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1. Executive Summary

The TYRECALIFE project focused on the developmet iamplementation of innovative
technologies which can expand the use of scrapriyger in road pavements. Emphasis
was placed on the evaluation of solutions which rpagvide an optimal balance in
satisfying technical, financial and environmenta@qguirements. Issues which were
addressed in the project included users’ safety emmfort, structural durability of
pavements, reduction of environmental impact, gadat health of working crews.

Relevance from an environmental viewpoint of theicaddressed by the project can be
appreciated by considering the growing need of maing the recycling of end-of-life
tyres (ELTs) according to current European legistat Moreover, past studies and
experiences proved that crumb rubber derived bg-@duction from ELTs may be
effectively used in paving applications as an add#l component of bituminous
mixtures.

Regardless of their positive performance recordsjng solutions encompassing the use
of crumb rubber from ELTs, which are nowadays amxps standard in some Countries
(e.g. several States in USA, Portugal, Spain),sételimited in their diffusion in great
part of Europe as a consequence of the lack ofique direct experience and of locally
validated Technical Specifications. This is als@ tbase of Italy, where full-scale
applications have been regarded as experimentals,triwith few comprehensive
supporting studies and no complete validation eirtbffective performance in service.

The TYRECALIFE project was conceived and proposadfiinding to the European
Commission in such a context. Its engineering is@rpoint at the local scale was
constituted by the results of previous investigagicarried out since 2008 by the Citta
Metropolitana di Torino, formerly Provincia di Tan, and by the Politecnico di Torino.
These studies, which included the construction pd&ement trial section, focused on the
application of the so-called “wet” technology, byeams of which crumb rubber from
ELTs is pre-mixed with bitumen, thus yielding a tliecand elastic binder known as
“asphalt rubber”. Corresponding bituminous mixtuvesre designed by referring to the
classical “gap-graded” formulation, which in litexee has been reported to yield a
satisfactory field performance both from a strugkuand functional viewpoint. Due to
their controversial performance records, only aaniportion of the investigations was
dedicated to bituminous mixtures produced by medribe “dry” technology, in which
crumb rubber from ELTs is directly added into thixen of the hot mix plant in partial
substitution of fine aggregates.

Based on the experience synthesized above and msideoing the general need of
supporting the widespread acceptance and diffusigraving solutions involving the use
of crumb rubber from ELTSs, the following main faiechnical objectives were set for the
TYREALIFE project:

* Objective n. 1. Validation of the use of bituminoosxtures with alternative
formulations;

* Objective n. 2: Evaluation of the potential userefluced-quality or recycled
aggregates;

* Objective n. 3: Development of solutions for thduetion of energy consumption
and emissions;

* Objective n. 4: Preliminary implementation of thary” technology.



In order to reach these objectives, the project stasctured in Actions which were
grouped as indicated in the following:

Action 1 - Project management;

Action 2 - Evaluation;

Action 3 - Experimental investigations and techigadal development;
Action 4 - Implementation;

Action 5 - Life Cycle Risk Assessment;

Action 6 - Communication and dissemination;

Action 7 - After-LIFE Communication plan;

Action 8 - Overall project monitoring.

Objectives n. 1 and n. 2 of the TYRECALIFE projeetre reached mainly by means of
the following technical Actions:

Action 2.4, which considered the characteristicsootlly available aggregates to
be employed for the production of bituminous miggjrincluding bottom ashes
coming from the newly constructed waste incineratahe City of Torino;

Action 2.5, which analysed the characteristics i rubber originated from
different production processes potentially avagafur the production of asphalt
rubber binders by means of the “wet” process;

Actions 3.1 and 3.2, which focused on the rheolgoharacterization of asphalt
rubber binders and on the volumetric and mechamdoaldesign and performance-
related assessment of bituminous mixtures withawdei composition;

Actions 4.1 and 4.2, which consisted in the fuldscconstruction of pavement
sections by employing purposely-designed gap-graselddense-graded mixtures
containing asphalt rubber, laid on site according different cross-section
schemes;

Actions 4.3 and 4.4, which provided experimentaidence of the structural,
functional and sanitary-environmental performantéhe pavement trial sections
built as part of Actions 4.1 and 4.2;

Action 3.6, which, as a supplement to the initedeaarch program, considered the
design and full-scale use of dense-graded bitunsimoxtures containing recycled
asphalt pavement (RAP) material.

Objective n. 3 was reached mainly by means ofdHeviing Actions:

Action 3.1, which considered the effects of visgpseduction additives on the
rheological behaviour of asphalt rubber binders;

Action 4.1, in which a gap-graded bituminous migtwontaining a low-viscosity
asphalt rubber binder was laid on a reduced-sc#&é gection and thereafter
optimized in the laboratory with respect to its gasition;

Action 3.4, which entailed the production and layof “dry” bituminous mixtures

containing a viscosity-reduction additive.

Objective n. 4 was reached mainly by means ofdHeviing Actions:

Actions 3.3.1 and 3.3.2, which focused on the desigd construction of a full-
scale prototype device for the production of “dibytuminous mixtures;

Actions 3.4 and 3.5, in which reduced-scale pavensections were built by
employing mixtures for wearing courses and basesesuproduced by means of
the above mentioned prototype device.



In reaching all four objectives of the project thbowing Actions were also of paramount
importance since they contributed to the definitddthe context within it was developed:

Action 2.1, which addressed the general subjeendfof-life vehicles (ELVs) and
end-of-life tyres (ELTs) with respect to the aclkiment of European targets in
terms of recycling and recovery;

Actions 2.2 and 2.3, which focused on the evalmatd environmental impacts
associated to different ELT management strategies$ af different paving
technologies (of the standard and non-standard;type

Action 2.6, which analysed the local context of ineject in terms of its potential
involvement in future activities related to the usferecycled materials in road
construction.

Finally, a significant contribution to the succedsthe TYRECALIFE project originated

from Action 5, which was entirely dedicated to tkealuation of the considered
innovative paving technologies in terms of thefeefive environmental impact and of the
effects which they may have on the health of waglarews.

Key deliverables which were prepared as a conseguehthe above listed actions were
the following:

State-of-the-art reports on ELV and ELT managem@ation 2.1), available
aggregates (Action 2.4) and available crumb rulpbeducts (Action 2.5);
Evaluation reports on environmental impacts of edght ELT management
options (Action 2.2), environmental impacts of difnt paving technologies
(Action 2.3) and activities, products and recyclintaterials at short supply
distance (Action 2.6);

Technical reports on laboratory investigations @enied for the characterization
of asphalt rubber binders (Action 3.1) and bitunasaenixtures containing crumb
rubber (Action 3.2);

Technical specifications for the mix design andligpassurance of bituminous
mixtures containing crumb rubber (“wet” technolog@Axxtion 3.2);

Guidelines for the field implementation of the “W&tchnology (Action 3.6) and
of the “dry” technology (Action 3.5), including these of viscosity-reduction
additives (Action 3.4);

Site monitoring reports of full-scale paving seoidActions 4.1 and 4.2);

Life Cycle Risk Assessment model (Action 5);

9 Papers published in technical and scientific palg and in Conference
proceedings (Action 6.8.2);

4 Technical publications (Technical Briefs) pregaréor Contractors and
Administrations (Actions 6.8.3 and 6.8.4);

A Report on benefit Assessment of Project’s Prbiiitgy (BAPP) (Action 6.8.5);

A Layman’s Report (Action 6.9).

Physical outputs of the TYRECALIFE project, whichl we further exploited in its after-
life, are the following:

A new full-scale prototype for the implementatiohtloe “dry” technology, fully
available for further experimental investigations;

Approximately 42,000 fmof pavements with wearing courses containing dspha
rubber binders (thickness 3 cm) and 2,000 oh two-layer pavements (total
thickness 8 cm) constituted by bituminous mixtupeeduced by means of the



abovementioned prototype device, all available fidure monitoring under the
effects of traffic loading and environmental fastor

This Report was prepared after completion of theREZALIFE project with the
contribution of all partners.



2. Introduction

Every year in the European Union approximately @iflion tonnes of used tyres are
generated, of which 2.5 million tonnes are eithecycled or recovered (data from
ETRMA, European Tyre & Rubber Manufacturers' Asation). As indicated by
European Law 1999/31/CE, end-of-life tyres (ELTamot be landfilled since they have
a lower heating value (LHV) which is higher thar ttnaximum acceptable limit, set at
13,000 kJ/kg. As a consequence of such a limitatiomwadays the most frequent fate of
ELTs is energy and matter recovery. However, theectt management scenario of ELTs
is bound to change in the near future since frotb2@ccording to another European Law
(2000/53/CE), at least 95% b.w. of each end-of-lifehicle will have to be
recycled/recovered. The study of new alternativass matter recovery from ELTS is
therefore fundamental and requires more research.

Past studies and experience proved that crumb ruid@ved by size-reduction from

ELTs may be used in paving applications as an iadlt component of bituminous

mixtures. In particular, its inclusion in such nréks can be obtained by means of two
different production methods, indicated as the "wahd “dry” processes, with the

consequent construction of high-performance pavéiagars. Such a solution constitutes
a widely accepted standard in some Countries @egeral States in USA, Portugal,
Spain), but has been adopted only in exceptionaég;amainly within research and
development projects, elsewhere. In the specifse ad Italy, full-scale applications have
been limited and as a consequence of the lackpdreence Administrations have not yet
included crumb rubber -based technologies in ttaindard Technical Specifications.

As a consequence of the scenario outlined abowe, TMRECALIFE project was
conceived and thereafter proposed for funding ®Eoropean Commission in order to
develop and implement innovative technologies whh potential of expanding the use of
scrap tyre rubber in road pavements. In partictier following four objectives were set:

« Objective n. 1. Validation of the use of bituminoosxtures with alternative
formulations;

* Objective n. 2: Evaluation of the potential userefluced-quality or recycled
aggregates;

* Objective n. 3: Development of solutions for thduetion of energy consumption
and emissions;

* Objective n. 4: Preliminary implementation of thary” technology.

To reach these objectives, analyses and invesiigativere carried out through office
work, in the laboratory and on site by adopting altrdisciplinary approach with
contributions from different areas of engineeripgyement and sanitary-environmental)
and the involvement of partners of different tyggddministrations, Contractors, private
and public research Institutions). Finally, thel-Bdale construction of a production
prototype device and of road pavement sections werg@roject’'s assets which provided
its tangible and time-lasting output.

Within the LIFE+ program, the TYRECALIFE project svaentred in the field of
“Environment Policy and Governance” and more spealiy had a demonstration and
innovation character related to the priority ardaaotion n. 9 “Waste and Natural
Resources”.



3. Administrative part
3.1. Description of the management system

In this paragraph an overview on the project’'s enpéntation main phases and
consequent contractual adjustments is given. Theaceount on roles and responsibilities
of the partners follows. The methodology ad orgaios of the management process is
finally described

Phase 1 - Project Start September 2011The project implementation started in
September 2011, specifically concerning the projmeanagement performed by the
Coordinating Beneficiary and the partner Ceipiereorithe other partners started their
activity in October 2011. Each Beneficiary has apgal its project responsible and its
project team. The Coordinating Beneficiary has ikemk from each project partner a
communication concerning the staff assigned to ghgect and relevant information
concerning project work setting, especially on: deeords of project incomes and
expenses, registration of staff time spent on pt@etivities, TVA.

Phase 2 — From start to Inception Report May 20120n that date the project objectives

and the work plan was still viable and all the atigs scheduled are on time. Only the

action 2.4 (Evaluation of current status of aggregatandard and recycled available for
bituminous mixtures containing scrap tyre rubbegsvdelayed, because the incenerator
on that date was not available.

The inception report was submitted regularly in N2&.2, covering the inception period
from 01/09/2011 to 31/03/2012 (7 months).

Phase 3 — From Inception report (May 2012) to Amendent | - July 2013 The First
Amendment Request was presented in July 2013 ag thed been important and
significant events that required a modificationtle¢ proposal in order to safeguard the
achievement of objectives. In particular:

* a beneficiary — ASM - had undergone the windingfiguidation) procedure in
2012. Since August 2012, with formal deed, the fess unit, the activities and
related contracts in place (including the LIFE1O0ENY0O00390 - Tyrecdlife
project) had been leased to “Patrimonio Citta diti®e Torinese srl Sole
Proprietorship”. “Patrimonio Citta di Settimo Toese”, wholly owned by the
Municipality of Settimo Torinese, therefore it rapeéd ASM,;

» the beneficiary Co.Ge.Fa. changed its corporatetsire and the new management
company formalised a request to withdraw from thegget. Actions of Co.Ge.Fa.
were taken over and carried out by Brillada;

» from the periodic checks on project progress, #edrfor an overall improvement
of the project was required, in particular “Desigh mixing device for dry
technology (action 3.3.1)" and “The implementatioh a different prototype
approach” (action 3.3.2 - Development of a fulllsgarototype mixing device for
the implementation of "dry" technology). A morexiele prototype with a better
performance was proposed and subsequently perforiiesl made necessary to
make changes to the initial budget.

These requests were included also an extensidmegérbject duration until 31 December
2014. The request was submitted in July 2013 apdoapd in February 2014.



Phase 4 — until submission of Mid Term Report in Heruary 2014 covering the
period 01/04/2012 — 30/09/2013

Phase 5 — From 01/10/2013 to 31/12/2014 the last year, several significant changes to
the corporate structure of the project beneficatiave taken place and a request for
general improvement of the approved project has beenalised. At that time there had
been no other problems and activities proceededrdicg to the new time schedule
defined in the change request.

Neverthelessa second Amendment was presented in September df 20h result of a
number of administrative problems concerning tharmqgaworks assigned to the Province
of Turin and Patrimonio Citta di Settimo TorineSéhese recorded significant delays
because of the bidding procedures ond of the cnsdrimposed by the Growth and
Stability Pact. It became evident that the schetiuleadline for the completion of the
works within December 2014 could not be met.

This made necessary the request for the seconddaneer of the contract, concerning
one further postponement of the implementation eadntil 30/09/2015.

Phase 6 — Closure Phase.
The second interim report was submitted (coveregpteriod 01/10/2013 — 31/12/2014).
The amendment number 2 (closure date set as d®/20/06) was formalized.

Several administrative issues have arisen mainy r@sult of unpredictable constraints in
bidding procedures and financial restraints causgdhe “Stability Act” imposed on
Italian Local Authorities and for this reason antih.1 was postponed, and subsequently
completed. The partner “Societa Patrimonio di B®itTorinese” originally planned that it
would appoint a Contractor for paving works throudinect negotiation. However,
considering the local elections in Settimo Torinésat resulted in the change of the
administrative body in May 2014, the decision tat glie direct treaty procedure and to
adopt a bidding procedure was taken. The actiondséisitely completed in July 2015.

Final Project conference was successfully heldept&nber 2015.
The management of the project is presented below.

PARTMERSHIP x
AGREEMENT MONITORING
COMPANY
Partner 2
Partner 3
Partner 4
‘ Partner 5
Partner &

\




The coordinating Beneficiary is the sole respomsifl the implementation of the project
vis-a-vis the Contracting Authority. Obligationseagstablished by means of the Grant
Agreement. The Contracting Beneficiary makes ctharresponsibilities of the partners
via partnership agreements signed by each pantneth@ Coordinating Beneficiary itself.

As a first formalisation of project monitoring mechsms, article 11.1 of partnership
agreements states that each project partner vailigee any relevant information to the
Coordinating Beneficiary 45 days before the deadlisubmitting reports to the
Commission. Moreover, the same article statesdhah partner must be available with
additional information, should the Commission resjaeso.

The beneficiaries under the coordination of the r@mating beneficiary constitute the
Project Management Committee, which is gatheretbadt three times per year. The
committee informs its member on the progress ofi®gect, agrees on technical and
financial activities to undertake, sets the worksutpedules, steers the project activity, if
required, according to shortcomings, new issuesranwd elements that may arise during
the implementation.

The figure below depicts the organization and thiesr of each partner, including the
names of the staff assigned to the action

Citta

Metropolitana
di Torino
Coordinating
Beneficiary 1

A 4

Staff assigned to project action

Permanent staff / Full time Agata
Elena APOLLONIO FORTUNATO
Roberto ARNULFO

Cesare BELLOCCHIO
Battista BELLUSCI
Sabrina BERGESE
Stefania DE MICHELIS
Agata FORTUNATO

Assunta VIOLA
I T T 1
POLITECNICO imell Brill S
L Patrimonio CRF Centro Vittorio & C CEIPIEMONT
dIA-I;(s)osiL’t\le? Citta di Settimo Ricerche Fiat Snc Es.cjp.%.
i Torinese Associated ’ ssociate
Bensie Associated Beneficiary 4 Bﬁizzzlizlrf/dS B A
) Beneficiary 3 "
Ezio Francesco Vittorio Annalisa
SANTAGATA Fabrizio ODDONE BONINO BRITADR GAMBA

STAFF ASSIGNED
TO PROJECT
ACTIONS

Full
professors/permane
Ezio SANTAGATA
Mariachiara
ZANETTI

Researcher/perman
Silvia FIORE
Barbara RUFFINO
Pier Paolo RIVIERA

Research
IAss/unpermane

STAFF ASSIGNED
TO PROJECT
ACTIONS

Permanent Staff / F
time

Rosetta CURELLO
Marco SALA
Gabriele
PERRACCHIO
Fabrizio ODDONE
Claudio FAVILLI

STAFF ASSIGNED
TO PROJECT
ACTIONS

Junior environmental
lexperts/permanent
Francesco BONINO
Marco LATTORE
Silvia Giovanna
IAVATANEO

STAFF ASSIGNED
TO PROJECT
ACTIONS

Senior managerial
lexpert

Vittorio BRILLADA,
individual service
icontract

'Technical experts fo
development of
prototype and action:
related to dry
technolog

Daniele CALORIO.

