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#1TheCircularEconomy

M To reduce the consumption of natural raw materials '

&r To protect human health and the environment
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https://yt.europarltv.europa.eu/embed.min.html?id=4756&lang=it

#2The anthropic Cfemissions
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Changing by Alisa Singer

"As we witness our planet transforming around us we

1 wat c h, l i st en, measure €é r
www.environmentalgraphiti.org 7 2021 Alisa Singer.

a
Metric tons of Carbon/year (Billions)

0 Wikipedia.org
1800 1850 1900 1950 2000

. A.1 Itis unequivocal that human influence has warmed the atmosphere, ocean and land.
Ipcc Widespread and rapid changes in the atmosphere, ocean, cryosphere and biosphere

INTERGOVERNMENTAL PANEL oN ClimaTe chanee have occurred.
ARObser ved i nAnuxecegasnbaise gas (GW®@)Icdncentrations since around 1750 are
climate change 2021 unequivocally caused by human activities Si nce 2011 €é concentrati

in the atmosphere, reaching annual averagdd @fppm for carbon dioxide (G¥) 1866 ppb for
methane (Cl), and 332 ppb for nitrous oxide 48) in 2019.L.and and ocean have taken up a near
constant proportion (globally about 56% per year) of, EQissions from humaactivities over the
past six decadeséo.
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The Physical Science Basis



https://www.environmentalgraphiti.org/

Fly ashes and their employment in civil engineering and agriculture

/

Biomass fly ashes: amount of solid, inorganic residue left after the complete burning of biomasses
(James et al. 2012 DOI: 10.3390/en51038%6rquatiet al. 2016 DOI:10.1016/j.biombioe.2016.09.01Cavalaglicet al. 2020 DOI: 10.3390/su12166678)

U.S. energy consumption by fuel Strong growth in biomass plant4 production of large quantities of ash
AEO2021 Reference case . . L
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Biomass:fly.ashés<

%
Fly ashes and their employment in civil engineering and agriculture /{’\%%7
R
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Grapevingorunings Torgiano(PG) Italy
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Fly ashes and their employment in civil engineering and agriculture

| g sps LTS Results Comodiet al. (2021) 10.3390/su13116052 ' /

| Apatite crystals _ i’ s ; j': A

roundly shaped at sulmicrometric T’ Sl T e e L2

i to decimicrometric sizes Elongated<,0 andKClcrystals Devitrification structures

Apatite and sylvite High P and K content
Small dimensions Sample 1 . . . .
. Red lines positions of the2.5 and 10 um diameter particlesThey
" identify theinhalation properties
; . Lesghan 1 voY% of particles with dimensions under 2.5 pm .
i Particleswith diameters less than 10 uraryfrom 5to 40 vol%.
: K 25 10 100

Diameter {um)

Large reaction surfageone the most important parameters fwoavailability.
Goodfertilizer for agricultural lands

High Ca content Biomass fly ashes could be used in combination with guastitutions for traditional

Supposedly stored in binders(e.g.CaqQ insoil stabilization
the amorphous phase Good amendments in soils, usually clayey soils, with low geotechnical properties

unipg
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%
Fly ashes and their employment in civil engineering and agriculture /{’%%

Tommo onetowards tCowlanm Edswon@j rcul ar  EC

jL, Addition of Ca from biomass fly ashes in soils with poor geotechnical propertieg
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2, Biomass fly ashes used as agricultural fertilizes.
The abovamentioned scenarios fit well with the principles of the

Waste materials, such as biomass fly ashes, are recycled ar
used as second generation products.

Collocazion®TSR 2022023
Ambito di ricernaovo: 1
«Earth System and Glokdlanges
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The production of “clinker” accounts for most of the CO2
emissions of cement production
Process
= Quarrying & transport M emi[ﬁsioréso y o
. . ore than 50% ] ) <
= Grinding & preparation of N T
Grinding & prep rotary kilns feeding = 110k g
= Cooling, grinding, mixing - Clinker production «
solid
. . .. 90
decarbonation during firing l/
Thermal 706 T T T T m
emAir%st,)i/ons 15 30 45 60
Source: Chatham House [B[B]|C] CaCQA Cao+ C ; b
A. Zucchini, P. Comodil gennaio 2022 !
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The production of “clinker” accounts for most of the CO2
emissions of cement production

Process

= Quarrying & transport emissions
More than 50%

= Grinding & preparation of
raw materials

= Cooling, grinding, mixing - Clinker production

Thermal
emissions
40%

rotary kilns feeding

decarbonation during firing °

Source: Chatham House [B|B|C]

Ca* diffusionis the driven mechanism for clinker minerals formatiQre™ s so. |—— et . J°T so:
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selfdiffusion coefficient
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Cohn (1948) DOI: 10.1021/cr60133a002
Jiang et al. (2004) DOI: 10.1016/j.ssc.2004.03.(

