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Disclaimer

As with all concrete mixtures, trial batches should be performed 
to verify concrete properties.  Results may vary due to a variety 
of circumstances, including temperature and mixture 
components, among other things.  

You should consult your materials, cement, and concrete 
professionals for design assistance.  Nothing contained herein 
shall be considered or construed as a warranty or guarantee, 
either expressed or implied, including any warranty of fitness for 
a particular purpose. 



Today’s Speaker

Speaker

Simon earned his PhD in geochemistry from the University of 
Toulouse in 2017.

He specialized in slag -cements during at Postdoc at the LMDC 
Toulouse (2018 -2022). His contributions to the understanding 
of slag reactivity were were recognized with the Klaus 
Dyckerhoff Prize for Young Scientists in 2023

In 2022 Simon joined Ecocem, where he is leading a research 
group focused on the utilization of electric arc furnace slags as 
cementitious materials

Since 2025 , he serves as coordinator of the EU-funded Eco-
Slag-CEM research project, bringing together eight partners to
advance innovative approaches for incorporating electric arc
furnace slags in low -carbon cement

Simon.Blotevogel@ecocemglobal .com



Ecocem: Natalia Lora Acevedo, Reem Hoballah , Céline Bacquié , Yoann 
Jainin , Thomas Wattez, Roberta Alfani

University of Toulouse : Katharina Schraut, Hugo Barré, Florian Vatinel , 
Cedric Patapy, Martin Cyr 

CNRS: Léna Rossi, Pascal Bénézeth, Valérie Montouillout
Max Aicher Umwelt: Elke Kaindl

… and more to come!

Powering Low-Carbon Cement: 
A team effort!



Presentation Overview

Ecocem proprietary information

1. Ecocem a nd its  R&I

2 . Ir on a nd Stee lma king s la gs  a nd the ir  evolu tion

3 . Cur r ent EAF s la gs

4 . EAF to cement benefic ia tion s tr a tegies
• Gr a nu la tion
• Reduction
• Clinker is a tion
• Ca r bona tion

5 . EAF s la gs  in s ta nda r ds  a nd nor ms



Ecocem – A proven business model 
For over 25 years we manufacture low carbon cements for the 
construction industry across Europe.

– 2.4Mt per year production across 4 plants
– Prevented the emissions of 16Mt of CO2

– Associated with the biggest names and projects in the industry
– 210 employees

Chilly-Mazarin

Ecocem proprietary information



Ecocem Research and Innovation

Ecocem proprietary information



Eco-Slag-CEM project

Ecocem proprietary information

Partners:

▰ Arcelor Mittal : industrial DRI -slag, thermodynamic 
calculations , LCA, upscaling

▰ FEHS:High temperature modification and treatment

▰ HZDR:Organic chelatants , pretreatment of crystalline slag, 
development of specific accelerators/activators

▰ ETH: Fe redox chemistry, during hydration and service life

▰ GET: Fine analytics, X -ray absorption, HT -XRD etc.

▰ LMDC: hydration analytics, durability

▰ Ecocem: binder formulation, upscaling, coordination

https://cordis.europa.eu/project/id/101221259
Soon on: https://ecoslagcem.eu

EU funded EIC Pathfinder Challenges, 4 M€ research initiative (2025-2029), to turn EAF slags into SCMs. 
Coordinated by Ecocem.

https://cordis.europa.eu/project/id/101221259
https://ecoslagcem.eu/


Types of steelmaking slags
Slags are carefully engineered liquid phases serving 
process goals, such as metal purification and insulation:

▰ Blast furnace slag (BF) => the reduction of iron 
ore and production of hot metal.
▰ Reducing conditions - Fe(0)
▰ C/S ~ 1.2; 
▰ most transition metals in the metal phase

▰ Basic oxygen furnace (BOF) slag = > oxidation of 
carbon from hot metal and purification of steel.
▰ oxidizing conditions - Fe(III) 
▰ high C/S ratio ~ 3. 
▰ Metal oxides partially enter the slag phase

▰ Electric arc furnace (EAF) slag => melting of 
scrap and/or direct reduced iron (DRI), steel 
purification. 
▰ partly oxidizing conditions - Fe(II)
▰ C/S ratio ranges from about 1.5 to 2 
▰ Metal oxides partially enter the slag phase

