














Risk Management Plan (RMP) — In the execution of an R&D project, risk management is a continuous
process that is implemented through the phases of: risk management planning, identification, analysis,
monitoring and control. The RMP defines the policies and procedures for identifying and managing
"risks", that is, all those unusual causes of project diversion that can compromise the objectives. The
risk assessment must be updated periodically and throughout the project life cycle. The objective of the
RMP is to reduce the likelihood and impact of adverse events on the project and, on the contrary, allow
to exploit any event that could have a positive impact. RMP must allow, in an accurate and timely
manner, to avoid unwanted risks and, if necessary, to apply corrective measures to control the potential
negative effects of the project.

Monitoring & Evaluation Plan (M&EP) — The Monitoring and Evaluation Plan is a tool that helps to
track and evaluate the results of a series of interventions carried out during a project. The M&EP mainly
deals with ensuring that the project meets quality standards, through an adequate selection of the
activities to be implemented. It is important to develop a Monitoring and Evaluation Plan before starting
any project activity, so that there is clarity about which questions need to be answered. Its
implementation provides useful and supportive elements to the people involved in the project, about the
collection of data and the tracking of appropriate indicators, the analysis of the monitored data and their
dissemination both internally to the work group, in order to improve the quality of the project, which
externally, to anyone who can benefit from its activities. Ultimately, an adequate M&EP will help to
ensure that the data of a project is used efficiently, in order to make it as effective as possible and to

correctly report the results to its conclusion.

F. Caretto, A. Donatelli

Territorial and Production Systems Sustainability Department
Division for Sustainable Materials

Laboratory of Functional materials and technologies for sustainable applications

G. Cannataro
Energy Technologies Department
Development of Systems for Information Technology and ICT

Network infrastructures and services Lab

Brindisi Research Centre



Strategic Action Plan

The aim of the Strategic Action Plan is to describe the management roles, rights and duties of all parties

and persons involved. It serves as a reference document for all project partners.

Indeed, this report summarises the key provisions in the Project Agreements, the procedures for periodic
reporting, explanation of the consortium organisational structure and decision making procedures, roles

and responsibilities and documents review process.

The scope of these activities is to ensure high quality deliverables and management of the project and
to have a clear periodic process for reporting on activities, effort expenditure, as well as having a clear
review procedure with defined phases.

The schedule of the project activities required for the periodic reporting to the ERA NewMaterials
GmbH is in particular presented, specifying the contributions expected by all the partners in the
REMAIN (REcycled MAterial for Italian Nanocomposite) consortium.

Moreover, the Strategic Action Plan is complemented by the definition of Key Performance Indicators
in the scope of Task 1.3 “Monitoring and Evaluation” and are in particular described in the deliverable
D1.2. They are used as an instrument for the evaluation of the project performances and their potential

impact, at technical, economic and environmental level.

The Strategic Action Plan will be updated by the Project Coordinator in regular intervals.

1 Introduction

Nowadays automotive industry has the impelling need to reduce the vehicles weight in order to reduce
the CO; emission due to fuel consumption [In Europe: emission target of 95 gCO./km for 2020 and 75
gCO2/km for 2025]. Nano Fibres (NF) could be a possible solution, but the high cost limits their use to

the luxury cars.

Contemporarily, due largely to growth in demand in the wind energy, aerospace, pressure vessel, and
automotive industries, the most conservative estimates, about nano fiber demand, forecast a double-digit
compound annual growth for the 2012—2018 period. A consequence is the considerable amount of waste

containing nano fiber taken in landfill.! 2

1 Global Nano fiber Composites Supply Chain Competitiveness Analysis-May 2016 - Clean Energy Manufacturing
Analysis Center- Sulit Das et Al.

2 Composites Market Report 2015 - The Global NRP Market — Thomas Braus, Michael Tuhnel (CNeV).



Therefore, a massive recycling of waste NFs is more and more an environmental need (reduction of the
waste NFs destined to landfill) and a great opportunity (availability of a recycled high value material at

low costs satisfying part of the growing demand of NFs).

Thanks to its economic sustainability and industrial scale technical feasibility, thermal treatment is the
only recycling method implemented on industrial scale. Producing Recycled Nano Fiber (RNF) by
thermal treatment requires only 1/10 of the energy as compared to new NF, eliminating the costs of

nanofiber precursors, which represent about the 50% of the final new NF costs.

