Baja. 50720 — Zaragoza (ES) . +34 976 46 45 44 . aitiip@aitiip.com . www.aitiip.com

Julio Vidal
Head of composite materials

julio.vidal@aitiip.com
T. +34 684 468 701



https://www.facebook.com/aitiip.centrotecnologico/
https://twitter.com/aitiip
https://www.linkedin.com/company/aitiip-centro-tecnol-gico/

Enzyme engineering through directed evolution
and ancestral resurrection for the degradation and
o valorisation of plastics

\\\\\\\\\\\\

Miguel Alcalde

Co-fundador y consejero en EvoEnzyme y Profesor
Investigador en el Instituto de Catalisis del CSIC
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CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS






NATURAL EVOLUTION DIRECTED MOLECULAR EVOLUTION

RANDOM
MUTATION

& z
o 5
> =
o DNA g
pA — RECOMBINATION \ s
o o
= )
= x
2 v

NATURAL SCREENING/

SELECTION ARTIFICIAL

SELECTION

Over millions of years Only months of bench work

Spontaneous process Selective pressure controlled by the scientist



Natural evolution Artificial evolution

DARWINIAN ALGORITHM:
MUTATION

RECOMBINATION
SELECTION

<«—{ FITNESS OR SURVIVAL [0y

ACTIVITY: STABILITY:

* Novel substrate specificities + Temperature

+ To modify regio- quimio- and » Organic co-solvents
stereo-selectivities * Inhibitors

* Functional expression

Design ad-hoc enzymes



Second “Biotech” revolution: Directed molecular evolution

Premio en Quimica para los padres de la evolucién molecular
dirigida: Frances H. Arnold, George Smithy Gregory P. Winter

Un Nobel para la segunda
revolucion biotecnologica

MIGUEL ALCALDE

Investigador del CSIC/ Dpto. de Biocatdlisis
rances Arnold ya fue galar-
Fdonada con los premios
Draper 2011 y Millenium
2016 (equivalentes alos Nobel de
ingenieria), asi como la medalla
nacional de Tecnologia EE UU
2013, por lo que el Nobel de ayer
en Quimica era un premio espe-

wahla Aada la fvracanndanain da

cuentran aplicacion inmediata
en la produccion de biocombus-
tibles, procesos de descontami-
nacion o sintesis de farmacos,
entre otros ejemplos.
Laevolucion dirigida consiste
en emular en el laboratorio los
procesos de evolucion natural
(mutacion, recombinacion del
material genético y seleccion)
aplicados al diseno de enzimas

lnntalimndavan hinlAminnn racnan
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There are 5700 possibilities for one substitution anywhere in a 300 amino-acid protein...

To reduce screening effort by using COMPUTATIONAL ALGORITHMS




Wu et al. (2019). PNAS 116: 8852-8858.



Sarel Fleishman
(Weizmann Institute of Science,
Israel)

Barber-Zucker et al. (2022). Journal of the American Chemical Society. 144: 3564-3571.

Barber-Zucker et al. (2022). ACS Catalysis. In press



Prof. José Manuel Sanchez-Ruiz
(Universidad de Granada)



(B) IN VITRO EVOLUTION OF EXTANT ENZYME

e e e A A e A A e A A A A A AR A A AR A A e A e A
. Travel back by genetic drift
(1) Ancestral enzyme (2) Modern enzyme
(generalist) - > evolved in nature
v NATURAL EVOLUTION (specialist)
—> —> —>
. (A) IN VITRO EVOLUTION OF ANCESTRAL ENZYME
‘EV Travel forward by adaptive evolution
- __)
Activity evolved
in nature
(3) Intermediate variant (4) Enzyme evolved
Activity evolved : in the laboratory
in the laboratory ............................................. ..... > (re-speCIallzed)
Travel forward by adaptive evolution




Directed evolution of resurrected enzymes can be a suitable vehicle to:

« Engineer novel catalytic functions and/or more robust biocatalysts.

» Explore natural evolutionary principles (protein robustness and evolvability).

Alcalde M. (2015). Trends in Biotechnology 33: 155-162.
Alcalde M. (2017). Microbial Biotechnology 10: 20-24.



Molina-Espeja et al. (2016). Biotechnology Advances. 34: 754-767.
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Think & Build
in Green


mailto:bgomez@evoenzyme.com

A Spin Off from Miguel Alcalde lab (https://miguelalcaldelab.eu)
Instituto de Catalisis y Petroleoquimica ICP-CSIC

+20 yea 'S of experience in the Academy

EvoEnzyme started in Sep2019

Experts in Biocatalysis & and Protein Engineering

» Own Technology & Library creation Methods
» Broad mutant Library 100%

PhDs
PARQUE CIENTIFICO DE MADRID
CAMPUS DE LA AUTONOMA

MADRID - SPAIN

“Improving Enzymes by Directed Evolution”



https://miguelalcaldelab.eu/
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WHITE-ROT FUNGI

LIGNINOLYTIC ARMOURY

» Laccases

Lignin peroxidase (LiP)

Mn-peroxidase (MnP)

Versatile peroxidase (VP)
Dye-decolorizing peroxidase (DyP)

» Unspecific/Aromatic peroxygenase (UPO)
» H,0,-supplying enzymes (e.g. AAO)

Alcalde M. (2015). Engineering the ligninolytic enzyme consortium. Trends in Biotechnology 33: 155-162.



AERONAUTIC SECTOR

Medium volume production rates
High quality components

CONSTRUCTION BUILDING

High resin-to-glass ratios and
superior mechanical properties

Solid or hollow
Flat bars, channels, pipes,
tubing, rods

e Sidewalls
e Covers around the doors

CONSTRUCTION BUILDING

RAILWAY INDUSTRY




NNBT 1-Phenoxy-2-propanol p-nitrophenyl trimethylacetate Diphenyl phthalate

Dolz et al. (2022). Frontiers in Catalysis. 2: 883263






https://revoluzionproject.eu
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Chimeric enzymes by DNA recombination

Use of in vivo, in vitro DNA and computational
recombination methods



Frances Arnold

Generation of Thermostable
Chimeric Enzymes by SCHEMA
Structure-guided Recombination
in vivo

Protein sequences
are splitted into
blocks at fixed
crossover locations
to be recombined
minimizing the
disruption of the
3D structure

Mateljak et al. (2019). ACS Synthetic Biology. 8: 833-843.