STAFF ASSIGNED
TO PROJECT
ACTIONS

Permanent Staff / F
Time

lAnnalisa GAMBA
Laura SURIANI
Francesca CORSINI
IJAnna MONTICONE
Permanent Staff / P:
Time

Paola TELERA
Elena CIARLO
Paolo MASCIA

IAntonella DE BONI¢
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In the following a brief presentation of the pargiand their role in the project.

The Metropolitan City of Turin , Piedmont, is an administrative body replacing fimener province of
Torino. It was established officially on January 2815 and gathers 315 municipalities, with a pafioh

of over 2.3 million inhabitants, covering over 6)868quare kilometres. Its mission includes spatia a
environmental monitoring planning and possessesiapeompetence over collection, treatment and
disposal of waste. It is also responsible for trenagement of over 3.000 kms of roads. The Metrtgyoli
City of Turin was the coordinating beneficiary of RECALIFE and made its roads assets availablesas te
fields for the project. The Project was born asrasecution of the experiences carried out with the
Politecnico di Torino in the paving works of oneesth of the ring road Borgaro-Venaria with modifie
asphalts.

The Politecnico di Torino, founded in 1906 from the roots of the Technicahdl for Engineers, is an
excellence hub, centre of teaching and researel fields of Engineering. With specific referentmethe
TYRECALIFE project field of interest, the Polytedt University of Turin is involved in researches,
carried out in collaboration with other universitiend public or private institutions, as well ashwiarious
European Community bodies relating to the use bibeu dust in road paving, cold recycling of bituois
mixtures, survey on incineration ashes, Life Cyafsessment (LCA), risk analysis, and the possjbibit
use rubber and inert waste material coming forrfedéht sources for the composition of new bitumsou
mixtures.

The mission of Patrimonio Citta di Settimo Torinese S.R.L" is to implement a coordinated and unified
administrative action for the efficient, effectigad financially sound management of the environadearid
spatial policies of the city of Settimo. As regam$REC4LIFE, the company performed a survey for the
collection of raw waste material from local factwiand businesses. This survey was functional €o th
implementation of the new technologies tested leypioject. Moreover, the partner was in charge tafsa
paving session over a 2-km long stretch on the neddork of Settimo Torinese.

Fiat S.C.p.A Research Centre (CRF)was founded in 1978 as a focal point for innovatiesearch and
development in the framework of the Fiat Group. dpdt is an internationally recognized centre of
excellence whose mission is to use innovation stsadegic lever within the group, improving perfemee
through the development and transfer of innovatiwvetent. CRF has carried out a series of activites
several years to improve the management of endeofsehicles, in addition to the analysis of thestbe
technologies to increase the amount of materialset@ent to recycling for the production of enerigy.
TYRECALIFE it has collected data and delivered repon the environmental impact deriving from tse u
of tyre rubber in asphalts.

BRILLADA VITTORIO & C Snc is a company based in Borgaro Torinese (Turin)ickvthas been
engaged in the construction and road maintenamoe $he early '50s. it is actively dedicated to shedy
and production of bituminous conglomerates for &md of road construction. For TYRECALIFE the
company has tested the technologies of producfiomodified asphalts with rubber and was in charyéhe
creation of a prototype for the production of bitnous conglomerates using the “dry” technology.

Centro Estero per I'Internazionalizzazione del Pieronte (Ceipiemonte) is a joint stock non-profit
consortium company born in 2006 thanks to thedtiite of the Piedmont Region and of the Regiondablin
of the Chambers of Commerce (Unioncamere Piemontgether with representatives of economic
categories, universities, the Polytechnic Univgrsit Turin and other local authorities. While praing
excellence in the world and fostering the intemadiization of the area, Ceipiemonte pursues thectibes

of strengthening the presence of local businedseal heritage and local excellences across thddwor
manifold strategic sectors: Automotive, Aero-Sgatiadustry, ICT, Constructions, Environment and
Biotechnologies. For TYRECALIFE it had an operatiorole in the coordination and monitoring of the
project implementation.
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The setup of the management system was aimed atirnshe project success through
management and coordination. The principles ohtaeagement system are:

* Ongoing evaluation of project development

* Ensuring effective coordination and collaboratiomoag all the partners

» Facilitating and ensuring the fulfilment of the jgt’s objectives, in compliance
with the agreed time planning and budget/admirtisgaconstraints

e Representing the project team in its relations WwithEuropean Commission

* Provide exhaustive reporting and useful data ofept@ctivity

This task was accomplished through the followinggo

» Definition of the Project Management Committee (PMGmposition and tasks
» Definition of monitoring procedure to evaluate gaijdevelopment (action 8)

* Agreement on working methodology to facilitate commeation and interactions
» Set up of periodically review meetings within thejpct team

e Coordination of quality timely completion and caliien of activity deliverables

Project Management is performed by the Coordinaageficiary Citta Metropolitana di

Torino, in terms of global coordination on the wdglroject. It represents the whole
project team in the relations with the European @assion, particularly with the project
manager identified for the TYRECALIFE project, amith the external monitoring team.

A Project Management Committee (PMC)has been established during the first partner
meeting held on 11/10/2011. It is composed by epeesentative for each partner who is

responsible for taking main decisions during thejemt and for project management and

monitoring of their specific activities.

To ensure effective coordination and collaboratamong all the partners, the Citta
Metropolitana di Torino has established that eaehingr should prepare state of
expenditure every 3 months detailed per partner, bdget item and action To respect
this task, each associated beneficiary has to subntihe Coordinating Beneficiary: staff
time sheets duly dated and signed, invoices, tattraents.

With this purpose a database for the progressivaiitoring of expenditures was
implemented. Through this also the monitoring oé tactual progress of the project
activities has been implemented.

The Commission, as underlined in the letter setetr éiie fourth monitoring visit, deemed

the monitoring activity performed until that momexst not satisfying enough. The project
coordinator has therefore developed a new mongdonl comprising a six-month action

fiche, to be filled out for each action..

The 3-month expenditure progress is complementealdgonth monitoring sheetwith
the technical and financial description of the pobjprogress, both for the ongoing 6-
month term and for the cumulated previous termm Af this is to detect delays and gaps
and adopt corrective measures. Such measures inralhyodiscussed within the PMC. In
the fiche the progress of every single action isooed carefully and the corresponding
expenditure is indicated.

The meeting and interaction with project partnargjway, did not follow only the official
pathway of PMC meetings. There were plenty of doceswhere the coordinator could
meet the project partners and discuss with themnellezant issues at that moment. At the
same time, the delivery of results, reports, dedibes followed after the completion of
corresponding activities. The issues, of courseewsen brought into the PMC.

12



The regular checks performed by the external mangocompany proved to be very
fruitful. The comments received especially in timstftwo years helped the partnership
improve its management and think more and morengaly in terms of achievement of
sustainable and durable results. The partners \abways actively involved in the
adoption of the measures needed to amend the shongs detected by the monitoring
visits.
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4. Technical part
4.1. Technical progress, per task

The engineering starting point of the TYRECA4LIFEojpct at the local scale was
constituted by the results of previous investigatmd implementation activities carried
out since 2008 by the Citta Metropolitana di Torerad by the Politecnico di Torino on
the possibility of employing bituminous mixturesntaining scrap tyre rubber for the
maintenance of the local road network. In particulentative applications considered the
use of the so-called “wet” technology, by meansvbich finely ground tyre rubber (with
maximum particle size typically smaller than 1 mi®)pre-mixed with bitumen, thus
leading to the production of a ductile and eladiinder, known as asphalt rubber.
Moreover, in full coherency with available literegymixture composition was defined by
referring to the classical “gap-graded” formulati(eharacterized by a non-continuous
distribution of aggregate particle sizes and byhHitier and binder contents), which has
been reported to yield a satisfactory field perfamge both from a structural and
functional viewpoint.

By taking into account the experience and resyltghesized above, the following four
main technical objectives were set for the TYREGZH project:

Objective n. 1: Validation of the use of bituminous mixtures with alternative
formulation

Although it was recognized that encouraging reswise obtained with the use of gap-
graded mixtures, it was deemed necessary to expanabssibilities of use of bituminous
mixtures containing asphalt rubber binders. Thusas established that the project would
consider a wider array of mixtures obtained by dam maximum aggregate size,
continuity of aggregate size distribution and targeds content.

Objective n. 2: Evaluation of the potential use ofreduced-quality or recycled
aggregates

One of the issues which was judged to be criticalthe widespread acceptance and
diffusion of scrap tyre -based technologies wag thfaaggregate quality, which is
generally required to meet very high standardgHerformation of bituminous mixtures
(of any type, including gap-graded and open-gradédiis one of the objectives of the
TYRECA4LIFE project was to consider the potentiad 0§ aggregates of different sources
and types (including recycled products) in ordeovercome limitations due to the local
availability of premium quality aggregates and/far the reduction of overall construction
and maintenance costs. In such a context, it wasngld that investigations would be
carried out on mixtures prepared by employing (los@andard aggregates, recycled
asphalt pavement (RAP) material and incineratioheascoming from the newly
constructed waste incinerator of the City of Turin.

Objective n. 3: Development of solutions for the m@uction of energy consumption
and emissions

It is well known that due to the high viscosityasphalt rubber, production and laying of
the corresponding bituminous mixtures (of any type) generally carried out at
temperatures which are higher than those of stdnohextures. This leads to an overall
environmental impact scenario characterized by driginergy consumption (and costs)
and greater release of gaseous emissions whichaffegt the health of working crews.
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Moreover, the construction season of these mixtigdgpically shortened due to their

higher sensitivity to environmental temperature. dAfonsequence of these problems,
which prevent the widespread diffusion of asphabber mixtures, one of the main

objectives of the TYRECALIFE project was to identdnd implement technological

solutions which may decrease binder viscosity. dtigations were planned in the

laboratory and in the field in order to fully undtnd the effects of viscosity-reduction
additives and to assess their effectiveness incestigcale paving trials. Activities related
to the use of viscosity-reduction additives wersoatarried out in Actions related to

Objective n. 4, focused on the preliminary impletaéon of the “dry” technology.

Objective n. 4: Preliminary implementation of the “dry” technology

Notwithstanding the fact that in literature it iga&rly indicated that the “wet” technology
has proven to be extremely reliable for the com$isn and maintenance of highly-
performing pavements, a further objective of theRBECALIFE project was that of
exploring the possibility of implementing at a fsltale level the alternative “dry”
technology. In this case scrap tyre rubber is tiyemdded in the mixer of the hot mix
plant in partial substitution of fine aggregatesthwthe possibility of employing rubber
guantities which are typically greater than thoseised in the “wet” process. In such a
context it should be considered that bituminous tumes deriving from the “dry”
technology have yielded an inconsistent performaresmrd, with Contractors often
reporting non negligible problems related to honmegey and compaction which can
promote early ravelling phenomena and moisturaedla@amage. Within the project it
was therefore envisioned to develop a specific giype device for the preliminary
implementation of the “dry” technology, to be vaidd by means of laboratory tests and
reduced-scale field trials.

The technical activities necessary to reach theatives described above were structured
in Actions which were grouped as indicated in thiéofving:

e Action 2 - Evaluation: with the goal of definingettoperative context of the
project, validating its relevance and preventivelaluating the possibility of
consequent implementations;

* Action 3 - Experimental investigations and techgatal development: with the
goal of directly developing the technological amaestific bases on which to
found implementation activities;

* Action 4 - Implementation: with the goal of givintdpe project its required
demonstrative character;

* Action 5 - Life Cycle Risk Assessment: with the go&aglobally evaluating the
sustainability of the technologies considered dyrthe project in terms of
potential impacts on the environment and on thdtthe&construction workers.

Individual actions included in each of the groupsed above are described in the
following paragraphs. As per LIFE+ requirementgpjpct management” tasks (Action 1)
and “dissemination” tasks (Action 6), which alsonttuted to the progress of the
project, are illustrated in other sections of tlep&t (4 and 5.2, respectively).
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ACTION 2: EVALUATION ACTIONS

Action 2.1. Evaluation of the current status of therecycling / energy recovery of
End-of-Life Tyres (ELTs) and End-of-Life Vehicles ELVS) in order to achieve
European targets

Beneficiary responsible for implementation of thetidn:

Centro Ricerche Fiat (CRF)

Planning and progress of the Action

2011 2012 2013 2014 2015
Sep| 4 1 2 3| 4 1 2 3| 4 1 Y. 3 4 L P B 4
Proposal x| x| x| x
1% Amendment x| x| x| x
2" Amendment x| x| x| x
Effective o (o | 0| o

Description

Action 2.1 was included in the TYRECALIFE projestart of its preliminary evaluation
phase in order to set the context, at the natiandlinternational scale, within which the
issue of end-of-life tyres (ELTS) is addressedpénticular, the goal of the Action was to
describe the current status of recovery, reuse wEwycling with respect to the
implementation of the so-called European Directmwsbjch refers to the more general
problem of efficiently managing end-of-life vehisl€EVTS).

Analyses carried out in Action 2.1 were based ota dand documents retrieved from
literature and on the information gathered throtigthnical visits and meetings with
representatives of the various components of thé/ELT management chain (dealers,
dismantlers, crushers, shredders, companies irgehar energy recovery, organizations
coordinating scrap tyre collection).

Investigations were performed by the Beneficiaryttod Action (Centro Ricerche Fiat,
CRF) with the cooperation of Ecopneus scpa. No majoblem was encountered in any
phase of the Action.

In synthesis, the following conclusions were drd¥am details, see the Report provided in
attachment, identified as one of the Deliverableth® TYRECALIFE project):

e The Italian ELV management, based on the close eratipn of Government,
Industry and Sector Associations, proved to be esgfal in reaching European
recycling and recovery 2006 targets (80% reuse ranglcling; 85% reuse and
recovery);

» Strategies for the maximization of ELV recyclingdarecovery, necessary in order
to reach the 2015 targets (85% reuse and recyd@d¥i reuse and recovery), are
mainly related to the increase of post-shreddingtf@ separation of material
flows and will be supported by dedicated projeetg.(TARGET FLUFF project);

» Data retrieved from the Eurostat database inditizée the European scenario is
characterized by a significant variability, althbutpe efforts of most Countries in
trying to fulfil the 2015 targets are clearly proviey positive trends;

* The new ltalian ELT collection and management systeased on the “producer
responsibility” principle and on the imposition ah environmental fee on tyre
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sales, in its initial implementation led to verycearaging results (approximately
73,000 tons of collected and treated ELTs in 2011);

« Data taken from reports issued by ETRMA (EuropeayreTand Rubber
Manufacturers’ Association) and IRSG (InternatiorRubber Study Group)
indicate that the percentage of collected tyrepistantly increasing, approaching
the 95% threshold in 2011;

* Currently available options for ELT recycling covarwide range of possible
applications which are widely documented in litarat

* ELT recycling technologies related to the constamctof road pavements have
attracted the attention of Administrations and aesleers both at the national and
international level, although their introductiontire Italian context as of 2012 was
still in a very preliminary phase;

« ELT energy recovery technologies have been mordyeamplemented into
practice as a result of the high calorific valugwfber and may be considered as
standard options available to the Industry (e.gceément kilns and thermoelectric
power stations);

* Due to the fact that tyres represent approximadéy of the weight of a whole
vehicle, ELT recycling and recovery are among thg &trategic activities which
should be enhanced and sustained in order to thac?015 European targets.

Action 2.1 was successfully completed within thanpled timeframe.
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Action 2.2. Environmental evaluation of recycling €chnologies of crumb rubber
from ELTs in comparison with solutions such as lanfill disposal and energy
recovery

Beneficiary responsible for implementation of thetidn:

Centro Ricerche Fiat (CRF)

Planning and progress of the Action

2011 2012 2013 2014 2015
Sep| 4 12| 3| 4 1| 2 3| 4 1 2 4 L P B 4
Proposal x| x| x| x| x X
1% Amendment x| x| x| x| ¥ x
2" Amendment x| x| x| x| ¥ x
Effective o[ e | o| o] o o
Description

Action 2.2 of the TYRECALIFE project focused on thssessment of the overall
environmental impact associated to the possiblarndg®ns of end-of-life tyres (ELTS).
In particular, the purpose of such an evaluatiors wa highlight the potential benefits
produced by recycling activities.

