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Innovative CO2 capture and use 

Low carbon cement and concrete technologies

Open innovation





CO2 Capture, Storage 
and Use

How it’s work?

Ref. Prof. Matteo Romano



Technology for CO2 capture (CO2 separation)
Target: separate CO2 from flue gas and reach > 95 vol.%

Post Combustion Technologies:

CO2 is separated from flue gas by absorption using a liquid or solid sorbent (ammine, zeolite)

• Chemical process: ammine solvent (market solutions), Ca-Looping 

• Physical Process: Adsorption process (TSA, PSA), (market solutions) Membrane, MOF, cryogenic separation

Integrated process:

CO2 separation is obtained in an integrated process

• Oxyfuel, indirect calcination, Ca-Looping integrated (high TRL)

• H2 as fuel (market solutions but not applicable at full scale, high costs and energy intensive)

• Electrification (research)



Catch4climate Project Cleanker project Herccules project Deuna CO2 capture project

OXYFUEL: combustion of fuel 

by replacing air (ca. 21% O2 + 
79% inert components: N2, Ar) 
with pure oxygen as oxidizer

Calcium-Looping (CaL) process 

for CO2 capture in cement 
plants

CO2 capture and Storage in 

Mediterranean

CO2 capture in Deuna aimed at

using the CO2 hub in 
Wilhelmshaven 

First application of so-called 

"Pure Oxyfuel" technology in 
the cement production process

First application of Ca-Looping 

in cement plants

First application of CO2 

Storage from cement plant
and incinerator plant in 
south-Europe

The project target is to do a 

comprehensive feasibility 
study, cost calculation and 
timetable aimed at capturing 

CO2 at Deuna plant

Engineering contract for a 450 

ton/day plant operating in 
Mergelstetten signed

CO2 capture Pilot plant (1 

t/days)  already operating in 
Buzzi Unicem plant Vernasca 
Italy. 75% CO2 capture rate 

achieved

Project started in January

2023, CO2 storage is
planned in 2026-2027

CO2 capture should start in 

2027 - 2028 



Low carbon 
supplementary
cementitious materials

• Natural pozzolan

• Artificial pozzolan

• Slag

• Limestone
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Comparison of cement types

CEM

S-CEM

LL-CEM

P-CEM

Q-CEM

S= Slag

LL= Limestone

P= Natural Pozzolan

Q= Artificial pozzolan

Hydrated silicate and Ca(OH)2 are formed during C3S hydrationCa(OH)2 from C3S hydration can activate slagMainly filler effect, formation to small extent of carboaluminatesCa(OH)2 from C3S hydration is consumed during the pozzolanic reactionCa(OH)2 from C3S hydration is consumed during the pozzolanic reaction



Why a talk about pozzolanic cement?

Why Roman concrete still stands strong while modern version decays | Science | The Guardian

www.focus.it

‘Self-healing’ Roman concrete could aid modern construction, study suggests | Science | The Guardian

Scientists may have found magic ingredient behind ancient Rome’s self-healing concrete | Science | AAAS



TemperatureWater

Weathering,

transformation

Feldspar

Kaolinite

Kaolinitic clay – raw material 

for artificial pozzolan

Layers of volcanic ash = Pozzolan

Fast cooling

Deposition

Vulcanic Pozzolan Meteoritical Pozzolan

Industrial calcination at  

800 °C

Italian pozzolan

(Lazio/Campania)

Ries Crater (Germany)

FLS Smidt Vesuvio
Museum “Ries Crater”

Natural or artificial 
pozzolan



Overview

The term “natural pozzolan” embraces many inorganic materials that originate from 
different processes

Origin Structure Characteristics

Pyroclastic rocks Volcanic eruption Porous structure due to gas
released during eruption

Glassy structure due to rapid
quenching of the magma

Zeolitized materials Volcan eruption and
altering

The altering (water, pressure,
atmosphere, geothermal
treatment) modifies the
mineralogy of this type of
materials