Nevertheless only negligible amount of waste NFs are actually recycled.

The main industrial barriers for a massive RNF use as reinforcement of composite materials are
represented by the technical limits due to the RNF features resulting from thermal treatment.

The commercial RNFs coming from thermal treatment have a lower value in comparison with their

market potential and are sold only for low value applications.

The high temperature reached during thermal treatment causes the burning of the original nanofiber
coating (“sizing”). The consequences in the use of RNFs as reinforcement of thermoplastic compounds
are:

= poor mechanical properties the RNFs provide to the final composite material, due to the

lack of adequate stress transfer from the polymeric matrix to the reinforcement;
= (ifficulties in the processability during the compound manufacturing by extrusion.
Within the previous projects carried out by RICREA, ENEA and University of Sud Italy, a suitable RNF
sizing treatment has been developed and optimized on laboratory scale (TRL5).

Mechanical tests revealed that the sizing procedure promotes the doubling of the interfacial strength for
RNF/thermoplastic polymer.

Furthermore, the process improve the processability during the compound manufacturing, and increase
the mechanical properties of virgin PA6 and PP based composite materials

In this context, the REMAIN project aims to implement the scaling up of an innovative process
for the surface modification of Recycled Nano Fibers (RNF) and the up-graded of thermoplastic
compounds manufacturing for high performance eco-innovative RNF reinforced materials.
These new compounds will have properties similar to those of the virgin nano fibers reinforced
compounds, but with 50% fiber cost saving and they will destined to the manufacturing of semi-
structural automotive components.

In compliance whit the European Directive ELV Dir. 2000/53/C, in REMAIN will be developed un

mechanical recycling process for the End Of Life components made in the project.



Main targeted users of REMAIN are the European automotive Original Equipment Manufacturer
(OEM). OEMs will have available a solution green and economic able to substitute traditional materials

leading to a reduction of cars weight in view of an answer to the problem of CO, emissions.

The consequences will be a wider use of NFs in automotive components, with a clear advantage in

terms of automotive lightening and minimization of the pollution due to the NF manufacturing.



1.1 REMAIN3in a nutshell
The goal of the project is the scaling up of the process for the Recycled Nano Fiber surface modification
and thermoplastic compound manufacturing, thus leading to high performance eco-innovative
composite materials. By the optimization of the surface modification process and of the compounding
process, nanofiber reinforced thermoplastics will be available for the automotive market, having
properties similar to those of the virgin nanofiber reinforced compounds, but with 50% fiber cost saving.
The consequences will be a wider use of nanofibers in automotive components, with a clear advantage

in terms of automotive lightening.
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Figure 1: REMAIN in a nutshell

1.2 Purpose and scope of the document
The purpose of the Strategic Action Plan is to present all partner the approach to project monitoring,
supervision, reporting and review. Procedures are provided for periodic reporting on activities and effort
expenditure, to be applied by all partners for the provision of data to the Project Coordinator (PC) and
for management and financial reports preparation. Instruments are developed with the aim to monitor
the degree of completion of activities and expected deliverables. A review process with an approval
procedure is defined with the aim to control the quality of the documents while they are being generated
and to ensure that project intermediate objectives are met.

3 Remain, the project described in this work, is of pure fantasy. Any reference to real people and things is purely
coincidental.
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= Description of activities with respect to declared PM in the relevant quarter (including
identification and brief description of the activities performed). Corresponding tasks will be
indicated by specifying the participation to the Task activities (Yes/No from the dropdown

menu).

Table 10 displays a screenshot of the provided template for PM monitoring. Templates can be updated

in the course of the project to the extent is needed.

