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GGCA Roadmap





CO2 utilization in Ready Mix
Installation overview
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Batch Controller

Admix Supply

CO2 Supply

Admix Dispensing

CO2 Dispensing

Product

Admixture Analogy
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Visualization of CO2 Injection
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CO2 Injection



MECHANISM



Dissolution



CO2 addition



CO2

mineralization



Hydration
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Carbonate product formed with 

dimensions around 400 nm

The carbonate mineralization 

reaction leads to the in situ creation 

of nanoscale calcium carbonate 

that acts as nucleation sites for the 

hydration process.

Compressive strength can be 

increased. 

Converting CO2 to a Mineral
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Pilot study - dosages

Pilot work established that a dose of 

CO2 added to concrete during 

batching could lead to compressive 

strength improvements both at 

early and later ages.
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Potential for Strength Gains
2014 Pilot work
25 MPa mix
20% slag

CO2 dosed at the wash rack
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Example
● Design strength 4500 psi

● 564 pcy binder comprising 68% 

cement, 17% slag, 15% fly ash

● Dose of 0.2% CO2

● No impact on air or slump

● Strength improved 8% at 7 days 

and 7% at 28 days

● Cement efficiency increased 

from 13.5 to 14.4 psi/lb cem0
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Across the installation 

base the technology 

has been used across 

full range of cement 

types and sources, 

SCMs, binder contents, 

w/cm, and admixtues,

Compatibility
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Response with PLC

High limestone contents have 
resulted in higher dosages

• Typical doses of 0.05% to 0.3% 
in Type I/II

• Seeing responses above 0.3% in 
PLC

0.2% dose❌ 0.4% dose✅

0.2% dose Samples 28d Strength

Reference 9 50.4

CO2 6 48.3

0.4% dose Samples 28d Strength

Reference 29 51.2

CO2 24 54.8 

-2% +7%

Example
• 30 MPa mix design
• European CEM II/A-L 42.5 
• 14% limestone 
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How do strength gains arise?

Silicates

Aluminates

CH, C-S-H

Limestone

In-situ CaCO3

epoxy mount

• Paste, activated with 
CO2

• Hydration arrest 5 min
• Phase segmentation of 

BSE micrographs

Submitted for publication

REF

CO2

Ca/Si

Ca/Si

LD CSH REF CO2 Relative

5 min 2.35 1.67 -29%

1 day 1.38 1.37 -

7 days 1.62 1.72 -

28 days 1.71 1.65 -

HD CSH REF CO2 Relative

1 day 2.15 1.64 -24%

7 days 2.44 2.38 -

28 days 2.55 2.35 -
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Added Strength Allows Mix Adjustment

Producer used CO2 addition to 
compensate for a 5% reduction in the 
cement content of the mix yet 
maintain the compressive strength.

Reference
Reduced 

Binder

Reduced 

Binder + CO2

Cement

(kg m-3)
360 342 342

Cement intensity

(kg m-3 MPa-1)
8.1 8.7 7.0

Clinker intensity

(kg m-3 MPa-1)
7.4 8.0 6.5
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n = 19

n = 30
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28 day Compressive Strength (MPa)

Control

CO2

Extended Production Data
35 MPa mix design
Cement reduction 5.5%

The addition of CO2 allows for 
an acceptable performance with 
a reduced cement loading

Avoided CO2 around 138 kg load
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Durability

The CO2 mineralization can increase the 
cement efficiency but does not 
negatively impact durability
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Early hydration, cement paste, lab study Industrially produced, pore solution @ 56d 

No Impact on Pore Solution Alkalinity
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No pH difference in service

CO2 causes a small decline in pH 
that recovers within 30 minutes



LIFE CYCLE ANALYSIS
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How much of the CO2 stays in?