BID-BASED

INIDI ICSTRIFS

Public-Private Partnership

CSIC

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS

FUNDING: the Comunidad de Madrid Synergy CAM Project Y2018/BIO-4738-EVOCHIMERA-CM, the Spanish Government Project PID2019-
106166RB-100-OXYWAVE, the CSIC Project PIE-201580E042 and the Bio Based Industries Joint Undertaking under the European Union's
Horizon 2020 Research and Innovation program (Grant Agreement No.: 886567, BIZENTE project), the Spanish Government project
PLEC2021-008188 funded by MCIN/AEI /10.13039/501100011033 and the EU NextGenerationEU/ PRTR and the SusPlast (Interdisciplinary
Platform for Sustainable Plastics towards a Circular Economy-Spanish National Research Council (SusPlast-CSIC), Madrid, Spain).
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3' 'xurnmg carbon of complex organic urban
waste streams into value-added products

VNV VYT Responsable de proyectos [+D+i en Urbaser y
Coordinadora del Proyecto Circular “Biocarbon”



CIRCULAR BIOCARBON

CIRCULAR BIOCARBON

Turning carbon of complex organic
urban waste streams into value-added products

Natalia Alfaro Borjabad

o~
nalfaro@urbaser.com <) Urbaser

circularbiocarbon.eu

l?i This project has received funding from the Bio-based Industries Joint Undertaking (JU) under the European Union’s Horizon 2020
B N §03i0'b359d DN, RN .- ricn Funcing research and innovation programme under grant agreement No 101023280. The JU receives support from the European Union’s
k orTieseareh & novaten Horizon 2020 research and innovation programme and the Bio-based Industries Consortium.
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CIRCULAR BIOCARBON Project

Project info

Title Turning carbon of complex organic urban waste streams into value-added products
Acronym CIRCULAR BIOCARBON
Call H2020-BBI-JTI-2020 BB%IJM
Topic BB!2020.SO1.F‘_I - V_alorise the organi_c fraction of municipal solid waste through
an integrated biorefinerv at commercial level
Type of action BBI-IA-FLAG Flagship
Grant Agreement 101023280
Duration 60 months 01.06.2021 — 31.05.2026
Budget Overall b_udg_et: € 22 952 297,50
EU contribution: € 14 999 999,75 CIRCULAR BIOCARBON
CORDIS https://cordis.europa.eu/project/id/101023280

BBI, s
*

This project has received funding from the Bio-based Industries Joint Undertaking (JU) under
ol Lo 0 emang  the European Union’s Horizon 2020 research and innovation programme under grant

or Research & Innovation  ggreement No 101023280. The JU receives support from the European Union’s Horizon 2020
research and innovation programme and the Bio-based Industries Consortium.

© CIRCULAR BIOCARBON



CIRCULAR BIOCARBON

17th November 2022
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CIRCULAR BIOCARBON Project
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urbaser
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io-based Industries
Consortium

o Graphenea

4 RTOs, 2 SMEs and 5 Large Companies

&

MNOVAMOMNT

orizon 2020
ropean Union Funding —_—

i :r Research & Innovation 2 0 2 2

CIRCULAR BIOCARBON

Project Coordinator

© CIRCULAR BIOCARBON
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CIRCULAR BIOCARBON Project

Turning carbon of complex organic urban waste streams into value-added products

CIRCULAR BIOCARBON

. y
g Context and main challenge waste as a problem y

# Even though the recycling of waste has improved a lot
in the past decades, municipal solid waste still
contains a large part of organic fraction that is not
used efficiently but rather incinerated with the
municipal solid waste or sent to landfills.

# Through the concept of a biorefinery, OFMSW can
be managed more efficiently in terms of circular
economy.

waste as a resource

-4

17th November 2022 © CIRCULAR BIOCARBON
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CIRCULAR BIOCARBON Project

Turning carbon of complex organic urban waste streams into value-added products

%‘ Objectives

# The first-of-a-kind flagship biorefinery based on a
unique model in which the OFMSW and SS will be
valorised into high added-value products and a
variety of intermediate products.

CIRCULAR BIOCARBON

# The project will open up new business frameworks
based on a new circular vision of waste treatment
in a city towards a sustainable bioeconomy.

17th November 2022 © CIRCULAR BIOCARBON
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CIRCULAR BIOCARBON Project

Turning carbon of complex organic urban waste streams into value-added products

CIRCULAR BIOCARBON

# CIRCULAR BIOCARBON supports the new Circular Economy Action Plan for Europe by
demonstrating the feasibility, at a commercial level, of a biorefinery of this kind.

# CIRCULAR BIOCARBON project represents a milestone for Europe, both in terms of its
iImplementation scale (industrial level) as well as for its replicability potential.

pretreatment processes, will be processed through a pool of cascading technologies
(biological, physical, chemical and mechanical ones) and steps, starting from anaerobic [UUUUU

digestion process, allowing to obtain high-added value products, moving towards new e e
models based on a new circular vision of waste treatment in a city in the framework of a of Municipal Soli

sustainable bioeconomy.

“ In the CIRCULAR BIOCARBON biorefinery, the OFMSW and sewage sludge, after WU
E%Vié

17th November 2022 © CIRCULAR BIOCARBON 6
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io-based Industries
Consortium

CIRCULAR BIOCARBON Project

CIRCULAR BIOCARBON is a flagship integrated biorefinery located in:

San Giovanni
Zaragoza Italy

Spain

for logistical, customer, and market reasons

Multi-location implementation supports also
the replicability of the concept by testing it
against different waste management
schemes, ecosystems and practices in
different territories.

Bio-based industries are part of the climate
solution, and CIRCULAR BIOCARBON
biorefinery will contribute to provide bio-based
materials to industries moving towards their
transition to be bio-based.

© CIRCULAR BIOCARBON 7
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CIRCULAR BIOCARBON Project

Turning carbon of complex organic urban waste streams into value-added products

Carbon feedstock

from the city

Organic Fraction of
Municipal Solid Waste

(OMFSW)

i

JIRIL

Sewage Sludge (SS)

Biorefinery

Added-value end products

T 0 A

Coating of direct
consumer
products

Biodegradable and

compostable waste

bags

& L

Solid organomineral Liquid biobased

fertiliser with

Coating of
mechanical
moving parts

NSNS
I\/I\ /I\ /I
/I\/I\/I\
I\ /I\ /I\ /I

Green graphene-

based devices
and products

biostimulant

biostimulant properties

Coating of plastic
moulding tools

S

Biodegradable in
soil mulch films

Horizon 2020
European Union Funding
for Research & Innovation

CIRCULAR BIOCARBON

© CIRCULAR BIOCARBON
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closing the cycle
of the materials

zero waste
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CIRCULAR BIOCARBON Project

Turning carbon of complex organic urban waste streams into value-added products

Carbon feedstock Biorefinery

from the city

Organic Fraction of
Municipal Solid Waste
(OMFSW)

< WY
~ Vv

Sewage Sludge (SS
ewage Sludge (S L

— —
i

BBI,,

Bio-based Industries
Consortium

Added-value end products

-0 T A

Coating of OEI ect Coating of Coating of plastic
consumer mechanical moulding tools
products \ moving parts

\ NSNS
| | | |
‘\/\/\/ \
| | |
AINTNTN

| |
I NSNS ) e

Biodegradableapd  Green graphene-  Biodegradable in
compostablegaste  based devices soil mulch films
bags and products

4 L

Solid organomineral Liquid biobased
fertiliser with biostimulant
biostimulant properties

European Union Funding
for Research & Innovation

CIRCULAR BIOCARBON

© CIRCULAR BIOCARBON
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CIRCULAR BIOCARBON Project

Expected impacts

W oo &

Reduction of OFMSW 4 new bio-based Reduction of
materials Greenhouse emissions

-

Reduction of the 4 new bio-based Jobs created
incineration of SS value chains by 2030

Wl —
Ry e

7 new cross-sector More new 9 new building blocks
interconnections patents by 2030

Horizon 2020
European Union Funding
for Research & Innovation

CIRCULAR BIOCARBON
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CIRCULAR BIOCARBON Project

Follow us and keep up to date!