ELT management options which were subjected to yarsalincluded mechanical

pulverization processes (MPP), substitution of @minal fuel in cement kilns and
landfill disposal. Such processes were comparedthbgns of a Life Cycle Assessment
(LCA) methodology in accordance with ISO 14040 d8&® 14044, thus taking into

account both direct and indirect environmental a&ffe By referring to a common

function unit of 1 ton of ELTs, the LCA study waarded out by making use of the GaBi
v.6 software and by retrieving data for the Lifect&yInventory (LCI) from available

literature and from companies contacted duringcthese of Action 2.1.

Results were expressed in terms of several parasngbe two main ones being Global
Warming Potential (GWP) and Primary Energy Demarminf renewable and non-
renewable resources (PED), which are reliable atdrs of greenhouse emissions and life
cycle energy consumption, respectively.

Investigations were performed by the Beneficiarytiod Action (Centro Ricerche Fiat,
CRF). No major problem was encountered in any pba#ee Action.

In synthesis, the following conclusions were drd¥am details, see the Report provided in
attachment, identified as one of the Deliverableth® TYRECALIFE project):

« As expected, landfilling constitutes the worse emwinental scenario in terms of
both GWP and PED, while use in cement kilns leadan environmental profile
which is the best in terms of PED since it is agged to a significant reduction of
fossil fuel consumption and to the possible recpweémetal;

* Mechanical pulverization is by far the best optiorterms of GWP due to the fact
that it allows recycling of rubber and metal, bistenvironmental profile may be
further enhanced by fine-tuning production processe order to obtain
distributions of rubber particle sizes more comgatiwith subsequent recycling
processes.

Action 2.2 was successfully completed within thanpled timeframe.
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Action 2.3. Environmental evaluation of the use ofrumb rubber from ELTs in road
paving technologies in comparison with standard sations

Beneficiary responsible for implementation of thetidn:

Centro Ricerche Fiat (CRF)
(Action developed with the cooperation of the Rglitico di Torino)

Planning and progress of the Action

2011 2012 2013 2014 2015
Sep| 4 1 2 3| 4 1 2 3| 4 1 2 3 4 L P B 4
Proposal x| x X X XA
1% Amendment N
2" Amendment M .
Effective o | o| o| o| of o

Description

Action 2.3 of the TYRECALIFE project considered theerall environmental impact
associated to various paving technologies, with ghenary goal of highlighting the
potential benefits deriving from the production ars@ of bituminous mixtures containing
crumb rubber from end-of-life tyres (ELTS). Givehet preparatory character of the
Action, evaluations were intended to be based da dstrieved from literature, while
environmental assessment of the paving works peddrduring the implementation
phase of the project (Actions 4.1 and 4.2) weramda as part of Action 5.

Paving technologies considered in the study of dkct2.3 were those which may be
employed, within new construction and rehabilitatiprojects, for the formation of
wearing course layers. In particular, options sctiej to analysis were those of standard
(reference) dense-graded bituminous mixtures, gagegl and open-graded bituminous
mixtures containing asphalt rubber (produced by maeaf the “wet” process) and
bituminous mixtures produced by means of the “deghnology (in which crumb rubber
is directly added to the other components in tlaatmixer).

Comparisons were performed by means of a Life Cpsleessment (LCA) methodology
in accordance with ISO 14040 and ISO 14044. Adofiedtional units were constituted
by a wearing course covering a surface of 1 knength and 4 m in width, with variable
thickness depending upon the considered technof@glgulations were based on the use
of the GaBi v.6 software, while the Life Cycle Imiery (LCIl) stemmed from the
Eurobitume database and from experimental invesiiga carried out on paving trial
sections by the Politecnico di Torino as part dleotresearch projects.

As for Action 2.2, results were expressed in teohseveral parameters, the two main
ones being Global Warming Potential (GWP) and PrymBnergy Demand from
renewable and non-renewable resources (PED), wiaieh reliable indicators of
greenhouse emissions and life cycle energy consampespectively.

Investigations were performed by the Beneficiaryttod Action (Centro Ricerche Fiat,
CRF) with the cooperation of the Politecnico di ifior No major problem was
encountered in any phase of the Action.

In synthesis, the following conclusions were drd¥am details, see the Report provided in
attachment, identified as one of the Deliverableth® TYRECALIFE project):
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« As expected, in comparison with standard pavingutgmis, significant
environmental benefits were identified in the cag¢hose options involving the
use of innovative bituminous mixtures containingnab rubber from ELTS;

* The “dry” paving technology yielded results whiclene comparable to those of
standard solutions, due to similarities in termspefcentage of bitumen, total
guantity of mixture and design wearing course theds;

» Significant benefits were found in the case of pgwolutions based on the use of
asphalt rubber as a binder (“wet” technology), esdly in the case of gap-graded
mixtures, since they allow a reduction of wearingrse thickness;

» Further environmental advantages associated taiskeof bituminous mixtures
containing crumb rubber, which are expected to @kl higher durability in
service, may be highlighted by extending the arsyseyond the boundaries set in
the present study (which focused on production lagishg) so to include the use
and maintenance phases.

Action 2.3 was successfully completed within thanpled timeframe.
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Action 2.4. Evaluation of the current status of aggegates available for bituminous
mixtures containing crumb rubber

Beneficiary responsible for implementation of thetidn:

Politecnico di Torino
Planning and progress of the Action

2011 2012 2013 2014 2015
Sepp 4 | 1| 2| 3| 4| 1| 2| 3| 4 1 2 4 L P B 4
Proposal x| x
1% Amendment x| x
2" Amendment x| x
Effective o | o o | o

Description

In the TYRECALIFE project proposal it was statedttAction 2.4 would consider the
availability of aggregates for bituminous mixtu@ntaining crumb rubber from ELTS,
mainly focusing on those coming from quarries ia Biedmont region. Furthermore, the
assessment was meant to be extended to innovatiyeled materials, such as incinerator
bottom ashes, which may contribute to the reduatiothe overall environmental impact
of pavement construction activities.

While activities related to the evaluation of startiaggregates were completed within
the predicted timeframe, delays occurred in theradtarization of innovative/recycled
aggregates. These were due to the fact that thet oh®perations of the new incinerator
of the City of Torino was repeatedly postponed i(uBeptember 2013), with the
consequent impossibility of obtaining bottom ashésevertheless, as described in the
following, the Action was successfully completedi aielded very interesting results both
for traditional and innovative aggregates.

The initial phase of the Action involved the an@ysf available technical data provided
by quarries and of the historical databases of Regional Authority and of the
Politecnico di Torino. Data were available on cegs5/30 mm), intermediate (8/15 mm)
and fine (0.2-0.3 mm) fractions, and were expressadrms of lithological composition,
mineralogical composition and resistance to fragaten (Los Angeles test).

Given the characteristics of available aggregaves,primary sources were identified and
the corresponding fractions produced by the quarmeere sampled and thereafter
employed for laboratory testing. In particular, ttveere employed for the preparation of
reference gap-graded mixtures with 8.0% asphalbeulbinder which were evaluated
with respect to their volumetric characteristics afshall and gyratory compacted
specimens) and mechanical properties (by meansuwodard, routine tests).

In synthesis (for details, see the Report provioedttachment, identified as one of the
Deliverables of the TYRECALIFE project) it was chmed that locally available
aggregates are adequate for use in gap-gradedresxtontaining asphalt rubber binders
since requirements set by available Technical Stalsdon volumetric and mechanical
characteristics are fully satisfied.
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A similar approach was followed in the case of thwitom ashes coming from the
incinerator of the City of Torino. In synthesis tftidlowing conclusions were drawn (for
details, see the Report provided in attachment):

* Bottom ashes from the waste incinerator of the Gityorino may be used in gap-
graded mixtures with aggregate substitution peeggd of the order of 20%;

* Due to the high surface area of ashes (which albsdabge amount of bitumen),
optimal binder content tends to increase by 0.5%h wespect to standard gap-
graded bituminous mixtures;

» Use of bottom ashes in gap-graded mixtures leadantancrease of Marshall
stability as a result of the variation of intersaucture;

» Stiffness, as expressed by the Marshall quotie@ms not to be affected by the
presence of bottom ashes.

Experimental investigations on mixtures preparedthbowith standard and
innovative/recycled aggregates were performed énRbad Materials Laboratory of the
Politecnico di Torino. No major problem was repdrie any phase of the Action.

Action 2.4 was successfully completed within thd ehthe TYRECALIFE project.
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Action 2.5. Evaluation of the current status of thecrumb rubber availability in Italy

Beneficiary responsible for implementation of thetidn:

Politecnico di Torino
Planning and progress of the Action

2011 2012 2013 2014 2015
Sep| 4 1 2 3| 4 1 2 3| 4 1 Y. 3 4 L P B 4
Proposal x| %
1% Amendment x| x
2" Amendment x| x
Effective o | o

Description

Action 2.5 was included in the TYRECALIFE projentarder to assess the availability

status of crumb rubber in Italy, with a speciaknesst in those products which can be used
as additional components in bituminous mixturespiaving applications. The evaluation

was scheduled to be based on the analysis of mxidtita, on the observations derived
from technical visits to ELT treatment plants and tbe results obtained in dedicated

laboratory investigations.

The six treatment plants which were subjected taluation, distributed in the entire
Italian territory, were selected among those whoplerate with continuity according to
well-defined production processes at ambient teatpeg. For comparative purposes, an
additional cryogenic plant, located in Portugalsva#so included in the study.

Plant configurations were found to be quite vaeadohd were described by referring to the
exact sequence of the various phases of shreddimgmagnetic separation, milling and
sieving. In general terms it was recorded that petidn processes were dependent upon
the actual inflow of material and on the desiredliqy of end products. According to
owners, managers and operators, all the considqaesds employed both car and truck
tyres, with the only one exception (where procesk&ds came only from heavy
vehicles).

Crumb rubber samples were taken from all treatnmmants and were subjected to

laboratory tests for the determination of partgilee distribution and evaluation of content
of heavy metals, PAH (polynuclear aromatic hydrboas), BTEX (benzene, toluene,

ethylbenzene and xylene) and elemental analysislitiddal tests were performed on

bituminous mixtures for the assessment of the &ffemused by crumb rubber (included as
part of asphalt rubber binder) in leaching phencmen

Investigations were performed in the Environmer@alemistry Laboratory and in the
Road Materials Laboratory of the Politecnico diifior No major problem was reported
in any phase of the Action.

In synthesis the following conclusions were drafan (letails, see the Report provided in
attachment, identified as one of the Deliverableth® TYRECALIFE project):

e Based on the combined analysis of available teahniaformation and
experimental data, it was possible to find relaglups between the type of plant
treatment and crumb rubber physical and chemicadgoaties;
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» Significant variations in particle size distributiavere found as a result of the
differences in the production processes;

* Heavy metals were found to be within expected rangeth the lower values
presumably associated to a more efficient selectfonaterials;

* Elemental analysis gave results which were quitéotm for all plants, thus
revealing that the average composition of procesged is indeed constant (with
higher carbon content values probably associatdatid¢aadditional processing of
non-vulcanized rubber coming from alternative ses)t

e BTEX and PAH values were found to be extremely aldg, the lower values
being associated to the processing of truck tyrdg @vith a higher percentage of
natural rubber with a low content of organic aramatibstances);

* The cryogenic treatment, not available in Italytreg time of the investigation, led
to high PAH values, probably due to the fact thet bbw-temperature treatment
does not allow volatilization of organic substanttetake place to the same extent
of ambient processing;

* Results of leaching tests showed that bituminoustureés containing crumb
rubber may have an enhanced environmental comiigtiith respect to PAH
and BTEX release.

Action 2.5 was successfully completed within thanpled timeframe.

Obtained results were compounded in a databasehvidiconstantly being updated as
more research work on crumb rubber products isgoperformed by the group of the
Politecnico di Torino. Thus, the Action is natuyatleing extended beyond the time limits
of the TYRECALIFE project and will hopefully lead & deeper understanding of the
characteristics of crumb rubber products for pawapglications.
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Action 2.6. Screening for alternative material at bort supply distance

Beneficiary responsible for implementation of thetidn:

Patrimonio Citta di Settimo Torinese
Planning and progress of the Action

2011 2012 2013 2014 2015
Sep| 4 12| 3| 4 1| 2 3| 4 1 2 4 L P B 4
Proposal x| x| x| x
1% Amendment x| x| x| x
2" Amendment x| x| x|
Effective o | o | o o o
Description

In the TYRECALIFE project the set of evaluation idos was completed by Action 2.6,
the function of which was to provide updated infation on the production and
commercial activities which can be potentially itwenl at the local scale in recycling-
related technologies. These were to include not afdber-based materials, but all those
which can be of interest for innovative road pawapglications.

Delays in the progress of the Action occurred a@sequence of the partner change,
Patrimonio Citta di Settimo Torinese replacing ASMhich entailed a complete
interruption of activities between May and Septenf# 2. Nevertheless, as described in
the following, the Action was successfully comptete

Analyses were carried out by considering local nfecturers and traders involved in
activities corresponding to ATECO codes (attribubgdthe Italian National Institute of
Statistics, ISTAT) 38.32.20 (Recovery and preparafor recycling of plastic materials),
38.32.30 (Recovery and preparation for recyclingudifan solid waste, industrial waste
and biomass) and 42.11.00 (Construction of roadgprmways and airport runways). A
profile was prepared for each company with a dpson of prevailing business, product
data sheets and information on willingness to imeproduction processes with respect
to technical specifications resulting from the TYREIFE research project.

The search initially included approximately 100 inesses located in the Province of
Torino, but it was subsequently reduced to encomfiasse located within a distance of
30 km from the City of Settimo Torinese. Such aichavas made to lay the foundations
for the formation of an enhanced local recyclinginhin which transportation costs and
consequent environmental impacts would be minimized

All the gathered information was compounded in a-ggerenced database implemented
into the Territorial Informative System (SIT) ofettMunicipality of Settimo Torinese. Its
main characteristics are described in the RepothefAction, provided in attachment,
identified as one of the Deliverables of the TYREEE project

Investigations and activities related to the depelent of the database were performed by
the Beneficiary of the Action (Patrimonio Citta $iettimo Torinese). No major problem
was encountered in any phase of the Action.

Action 2.6 was successfully completed within thd ehthe TYRECALIFE project.
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ACTION 3: EXPERIMENTAL INVESTIGATION AND TECHNOLOGY DEVELOPMENT
Action 3.1. Characterization of asphalt rubber bincers

Beneficiary responsible for implementation of thetidn:

Politecnico di Torino
Planning and progress of the Action

2011 2012 2013 2014 2015
Sep| 4 12| 3| 4 1| 2 3| 4 1 2 4 L P B 4
Proposal x| x
1% Amendment x| x
2" Amendment x| x
Effective ° | o
Description

In the TYRECALIFE project proposal it was cleartated that Action 3.1 would be of
experimental character, focused on the assessrhémd cheological properties of asphalt
rubber binders. It was pointed out that invest@atiwould consider both standard binders
and binders combined with viscosity reduction adeg, useful for the reduction of
processing temperatures and of the consequent yemergumption and emission of
fumes.

In the first phase of the investigation, tests weaeried out on bitumen-rubber blends
prepared by employing a single reference base kitusombined with crumb rubber
products derived from ambient, cryogenic and higlesgure waterjet production
processes. Crumb rubber dosage was varied betweand520%. For comparative
purposes, the investigation also considered indidbitumen-rubber blends (“asphalt
rubber” binders) containing approximately 18% (bgigiht on total binder) of crumb
rubber. Before preparation of asphalt rubber blendsimb rubber products were
characterized in terms of their density, morpholagy surface area.

Asphalt rubber binders were subjected to viscdsiys in a temperature range comprised
between 125 and 190°C and obtained were fittedpgoveer-law model. The entire set of
experimental data was subjected to further prongdsir the identification of the possible
relationships between physical and morphologicaratteristics of crumb rubber and
flow properties of corresponding blends. In patacua quantitative prediction model was
developed.

In synthesis the following conclusions were drafan (letails, see the Report provided in
attachment, identified as one of the Deliverableth® TYRECALIFE project):

e Procedures and models developed for the assessimamimb rubber morphology
were found to be reliable, yielding results whickerar coherent with the
peculiarities of crumb rubber production processaed with general information
available in literature;

» It was observed that regardless of the fact they #re composed of smooth and
regularly shaped particles, cryogenic crumb rulgveducts are characterized by a
higher surface area due to their finer size distrdn;
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« Viscosity of the binders containing ambient crurablrer products was definitely
higher than that of asphalt rubber prepared witth same dosage of cryogenic
crumb rubber;

* The highest viscosity values were measured forkimeler prepared with the
ambient crumb rubber derived exclusively from trugkes, which contains a
higher percentage of natural rubber;

» The proposed viscosity-prediction model proved o dtatistically sound and
coherent with interaction phenomena which occuhiwiaisphalt rubber binders.