0.0%

0.1%
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CO2 dosedSingle truck trial, serial CO2 dosages

Analysis with induction analyzer

Data suggests 90% of 
dose is mineralized

Life Cycle Impacts

• Emissions associated with 

capture and compression of 

the CO2

• Emissions associated with 

CO2 transport

• Manufacture, transport and 

operations of the hardware
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Estimated Impacts
Aspect

Emission relative to CO2

dosed

CO2 Capture* 6.7%

CO2 Transport 2.0%

Cryogenic tank creation 1.4%

Cryogenic tank transport 0.002%

Hardware creation 0.011%

Hardware transport 0.002%

Hardware operation* 2.1%

Total 12.2%

Total including vented 22.2%

55%

16%

11%

17%
Injection
Operation

Injection
Transport

Injection
Production

Cryo tank
Transport

Cryo tank
Production

Capture
Transport

Capture
Energy

Assuming
US grid emission 

0.336 kg CO2/kWh

* Sensitive to 
grid emissions

1 kg dosed
222 g emitted

900 g mineralized
778 g net removed
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What is the carbon footprint of CO2?

The carbon footprint of CO2

injection is considerably lower than 
the CO2 footprint of other chemical 
admixtures

• Admix data from EFCA EPDs
• In plot, admix impacts are 

underestimated, only using A1-A3 
in LCA

• In plot, CO2 impacts are 
overestimated – excludes 
mineralized

Cement content 350 kg/m3
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Carbon Removal

● Mineralization and cement 

reduction can be combined to 

within a Carbon Dioxide Removal 

(CDR) methodology

● LCA supports the creation of 

Verified Carbon Units (VCUs) that 

can be sold on the Voluntary 

Carbon Market (VCM)

 

 

 

 

 

VCS Methodology 

 
VM0043           

Methodology for CO2 Utilization in Concrete 
Production 

 

 

 

 

 

 

 

 

 

 

 

 

Version 1.0 

 April 2021 

Sectoral Scopes 4 & 6 



Closing thoughts
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Amazon HQ2 - Arlington, VA
Helping Amazon achieve net zero carbon by 2040

Reference Project:

Owner:
Amazon

Concrete Supplier: 
Miller & Long Co., Inc.

Concrete Supplied:
106,555 yd3

“The mixes have outperformed even my own expectations and I 
have very high expectations. I don't believe we had one low 
break on that project. They performed fantastically.”

Jim Martinoski, Vice President of Miller & Long Co., Inc.

Contractor:
Clark Construction

Structural Engineer:
Thornton Tomasetti

Architect:
ZGF Architects

Est. CO2 Savings: 

1,000+ metric tons

CO2 Savings 
Equivalent:

1,100+ acres of forest 
absorbing CO2 per year
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Global Adoption
Location of CO2 mineralized concrete suppliers

Used to produce 
30M+ yd3 of concrete 

More than
700 systems across 30+ 
countries

Resulting in 
250,000+ metric tons of CO2 saved 
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Scalable Sustainability
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Performance, Durability, and Life Cycle Impacts of Concrete 

Produced with CO2 as Admixture

ACIMatJ (2023) doi:10.14359/51734732

Early age impacts of CO2 activation on the tricalcium silicate 

and cement systems

JCOU 65 (2022) doi:10.1016/j.jcou.2022.102254. 

Comparing the effects of in-situ nano-calcite development 

and ex-situ nano-calcite addition on cement hydration

CBM 321 (2022) doi:10.1016/j.conbuildmat.2022.126369

The impacts of in-situ carbonate seeding on the early 

hydration of tricalcium silicate

CCR 136 (2020) doi:10.1016/j.cemconres.2020.106179

Activation of cement hydration with carbon dioxide

JSCBM 7 (2018) doi:10.1080/21650373.2018.1443854

On carbon dioxide utilization as a means to improve the 

sustainability of ready-mixed concrete

JCP 167 (2017) doi:10.1016/j.jclepro.2017.08.194

Properties and durability of concrete produced using CO2 as 

an accelerating admixture

CCC 74 (2016) doi:10.1016/j.cemconcomp.2016.10.007

Further reading
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SVP Technology Development
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