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A MAJOR EUROPEAN PROJECT FOR RECYCIORGIERDREBNTO NEWYRES
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Welcome to Zaragoza!

Ramon Murillo - CSIC







Welcome to Zaragoza!

A Zaragoza is a historic city located in the
northeast of Spain and capital of the historical
territory of Aragon

A It was founded by the Iberians in the third
century BC but then it was refounded by the
Romans with the nameCaesaraugusta

A After a Visigothic period, it was conquered by
the Arabs in 714 until 1118, when it was
reconquered by an Occitan, Frankish and
Aragonesearmy
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Welcome to Zaragoza! {

Move to the green revolution

A A growing commercial city during the
middle and modern ages

A The city was devastated during the
Napoleonic wars with three
successive sieges
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Welcome to Zaragoza!

Al]..and now, Zaragoza i s a
with a population of ca. 700000
people

BLACK CYCLHEsaproject funded by the European Commission- Project Number : 869625




Welcome to Zaragoza!

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

- BLACK CYCLHEsaproject funded by the European Commission- Project Number : 869625




Visits during this workshop { s

Move to the green revolution

A You will have the chance to visit CSIC facilities an&isener Greenval
Technologies site

A.....and also, if vytaboi 'wi sh enjoying
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The European BlackCycle project Is a
POWERFULTool to create a MASSIVE tire
circular economy!!!
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Martin von Wolfersdorff is an expert on recovered
carbon black and tyre pyrolysis.

He founded Wolfersdorff Consulting Berlin to advise

clients in the recycling and tire industries on the
commercialisation of recovered carbon black.

He is a top voice for recovered carbon black at
various sustainability events.

B ELACK CYCLE & a project funded by the Ewropean Commission - Project Nunbar - B20687

[recovered carbon black and tyre
pyrolysis Expert]

Moderator
for the
2nd BLACKCYCLE

WORKSHOP
In Zaragoza




J@,] Good practices

FOR THE BLACKCYCLE ONLINE WORKSHOP

Connect at least 10 minutes
before the beginning of the
workshop for more tranquility
(first exchanges and last
settings)

BLACK CYCLEHsaproject funded by the EuropeanCommission- Project Number : 869625

Be sure to turn off your
microphones and cameras
before the workshop to

avoid interference and free
up bandwidth

There will be time for
discussion at the end of the
workshop, so don't hesitate
to ask your questions and/or
use the chat
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Day 1 _ :
Networking Session : P2y

Plenary session % c 5 BLACK
S . . . % CYCLE
X Discovering Who is who ? SR
(QV
i
= Blackcycle project: |
8 Welcoming note g_ T@'t Networklng lunch
© o
S
E —
© Blackcycle project: .
o
> Technical session part 1 Working Groups
A Technical dissemination
£ . .
g {8 Coffee Break g % A Regulation and Policy
o .
g P @ & 3w A Social acceptance
= n Blackcycle project: c Closing Session :
3 Technical session part 2 o o
o -9 S ;ﬁ Shareresults of the working groups
o Aada
£ : :
< n Tyre recycling: Cocktall
= e o o towards the Circular Economy e To end this day and continue to
—
§ interact together: Join us en el tubo
N~
L 4 16
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Day 1 £
. S §3¢ B
Plenary session % » Coffee Break BLack
= * CYCLE
E £  What about a tyre with Sustainable Carbon BlackZ Magali
g r‘ Welcome S HEURTEFEU (MICHELIN)
Q - Ramon Murillo ( ICB -CSIC) -
@ Jean-Michel DOUARRE (MICHELIN)
o = Upgrading Heavy Pyrolytic Oil from ELTg0 High-Quality
E 3 BLJ,JL\CK e 0 Carbon Black Feedstock aromatization and
S * CYCLE Official Blackcycle video . desulphurization Z Eleni PACHATOURIDOUGERTH
(o)}
c BLACKCYCI®nclusion mMargarita DORATO & Jean-Michel
£  European BLACKCYCLE consortium: The power to move g DOUARRE (MICHELIN)
_ . ™ Facingthe unexpected: how to stay on track?
8_ forward Margarita DORATO (MICHELIN) = J Feel i hegsonsleamed from parthners\ par ti ci pati on
o projectj
= A major project milestone achieved: High quantity of
< optimized pyrolytic oil from ELTStAndreas KAPF (PYRUM)
(@)
= TYRERECYCLING TOWARDS THE CIRCULARECONOMY
8 Akeystepin 2022: Distillation scale-up at TRLZ Juan Daniel £
g Martinez (ICB-CSIC) & Ignacio de Pascual (SISENER) g Pyrolysismarket & its deployment in Europe - Martin VON
— : WOLFERSDORFVolfersdorff Consulting)
S - e o :
& 2022 Validation of the scale-up: from kg to tons of sustainable Identification of tires in support of the circular economy
— lack Arthur WAGNER (REGOM/ Transport CASSIER) & Jérome BARRAND
S Carbon Black - Helmut GROMES (ORION) (MICHELIN)
L 4 17
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o0
>} OFFICIAL BLACKCYCLEVIDEO

