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1 Prof, 3 
post-doc, 

12+8 PhDs, 
3 MSc

>10 national 
and 

international 
projects 
running

>10 journal 
papers a year, 
>100 in total

Collaborations 
with >100 

universities, 
industries and 

research centers

In SIM2 and CR3, 
active in SVS and  
BR  conferences, 

co-founders of JSM

Own 
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approx. 
1Meuro 
invested



Our work-flow

Granulation New slag



Cementitious
binders

Inorganic
Polymers

ProcessingOur structure 

Design new clinkers
Improve performance of mortars

Design new precursors
Improve performance of mortarsEngineered 

materials

https://www.mtm.kuleuven.be/Onderzoek/srebmat/research_areas/Cement
https://www.mtm.kuleuven.be/Onderzoek/srebmat/research_areas/Ceramics


www.sremat.be



Ordinary Portland Cement

Annual production ~ 

4.2Gt/y

~0.8t CO2 /t cement 

clinker

Firing temperature 

1450 °C

Mostly primary raw 

materials used

Can incorporate 

residues

Blended cements 

have lower footprint

Concrete life-time is around 100 y

Not recyclable

Cannot handle fire

Deteriorates with sea-water, chlorides,  

sulphides, acids, (…)



To put it differently…

Romans did better!



The precursors for the new cement are locally sourced,

and residues are included in the formulation,          

where OPC can be incorporated,

leading to a binder that accommodates fluctuations,

without compromising in performance.

Locally-sourced, 
with residues, 
just-in-time,

of high quality

What if…?



We must rethink “cement”

Abundant raw materials (with low CO2)

Process (low temp)

To deliver a powder that I 
will be able to shape in a 
form (I need a gas/liquid)

Make a crystal-growing 
binder

Make an amorphous 
binder



Meet ELCE



Meet the Extraordinary Leuven CEment

Called ELCE

Made with the 

5 most abundant 

elements

At least 30% 

lower CO2

footprint

Raw material 

exists already 

(slag)

Can give similar 

mechanical 

properties

Is fire-resistant,

reusable+++

αCaO–β“FeO”–γAl2O3–δSiO2, 

α≤35, 25≤β≤75, γ≤10, δ≤45; α<β, in mol% 



A cement from abundant elements

O, Si, Al, Fe, Ca, Na, Mg, K…



A cement from abundant elements



A cement from abundant elements



A cement from abundant elements



That can be sourced nearby

And there is so much 

slag and bauxite residue!

Cement industry contributes to 

~8% of global CO2 emissions

No Ordinary Portland Cement in 

everything you have seenBauxite residue

~6 Mtons/y

Fayalitic slags

3 Mtons/y

Reserves landfilled: >100 Mtons, in more locations not listed above



From 2015 to 2018

2015

2016

2018

Cement industry: 8% of total CO2

No Ordinary Portland Cement used! 
We use ELCE!



Stairway to heaven

Market 

Cu slag

Engineered       
Cu slag

-7€/t 
liability

closing the 
site 

15-20€/t 

0-2€/t 

50-100€/t 

Bauxite Residue
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Al2O3

Al2O3Al2O3

Cu, Zn, 
FeNi

Al2O3

Cu, Pb

Carbon steel,
stainless steel

αCaO–β“FeO”–γAl2O3–δSiO2

(α≤35, 25≤β≤75, γ≤10, δ≤45; α<β, in mol%) 

Blended in the right proportions



Hertel, T. et al., Bauxite Residue Valorisation and Best Practices Conference, 5-7 October, 2015, Leuven, Belgium

The process
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The new precursor
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Find the right slag chemistry that respects the metallurgical 
process and delivers the best possible IP

J. Van de Sande, 2017, MSc thesis, KU Leuven



P.L. Lopez Gonzalez et al., Cement and Concrete Composites 97 (2019) 143–153

As an example



Microstructure of the IP

Hertel, T. et al., Bauxite Residue Valorisation and Best Practices Conference, 5-7 October, 2015, Leuven, Belgium

Compressive 13 MPa 20 MPa 44 MPa

Flexural 4 MPa 6 MPa 10 MPa



Microstructure of the IP

Siakati et al, unpublished data

X-ray (a) and neutron (b) pair distribution functions derived from molecular dynamics simulation
and compared with experimental data from the work of Peys et al.



The process

rotary kiln

top rotary 
blown converter

microwave

sintering furnace

Iron ore blend
Bauxite residue
…

Precursor 
(“slag”)



The process (P&ID, cont.#3)



Putting things in perspective…

Source: https://www.thyssenkrupp-industrial-solutions.com

Go to a Fe-
rich blend

New 
cement 
types

Rotary melting 
furnace, electric?



Sustainable?

Firing between 1150 and 1200 °C Firing at 1450 °C 

Low CO2 (if any) in raw materials Limestone is the major 
raw material

CO2 still emitted due to Fe3+ reduction;
but H2 is coming up!

Cannot avoid CO2

production

CO2 capturing possible CO2 capturing possible

Can go lower than 1000 °C 
with fluxes 

Formation of crystals 
limits the range of 
options

The most important thing: leveraging metallurgical knowhow 
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And this is not just a cement alternative 



Going “big”



On-going work



On-going work

See more: recover.technology



Now and coming up



Now and coming up



Now and coming up

https://www.sreway.info/



Now and coming up

https://www.sreway.info/



Thank you!