A. Zucchini, P. Comodil gennaio 2022 8



The production of “clinker” accounts for most of the CO2
emissions of cement production
Process
= Quarrying & transport Mo??jtﬁsair?%so o o
= Grinding & preparation of ° ; ; < T
orneing < brep rotary kilns feeding =AANA gas
= Cooling, grinding, mixing — Clinker production =
solid
. . .. 90
decarbonation during firing 11/
Thermal 706 T T T T m
emAir%s(,)i/ons 15 30 45 60
Source: Chatham House [B]R]C] CaCQA CaO'I' C%
CaO a) CaO C2S b)
. .. . . . . , [ca”  ca s ca” catsl o
Ca&* diffusion is the driven mechanism for clinker minerals formatiQress so. —=| et ] so
Ca® ca2'» Ca* o

Telschow(2012) Clinker Burning Kinetics and MechanisihD thesis
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Nanomaterials: a way to decrease thge@¥sions in cement industry

Resu WS Zucchini et al (2019) DOI: 10.3390/ma121117

Belite nest @ 135C
with nano-CaO

Highercrystallinity
of the nanocadded
clinker :

Improvement in the naneadded% clinker
cooking efficiency

CaO+Ca(OH)2

T T T T T 1
200 1250 1300 1350 1400 1450 1500

1450°C with naneCaO

1450C

1350°C with naneCaO

T(°C)
o] == Higherreactivity
. 7l " of the nancadded 135G
B g clinkers
. = _ _
i e R e g W« e e [P e T N Decrease in the totaborosity
o — o o of the clinker prepared by using nai@aO
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Nanomaterials: a way to decrease thge@¥sions in cement industry ,

Resu ’tS Zucchini et al (2019) DOI: 10.3390/ma121117

Belite nest @ 135 Collaborative actions
with nano-CaO CQA

Increase of the naneadded clinkers cooking efficiency

Decrease of the cookingof approximately 108C meandow energy requirement for the
minerals formation reactiongluring Portland clinker production.

Decrease of the Cmissionsfrom both thepre-treatment of starting materialsandfrom the
cooking process

Higherreactivity

s Increase of the plant productivity

- [ ¥ %] N — of the nancadded 9 h Y Nl
gzoo 1250 1300 1350 1400 1450 1500 (izuu 1250 1300 1350 1400 1450 1500 Cllnkers Decrease In the tOtaporOSIty
e s IS of the clinker prepared by using nai@aO
unipg ! | .

e Piano Triennale della Ricerca e Terza Missione2@221FisGedJniPG A. Zucchini, P. Comodil gennaio 2022

|||||||||||||||||



Nanomaterials: a way to increase the kinetics of thelig&ralization

Tomao ane towarss INGJALVE €emissions

Peaking in 2020

= Non-CO, Conventional
Mitigation
Techniques

@ § 4

co,

Remaining Emissions

Exsitu CQ Mineralization Reactions (CMRS)

Reaction betweerCQ and natural silicate minerals (pyroxenes,
olivine and serpentine) producing at least one carbonate type.

(Mg,Ca),Si,Oys oy H 26+ XCO2g) Y X(Mg,Ca)COs + YSiOy) + 2H,0y,

Negative Emissions

Carbon Removal
Approaches

da
112

Source: Adapted from UNEP 2016,

For more information, visit wri.org/carbonremaval, WORLD RESOURCES INSTITUTE
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Slow reaction kinetics
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Nanomaterials: a way to increase the kinetics of thelig&ralization

Tomao ane towarss INGJALVE €emissions

Peaking in 2020 Exsitu CQ Mineralization Reactions (CMRS)
’ | Reaction betweerCQ and natural silicate minerals (pyroxenes,
S, Non-£0, ponvertona olivine and serpentine) producing at least one carbonate type.
_ . Techniques ) . ]
— €, &g A (Mg,Ca), SOy, Hoys) T XCO,) Y X(Mg,Ca)CO44) + YSIOyq) + 2H 0y,
,: Remaining Emissions !
S Carbon Removal i
Negative Emissions Approaches - . .
"6 Slow reaction kinetics
Buk  Ligmd

ooy Fm T WORLD RESOURCES INSTITUTE

o 1Ca(OH),+ CO,¥Y Ca C.®H,0
0o SOl COg¥ G2 G0 H0,
| Mg(OH) )+ COyq) Y Mg G+ H,0,
Coug¥  Ca 50

MgO g+ COygY Mg GO

\'.‘ Conversion in (
", solid particle ¢~

11
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Nanomaterials: a way to increase the kinetics of thelig&ralization

Tomao ane towarss INGJALVE €emissions

Peaking in 2020

Non-CO, Conventional
Mitigation
Techniques

C X B

co,

Exsitu CQ Mineralization Reactions (CMRS)

Reaction betweerCQ and natural silicate minerals (pyroxenes,
olivine and serpentine) producing at least one carbonate type.