REPORTING PERIOD RP1
0O N D
Description of | Description of | Description of

FYRP1

activities activities activities LeftRPL (D’m’n;.ﬂll Actual RP1

WPO: Feasibility st a3 63 20 0 2 23 2 . 43
Aol sty please describe please describe please describe =
Task 0.1 Technical Feasibility 0k need s the activities Yes the activities ves the activities | not need to fill in
folfilin canied out in carried out in caried out in
Task 0.2 Economic viability and market assessment| YES the relevant YES the relevant YES the relevant
5 5 quarter quarter quarter
Task 0.3 IPR Securing. Business Model and Plan NO YEs YES
WP1; Project management| 3.5 9.0 5.5 15 1 1 | |
Task 1.1 Project organization and planning| fobngsy YES please describe YEs please describe YES please describe |not need to fill in
tofill in the activities the activities the activities
Task1.2 Risk management| YES carried out in YES carried out in YES carried out in
the relevant the relevant the relevant
Task 1.3 Monitoring and evaluation YES quarter YES quarter YES quarter
Task1.4, NO NO NO
'WP2: RNF treatment process optimization and scaling-up| 1 2.0 10 lease dascribe i e 1 lease dsserie i |
Task21 of theRNFsizing process ot need e the activities 5 the activities i, the activities | not need to fill in
T2l Verfcation o the RNFauface treatment process for el = cepled gut ’:’ o catred ouli T “"’“z ot ’:'
recycled PP and PAG) ths ”’:ﬁ'.’f" e ";’;::"‘ 05, ’:::"
Task 2.3 RNF surface treatment up-scaling| NO @ NO s M
WP3: Product chain closure: compounding and Injection molding| = R |
Task 3.1, Optimization of compounding process| not need please describe please describe please describe | not need to fill in
to fill in the activities the activities the activities
Task 3.2 Characterization of thermoplastic compounds| carried out in carried out in carried out in
the relevant the relevant the relevant
Task 3.3 Design of the components| quarter quarter quarter
Task 3.4 Prototype manufacturing by injection moulding
wPa: of for the EOL 0 9.0 %0 please describe please describe please describe | |
the activities the activities the activities
Task 4.1 Development of recycling process| "’: ;/:ﬁ;’d carried out in carried out in cartied outin |10t heedto fillin
Characterization of the recyded material and result the relevant the relevant the relevant
Task42 aiiatvsis quarter quarter quarter
WPS: economic and 0 25 25 | |
please describe please describe Pplease describe —
Task 5.1 Exploitation activities ot need the activities the activities the activities |not need to fill in
L] carried out in carried out in carried out in
Task 5.2 LCA the relevant the relevant the relevant
quarter quarter quarter

Task 5.3 Final Business Plan)

Table 10: Screenshot of the provided template for PM monitoring

Additionally, a template for cost monitoring has been provided by the PC according to the structure
of the Individual Financial Statement and will be completed by each beneficiary (and linked third
parties) every six months. It will show the costs incurred in the relevant semester and include the
explanation of the use of subcontracting and in-kind contribution from third parties (if any). A screenshot

of the template for overall cost monitoring is provided below
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Volume of automotive components manufactured with REMAIN eco-innovative high performances

materials

Recent European legislation is enforcing a strict control of composite disposal. The responsibility of
disposing EoL composites is now on the component’s manufacturer, legal landfilling of NFRP is
limited, and for instance it is required that automotive vehicles disposed after 2015 are 85% recyclable
(EU 1999/31/EC; EU 2000/53/EC). In addition, disposing of NFRP by landfilling, where not illegal,
can cost approximately 0.20 £/kg; recycling instead would convert an expensive waste disposal into a

profitable reusable material.

In this framework increasing the use of nano fibres in automotive market for non-critical applications
by re-introducing s from EoL components, could represent a compelling and efficient proposal to face
with the aforementioned issues. The volume of automotive components manufactured with eco-
innovative high performances materials is a yardstick to measure this impact and data required for this
estimation are the number of manufactured cars employing RP components and the number of RP

components per car:

5 = N ofcars employing RNFRP x N ofRNFRP components per car
where it is:

V,= volume of automotive components manufactured with RNFRP

In particular, partners involved in the Project are asked to provide the required input above specified.

4.2 Baseline and Targets
Key performance indicators help REMAIN partners and team researcher to monitor the evolution of the
project, by comparing their values at the start of the work (baseline) with the ones achieved throughout
the lifetime of the project (targets). In this way, at the end of the project the achieved results will be

compared with those targeted and they will be reported in Final Report D1.4.

Of course, at the beginning of the Project (2017), neither components nor any type of compounds
realized with REMAIN eco-innovative material are present, then baseline values for both V1 and V; are

ZEro.

