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Fact sheet (work in progress) for the stakeholder survey as part of the "Negative Emission 

Technologies"1 project on behalf of TA-SWISS 

Accelerated carbonation 

of silicate rocks and of old concrete

Definition 

Carbon dioxide (CO2) can be bound into 

mineral substance and thus permanently 

fixed as carbonate [1; 2].  

A)  Silicate rocks such as olivine, basalt 

or serpentinite, which occur in Switzerland 

south of the main Alpine ridge, can be car-

bonated by contacting them with CO2 [19]. 

This can be done either by injecting CO2 

into the solid rock (in situ) or by exposure 

to finely dispersed rock dust with pressur-

ised CO2. The CO2 becomes mineral-

bound and can no longer escape into the 

atmosphere. 

B)  In demolition/reycled concrete, the 

main phase that binds CO2 and car-

bonates is calcium silicate hydrate (which 

is not the same compound that was ini-

tially decarbonated) [3]. 

                                                           
1 TA-SWISS: Negativ-Emissionstechnologien, Technologien für Negativemissionen | TA-SWISS 

Process description 

A) Silicate rock must be crushed in order 

to bind CO2 [19]. This can be done near 

the surface in quarries with mechanical 

crushers. In the simplest case, the rock 

powder can simply be spread on land-

scape or forest soils, where it converts 

into magnesium-carbonate over time. 

However, moist soil conditions impair CO2 

absorption. 

The carbonation kinetics, even if the mate-

rial is finely ground and spread, is very 

slow and uses a lot of land. In order to 

have reasonable fast kinetics, elevated 

CO2 concentrations and pressure is re-

quired. In addition, silicate rock must un-

dergo mechanical and thermal pre-treat-

ment [19]. 

Carbonation of solid rock or rock dust 

does not produce usable materials 

 Source: own compilation 

https://www.ta-swiss.ch/technologien-fuer-negativemmissionen
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B) Concrete consists of a mixture of ce-

ment, water, sand and gravel. Calcium hy-

droxide is one of the products formed 

when the cement reacts with water, which 

leads to setting and hardening. Not only 

the calcium hydroxide will carbonate, also 

the calcium silicate hydrate and other 

phases present such as ettringite are able 

to take up CO2. Calcium hydroxide ab-

sorbs CO2 from the air and converts into 

limestone.  

This reaction always takes place in con-

crete, but it is very slow. Over the course 

of time, installed concrete absorbs approx. 

10-15% of the CO2 released during ce-

ment production [2; 3]. Recycling and 

technical measures accelerate the pro-

cess and increase the CO2 uptake to up to 

30% of the original CO2 release during ce-

ment production in the past [20]. To im-

prove the CO2 uptake, the material must 

be ground to increase the surface area [7].  

Carbonation can be greatly accelerated by 

means of technical processes. For this 

purpose, concentrated CO2, if necessary 

under pressure, is fed onto pre-crushed 

concrete or rock lumps and the resulting 

calcium carbonate is separated as powder 

[4]. Another method leaves the carbonate 

in the concrete granulate [5]. Both tech-

nical variants use concentrated CO2, 

which is produced either in waste gases 

from cement production or waste incinera-

tion plants or in other negative emission 

technologies (BECCS or DACCS). The re-

sulting carbonated concrete material can 

be recycled. In practice, it can be used as 

an aggregate or a filler for concrete pro-

duction. Potentially, these recycled materi-

als can substitute for new cement used  in 

the production of concretes. Thus, cement 

production can be reduced, which de-

creases the CO2 footprint of the construc-

tion industry.  

Development status  

(Technology Maturity 

Level) [0] 

A) Pilot studies related to carbonation of 

Mg-silicate rocks have been done, there 

are some studies to use carbonated Mag-

nesium (Mg) silicate and Mg oxide as a 

cementious binder [21].  

B) In the construction sector, the phenom-

enon of CO2 absorption by concrete is well 

known, but the targeted use of the pro-

cess as a NET has not yet been tested on 

a large scale. 

The agricultural application of crushed 

concrete rubble for carbonation has not 

yet been sufficiently investigated (TRL 3). 

Pilot or demonstration plants for the tech-

nical acceleration of carbonation have 

been developed in the context of demoli-

tion concrete processing and the respec-

tive processes have been registered for 

patent (TRL 4-5) [4, 5]. 

Costs 

A) Only rough cost estimates are available 

for the weathering of natural rocks. De-

pending on the effort required for quarry-

ing, grinding and spreading the rock gran-

ulate, costs of 70 - 140 CHF/t CO2 are as-

sumed. [17] 

B) The costs for the technical carbonisa-

tion of old concrete are estimated at a 

range of 150 - 1,000 CHF/t CO2 [17], 

whereby investment costs are still taken 

into account at the beginning. By 2050, in 

the optimistic case, the costs could fall to 

80 CHF/t CO2. 

Actors 

The application of used concrete or rock 

flour on soils is currently not actively re-

searched in Switzerland. However, there 

are several projects on the use of natural 
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rock and demolition/recycled concrete, 

e.g. by ETH or Empa [20]. 

Additionaly, the companies Neustark AG 

(Bern) and Sika Technologies AG (Zurich) 

are striving to commercialise their pro-

cesses: 

 The technology developed by Neustark 

can currently fix 10 kg of CO2 per cubic 

metre of crushed recycled concrete [5]; 

the theoretical maximum value is 250 

kg of CO2 [6]. The reuse of the car-

bonated waste concrete as an aggre-

gate in concrete production avoids a 

further 20 kg of CO2. 

 The "reCO2ver process", for which a 

patent application has been filed by 

Sika Technologies AG, is also based 

on the technical contacting of ground 

old concrete with concentrated CO2. 