(Mg,Ca),Si,Oys oy H 26+ XCO2g) Y X(Mg,Ca)COs + YSiOy) + 2H,0y,

Remaining Emissions

Carbon Removal
Approaches

#1®

Negative Emissions

)

WORLD RESOURCES INSTITUTE

Bulk  Liguid
Solution ;  Film ,

(4) Attachment o
- \j‘irfacﬁ

Ca(OH),ef+ CO,yY  Ca §@ H,0

[Ca0u} 0Ouy¥  Ca g

MgO g+ COygY Mg GO

\'.‘ Conversion in (1
", solid particle ¢~

Pan et al. (2012) DOI: 10.4209/aaqr.2012.06.0149

Mg(OH) 5 + COz(g)Y Mg &+ HO,

-

o

Slow reaction kinetics

Main mechanisnthat can affect the rate and extent o1
carbonation

C transportationcontrolled mechanisms such €€
and C&*ions diffusion to/from reaction sites

Pan et al. (2012) DOI: 10.4209/aaqr.2012.06.0149

A. Zucchini, P. Comodil gennaio 2022
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Nanomaterials: a way to increase the kinetics of thelig&ralization

Tomao ane towarss INGJALVE €emissions

Peaking in 2020

Non-CO, Conventional
Mitigation
Techniques

C X B

co,

Remaining Emissions

Exsitu CQ Mineralization Reactions (CMRS)

Reaction betweerCQ and natural silicate minerals (pyroxenes,
olivine and serpentine) producing at least one carbonate type.

(Mg,Ca),Si,Oys oy H 26+ XCO2g) Y X(Mg,Ca)COs + YSiOy) + 2H,0y,

Negative Emissions

Carbon Removal
Approaches

e A5
i Lo

Bulk  Liguid
Solution ;  Film , T

WORLD RESOURCES INS

Mg(OH)
ooy Ca9 ¢
MgO,

Pan et al. (2012) DOI: 10.4209/aaqr.2012.06.0149

-

o

Slow reaction kinetics

carbonation

C transportationcontrolled mechanisms such €€
and C&*ions diffusion to/from reaction sites

Pan et al. (2012) DOI: 10.4209/aaqr.2012.06.0149

Main mechanisnthat can affect the rate and extent o1
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Nanomaterials: a way to increase the kinetics of thelig&ralization

Tomao ane towarss INGJALVE €emissions

Exsitu CQ Mineralization Reactions (CMRS)

Reaction betweerCQ and natural silicate minerals (pyroxenes,

ponvertona olivine and serpentine) producing at least one carbonate type.
_ Techniques ) . ]
E FR D (Mg,Ca),Si,Oys1Hozxs) + XCO, Y X(Mg,Ca)COyq) + YSiOy) + 2H,0

Remaining Emissions !

— )'_,,_; W Slow reaction kinetics
Source: Adapted from UNEP 2016,
For more information, visit wri.org/carbanremaval WORLD RESOURCES INSTITUTE
U f terials t Collocazion®TSR20212023:
_ Se 0 nan{ma e”_a S 10 Ambito di ricerca gtavato: 5
iImprove the kinetics of i), «Nanoscienze»
mineralizatiomeactions. Ambito di ricernaovo: 1
«Earth System artelobalChanges
The new IDEA / ’
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Joining Circular Economy and Negative Emissions

Bulk  Liquid
Solution 1 Film e —

- -

(4) Attachment on
f | '\ﬁ:lgfice

../ Crystallization > <
COsx —~ ... On SULfacE "

) ] Precipitation in
CO'32' ~— bulk solution

f
\

co>

Pan et al. (2012) DOI: 10.4209/aaqr.2012.06.0149

A.D. 1308  mm—

unipg

Piano Triennale della Ricerca e Terza Missione2@221FisGedJniPG

DI FISICA E GEOLOGIA

A. Zucchini, P. Comodil gennaio 2022

12



Joining Circular Economy and Negative Emissions

Ex situCQ mineralization reacti®psneans apaslo malerials andnanomateris

R Substitution of natural mineralswith alkalinewastes
I Alkalinc l ,
Solid Waste -
@) Att‘%amurfment on 1 Case stud$f1 NaneCaO
- ﬁ/ ace ©
Nano-Cao
Coil_;er ’plin( <
solid particle | ]
. ff’i@ch“% ! case study?2 Biomassfly-ashes
. ) "oy Beingenrichedin CaO.
CO;s T Precipitation in
CO> \f—J bulk solution
Cogz_ﬁ_f-/' Pan et al. (2012) DOI: 10.4209/aaqr.2012.06.0149 . ] I
Pan et al. (2012) DOI: 10.4209/aaqr.2012.06.0149 'I \] OI n I n g# 1 an d " 2
unipg .
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