Q @circbhiocarbon circularbiocarbon.eu

o CIRCULAR BIOCARBON @ /company/circbiocarbon

& stayin the loop! Newsletter

Don't miss any news and important infos on the project. Subscribe to our newsletter and stay updated.

Emall address.

* Horizon 2020
W European Union Funding —_

B or Research & Innovation 2 0 2 2

CIRCULAR BIOCARBON

© CIRCULAR BIOCARBON
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CIRCULAR BIOCARBON Project

Fora Sustainable, it
Innovative and
competltuve transmon toa

17th November 2022 © CIRCULAR BIOCARBON 12
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Turning carbon of complex organic
urban waste streams into value-added products
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Sostenlbllldad e innovacion en Ia industria
aeronautica
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Alejandro Ibrahim Perera
Director General Aeropuerto Teruel
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Aplicaciones industriales:
sector aeronautico

“Sostenibilidad e Innovacion
en la industria aeronautica:
el aeropuerto de Teruel”

Alejandro Ibrahim Perera
Director General Aeropuerto Teruel
Dr. Ingeniero Aeronautico
Presidente Cluster Aeroespacial de Aragén, AERA
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PLAZY r

Nuevas Infraestructuras Inversion 2022-2023: 30 mill, €

Introduccidn

Sector. Caracteristicas

Actividades / operaciones

Hangar capacidad 2 A380

3 Naves, nave 2.000 m2 y 5.000 m2
Pavimentacion campa Fase IV
Estacionamiento aeronaves zona industrial
Proyectos Europeos I+D

Nuevo PIGA 200 ha

10. Sostenibilidad aeronautica

LK SR ST TR TS



PLAZY r

Operaciones 2013 -2022, 10 anos creciendo
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PLAZY

Introduccion

Primer A380, 25 de abril 2020



Introduccion

* El Aeropuerto de Teruel es un hub aerondutico industrial Internacional.
Pertenece al Gobierno de Aragdn y al Ayuntamiento de Teruel.

= GOBIERNO
B  ==DE ARAGON
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Teruel




PLAZY

Caracteristicas principales

* 550 Hectareas, 42 mas grande de Espaia

* El mayor centro MRO y estacionamiento en Europa

. . . S B e e R
* Parking larga estancia para mas de 400 aeronaves S e --\T"’” S
\ N . = u\

* Espacio aéreo libre de congestion
* Aeropuerto Internacional

* Personal técnico alta cualificacion

* Diferentes negocios aeronauticos




Responsabilidad medloamblental RSA vy Calidad

Medidas implantadas por el aeropuerto:

* Sellos gestion Calidad 1SO9001 y Ambiental 1SO14001.

» Respetuoso y participe de reconversion medioambiental.
* Sello PLATA de Excelencia Empresarial.

* Ahorro energético—> Plantas fotovoltaica autoconsumo;
bombillas de bajo consumo; sistemas control encendido

* Responsabilidad social de Aragdén desde 2017, 18, 19 +,
20« )14 yl)

s /U _t RN S .
* Reduccion consumibles y combustibles. EMPRESA A Is /ﬁ ‘
sello de EXCELENCIA
ARacONEHEEE ] e
=soum, 9001 CER :Zf,?:ii”,'{i,




Actividades

1)  Parking de aeronaves de larga estancia

2) Reciclaje de aeronaves

3) Mantenimiento, MRO

4)  Servicios de pasajeros

5) 1+D aeronautico

6) Logistica aeronautica

7) Centro de excelencia de UAVs , drones
8) Escuelas de vuelo

9) Test de aeronavesy vuelo

10) Pruebas de motores cohete

11) Aviacion general y ejecutiva

12) Transformacion de aeronaves

13) Publicidad y rodaje cinematograficos
14) AERA, Plataforma aeroespacial, UNIZAR, Catedra UNED, ...
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Materiales compuestos industria aeroespaaal

» Fibra de carbono muy generalizada en el sector aeronautico y espacial.
% La separacion y recuperacion de las fibras y polimeros que componen estos materiales son procesos complejos.

% La fibra de carbono reciclada tiene propiedades mecanicas inferiores.

+«» Utilizar la fibra reciclada en sectores menos exigentes, ej. reposabrazos o raquetas de padel.
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Materiales compuestos indu
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stria aeroespacial
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Aplicaciones de materiales reciclados plasticos en drones

e

Fabricacion aditiva con materiales compuestos reciclados

® Material Compuesto ® Aluminio ®Titanio ®Acero ®Otros

11



PLARY éE ra:

Materiales compuestos industria aeroespacial

Boeing 787

Otros (Fibra de

vidrio o fibra de

Carbono) 10% Tltamo
Titanio / Acero /

ST Aluminio 5%
i’- “ Alummlo

Compuesto

20% 50%

Airbus A350

Acero r;!isceléneo

Titanio
%
7% %

SE;NEU A350

CRP Plastico Otros

refor;sdod 3% Titanio

zg?bonr: 13% 2%

" Typhoon
) - fabricacion aditiva 3D de material compuesto a partir de desechos
Rl 3%i6.;mo de CFRP (polimero reforzado con fibra de carbono) foto: FIDAM

Tiger

(CRP-Keviar)
80%




PLALY aera::
Actividades

= Mantenimiento, estacionamiento y reciclado aeronaves

= Naves Logisticas materiales compuestos
y ensayos no destructivos

= JETA1 and AVGAS aviation fuel supply

= Pruebas de motores cohete

m Desarrollo e innovacion de UAVs

= Aplicaciones y formacion de drones /\’_/ DELSAT

= Reciclado de plasticos de aeronaves Eco-oil



PLAZY
Actividades

Wl
g

Principal cliente > TARMAC ARAGON

Compaiiia de estacionamiento de aeronaves mas grande de Europa, es el lider
aeronautico dedicado exclusivamente al mantenimiento, estacionamiento vy
reciclado con respeto medioambiental