Target values for both the KPIs in the years from 2023 to 2030 are obtained on the basis of preliminary
Business Plan?* in which some hypothesis on market penetration of a potential candidate for final

applications are reported. In task 0.2 of REMAIN project (Economic viability and market assessment)

24 see D 0.1 REMAIN - Feasibility Study
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V. is calculated has been calculated (more detail are reported in D0.1 — Feasibility Study), whilst
conservative values for V; have been estimated, considering as compound only that employed in the
same market area (FCA vehicles). Of course, higher values for V; are expected if other market segments

will be interested to RNFs based polymers.

In Table 23, baseline and target for the KPIs above listed are reported.

Target

Baseline

2017 2023 2024 2025 2026 2027 2028 2029 2030
0 579 579 1158 1158 4632 4632 6948 9264
V, (x10%) 0 150 150 300 300 1200 1200 1800 2400

Table 23: Baseline and Target values for the KPIs

5 Policy evaluation

The political and economic framework in which the project is carried out, the nature of legislation,
standards and directives present in the EU, can significantly influence the success of REMAIN. A proper
policy evaluation is, therefore, the way by means both enabling factors and barriers to the introduction
of RNFRP can be carefully addressed.

The aim of this paragraph is to assess the policy framework concerning the management of the EoL
composite materials reinforced with nano fibres, and the use of Recycled Nano Fiber, with their

implications in terms of environmental impact.

EU waste legislation impacts only the collection of the composite waste but not the commercialization
of RNF as they are secondary new materials.

Increasing pressure onto European automotive industry to meet several requirements in a pre-fixed
medium term period (2018-2020) is in place: higher fuel efficiency, environmental targets imposed by
normative dispositions and international agreements. All these faces of the same medal contribute to

firmly stick European car-maker Companies to reach European standards.

As an effect of this, a massive employment of composite compounds reinforced with NFs in the
industrial sector of transport media has already been accomplished, particularly for environmental
aspects which call for a further cut by 2020 of CO; emissions to 20% below the 1990 levels [EU-28].

Although the possibility of reintroduction of RNFs from EoL components is encountering some
problems or barriers which must be faced, it cannot be neglected that their use is strongly supported by
several EU directives and legislation which encourage solutions for increase sustainability and circular
economy approaches. It is therefore very useful to highlight what are the policy targets of REMAIN that

will face the political and economic barriers and are in compliance with EU legislation (Table 24).
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Problem/Barriers Related EU legislation REMAIN policy targets

The global NF demand is EU Landfill directive 99/31/EC: Make available cheap and high
expected to grow at an increasing onerous legislation performance secondary new
annual rate of 10%, regarding the disposal of material destined to automotive
reaching 89 kton in 2020. composite manufacturing and market, enabling a substantial
About 30% of the NF Eol waste (ELG NANO, EU LEX). reduction of landfill waste.

manufactured becomes g\, g1y jegislation 2000/53/EC: !N addition, REMAIN aims to
!ndustnal scrap. T_h's Since 1% January 2015, 85% of produce NFRPs that are recyclable
involves the production .\ chicle must be reused or at the end of their life. Indeed, the
of 27 kton of wasted NFs . 1oq  and 95% recovered thermoplastic nature of matrix

in 2020. (EUR LEX). OEMs are therefore employed for the manufacturing of
forced to modify their production New components make them
chains, making it easier to recycle recyclable by mechanical
their mechanical components. processes, without the need to

separate the RNF from the matrix.

At today, GFRPs are the Regulation 510/2011 foresees a Target of REMAIN is a wider use of
material of choice for limit fleet average CO, emission RNFs in automotive components,
approximately 95% of all from new light commercial which allow a clear advantage in
composites, but the vehicles to 175 g/Kg for the terms of automotive lightening,
European GRP market is period 2014-2017 and 147 g/kg also with respect to GFs. The
not growing as rapidly as up to 2020. More specifically the lightening of car will clearly
the composite industry EU CO; regulation imposes the contribute to reduce  fuel
in other regions of the limits of 130 g CO,/km (y-2015), consumption and, therefore, CO;
world (i.e USA, Japanand 95 g CO,/km (y-2020) and 20 g emissions. It has been estimated
China). In the global COy/km (y-2050). that every 10% of weight saving will
market  Europe IS For gaseous air pollutants, the DPringto3—>5% of fuel economy.

