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A MAJOR EUROPEAN PROJECT FOR RECYCLING END-OF-LIFE TYRESINTO NEW TYRES

2nd WORKSHOP
Welcome to Zaragoza!

Ramón Murillo - CSIC
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Ramon Murillo ( ICB-CSIC)
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Å Zaragoza is a historic city located in the 
northeast of Spain and capital of the historical 
territory of Aragon

Å It was founded by the Iberians in the third 
century BC but then it was re-founded by the 
Romans with the name Caesaraugusta

Å After a Visigothic period, it was conquered by 
the Arabs in 714 until 1118, when it was 
reconquered by an Occitan, Frankish and 
Aragonesearmy

Welcome to Zaragoza!



7
BLACK CYCLE is a project funded by the EuropeanCommission - Project Number : 869625

ÅA growing commercial city during the 
middle and modern ages

ÅThe city was devastated during the 
Napoleonic wars with three 
successive sieges

Welcome to Zaragoza!
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ÅĮ..and now, Zaragoza is a modern city 
with a population of ca. 700000 
people

Welcome to Zaragoza!
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ÅWith a powerful industrial sector, 
excellent communications, strong 
compromise with the renewable 
energies and very close to almost 
anywhere!

Welcome to Zaragoza!
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ÅYou will have the chance to visit CSIC facilities and Sisener/Greenval
Technologies site

Visits during this workshop

Å.....and also, if you wish enjoying tapas in ĨEl tuboĩ!



THANK YOU
and

ENJOY YOUR VISIT!

Thisproject has receivedfunding from the European¦ƴƛƻƴΩǎHorizon2020 researchand
innovationprogramundergrantagreementNo869625.
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The EuropeanBlackCycleproject  is a 
POWERFULTool to create a MASSIVE tire 

circular economy!!!

Person & skills Europe support Systemic approach Results
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Blackcycle project: 
Welcoming note 

Plenary session

Networking lunch
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Å Technical dissemination  
Å Regulation and Policy 
Å Social acceptance 

To end this day and continue to 

interact together: Join us en el tubo

Working Groups 
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Cocktail

Networking Session :

Coffee Break

9
.3

0
 a

m

Blackcycle project: 
Technical session part 1

Blackcycle project: 
Technical session part 2

Tyre recycling: 
towards the Circular Economy

Discovering Who is who ?
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Closing Session :

Share results of  the working groups 

Day 1
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Plenary session

Welcome
Ramon Murillo ( ICB -CSIC)
Jean-Michel DOUARRE (MICHELIN)

Official Blackcycle video
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Coffee Break
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What about a tyre with Sustainable Carbon Black?ɀMagali 

HEURTEFEU (MICHELIN)

Upgrading Heavy Pyrolytic Oil from ELTsto High-Quality
Carbon Black Feedstock: aromatization and 
desulphurizationɀEleni PACHATOURIDOU (CERTH)

BLACKCYCLEConclusion Margarita DORATO & Jean-Michel 

DOUARRE (MICHELIN)
Facingthe unexpected: how to stay on track?
ɈFeelings and Lessonslearned from partnersɅ participation to EU BLACKCYCLE 
projectɉ
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European BLACKCYCLE consortium: The power to move 
forward - Margarita DORATO (MICHELIN)

2022 Validation of the scale-up: from kg to tons of sustainable
Carbon Black - Helmut GROMES (ORION)

A key step in 2022: Distillation scale-up at TRL7- Juan Daniel 

Martínez (ICB-CSIC) & Ignacio de Pascual (SISENER)

A major project milestone achieved: High quantity of 
optimized pyrolytic oil from ELTsɀAndreas KAPF (PYRUM)
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TYRERECYCLING: TOWARDSTHE CIRCULARECONOMY

Pyrolysismarket & its deployment in Europe - Martin VON 
WOLFERSDORFF(Wolfersdorff Consulting)

Identification of tires in support of the circular economy
Arthur WAGNER (REGOM/ Transport CASSIER) & Jérôme BARRAND 
(MICHELIN)

Day 1
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OFFICIAL BLACKCYCLE VIDEO



This project has received funding from the
European¦ƴƛƻƴΩǎHorizon2020 researchand
innovation program under grant agreement
No869625.

TOPICS : CE-SC5-07-2018-2019-2020 - Raw materials innovation for the circular 
economy: sustainable processing, reuse, recycling and recovery schemes

CALL: H2020-SC5-2019-2

A MAJOR EUROPEAN PROJECT FOR RECYCLING END-OF-LIFE TYRESINTO NEW TYRES
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Annually, 1.6 Billion tires 
become waste worldwide

31 Million Tons 

3.5 Million Tons 

Only a limited amount of 
secondary raw material that can be 
reused in the tyre industry.

