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WHO WE ARE

THE RE-CORD CONSORTIUM IS A MIXED PUBLIC-PRIVATE,
NON-PROFIT RESEARCH CENTER.
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WE ARE A MULTI-DISCIPLINARY TEAM MADE UP OF 23+
RESEARCHERS COVERING A WIDE RANGE OF SKILLS:
ENGINEERING, CHEMISTRY, BIOTECHNOLOGY, AGRONOMY, ETC.

WE CARRY OUT INDEPENDENT RESEARCH TO SUPPORT
INNOVATIVE INDUSTRIES IN THE DEVELOPMENT OF NEW
SUSTAINABLE PROCESSES.
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Headquarter
Laboratory & offices
Scarperia (Fl)

REC PARK
Experimental Area (1000 m?)
Scarperia (Fl)

EC projects office @UNIFI
Department of Industrial
Engineering

Firenze

Experimental area AGRO-BIO
Agricultural field trials
San Casciano Val di Pesa (Fl)




PYROLYSIS PROCESS

PYROLYSIS IS A PROCESS OF THERMOCHEMICAL DECOMPOSITION OF ORGANIC MATERIALS,
ACHIEVED BY THE APPLICATION OF HEAT AND IN THE ABSENCE OR LIMITED PRESENCE OF
OXYGEN.

CHAR
HEAT
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FEEDSTOCK |:> PYROLYSIS E> VAPOURS

Temperature: 400-650°C %
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+ CO, CO,, CH,, Hy, CyHy

CONVERSION OF WIDE RANGE OF FEEDSTOCKS IN HIGH VALUE PRODUCTS ||~

THREE DIFFERENT TYPES OF PYROLYSIS:

J SLow PYROLYSIS
VERY LONG SOLID RESIDENCE TIME (HOURS TO DAYS)
CHAR PRODUCTION IS PROMOTED
CHAR YIELD UP TO 35 WT.%

(J INTERMEDIATE PYROLYSIS

(d FAST PYROLYSIS
SHORT SOLID RESIDENCE TIME
THE PRODUCTION OF ORGANIC VAPOURS (BI0-OIL) IS
PROMOTED

BI0-OIL YIELD UP TO 60-70 WT.%




POTENTIAL FEEDSTOCKS

A VARIETY OF DIFFERENT RESIDUES
FEEDSTOCKS CAN BE USED TO
PRODUCE CHAR VIA PYROLYSIS v v il
PROCESS. INDUSTRY WASTE MUNICIPAL WASTE AGRICULTURAL AND FORESTRY RESIDUES

IN OUR RESEARCH ACTIVITY, WE
INVESTIGATE CHAR PRODUCTION
FROM RESIDUAL STREAMS.

G TIPX
SEWAGE SLUDGE

PLASTIC WASTE AUTOMOTIVE WASTE

VALORIZATION

LIVESTOCK RESIDUES DIGESTATE SOLID
FRACTION



CHAR QUALITY AND POTENTIAL APPLICATIONS

MAIN BIOCHAR PHYSICAL AND CHEMICAL

Jifso0ec °C @ PROPERTIES
PROCESS e / N POROSITY
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STABILITY
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MULTIPLE APPLICATIONS
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A WORLD OF WASTE @

MUNICIPAL SOLID WASTE PRODUCED PER YEAR PER CAPITA

44
Food and green m Other M Rubber and leather
Glass W Paper and cardboard ™ Wood
B Metal W Plastic
2.01

BILLION TONNES PER YEAR
'Less than 200 kg M 200-499 kg M 500-799 kg M 800-1,100 kg



CHAR FROM INDUSTRIAL WASTES AND SLUDGE @

WASTE FLOWS

REGULATION (EU)
2019/1009
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AUTOMOTE SWAGE LUDGE
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VOLUNTARY CARBON
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IN STEELMAKING SECTOR
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EU EMISSION TRADING SYSTEM — ETS EMISSION

THE EU ETS, 1S A MARKET MECHANISM THAT GIVES A TRADING SYSTEM

PRICE TO CO2 AND CREATES INCENTIVES TO REDUCE

EMISSIONS IN THE MOST COST-EFFECTIVE MANNER. “* EU ETS COVERS EMISSIONS FROM AROUND 10,000 INSTALLATIONS IN

THE ENERGY SECTOR AND MANUFACTURING INDUSTRY, AS WELL AS

AIRCRAFT OPERATORS;
+** THE SYSTEM HAS HELPED REDUCE EMISSIONS FROM THESE SECTORS BY

SHORTAGE OF
\ ABOUT 35 % BETWEEN 2005 AND 2021.
ALLOWANCES
Money
Allowances \ QRIS O Price of Emission Allowances 21 Sep ‘23
ALLOWANCES 84.14 €/t CO,
CAP ¥
o 1 11 11 .
EMB R

EMITTER 1 EMITTER 2



DECARBONISATION OF STEELMAKING INDUSTRY @

Volumes of Steel sector®

*¢* WORLD STEEL PRODUCTION E> 1961 MT

“» EUROPE STEEL PRODUCTION ) 152.6 MT

*DATA REFERRING TO YEAR 2021

AR PARSNPY.A Kurancs
L J ISl iS00 7

CO2 emissions of Steel sector*

CARBON
SAVING

ol

BioCcoAL

*¢* THE USE OF BIOCOAL IS MADE ECONOMICALLY ATTRACTIVE BY THE EMISSION TRADING SYSTEM. e e
¢ MAXIMUM ESTIMATED CO2 EMISSION REDUCTION 1S 91 MT PER YEAR (42%)! FOR BIO-BASED FUELS.

