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Outline of the presentation

»

»

»

»
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The content of carbon emission in the cement industry
Alternatives to make cement production more sustainable
The ternary binder clinker-calcined clay-limestone (LC3)
Different alternatives for cement formulation

Impact on carbon emissions

Real industrial projects
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The cement industry is moving
towards lowering carbon
emissions!
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Forecast growth cement production
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Slide Prof. Karen Scrivener
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State and Trends of Carbon Pricing 2018.

World Bank Group. Washington DC, May 2018
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https://ember-climate.org/data/carbon-price-viewer/

“The 50 euro-mark has some significance since it

has been a target price for some investors for a

number of years by now,” Ek said by email.

“Fundamentally, we believe prices can go higher than

that, but also expect some tough political

discussions on our way to 100+ prices which may

turn sentiment at some point.”

https://www.bloombergquint.com/technology/carbon-permits-

hit-record-50-euros-on-tighter-pollution-rules
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Paths towards decarbonization of the cement industry

CAPEX: SUS 400-450/t installed capacity

Improving efficiency Alternative fuels CCs/ccu Clinker substitution

This is a scheme designed to aid presenting the situation. Figures used are estimated

The quickest and by far, the cheapest way to reduce carbon emissions in

the very short term is replacing Clinker!!!
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Clinker substitution
CEM | CEM II/ CEM IV
Limited to 20%, Availability
low reactivity declines
(alone) Expensive!

Limestone

Often low
reactivity

Elaboration of a side Prof. Karen Scrivener
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Global trend in clinker substitution
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* Almost no progress in last 5 years
P ] s . Y . U.N. Environment, K.L. Scrivener, V.M. John, E.M. Gartner, Cement and
* Only 3 substitutes used in quantity Concrete Research Eco-effi cient cements : Potential economically viable
solutions for a low-CO 2 cement-based materials industry >, (2018). 10
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Availability of SCMs

silica fume Classic SCMs — fly ash and slag are only

around 15% of current cement production,

waste glass _ :
will drop to < 10% in near future

Vegetable ashes
Natural Pozzolan

W Used W Available
Slag

Fly ash

Portland cement

limestone

Calcined Clay

0 2000 4000 6000

Slide Karen Scrivener 11
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,

Clays and limestone are most
abundant raw materials

12
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Ternary cement LC3

Gypsum
W Limestone
100 7 M Calcined clay

M 1 day
™ Clinker
80 1 7 days
60 - ' W 28 days
10 | M 90 days
207 PC  LC3-50
0  50% less clinker

PPC30 LC3 50 LC3-65  40% less CO,
e Similar strength
LC? is a family of cements, « Better chloride resistance

the figure refers to . Resistant to alkali silica reaction
the clinker content
Slide Karen Scrivener 13

(MPa)

Compressive strength

Mass proportion (%)
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The chemistry of LC3

Acc.V Sprul Magn Det WD }——— 1um . Acc.V SpotMagn Det WD -] 2pum
2.00kV 3.0 20000x TLD 2.0 200 kv 3.0 15000x TLD 1.9

ALMUNIO CARBONATE REACTION

DENSE MICROSTRUCTURE

14
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Reactivity of calcined clay vs. other SCM

Chilean natural pozzolan (R3 test)
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Least reactive calcined clay is more reactive than most common SCMs used by the industry

F. Zunino, RILEM TC-267 TRM 15
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Synergy between calcined clay & limestone

»

»

»

Formation of carboaluminate after sulfate reaction
Carboaluminate increase until 50% of kaolinite

A(from calcined clay) + Cc + 3CH+ H = C;ACc, ;Hyq,

Less Hc and Mc then due to lack of large capillary pores?
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Rietveld quantification of ettringite
(9/100g of anhydrous)
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Calcined kaolinite content (%)

Francois Avet, EPFL, 2018

Rietveld quantification of Hc + Mc

(cm®/100g of anhydrous)
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Choices for low carbon cement products

» LC3-50 cements: with 50% of clinker, it can match the performance of a CEM | 42,5 at all ages (with a

lot less clinker)

Calcined Limestone

Clay

Which clinker factor | will use?