In Europe, more than half of these 
are exported to other countries.

Offering a great potential for 
material recovery , which is only 
partially exploited.90% Collected

Energy valorization

Material valorization
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BLACKCYCLEproject aims to enable a massive circular 
economy of tyres

The BlackCycle project aims at creating, 

developing, and optimising a full value chain :

To valorize 100% ELTs selected

To increaseup to 10 times SRMsrate into a new tyre

To decrease CO2 emission at least 50%

BlackCycleaims at addressing these technological hurdles to transform ELTs into high quality Secondary Raw Materials 
(SRMs) that could be used not only by the tyre industry, but also in other technical applications, closing the loop and 
supporting the development of a circular economy.

By Offering An EconomicallyAnd 
EnvironmentallyViable Alternative

More than 10 innovations 
along the value chain
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Waste Managers

Technology Developers

End Users and Validators 

Technology Providers and Manufacturers

Environmental and HSE Experts

Dissemination, Communication

7 Industrial & Start up Partners, 5 Research Centers and an Innovation 
cluster gathered in a EU Consortium in 5 Countries

May 2020 Aug 2023

TECHNOLOGICAL BARRIERS NON-TECHNOLOGICAL BARRIERS
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BLACKCYCLE aims at creating, developing and optimising 
a full Value Chain

TRL : 4 to 7
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To develop 2 pyrolysis technologies to produce pyrolytic oil and r -CB

Auger Reactor Moving Bed Reactor

TRL4
kg samples

TRL7 - dozenstons samples

Depending on the quality of the of ELTs granulates and the operating conditions of 
pyrolysis

TRL7 - dozenstons samples

TRL5
Hundreds kg samples
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BLACKCYCLE aims at creating, developing and optimising 
a full Value Chain  - implemented on 10 Work Packages
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BLACKCYCLE project  is a POWERFUL tool to create a 
massive tire CIRCULAR ECONOMY 
Focus on 4 steps of the value chain

High quantity of optimized pyrolytic 
oil from ELTs

Distillation from TRL5 up to scale -up 
at TRL7

Validation of the scale -up: from kg to 
tons of sCB

Tyre validation
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High-Quality CB Feedstock: 
Aromatization & Desulphurization

BLACKCYCLE project  is a POWERFUL tool to create a 
massive tire CIRCULAR ECONOMY 
Other levers to improve the pyrolytic oils



Pyrum Innovations AG

A major project milestone achieved: 

High quantity of optimized pyrolytic oil 

from ELTs

Speaker: Dr. Andreas Kapf (Head of R&D)



29
BLACK CYCLE is a project funded by the EuropeanCommission - Project Number : 869625

ELT granulate

Cooling water (cold)

Gas

Oil / vapours

Cooling water (hot )

Electricity

rCB

1: ELT Granulate (0,5-6mm)

2: Reactor

3: Solid cooler

4: Oil condenser

5: Gas motor

¤ Proven concept:

Å In test operation since 2015

Å In 24/7 industrial production with commercial sales since 2020

1

¤ Total control:

152 electrical heating units distributed over 5 levels can be individually

controlled to optimize the temperature input and product quality.

2

¤ Robust and safe design:

The material is passing through the reactor just with gravity. The absence of 

moving parts and their sealings within the reactor results in low-maintenance 

and safe operation

3

¤ Energy self sufficient

The electrification of the pyrolysis gas in the results in more electrical energy 

than the whole pyrolysis plant consumes

4

ELT granulate

Cooling water (cold)

Gas

Oil / vapours

Cooling water (hot )

Electricity

rCB

Industrial plant with a capacity of 5.000t per year

Key information :

Pyrumspyrolysis technology: The Moving Bed Reactor
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Pyrum reactor

Cooling

Unit Oil and Nitrogen 

Tanks

Gas motor

Gas 

tank Control Room

2 3 4

6

7

8

1

Feedstock and Shredding

5

Carbon Mill 

and Pelletizer

¤ Feedstock (End-of-Life-Tires) and shredding unit: 

granulating whole tires and separating rubber from steel 

and textile fibers

1

¤ Pyrum reactor: patented main part of the Pyrum 

process. 25-meter-high tower transforming rubber 

granulates into pyrolysis oil, carbon and gas

2

¤ Standardized cooling unit: to cool the whole process 

and all end products

3

¤ Oil tanks (40,000 liters underground) and pumping 

station: to fill trucks with Pyrum oil + nitrogen

4

¤ Carbon mill and pelletizer: to transform raw carbon to 

commercial recovered Carbon Black (rCB)