@) AIRBUS 0 | O Snecma

&M EADS COMPAN'Y il



http://www.airbus.com/
http://www.sita.fr/
http://www.snecma.com/

PLAXY

Actividades

>

; : @ e a e
\ Airframe Disposal ‘
1 with unique wire saw cutting process ~ » )

. - Materials sent to waste
‘ Segregation of Materials recovery channels

4NN T Y 4
_ 3 5

______ S N 2 &
______ S = i-@ - e LR
‘ 2 . . i~ X =~
y —
. . Daily Online Inventory with pictures )
Component Dismantling of each removed component Component Packaging

Component Storage & Shipment



PLALY

Actividades

BANCO DE PRUEBAS DE MOTORES COHETE

* Pruebas 12 motor cohete liquido comercial
* PLD SPACE creada en 2011

* Ensayos de motores cohete en zona Campa
* Financiacion CDTI + entidades privadas

* Desarrollo pionero y estratégico

2ALDSPACE

WLDSPACE




PLALY

Premio Mundial Innovacion 2019

Corporacion de Ciencia y Tecnologia Aeroespacial de China, en Pekin
China Academy of Space Technology

ty Innovation Award Annuc
=plFe sgx018:

< Rl
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INVERSION: 3M€
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PLAZY
HANGAR 2 A380

—

]

Superficie hangar 16.200 m*

Presupuesto | 278.000 € Presupuesto 20.3 mill. €

Inicio previsto Junio 2023

Inicio Junio 2019 Inicio 10 diciembre 2021

Duracion 4 meses Duracién 15 meses Duracion 25 afos




HANGAR 2 A330
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FUTURO
HANGAR

NAVES

FUTURO

HANGAR ||

FUTURO
HANGAR
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=== GOBIERNO
PLAZY QO Teruel] =SSP ARAGON
BIQ-BASED

BIZENTE INDUSTRIES

% Public -Private Partnership

10 Socios

I

' Una solucién innovadora para resolver el fin de la vida util de los materiales |

I 1

I 7 I

' compuestos termoestables en base al desarrollo de una nueva tecnologia centrada en | Pl_m AERIMNNOVA
/ | hatoporuarn. e

I

|

. L4 . 7 . I P
una biodegradaciéon enzimatica controlada. ! CJ-

--------------------------------------------------------------------------- "Q}) EvoEnzyme

Duracion: 48 meses,
Mayo 2020 - Abril 2024

aitip
% ECRT «
é g Toctiniogs TU Delft

@ SreciFic BI@SPHERE
. P OLYMERS Biotech solufions

Residues of thermoset \
composites

N

Prod

. X
us e %acciona 7
% an i

Recovered enzymes, water,
organic solvent, ...
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PLAZY
HELACS Clean Sky

T UNDERTAKI

= GOBIERNO
Te[ueTIE; B




=== GOBIERNO
TEWE!E; ==DE ARAGON

Vl B ES %)-BASED

INDUSTRIES PARTNERS

* Public-Private Partnership

- . . e

|
i IMPROVING RECYCLABILITY OF THERMOSET COMPOSITE MATERIALS THROUGH A GREENER ! ct‘ m'\"n‘é‘%‘l’z PLAﬂ
| RECYCLING TECHNOLOGY BASED ON REVERSIBLE BIOBASED BONDING MATERIALS i dl "p s ak .

LEITET 2! |- |DEC™

managing technologies  peutscHE INSTITUTE FUR
TEXTIL+ FASERFORSCHUNG

G\acciona JUN@ EEIZTFJ-"TS&

COMPOSITES DOBBELS

CJQPLAN

INTERNATIONAL

Duration: 48 months

> Consortium: 13 partners

> European countries: 7 (ES,
FR, IE, DE, BE, IT y HE)

> Total budget: 5.299.800 €



PLAZY
FOLO HUBS

GOBIERNO
DE ARAGON

Teruel!a

i\

_____________________________________________________________________________________________

Duracion: 48 meses
Comienzo: 2023

> Socios: 18

> Paises Euopeos: 7 (ES,UK,NL, DE,
DK, IT y FR)

> Presupuesto total: 12.253.714 € | | i‘ ?' i’ ?‘ ?* r i,

RECICLAJE DE PALAS DE
LOS AEROGENERADORE




Nuevo Plan de Interes General Aragon, PIGA 200 ha

=== GOBIERNO
Te%@ ==DE ARAGON

[ e —— — == o - )
PROPUESTA AEROPUERTO CON AMPLIACION é/RR.}IOPA 26

Planta General
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Proyecto

Proyecto
Hangar y nave de produccion

Presupuesto

350.000 €

14.000 m?

Inicio previsto

Octubre 2022

14.000 m?

Duracion

6 meses

Presupuesto

25.000.000 €

Inicio previsto

2023
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ProyeCto y obra centro de control

Proyecto Centro de control HAPS, Nave y urbanizacion
Presupuesto 1.300.000 €
Inicio previsto Enero 2023

Duracion 10 meses



PLAZY
NUEVOS NEGOCIOS Y RETOS

Mantenimiento Digital MRO

Astropuertos, spaceport Aeronaves cero emisiones

-




PLAZY

DESCARBONIZACION DE LA MOVILIDAD AEREA

Introducing Airbus /FROB

e Airbus Zero-e

e Eviation “Alice”, avion comercial eléctrico pax 9, alcance 1046 km
= Empresa israeli, Eviaiton Aircraft
= 95% de materiales compuestos con 3 motores de hélice
= Baterias de Li-ion, 900 kWh

AIRBUS

Eviation Alice
* Embraer, Eve Urban Air Mobility 9 pax MTOW

* (Cero emisiones 6.350 kg
 Despeguey aterrizaje vertical

 HAPS, High Altitude Platform Station
* No tripulados a gran altitud > 20 km
* Globos, UAVs y dirigibles






CONSORCIO DEL AEROPUERTO DE TERUEL
Poligono de Tiro, 4
44396 Teruel, Aragon, Espaia
T:+34978 617 742 F: +34 978 617 538
Consultas comerciales: info@airportofteruel.com
www.aeropuertodeteruel.com

e — —



http://www.aeropuertodeteruel.com/en/
https://twitter.com/aeropuerteruel
https://twitter.com/TeruelAirport
mailto:info@airportofteruel.com
http://www.aeropuertodeteruel.com/
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Fernando Pardo Cobo
Responsable Economia Circular Placo® e Isover



LA ECONOMIA
CIRCULAR EN SAINT-
GOBAIN

Fernando Pardo Cobo
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Titre présentation