1SOURCE: H. MANDOVA ET AL., “POSSIBILITIES FOR CO2 EMISSION REDUCTION USING BIOMASS IN EUROPEAN INTEGRATED STEEL PLANTS”, HTTPS://D0I.0RG/10.1016/1.B10MBIOE.2018.04.021.



https://doi.org/10.1016/j.biombioe.2018.04.021

CHAR AS A FILLER TO IMPROVE THE MECHANICAL PROPERTIES OF @

CEMENTITIOUS COMPOUNDS

RECENT STUDIES® HAVE DEMONSTRATED THE POTENTIAL
APPLICATION OF CHAR AS CEMENT REPLACEMENT N CEMENT
PASTES, MORTARS AND CONCRETES, IMPROVING THEIR
MECHANICAL PROPERTIES SUCH AS RESISTANCE TO
COMPRESSION AND DUCTILITY.

@&

PARAMETERS OF INTEREST

** CARBON AND SILICON CONTENT;
WATER ABSORPTION CAPACITY;
ELASTICITY MODULE;
RESISTANCE CAPACITY.

L 4

/
o?

L)

/
o?

L)

J
o®

L)

CHAR SAMPLE FROM SLUDGE PYROLYSIS ‘
PARAMETER VALUE U.M.
FiXep cARBON (C) 36.32 % d.b.
SiLIcoN (S1) 118136 mg/Kg s.s
SURFACE AREA 145 m?/g

*¢* INCORPORATING 1% CHAR INTO
CEMENTITIOUS COMPOUNDS
COULD SEQUESTER APPROXIMATELY
0.5 GT oF CO, PER YEAR? FROM
THE CONCRETE INDUSTRY

CARBON
STORAGE

SOURCE:*HAMAN, A.M.N.; SELVARAJOO, A.; LAU, T.L.; CHEN, W.-H. BIOCHAR AS CEMENT REPLACEMENT TO ENHANCE CONCRETE COMPOSITE PROPERTIES: A REVIEW. ENERGIES 2022, 15, 7662. HTTPS://D0I.0ORG/10.3390/EN15207662
2MENSAH, R.A ET AL, “BIOCHAR-ADDED CEMENTITIOUS MATERIALS—A REVIEW ON MIECHANICAL, THERMAL, AND ENVIRONMENTAL PROPERTIES”. SUSTAINABILITY 2021, 13, 9336. HTTPS://D0I.ORG/10.3390/5u13169336
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https://doi.org/10.3390/en15207662
https://doi.org/10.3390/su13169336

CRITICAL RAW MATERIALS — CRM

CRITICAL RAW MATERIALS (CRMS) ARE
THOSE RAW MATERIALS WHICH ARE MAJOR EU SUPPLIERS OF CRMS
ECONOMICALLY AND STRATEGICALLY

IMPORTANT FOR THE EUROPEAN ECONOMY
BUT HAVE A HIGH-RISK ASSOCIATED WITH Firdund =
THEIR SUPPLY.

/

** PHOSPHORUS

71% PHOSPHORUS FROM KAZAKISTAN . v
q § ! e J5%
27% PHOSPHATE ROCK FROM MOROCCO Epp— Biemaith 554
Gallium 715

/

+¢* COKING COAL Durytigin™ ori
27% COAKING COAL FROM POLAND Ftar
(L]

25% COAKING COAL FROM AUSTRALIA Flvarspar 33%
R/

** NATURAL GRAPHITE

CarTnaniLim A5%
Magnesism =FL
Marural Graphite: A0
LREE Bh%
HREE 10,
Scandiimm™ Bi%
Ty 2%
Karakhstan Variadkam® 2%

G Falanar
i (Dausxite) 63% T ks

0, n“ -

40% OF NATURAL GRAPHITE FROM CHINA Cobalt® 63% Phosphonss 71%

@ Thaniem metal 35%

." COPPER* BHII 'I"mr.:.l'um 5%
19% OF COPPER FROM POLAND

A e South Africa Oy
0 L] Iridlism™

»* MAGNESIUM Lithium 3-;!-. Palladium®  36%

PMatinum®™ T 1% ¥

/ M JI R'J'.:I:"lll'ﬂ‘ 821% % chare of #HI m.um

»
o k
»* ALUMINIUM A Manganese  41% ittt Extra-ﬂ.ﬁm_smgr
63% OF ALUMINUM (BAUXITE) FROM GUINEA

*INCLUDED AS STRATEGIC RAW MATERIAL (SRM) SOURCE: “EUROPEAN COMMISSION, STUDY ON CRITICAL RAW MATERIALS FOR THE EU 2023 — FINAL REPORT”



CRITICAL RAW MATERIALS — CRM

CRITICAL RAW MATERIALS (CRMS) ARE
THOSE RAW MATERIALS WHICH ARE MAJOR EU SUPPLIERS OF CRMS
ECONOMICALLY AND STRATEGICALLY

IMPORTANT FOR THE EUROPEAN ECONOMY
BUT HAVE A HIGH-RISK ASSOCIATED WITH Firdund =
THEIR SUPPLY.