In the second phase of the investigation, teste warried out on bitumen-rubber blends
prepared by employing three different referenceeld@atumens combined with a single
crumb rubber product derived from ambient produrcpoocessing. Crumb rubber dosage
was set at 18.5% (on total weight of asphalt rubdiader). Additional binders were
prepared by employing a commercially available loscosity additive (a long-chain
aliphatic hydrocarbon wax) with a dosage of 3% lgyghit on base bitumen.

Viscosity tests were performed at 175°C with thibsgguent evaluation of characteristic
parameters which describe the time-dependent piterabetween rubber particles and
base bitumen during mixing.

In synthesis the following conclusions were drafan (letails, see the Report provided in
attachment):

» All asphalt rubber binders exhibited a common twisgosity trend, in which an
initial swelling phase | followed by a degradatjgmase;

« The use of the low-viscosity additive reduces bg-tnrd the time required for the
achievement of peak viscosity conditions.

All investigations were performed in the Road Mater Laboratory and in the
Environmental Chemistry Laboratory of the Politeondi Torino. No major problem was
reported in any phase of the Action.

Action 3.1 was successfully completed within thanpled timeframe.

Obtained results were compounded in a databasehwhiconstantly being updated as
more research work on asphalt rubber binders isgbeione by the group of the
Politecnico di Torino. Thus, the Action is natuyableing extended beyond the time limits
of the TYRECALIFE project and will hopefully lead & deeper understanding of the
characteristics of asphalt rubber binders for pgapplications.
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Action 3.2. Characterization of bituminous mixturescontaining crumb rubber from
ELTs

Beneficiary responsible for implementation of thetidn:

Politecnico di Torino
Planning and progress of the Action

2011 2012 2013 2014 2015
Sepp 4 | 1| 2| 3| 4| 1| 2| 3| 4 1 2 4 L P B 4
Proposal x| x| x| x
1% Amendment x| x| x|
2" Amendment x| x| %
Effective o | o o o

Description

Action 3.2, which focused on the laboratory charazation of bituminous mixtures
containing crumb rubber from ELTs, was deemed rezggsn order to gather information
on their potential field performance and to provigeidelines for their mix design.
Moreover, it was conceived as a preparatory acbamplementation Actions 4.1 and 4.2,
which were scheduled further on in the project.

By taking into account the results obtained in et 2.4 and 2.5, bituminous mixtures
were prepared by employing aggregates of diffecgigins and asphalt rubber binders
containing several crumb rubber types. Consideredunes included not only standard
gap-graded ones, but also mixtures with alternafimenulations (coherently with
Objective n. 1 of the project) characterized byowdr binder content, by a coarse
aggregate structure or by a continuous size digtab of aggregate particles.

The experimental investigation included the followitests: compaction (Marshall,
gyratory and roller), volumetric (theoretical maxim density, percent air voids, voids in
the mineral aggregate and voids filled with bituipesimple QA/QC mechanical
(Marshall and indirect tensile strength before aftér water immersion), performance-
related mechanical (wheel-tracking and semi-circuteending) and environmental
(leaching and potential gaseous emission).

Investigations were performed in the Road Matelialsoratory and in the Environmental
Chemistry Laboratory of the Politecnico di Toritdo major problem was reported in any
phase of the Action.

Obtained results (see the Report provided in attacit, identified as one of the

Deliverables of the TYRECALIFE project) constititevaluable reference database for
future full-scale applications. Moreover, they wased for the definition of the Technical

Specifications which were adopted for the consibactof full-scale test sections in

Actions 4.1 and 4.2 (provided in attachment anchtified as one of the Deliverables of
the TYRECALIFE project).

Technical Specifications, which refer to gap-gradaed dense-graded mixtures containing
crumb rubber, include:

* Prequalification requirements for component makeria
* Mix design procedures to be adopted for identifozabf job mix formulae;
* Acceptance procedures which the commencement ofgrent works;
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* Laying procedures;
» Control plan for quality assurance.

Action 3.2 was successfully completed within thanpled timeframe.

29



Action 3.3. Development of devices for the impleméattion of the “dry” technology
Action 3.3.1. Design of protoype device

Beneficiary responsible for implementation of thetidn:

Politecnico di Torino
(Action developed with the cooperation of Brillad#torio & C.)

Planning and progress of the Action

2011 2012 2013 2014 2015
Sepp 4 | 1| 2| 3| 4| 1| 2| 3| 4 1 2 3 4 L P B 4
Proposal x| x| x| X x
1% Amendment Y T O I I T
2" Amendment x| x| X X o
Effective o | e o | 0| o of o

Description

In the TYRECALIFE project proposal originally appea by the European Commission it
was stated that the preliminary implementationhef tdry” technology would require,
through Action 3.3.1, the design of a new mixeb#oinserted in the production line of a
standard hot mix plant. In particular, such a dewhould have the capability of receiving
aggregates preheated in the dryer, scrap tyre rubigebitumen, operating in appropriate
conditions in order to prevent the occurrence gragation phenomena which are typical
for “dry” mixtures prepared in standard mixers ga®sult of the significant differences in
unit weight between aggregates and crumb rubber).

Design of the prototype was developed by consideavailable technological solutions
(evaluated through analysis of literature and texirvisits) and by trying to achieve the
maximum flexibility in terms of:

* Mode of introduction of crumb rubber: either “hothrough premixing with
aggregates in the dryer, or “cold”, through direcidition in the mixer, with
expected differences in the interaction with otimétture components;

* Type of crumb rubber: ranging from ultrafine to = (include the standard
“fine” type), in order to affect in different waythe internal structure of “dry”
mixtures;

* Quantity of crumb rubber: taking 1% (by weight aiy dggregates) as a reference
and by possibly increasing such a quantity if catbp@a with production
constraints.

Design activities were supported by laboratory stigations in which “dry” mixtures
were prepared by considering those derived fromfdélogorial combination of mixture
type (for wearing and base course), crumb rubljgs fultrafine and coarse) and mode of
introduction of crumb rubber (“hot” and “cold” puaatol). Laboratory-prepared mixtures
were subjected to volumetric and mechanical tegth, an emphasis placed on gyratory
compactor parameters, which provide informatiortl@workability of mixtures, and on
elastic modulus, considered as a reliable indicgaftdineir structural properties.

Given the width and complexity of the investigatiam extension of the duration of the
Action was deemed necessary. This was communicatéte European Commission as
part of the first request for amendment requesiedon 05/06/2013.

30



Investigations were performed in the Road Materladboratory of the Politecnico di
Torino. No major problem was reported in any phaEfs¢be Action.

Experimental results highlighted the fact that adtiction of scrap tyre rubber in
bituminous mixtures by means of the “dry” technglaguses the following effects (for
details, see the Report provided in attachmenntified as one of the deliverables of the
TYRECALIFE project, which includes achievement#\ofions 3.3.1, 3.3.2, 3.4 and 3.5):

* volumetric expansion of mixtures after compactiwhjch is negligible when fine
rubber particles are employed and is significanthi@ case of coarser products
(with the consequent need of changing the optingragirocess);

* increase of the optimal binder content, which sager when fine rubber particles
are used and in the case of rubber use in “coldtitmns (with no pre-heating);

* reduction of workability, which is greater in thase of employment of smaller
rubber particles;

* reduction of stiffness, which is greater in the ecad use of coarser rubber
particles.

In synthesis the following conclusions were drawn:

* mixtures prepared according to the “hot” protocefr&superior to the others, thus
suggesting that premixing of crumb rubber with agates is absolutely necessary
to minimize segregation phenomena,

» for all considered crumb rubber types the referelusage (equal to 1% by weight
on dry aggregates) should be recommended, atiledise preliminary phases of
full-scale implementation of the technology.

Based on the results and observations listed abibvieecame clear that the design
philosophy of the prototype needed to be changathd® than conceiving a new “mixer”
it was in fact understood that in order to prev&dregation it was necessary to focus on
the premixing of aggregates and crumb rubber. Tausew system for the insertion of
crumb rubber directly in the dryer should be idiéedi or developed.

The solution which was found to the above descripeiblem was that of employing a
double cylinder drum capable of simultaneously pssing aggregates and crumb rubber
with differential temperature histories. Technidatails of this prototype device, together
with the final layout of the hot mix plant, are givin the Report provided in attachment.

This new approach to the production of “dry” mixdsied to a modification of the project
budget which was one of the subjects of the fiesfuest for amendment, sent to the
European Commission on 05/06/2013. In particulmyhér costs were envisioned as part
of Action 3.3.2, reflecting in a reduction of expiénres for Actions 4.1 and 4.2.

Action 3.3.1 was successfully completed within plenned timeframe.
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Action 3.3.2. Development of a full-scale mixing mtotype for the implementation of
the “dry” technology

Beneficiary responsible for implementation of thetidn:

Brillada Vittorio & C.
(Action developed with the cooperation of the Rglitico di Torino)

Planning and progress of the Action

2011 2012 2013 2014 2015
Sep| 4 1 2 3| 4 1 2 3| 4 1 2 4 L P B 4
Proposal x|  x x
1% Amendment VIR I
2" Amendment N
Effective o o o| o] o | o
Description

Action 3.3.2 was entirely dedicated to the fulllscanplementation of the prototype
device designed in Action 3.3.1. Foreseen actwifiecluded construction/installation,
calibration and preliminary validation in prepacoatiof the construction of pavement trial
sections planned within Action 3.5.

Delays in the construction of the prototype ocatliras a result of the change in design
philosophy (and of budget) originated by Action.3.and of the time required for the

production and delivery of the selected double dr8och delays were communicated to
the European Commission in the two requests fomament issued on 05/06/2013 and
29/09/2014. Consequences on the budget of Actioisaad 4.2, which had to be

conveniently reduced, were indicated in the fiesjuest for amendment.

Installation of the prototype device was perfornagéthe hot mix plant of Brillada Vittorio
& C.. The work was carried out by the plant stafttwthe support of technicians from the
supplier (Amman). Picture of these operations awmviged in the Report provided in
attachment (identified as one of the deliverableshe TYRECA4LIFE project, which
includes achievements of Actions 3.3.1, 3.3.2,&hd 3.5). No major technical problem
was reported in any phase of the Action.

Calibration and verification activities were perfeed by checking the reliability of the
production chain, with a special attention placaccaumb rubber dosage and temperature.
Trial mixtures were found to be homogeneous, widhvisible sign of segregation. Thus,
the production system was approved and consideaaty/rfor the scheduled reduced-scale
paving trials of Action 3.5.

Action 3.3.2 was successfully completed within pheenned timeframe.
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Action 3.4. Solutions for the reduction of energy @ensumption and emissions in the
“dry” recycling technology

Beneficiary responsible for implementation of thetidn:

Brillada Vittorio & C.
(Action developed with the cooperation of the Rglitico di Torino)

Planning and progress of the Action

2011 2012 2013 2014 2015
Sep| 4 1 2 3| 4 1 2 3| 4 1 2 4 L P B 4
Proposal X
1% Amendment X
2" Amendment S
Effective o o of o
Description

In the TYRECALIFE project proposal originally appeal by the European Commission it
was pointed out that within the preliminary implertegion of the “dry” technology it
would be advisable to experiment the use of visgasduction additives for the
limitation of production costs and of emissions gated during laying operations. Thus,
trial mixing activities and laboratory tests werdarmed for an initial assessment of the
produced mixtures.

For these activities it was envisioned that thentjtya of produced mixtures would be
quite limited (of the order of 10 tonnes), with tberesponding consumption of crumb
rubber coming from approximately 50 tyres.

Based on the results obtained from the mix desigrkwarried out on “dry” mixtures in
Action 3.3.1, it was decided that Action 3.4 cob&lchanged and expanded in terms of its
technical value so to directly assess the promemie mixtures containing viscosity-
reduction additives produced by the prototype dmyed within Actions 3.3.1 and 3.3.2.
Thus, Action 3.4 was postponed and scheduled iallpato Action 3.5. Delays in the
finalization of design and construction activitesthe prototype (Actions 3.3.1 and 3.3.2)
and those due to unfavourable environmental canditvere therefore reflected even on
Action 3.4. Nevertheless, as the described in dflewing, the Action was successfully
completed and yielded very interesting results.

The investigation considered a base course mixtorgaining ultrafine crumb rubber
which was produced according to the same job mmnita adopted for one of the
mixtures included in Action 3.5, with the additibnase of a commercial viscosity-
reduction additive (with 1% dosage on the weighthefneat bitumen).

As indicated in the description of Action 3.5, #ite selected for the laying of the mixture
was within the premises of the plant of Brilladatdfiio & C., close to the prototype itself.
As shown in the Report provided in attachment (ified as one of the deliverables of the
TYRECALIFE project, which includes achievementsiofions 3.3.1, 3.3.2, 3.4 and 3.5),
the paving surface was equal to 619with target laying thickness equal to 5 cm.

Production and construction activities were caroedl by the Beneficiary of the Action
(Brillada Vittorio & C.) between July™ and July &, 2015. Monitoring activities and
subsequent testing were performed by the PolitecdicTorino. No major problem was
reported in any phase of the Action.
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A brief description of preparatory and laying aities and of sampling operations is
provided in the section on Action 3.5. Picturespafiing operations are provided in the
Report provided in attachment.

Results obtained on the “warm” mixture, preparethwie viscosity-reduction additive,
were compared to those obtained on the other lmgse mixtures (Action 3.5).

In synthesis, the following conclusions were drgfaon details, see the Report provided in
attachment):

* No particular problems are registered when usimgvibcosity-reduction additive
in the “dry” production process;

* Use of the viscosity-reduction additive allowed iteyy to be carried out at a
temperature 20°C lower than the one adopted fandsta mixtures (130 vs
150°C);

* Volumetric and mechanical properties are not afi@dby the presence of the
viscosity-reduction additive.

From a quantitative point of view, by considerimg tfinal extension of the laid mixture

and its true composition (and compaction levelgaih be concluded that Action 3.4 led to
the recycling of approximately 120 tyres. Such &ueas significantly higher that the

quantity indicated in the project proposal (eqoab® tyres).

Action 3.4 was successfully completed within thd ehthe TYRECALIFE project.

The perspective for continuing the Action after #ral of the project is encouraging. In
particular, laboratory analyses will focus on thesgible use of several other viscosity-
reduction additives in order to optimize performanc

It is envisioned that the “warm” version of the ytitechnology may be attractive for
Contractors and Administrations as a possible ratéere to other technologies based on
the recycling of crumb rubber (“wet” and “standahg”). Thus, other mix design and
monitoring activities may be carried out in theuat to further support the adoption of
such a technology.
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Action 3.5. Trial reduced-scale experimental sectits with “dry” technology

Beneficiary responsible for implementation of thetidn:

Brillada Vittorio & C.
(Action developed with the cooperation of the Rlitico di Torino)

Planning and progress of the Action

2011 2012 2013 2014 2015
Sepp 4 | 1| 2| 3| 4| 1| 2| 3| 4 1 2 4 L P B 4
Proposal X
1% Amendment T
2" Amendment % T S B
Effective o o of o

Description

In the TYRECALIFE project proposal, it was indichtthat in Action 3.5 bituminous
mixtures produced according to the “dry” technology means of the prototype
developed in Actions 3.3.1 and 3.3.2 would be laickduced-scale sections. The purpose
of such activities was on one hand to validateptaotype reliability and on the other
hand to provide a preliminary assessment of thetiomal and structural properties of
“dry” mixtures. Moreover, it was envisioned thatfarmation could be obtained for
possible adjustments of formulation and laying ¢toos (i.e. temperature and rolling
patterns).

Total extension of the trial pavements in the aifiroject proposal was fixed at 5,008, m
with a design thickness of 3 cm. In the hypothe$is% (by weight of dry aggregates)
bitumen content of the laid mixtures and 3% crumibber content (in substitution of an
equal weight of fine aggregates), this would leadhe recycling of approximately 1,680
tyres (erroneously indicated as 1,725 in the praos

Action 3.5 was postponed as a result of the delaythe finalization of design and

construction activities of the prototype (Actions3.3 and 3.3.2), and as a result of
unfavourable environmental conditions. Neverthelessthe described in the following,
the Action was successfully completed and yieldeny interesting results.

Based on the experimental activities carried ouinduthe design phase of the prototype
(Action 3.3.1), the technical content of Action 3mas significantly expanded so to
include not only wearing course mixtures but alasebcourse mixtures. Moreover, it was
deemed necessary to explore the possibility of eyl both coarse and ultrafine crumb
rubber (characterized by particle size ranges egubl4 mm and 0-0.4 mm, respectively).

Mixtures produced and laid on site included the falny” ones derived from the factorial
combination of layer type and crumb rubber sizespivo additional reference mixtures
(for wearing and base courses) included in thevities for comparative purposes.