Ecocem proprietary information

Modified from: https://www.chartersteel.com/



Future steelmaking in Europe – DRI-EAF route

▰ Current EAF production in EU ~8Mt/yr 
(Scr a p r ecycling)

▰ 2050  pr edic tions  by Eur ofer 28  Mt/ yr  
(DRI+Recycling)

▰ Tota l expected 2050  ~ 6  Mt/ yr  (30  %) 
mor e  tha n cur r ent GBS pr oduction 
(2023  EU GBS pr oduction ~ 21Mt)

EU steel and slag production (expectations 2050) 

 Simila r  to cur r ent EAF-s cr a p r ou te
 Bes t option for  r ea ctivity = gr a nu la tion
 Accepta nce  by s ta nda r ds  & nor ms

Ecocem proprietary information

Modified from: https://www.chartersteel.com/



EAF slag production in the US

Source: Argusmedia.com

▰ 76 electric steel mills with an annual production of 72 Mt of steel in 2024

▰ … a nd a ppr oxima te ly 11  Mt of s la g (~ x2  US GBS pr oduction)



EAF slags – SEM caracterisation

Very different morphology of intergrown minerals in EAF 
gr a ins : Br ight Fe-r ich s pots  in a  Ca -Si ma tr ix:

• Ca - a nd Si- r ich pha s es  (Ca :Si:Mg ~ 4:3 :1  => C/ S ~ 1 .3 , 
s imila r  to GGBS bu t cr ys ta lline , « Br edigite / Mer winite »)

• Fe-r ich pha s es  (Fe :Mg:Mn ~ 10:2 :1 , « Mg-Wüs tite »)

• Al r ich pha s es  (Al:Si:Ca ~ 3:3 :4 , « Gehlenite »)

• Pha s es  r iches  en Cr  (Cr :Fe :Mg:Al ~ 2:1 :1 :1 )

Fe2O3 CaO SiO2 MgO Al2O3 Mn 2O3 Cr2O3
wt % wt % wt % wt % wt % wt % wt %

EAFS 37.0 26.4 16.0 10.5 5.9 3.6 1.6

Ecocem proprietary information



EAF slags  - Mortar compressive strength

▰ 50 % replacement of CEM I results in about a third f CEM I compressive strength, 
r oughly cor r es ponding to CEM I contr ibu tion 

▰ 70  % EAF – 30% Gla s s  a lka li a c tiva ted mixes  r ea ch 2 .8  MPa  a fte r  7  da ys

▰ Hea t of hydr a tion mea s ur ements  nor ma lized to CEM I content, do not s how a  fille r  
e ffect, bu t s ome hea t contr ibu tion a fte r  a bou t 16h

Ecocem proprietary information



EAF to cement technology
EAF valorization research is in full evolution; 

Four  benefic ia tion techniques  ge t mos t a ttention:

1. Granulation (with limited modification at hot stage or not) – TRL 7

2. Reduction treatment + granulation – TRL 5-6

3. Clinkerisation – TRL 5-6

4. Mineral carbonation – TRL 5

Ecocem proprietary information



EAF to cement technology - Granulation

▰ Most simple and most advanced activation 
technique

▰ Needs slag granulation from the hot stage  
= collaboration with steel makers

▰ To yield higher amorphization degrees and 
better reactivity, chemical modification in 
the hot stage necessary

▰ Reactivity is good , comparable to bad GGBS

▰ Fate of Fe and heavy metals still a question

Granulation: Either by water ( TRL 7, pilot plant MAU, 
Cocoon) or air TRL 5, tests at Tenova

Ecocem proprietary information



EAF to cement technology

Video provided by Max Aicher Umwelt

Ecocem proprietary information



▰ Higher amorphous content = better reactivity

▰ Chemical modification necessary to achieve 
high amorphous contents

▰ Reactivity in the range of blast -furnace slags 
are achievable with strong modification

▰ Amorphization degree depends on composition 
and quenching method ( FeOcontent, 
CaO/SiO2…)

EAF to cement technology - Granulation

Ecocem proprietary information

Takeaway: 

⇒ Chemica l modifica tion neces s a r y to yie ld good a mor phiza tion

⇒ Unlike  toda y’s  GBFS, we  will like ly ha ve  a  range of amorphization 
degrees on the  ma r ke t