5

¤ Gas generator: creation the power for the Pyrum Plant 

thanks to the produced gas from the process

6

¤ Storage and cleaning of pyrolysis gas: before it enters 

the gas generator 

7

¤ Control room: controlling the entire plant with 2-3 

persons only

8

Overview of Pyrum'splant site
Located in Dillingen /Saar, Germany



31
BLACK CYCLE is a project funded by the EuropeanCommission - Project Number : 869625

Pyrumspathway of the optimisation process and high quantity
Productionof ELT pyrolysisoil

Laboratory
campaign

Industrial 
campaign

Pyrolysis trials

Smallscale
productionof
non-optimised

oil

Product
characterisation

Definition of
optimal parameters

Productionof
10t optimised

oil

Industrial upscale

Productionof
50t optimised

oil

Largescale
productionof
non-optimised

oil

TRL4 scale: Production
of 5L crude oil samples

Determination of mass
balance

Intensive product
analysesof pyrolytic
oil , gas and rCB

Consideration of all data 
received and joint 
decision on selection

TRL9 scale: 
Production for TRL5 
sCBproduction

TRL9 scale: 
Production for TRL7
sCBproduction

Transfer of determined
parameters and 
production (TRL9) of
optimised oil

Final large scale
production (TRL9) 
under optimised
conditions

Optimisation at laboratory level and upscale into industrial production

Preliminary 
production 
as proof-of-
concept
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Influence of temperatureonto the yieldand chemicalcomposition 
of the pyrolysisproducts

Pyrolysis oil Pyrolysis gasProduct 
distribution

- Higher oil yield and lower gasyields
at lower process temperatures

- rCB yield is not effected

Pyrolysis trials performed at the TRL4 laboratory plant at two temperature profiles: T1 < T2

- Higher H2 content at higher process 
temperatures

- Lower C2-C4 content at higher process 
temperatures

- Higher calorific value at higher process 
temperatures

Higher content of aromatic molecules at 
higher process temperatures

ŸHigher C/H ratio at higher process 
temperatures
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Product 
distribution

- Higher oil yield and lower gasyields
at lower process temperatures

- rCB yield is not effected

Higher process tempertures resulted in 
significant lower PAH contents in the 
rCB

Higher process temperatures increased
the toluene transmittance and decrased
the volatile content

rCB (untreated )

Influence of temperatureonto the yieldand chemicalcomposition
of the pyrolysisproducts
Pyrolysis trials performed at the TRL4 laboratory plant at two temperature profiles: T1 < T2
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Pyrolysis oil rCB (untreated ) Pyrolysis gas

Consideration of all obtained data of 

the influences of temperature and 

feedstock and selection of the 

settings for the industrial upscale

Pyrolysis trials at TRL4 performed with four different and pure ELT feedstocks with similar granulate properties

Influence of ELT typeonto the yieldand chemicalcomposition
of the pyrolysisproducts
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T1

T2

T3

T4

T5

ELT granulate

rCB

Gas

Overviewof the circularpathway: Frompyrolysisoil to new tyres

ELT granulate

Pyrolysis oilRefined oil

Each heating 

zone can be 

individually 

controlled with 

very high 

precision

sCB

New tyre

ELT

Collaboration is key!
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Total volumes and energyof the industrialproduction campaignsof 
optimisedpyrolysisoil for sCBproduction

Name Trial 1 Trial 2 Total

Input
ELT granulate 43,6 t 219,4 t 263,0 t

Electricity 18,3 MW 91,5 MW 109,8 MW

Output

Pyolyticoil 10,1 t 50,7 t 60,8 t

Pyrolyticgas 9,8 t 69,6 t 79,4 t

rCB 19,7 t 99,2 t 118,9 t

Electricity 27,6 MW 138,0 MW 165,6 MW

Overviewproduction data

In both trials a surplus of electrical energy 

was produced which can be directly used 

or feed into net grid.
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Comparisonof product distribution and composition between
laboratory (TRL4) and industrial (TRL9) production

Summary

1) Successful optimization of the industrial process and high quantity oil production

2) TRL4 trials give a detailed prediction of the product distribution and product quality 

of an industrial upscale Ÿ Highest similarity for rCB

3) Both TRL9 trials show close to identical product composition Ÿ Excellent process 

stability and repeatability

Product 
distribution

- Higher oil yield at TRL4

- Higher gasyield at TRL9

- Similar rCB yields

Pyrolytic oil

- Lower C/H ratio at TRL9

Pyrolytic gas

- Higher H2 content at TRL9

- Lower content of C2-C4 at TRL9

rCB

- No significant deviations



THANK YOU !

Thisproject has receivedfunding from the European¦ƴƛƻƴΩǎHorizon2020 researchand
innovationprogramundergrantagreementNo869625.
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A major project milestone achieved: 
Distillation scale -up at TRL7

Speakers: Juan Daniel Martínez (ICB-CSIC)
Ignacio de Pascual (SISENER)


