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CIRCE Is energy

25 YEARS OF R&D&i SERVICE TO COMPANIES,
THE SOCIETY AND THE ENVIRONMENT

We are a technology centre funded in 1993, Toimprove the competitiveness of by
. . . . . generating and transferring through
Seeklﬂg to prOVlde innovative solutions for a market-oriented R&D&I and training activities in the
SUSTAINABLE DEVELOPMENT. field of sustainability and resource efficiency, energy
networks and renewable energies.
® VISION

Our research centre consists of a highly qualified

. International reference in energy.

and multidisciplinary team, composed by more . Investment multiplier in R&DAL.

than 185 professionals. Focuson talent.

e Generator of ideas and solutions.
Innovative and competitive.

We work towards improving the competitiveness of @ VALUES
enterprises through generation of technology . Quality and agiity

transfer by means of R+D activities and market- «  Commitment and responsability
oriented training within the field of resource *  Passion for challenge and innovation

. . . . e  Transparency
sustainability and effectiveness, energy grids and . Enthusissm for collaborative work

renewable energies. . Vocation for economic, social and environmental sustainability
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Research
LEADERS IN APPLIED COLLABORATIVE R&D

14 National projects
> Funded by Spanish Government

66 Horizon2020 Programme and FP7
> 21 Coordinated

Participation in other European Projects
> Interreg SUDOE
> |nterreg MED
> Art. 185 EMPIR

+100 million €



Activity lines

INNOVATION FOR THE INDUSTRIAL SECTOR

01

RENEWABLE
ENERGY

WIND
SOLAR
BIOMASS

RENEWABLE ENERGY
INTEGRATION IN GRID

02

FUTURE
ELECTRIC GRIDS

ELECTRIC NETWORKS
ICTs
SMART GRIDS

POWER ELECTRONICS
& ENERGY STORAGE

03

SMART
MOBILITY

ELECTRIC VEHICLE

SUSTAINABLE
MOBILITY

06

INDUSTRY ENERGY CIRCULAR ECONOMY
4.0 EFFICIENCY AND SUSTAINABILITY
COMBUSTION INDUSTRIAL ENERGY EFFICIENT USE OF THE
EFFICIENCY RESOURCES
ICTs
SUSTAINABLE WASTE & EMMISSIONS
MONITORING CONSTRUCTION REDUCTION
SOCIAL ENERGY SUSTAINABLE ECONOMY
RESPONSIBILITY ENVIRONMENTAL,
ECONOMIC AND SOCIAL
IMPACT ANALYSIS
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International positioning
PARTICIPATION IN MORE THAN 30 ASSOCIATIONS AND PLATFORMS
s e DHC
eawe) ~

european academy of wind energy TECHNOLOGY PLATFORM

1 »
Q;.!EQERELQOL‘ g;"’l- EU R EC Zero emissions | platform v
European Academy District Heating & Cooling

European TeMnoIogy European Association
Platform for Zero Emission for Storage of Energy of Wind Energy European Technology Platform
Fossil Fuel Power Plants

European Association of
Renewable Energy Research
Centres

Spanish Biomass
Technology Platform

FutuRed BATTERIES ?E

SPIRE — Sustainable Process
Industry through Resource and
Energy Efficiency
Funding Members

g ENERGY EFFICIENT BUILDINGS

AN TP COMMITTEE FOR BINDVATIVE BULT ENWRONVENT

European Technology and
Innovation Platform —
Batteries Europe

Spanish Technological Platform
of Electrical Grids
Technical Secretariat

AVEBIOM A
Spanish Biomass European Energy Energy Efficient Building
Committee European

Energy Valorization Research Alliance
Association Partners of the Smart Grids ~ Construction Technology
Platform

& Wind Energy

Joint Programmes

%Bio-based I(?odnlé?)f’{iil.?ni EA@Q GE/&; TIP SNET a e e —

INNOVATE. ENGAGE

Spanish

Bio-Based Industries European Association of International European Technology and Spanish
JTI members Research and Technology Energy Agency Innovation Platform Smart Wind Energy Energy Efficiency
Organisations Networks for Energy Association Technology Platform
Transition
Co-coordinates the Storage ey
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polyn : Facts & Figures

Demonstration of Innovative Technologies towards a polyn
more Efficient and Sustainable Plastic Recycling

01.09.2018

48 months

21 including research/academic institutions, governmental
organization, industries and SMEs

€9.95 Million
€7.94 Million

TRL 7 (system prototype demonstration in operational
environment)

The project has received funding from the European Union’s Horizon 2020
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Plastic: Where is the problem?