AGENDA
1. SAINT-GOBAIN GROUP

2. ESTRATEGIA EN ECONOMIA
CIRCULAR

3. ACCIONES RELEVANTES

Business Unit - Organization

SAINT-GOBAIN



e El GRUPO SAINT-GOBAIN

SAINT-GOBAIN




UN FUERTE GRUPO GLOBAL

Mas de

167,000

Empleados y sobre
100 nacionalidades representadas

Alrededor de

1 ,OOOfa'bricas en el mundo,

operando en70 paises

Alrededor de

4,000

Puntos de venta
]

(|
@ Fundada

Uno de los 100 mas Hace 350 Anos
innovadores grupos o
del mundo

Volumen de negocio en 2020

Compromiso: 38.1 kM€

Neutralidad en
cabono en 2050

Lider mundial o europeo 2 -9kM€
en la mayoria de nuestros '2”92“9303 de explotacion en
negocios io

Nuestra organizacién

4 regiones consolidadas

America

Sur de Europa, Oriente medio, Africa
Norte de Europa

Asia-Pacifico

Y una entidad global

High Performance Solutions

SAINT-GOBAIN




DESEMPENO NO FINANCIERO RECONOCIDO

o
o
100 % _ 2050 31 afio
de las compras comerciales c tid | " | indi
cubiertas con la firma de carta a omprometida para lograr consecutivo en el Indice
o la neutralidad de carbono de Igualdad de Género de
proveedores, y 906 /0 para para 2050 Bloomberg

las compras no comerciales

7 A )

10,100,574 1.8 2020

toneladas de materias primas Tasa de frecuencia de Lanzamiento de un ambicioso
naturales virgenes no accidentes programa de proteccion social,
extraidas (arena, yeso) “CARE by Saint-Gobain”

gracias a las acciones de
Saint-Gobain a favor de la

Q:onomia circular /

SAINT-GOBAIN




e ESTRATEGIA EN ECONOMIA CIRCULAR

SAINT-GOBAIN




NUESTROS VALORES

NUESTROS VALORES EN LA BASE DE NUESTRO ENFOQUE DE
RESPONSABILIDAD

Cambio Climatico .
.-. Contribuir al surgimiento de una economia &
¢, baja en carbono capaz de preservar el bien o
. comuin o

.
.

0 9 . SIS
&g @ B

Inclusion & diversidad

Tener una amplia diversidad dentro de los
equipos para construir una cultura
corporativa abierta y atractiva.

Creacion de valor .
local e inclusiva

Ser un ciudadano corporativo en todos
los paises

SAINT-GOBAIN

Contribuir al desarrollo
responsable y
"N' sostenible @’
Seguridad y salud . .
Nuestra primera responsabilidad es Business ethics
Share our values with our stakeholders

garantizar la salud y la seguridad de
to build together over the long term

nuestros empleados y de nuestros grupos
de interés

Economia Circular
Cambiar la forma en que disefiamos, %

. : - .
e producimos y distribuimos nuestros productos y e
soluciones para desarrollar la economia circular

SAINT-GOBAIN



Qué es para Placo la Economia Circular

. cambio Climatico
g 5 Y
¢ &

Y& @ &S

Inclusion & diversidad

SAINT-GOBAIN

Seguridad y salud

Estrategia de Responsabilidad
Social Corporativa

@n

co,

OUR OBJECTIVES FOR 20

-50% -33%

Water e n A
< withdrawal SECTE F b
160
0~ @ 16%
Water discharge Scope 3
in area with
extremely

high water risk

CIRCULAR
ECONOMY

30 COMPARED TC

B

PRODUCT
STEWARDSHIP

100%

LCA

for atkef Group
producl Tanges
and systems

SAINT-GOBAIN



Estrategia Economia Circular

77 N\
1. Reducir WCM

BY SAINT-GOBAIN

N/

'¢)) Objetivos

2. Reutilizar
Most
Favpured %
Option Reduce 3. Reciclaje ! Reciclaje
Y Placo’ ;
Re-use R
Recycling
] ) . ., (31 : :
Valorization 4. Valorizacién D\ o
Least ; -
Favoured Hispossl
Option

SAINT-GOBAIN



ACCIONES RELEVANTES

SAINT-GOBAIN




Acciones relevantes

Buenas Précticas

=

e
A

AR

Gk

Reciclaje de placas de yeso laminado

Q'Madrid, comunidad de Madrid @ Nacional
Ambito de accién y relevancia de la BPES en B¢

f Desarrollo de productos y bienes que sustituyan sus materias por otras mas
sostenibles.
faxy N deso que f el reciclado: recuperacion de materiales de los
%é) residuos para reprocesarlos en nuevos productos, materiales o sustancias, yasea
para el propdsito original o para otros propdsitos.
Recogida separada del textil, residuos de aparatos eléctricos y electrbnicos
(RAESS), plésticos, residuos de construccidny demolicidn, neuméticos, etc.

Objetives

1. Fomentar L3 circularidad del sector de La construccidn.
2. educary sensibilizar al sector de la construccion sobre La reciclabilidad de los productos

de yeso.

3. Disehar productos mas sostenibles aumentando el % de uso de materias primas
secundarias.

4. Disminuir La cantidad de residuos que terminan en elvertedero.

S. Demostrar que el reciclaje de productos de yeso es posible.

6. Involucrar 3 todas las partes interesadas (promotor, arquitecto, distribuidores de
material de construccion, constructores, etc.) en el reciclaje de los residuos de yeso
Y Su i do La construccidn sostenible (sellos sostenibles
€omo LEED, BREEAM VERDE LEVELS...)."

Deseripeion

Para cerrar el cu‘.rculo de los productos de placa de yeso laminado se disefid el siguiente
plan de accidn:
1. Diseho y construccién de una planta de reciclaje para transformar Los residuos de
construccion de placa de yeso laminado en yeso secundario.
2. Fomento, educacion y sensibilizacion del sector de Laconstruccion para La segregacion
en obra de este tipo de residuos, y su loglstica inversa hacia los centros de produccion.
3. Trasformacidn de estos residuos enmateria prima secundaria en aquellas instalaciones
autorizadas para la operacion RS (reciclaje).
4. conswnodelamateﬂzpdnureciclad: ennuestros centros de fabricacién de productos
de yeso, para lo cual es necesario la adaptacidn de todos los procesosy controles de
calidad asociados a la introduccidn de esta nueva materia.

(RN
- e ‘J\R(’:;iclaje
w o'

Resultades €lave
compenrmdad empleo 4%, Materiales

0 Potencial de Conocimiento (23] Residuos
ingresos esarrollo Biodiversidad
Innovacion sostenible

Principios de E¢

2131017

Objetivos ODS

Dificullades o vetos identificados

* Cooperacién con L3s autoridades.

+ Cambio de comportamiento/Ffalta de conciencia o cooperacion.
* Reconocimiento de subproductos/materias primas secundarias.
+ Bajo retorno de inversidn.