The site selected for the trials was within thenpees of the plant of Brillada Vittorio &
C., close to the prototype itself. As shown in Report provided in attachment (identified
as one of the deliverables of the TYRECALIFE prpjedich includes achievements of
Actions 3.3.1, 3.3.2, 3.4 and 3.5), the total stefaovered by paving trials was equal to:

« 2,070 nf for base course mixtures, with a target layingkhess equal to 5 cm;
« 2,680 nf for wearing course mixtures, with a target layihigkness equal to 3 cm.
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In particular, it was agreed that the individuaktares would be placed in different areas
as indicated in the following:

« The base course mixture containing coarse crumierutn 850 M

« The base course mixture containing ultrafine cruutiber on 650 3

« The reference base course mixture on 570 m

« The wearing course mixture containing coarse crasbber on 830

« The wearing course mixture containing ultrafinencburubber on 1050
+ The reference wearing course mixture on 860 m

Production and construction activities were caroedl by the Beneficiary of the Action
(Brillada Vittorio & C.) between July™ and July &, 2015. Monitoring activities and
subsequent testing were performed by the PolitecdicTorino. No major problem was
reported in any phase of the Action.

Bituminous mixtures were produced by employing #@ne base materials (locally
available aggregates, standard 50/70 penetrat@ategbitumen and two types of crumb
rubber) previously used for the experimental ingegton performed as part of Action
3.3.1. Job mix formulae were also derived from thigestigation, focusing only on the
recipes defined by referring to the so-called “hagtsion of production.

Preparation of the paving site was carried outhgyBeneficiary by adequately levelling

the surface and by placing an adequate drainagensysaying of bituminous mixtures

was thereafter performed, with the application lesmvthe two layers of an emulsion tack
coat. Laying was carried out by employing a statidaaver, while compaction was

thereafter performed by making use of a tandematiiy roller (Dynapac CC232HF).

Pictures of paving operations are provided in tepdRt provided in attachment.

During laying operations samples of the bituminaugtures were taken from the paver
and thereafter employed in the laboratory for th@easment of their composition and for
the evaluation of their volumetric and mechanicadperties (following Marshall or
gyratory compaction).

Paving works were also monitored with respect teegas emissions produced by the
mixtures at the paver. In particular, by adoptinget of techniques and procedures
developed and validated by the Politecnico di Tanim previous investigations, fumes
were characterized in terms of their content ofatd Organic Compounds (VOCs) and
Polycyclic Aromatic Hydrocarbons (PAHS).

Finally, an assessment of the efficiency of compactvas performed by taking cores
from the individual paving areas and by determinimghe laboratory their volumetric
properties (density, voids content and percent @mtign).

In synthesis, the following conclusions were drd¥am details, see the Report provided in
attachment):

« Workability properties are affected by the preseoicaubber particles only in the
case of coarse crumb rubber, with a significanticédn of self-compaction;

* Resistance to crack propagation, permanent defmmaind master curve
parameters are negatively affected by the presehcsparse rubber particles,
whereas in the case of the use of ultrafine pradantimprovement was recorded
especially in the case of base course mixtures;

» Gaseous emissions are not significantly affectedtliy presence of rubber
particles.
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From a quantitative point of view, by considerihg final extension of paving works and
the true composition (and compaction level) of ledtures, it can be concluded that
Action 3.5 led to the recycling of approximately048res. Such a value corresponds to
27.8% of the quantity indicated in the project msg (equal to 1,725 tyres). However,
such a reduction is clearly justified by the deseeaf the dosage of crumb rubber in the
mixtures (target value reduced from 3% to 1%) whvelis established based on the
experimental work performed during the mix desigage (Action 3.3.1).

Partial compensation of such a decrease came fnemntreased quantity of recycled
tyres included in the expanded field activitiesAotion 3.4 (approximately 120 instead of
50). Furthermore, it should be pointed out thadpmtion and laying activities comprised
with Action 3.5, including those of the referencextures (with no crumb rubber),
corresponded to approximately 420 tonnes of biteesnmixtures. Such a quantity is
21.8% above the planned quantity indicated in tiogept proposal (equal to 345 tonnes).

From an economic viewpoint, the Beneficiary of fkation stated that the estimated cost
of production and laying, in the hypothesis of mestended paving surfaces could be
estimated in the order of 7.10 €/m

Action 3.5 was successfully completed within thd ehthe TYRECALIFE project.

The perspective for continuing the Action after #ral of the project is encouraging. In
particular, laboratory analyses will focus on th@imization of “dry” mixtures, with an
emphasis placed on those containing coarser pstiethich yielded less satisfactory
results during the Action. Moreover, the actualfgenance of the laid mixtures will be
monitored in time in order to assess their respamsder the effects of traffic and
environmental factors.

It is envisioned that the “dry” technology may béractive for Contractors and
Administrations as a possible alternative to thet™one. Thus, other mix design and
monitoring activities may be carried out in theuiat to further support the adoption of
such a technology.
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Action 3.6. Trial reduced-scale experimental seahns with “wet” technology

Beneficiary responsible for implementation of thetidn:

Brillada Vittorio & C.
(Action developed with the cooperation of the Rlitico di Torino)

Planning and progress of the Action

2011 2012 2013 2014 2015
Sepp 4 | 1| 2| 3| 4| 1| 2| 3| 4 1 2 4 L P B 4
Proposal x| x| x| x| x| X X N X
1% Amendment x| x| x| X X 4 q q
2" Amendment x| x| x| X 0 X N A A
Effective o| o| of o| o o o o of o

Description

In the TYRECALIFE project proposal originally apped by the European Commission,
Action 3.6 was included as a preparatory activotyull-scale implementation, foreseen in
Actions 4.1 and 4.2. In particular, following thabbratory work on various types of
bituminous mixtures (Action 3.2), reduced-scaletises were planned in order to fine-
tune formulations and laying conditions (i.e. temapere and rolling patterns).

Total extension of the trial pavements was fixe8,800 nj, with a design thickness of 3
cm. In the hypothesis of 8.5% (by weight of dry meggtes) asphalt rubber content of the
laid mixtures and 18.5% crumb rubber content (bygimeof total binder), this would lead
to the recycling of approximately 850 tyres (errangy indicated as 980 in the proposal).

Action 3.6 was postponed due to a change in thet8zary, caused by the fact that one
of the partners (Co.Ge.Fa.) withdrew from the pbjand was replaced by Brillada
Vittorio & C. Further delays were caused by unfaamle weather conditions and by the
interference with other Actions in which the newnBg&ciary was directly involved
(Actions 3.3.1, 3.3.2, 3.4 and 3.5, related todbeelopment and implementation of the
“dry” technology).

As the project progressed, the satisfactory reswathieved during Ilaboratory
investigations carried out in Action 3.2 suggedteat the reduced-scale sections planned
in Action 3.6 could be changed in terms of theghtacal value so to explore the effects
caused by further variations of mixture type anohposition. In particular, it was decided
that paving operations would consider the placemérmt gap-graded mixture containing
reclaimed asphalt pavement (RAP) material, preWosisbjected to mix design studies as
part of Action 3.2. For comparison purposes, it watablished that paving trials would
also include the laying of a reference gap-gradedume (with no RAP, similar to the
mixtures laid as part of Actions 4.1 and 4.2) andiease-graded mixture (similar to the
one laid as part of Action 4.2).

The site selected for trials was the parking loa&hopping mall (Gross Iper), located in
the territory of the city of Leini (Torino). As shva in the Report provided in attachment
(identified as one of the deliverables of the TYREGE project), the total paving
surface covered by paving trials was equal to 9r&)0vith a target laying thickness of 3
cm. Based on the requests of the owner of the strfreture, it was agreed that the
individual mixtures would be placed in differeneas as indicated in the following:
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* The gap-graded mixtures containing RAP on the acomsd to the parking lot, on
a total surface of approximately 2,000 (subjected to a higher volume of moving
traffic);

« The reference gap-graded mixture on a limited portof approximately 1,800
of the parking lot;

e The dense-graded mixture on the rest of the parkmgon a total area of
approximately 5,800 fn

Production and construction activities were caroedl by the Beneficiary of the Action
(Brillada Vittorio & C.) on September #0 2015. Monitoring activities and subsequent
testing were performed by the Politecnico di ToriN@ major problem was reported in
any phase of the Action.

Bituminous mixtures were produced in the same plawhed and operated by Sintexcal
s.p.a., which provided those which were laid a$ pActions 4.1 and 4.2. The asphalt
rubber binder was also similar to the one emplayethese Actions since it was once
again supplied by Asphalt Rubber Italia (the ortBlidn producer). Job mix formulae
were defined on the basis of the information gatien Action 3.2 and on supplementary
information obtained from the production plant.

Laying of the bituminous mixtures occurred aftez gireliminary cleaning of the existing
pavement surface, followed by the application ofemnulsion tack coat. Laying was
carried out by employing a standard paver, whil@gaction was thereafter performed by
making use of a tandem vibrating roller (Dynapac2BZHF). Pictures of paving
operations are shown in the Report provided irchtteent.

During laying operations samples of the bituminaugtures were taken from the paver
and thereafter employed in the laboratory for theeasment of their composition and for
the evaluation of their volumetric and mechanicadperties (following Marshall or
gyratory compaction). Results were compared toetuigained in the mix design studies
(Action 3.2) and to those of the other asphalt anbhixtures laid during Actions 4.1 and
4.2.

From a quantitative point of view, by considerihg final extension of paving works and
the true composition (and estimated compaction l)ewé laid mixtures, it can be
concluded that Action 3.6 led to the recycling ppeoximately 1,400 tyres. Such a value
corresponds to a 43.3% percent increase of thetiyardicated in the project proposal
(equal to 980 tyres).

From an economic viewpoint, the Beneficiary of fkation stated that the estimated cost
of production and laying, in the hypothesis of mestended paving surfaces could be
estimated in the order of 9.59 €/iior the gap-graded mixture and of 7.45 €fior the
dense-graded mixture.

Action 3.6 was successfully completed within thd ehthe TYRECALIFE project.

The perspective for continuing the Action after #ral of the project is encouraging. In
particular, laboratory analyses will continue fbe tevaluation of the structural properties
of the laid mixtures, while field work will be ingeated with the assessment of their
performance under the effects of traffic and envinental factors.

It is envisioned that the solution of including RA® the formulation of gap-graded
mixtures containing asphalt rubber may be attrackbr Contractors and Administrations
due to its reduced production costs. Thus, oth&rdasign and monitoring activities may
be carried out in the future to further supportadeption of such a technology.
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ACTION 4: IMPLEMENTATION ON INFRASTRUCTURES
Action 4.1 Road construction — Provincia di Torind/ Citta Metropolitana di Torino

Beneficiary responsible for implementation of thetidn:

Citta Metropolitana di Torino
(Action developed with the cooperation of the Rlitico di Torino)

Planning and progress of the Action

2011 2012 2013 2014 2015
Sepp 4 | 1| 2| 3| 4| 1| 2| 3| 4 1 2 3 4 L P B 4
Proposal x| x| X
1% Amendment x| x| X X
2" Amendment M . B
Effective o| o o o] of of of o

Description

Action 4.1 was conceived in order to provide theRECALIFE project its required
demonstrative character, with the laying of bituois mixtures containing crumb rubber
on selected infrastructures of the provincial raatlvork. It was envisioned that selection
of materials and mix design analyses would be @draut according to the results of
previous investigation phases (Actions 2.4, 3.1 2u2)l and that the sections subjected to
paving operations would be identified coherentlyfmithe needs of the Administration of
providing the public with safe, durable and relealbad pavements.

Total length of the trial sections was indicated {ne first amendment to the initial
proposal) equal to 1.5 km, with the expected layah@ gap-graded mixture containing
standard aggregates (on 1 km, 10 m width, 3 cnknless, 8.5% asphalt rubber by weight
of aggregates) and of a gap-graded mixture prodanddaid at reduced temperatures (on
0.5 km, same width, thickness and asphalt rubbateot). This would lead to the
recycling of approximately 2,550 tyres (erroneoushdicated as 2,733 in the
amendment).

The activities in Action 4.1 of the Province of irar started in 2012 with the approval of
the workplan for the paving of two road sectiongygsituminous mixtures containing
crumb rubber from end-of-life tyres (DGP, Decisioh the Provincial Executive, n.
52280/2012 dated December’22012). However, delays occurred in the progréshe
Action as a result of the budget cuts to whichidtalLocal Authorities were subjected
(through the so-called “Stability Pact”). Thus, @stf request for amendment was
submitted to the European Commission on 05/06/20i8) the proposal of a new
timetable in which paving works were planned inskeond quarter of 2014.

After approval of the Province budget in June 20th® design of paving works was
finalized with the cooperation of the Politecniadrdrino.

As a result of the analysis of existing maintenaneeds of the provincial network, and
following preparatory surveys on candidate infrastiures, the following sections were
selected for paving:

» Section on the S.P. 503 (Baio Dora), a new infuastire not yet open to traffic, on
which laying of the gap-graded mixture containingnslard aggregates was
scheduled;
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* Section on the S.P. 53 (San Giorgio - Caluso), wstiag infrastructure (in
average distress conditions), on which plannedngawiorks would consist in on
overlay performed by employing the gap-graded méctproduced and laid at
reduced temperatures.

Technical Specification were prepared by the Paiiteo di Torino and were included in
the definitive-executive design, approved in Decem?013 (DGP n. 46413/2013 dated
December 3%, 2013).

Construction costs were computed by the beneficarghe Action who for such a
purpose referred to items of the standard uniteplist of the Piedmont Region and to
information gathered from suppliers. Consequentiference unit prices (per square
meter) for construction activities indicted in dgsidocuments were equal to 10.07 € for
the gap-graded mixture and to 8.45 € for the dgmaded mixture.

The bid process was launched in April 2014 and wevkre subsequently awarded to the
selected Contractor (Sintexcal SpA) by means ofdfieial Decree n. 14635/2014 dated
July 14", 2014.

Prices offered by the Contractor were 7% lower thianse reported in the bidding
documents, with a final unit values of 5.34 € foe gap-graded mixture and of 7.01 € for
the dense-graded mixture.

The process outlined above, led to the need fecarsl request for amendment, issued on
29/09/2014, in which a further extension of theidwtto the third quarter of 2014 was
included in order to complete paving operations.

Field activities started in early September 2014hwhe construction of reduced-scale
pavement trial sections within the premises ofShdexcal plant. As shown in the Report
provided in attachment (identified as one of thdivdeables of the TYRECA4LIFE
project), the total surface covered by pavingdriaas equal to:

« 210 nf (60 m length, 3.5 m width) for the gap-graded mnigtcontaining standard
aggregates (laid on Septemb& 8014);

« 210 nf (same length and width) for the gap-graded mixpmauced and laid at
reduced temperatures (laid on SeptemBe2914).

Target composition of the mixtures was defined loy Politecnico di Torino based on
preparatory laboratory tests and in accordance with previously-defined Technical
Specifications.

Monitoring activities and subsequent testing wesdggmed by the Politecnico di Torino.
Obtained results indicated that while the first taie could be considered approved and
ready for full-scale laying, the second one, praduby employing an asphalt rubber
binder modified in its composition by means of &casity-reduction wax, yielded
unsatisfactory results.

Consequently, it was decided that further studiesewneeded in order to refine the
formulation of gap-graded mixtures containing vatereduction additives and that the
paving solution adopted for the second section. (S3[P would entail the use of a dense-
graded mixture.

A third pavement trial section, covering a surfat@10 nf, was therefore constructed on
September 2% 2014. Corresponding analyses performed by thiéeenico di Torino led
to the approval of the material and to its adopfarthe planned paving works.
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Paving works on the S.P. 503 were performed oneBemer 28, 2014, on a total surface
of approximately 8,900 Mm(1,200 m length, 9.5 m width) with a target thieka of the
gap-graded wearing course equal to 3 cm.

Paving works on the S.P. 53 were performed on @ctdl}, 2014, on a total surface of
approximately 9,400 M(1,050 m length, 9.0 m width) with a target thieka of the
dense-graded wearing course equal to 3 cm.

During paving operations mixture temperatures wemestantly monitored and samples
were taken from the paver for subsequent deterroimaf their composition, volumetrics
(following Marshall of gyratory compaction) and rhanical properties. Paving works
were also monitored with respect to gaseous emmssiét the paver, which were
characterized in terms of their content of Volatdeganic Compounds (VOCs) and
Polycyclic Aromatic Hydrocarbons (PAHSs). Finallyp assessment of the efficiency of
compaction was performed by taking cores from theshed pavements and by
determining in the laboratory their volumetric peojes (density, voids content and
percent compaction).

Monitoring activities and subsequent testing werdggmed by the Citta Metropolitana di
Torino (Roads Service Laboratory) and by the Pdiileo di Torino (Road Materials
Laboratory).

In synthesis, the following conclusions were drgfaon details, see the Report provided in
attachment):

* A satisfactory agreement was found between tamgiaatual composition, with a
slight binder overdosage recorded for all mixtures;

» Thicknesses of laid courses was comparable to ttasggh the consequent
possibility of verifying effectively employed quaings;

* Produced and laid mixtures showed acceptable vdhonand mechanical
properties.