20%

0%

65% 5%

LC3-65 2/1

50%

Elaboration of slide F. Zunino, 2021

LC3-502/1

30%

2/1
50%
15%
50% 11
5% 15%
50% 1/2

30%

5%

Clay to Limestone

17
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Comparison of calcined kaolinitic clay, slag and fly ash
70
s B OPC m Clay
S 60 ]
S mClay+LS mSlag
= I
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7
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O 10
0
1d 4d 7d 28d 90d 180d
Binary systems 70% clinker, 30% SCM
Ternary systems, with limestone 50% clinker, 30% SCM, 15% limestone Slide Karen Scrivener 18




Limestone
Calcined — \“"’/
Clay ' _= = ( E

Cement
www.LC3.ch LOW CARBON LOW COST LOW CAPITAL  HIGH PERFORMANCE

Choices for low carbon cement products

» Low clinker LC3-35 cements: with clinker content around 25-35%; it can match the strength of a CEM
11 32,5 at all ages (with a lot less clinker)

+ gypsum

OPC (clinker + gyp)

Limestone

Gypsum Lc3 LC3-25

Clay to limestone ratio in all systems kept at 2-to-1

Two commercial pozzolanic cements from the Chilean market:

* A high strength Portland pozzolanic cement, clinker factor 80%

e A general use pozzolanic cement, clinker factor 65%

Elaboration of slide F. Zunino, 2021 19
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Compressive strength

Calcined clay with 60% kaolinite content (mixture of metakaolin and limestone)
OPC CEM 1 42.5R conforming to EN-196

70

m Control w/b 0.5

ngh Strength: Lc3_50 60 B High Strength (80% CK)
and LC3-35 B General Use (65% CK) NCh168 Grades
20 W LC3-50 MK60 High Strength
W LC3-35 MK60 General Use

N
o

General use: LC3-25 510395 VK60

w
o

Compressive Strength (MPa)

N
o

10

Clinker savings o LI 5

Sample Age (d)

High strength: 30% (15%)

LC3-35 and LC3-25 would require a modification of the standard in term of composition

General use: 40%
F. Zunino, RILEM TC-267 TRM 20
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CO, reduction using LC3

Non-Fuel
Combustion
co2
+ Fuel
95% Combustion
Clinker Co2

Limestone

3 0 ?-"El

Calcined Clay

50%
Clinker

Combustion
Co2

Non-Fuel
Combustion
CO2 + Fuel
Combustion
co2

20%
less
thermal
energy
eed

)

c lo In m CEMENTIS

calcined clay only needs to be heated until 850 °C
thus, only 2’600 MJ per ton of calcined clay is needed

21
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CO, for LC3-50 (50% clinker) referring to benchmark (GCCA)

CO, emissions released per
e ource 71agwee - 19.29/) 1 ton of cement produced

CO, reduction per tonne

cementitious LC3-50 with 50% Clinker, 45%

700 2:1 calcined clay-limestone
X 9.5
co0 I Fossil Fuel substitution PC CCL LC3_50 2:1
/50| 250 480
I - 18 %

CO, saved:

1990 2000 2010 2018 energy efﬁciency
e  40% related to Cem | 42.5R

800

. improvement
m CO2/ tonne cementitious P

e 25%related to Cem Il 42.5N
e 18% related to Cem 11 42.5R

https://gccassociation.org/sustainability-innovation/gnr-gcca-in-numbers/
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CO, for LC3-35 (35% clinker) referring to benchmark (GCCA)

CO, emissions released per

Net CO; emissions per tonne cementitious
. Source 71aGWce - 19.29, 1 ton of cement produced
CO, reduction per tonne . .

cementitious LC3-35 with 35% Clinker, 60%

700 2:1 calcined clay-limestone
X 9.5

o0 I Fossil Fuel substitution PC CCL Lc3_35

/750 | 250 395
. I - 18 %
1990 2000 2010 2018 energy efficiency

CO, saved:

. improvement
m CO2/ tonne cementitious P

e 40% related to GCCA global
benchmark

https://gccassociation.org/sustainability-innovation/gnr-gcca-in-numbers/

23
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Industrial projects: Cemento Verde ARGOS, Colombia
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Industrial projects: CIMPOR, Ivory Coast

VONNNANNNNNNNN 50 kg
p—

CP-CEMIVBQ3LS
.

béton amé

S 20
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Summary

The shortest path to reduce carbon emissions associated with
cement industry is to replace clinker

Calcined clay & limestone are most abundant alternatives for
Supplementary Cementitious Materials

Formulations with 50% clinker meet high strength performance
cement. Excellent choice for ready mix concrete.

Formulations with 25-35% clinker meet strength performance of
general use cement. Excellent choice for bag cement.

Carbon emissions per ton below 500 kg/ton cement! (40%
reduction!)

Life projects in full operation worldwide
26
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Thank you!!

José Fernando Martirena Hernandez (Prof. Dr.Sc. Ing.)

Director CIDEM

Faculty of Constructions. Universidad Central de las Villas
e-mail: martirena@uclv.edu.cu/fmartirena@ecosur.org
skype: fmartirena@ecosur.org

Whatsup: +53 5 2637716 or +41 7 9710 2146

website: www.ecosur.org / www.lc3.ch /www.ecosolutions.gl