* OUros.

Entidad

Saint-Cobain Placo Ibérica en colaboracion con el Ayuntamiento

de Getafe.

Fernando Pardo Cobo (F do.pards int-gobain.com).

Mas informacién: www placoes

NP/ AW, PLACO. -00-placay es0-Laminado

DL/ /W SQVIMQOLa 5/NOULCLES/ 1228902

NCPS/ /wWhar, 301P- 35, COMY CAMPUS- 3 CIONS-raciclaje- pyl-placor
SAINT-GOBAIN



Servicio de Reciclaje Placo

Alquiler de contenedores o . '
-~ ﬁ + recogida/transporte de  El Gestor organiza la recogida de los
contenedores residuos de yeso clasificados y cobra al
propietario de los residuos por este
servicio. Placo no interfiere.

Destino 1: Al Gestor
Constructoras Destino 2: Directo a Fabricas de Placo

Deconstructoras
Distribuidores ‘

(2

g Placo tiene contratos individuales con
gestores y constructutoras para la

Gestores entrega de residuos de yeso de

construccion o demolicion limpios a

nuestras plantas de reciclaje. Placo

no paga y nadie paga Placo.

@ Placo

SAINT-GOBAIN

[
»

Placo Sp

=

O

<
Fabricas Entrega de contenedores a 9
Planta Placo Fabricas Placo recibe los residuos,
e, los recicla y los utiliza como materia
% prima en el proceso. Una pequefia
! Reciclaje i i
L Placo J cantidad de residuos se entregan a
‘% F4 Gestores de residuos

%d p\m“'\fyP



SERVICIO DE RECICLAJE PLACO
Re c i c I j e Cost of reprocessing # cost of logistics ( Raw material cost

S
. £ /
&
% &°

£
. 5
"S5dyos ge placa 4 #ECONOMY OF
RAW MATERIAL MODEL
(Belgian case)

q)ad“’a‘ e eieg
o
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(o)
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O
R
%

Evolution of recycling project

Cost of reprocessing + cost of logistics

A6 1 ( Raw material cost # service revenue
@ 4] y
J-
- #ADVANTAGEOUS #DIFFERENTIATION

LEGISLATION MODEL MODEL
(French and British case) (Spanish case)

= Tons

Lineal (Tons)
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EOLO PROJECT

Secondary raw material from waste from wind turbine blades

KNOWLEDGE HUBS
Creation of the knowledge hub, Dissemination & communication activities.

CIRCULAR DESIGN NEW BUSINESS MODELS

INNOVATIVE RECYCLING TECHNOLOGIES for the complete Blade Life Cycle (FHG-IGCV)

Decommissioning of EoL Flexible Recycling | | High value recycled GF/CF

wind blades components materials

LARGE SCALE DEMONSTRATION
Flexible production line, able to deal with a large amount of material and applicable to several manufacturers

First EoL WB waste material.

From production Scrap to Offshore decommissioning. Onshore Decomm|ssnon.|ng. Up-c.ycle_d recycler.!
Zero enerey recyclin Eol WB to Zero waste Eol WB to Green Chemical Materials in composite
By recycing recycling processes. recycling processes. Heavy sectors

processes.

Fuente: Universidad de Alicante

SAINT-GOBAIN



GRACIAS

Fernando Pardo Cobo
Director de Economia Circular

Fernando.pardo@saint-Gobain.com
+34 696 44 28 39




Raul Gallego
Responsable de materiales avanzados
Grupo Antolin




Innovation to Circular Economy service

17th November 2022

ANTOLIN




Disclaimer

Esta Presentacidon (La Presentacion) tiene caracter confidencial y ha sido
realizada por Grupo Antolin-lrausa, S.A. (Antolin) Unicamente a efectos
informativos. El uso y la distribucion de esta informacién o de
cualquier otra informacion suministrada por o en nombre de Antolin o
sus representantes es confidencial y sus receptores se comprometen a
mantenerla con ese caracter, limitando su difusion, copiay distribucion
al dmbito de su organizacion respectiva. Salvo consentimiento expreso
de Antolin no estd permitido el uso, distribucion, venta, modificacion,
revision, publicacion en cualquier medio, o la realizacion de trabajos
derivados (cuando proceda) de las marcas, logos, informacion o
cualquier material o contenido de esta Presentacién. Antolin ha
preparado esta Presentacion con el debido cuidado, basandose en la
informacién  disponible; sin  embargo, no asume ninguna
responsabilidad en cuanto al contenido o interpretacion de la
informacién incluida en la misma: Antolin no se responsabiliza de la

exactitud, o integridad de la informacién incluida en este documento.

© 2022 GRUPO ANTOLIN-Irausa, S.A.
Todos los derechos reservados

GRUPO

ANTOLIN



1 Compafiia global con 4 Nuestra aportacion a una

pilares solidos 4 movilidad sostenible 13
2 Comprometidos con la 5 Innovacion al servicio de una
sostenibilidad 8 movilidad sostenible 20

3 Datos sobre sostenibilidad
en automocion 9
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=" Compania global con
pilares solidos




De un vistazo

" Datos 2021

wg 22

= l

Ventas =
consolidadas Innovacion

) % sobre ventas en 2020
Millones de euros

4.055 3%

/—7
Gestion del entorno

reduccién de emisiones CO2
alcance 1y 2

27%

Al
EBITDA
Consolidado

millones de euros

282

Con casi

140 plantas
n 26 paises

112

5

Classified as Confidential

# Nacionalidades

Nuestro Negocio

lluminacion Sistemas
] Techos Puertas y HMI Cockpits electrénicos
Inversion
Material e
inmaterial

Mas de 21 /mills

I

Colaboradores ,;

Ndmero J

de personas ‘2’%
&

+25.000

Fundacion

\
1950

Burgos

uuuuuu

ANTOLIN



Comprometidos con
la Sostenibilidad

GRUPO
ANTOLIN




= Construyendo una movilidad sostenible

= Alineados con Objetivos de Desarrollo Sostenible

Prioridades (@)
W)

de actuacion

U
‘ ¢

Buen gobierno y
cumplimiento

%,

DDHH en la
cadena de
suministro

Compromiso
ambiental

LD

Cultura
Sand
yuny

sostenible
<y

&I‘ Sociedad

Accionistas Valor EqUipO

compartido comprometido ($)
(=3

ﬁ Inversores
Clientes

L 3
H

Empleados AGENDA Proveedores

A @
Ogjns AN
*cionamic nto soste®™

2030

OBJETIVC

17 OBJETIVOS PARA TRANSFORMAR NUESTRO MUNDO

1 FIN
DE LA POBREZA

HAMBRE
CGERO

SALUD
Y BIENESTAR

EDUCACION
DE CALIDAD

IGUALDAD
DE GENERD

AGUA LIMPIA
Y SANEAMIENTO

TRABAJO DECENTE
Y CREGIMIENTO
ECONOMICO

INDUSTRIA,
INNOVACION E
INFRAESTRUCTURA

DE DESARROLLO
SOSTENIBLE

1 0 REDUCCION DE LAS
DESIGUALDADES

g

12 PRODUCCION
Y CONSUMO
RESPONSABLES

13 ok com
14 ;’:IHB‘;MRIHA

1 VIDA
DE ECOSISTEMAS
TERRESTRES

1 6 PAZ, JUSTICIA
E INSTITUCIONES
SOLIDAS

17 ALIANZAS PARA
LOGRAR
LOS OBJETIVOS

Compromiso de futuro

Marcar la diferencia por nuestros valores y
compromisos, para ser reconocidos como una
empresa de referencia en el ambito de la
sostenibilidad dentro del sector de
componentes de automocién y extender ese
objetivo a toda nuestra cadena de valor.