According to the company, 50 kg of 

CO2 can currently be fixed per tonne of 

used concrete [8]. 

Opportunities 

Without any action, the surface carbonisa-

tion of concrete in buildings reabsorbs 

about 10 % of the CO2 emissions origi-

nally caused in cement production [20]. 

This process slows down steadily and 

comes to a virtual stillstand in solid con-

crete components after about 40 years. 

Recycling of waste concrete has the po-

tential to increase CO2 uptake to as much 

as 33% of the original CO2 emitted during 

cement production due to the increased 

carbonation of the cement component 

[20]. 

By crushing demolition concrete or mag-

nesium silicate rock, chemical weathering 

can be accelerated and intensified, so that 

more CO2 is mineralised in a shorter time. 

Spreading carbonated demolition concrete 

(containing now limestone i.e. carbonated 

calcium hydroxide) on agricultural soils 

can contribute to a reduction of climate-

relevant nitrous oxide emissions by raising 

the pH value [9]. The theoretical sink po-

tential in Switzerland is estimated to be:  

 Currently around 75,000 tonnes of CO2 

per year from currently available demo-

lition quantities and processes [3]; 

 In 2050, up to 2.5 million tonnes of CO2 

per year [3]. 

Risks 

Making a product and substituting partially 

cement is the better idea, than spreading 

rock or concrete on soils, as this entails a 

high use of land, energy-intensive grinding 

and slow carbonation kinetics [22]. 

The simple spreading of crushed concrete 

into the landscape for the purpose of 

chemical weathering without further inter-

vention can temporarily increase the alka-

linity (pH value) of soils [2]. This effect 

may be desirable at first in the face of 

acidic precipitation, but it could become 

too much in the long run. On alkaline (cal-

careous) soils or in peatlands, however, 

this additional base input can have unfa-

vourable effects on plants and soil organ-

isms. Already alkaline or naturally acidic 

soils could be disturbed in their biological 

function. It has also been found that 

freshly limed sites have increased CO2 

emissions, which counteracts the purpose 

of NET [9]. Furthermore, the natural grain 

size distribution of the soil structure can 

be influenced (e.g. silting). These effects 

limit the applicability of this method in 

Switzerland. 

Natural chemical processes in soils could 

lead to further chemical weathering after 

CO2 absorption as carbonate mineral. For 

example, acid rain or the input of fertilisers 

could lead to a conversion of calcium car-

bonate into other substances (salts), 

whereby the mineral-fixed CO2 is mobi-

lised again. Soil organisms could also 

cause this effect. The use of this NET vari-

ant therefore requires further research to 

investigate the extent of a possible remo-

bilisation of CO2. 
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Another risk is the possible pollutant con-

tent, which could lead to an accumulation 

of pollutants in soils if demolition concrete 

is introduced into soils over the long term.  

Interfaces/interactions with 

other NETs 

The use of demolition concrete to fix CO2 

from the air by atmospheric action com-

petes with the use of the material in tech-

nical systems that enable more efficient 

and faster CO2 capture from process flue 

gases. The use of waste concrete to bind 

CO2 from concentrated waste gases from 

cement plants or waste incineration plants 

is referred to as "carbon capture and stor-

age" (CCS). But it is also conceivable to 

use the old concrete in connection with 

BECCS and DACCS. In both cases, a 

subsequent use of the carbonated mate-

rial as concrete aggregate can be as-

sumed. 

The application of crushed waste concrete 

for weathering on fields could be com-

bined with the application of biochar as an 

additional NET contribution to make the 

process more efficient. Biochar can be 

also added to concrete to make this more 

CO2-friendly or even CO2-negative [18] 

Open Questions 

 Effort/benefit ratio of spreading used 

concrete in the landscape versus reus-

ing it as concrete aggregate. 

 Availability of suitable soils in Switzer-

land 

 Remobilisation of CO2 in the soil 

 Pollutant load of the demolished con-

crete 

 Monitoring of technical CO2 capture 

and chargeable quantities of mineral-

bound CO2 

 A product with embodied CO2 is 

much more valuable than spread-

ing of a material with a low CO2 

uptake kinetics, which would re-

quire a large use of land. 

Legal Framework in  

Switzerland 

Production of the concrete granulate: 

 As a rule, concrete demolition is waste, 

so that the regulations under waste leg-

islation must be complied with. This 

means in particular that waste must be 

treated prior to recycling (e.g., reuse in 

the production of building materials, ap-

plication to land) to such an extent that 

future environmental pollution due to 

the release of pollutants can be ex-

cluded with sufficient certainty.  

 Concrete demolition waste shall be re-

cycled primarily as raw material for the 

production of building materials or as 

building material in landfills. 

Waste may only be deposited in land-

fills and only in accordance with the re-

quirements of the Ordinance on the 

Avoidance and Disposal of Waste 

(ADWO). 

Application of concrete granulate: 

 The Environmental Protection Act 

(EPA), the Ordinance on Soil Pollution 

(OIS), the Water Protection Act (WPA) 

and the Water Protection Ordinance 

(WPO) must be complied with when 

applying carbonated concrete granulate 

from demolished concrete on agricul-

tural or forestry land.  

 No requirements under waste legisla-

tion for the application of concrete 

granulate on (agricultural or forestry) 

soils or a definition of the end of waste 

status for recycled concrete demolition 

waste. 

 For agricultural land, the requirements 

of fertiliser legislation must be fulfilled 

(see the details in the fact sheet "Soil 

Management"). A corresponding regu-

lation for concrete granulate in fertiliser 

legislation does not yet exist. 

 Fertilising forest soils is prohibited 

(Chemicals Risk Reduction Ordinance, 

ChemRRV, Annex 2.6, 3.3.1, Para. 5)
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