At 25% replacement: 
▰ no difference at early age compared to GGBS
▰ SAI >85% are clearly achievable at 28 days, performance < GGBS, but > QP
▰ Slight performance differences depending on C/S ratio

EAF to cement technology - Granulation

Ecocem proprietary information



EAF to cement technology - Granulation

▰ Simple 50% EAF – 50 % CEM I mortars were 
prepared

▰ 50% EAF mortar strength is below Ecocem’s Fos 
GGBS

▰ Strength >10 MPa are reached at 2 days

▰ After 28 days strength is about 40 MPa ,

▰ Compared to ~ 20 MPa for untreated EAF slag 

Takeaway: 

⇒ Gr a nula tion s olves  the  long-s ta nding r ea ctivity pr oblem of EAF – s la gs

⇒ EAF s la g r ea ctivity is  (s till) lower  tha n GBFS bu t c lea r ly us a ble  

Ecocem proprietary information



▰ Leaching tests on granulated 
s la gs  wer e  per for med 
a ccor ding to EN 12457-4

▰ Only one  s a mple  exceeded 
Fr ench nor ms  for  iner t wa s te  
ma ter ia l

▰ Some Ba , Mo a nd V lea ching 
wa s  obs er ved

EAF to cement technology - Granulation

Takeaway: 

⇒ No envir onmenta l r is k fr om gr a nu la ted EAF s la gs

⇒ High a mor phiza tion r a tes  even r educe  lea ching

Ecocem proprietary information

Element 
leaching (mg/kg 
of dry material) 

EAF 1 
Unmodified 

EAF 2 
modified 

EAF 3 
modified 

EAF 4 
modified 

EAF 5 
modified 

French 
legislation 

for inert 
waste  

Barium (Ba) 1.507 0.278 0.141 0.286 0.192 20 

Copper (Cu) <0.037 <0.037 <0.037 <0.037 <0.037 2 
Molybdenum 

(Mo) 0.188 0.041 0.031 0.035 0.036 0.5 

Nickel (Ni) <0.041 <0.041 <0.041 <0.041 <0.041 0.4 

Chromium (Cr) <0.021 <0.021 <0.021 <0.021 <0.021 0.5 

Vanadium (V) 2.556 0.454 0.293 0.434 0.288 - 

Cadmium (Cd) <0.008 <0.008 <0.008 <0.008 <0.008 0.04 

Zinc (Zn) <0.014 <0.014 <0.014 <0.014 <0.014 4 

Arsenic (As) <0.158 <0.158 <0.158 <0.158 <0.158 0.5 

Antimony (Sb) <0.151 <0.151 <0.151 <0.151 <0.151 0.06 

 



Sample/Element pH Ba Cr Mo V SO42- 
CEM I 12,8 9,68 0,04 0,01 0,01 23,2 
EAF A 12,8 8,60 0,04 0,07 0,03 25,8 
EAF B 12,8 9,53 0,08 0,04 0,00 23,1 
EAF C 12,8 8,37 0,04 0,07 0,00 28,4 
EAF D 12,9 9,95 0,05 0,02 0,00 25,2 
EAF E 12,8 13,2 0,06 0,04 0,00 22,9 

DSQD Limit - 22,0 0,63 1,00 1,80 2430 
 

▰ A recent paper performed EN12457 -2 batch leaching tests on 28 -day hydrated mortars 
at 25 % cement replacement with granulated EAF slags

▰ No Dutch limits were exceeded, and leaching was in the range of reference CEM I

▰ There was no correlation between total Cr and leached Cr

EAF to cement technology - Granulation

Tayebi et al. 2026, CCR

Data from Tayebi et al. 2026, CCR

Ecocem proprietary information



EAF to cement technology – Reduction

▰ Good slag reactivity , similar to GGBS

▰ (partial -) reduction of heavy metals to the 
metal phase

▰ Fe can be source of revenue if quality 
issues solved (mainly P content)

▰ Fe quality likely needs some compromise in 
reduction degree

▰ Energy and CO2 intensive process (heating 
if cold, reducing agent)

▰ Slow due to supplementary process step

Ecocem proprietary information



EAF to cement technology – Reduction

▰ Reduction of Fe content can further 
increase (early) reactivity

▰ At 35% replacement level ~50 MPa 
after 28 days are reached

▰ Strength keeps increasing at later 
stages

From Schade et al. 2024, CCR

Takeaway: 

