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What is carbonation/mineralisation?

• Reaction of calcium, magnesium (and iron) oxides, 
hydroxides and silicates with CO2 to form carbonates

CaO + CO2 = CaCO3

• Ca, Mg compounds can be found in: 
• basic and ultrabasic rocks  - basalt,  dunite (olivine) and 

serpentinite
• alkaline industrial residues – steel slags, APCr, cement 

residues or crushed concrete

• Two principal environments for carbonation
• Wet – high water solid ratios  - precipitation of carbonates 

from solution
• Dry – water solid ratios of < 1  
• Need water to allow the CO2 to ionize in order to react 

with the solid
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What is carbonation/mineralization?

• Carbonation occurs naturally as part of the weathering of rocks or 
alkaline  residues 
• takes years because of low concentration of CO2 in atmosphere

• Accelerated carbonation involves changing the conditions of the 
reaction
• Supercritical  CO2

• High temperature and pressure

• Atmospheric  temperatures and pressures

• Reaction can take place in 10—15 minutes



Advantages of carbonation

• Permanent capture of CO2

• Exothermic process – CaCO3 formation releases energy

• Can use CO2 from flue gas directly  without need for purification

• Large quantities of reactive material, both natural and anthropogenic

• Potential to capture > 1Gt of CO2 per year in industrial residues

Coal Cement CDW Biomass Steel Oil shale EfW Paper & pulp

411Mt 192Mt 178Mt 174Mt 79Mt 5Mt 4Mt 1Mt

All figures based on annual production of residues, excluding legacy wastes

This information is based on external academic papers as well as internal know how
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Who is doing what in 2021?

Carbonation of natural  materials
Direct reaction of in-situ rocks with  CO2

• Carbfix – Iceland 

Enhanced natural weathering
• Greensand – Dutch company using crushed olivine spread on 

beaches, used as paths or alongside railway tracks
• 37k tonnes of  CO2 captured since 2018

• University of Oxford – large amount of funding to spread mine 
tailings on fields etc.

Use of natural minerals for other carbonation processes
• Extraction of MgO from serpentinites and olivines to manufacture 

Mg based cements – carbonated blocks – e.g. Cambridge  
Carbonates

• Green minerals – making paper from carbonation of olivine



Notable current activity

Carbfix – Iceland

• began using CO2 related  to geothermal energy plant

• now developing use of CO2 from direct air capture

• CO2 dissolved in water pumped into underlying basalt 

• network  of shallow wells to 550-800 m depth

• Ca and Mg in basalts dissolve into water, water 
precipitating carbonates in the cracks and fissures over 
period of c 2 years

• 65.5 k of CO2 injected since 2014 

• c 26t CO2  per day

• Carbfix say Europe has capacity to store 4000 Gt and US 
7500 Gt



Notable current activity

Carboncure – North America
• Introduces pure CO2 into fresh concrete as it is poured

• Accelerates the hydration of the cement 

• Reduces the amount of cement required

• To date > 1 million truck loads of concrete

• 104,569 tonnes of CO2 saved – 45,000 tonnes/year

• Nano sized crystals of CaCO3 formed in the cement matrix 
on which the normal cement hydrates nucleate

• CO2 travels with the concrete mixer ready for injection 

• Uses c 1kg of CO2 per tonne of concrete

• Other CO2 saving based on reduction of cement, faster 
setting

• Also used in manufacture of pre-cast blocks



Notable current activity

Solidia – North America and Europe
• Manufacture a special cement that hardens through 

carbonation rather than hydration

• Can be manufactured in normal cement kilns but 
requires

• Lower temperature for calcination reducing emissions 
from fuel consumption by 30-40%

• Cement contains a calcium silicate which reacts readily 
with CO2 in the presence of water

• Concrete blocks made with this cement cured in 24 
hours in a CO2 chamber compared with 24 days curing 
for normal hydration reaction

• 240kg CO2 per tonne of concrete

• 100% of water recovered during curing

• Elimination of 100 million tonnes of concrete landfill

• Potential to ‘eliminate’ > 1.5 Gt of CO2 per year



Carbonation of Industrial Residues

Range of reactive residues
• Energy from waste (EfW)

• Air Pollution Control Residues
• Incinerator Bottom Ash (IBA)

• Steel manufacture
• BOF slag
• EAF and AOD stainless steel slag

• Paper manufacture
• Paper ash

• Cement manufacture
• Cement kiln dust CKD
• Cement by-pass Dust CBD

• Mine Tailings
• Ultrabasic  and basic rocks
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Carbonation of Industrial residues

Key 
industry

Waste streams Global 
volume 
(million 
tonnes)

European 
volume 
(million 
tonnes)

Current 
average cost 
of disposal 
(£/tonne)

Total 
European 
market size 
(£million)

Tonnes of CO₂ 
captured in 
Europe (million 
tonnes)

EfW APCr, fly ash, bottom ash 75 45 120 5,400 4.41

Cement Cement Bypass Dust 
(CBPD), Cement Kiln Dust 
(CKD)

410 21 50 1,086 4.78

Steel Steel slag, stainless steel 
slag, EAF dust

507 63 50 3,171 11.42

Biomass APCr, fly ash, bottom ash 70 35 60 2,106 5.63

Paper & 
Pulp

APCr, fly ash, bottom ash 45 12 60 729 1.94

TOTAL 1,105 177 12,492 28.18
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Carbonation of Mining residues
Mineral Carbonation International – Australia

