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2005-2008
SDC-SNSF Project

Calcined claysfor
pozzolans

2009-2012
SDC-SNSF Project

Ternaryblendcement
calcined clay-limestone

2013-2020
SDC-ClimateChange

LowCarbonCement

The pursuit of sustainable alternatives to replace Clinker with 
Supplementary cementitious Materials

Collaboration with Prof. Karen Scrivener and LC3 Project
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The cement industry is moving 
towards lowering carbon 

emissions!
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Forecast growth cement production

  

SlideProf. Karen Scrivener
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The price of a ton of CO2

Stateand Trendsof CarbonPricing2018. 
WorldBank Group. Washington DC, May 2018

CO2 TodayΥ ϵ сф

TomorrowΥ ϵ мрлҌΚ

Costof 1 ton cement
https://ember-climate.org/data/carbon-price-viewer/

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

Improving efficiency Alternative fuels CCS/CCU Clinker substitution
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CAPEX: $US 400-450/t installed capacity

OPEX: $US 40/t cement

BAU

C
A

P
E

X

O
P

E
X

The quickest and by far, the cheapest way to reduce carbon emissions in 
the very short term is replacing Clinker!!!

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

Natural pozzolan

Clinker

Gypsum

Fly ashSlagLimestone

CEM I

Clinker

Limestone

Gypsum

CEM II/ CEM IV

Availability 
declines

Expensive!

Elaborationof a sideProf. Karen Scrivener

Limited to 20%, 
low reactivity 

(alone)

Often low 
reactivity
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Global trend in clinker substitution
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Limestone

Slag
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Puzzolana

Others

Å Almost no progress in last 5 years
Å Only 3 substitutes used in quantity

U.N. Environment, K.L. Scrivener, V.M. John, E.M. Gartner, Cementand 
Concrete ResearchEco-effi cientcements: Potentialeconomicallyviable 
solutionsfor a low-CO 2 cement-basedmaterialsindustry ,ᴗ (2018). 
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Blast furnace slag available is limited
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SlideProf. VanderleyJohn
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Fly ash generation will decrease
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0 2000 4000 6000

Calcined Clay

Filler

Portland cement

Fly ash

Slag

Natural Pozzolan

Vegetable ashes

waste glass

silica fume

Mt/yr

Used Available

limestone

Availability of SCMs

Classic SCMs ïfly ash and slag are only 

around 15% of current cement production, 

will drop to < 10% in near future

Slide Karen Scrivener
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Clays and limestone are most 
abundant raw materials
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CO2 mitigation potential of different technologies

SlideProf. VanderleyJohn
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TheindustryisalreadyawareΧ

CSI TechnologyRoadmapLow-Carbon Technology for the Global Cement Industry, April 2018
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Ternary cement LC3

LC3 is a family of cements,

the figure refers to

the clinker content

Å 50% less clinker

Å 40% less CO2

Å Similar strength

Å Better chloride resistance

Å Resistant to alkali silica reaction
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Slide Karen Scrivener
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The chemistry of LC3
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Chilean natural pozzolan (R3 test)
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Reactivity of calcined clay vs. other SCM

F. Zunino, RILEM TC-267 TRM

Least reactive calcined clay is more reactive than most common SCMs used by the industry
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Synergy between calcined clay & limestone

» Formation of carboaluminate after sulfate reaction

» Carboaluminate increase until 50% of kaolinite

» Less Hcand Mc then due to lack of large capillary pores?

21

AFt Hc+Mc

A(from calcined clay)+ Cc+ 3CH + H  ĄC3ACc0,5H11

Francois Avet, EPFL, 2018
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Comparison of calcined kaolinitic clay, slag and fly ash

Binary systems 70% clinker, 30% SCM

Ternary systems, with limestone 50% clinker, 30% SCM, 15% limestone
Slide Karen Scrivener
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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 I 42,5 at all ages (with a 
lot less clinker)
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1/2

OPC Calcined 
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Which clinker factor I will use?
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Elaboration of slide F. Zunino, 2021
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Alternatives

LC3-50 2:1: Structural cement, 
similar to CEM I 42,5, bulk, 50% 
Clinker, 30% calcined clay, 15% 

limestone and 5% gypsum

LC3-35 2:1: Bag cementof general 
use, 35% Clinker, 40% calcinedclay, 
20% limestoneand 5% gypsum
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Binary systems 70% clinker, 30% SCM

Ternary systems, with limestone 50% clinker, 30% SCM, 15% limestone Slide Karen Scrivener

Cemtype III (HE)

1d

3d

Cemtype I

3d

7d

Structuralcement50% clinker
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Calcined clay with 60% kaolinite content (mixture of metakaolin and limestone)
OPC CEM I 42.5R conforming to EN-196 

High strength: LC3-50 
and LC3-35

General use: LC3-25

Clinker savings

High strength: 30% (15%)

General use: 40%

Bag cement, 35% clinker

F. Zunino, RILEM TC-267 TRM

3d

7d

Cemtype I (GU)
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Raw materials business
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Calcined kaolinite content is the overwhelming parameter for 
reactivity

» Still some deviations are observed, especially for clays 
between 30 and 60% of calcined kaolinite

» What could be the reasons for such deviations?