From a quantitative point of view, by considerihg final extension of paving works and
the true composition (and compaction level) of ledtures, it can be concluded that
Action 4.1 led to the recycling of approximately 20 tyres. Such a value is very close to
the quantity indicated in the project proposal.

Action 4.1 was successfully completed within thanpled timeframe.
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Action 4.2: Road construction — Patrimonio Citta diSettimo Torinese

Beneficiary responsible for implementation of thetidn:

Patrimonio Citta di Settimo Torinese
(Action developed with the cooperation of the Rlitico di Torino)

Planning and progress of the Action

2011 2012 2013 2014 2015
Sepp 4 | 1| 2| 3| 4| 1| 2| 3| 4 1 2 4 L P B 4
Proposal x| x| X
1% Amendment x| x| ¥ ¥
2" Amendment x| x4 A s
Effective o| o o| o| of o o o of o | @

Description

Action 4.2 was conceived in order to provide theRECA4LIFE project its required
demonstrative character, with the laying of bituouis mixtures containing crumb rubber
on selected infrastructures in the network of thiy Gf Settimo Torinese (TO). It was
envisioned that selection of materials and mix glesanalyses would be carried out
according to the results of previous investigatpdrases (Actions 2.4, 3.1 and 3.2) and
that the sections subjected to paving operationsldvbe identified coherently with the
needs of the Administration of providing the pubhith safe, durable and reliable road
pavements.

Total length of the trial sections in the initialopect proposal was was indicated equal to
2 km, with the expected laying of an open-gradadtfodied texture mixture (on 1 km,
10 m width, 3 cm thickness, 8.5% asphalt rubbewbight of aggregates) and of a gap-
graded mixture containing lower-quality/recycledgeegates (on 1 km, same width,
thickness and asphalt rubber content). This woeddl lto the recycling of approximately
4,540 tyres (erroneously indicated as 7,710 imptioposal).

The activities in Action 4.2 of Patrimonio Cittai $ettimo Torinese started in 2013 with
the identification of candidate road sections. Hesvedelays occurred in the progress of
the Action as a result of the budget cuts to whialan Local Authorities were subjected
(through the so-called “Stability Pact”). Thus, twequests for amendment were
submitted to the European Commission (on 05/06/2ah8 29/09/2014), with the
proposal of new timetables in which paving worksevnally planned in the first quarter
of 2015.

The design of paving works was finalized with th@ogeration of the Politecnico di
Torino. Initial paving options were revised by tagiinto account the results obtained in
full-scale construction operations performed inidwet4.1 and by considering specific
needs of the local Administration. In particulamce in the Municipality of Settimo
Torinese maintenance works are usually carried lmutsimply overlaying existing
pavements with standard wearing course mixturega# decided to test similar solutions
with innovative mixtures which in the future may adopted to guarantee a longer life-
time to pavement surfaces. The infrastructure whvels selected for paving works was
via Brescia, an arteria of strategic importancéhim surroundings of the City of Settimo
Torinese.

43



Preparatory surveys were performed in order tosastfee state of surface distress of the
existing pavement (visual analysis), its crossisactby means of coring) and its cross-
slope (by means of topographical measurements).

Gathered information led to the identification pesific points of the pavement for which
it was deemed necessary to perform local repaiksv{@onsisting in pavement removal,
compaction of the subgrade and reinstatement wéindard bituminous mixtures) before
laying of the new wearing courses. The road sectas then divided into the three
following sub-sections

e Sub-section | (length 590 m), on which it was scied to lay a dense-graded
bituminous mixture containing asphalt rubber (samito the one adopted for
paving works on the S.P. 53 in Action 4.1) on tb@ stress-absorbing membrane
interlayer prepared by employing the same binder;

e Sub-section Il (length 565 m), on which it was shied to lay a gap-graded
bituminous mixture containing asphalt rubber (samito the one adopted for
paving works on the S.P. 503 in Action 4.1);

e Sub-section Il (length 525 m), on which it was egdhled to lay a standard dense-
graded bituminous mixture, of the same type noynatlopted for maintenance
operations.

Technical Specification were prepared by the Paiiteo di Torino and were included in
the definitive-executive design, approved in AROILS5.

Construction costs were computed by the benefic@ryhe Action who for such a
purpose referred to items of the standard uniteplist of the Piedmont Region and to
information gathered from suppliers. Consequentgference unit prices (per square
meter) for construction activities indicted in dgsidocuments were equal to 9.10 € for the
gap-graded mixture and to 7.66 € for the denseegradixture.

The bid process was thereafter launched (May 2@I&) works were subsequently
awarded to the selected Contractor (Sintexcal $mAjune 18, 2015.

Prices offered by the Contractor were 5.878% lothan those reported in the bidding
documents, with a final unit values of 8.57 € foe gap-graded mixture and of 7.21 € for
the dense-graded mixture.

Field activities started on July 162015 with the local repair works, while the layiaf
the wearing course bituminous mixtures in the tteele-sections occurred between July
27" and July 38, 2015. As shown in the Report provided in attachtmielentified as one
of the deliverables of the TYRECALIFE project, tb&al surface covered by paving trials
was equal to:

« 7,375 nf% (590 m length, 12.5 m average width) for sub-seclj
« 7,062 nf (565 m length, 12.5 m average width) for sub-secl;
* 6,562 nf (525 m length, 12.5 m average width) for sub-sectil.

Target composition of the mixtures was definedhmy Politecnico di Torino based on the
results achieved in Action 4.1 and in accordand wie previously-defined Technical
Specifications.

Monitoring activities and subsequent testing wesgggmed by the Politecnico di Torino.
During paving operations mixture temperatures wemestantly monitored and samples
were taken from the paver for subsequent deterroimaf their composition, volumetrics
(following Marshall of gyratory compaction) and rheanical properties. Paving works
were also monitored with respect to gaseous emmssi@t the paver, which were
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characterized in terms of their content of Volatdeganic Compounds (VOCs) and
Polycyclic Aromatic Hydrocarbons (PAHSs). Finallyp assessment of the efficiency of
compaction was performed by taking cores from theshed pavements and by
determining in the laboratory their volumetric peojes (density, voids content and
percent compaction).

Monitoring activities and subsequent testing wesggymed by the Politecnico di Torino
(Road Materials Laboratory).

In synthesis, the following conclusions were drgfaon details, see the Report provided in
attachment):

» A satisfactory agreement was found between tamgiaatual composition, with a
slight binder overdosage recorded for all mixtures;

e Thicknesses of laid courses was comparable to tfamggh the consequent
possibility of verifying effectively employed quaéings;

 Produced and laid mixtures showed acceptable vdhonend mechanical
properties.

From a quantitative point of view, by considerihg final extension of paving works and
the true composition (and compaction level) of ledtures, it can be concluded that
Action 4.2 led to the recycling of approximatel220 tyres.

Action 4.2 was successfully completed within thd ehthe TYRECALIFE project.
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Action 4.3: Road pavement monitoring — Skid restance and roughness

Beneficiary responsible for implementation of thetidn:

Citta Metropolitana di Torino
(Action developed with the cooperation of the Rlitico di Torino)

Planning and progress of the Action

2011 2012 2013 2014 2015
Sepp 4 | 1| 2| 3| 4| 1| 2| 3| 4 1 2 4 L P B 4
Proposal x| % X
1% Amendment N
2" Amendment x X x4 A A
Effective o| o| of o| o o o o o o

Description

The goal of Action 4.3 was to provide an initiabassment of the functional performance
of the innovative solutions adopted for the corwtom of the full-scale pavement sections
(Actions 4.1 and 4.2). In particular, it was argatied that monitoring would be carried
out for a limited time period (6 months) by focugion the two main factors which affect
safety: skid resistance and roughness.

Techniques adopted for the assessment of the abwardgioned characteristics were
chosen among those which are available in mostalolatboratories and do not require
the use of expensive equipment. In particular, nn@msents were carried out by referring
to the following standards:

e Standard EN 13036-4 for the evaluation of the S¥innber (SN) by making use
of the so-called British Pendulum (also known dsd‘'sester”);

» Standard EN 13036-1 for the evaluation of meanutextlepth (MTD) by making
use of the so-called sand-patch method;

« Standard EN 13036-7 for the evaluation of surfaceneess, by making use of
rigid bar (3 meters in length).

Investigations were performed by the mobile unitref Roads Service Laboratory of the
Citta Metropolitana di Torino. No major problem waported in any phase of the Action.

In synthesis the following conclusions were drafan (letails, see the Report provided in
attachment, included as an additional deliverabte® TYRECA4LIFE project):

* The dense-graded wearing course mixture exhibitbgler SN value than the
gap-graded mixture (63 vs 59);

* The gap-graded wearing course mixture exhibitedghen MTD value than the
dense-graded mixture (1.06 vs 0.64);

« For both types of wearing courses, the combinadioSN and MTD values were
extremely satisfactory, with a positive assessroétiteir safety potential;

* Both wearing course surfaces were found to be dmaadh only minor deviation
from ideal evenness.

Action 4.3 was successfully completed within thanpled timeframe.

It is envisioned that in the future the innovatipaving sections will be subjected to
further monitoring.
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Action 4.4: Road pavement monitoring — Technical ad environmental parameters

Beneficiary responsible for implementation of thetidn:

Politecnico di Torino
(Action developed with the cooperation of the Citi@tropolitana di Torino and with
Patrimonio Citta di Settimo Torinese)

Planning and progress of the Action

2011 2012 2013 2014 2015
Sep| 4 1 2 3| 4 1 2 3| 4 1 2 3 4 L P B 4
Proposal x| x| X
1% Amendment N
2" Amendment M .
Effective o| o| o| o o o o o of o

Description

The goal of Action 4.4 was to provide an initiak@assment of the structural performance
and of the environmental compatibility of the inative solutions adopted for the
construction of the full-scale pavement sectionstighs 4.1 and 4.2). In particular, it was
anticipated that structural monitoring would beriea out for a limited time period (6
months), while environmental parameters would beluated by mainly considering
gaseous emissions produced during laying operations

Although in the initial proposal it was indicatelaat the so-called technical parameters
would be obtained from non-destructive tests cdraat on site, a different choice was
made as the project progressed. This was due tat¢héhat the adopted paving solutions
consisted in the production and laying of wearimgirses which due to their limited
thickness contribute only marginally to the ovesdhuctural performance of pavements.
Thus, their structural potential was highlightedrogans of advanced performance-based
tests which consider:

e stress-strain response under loading (by meansmdated compression tests
carried out in triaxial conditions in the Asphaltittuire Performance Tester,
AMPT);

e resistance to crack propagation (by beans of seoular bending tests, SCB);

e resistance to accumulation of permanent straingr(bgns of Flow Number tests,
FN).

Results of laboratory tests were supplemented ddgl finonitoring activities which were
carried out by means of periodic field surveyspamticular, pavements were inspected for
the detection of the possible occurrence of surthsieesses such as rutting, cracking and
ravelling.

With respect to environmental compatibility, gaseemissions at the paver, which were
characterized in terms of their content of Volatdeganic Compounds (VOCs) and
Polycyclic Aromatic Hydrocarbons (PAHs). Techniqdes sampling and analysis were
those developed by the Politecnico di Torino invpres research projects, with the
parallel evaluation of fumes at the paver’s drivegat (position D) and at the screed
(position S). Wind speed and laying temperatureewaso recorded since they may
significantly affect the release and migrationwhks.
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Investigations were performed in the Road Matelialsoratory and in the Environmental
Chemistry Laboratory of the Politecnico di Toritdo major problem was reported in any
phase of the Action.

In synthesis the following conclusions were drafan (letails, see the Report provided in
attachment, included as an additional deliverabte@® TYRECA4LIFE project):

e Structural properties of bituminous mixtures comitag asphalt rubber are totally
satisfactory with respect to future required fipetformance;

» Gaseous emissions are affected by laying temperatu by binder content, but
the presence of rubber does not seem to cause eftgots on the concentrations
of VOCs and PAHSs.

Action 4.4 was successfully completed within thanpled timeframe.

It is envisioned that in the future the innovatipaving sections will be subjected to
further monitoring.
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Action 5: Life cycle risk assessment

Beneficiary responsible for implementation of thetidn:

Politecnico di Torino
Planning and progress of the Action

2011 2012 2013 2014 2015
Sep| 4 12| 3| 4 1| 2 3| 4 1 2 4 L P B 4
Proposal x| x| x| X
1% Amendment x| x| ¥ o 4 q
2" Amendment x| x| ¥ x4 o A
Effective o | o o o o| o| o of o o o o
Description

Action 5 was entirely dedicated to the evaluatibthe considered paving technologies in
terms of their effective environmental impact afidhe effects which they may have on
the health of working crews. For such a purposenaavative procedure was developed
which combines Life Cycle Assessment (LCA) toolghwsanitary-environmental Risk
Analysis (RA) models. The ultimate goal of the atyi was to highlight in differential
terms the effects caused by the inclusion of crambber in bituminous mixtures.

LCA and RA procedures were initially applied to theo full-scale trial sections,
successfully completed on two extra-urban roadpaas of Action 4.1. Analyses were
thereafter extended to the reduced-scale paversetibss constructed as part of Actions
3.4 and 3.5 by employing “dry” mixtures produced fmgans of the prototype device
developed during Actions 3.3.1 and 3.3.2.

In the case of the road sections built as part cfioh 4.1 LCA was carried out by

considering construction and future maintenanceaes of the two innovative wearing

courses which were compared to those of a starfarchinous mixture. In the case of

the “dry” mixtures, LCA was carried out followinhe process cradle-to-gate; in fact, the
system boundaries comprised only the raw and psedematerials and the construction
phase. The use phase, maintenance and end-ofdifewot taken into account.

RA activities were based on the results yieldedatypratory analyses performed on the
gaseous emission sampled during construction apaesatMoreover, In order to expand
LCA analysis and to include RA as subset to LCACIL recommendations were
considered in the analysis of environmental suatality of the full-scale trial sections.

Investigations were performed by the Beneficiarythd Action (Politecnico di Torino).
No major problem was encountered in any phaseeoAttion.

In synthesis, the following conclusions were drgfaon details, see the Report provided in
attachment, identified as one of the Deliverablethe TYRECALIFE project):

* Results obtained for the different wearing courgapressed in terms of selected
environmental indicators, showed that use of rubkbdr binders produced by
means of the wet technology leads to significamelies with respect to standard
paving solutions (reduction of 48-51% energy constion and 41-50%
greenhouse gas emissions);

* In the case of the “dry” technology, incorporatiohcrumb rubber from end-of-
life tyres in the base and wearing course mixtdi@ss not necessarily produce the
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same benefits than in case of “wet” technology.fdot, for the case studies
considered, the eco-profile of the correspondingepsgnts was found to be
approximately equivalent to that of a standard £s®stion.

Action 5 was successfully completed within the pleah timeframe.
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5. Dissemination actions

5.1. Objectives

The objective of the dissemination activities perfed was to make target groups aware
of the technological solutions developed throughbet project lifespan. Such solutions,
in turn, have the goal to increase the use of sarpubber in road pavement in Italy.

The main target group is made by local administsam particular, but not exclusively,
belonging to municipalities), given the fact thiag¢y are in charge of the management of
the Italian road system.

The overarching goal is achieved through sub-olmestsummarized below which also
target specific stakeholders, beneficiaries oregted actors:

e Validation of the use of open graded and controleedure bituminous mixtures:
this objective includes the delivery of resultstthee of scientific relevance and
constitute the starting point for the economic exption of the outputs achieved.
The dissemination in this case is directed towardsearchers, analysts,
environmental experts

e Evaluation of the potential use of reduced-quadityrecycled aggregates. Also in
this case the assessment reaches mainly enviroahspecialists, researchers and
scholars, but is additionally targeted to admiaisirs and citizens

« Development of solutions for the reduction of eyergnsumption and emissions;
dissemination here regards businesses, researpliis; authorities in charge of
environmental issues

* Implementation of the “dry” technology. The targattors and stakeholders
mentioned above can also include Business suppbotérs, investors (or “business
angels”), market actors, local authorities, publieninistrators.
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5.2. Dissemination actions

Action 6.1 Project website
Beneficiary responsible for implementation of thetidn:

Citta Metropolitana di Torino
Planning and progress of the Action

2011 2012 2013 2014 2015
Sepp 4 | 1| 2| 3| 4| 1| 2| 3| 4 1 2 3 4 L P B |4
Proposal x| x| x| x| x X X X A
1* Amendment x| x| x| x| x4 X
2" Amendment x| x| x| x| o d 4 N o Kk
Effective . . ° . . . . . . . . . . ° . o o
Description

The Coordinating Beneficiary has developed a sectb its institutional web site
dedicated to the project - hitp:/bit.ly/1Le]Vk7 (on the internet site
www.provincia.torino.gov.)t e http:/bit.ly/101pXVh (on the internet site
www.cittametropolitana.torino)it

This section is on-line from December 2011, as dualeel, and it is located under the
thematic section dedicated to environment.