F BLACK

% cyCie
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A MAJOR EUROPEAN PROJECT FOR RECYCIORGIERRDRESNTO NEWYRES

TOPICS : €2507-201820192020- Raw materials innovation for the circufér
economy: sustainable processing, reuse, recycling and recovery schemes

CALL: H2028C520192

Horizon2020
European Union Funding
for Research & Innovation

This project has received funding from the
European; Yy A 2Hgrl2@n 2020 researchand
innovation program under grant agreement
N0 869625
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Annually 1.6 BllllOn tires
y /' become waste worldwide

@- 31 Million Tons

i

3 5 I\/IiIIion Tons

>, ) . 4
N -R 90% Collected /. -4
Sies. LA, | M

-

' K TR Q‘ 4 Energy valorization
% TG — -
' Material valorization

:

5
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A BLACK
m CYCLE
Only a limited amount of
secondary raw material thatcan be
reused in the tyre industry.

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

Offering agreat potential for

material recovery , which is only
partially exploited.
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BLACKCYCLEproject aims to enable a massive circular o
economy of tyres 2 BLACK

% CYCLE

BlackCycle aims at addressing these technological hurdleso transform ELTs into high quality Secondary Raw Materials

(SRMy 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.

The BlackCycle project aims at creating,

' developing, and optimising a full value chain :
4 2
2 - o
G — To valorize 100% ELTs selected
é ™~ Oy Toincreaseup to 10 times SRMsrate into a new tyre
— T s To decreaseCO2 emission at least 50%0

@ More than 10 innovations

4 N\

= along the value chain By Offering ArfeconomicallyAnd
EnvironmentallyViable Alternative

21
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7/ Industrial & Start up Partners, 5 ResearchCenters and an Innovation
cluster gathered in a EU Consortium in 5 Countries

Qﬁ‘\m})}»@
A BLACK

% CYCLE

Move to the green revolution

May 2020

transport to the plant

operated hy Estato. I
Production of sustainable carbon

rl n ENGINEERED
CARBONS
\

Environment, health and safety
assessment and co-design of several

i ) black, from pyrolysis oil.
industrial processes.

matrise .r,.q...‘
__por an déwlanpanacs dirable |

Communication, dissemination, strategic

intelligence  and  networking  with HXEL_ER
stakeholders, notably to convince targeted auiyseur a0 cromsance.
early adopters to Invest.

ELT deconstruction and
granulation, for several types

A ; {2 esTATO
_r__.,/l Urmbaersice BmbH of tyre.

Production of new tyre ranges L“
including sustainable materials. MICHELIN |

& X ¢ Carrying out of Environmental
=~ \\;_\QU an t 3 Life Cycle Assessments.

Collection of raw materials data oo 2} w ~ = i i i
i ; ) ICAMCWYL . P\ (1) 22— Research into ex situ catalytic
coming from the BlackCycle x . SSes and thermal upgrading
project tofeed the RMIS. ‘ A, ) hydrodesulphurisation and
= o
h catalytic processing of pyrolytic
oil.

\ 3
cb HERM
SISENER INGENIEROS 8.1 g‘ﬂm?.‘lzﬂ ‘
Optimisation of

large-scale production of pyrolytic oil,
desigh and operation of distillation
columns, process design and integration
and techno-economic assessment.