⇒ Reduction + Gr a nu la tion is  a  high r is k (ener gy, cos ts ), high ga in pr oces s  under  inves tiga tion

⇒ Sla g per for ma nces  a r e  ver y good bu t br ea kthr oughs  in pr oces s  technology needed

Ecocem proprietary information



▰ Clinkerisation is  a n umbr e lla  for  diffe r ent 
pa thwa ys  to pr oduce  s ome clinker  like  
ma ter ia ls  fr om EAF

▰ Miner a l s ynthes is  is  ca r r ied ou t a t hot 
s ta ge  a nd ca n be  (1) directly in the EAF , (2) 
in a supplementary ladle and (3) in a 
separate furnace

▰ Materials produced are mostly 
standalone binders => more a clinker than 
a SCM topic

▰ There is active development in the field, 
but likely hard to make the economics 
work (impurities from slag)

EAF to cement technology – Reduction

Ecocem proprietary information



EAF to cement technology - Carbonation

▰ Mineral carbonation allows to activate slow cooled 
EAF slags through a reaction with CO 2 under water

▰ Needs high purity CO 2 streams (possibly from CH4 -
DRI), temperature (~100 °C) and sometimes pressure 
(Mg-silicates)

▰ Permanent CO 2 storage might produce carbon 
neutral or negative SCMs (depending on process 
parameters and material source)

▰ Low throughput , needs additional reactor and 
immobilizes Ca and Mg

▰ Much activity and startups in the field, EAF slags not 
the best source material

Ecocem proprietary information

=> TRL 5



EAF to cement technology - Carbonation

▰ Carbonation shifts Si polymerization from C2S range to amorphous silica
▰ Reactivity is significantly increased, but absolute values remain low
▰ Method likely interesting when untreated slag and high purity CO 2 are available

Ecocem proprietary information



▰ China: EAF slags covert by 
GB/T 20491 -2017  
▰ < 4% free lime
▰ Blaine > 3500 cm²/g
▰ SAI ( 30% replacement): 

>65% at 7j, >80% at 28j

▰ US: ASTM task group C09.27 
preparing a specification for 
EAF slag use in concrete

▰ EU: SuStaCEM WG2 
collecting reports on EAF 
slags to evaluate 
introduction in TC 51

EAF to cement technology - Certification

Ecocem proprietary information

EAF slags are currently absent fr om cement a nd concr e te  nor ms  r egu la ting SCMs  in Eur ope  a nd the  
US. This  cr ea tes  a  chicken a nd egg pr oblem in Eur ope :

Ha r d to pu t into nor ms  ma te r ia ls  tha t a r e  not cu r r ently pr oduced


Uncer ta in r e tu r n of inves tment hinder s  inves tment in gr a nu la tor s  = no cu r r ent pr oduction

Several initiatives for introduction to standards:



Key takeaways

▰ EAF slags are an abundant resource containing CaO and SiO 2 = potential SCM

▰ Slow cooled very poor reactivity but different beneficiation strategies are available

▰ Granulation easiest in terms of process needs, cost and TRL

▰ Currently no environmental risks detected

▰ Biggest obstacle: introduction to standards and norms

Ecocem proprietary information



Questions?

▰ Ask questions via the Q&A dialog box in the 
zoom platform 



NEU is Here to Help You!
Ask us about:

NEU’s The Low-Carbon Concrete Guide: Materials. Strategies for reducing the 
carbon emissions of concrete with an emphasis on material/mixture decisions made at the project 
level. Available for purchase at the ACI Store. Scan the QR code!

NEU’s Validation and Verification program. Provides third-party validation or 
verification of the environmental claims of both existing and innovative new 
products/technologies associated with low-carbon cement, concrete, and concrete products, 
following the requirements of international standards. 
www.neuconcrete.org/validation-verification

http://www.neuconcrete.org/validation-verification
http://www.neuconcrete.org/validation-verification
http://www.neuconcrete.org/validation-verification


Thank you!

NEU: An ACI Center of Excellence for Carbon Neutral Concrete

NEU: An ACI Center of Excellence for Carbon Neutral Concrete 

www.neuconcrete.org Connect with NEU at: info@neuconcrete.org

http://www.neuconcrete.org/
mailto:info@neuconcrete.org
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