This section has been used as a visibility ancedigsation tool during the first months of
project implementation, notably for the organisatiof the kick-off meeting that took
place on 18 December 2011. In this section, it is possibléirtd out information about
the project activities, to know the project partnand to download project brochures,
posters and technical presentations.

Moreover, to give more visibility to Tyrec4life, @nCoordinating Beneficiary decided to
open a new web domaimww.tyrec4life.eu. From now on, all project activities will be
disseminated throughout the dedicated website.

Finally CRF has published a page dedicated to Bjifecin the FIAT Group website
specialized for management of ELVs, that has tine tai encourage the matchmaking
between demolition companies and recycling comanie/w.carecycling.fiat.com The
project has also been cited in the 2014 FCA SuatéénReport, which is an international
document summarizing the main activities and resutbncerning the Group’s
sustainability and IS publicly available at the Witk
http://2014sustainabilityreport.fcagroup.com

The TyRec4Life project was also cited as an exangpleest practice inside the ELT
Committee (established by the Ministerial Decre®212011) activity report, which was
published during an event with the presence ofltdléan Environment Ministry, Gian
Luca Galletti.

The structure of the website has been modifiedugnithted including the results achieved
in time, the information sheets and the deliveralwé the actions as long as these are
completed.
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Special attention was paid to the section “Evemtews” (“News and Events”) containing
both information directly related to the projectdageneral information on the issue of
ELT sand their recycling.

To ease the consultation, the news have been listedhronological order (by year /
month).

The list of news published from Jenuary 2015 cafobed at http://bit.ly/20mbL08and
the list of news published from September 2011 sxdnber 2014 can be found at
http://bit.ly/1Xg7P0Q

Following the name change from the Province of T twi the Metropolitan City of Turin
and the consequent creation of the new web portal.cittametropolitana.torino,ileven
the pages dedicated to the project have found ghage on the new portal. In any case,
the pages dedicated to the project can also balfduectly atwww.tyrecdlife.eu

The aim of the website, in addition to giving maxim visibility to the activities and
progress of the project, is to provide visibility mews regarding the biggest issue in the
handling of scrap tires. To this end, in the “Eweanhd News” section, further news are
published until the end of December 2015.

From the end of 2011 to the end of January 2016 wébsite was accessed over 4,800
times (Unique page-views using Google Analyticd)e Wwebsite analysis shows that the
overwhelming majority of visitors comes from Itaind consults the pages in Italian. The
pages in Italian are also consulted by visitoreasing the site from abroad.

The foreign countries from which the site was asedswith the exception of Belgium as
it is assumed that in the majority of cases the sitebwas accessed by the project
evaluation commission, are: Chile, Switzerland, theted Kingdom, Denmark, Spain,

France, Tunisia, Greece, Israel, Romania, and thet) States.

It should be noted that there was a peak in ado@ssthe United States during the “2013
study tour”.

Action 6.4 Organisation of project conferences

Beneficiary responsible for implementation of thetidn:

Ceipiemonte
Planning and progress of the Action

2011 2012 2013 2014 2015
Sep| 4 1 2 3| 4 1 2 3| 4 1 2 4 L P B 4
Proposal x X X
1% Amendment x x X
2" Amendment x x X
Effective ° . .

Description
To date the partner Ceipiemonte has already orgdnizo project conferences, namely

» first project conference connected with the kick-ofeeting on 13 December
2011. Details in http://bit.ly/1Xg7P0Q - news ofd@enber 2011
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* second project conference — seminar "Tyrecdlifenowative technology,
environmentally sustainable road pavements”, -fipr27 March 2013. Details in
http://bit.ly/1Xg7P0Q - news of March 2013

The meeting was attended by FISE-UNITE, ECOPNEUSjept partners, and several
other companies operating in the discarded tirg dasl bitumen mixture production
sectors, for a total of about 60 people.

The meeting was opened by the Road Practicabilgyeasor of the Province of Turin,
followed by the contributions of FISE-UNITE, ECOPNE and the city of Settimo
Torinese. They all stressed the importance of phagect as an engine for a widespread
development of bituminous conglomerates contaiauhdjtives of discarded tire dusts and
no longer relegated to just experimental intena@di

The other speakers explained in turn the techimaient of the project by highlighting in
particular the project elements of concreteness dewtlopments in terms of technical
innovation expected.

The meeting was concluded by the Minister for Emwment of the Province of Turin,
who drew the attention to the minimization aspecfsthe environmental impacts
associated with the project (waste recycling andovery). Photo gallery at
http://bit.ly/1ooFoll

Approximately 60 people participated in the secoodnference, including two
representatives of ETRMA-European Tyre & Rubber Maoturers' Association.

Photo gallery abttp://bit.ly/1nVzd7Y

This project conference was organized in conjunctwith the visit to Turin of a
delegation of technicians participating in an exgebetween the Province of Turin and
the public administrations of Brazil and Sub-Saha#drica. Therefore, it was also an
opportunity to disseminate objectives, methodolegiand initial results in an extra-
European environment. The project raised such greatest, particularly among the
Brazilian technicians, that during the final coefiece organized in Brasilia in April 2013,
within the work of the “Il Encontro dos Municipi@®m o desenvolvimento sustentavel”,
in which the project coordinator Agata Fortunatsoalparticipated, a follow-up on
Tyrecd4life was explicitly requestedt(p://bit.ly/1LempZ2).

The final conference was held, consistent with fgrelonging of the project, on
September 18, 2015.

In order to maximize participation and best enhdmaté the technical presentation of the
project and the presentation of the results totipali decision makers (Action 6.5.
Conferences for Decision Makers), in addition tmmeaeting with those working in the
industry (Action 6.6. Crumb Rubber Manufacturerrisshop), it was considered more
efficient to organize an event combining thesedhlelements. For this purpose, the event
was subdivided into two parts: the first, involvitige technical presentation of the results
by the project partners; and the second, a rourd thscussion with the participation of a
gualified panel of several people involved in thecome of the project in various ways.

This final event took place in the prestigious grdwall of the Department of Architecture
of the Polytechnic University of Turin hosted insidhe 17-century Castello del
Valentino. Over 100 people participated in the dagvents, including university
professors, those working in the highway sectoildbts, local public administrators,
company representatives, citizens’ committee remtasives, and environmental
organizations.
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The gathering, meant to illustrate the results iobth over four years of study and
experimentation, was carried out in two distincttpahat were closely connected to one
another. In the first part, technical-scientifipoets were provided by the technicians who
have been working on the project since its inceptamd have been following its

evolution; and the second part consisted of a rdahte discussion bringing together all
the stakeholders and industry players.

The choice was made to tackle and develop theeattipus of the project in one single
day, rather than splitting it up into three differgatherings, in order to render the event
as efficient, coherent, and productive as possiliefact, we are convinced that, in
addition to making the results of the hard workriear out during this time public and
available, it is essential to lay the foundatiomsd fruitful exchange of ideas and opinions
by shedding light not only on the specific needshef different people involved and on
the development opportunities, but also, naturallythe various kinds of obstacles and
entities that those working on the project in vasiovays find themselves having to
confront.

Therefore, during the first part of the conferengarticipated in by (in addition to the
presence of local politicians) professors from tRelytechnic University of Turin,
technicians from the Metropolitican City of Turifofmerly the Province of Turin), and
the Heritage Society of Settimo Torinese, as wall representatives from the Fiat
Research Center and Brillada Vittorio, the workmgthods and results of the technical-
scientific work carried out both in the lab andedity on the field were illustrated for the
this large audience. The audience was made up sefarehers and technicians, from
representatives from the production industry arelrecovery/recycling.

During the round table discussion that immediaglgued, there was an exchange among
the different players involved in the scrap tireustry in various ways: from scrap tire
collectors, to those who recover/transform thess tito the final users, to representatives
of local communities and research institutes, all ag naturally, national politicians,
who play and can play an essential role in outtjrfutture strategies for the entire sector.

The discussion, which was extremely varied andusicgoof interesting food for thought,

touched upon several features that distinguish sucimique industry as the scrap tire
industry. In fact, the topics discussed ranged fregulatory and fiscal issues, technical-
scientific issues, organizational and logisticablpgems linked to the collection and

treatment of scrap tires, to the use of modifigohaft on our roads, on the fundamental
role that politics, at the local level but mainlythe central level, plays in facilitating the

spread of these new materials.

This occasion was, therefore, very fruitful not yoflecause it succeeded in bringing
together the various souls of the project to dialbgt also because it created the
conditions to explore the potential and problenmesented by the alternative use of scrap
tires. The following is a summary of some of theerasting considerations that emerged
during the discussion.

* Innovation and technology manage to create a bhatbetuct, and LCA (Life Cycle
Analysis) has shown that there are savings fronerarironmental and economic
point of view as this waste would have to be diggosf and that it is, however,
possible to recover materials and not only enesggh as combustible energy.
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It is important to find a way to transform bestgirees by bringing them out of the
realm of prototypes and experimentation and turniggn into industrial realities
that are quantitatively relevant.

Try to move the system by providing for, within thegulations of reference,
specific incentives.

Provide municipalities with thorough information @PP and its products, create
stimulus so that the most costly phase of prodoasobypassed using incentives
that are able to create the necessary conditioreffiective applicability.

The use of scrap tire dust in bituminous mixturasstmot be the only outlet for
this material, but rather other uses must alsodmsidered, for example on sports
fields.

This road pavement’s greatest cost, compared togbeof traditional asphalt, can
be amortized rather easily by considering its lowaaintenance costs,
maintenance that can be postponed and less freqompared to traditional roads.
It is essential to have outlets for the productsvideg from the treatment of tires.
The government should reduce VAT-tax on this arteiomaterials from the so-
called circular economy to make the material predugy Italian pulverizers more
competitive. The regions should include this typasphalt on their price lists; the
trade associations that are part of the UNI (Itali®rganization for
Standardization) should qualitatively classify tbhdferent types of dust and
granules; and, finally, the Ministry of the Enviraent should see that the famous
ministerial decree “End to Waste” is issued, essabig the technical features that
scrap tire waste, which goes into the plants amgildend, must have once it comes
out so as not to be identified as waste.

Asphalt modified with dust requires less ordinargimienance; the life of the
pavement is prolonged. Comfort is improved tharkghie product’'s elasticity,
which also provides more ease of movement and parempermeability, with
the subsequent lack of deterioration of the subsetf

Monitoring for abandonment is absolutely a longidiag problem, not only tire
abandonment, but also a whole range of products dh@a considered more
harmful.

Some high-risk sites must be identified and pregcsafeguarded, and monitored.
Hence, the use of video cameras is essential inatkas that are considered
strategic.

Local policies are needed, experimentation is neieoigt what we urgently need is
a regulatory framework and policy system that stierd the burden of making
some immediate decisions.

The industry, from local to national institutiomgprks when there is a network of
best practices. When you truly have a shared expegi you probably do not have
anything more to come up with, but rather you hidmnegs to bring up to standard
and put into a network.

The importance of education in the prevention o$tegroduction.

All the technical presentation and the minuteshefround table discussion may be found
on the website of the Metropolitan City of Turinthé following address:
http://bit.ly/21BQsNU
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Action 6.8.5. Benefit Assessment of Project’s Pra&bility (BAPP)

Beneficiary responsible for implementation of thetidn:

Patrimonio Citta di Settimo Torinese
Planning and progress of the Action

2011 2012 2013 2014 2015
Sep| 4 1 2 3| 4 1 2 3| 4 1 Y. 3 4 L P B 4
Proposal x| x| x| x| x X 0§ N
1% Amendment x| x| x| x| X X H N
2" Amendment x| x| x| X x4 N oA Lk
Effective e | o | o | o o| 0| o| o o o o o o o of o

Description

To ensure a correct analysis of the possible bsnefi using this new technologies of
scrap tyres in bituminous mixtures for paving woiRatrimonio Citta di Settimo Torinese
started the collection of data on similar applicas performed on behalf of the
Municipality of Settimo in recent years.

Additionally, Patrimonio started a collaboratiodatenship with the Province of Torino
in order to define the terms of reference for tkpemditures to be carried out, and to
check how the market may react to the technicalirements connected with the ongoing
experimentation.

The BAPP contains three parts:

1. Description of the state of the art (present anst paperiences in processes of
road implementation). This section will be desergothe conditions and quality of
public service response to road implementation raadthtenance. In detail, major
road works carried out in the past ten years in Mhaicipality of Settimo
Torinese have been taken into consideration

2. Proposal of indicators of public profitability (eammnmental, Economic and public
health performances). This section will be prowdthe indicators, from ongoing
and past experiences, useful to quantifying théitplmlity of each choice during
the selection, implementation, monitoring and nmemance phases of the project.
The indicators considered will be the economic elets and the aspects regarding
the provision of public services for each altewasolutions.

3. Assessment of project profitability from a pubperspective. This section will
evaluate the project from a specific point of viéwr Patrimonio Citta di Settimo
Torinese it is important to understand and be @&bl@mmunicate the community
perspective of technical choices.

The results of the above-described analysis hagtetdethe conclusion that municipal
administrations will only see the real benefit giing this technology when its cost is
equal to that of the technologies currently beisgduand when it has been demonstrated
that pavement made using this technology lasteweifthan 15 years.
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5.3 Analysis of long-term benefits

Long-term benefits of the TYRECALIFE project areeBly discussed in the following.
Environmental benefits

Within the LIFE+ program, the TYRECALIFE project svaentred in the field of
“Environment Policy and Governance” and more spealiy had a demonstration and
innovation character related to the priority ardaaotion n. 9 “Waste and Natural
Resources”.

Relevance from an environmental viewpoint of theidaddressed by the project can be
appreciated by considering the growing need of maing the recycling of end-of-life
tyres (ELTs) according to current European legistat Moreover, past studies and
experiences proved that crumb rubber derived bg-@duction from ELTs may be
effectively used in paving applications as an add#l component of bituminous
mixtures.

Specific environmental benefits are associatedmo of the objectives of the project,
which were entirely reached:

* Objective n. 2: Evaluation of the potential userefluced-quality or recycled
aggregates;

* Objective n. 3: Development of solutions for thduetion of energy consumption
and emissions.

Long-term benefits and sustainability:

A significant contribution to the success of the REXCALIFE project originated from
Action 5, which was entirely dedicated to the ewt#ibn of the considered innovative
paving technologies in terms of their effective iemwmental impact and of the effects
which they may have on the health of working crews.

For such a purpose, an innovative procedure waslaead which combines Life Cycle
Assessment (LCA) tools with sanitary-environmerRagk Analysis (RA) models. The
ultimate goal of the activity was to highlight irffdrential terms the effects caused by the
inclusion of crumb rubber in bituminous mixtures.

Another contribution of significant importance withthe TYRECA4LIFE project, which
enhanced the interest it may generated in the wargbakeholders involved in the road
construction process, came from the analyses wiviste performed in assessing costs
and potential long-term savings associated to #eeaf the considered innovative paving
technologies.

In such a context, it should be mentioned that wooBon costs related to the works
envisioned in Actions 3.5, 3.6, 4.1 and 4.2 werkewated based on the definitive-
executive design phase based on items of the sthnaat price list of the Piedmont
Region, on information gathered from suppliers andhe additional contribution of the
specialized Contractor involved as a partner inpifogect.

Nevertheless, the true economic impact of the aedlytechnologies will be assessed in
the after-life phase of the project, in which itesvisioned that further paving activities
will be initiated and completed.

Replicability, demonstration, transferability, ceoation:
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Adopted paving solutions are fully replicable andravfound to be compatible with the
organization of involved Administrations. Cost-efiegeness may still be an area of
further improvement.

The potential for commercial application of theydtechnology, launched in the project
by developing an innovative prototype, will be assal in the first five years of the after-
life of the project, in which the system will beadlable for demonstrative actions (and not
for commercial purposes).

Market conditions will be developed by means ofamliequate dissemination, with the
overall goal of promoting the diffusion of techngies which require an initial greater
investment but lead to a better life-cycle perfonce

Best Practice lessons:

Best practices have been transferred into the Temh&Guidelines issued during the

project. It is envisioned that they will be fineakd as they will be adopted for other full-

scale applications. Possible improvements may bghdan the performance-based testing
of mixtures.

