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The LC3 project



A SHORT HISTORY 
OF LC3



2005-2008
SDC-SNSF Project

Calcined clays for
pozzolans

2009-2012
SDC-SNSF Project

Ternary blend cement
calcined clay-limestone

2013-2020
SDC-Climate Change

Low Carbon Cement

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

The origins



ECEMEmpresa de

CEMENTO Siguaney

Jan 2013: Clay sourcing
Pontezuela (300 t)

March 2013: Clay calcination
Siguaney (110 t

August 2013: Cement 
grinding (130 t)

Sept-Dec. 2013: Cement use in 
construction

Jan-July 2014: Evaluation of 
concrete made with LC3

2013: first full industrial trial



Cement type

Design 

28d 

strength

block.

MPa

Cement

Content 

(kg/m3) 

Design 

Slump 

(cm)

Slump 

(cm)
w/c

Comp. Strength 

MPa

7d 28d

Concrete blocks 

EPM LCC
5 MPa 300 - - - 3.6 5.1

Concrete blocks 

EPM OPC
5 MPa 300 - - - 4.2 5.6



Cement type

Design 

Strength 

Mpa

Cement

Content 

(kg) 

Design 

Slump 

(cm)

Slump 

(cm)
w/c

Comp. Strength 

MPa

7d 28d

Precast concrete 

bridge part made 

with LCC

25 MPa 360 12±3 17.5 0.57 21.0 31.4

Precast concrete 

bridge part made 

with OPC

25 MPa 360 12±3 10 0.49 20.4 33.2



2014: Exposure site for LC3 concrete



ECEMEmpresa de

CEMENTO Siguaney

2018: Industrial trial (LC2)



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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LC2 in concrete



2020: Rio Claro plant



Courtesy of cementos ARGOS

Presentation FICEM, 2019

2023: large scale construction (Colombia)



2021: CIMPOR Ivory Coast



➢ Knowledge and experience on how to choose the clays

➢ Different choices for calcination equipment (flash calciner, rotary kiln, retrofitted 
kiln, etc.)

➢ The admixture industry has produced tailor made admixtures for calcined clay 
(grinding aids, superplasticizers)

➢ Standards covering LC3-50 (50% clinker)

➢ Critical mass of LC3 (successful) applications in building of  infrastructure.

➢ Evidence of long term durability

➢ Reduction of CO2 emissions proven

What do we have after 10+ years?





Where are the 
Stumbling Blocks 

Today?



Clays with K < 40%

Properties of a CEM I 
42,5 can be met with a 
minimum of 40% 
kaolinite

Properties of a CEM I 
32,5 can be met with a 
minimum of 30% 
kaolinite

Blending clays could 
enable a good use of 
resources, yet fulfilling 
target properties

Clay QX 
K (40-50%)

Clay QY 
K ~ 30%)

Blend of 
68%QX + 
32%QY

CEM I 32,5 (EN-197)
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2
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Implementing color control

No color control

With color control

Exhaustion of oxygen is done by inserting a liquid fuel 
lance at the cooler. Combustion of the fuel 
(approximately 0.5% increase in fuel) can do this 
quickly and safely





Co-grinding on LC3

Clinker

Calcined clay

Quartz

Limestone

Coarser
Clinker (over 
90 µm

Finer
the Rest

▪ Separator gauge was set for around 10% of 

cement retained at 90 µm sieve (coarser than 

normal practice)

▪ Most material retained at 90 µm (9%) sieve 

was coarse clinker



Grinding strategy: co-grinding

CC 1h no GA CC 1h PCE 1 0.45% CC 1h Amine 0.13% CC 1h Glycol 0.12%

Franco Zunino, 2018

Agglomeration during grinding can compromise fineness of clinker. 
Grinding aids would solve the problem



LC3 no GA + SP
LC3 GA (TEA-A) 3g

+SP
LC3  + GA(4,5gINT

(TEA-A)) + SP
Cemento tipo HE

1d 8,09 6,10 12,51 10,30

3d 18,30 16,10 19,96 23,30

7d 31,70 22,40 34,14 32,20

28d 45,30 38,30 41,12 40,50
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Co-grinding

Fine Medium Coarse

no GA 29,42 55,09 51,27

3g TEA 30,36 54,37 48,49

4.5g TEA 32,68 55,22 41,4
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Clinker content

Impact of grinding aids

D ≤ 7 µm 

7µm ≤ D ≤ 33 µm 
D ≥ 33 µm 

NOTE: This test is a modification of the standard ASTM 
C109/109M which includes addingque incluye añadir SP 
to achieve a Flow that enables having a wáter to cement 
ratio similar to that of Portland cement



Choices for LC3 
formulation & use



Choices

Bag cement

Structural cement

The comparison 
is made with 
real cements 
produced in 
Central America

Zunino F., Martirena F., Tough decarbonization 
choices for Latin America. International 
Cement Review. August 2023



Potential cement formulations

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 cement of general 
use, 35% Clinker, 40% calcined clay, 
20% limestone and 5% gypsum
*not currently approved within EN-197-5



Choices for LC3-50

Zunino F., Martirena F., Tough decarbonization choices for Latin America. 
International Cement Review. August 2023



Choices for LC3-40

Zunino F., Martirena F., Tough decarbonization choices for Latin America. 
International Cement Review. August 2023



LC3-50 vs. HE and LC3-40 vs GU

The imposition of a carbon tax could create incentives for the introduction of 
lower clinker cements

Zunino F., Martirena F., Tough decarbonization choices for Latin America. 
International Cement Review. August 2023



New emerging 
technologies

(the future)



Compact “Plug & clay” units

Containerized LC3 plant 

• 100 Ktpy calcined clay
• 300 Ktpy LC3 cement
• 520 kcal/kg calcined clay
• 25 kWh/ton calcined clay
• Cost around $US 7 M



Scenarios

SCENARIO 1

• Fuel: 100% petcoke
• Cement: 

• Portland Limestone (75% 
CLK)

• LC3-50 (50% CLK)
• LC3-40 (40% CLK)

SCENARIO 2

• Fuel: 50% petcoke/50% gasified 
biomass

• Cement: 
• Portland Limestone (75% 

CLK)
• LC3-50 (50% CLK)
• LC3-40 (40% CLK)



CO2 emissions vs. OPEX

• LC3-50 reduces 25% CO2 emissions compared to PLC for similar performance (LC3-40 reduces 35% 

but poorer performance!!) in ALL scenarios

• 50% biomass as alternative fuel brings about decrease in 20-25% of CO2 emissions (for all cements)

• OPEX does not change significantly in all scenarios
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CAPEX vs Cost of CO2 (carbon tax)

• A 30% increase is CAPEX is foreseen is decarbonization measures are to be implemented

• The increase in could be compensated by the decrease of cost of paying carbon tax. This 

could offset most of the increase in CAPEX!
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Summary

• Combination of calcined clay and limestone is the path to 
clean cement production

• Very diverse tile of products for different actors
• Sound and cost effective technology available
• More than 40% reduction of CO2 emissions!
• LC3 is spreading throughout the world!





Thank you!!

José Fernando Martirena Hernández (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
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