“ Validation of  micrenised
© rubber powder for other
applications,

TECHNOLOGICAL BARRIERS

NON-TECHNOLOGICAL BARRIERS

BLACK CYCLHEsaproject funded by the European Commission- Project Number : 869625

Aug 2023

Waste Managers

End Users and Validators

o
Q&Q < Technology Developers

M Technology Providers and Manufacturers
N———"

Environmental and HSE Experts

//4 < Dissemination, Communication

22



BLACKCYCLE aims at creating, developing and optimising T atac
a full Value Chain nCYCLE

(P esTAT HERRM

Umweltservice GmbH

ﬁ’ﬁ)»}» By [::’ffwmgj}‘

cb

INSTITUTO DE

eeeeeeeeee

=
ALIAPUR
COLLECTE ET RECYCLAGE DE VOS PNEUS

maifriser le risque
pour un développement durable

Quants

CPERI N
SR - R
HIEERN G . &4

A ICAMCYL ;.

rl n ENGINEERED
CARBONS

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

Depending on the quality of the of ELTs granulates and the operating conditions of S
pyrolysis
Auger Reactor Moving Bed Reactor

("cb

INSTITUTO DE
CARBOQUIMICA

TRL7- dozenstons samples '
TRL7- dozenstons samples 24
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BLACKCYCLE aims at creating, developing and optimising )
a full Value Chain - implemented on 10 Work Packages % CveiE

oooooooooooooooooooooooo

WP3 - Dissemination, communication, exploitation and strategic
intelligence - All

1

= WP4 - Tyre WP5 - Pyrolysis WPé6 - QOil WP7/ - :
| selection optimisation refining and Sustainable . =
€ . valorisation Carbon Black || Bl
1| =0 | ) | E— : — o °
g ..... Uittattkzrwie Grl : ‘RE c"” orlon I

o I 1 e L 3 T i
E i% == SR | | Pa” | g.'cb""i iE_:::::E::J: “Q“ﬁ_“} e T i Q
£ [ [—— — S——— SR o2, s ©
- [ {HERR ncas B orion T N =
L SEmEEEEET paeoe- LeooSziml Loamsans i =
2 | g
i ¥ o
[ | ]I:-
N . . =

% P WP8 - Sustainable tyre OO !

muicuscn performance assessment Lo |

————————————————————————————————————————————————————— ol
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BLACKCYCLE projectis a POWERFULtool to create a Feiack

massive tire CIRCULAR ECONOMY e
Focus on 4 steps of the value chain

S T :
> V -
High quantity of optimized pyrolytic
MICHELIN oil from ELTs
Tyre validation M
Y
¥
A e &
P «& &
orton e e | ¢ & SR CSIC €z,
Validation of the scale-up: from kg to T
tons of sCB Distillation from TRL5 up to scale-up

at TRL7

26
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BLACKCYCLE projectis a POWERFULtool to create a Feiack
massive tire CIRCULAR ECONOMY o
Other levers to improve the pyrolytic olls

0 o
CPERI ™

(IR -8

dlafa e \ A‘.W;

High-Quality CB Feedstock:
Aromatization & Desulphurization

27
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Pyrumspyrolysis technologyThe Moving Bed Reactor

R

Industrial plant with a capacity of 5.000t per year

Kevy information :

u Proven concept:
A In test operation since 2015

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

m Total control:

152 electrical heating units distributed over 5 levels can be individually
controlled to optimize the temperature input and product quality.

D 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

uu Energy self sufficient
The electrification of the pyrolysis gas in the results in more electrical energy
than the whole pyrolysis plant consumes

BLACK CYCLEHsaproject funded by the EuropeanCommission- Project Number : 869625

DRy

BLACK
> CYCLE

Move to the green revolutior

>

IO N

ELTgranulate
Cooling water (cold)
Cooling water (hot)
Oil / vapours

Gas

Electricity

rCB

BUO0ONE.