Innovation and demonstration value:

The innovative and demonstrative character of tHRECA4LIFE project is proven by its
physical outputs, which will be further exploitedits after-life, are the following:

* A new full-scale prototype for the implementatiohtloe “dry” technology, fully
available for further experimental investigations;

« Approximately 42,000 fmof pavements with wearing courses containing dspha
rubber binders (thickness 3 cm) and 2,000 oh two-layer pavements (total
thickness 8 cm) constituted by bituminous mixtupesduced by means of the
abovementioned prototype device, all available fidure monitoring under the
effects of traffic loading and environmental fastor

Long term indicators of the project success:

Bibliographical references to the project, invibati to Conferences and Seminars,
adoption of Technical Guidelines by Administratipf@low-up projects at the national
and international level.
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6. List of deliverables, publications and presentatiohthe project

Deliverable:

Action 2.1 Evaluation of the current status of the recyclirenergy recovery of End
of-Life Tyres (ELTs) and End-of-Life Vehicles (ELY# order to achieve
European targets

Action 2.2 Environmental evaluation of recycling technologaéscrumb rubber from
ELTs in comparison with solutions such as landlisposal and energy
recovery

Action 2.3 Environmental evaluation of the use of crumb rubbem ELTs in road
paving technologies in comparison with standardtsmis

Action 2.4 Evaluation of the current status of aggregatesiabla for bituminous
mixtures containing crumb rubber

Action 2.5 Evaluation of the current status of the crumb artdvailability in Italy

Action 2.6 Screening for alternative material at short $ydstance and

Action 2.6 Geolocation of companies (GIS files)

Action 3.1 Characterization of asphalt rubber binders

Action 3.2 Characterization of bituminous mixtures containicrgmb rubber from
ELTs

Action 3.2 Technical specifications for the mix design andalgqy assurance of
bituminous mixtures containing crumb rubber fromlsL

Action 3.3.1, 3.3.2, 3.4 and 3.5 Technical guidelines for the field implementatiointhe
“dry” technology

Action 3.6 Technical guidelines for the field implementatiminthe “wet” Technology
with the use of reclaimed asphalt pavement (RAP)

Action 4.1 Project delivery. Site monitoring report

Action 4.2 Project delivery. Site monitoring report

Action 4.3 Road pavement monitoring: Skid resistance andhoess

Action 4.4 Road pavement monitoring: Technical and envirortalgrarameters

Action 5 Life cycle risk assessment

Action 6.8.5 Benefit Assesment of Project Profitability BAPP

Action 7 After Life Communication Plan

Scientific publications:

1.

E. Santagata, D. Dalmazzo, M. Lanotte, M.C. Zané&ttB. Ruffino (2012).

“Relationship between crumb rubber morphology asghalt rubber viscosity”,
Proceedings, AR2012 5th Asphalt Rubber "Roads ef Rature" International
Conference, Munich, Germany, 23-26 October, 20p25A3-532.

M.C. Zanetti, S. Fiore, B. Ruffino & E. Santaga2813). “Use of crumb rubber in
road paving applications: workers’ health risk assgent”, Proceedings,
Fourteenth International Waste Management and lLan8ymposium, Santa
Margherita di Pula, Italy, 30 September - 4 OctpB6d 3.

M.C. Zanetti, S. Fiore, B. Ruffino, E. Santagata M. Lanotte (2014).

“Assessment of Gaseous Emissions Produced on $itBitbminous Mixtures
Containing Crumb Rubber”, Construction and BuildiMgterials, vol. 67, 2014,
pp. 291-296.

M.C. Zanetti, S. Fiore, B. Ruffino, E. Santagata, Minotte & D. Dalmazzo
(2013). “Development of a laboratory test procedarahe evaluation of potential
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10.

11.

gaseous emissions of asphalt rubber bituminousuneigt, submitted to the 3rd
International Conference on Transportation Infiasgtires - ICTI 2014, November
2013.

E. Santagata, M.C. Zanetti (2013). “Conclusionviugpi futuri”, in “L’'impiego
di prodotti da Pneumatici Fuori Uso nelle pavimerdai stradali”, Milano, Italia,
2013. pp. 111-113

M.C. Zanetti, S. Fiore, B. Ruffino, E. Santagata, @almazzo & M. Lanotte
(2014). “Characterization of Crumb Rubber from Erd-ife Tyres for Paving
Applications”, Proceedings, SUM 2014, Second Synymson Urban Mining,
Bergamo, Italy, 19-21 May, 2014.

A. Farina, M.C. Zanetti, E. Santagata, G.A. Blen&mM.A. Lanotte (2014). “Life
Cycle Assessment of Road Pavements Containing Ciatiber from End-of-
Life Tires”, Proceedings, International Symposium Bavement LCA 2014,
Davis, California, USA, 14-16 October, 2014.

E. Santagata, M. Lanotte, O. Baglieri, D. DalmaZ&d\V.C. Zanetti (2014).
“Analysis of bitumen — crumb rubber affinity foratormulation of rubberized dry
mixtures”, submitted to the American Journal of Agg Sciences.

M.C. Zanetti, B. Ruffino, E. Santagata, D. Dalmaz&oM. Lanotte (2014).
“Determination of crumb rubber content of asphalibrer binders”, submitted to
the American Journal of Applied Sciences.

E. Santagata, M.C. Zanetti , A. Fortunato (2015). Progetto europeo
TYRECALIFE”, submitted to EDI-CEM Srl — Rivista “@ide & Autostrade”

E. Santagata, O. Baglieri, M. Alam, M. Lanotte &PRiviera (2015). “Evaluation
of rutting resistance of rubberized gap-graded al$pmixtures”, submitted to
Bituminous Mixtures & Pavements VI — Nikolaides (Ed

Presentations at conferences

arwnE

10.

11.

Turin - Italy, December 2011, kick off meeting

Rovereto — Italy, June 2012, “4° convegno nazioaafalti gommati”

Munich - Germany, October 2012 “Asphalt Rubber 2012

Turin - Italy, March 2013, Project Conference

Tashkent - Uzbekistan, April 2013, “TECHNICAL CONRENCE State of art
and future prospects in road and airport pavemegtneering in Uzbekistan.
Sharing the knowledge to go ahead

Rimini — Italy, November 2013, Ecomondo 2013: Thgortance of monitoring
purchases: the APE project of the Province of Turin

Cagliari — Italy, September 2013, Sardinia Founteelnternational Waste
Management and Landfill Symposium 2013: Use of druobber in road paving
applications: workers' health risk assessment

Las Vegas — USA, October 2013, “1st Annual Inteamatl Recycled RUBBER
Products (R2P) Technology Conference”

Turin — ltaly, February 2014 Training course Vahitae dei possibili utilizzi
nelle pavimentazioni stradali del polverino proe da pneumatici fuori uso
Brussels — Belgium, March 2014, IARC 2014: Develepimand implementation
of innovative and sustainable technologies forubke of scrap tyre rubber in road
pavements

Pisa — Italy, April 2014, ICTI 2014 - Internation@bnference on Transportation
Infrastructure: Development of a laboratory tesicedure for the evaluation of
potential gaseous emissions of asphalt rubber Ioitous mixtures
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24,

Turin - Italy, October 2014. FLEX & THE CITY 2012roducts and Applications
In Rubber Recycled For Roads, structures for usgban planning and Transports
- Seminar organized by ETRA / European Tyre RenygcliAssociation:
TYRECALIFE: innovative technology, environmentallgustainable road
pavements

Rimini — Italy, November 2014, Ecomondo 2014: L@gcle Assessment (LCA)
of road floorings containing powder of used tirE&T)

Berlin — Germany, March 2015, IARC 2015: the rgll-of the TyRec4Life project
has been exhibited during the International AutoieolRecycling Congress,
which was attended by around 300 stakeholders fliffierent parts of the world
Brussels — Belgium, March 2015. ETRA 22th Europ&zonference on tyre
recycling. Innovative society: New opportunities fecycled materials

Turin — Italy, March 2015, “Advances in Quality Gorl and Quality Assurance in
Road Constructions”

Turin - ltaly, May 2015 Study visit of a Burmesdetgation from PCCD-Pollution
Control and Cleansing Department of YCDC-Yangon yCievelopment
Committee

Turin — Italy, May 2015, Study visit of a delegatitrom University of Maryland.
The use of scrap tyre rubber in asphalt pavemeotgdBo-Venaria ring road and
TYRECALIFE program

Dubai — EA, May 2015, “6th MIDDLE EAST BITUMEN/ASPALT 2015”
Thessaloniki — Greece, June 2015, 6th Internatid®ahference "Bituminous
Mixtures and Pavements”

Turin - Italy, September 2015, Final Connference

Venice - Italy, October 2015. FLEX & THE CITY 201Bubberised Asphalt and
Recycled Tyre Applications for Roads and Urban Fure

Rimini — Italy, November 2015, Ecomondo 2015, TYREG-E: tecnologie
innovative ed ecologicamente sostenibili per leipantazioni stradali

Rome — lItaly, January 2016, “Conglomerati innoviaéivad elevate prestazioni.
Un’opportunita per una lunga durata nel tempo”

Further presentations of the project are scheduléiie coming months.

Layman’s Report is download abttp://bit.ly/10KtKhy

Press releases and articles

List of Press releases Provincia di Torinoand Citta Metropolitana di Torino
1. 2015 September 18
http://www.cittametropolitana.torino.it/cms/comuaigambiente/dopo-4-anni-di-

sperimentazioni-tyrec4life-giunge-al-traguardo-lita-del-polverino-da-pneumatici-esausti-

per-asfaltare-le-strade

2. 2014 October 03
http://www.provincia.torino.gov.it/cgi-

bin/ufstampa/comunicati/dettaglio agenzia.cqi?id&92

3. 2014 September 23
http://www.provincia.torino.gov.it/cgi-

bin/ufstampa/comunicati/dettaglio agenzia.cqi?ids€D2

4. 2013 March 15
http://www.provincia.torino.gov.it/cgi-

bin/ufstampa/comunicati/dettaglio agenzia.cqi?ids84
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5. 2012 June 14
http://www.provincia.torino.gov.it/cgi-
bin/ufstampa/comunicati/dettaglio agenzia.cqi?id34/9

Cronache da Palazzo CisterraProvincia di Torino and Citta Metropolitana di Torino
1. 2015 September 11 — pg 6
http://www.cittametropolitana.torino.it/ufstampadoache/2015/dwd/num28.pdf

2. 2014 October 3 — pag 10
http://www.provincia.torino.gov.it/stampa/cronac?@l 4/num30.htm

3. 2014 September 12 — pag 12
http://www.provincia.torino.gov.it/stampa/cronache/2014/dwd/num?27.pdf
4. 2012 October 12 — pag 4
http://www.provincia.torino.gov.it/stampa/cronack@! 2/dwd/num26.pdf
5. 2012 January 20 — pag 9
http://www.provincia.torino.gov.it/stampa/cronack@? 2/dwd/numl.pdf

Italian Ministry of Environment

1. 2015 September
http://www.minambiente.it/sites/default/files/arcto/allegati/life/life_tyrec_conferenza?
015 programma_definitivo.pdf

2. 2014
http://www.pongas.minambiente.it/prodotti-e-matkime/finish/139-manuali-linee-
guida/1107-il-capitale-di-esperienze-dei-progeté-bmbiente-italiani-buone-pratiche-
per-i-territori-delle-regioni-dell-obiettivo-convgenza

3. 2011 December 13
http://www.minambiente.it/sites/default/files/arcto/allegati/life/life_programma_incont
ro_tyrec4life.pdf

List of Press article and newsletter

1. 2016 February 15 - http://www.bostoncommons.net/waste-water-management-sustainable-
development/?shared=email&msg=fail

2. 2016 February 01 - http://www.giornalistinellerba.it/2016/02/01/tyrec4life-gli-pneumatici-

che-diventano-asfalto

2015 October 31 -https://5minutiperlambiente.wordpress.com/tag/progetto

4. 2015 September 29 - http://rifiutizeroumbria.blogspot.it/2015/09/tyrec4life-il-progetto-per-
una-corretta.html

5. 2015 September 23 - http://www.hydroaid-it.org/notizie/tyrec4life-le-opportunita-
innovative-si-fanno-strada

6. 2015 September 23 - http://www.hvdroaid.org/news

7. 2015 September 22 - http://www.rinnovabili.it/re-auto/torino-pneumatici-fuori-uso-333

8. 2015 September 21 - http://www.ecodallecitta.it/notizie/ 383761/ tyrec4life-il-progetto-per-
una-cotretta-gestione-degli-pneumatici-fuoti-uso/

9. 2015 September 18#tp://www.comune.torino.it/ucstampa/2015/articld7&html

10. 2015 September 18tp://www.torinoclick.it/?p=25698

11. 2015 September 18 - http://www.newspettacolo.com/news/view/163395-
citta di torino | assessore lavolta sul progetto tyrecdlife news torino torino piemonte

12. 2015 September 15 - http://www.casaeclima.com/ar 24132 Conferenza-finale-progetto-
tyrec4life.html

L
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13.

2015 September 14 - http://www.ansa.it/piemonte/notizie/europa/2015/09/14 /ue-punta-

su-riuso-pneumatici-progetto-tyrec4life-a-torino 73f70157-f66a-4f3d-a22a-
bcl7eea51396.html

14.2015 September 8 - http://www.cnzolavolta.it/wp/?p=4130

15.

16.

17.

18.

19.
20.

21.

22.

23.

24,

25.

20.

27.
28.

29.
30.

31.
32.

33.

34.

35.

2015 September - http://www.mater.polimi.it/mater/it/notizie-eventi/eventi-
passati/2015/817-pneumatici-in-polvere-come-gli-pneumatici-esausti-diventano-
pavimentazioni-innovative-conferenza-finale-del-progetto-europeo-tyrec4life

2015 August 18 - http://lobiettivonline.it/torino-il-progetto-tyrec4life-in-dirittura-darrivo
2015 September 18 -
http://www.noodls.com/view/BI37EF3EC0A635A27ADDD35B376860326 DFF4B2B2153
1xxx1442588508

2015 August 7 - http:/ /247 libero.it/focus /33200261 /89 /riutilizzo-pneumatici-il-18-
settembre-a-torino-conferenza-finale-del-progetto-tyrec4life/

2015 August - http://iniziative.centroestero.org/iniziative.phpraction=view&IDitem=1677
2015 June 9 - http://online.stradeeautostrade.it/infrastrutture i I i
06-09/il-progetto-europeo-tyrec4life-7513/

2015 May -
http://www.cittametropolitana.torino.it/europa/newsletter/news2015/maggiol5.shtml

2014 December 4 - http://www.egommerce.it/news/Con-Tyrec4life-1%E2%80%99asfalto-
si-realizza-con-vecchi-pneumatici 353.html#Null

2014 Octobert 3 - http://www.obiettivonews.it/2014/10/03/san-giorgio-canavese-tyrec4life-
lasfalto-rinnovabile /#.VC6-Mc4cRDS8

2014 October 3 - http://www.quotidianocanavese.it/made-in-canavese/san-giorgio-i-
pneumatici-usati-diventano-asfalto-per-le-strade-del-canavese-2560

2014 Octobert 3 - http://lasentinella.gelocal.it/ivrea/cronaca/2014/10/03 /news/posato-l-
asfalto-del-futuro-sulla-strada-provinciale-53-1.10048734

2014 October 2 - http://12alle12.it/borgofranco-divrea-sulle-strade-canavese-lasfalto-
gomma-96603

2014 October - http://www.lajsiab.com/WGI6bzdmRIpYR1Ex

2014 September -
http://www.provincia.torino.gov.it/europa/newsletter/News2014/settembre14.html
2013 May 27 - http://www.rinnovabili.it/re-auto /asfalti-gommati-sicuri-silenziosi-e-green-
828/

2013 Match 15 - http://ecodallecitta.it/notizie.php?id=374192

2013 March — Api Flash (only paper copy, attached file)

2012 May 31 -

http://www.torinoscienza.it/articoli/e _sempre su strada la seconda vita degli pneumatici

23415.html
2012 January 12 -
http:/ /www.diggita.it/story.phprtitle=TvRec4life a Torino ora le strade si fanno con i

pneumatici
2012 January 12 - http:

con-i-pneumatici/

2012 January 10 - http://www.corriere.it/ambiente/12 gennaio 10/polverino-gomme-
bitume-tagliacarne {2a0elc8-3b76-11e1-9a5f-c5745a18f471.shtml

36.2012 January 10 — page non found now (see printing in ANNEX 07 - DISSEMINATION)

37.
38.

Http://Www.Bioecogeo.Com/Bio/Ambiente
2012 -http://www.comune.torino.it/pass/php/4/Salute. phgifb 3961
2011 December 13 - http://www.ecodallecitta.it/notizie.php?id=109638

Youtube footage
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1. February 2016, Giornalisti nell’erba
https://www.youtube.com/watch?v=QYVYFErkdNrw
published on 02/01/2016, 70 views

2. October 2014 — action 3.3.2
https://www.youtube.com/watch?v=-MoCAmHWvkY
published on 11/18/2014, 234 views

3. September 2014 — action 4.1
https://www.voutube.com/watch?v=Xizo7{FZXGQ
published on 09/29/2014, 415 views

4. https://www.youtube.com/watch?v=-Aa0IXSaMGM
published on 09/10/2014, 634 views

5. May 2012, Universita di Brescia
https://www.youtube.com/watch?v=£f5u9d0Z5hYk
published on 05/25/2012, 31 views

6. December 2011 - Kick-off meeting
https://www.youtube.com/watch?v=MXwrlCVmGcg
published on 08/16/2012, 202 views
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