Å Fineness 

Å Specific surface

Å Amorphous content

Å Iron content

28

» Similar strength to PC for blends containing 40% of 
calcined kaolinite from 7d onwards

» At 28 and 90 days, little additional benefit >50%

PC strength

Francois Avet
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Criteria for screening clays

29

60% Quartz

40% Kaolinite

Å% Al2O3 = 15,8

Å% Al2O3 / % SiO2 = 0,2

Å% OH- = 5,6

Å% Al2O3 > 18

Å% Al2O3 / % SiO2 > 0,3

Å% LOI  > 7,0

Theoretical criteria Empirical criteria

Alujas, Almenares, 2016
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World Kaolinite Map

topsoil

subsoil

Plenty of 
kaolinitic clay 
deposits almost 
everywhere
Ito and Wagai, Scientific data 2017
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Occurance of raw materials

Most kaolinitic clay and 
limestone reserves are 
located near existing 
cement plants

Global CementDirectory2022

A. Ito, R. Wagai, Global distribution of clay-size 
minerals on land surface for biogeochemical 

and climatological studies, 2017.
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/ƭŀȅ ƻŦǘŜƴ ƻŎŎǳǊǎ ŀǎ ƻǾŜǊōǳǊŘŜƴ ƳŀǘŜǊƛŀƭ ƛƴ ŦƻǊƳŜǊ ŘŜǇƻǎƛǘǎΧ
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5ƻƭƻƳƛǘƛŎ ƭƛƳŜǎǘƻƴŜ ƛǎ ƻŦǘƴŜǊ ŘǳƳǇŜŘ ŀǎ άǿŀǎǘŜέ ƛƴ ŎŜƳŜƴǘ ŦŀŎǘƻǊƛŜǎ
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Raw materials business

» [ƻǿ ƎǊŀŘŜ ƪŀƻƭƛƴƛǘƛŎ Ŏƭŀȅ όпл҈ Җ Y Җ сл҈ύ ŀōǳƴŘŀƴǘ ŀƭƳƻǎǘ ŜǾŜǊȅǿƘŜǊŜ ƛƴ ǘƘŜ ǿƻǊƭŘΦ

» Overburden material is most attractive source:

» China clay mines

» Former coal mines

» Rare earth mines

» Kaolinitic clays (1:1) are different to the clays used in the cement industry (2:1)
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Products
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Alternatives for products

» For the mining extraction industry

» Calcined clay as it exits the kiln, supplied in bulk to cement producers (competing at the market of 
supplementary cementitious materials for cement, against products such as fly ash, slag and limestone)

» Mineral addition LC2, supplied to concrete producers (competing at the market of mineral additions for 
concrete, against products such as fly ash, slag and silica fume)

» For the ceramic industry

» Calcined clay as it exits the kiln (similar to mining extraction industry)

» Mineral addition LC2 (similar to mining extraction industry)

» Grog for own ceramic production

» For the cement industry

» High strength, high durability cement, with 50% clinker, and CO2 emissions below 500 kg/ton PC (competing 
with type I cements in Europe)

» Regular use cement, for massive concrete and masonry, with 35% clinker and CO2 emissions below 350 
kg/ton PC (competing with type I cements in Europe)
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Mineral addition(LC2)

PRIMARY
GRINDER

SEONDARY 
GRINDER

SEPARATOR

PNEUMATIC
PUMP

BELT 1: calcined clay 

BELT 2: gypsum

BELT 3: limestone
LC2

CLK CCL LS GYP Total SO3
LC2 2:1 0.00% 63.00% 30.00% 7.00% 100.00% 2.80%
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+ =

Use of LC2 blended with Portland cement in concrete

P35

LC3

CLK: Clinker
GYP: gypsum
CCL: calcinedclay
LS: limestone

The GREAT advantage of LC2 is that it 
can be added flexibly based on final 
use; it also has a long shelf life
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Standard mortars 50%LC2 + 50%PC (EN-197)