1: ELT Granulate (0,56mm)
2: Reactor

3: Solid cooler

4: Oil condenser

5: Gasmotor

29
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Overview ofPyrum'splant site

>

IO N

Located in Dillingen /Saar, Germany

=

Feedstock (End-of-Life-Tires) and shredding unit:
granulating whole tires and separating rubber from steel
and textile fibers

o Pyrum reactor: patented main part of the Pyrum
process. 25-meter-high tower transforming rubber
granulates into pyrolysis oil, carbon and gas

[~

o Standardized cooling unit: to cool the whole process
and all end products

[ oo

o Oil tanks (40,000 liters underground) and pumping
station: to fill trucks with Pyrum oil + nitrogen

B

_wd'Nitrogen Carbon Mill
EENS and Pelletizer

o Carbon mill and pelletizer: to transform raw carbon to
commercial recovered Carbon Black (rCB)

| o

o

Gas generator: creation the power for the Pyrum Plant
thanks to the produced gas from the process

o Storage and cleaning of pyrolysis gas: before it enters
the gas generator

|~

Control room: controlling the entire plant with 2-3
persons only

o

30
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Pyrumspathway of the optimisation process and highuantity
Productionof ELTpyrolysisoil

Optimisation at laboratory level and upscaleinto industrial production

Product

Definition of
characterisation

optimal parameters

x Pyrolysistrials

TRL4 scale: Production

Laboratory : Intensive product Consideration of all data
of 5L crude oil samples :
campaign o P analysesof pyrolytic received and joint _
Determination of mass oil, gas andCB decision on selection Industrial upscale
balance
Smallscale Largescale : :
: Productionof Productionof
production of production of 10t optimised 50t optimised
h non-optimised non-optimised Preliminary %” %“
o] o] L. production
Industrial TRLY9scale: TRLYscale: as proof-of- Transfer of determined Final large scale
campaign Production for TRL5 Production for TRL7 concept parameters and production (TRL9)
sCBproduction sCBproduction production (TRL9)of under optimised
optimised oll conditions

31
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From laboratory to industrial scale: Overview laboratory plants

- |

TRL4 laboratory pyrolySis plant

Pyrolysis

Heating circuit 1
gas zone

Heating circuit 2
Pyrolysis zone 1

Heating circuit 3

Pyrolysis zone 2

- Moving bed reactor
- Throughput: 0,5 - 1 kg/h

- 4 individually controllabe heating zones

rCB zone

TRL4 reactor

5 %?‘94%
—— | L = "
CCy

Distillation

TRL4 laboratory distillation plant

The optimization of the pyrolysis not only
based on crude pyrolytic oil, also in

consideration of the final distilled product.

- BLACK CYCLE is a project funded by the European Commission - Project Number : 869625

- Distillation plant designed for complex oils
- 15 theoretical plates

- Flask volume of 10L

- Fully automatic

- Atmospheric pressure & vacuum distillation
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Influence oftemperatureonto the yield and chemicalcomposition
of the pyrolysisproducts

Pyrolysis trials performed at the TRL4laboratory plant at two temperature profiles: T1 < T2

Product Pyrolysis oil Pyrolysis gas
[ rcB [ oil [l Gas 1 [ H, EEc
1,0 4 I ®  Calorific valugl__|C3[__|C4
s 40 - 60
100
S 087 d I -
°§ 80 + _ 30 4 "’E
= X 40 Z
S £ 064 5 v 2
3 60 © = F
B L T 204 2
; © 41 : :
8 40 § L20 5
S 10 8
20 - 0.2
0 0,0~ 0- -0
Qil-T1 Oil-T2 Gas-T1 Gas-T2
- Higher H,content at higher process
, T . . : temperatures
- Higher oil yield and lower gasyields Higher content of aromatic molecules at P
at lower processtemperatures higher processtemperatures - Lower C2-C4 content at higher process
N o . : temperatures
- rCByield is not effected Y Higher C/H ratio at higher process P
temperatures - Higher calorific value at higher process
temperatures

33
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DBy

: : . [~ "inovations a‘j 1 BLACK
Influence oftemperatureonto the yieldand chemicalcomposition " 7 CYCLE

of the pyrolysisproducts

Pyrolysis trials performed at the TRL4laboratory plant at two temperature profiles: T1 < T2

Product rCB (untreated )
I rce [ oil [l Gas
140 - T
1 100 i
100 120 - |
g 5
B—; 80 'g'100- | g 80 f ’
S = a0 , £
3 601 =z E 60+
= o 1 c ]
3 € 60+ I E
‘g‘ 40 g | o 40
-g W 404 1 3 J
- 20 ] = 20 -
20+ |
0 0 T .
rCB-T1 rCB-T2 rCB-T1 rCB-T2
. . . Higher processtempertures resulted in Higher processtemperatures increased