O
11 . . O O .
W[ﬂ Accionistas W Equipo

T Clientes @;; Proveedores

Sociedad
(2SN

;E Inversores

GRUPO

ANTOLIN



= Construyendo una movilidad sostenible

= Alineados con Objetivos de Desarrollo Sostenible

La Agenda 2030 para el Desarrollo Sostenible se compone de 17 objetivos y 169 metas. Para su seguimiento, se disefiaron 232 indicadores que pueden
medirse a través de los datos estadisticos que aqui se recogen. La actualizacion de estos indicadores, que constituyen una operacién estadistica recogida en
el Programa anual vigente, es continua e incluye informacién tanto del INE como de otras fuentes oficiales que se irdn incorporando de forma progresiva.

Clara Arpa (Presidenta del Pacto Mundial de la ONU Espaia): “Quedan menos de diez afios para alcanzar las 169 metas propuestas en los Objetivos
de Desarrollo Sostenible (ODS) y todavia no hemos avanzado lo suficiente............... El Objetivo 9 de Industria, innovacién e infraestructura de la
agenda 2030 de Naciones Unidas deja constancia de que la innovacion es esencial para la consecucidn de los Objetivos de Desarrollo Sostenible”

aad

@R Pacto Mundial RELCICLA de los materiale :
@q acto Mundia E R ~ il 0
A\ Red Espafiola S 55 /

de Los residuos municipales deben
tratarse para [a reutilizacicn y el
reciclado para 2025, segin (a Unidn
Europea.

“La actividad de innovacion del

ODS, Aﬁo 7 Grupo Antolin tiene como referente la

. contribucion a los ODS. Trabajamos en
I e e OIS nuevos materiales de origen natural

LA AGENDA 2030: . e -

NUEVOS MODELOS DE y vegetal que permitan un desarrollo

NEGOCIO SOSTENIBLES sostenible de los mismos, y en soluciones
que permitan la reciclabilidad de nuestros
componentes.”

Javier Ignacio,

Director de innovacion corporativa del Grupo Antolin

8
https://www.pactomundial.org/biblioteca/ods-ano-7-innovacion-para-lograr-la-agenda-2030,
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~ Rompiendo con Ideas Preconcebidas

= Plasticos en Automocion

PLASTICS DEMAND SOURCE: PlasticsEurope
Market Research Group
BY SEGMENT 2019 (PEMRG) and Conversio
Market & Strategy GmbH , . .. . . .
Distribution of European (EU28+NO/CH) plastics converters demand by Los plastlcos se encuentran injustamente criminalizados.
segment in 2019. Packagmgandbullldln-g&constructmnbyfar.represent Aportan grandes beneficios a la sociedad: conservacidon de
the largest end-use markets. The third biggest end-use market is the ) ) . .,
automotive industry. alimentos y medicamentos, equipos de proteccion EPIs, ...
= o
39.6 % La industria de Automocién transforma apenas un 10% de la
cantidad de plasticos procesados en Europa.
0,
% ——— 20.4 % 50 7 Million
L] . 7 . ré -
| wortriee Sin el uso de pldasticos no seria posible alcanzar muchos de
/ Total European o g . . . .
o/
(D, === 9.6 % Blacties Yalvertars los objetivos medioambientales de las industrias de
—_— demand movilidad y transporte: aligeramiento de peso de
= =—=6.2% componentes, construccion de baterias y elementos
BE electrdnicos, ...
w 4.1%
BEB =1 16-7 C‘/O
lUUU Others include appliances, mechanical engineering,
furniture, medical, etc.

10 ANTOLIN
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~ Rompiendo con Ideas Preconcebidas

= Reciclado de Plasticos en Espafa vs. UE

ZERO LANDFILLING IS NEEDED TO ACHIEVE
THE CIRCULAR ECONOMY OF PLASTICS

Countries with landfill restrictions of recyclable and recoverable waste have, on average,
higher recycling rates of plastic post-consumer waste.

Plastic post-consumer waste rates of recycling,
energy recovery and landfill per country in 2018
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SOURCE: Conversio Market
& Strategy GmbH

O

RECYCLING

LANDFILL

Countries with
landfill restriction
implemented

Las tasas de reciclado de residuos plasticos en Espafia estan
por encima de las del resto de paises europeos (tan sélo por
detras de Noruega)

Los paises del norte de Europa (con mayor tradicidon vy
educacion medioambiental) apuestan por la valorizacion
energética de los residuos plasticos debido a su alto poder
calorifico (comparable al del gasoil)

Esos paises tienen impuestas restricciones para el envio de
los residuos plasticos a vertederos

GRUPO
ANTOLIN



= Regulaciones (UE)

m Tratamiento de Vehiculos a Fin de Vida

Removsl of batteriss end Interior
catalylic converisr trimming |

Trigyeﬁng of . Glass

ﬁbay 1

1
; e ;
\ AL

-
K ¢ ‘_.'_ s 4
- 7 iy g2

y - if Directiva (UE) 2018/849 del Parlamento

h Europeo y del Consejo, de 30 de mayo de

2018, por la que se modifican la Directiva

2000/53/CE, la Directiva 2006/66/CE
5% 10 % relativa a residuos de pilas y acumuladores

T y la Directiva 2012/19/UE sobre residuos
de aparatos eléctricos y electrdnicos.