• Wet carbonation process

• Currently has a pilot plant capable of processing a few 100t of CO2

• Planning a demonstration plant capable of processing 50k  tonnes

• Full scale plant converting 1 Mt of CO2 on the drawing board

• Currently concentrating on the carbonation of nickel mining residues but say that 
they can use other industrial residues through the demonstration plant

• The nickel tailing are serpentinite based and MCi are using the magnesium 
carbonate produced in plaster board or blocks

“MCi developed its program under research commercial secrecy. This has enabled us to build 
considerable knowhow in the newly emerging field of carbon utilisation. We have investigated many 
process routes including those with favourable economics into our technology stack.”

“By 2040, Mineral Carbonation International (MCi) wants to lock away 1 billion tonnes of CO2 in 
building materials.”



Steel Slags

Orbix – Carbstone - Belgium

• Doing a variety of things with steel slags

• Slags ground to recover the residual metal

• Ground material pressed into blocks and carbonated in an 
autoclave at high temperature and pressure

• Also marketing Stinox and Carbogran granular materials, 
Fillinox, and Carbinox- fine grained materials the later able 
to absorb CO2 from the air

• Based at the stainless-steel plants in Genk and Charleroi

• Not clear whether using the flue gas derived CO2 directly in 
the autoclaves or to make their Carbogran

Carbicrete – Canada

• Also making precast blocks cured in CO2



Construction and demolition waste

• Cement industry responsible for 7-8% of global CO2 emissions

• Working hard to become net zero by 2050 - 6 point plan
1. Burning RDF rather than fossil fuels
2. Using more renewable electricity
3. Carbon capture at scale
4. Reducing the amount of cement clinker in cement – use of Supplementary 

Cementitious Materials SCM
5. Reprocessing concrete from C&D waste as aggregate in concrete
6. Enhancing the carbonation of concrete

• Concept of urban quarries

• Concrete carbonates in the atmosphere

• Slow process depending on the quality of the concrete

• The concrete in C&D waste will contain uncarbonated cement paste



Construction and demolition waste

Blue Planet – US

• Manufacturing an aggregate from variety of industrial 
residues

• Using construction and demolition waste – crushed concrete

• Removing old cement paste from sand and gravel for 
reclamation

• Dissolving CO2 in water/brine/ammonium salt and growing 
CaCO3 on fine silica seeds “water-based capture solution”

• CO2 directly from flue gas

• Process economics dependent on value from sand and 
gravel sales and value of CO2

• Pilot project using aggregate at San Francisco airport

• 1920 lbs CO2 offset in 1 yd3 of concrete – 477kg / tonne



Construction and demolition waste

• Several projects on the use of C&D waste to make SCM
• Partially driven by the reduction in availability of pfa from coal

• Carbonation of the calcium silicates in the cement 
• produces calcium carbonate and a silica phase so 

• the carbonated cement provides a limestone filler and pozzolan

• Variable material – age and exposure

• In UK 95% of C&D waste recycled already



Carbon8 Systems

• Treatment of residues that would otherwise go to landfill

• Landfill costs up to £120/tonne

• Residues can react with up to 30% CO2 by weight

• Capture CO2 directly from flue gas

1. Avoidance of landfill, 
saving £££

2. Safe and permanent 
CO₂ capture

3. Manufactured 
products with value

Typical treatment costs £25-30 per tonne of residue treated.



CO2ntainer (up to 12,000 tonnes)

• “Carbonation-in-a-box”

• Commercial demonstrator completed in Ontario and Ketton cement plants

• Commercial installation under licence at Vicat Group in Montalieu in 
France

• Modular: flexible and scalable

• Commercially viable for smaller sites: distributed model

Centralised plant (40,000 tonnes+)

• Proven at commercial scale under licence (TRL 9)

• Ability to utilise large volumes of CO₂ at one site

• Most efficient solution for large waste producers

Current propositions



• Plug-and-play solution which integrates at 

industrial plants

• Developed in 2018, and proven through two 

pilots with CRH (Canada) and Hanson (UK)

• First commercial installation at Vicat (France) 

in 2020 as part of global licence

• Modular and scalable: units can be installed in 

series, carbonating up to 12,000 tonnes of 

feedstock each per annum

CO2ntainer
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Successful direct CO2 capture 
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AVR Energy from Waste plant - Duiven

• Demonstration plant – Sept to Oct 2020

• Aggregate produced from the flyash from the 
EfW

• Disposal costs typically >€120

• Aggregate for testing in a block plant

• Using pure CO2

• Duiven already captures and purifies some of 
its CO2 for use in greenhouses





Summary & conclusions

• Carbonation and mineralization generating a lot of interest at the moment

• Large number of major investments over past few months

• Potential to capture Gts of CO2 in a value generating process 
• Most activity generating products for the construction industry

• Products tend to be low value high volume
• Other higher value products possible

• Growth in market for low-carbon building materials
• For further growth need:

• CO2 footprint labelling
• Whole life assessments for public procurement
• CO2 value – tax incentives
• Incentives to recover wastes and process waste materials
• Encouragement to reprocess existing waste piles