- nglgher oil yield and lower gasyields significant lower PAH contents in the the toluene transmittance and decrased

at lower processtemperatures rCB A
- rCByield is not effected

34
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Influence ofELT typeonto the yield and chemicalcomposition * CYCLE

of the pyrolysisproducts

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

Pyrolysis oil rCB (untreated ) Pyrolysis gas
[ Ash content [T Carbon content [l Others (H,N,S) l?l g;‘uﬁf:h? c.-c,
1.0 i 100 r 100
40
0,8 4 80 35 - 80 —
30+ %
2 9 ]
go,ﬁ- B_;\ 60 gzs_ + 60 %
T = s ¥ 4 3
S o 57 ! w0 g
© ] <
0,2 10 20 °©
! 20
5 -
L Lo
0,0- 0- Gast Gas2 Gas3 Gas4
Qilt oil2 Qil3 Qil4 (CB1 [CB2 (B3
40 4 | | [ Total sufrace area  ®  Total pore volume
100 -08
35 1 )
0.7
30 _ 80 =
— -lg’ -O,GE
EZS' = 052 Consideration of all obtained data of
60 g : o
< 20 § / 04§ the influences of temperature and
i) ~ - U o
B g . ‘ o feedstock and selection of the
T 3 T - [=] . . .
z e settings for the industrial upscale
10 IS Loz E
20 4 A ——
0- 0- - 0,0
Oil1 Qil2 Qil3 Qil4 rCB1 CB2 rCB3 rCB4
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Overviewof the circularpathway: Frompyrolysisoil to newtyres

OAGAOGAS
— {FesTATO

.Doﬂ

Umweltservice GmbH

'=|r—um ' § BLACK
H'IHr tions (N CYCLE

Move to the green revolution

g '0_5 =} || ul T
I innc C, g ELT granulate

ELTgranulate

New tyre
' N‘ Each heating
" zone can be
@ Gas individually
v MMICHELIN . . controlled with
Collaboration is key! f very high
000000000000 precision
sCB M =0y
ASEDY |
|
—
ENMGINEERED
orlon CARBONS _
Reﬁned Oll GRUPO SISENER INGENIEROS PerIySiS Oll
36
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Total volumes andnergyof the industrial production campaignsof
optimisedpyrolysisoil for sCBproduction

BLACK CYCLHEsaproject funded by the European Commission- Project Number : 869625

Overviewproduction data

Name Trial 1 Trial 2 Total
ELTgranulate 43,6t 2194 t 263,0t
Input

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

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

Pyrolyticgas 9,81 69,6 t 79,4 t

Output

rCB 19,7t 99,2 t 1189t

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

In both trials a surplus of electrical energy
was produced which can be directly used

or feed into net grid.

37



} DBy
= CD 2 BLACK
Comparisorof product distribution and compositiorbetween 7 CYCLE
laboratory (TRL4) andndustrial (TRL9) production
Product Pyrolytic oil Pyrolytic gas rCB
distributio R - mm. ro- b L ot
) 40 - 60 54 . - 100
0.8 35-. e 50 44 L8 —
5 2061 %2& N 740; %S_ | | s &
é : E 20-‘ + 30 g ‘E g
g g“-“' g % gz- - L a0 é
B £ 5 -20% g %
; Y R :
0,2 | 1o 14 Lag F
; gl = . N
TRL4 TRL9Y - 10t TRLY - 50t TRL4 TRL9-10t TRL9-50t TRL4 TRL9-10t TRLY-50t TRL4 TRL9-10t TRL9-50t
- Higher oil yield at TRL4 - Lower C/H ratio at TRL9 - Higher H, content at TRL9 - No significant deviations
- Higher gasyield at TRL9 - Lower content of C2-C4 at TRL9
- Similar rCB yields
Summary

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

2) TRLA4 trials give a detailed prediction of the product distribution and product quality
of an i ndustrial upscal &CBY Highest similatity for

3) Both TRLY9 trials show close to identical product compositio
stability and repeatability

38
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