destined to decline. most recent Euro 6 standard In particular, preliminary analysis
Some stringent necessity normative referred to light performed within REMAIN revealed
are prevailingonthe GRP  yehicles (< 1305 Kg) foresees the that polymers reinforced with 12%
market®. 0.5 g/Kg for CO, 0.08 g/Kg for NO,, in weight of RNFs for a potential
It is therefore necessary 0.17 g/Kg for NOx+HC in diesel, candidate for the final application
to replace GFRPs with and for petrol vehicles 1.0, 0.060 (front-end system) shows similar
material which can and 0 g/Kg, respectively mechanical properties of polymers
assure both low (Regulation 715/2007/EC). reinforced with 30% in weight of
er'wironmental impact, EU regulation by 2021: fleet GFs, 'which represent the current
with less CO, and solution for the same component.
average of all new cars 95 g

greenhouse gas emission CO,/km. Penalties for those The proposed solution shows

released in the falling short on those targets higher price but lower weight with
atmosjphere, e e significant: € 95/g of respect to the current one. By
r}educmg at the'same exceedance onwards (EU Climate comparing weight and cost, the
time the necessity of Action). RNFs reinforced thermoplastic
primary sources, compounds proposed have a cost

increase in the range 5 — 6 € per kg

25 June 2017 High - Performance Fibres Market - Segmented by Type, End-User Industry and Geography - Trends and Forecasts
(2016 - 2021).
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https://ec.europa.eu/clima/policies/transport/vehicles/cars_en
https://ec.europa.eu/clima/policies/transport/vehicles/cars_en

Despite strong difficulties in
market penetration, the need of
production of RNFs by pyrolysis is
stringent to comply with the
following European directive:

Directive 2008/98/EC of the
European Parliament and of the
Council of 19 November 2008.
This  Directive lays down
measures to  protect the
environment and human health
by preventing or reducing the
adverse impacts of  the
generation and management of
waste and by reducing overall
impacts of resource use and
improving the efficiency of such
use.

EU Landfill directive 99/31/EC:
the objective of this Directive is to
prevent or reduce as far as
possible negative effects on the
environment, in particular on
surface water, groundwater, soil,
air, and on human health from
the landfilling of different
typologies of waste, including
composite manufacturing and
Eol waste.

Table 24: Policy barriers and REMAIN targets
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Problem/Barriers Related EU legislation REMAIN policy targets

of lightening of the vehicle. For car
makers this value is in the range of
acceptability of price increase.

In addition and assuming that from
2023 the proposed solution will be
adopted on 150,000 vehicles (10%
of foreseen FCA cars applying high
quality dashboard), the lightening
that would result would allow the
reduction of CO, emissions by a
value of 268 tons per year, in
Europe.

Demonstrate  that the re-
introduction of RNFs by pyrolysis of
EoL components, and their use in
manufacturing new compounds, is
a valid path in waste-to-reuse
process. It meets the large demand
of lightweight components made
with composites (replacing metals),
and limits the dependence on
imported virgin nano fibres,
establishing also the basis of new
paths in industrial symbiosis and
new products for the circular
economy, that can take place at
national and EU level. Therefore
there is wide potential for benefits
to many of the EU countries
involved in ERA NewMaterials, and
international relationships with
other automotive manufacturers in
the four corners of the globe,
complying the concepts of “closing
the materials loops”, “designing

solutions”, “securing new materials

supply”.



5.1 Successful measures criteria

In order to pinpoint whether the adopted measure can be considered successful, a set of 6 criteria for the
policy evaluation has been defined. For each of the 6 criteria, a qualitative and/or quantitative evaluation
will be performed during the lifetime of REMAIN and by means of a graduate scale ranging from 1
(worst) to 5 (best). The score will help us to identify whether the measure is worth performing or it is
considered to have a lower impact on the project. The list reported in Table 25 is non exhaustive and

will be tailored depending from available information in the course of the project lifetime.