R/
*%* PHOSPHORUS
71% PHOSPHORUS FROM KAZAKISTAN
27% PHOSPHATE ROCK FROM MOROCCO ihivid
o ; 5“"-':_ .M'-'*
** COKING COAL Daryta.e
27% COAKING COAL FROM POLAND e
25% COAKING COAL FROM AUSTRALIA Fluarspar 33%
Scandium*® Gi%
¢ NATURAL GRAPHITE i e O | Turigten 3%,
Viradam™ 52%
R - HKarakhstan
40% OF NATURAL GRAPHITE FROM CHINA - Phosphonus 71%
’:’ COPPER* Brazil Tmr..-.fum 5% Titaniem metal 36%
19% OF COPPER FROM POLAND i “ Mo E
O Chile Iridium®
** MAGNESIUM ey S
97% OF MAGNESIUM FROM CHINA ] mnm: ;m ¥
* share of global production
0 Rithenlmm® G40 -
** ALUMINIUM e halc = extraction stage
63% OF ALUMINUM (BAUXITE) FROM GUINEA
*INCLUDED AS STRATEGIC RAW MATERIAL (SRM ) SOURCE: “EUROPEAN COMMISSION, STUDY ON CRITICAL RAW MATERIALS FOR THE EU 2023 — FINAL REPORT”



FROM LINEAR ECONOMY TO CIRCULAR ECONOMY

THE COMMISSION’S PROPOSAL FOR LINEAR ECONOMY crvsact CIRCULAR ECONOMY

A CRITICAL RAW MATERIALS ACT
SETS BENCHMARKS FOR THE

Raw
DIVERSIFICATION OF THE EU SUPPLY MATERIALS ‘ anDUCTIo/.,
OF CRITICAL RAW MATERIALS.

PRIMARY

<
*¢ AT LEAST 10% Qk(’
OF THE EU’S ANNUAL CONSUMPTION FOR RESOURCE S
EXTRACTION —©® 0(3
oc

** AT LEAST 40%
OF THE EU’S ANNUAL CONSUMPTION FOR
PROCESSING

PRODUCTION

% AT LEAST 15% < bt =

, PRIMARY & o
OF THE EU’S ANNUAL CONSUMPTION FOR S Q.
RECYCLING ECONDARY Q’/l/

RAW MATERIALS

J/

%* NO MORE THAN 65%
OF THE EU’S ANNUAL CONSUMPTION FROM A
SINGLE THIRD COUNTRY




RECOVERY OF CRITICAL RAW MATERIALS FROM WASTE @

SLUDGE
(MUNICIPAL/INDUSTRIAL)

INDUSTRIAL WASTES
(PLASTIC, TEXTILE, ...) Si Al




INTEGRATION OF SLOW PYROLYSIS & CHEMICAL LEACHING @

I FossiLcoaL| | [FE FERTILIZERS
SUBSTITUTE E PRODUCTION

CIRCULAR c {F . P .Ca,K Mg ﬁ
ECONOMY * Fe

INDUSTRIAL SLUDGE

RECOVERY OF @% RECOVERY OF @@\J
@ RESOURCES RESOURCES ﬂ
UPGRADED INORGANIC
DRYING
BIOCOAL SOLID

U iy r

CHAR Acip CHEMICAL
ELUATE
DRY SLUDGE E> PYROLYSIS E> (BIOCOAL) E:> LEACHING E> UAT E> PRECIPITATION

s C

* P,CK, Mg e. Q.
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INTEGRATION OF SLOW PYROLYSIS & CHEMICAL LEACHING @

7

CIRCULAR
ECONOMY

AUTOMOTIVE WASTE

CHEMICAL A (AL)
> | pyroLYsis | L) Char ) TREATMENT my M @%

s
b o, RECOVERY

w2 OF
RESOURCES

REAGENTS IRON (FE)




IMOST RECENT RESULTS

. @
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PATENTED INTEGRATED THERMO-

CHEMICAL PROCESS FOR SULPHUR,

PHOSPHORUS RECOVERY AND
BIOCOAL PRODUCTION FROM
BIOWASTE AND SLUDGE

et

INTEGRATED RECOVERY
SYSTEM FOR
EXTRACTION OF
CARBON AND
ALUMINIUM FROM
INDUSTRIAL PLASTIC
WASTE

THANK YOU!

Caterina Borchi

caterina.borchi@re-cord.org
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CONVERSION OF
TEXTILE WASTE IN
ADVANCED CARBON
MATERIALS

RECOVERY OF SILICON-
RICH CARBON FROM
SEWAGE SLUDGE
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