Consumption in Europe: 51.2 millions of tons
(14% of worldwide production)

29.1 Mt of plastic waste

® Landfilling

M Valorisation

)v
“'30% China - :
: " 4%Japan M Recycling
17% Rest of Asia
WO rIdW|de prOd UCtiOn The project has received funding from the European Union’s Horizon 2020
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Plastic: Where is the problem? m

6.2 %
ELECTRICAL
& ELECTRONIC

OMOTIVE BUILDING &

09.9 % T 19.8 %
AUTOMOTIVE
CONSTRUCTION

AGRECUE‘I:SRIEE o “
Plastics use per sector HOUSEHOLD,

& SPORTS

16.7 % O————
OTHERS

Others includes
appliances, mechanical
engineering, furniture,
medical etc.

39.9 % O——
PACKAGING

The project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement no 820665




polyn and Circular Economy Package

polyn
e |n 2018, the European Commission adopted a new set of measures, that will help

transform Europe's economy to become more sustainable and that will support
existing Circular Economy Action Plan

e The new measures include a wide EU Strategy for Plastics in the Circular Economy
that will help to transform a smart, innovative and sustainable plastics industry,

where design and production fully respects the needs of reuse, repair and
recycling.

e polyn is supporting this effort by introducing a set of novel approaches to
recycling and usage of raw materials

The project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement no 820665
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Main Objective (I) e
wif s

polynSPIRE

Demonstrating at TRL 7 a set of innovative, cost-effective and sustainable
solutions with an aim to improve the energy and resource efficiency of plastic
recycling processes for materials containing at least 80% plastic.

The project is focused on following plastic containing materials:
* postconsumer (after products’ end of life)

* post-industrial (produced during transformation processes from raw materials to
final product)

The project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement no 820665




Main Objective (Il)
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Our Goals Contribute to the SPIRE Roadmap (l)

polyn
polyn Goals Roadmap
\ through a higher e Optimal valorisation of waste, residues
and more flexible usage of heterogeneous streams and recycled end-of-life material as

plastic waste feedstock

by reducing
energy use up to 68% during chemical

recyclin -
ycling * Development of more efficient systems and

_ _ equipment
at least 32% in the polyamide and o L
polyurethane sectors and reduce landfilling * Process monitoring, control and optimisation

25% in polyolefin sector

in the
plastic sector between 30% and 40%

The project has received funding from the European Union’s Horizon 2020
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Our Goals Contribute to the SPIRE Roadmap (Il)

polyn
polyn Goals Roadmap
 Deeper knowledge of the processes at
based on life cycle studies system level

A life cycle and costs perspective

for plastic waste Create efficient business models

management
on waste management (including non- * Widespread dissemination of the
technological barriers such as legislation results

and standardization)

The project has received funding from the European Union’s Horizon 2020
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Consortium

The project involves all relevant actors along the value chain

Technology Developers

(scirce

Waste Managers and
Providers

‘e O
polynSPIRE

X T U Technische Universiteit
e Eindhoven
— University of Technology
lentgz RI 'Fl

O aitiip
centro tecnolégico
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¢ un mondo pulito
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& NUREL |-. |

4 FERRIERE NORD
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UK Ltd

ARKEMA
REPIFOL

Technology Providers and
Manufacturers

HTT/

Dissemination,
Communication and
Standardisation Experts
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Challenge (I)

polyn

e Plastics materials (e.g. PE, PP, and PET) are mainly produced from raw materials
of fossil origin, and are used in a wide range of applications, thus creating a huge
amount of plastic waste

* In 2016 over 27 MT of plastic waste was collected for further treatment

e Although the recycling efforts in the EU improved, landfill is still the first or
second option of treatment for post-consumer plastic waste in most Member
States

The project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement no 820665




Challenge (I1)

e There are different
technological and non-
technological barriers for
plastic waste recycling

e Recycling and redesigning
the plastics value chain
are essential in reusing
plastic waste material and
avoiding landfill

Technological

barriers

The existing sorting and
waste management
systems not able to
separate plastics blends
and composites

The lack of efficient and
flexible valorisation
technologies

The heterogeneity of
plastic difficult the
mechanical recycling of
these plastic materials

The project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement no 820665
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Non-
technological
barriers Plastic waste is generated
at different points of the
value chain

Existing standards are not
homogeneous along
Europe (e.g. Waste
Directive and End of
Waste Criteria)
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Our Solution (1)