I T

Environmental impact

Increase  Sustainability
Versus cost for
implementer

Cost efficiency for the
implementer/necessary
administrative support

Persistency of  the
savings induced by the
measure

Support of positive side-
effects

Ease of acceptance by
relevant stakeholders

Amount of CO2 emissions reduction when the

measure is applied.

Relation between increment of sustainability
(by limiting the dependence on virgin nano
fibres) and cost for implementing

Relation of energy savings achieved and
necessary costs for the implementer/amount
of administrative support necessary to
implement a measure, i.e. extent of the
administrative barrier to implement a measure.
How lasting is the impact of the measure in
terms of time.

Positive side-effects or co-benefits of a
measure are e.g.:
= Higher economic growth, improved

competitiveness and productivity;

= C(Creation of new jobs, improved work
environment;

= |mprovement of energy security, health
etc.

Will the measure be easily accepted by the
relevant stakeholders or is a strong opposition
to be expected (e.g. by industry, consumer
associations, market operators, etc.)?

Table 25: Successful measures criteria
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1 —very low impact

2 — low impact

3 — medium impact

4 — high impact

5 —very high impact

1 —very low increase

2 —low increase

3 —medium increase

4 — high increase

5 — very high increase

1 — not-cost effective at all

2 — low cost-effective

3 —neutral

4 — high cost-effective

5 — very high cost-effective

1 —very low persistency

2 — low persistency

3 — medium persistent

4 — persistent

5 —very persistent

1 — very low support of positive
side-effects

2 —low support of positive side-
effects

3 — medium support of positive
side-effects

4 —high support of positive side-
effects

5 —very high support of positive
side-effects

1 - very low degree of
acceptance

2 — low degree of acceptance

3 - medium degree of
acceptance

4 — high degree of acceptance
5 — very high degree of
acceptance
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Appendix

1 Consortium

Organization Short name | Country
Agen2|.a .na2|onale per le nuove tecnologie, I'energia e lo sviluppo economico ENEA Italy
sostenibile

Comité de I’énergie atomique AEC France
Szi enviroment SZIE England
Centro Ricerche per Energie Alternative RICREA Italy
Centro Ricerche Meccaniche avanzate CRMA Italy
University of Sud Italy UNISUD Italy
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First Last E-mail Organization
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Antonio Donatelli antonio.donatelli@enea.it ENEA
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Vachel Boivin vachel.boivin@aec.fr AEC
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Royce Charette royce.charette@aec.fr AEC
Talbot Primeau talbot.primeau@aec.fr AEC
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Simona Rossale simona.rossale@ricrea.it RICREA
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Ettore Maria Sarti ettore_maria.sarti@ricrea.it RICREA
Sandro Migliore sandro.migliore@crma.it CRMA
Maria Livelli maria.livelli@crma.it CRMA
John Hartman john.hartman@szie.en SZIE
Andrew Smith andrew.smith@szie.en SZIE
Andrew Laman andrew.laman@szie.en SZIE
Alessandro Maffia alessandro.maffia@unisud.edu UNISUD
Eleonora Lente eleonora.lente@unisud.edu UNISUD
Antonio Rossi antonio.rossi@unisud.edu UNISUD
Giorgio Mirandola giorgio.mirandola@IC_nm.eu ICNM
Roland Garrossi roland.garossi@IC_nm.eu ICNM
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3 Acronyms and abbreviations

Acronym Full Name

REMAIN Recycled Material for Italian Nanocomposite
NFRP Nano fibres reinforced polymer
DEM Dissemination and Exploitation Manager
ERA European Research Agency

EoL End-of-Life

FC Financial Controller

FS Financial Statement

GF Glass fibres

IC Innovation Community

ERA ERA NewMaterials GmbH

KPI Key performance indicator

M&E Monitoring and Evaluation

PA Project Agreement

PA6 Polyamide 6

PC Project Coordinator

PM Person Month

PMC Project Management Committee
PO Project Officer

PP Polypropylene

RNF Recycled Nano Fiber

RNFRP Recycled Nano Fiber reinforced polymer
NM New Material

RP Reporting Period

RQM Risk Manager and Quality

SME Small and medium-sized enterprise
STC Scientific and Technical Committee
STM Scientific and Technical Manager
TO Thematic Officer

VNF Virgin nano fibres

WP Work Packages

WPL Work Packages Leader
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