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Topics presentation

* Raw materials

* History

* Reducing content Portland cement clinker in cement
* Alternative binders

* Carbon capture

* ‘Quick wins’




World production materials
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Embodied emissions UK

Embodied CO,
(kg CO,/kg)
1.2 .
Timber
(not biomass-neutral) _— ~
1 Plywoqﬁ
Cement "'i\Ppc (94% clinker) - -
Fly ash blend (6-20%) | //Ql—uet-jlslrg::ated . Primary
0.8 o / e ([ ] Particle-board © glass
. / -
GGBSblend @/ /Lime Genend( timber ) ~
1-35%) ‘e —
® — Glass
Fly ash blend Secondary
0.6 (21-35%) Secondary _
.g Particle board
Clay Secondary ®
steel
: P Plyv:ood
0.4 Concrete :
Reinforced concrete General Gluet-illanjgg:ated
Precast concrete ® timber Timber
High-strength (biomass-neutral)
0.2
Low-stre
GGBS m
Concrete
0 Fly ash mix hi
0 2 4 6 8 10 12 14 16

Embodied energy MJ/kg

Source: Chatham House Report,
Johanna Lehne and Felix Preston,
Making Concrete Change -
Innovation in Low-carbon Cement
and Concrete, juni 2018




World production cement
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Limestone

World cement production 2015:

~ 4 6 billion ton cement =
~ 4,3 billion ton limestone =

~ 1,6 billion m3 limestone

Alternatives have to be
abundantly available!
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Critical raw materials
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Scarce materials

Moderately scarce (EGR exhaustion time
between 100 and 1000 years after 2050)

(3 % growth until 2050, then flat)
Not scarce (EGR exhaustion time > 1000

years after 2050)
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Raw materials for cement are unlimited and regional available

Limestone: skeletons of
plankton and others
(~ 5 billion tons/year)




Refuse is (not) an option

Adobe
(since ~ 8000 BC)



Lime co,

limestone : o
H,0 Q caco, burning at 1000 °C
co,
hardening by m ‘ —
carbonation
i burnt lime since ~ 4000 BC
Ime mortar
Cao
mixing with slaked lime

sand and water Ca(OH),




Roman concrete
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Hydraulic lime

Next to CaCO,
also CSH-gel




Clinker minerals
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Roadmap CO2-reduction
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Clinker substitution
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Availability raw materials
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Requirements hydraulic cement

* Cement particles must be able to dissolve in water
* Hydrates must have a larger volume than dissolving cement
* Hydrates must be poorly water soluble

water

cement grain

reaction
products

Calcium silicates
Calcium aluminates
Calcium sulfo-aluminates




Belite-rich Portland cement (HBC) - Jes os

HBC 24.7% 53.0%
PC 524% 24.5%

Three Gorges Dam
(1994-2006)
2.7 million m3 concrete

* About 10 % lower CO, emissions. Very slow strength development.
Used mainly in China in specific applications.




Belite calcium sulfo-aluminate cement

* Approximately 25 % lower CO, emissions (compared to CEM I).
* Contains, in addition to belite (C,S), approx. 35 % ye'elimite (C,A;S).

* Rapid strength development through hydration of ye'elimite (ettringite
formation).

* Expensive aluminium-rich raw materials required.

* Can, in principle, replace Portland cement clinker (pH ~ 10.5 is on the low side).

* Production process comparable to Portland cement. Raw materials: limestone,

bauxite (or secondary aluminium source such as fly ash) and (large amounts of)
CaSO,.




Solidia cement (Wollastonite)

Mainly CS (wollastonite) instead of C,S.

Lower reaction temp. (1250 - 1350 °C instead of 1450 °C).
Same raw materials and furnace.

Reaction with CO, instead of water (water as medium).
Fast strength development but curing in CO, chamber.
Limited thicknesses (for CO, penetration).

No high pH pore solution -> not suitable for reinforced concrete.

CO,-saving during production (~30 % compared to CEM I) and CO,-absorption
during curing (~30 % compared to CEM |).




Solidia cement
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Celitement (calcium hydrosilicate cement)
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Celitement

Predominantly CS-%2H,0 instead of C;S
Lower reaction temperature (1000 °C instead of 1450 °C)
Same raw materials

Production in a (limestone) oven, autoclave with steam (CSH) and then
‘activation’ grinding (- 0.5 H,0).

Reaction with water. Can be processed as Portland cement.

No high pH pore water -> not yet suitable for reinforced concrete.

CO,-saving during production (~ 50 % compared to CEM I).
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city of Lipetsk, Russia,

A 24-storey building built with alkali-
activated slag cement concrete on

Berezinsa street 2,

Geopolymers
1994.



Geopolymers

Lipetsk, Oblast Lipetsk Q H

=



Geopolymers

Cycle path (Croeselaan, Utrecht) Cycle path (Aadorpweg, Almelo)
Construction: spring 2018 Construction: autumn 2019
Picture: February 2021 Picture: February 2021




Geopolymers

* Large-scale applications already in the 1950s in Belgium and in the 1960s in the
Soviet Union. Research since 1930.

* No environmental benefit from the use of slag and fly ash (already used in
cement and concrete), but environmental loss due to additional activators.

* Environmental benefit possible when using other materials like calcined clay.




Carbon capture
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CO,-capture and storage
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Conclusions

* Earth’s crust composition and chemistry 'inevitably' lead to Portland cement
clinker.

* There is no single alternative that can replace Portland cement clinker in terms of
availability and quality.

* A combination of measures is needed to achieve significant CO, reduction.

* CSA-belite cement, Solidia cement and especially carbon capture are promising
but still require research and time.




Quick wins

* Use low-clinker cements (but not too low because of frost resistance)
* Optimize grain packing.

* Use alternatives such as Carbstone (volumes are limited).

* Use coarser gravel




Questions?

Pl