.... : .o..
polynSPIRE
e A cost-effective transformation of plastic waste into raw materials
through its recycling and valorisation
Plastic
production
* polynSPIRE contains three innovative solutions: | . g——
Raw material Recycling v
feedstock Innov. B Product
. , ) manufacturing
» Chemical recycling (Innovation A) R |
. . . l"n.'::'-;l:ihl.ﬂ:k - . Inmiow. A
»Mechanical recycling (Innovation B) Pl Crenicl [ J
»Valorisation (Innovation C) T | |

/x Post-use phase

Landfilling Use phase

Megal dumping P L ]
Innow. C
Valorization as raw material in other sectors

Littering

The project has received funding from the European Union’s Horizon 2020
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Moderador
Notas de la presentación
Thus, POLYNSPIRE project is focused on the improvement of efficiency for the three different
recycling/valorisation approaches mentioned before (excluding energy recovery):
1) Innovation A: focused on improvement of energy and resource efficiency of chemical recycling by two
different efficient technologies that will be described later on.
2) Innovation B: focused on enhancing quality of mechanically recycled materials to fulfil requirements of
high value applications.
3) Innovation C: focused on enhancing valorisation of low-grade plastic wastes by using them not as fuel but
as carbon source in steel industry.


Our Solution (1)

polyn
e Comparing the different approaches will reveal best technical, environmental and
economic fit for the different materials depending on waste source (post-

industrial or post-consumer), composition, contaminants or other relevant
parameters

 The economic and environmental benefits of the approaches will be analysed by
carrying out Life Cycle Assessment (LCA) and Life Cycle Cost (LCC) to
recycling/valorisation process of the different materials

The project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement no 820665




Chemical Recycling (Innovation A) :

Aed
polynSPIRE

e the process leading in total depolymerisation of the plastic material
to obtain their monomers (raw materials for polymer production)

Two approaches will be analyzed:

1. Chemical recycling assisted by microwaves

Innovation Pillar A.1
245 GHz source 915 Mz source ~ Waveguides

Waste (fibres among others) Reactant | F % Ll bt { 7 MW
Chemical «—— PA/PU material Solvent | i N T Y genenators
Recycling +MW Monomer | K LA

Monomer N s A [ ]

Chemical I .
Polymer Compounding o Waste Sorting I
Industry Cavity
Y

Monomer
»

' By-products
L,

Monitoring and control

The project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement no 820665




Chemical Recycling (Innovation A) cont.

2. Chemical Recycling assisted by Smart Magnetic Materials

Innovation Pillar A.2

—| Waste (fibres among others)

Chemical Recycling
+smart magnetic
materials

PA/PU material

Monomer

o ey | romer | | - Sorting |
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Status quo of the project w
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Consolidating lab scale Testing technologies at pO I y N S p I R E
° controlled conditions
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|
: ® ® TRL 7 O Cost vs scale
|
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Business Plan

e polyn will create a database by mapping the distribution of polyn
plastic wastes across Europe, with a focus on Polyamide ﬁPA),
Polyurethane iPU) wastes and their mixture with other plastics such
as Polyolefins (e.g. PE or PP).

e polynSPIRE will also develop a guideline for the overcoming of
potential legislative barriers

e e o i e Six market sectors will benefit:
A e T * Automotive
- e 2 [ )

ronite L )  Appliance
Recycled ,f"/ ._."I I,-’{f -g;fu:‘;-.'.:_‘_ .
emeute Y | T e Electronics

& Empowering plastic
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Expected Impact :ﬂ"g
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The project will address 100% waste containing streams ensuring the recycling of at

least a 50% of total plastics containing PA and PU leading to a reduction of CO,
equivalent emissions between 30% and 40%.

POLYNSPIRE POLYNSPIRE EFFECTIVE EXPLOTATION 20 YEARS AFTER
START END SUPPORTED BY INDUSTRIAL POLYNSPIRE
PARTNERS AT DIFFERENT
STAGES OF THE VALUE CHAIN ]
PROJECT LIFE TIME BEYOND THE PROJECT
1 YEAR

» More than 4.4 Mt/year of residue treated
. # More than 44.8 Mt CO, — eq/year reduced
Around 2.14Mt of residues % More than 10.5 Mt o ~a/vear of fossi
. . - vIiOTeE an 1u.o WIL Oll —eq/year ol 1055
=  Chemical Companies to be potentially treated resourced saved
=  Waste Managers

= Plastic compounders
and Converters

POLYNSPIRE » 60 kt of plastic waste recycled/reused
DIRECT » 300 ktons CO,— eq reduced
IMPACTS » 70 ktons oil — eq fossil resources saved

The project has received funding from the European Union’s Horizon 2020
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Thank you for your attention

www.polynspire.eu
info@polynspire.eu // nrgarcia@fcirce.es // fcirce@fcirce.es
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