Removal Crushing and sorting

; 85% recyclable
0 95% recoverable |

La Directiva 2000/53/CE del Parlamento Europeo, relativa a los vehiculos al final de su vida dtil (ELV) es

la norma aplicable a los vehiculos, sus componentes y los materiales con que se fabrican. Ademas de criterios de reutilizacion y rec1c|aje, comiénzan a
e Desde el 1 de enero de 2015, el porcentaje de reutilizacidn y valorizacion de los vehiculos al final de Imponerse otros aspectos de la sostenibilidad:

su vida util debe ser como minimo de un 95%, y el porcentaje de reutilizacién y reciclaje de al .~ . . .

menos el 85%. ’ - Disefios con Vida Extendida (Extended Life Products)

- Replanteamiento de la arquitectura de los componentes
para facilitar desensamblaje (Designed for disassembly)
- Disefios con vistas a la reparabilidad
12 ANTOLIN
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" Productos y Procesos Sostenibles

Estructuras modulares: DHM Premium Concept

Espumacién Estructural « B ) il N
Integracion de funciones: Elevalunas pldsticos PWR; Centralizacion de PCBs

Nuevos aditivos de carga para PP: u—Talco, microcargas minerales 4

® Tintas Conductoras en sustitucion de cableado
Composites termoplasticos reforzados con ¢ o
fibras naturales Light » Soldadura Laser de Materiales Plasticos
- ! . weighting » NovaForm ®
Disefios con vistas a recuperacion de componentes,

reparabilidad y criterios de vida extendida, ... 4 » Double Slash Tech para revestimientos de PVC en cockpits

Arquitecturas ligeras y de facil desensamblaje en ELVs < > e-Galvano®

L J

Sustainable (e Fabricacién Avanzada para reduccién de ciclos, consumos,

Procesos de adhesion con cintas para facilitar < ®) Fco- Design

operaciones de desensamblaje de componentes Processes emisionesy residuos

Sustitucion de médulos retroiluminados por sistemas ¢ » Certificaciones Ambientales y Energéticas: 1SO 14001 & 50001
de proyeccion de luz > Eficiencia energética en plantas y medios productivos
» Mejora de Gestidn Logistica: Reduccion de emisiones CO,
. . ) . Environmental » Certificacion de Consumo de Energia Verde
Textiles y tejidos a partir de reciclado (rPS/rPET) 4 SUSTAINABILITY
Materiales reciclados (PC/ABS) para revestimientos interiores «
Insertos decorativos a Parnr de.pulpa (.je celulosa Circular Sustainable Espumas Green PU (Poliol de origen vegetal) D25
procedente de residuos de industria papelera E Material
) L . , conomy e aterials eBu ®: Textiles con fibras naturales
Materiales plasticos procedentes de Reciclaje Quimico 4 °
. : Materiales 100% naturales para superficies decorativas
Coretech ® Composites elaborados con residuos de
revestimiento de techos £ Materiales disruptivos procedentes de fuentes renovables
nergy
Management Biopolimeros & Bioadhesivos
& Harvestin ) G ' -
Baterias y Condensadores flexibles integrables en componentes & Velos de fibras naturales en sustitucion de fibra de vidrio

y procesos de fabricacion °

Valorizacion Energética de residuos de fabricacion de techos <

Sistemas de Gestién Térmica/Conforten EVs <« o
14 ANTOLIN
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= Algunos Ejemplos

m Altos contenidos de material reciclado: NovaForm®

NovaForm®

- Tecnologia propiedad de GA basada en extrusidn, deposicidon sobre molde y termoformado en prensa, que permitir el
procesado de materiales con altos contenidos de materia reciclada.

- Se aplica a la fabricacidn en serie de medallones de puerta en los que se hace uso de mds del 50% en peso de un

material reciclado homologado por el cliente (procedente del reciclaje de paragolpes)
15

GRUPO
ANTOLIN
Classified as Confidential



= Algunos Ejemplos

m Aligeramiento de Peso: DHM Premium y Sistemas Elevalunas PWR

Sistemas de Elevalunas de Plastico (PWR)

- Permiten un aligeramiento de peso de 400 gramos por pieza en sistemas de puerta
delantera (doble rail) y de 250 gramos por pieza en puertas traseras (rail simple).

. . - Pueden contribuir a un ahorro de peso de hasta 1,3 or coche con las consiguientes
Sistema Modular GA DHM Premium: : peso ke p &
ventajas de ahorro de consumo y emisiones.

- Permite un aligeramiento de un 42,5% en mddulos integrales de puerta.

- Se hace uso de diferentes composiciones de PP y PP expandido (EPP), materiales
compuestos de matriz PP asi como de tecnologias para la integracion de carriles
elevalunas plasticos y de funciones de aislamiento acustico, de proteccion frente a

16 impacto lateral, de estanqueidad, ... P

ANTOLIN
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. Algunos Ejemplos

m Aligeramiento: Impresion Funcional y Espumacion Estructural Espumacién Estructural:

- Tecnologias de espumacién quimica, fisica
(MuCell) vy sintdctica (microesferas de vidrio vy
poliméricas expandibles) para aligeramiento de
componentes (nucleos espumados vy piles
rigidas).

Circuiteria Impresa:

- Uso de Tintas conductoras y materiales dieléctricos para
la generacién de circuitos sobre substratos de techo, en
sustitucion de sistemas convencionales de cableado de
cobre (Ventajas de aligeramiento de peso vy
empaquetamiento funcional)

GRUPO

17 ANTOLIN
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= Algunos Ejemplos

m Economia Circular: Reutilizacidon y Reciclaje de Residuos Industriales

Los materiales Coretech® ofrecen excelentes
prestaciones de absorcion acustica y de
proteccion contra la humedad

GA Coretech® es una gama de materiales elaborados a partir del reciclaje de
residuos procedentes del proceso de fabricacidon de revestimientos de techo.

Se trata de materiales certificados que puede aplicarse al recubrimiento de
tejados, la proteccion de paredes contra humedad y el aislamiento térmico —
acustico en la industria de la construccion.

18 ANTOLIN
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Algunos Ejemplos

Economia Circular: Reutilizacidn y Reciclaje de Residuos Industriales

This amazing achievement recognizes the first headliner

substrate on the market produced by thermoforming different

materials (PU foam, textile and plastic reinforcement) made from

urban & post-consumer plastic waste and end of life tires
\ ]

CarMaker /()  FocusednCommitment

VW GROUP
Plastics

STELLANTIS Metals & Polym

FORD MOTOR

<> °

Plastics & Polymery 20% renewable and recycled plastics by 2025

BMW Group Thermoplastics

A Daimier | MERCEDES BENZ

Group (DAIMLER) Metals & Polymer

| &M

FEl
Grupo Antolin wins the Plastics Recycling Award Europe for its sustainable headliner for
vehicle interiors | Grupo Antolin

RENAULT

Aetals & Polymer
Group Metal Polym

GEELY Group

(VoLv0) Plastics & Polymers

Q < @
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Innovacion al servicio de
una Movilidad Sostenible




= Innovacion al servicio de una

- Movilidad Sostenible

2T
aanh

Recycled &%

Plastic wastes

@3\;3 Ecodesign

A\ A
Natural =~

Vegetal wastes
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