Clastic sediments Deposition process
(lake or marine
sediments) or clay

Biogenic sediments from siliceous
skeleton of sediments are
typically found

Often mixed with clay and
limestone

Thermal process improve the
reactivity of clay based

Meteoritic materials Impact of meteorite



Norm Cement Clinker Slag (S) Silica fume
Pozzolana

Fly-ash (V)
Limestone 

(LL)
Minor Requirement

Natural (P) Calcined (Q)

EN 197-1

CEM II/A-Q 80-94 6-20 0-5

CEM II/B-Q 65-79 21-35 0-5

CEM II/A-P 80-94 6-20 0-5

CEM II/B-P 65-79 21-35 0-5

CEM II/A-M 80-88 12-20 0-5

CEM II/B-M 65-79 21-35 0-5

CEM IV/A 65-89 11-35 0-5 Satisfy Pozzolanic

test EN 196-5CEM IV/B 45-64 36-55 0-5

CEM V/A 40-64 18-30 18-30 0-5

CEM V/B 20-38 31-49 31-49 0-5

EN 197-5
CEM II/C-M 50-64 36 – 50 *(Limestone 6 – 20 if used) 0-5

CEM VI (S-P) 35-49 31 - 59 6 - 20 0-5

Use of natural and artificial pozzolans in Europe
Current standard situation

CEM IV/A and CEM IV/B are also parte of the family of sulfate resistent cement, if the C3A of the clinker < 9%



Where are they both located? Overview in central Europe

Natural pozzolans: Present in volcanic regions: e.g. 

south of Europe, in particularly in Italy

Kaolinitic clays: Many deposits worldwide: mostly

widespread in East Europe, India, Brasil, Cuba, 

Cameroon…

Natural pozzolans and clays are a relatively cheap

material, transport strongly affect the final costs.



Reaction product of Pozzolanic hydration
Reaction product

Portland cement Hydration C-S-H

Ettringite
Ca(OH)2

Pozzolanic reaction 

(Pozzolan + Lime)

C-S-H and C-A-S-H

C4AH13
Carboaluminate

Pozzolanic cement C-S-H and C-A-S-H

Ettringite
C4AH13
Carboaluminate

Slag cement C-S-H and C-A-S-H

Ettringite
Ca(OH)2
Hydrotalcite

Cement and Concrete Composites Volume 15, Issue 4, 1993, Pages 185-214



In Italy more than 2.2 M tons of pozzolanic cement
(CEM IV) are produced yearly (about 10% of the
Italian production). Pozzolanic cement are in Italy
frequently recommended for works in aggressive
environment (sea water, high sulphate).

VDZ reports in 2021 0.5 M tons of CEM IV and CEM V
cement in Germany (about 2% of German
production).

The report of the Turkcimento association states more
than 4.4 M tons of pozzolanic cement was produced
in Turkey in 2021, about 8% of the yearly cement
production.

Some numbers of cements containing pozzolana



….The ancient material provides an important reference for the long-term behavior of innovative, environmental-
friendly concrete infrastructure fabricated with reactive glasses….

Pozzolan mortars
An ancient material  



In the large massive slabs (thickness 3-6 m - volumes >10,000 m3) with quasi-adiabatic maturation 
we adopted a combination of pozzolanic cement and pure crystalline limestone. 

In terms of heat development this solution perform even better than CEM III

Interesting applications to report

Intesa San Paolo Tower slab > 12.000 m3 Regione Piemonte Tower slab >12.000 m3 Galeazzi Hospital slab > 33.000 m3



Golden Gate Bridge, San Francisco, Built with Pozzolanic cement from Philippines 

Pozzolan cement
Used for almost 100 years



Pozzolanic cement produced in Italy at Buzzi Unicem:

CEM IV/A (P) 42.5 R (Pozzolan content: 25 %)

CEM IV/A (P) 42.5 N

CEM IV/B (P) 32.5 R – SR (Pozzolan content: 40 %)

CEM II/B (P) 32.5 R 

In 5 different plants, from the Sicily to the Alps using 5 
different natural pozzolans



A new white pozzolanic cement is now available also in Germany 

High strengths, good water demand, excellent whiteness, low CO2! 