P-35 50%P35 + 50%LC2 2:1 65%P35 + 35%LC2 2:1

1 d 7.29 12.5 12.3

3d 17.6 28.3 29.7

7d 28.7 36.3 39.3

28d 34.7 41.53 48.41
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Real concrete produced with CEM I 32,5

15% LC2 30% LC2 45% LC2

15% LC2 30% LC2 45% LC2 Patrón

24 horas 21.2 20 17.2 25.1

3 días 34.7 35.2 32.9 38.4

7 días 46.4 47.9 46.8 48.2

90 dias 68.05 76.8 79.9 0
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P35: 350 kg/m3
LC2: 160 kg/m3
Agua/cemento: 0.40
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Improvement through grinding aids

CPO + LC2 fine + SP
LC2  + CPO+GA (3gINT

(TEA-A))+SP
LC3  + GA(4,5gINT (TEA-A))

+ SP
Cemento tipo HE

1d 7.96 11.56 12.51 10.30

3d 19.27 21.67 19.96 23.30

7d 24.25 32.51 34.14 32.20

28d 35.24 43.49 41.12 40.50
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Separate grinding

Fine Medium Coarse

no GA 26.55 26.1 26.64

GA 26.61 23.48 22.95
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Fine Medium Coarse

no GA 52.54 42.52 45.04

GA 53.77 46.98 47.84
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NOTE: this test isa modificationof ASTM C109/109M 
that includesaddingSP to achievea similar wáter to
cementratio as  Portland
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Production
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Find suitable 

clay

Process

clay
Calcine clay

Blend 

/intergrind

calcined clay 

with clinker

limestone 

and gypsum

Use in 

Concrete

Process to produce LC3 / LC2

Blend 

/intergrind

calcined clay 

with limestone

and gypsum

LC3

LC2
OPC

Expertise

coming more 

from brick 

industry

Slide Karen Scrivener
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In the firing chamber due to 
combustion and the high 
ǘŜƳǇŜǊŀǘǳǊŜ ό¢җ сллȏ/ύ ŦƻǊƳŀǘƛƻƴ 
of magnetite prevails

However, during cooling, if the 
material reaches 600ºC and below 
in a O2 rich environment, 
hematite can form again
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Fe phase assemblage during calcination & cooling
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Results of implementing color control, India

Calcinedclay
Calcinedclay

Raw Clay

Calcined Clay
with Color Control

Calcined Clay
without Color Control

Color control in industrial clay calcination; Fernando Martirenaet al. RILEM 
¢ŜŎƘƴƛŎŀƭ [ŜǘǘŜǊǎ όнлнлύ рΥмπт 
DOI:http://dx.doi.org/10.21809/rilemtechlett.2020.107
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Operationof a flash calcinerin claycalcination

Calcinedclay

Clay gets dehydroxilated

Two stage process:

1. Removal of absorbed water 
(calcination tower)

2. Removal of chemically 
bound water(rotary kiln)

The high energy needed for 
lifting the material to the 
top of the tower is NOT 
compensated by energy 
savings at the rotary kiln
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Operationof a flash calcinerin claycalcination

Calcinedclay

Two stage process:

1. Removal of absorbed water 
(calcination tower)

2. Removal of chemically 
bound water(calcination 
tower)

The high energy needed for 
lifting the material to the 
top of the tower is NOT 
compensated by energy 
savings in the entire system
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Claycalcinationin a doubleshaftrotary kiln

Dehydroxilation

Structural OH

Two stage process:

1. Removal of absorbed water 
(first shaft)

2. Removal of chemically 
bound water(second shaft)

The heat generated in the 
firing chamber is used to dry 
the incoming material. 
Flexibility for moisture 
content (change rotation 
speed first shaft) and output
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ROTARY KILN FLASH CALCINER

Accumulated power consumption: 600 - 630 kW Accumulated power consumption: 1040 - 1070 kW

SPECIFIC POWER CONSUMPTIONҒ20 KW/ton SPECIFIC POWER CONSUMPTION Ғ35 KW/ton

SPECIFIC THERMAL CONSUMPTION530 ς550
Kcal/kg

SPECIFIC THERMAL CONSUMPTION600 ς650 kcal/kg

²Ih !w9 ¢I9 ά.!5 D¦¸{έΚ

ROTARY DRIER + KILN
ID FAN

28%
28%

HAMMER MILL
PROCESS FAN

38%
50%

SUMARY OF POWER CONSUMPTION

IPIAC, S.A

12%

75%


