
CCUS and Innovative 
Materials: The 
Building Blocks for 
Net-Zero Concrete

A U G U S T  3 0 ,  2 0 2 3

Emily Kunkel
VP Applied Science, Decarbonization

ACI Foundation
Technology Forum, Portland, OR



AGENDA

1. Concrete GWP Background

2. Low Carbon Concrete Options

3. Carbon Capture Introduction and Status
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BUILDING MATERIAL IMPACTS ON GLOBAL GHGS

Annual Global CO2 Emissions Annual Global CO2 Emissions



MATERIAL EMBODIED CARBON COMPARISON
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MATERIAL EMBODIED CARBON COMPARISON
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CONCRETE INPUTS

Cement is 
around 10-

15% by mass, 
but nearly 

85% of GWP 
in concrete
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Supplemental Cementitious Materials

CURRENT LOW CARBON STRATEGIES
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FLY ASH / METAKAOLIN / SILICA FUME / FLY ASH / SLAG / CALCINE SHALE

UNITS IN kgCO2E / CY

Other nominal improvements: 
Type 1L (PLC) cement 
CO2 addition (curing) 



Combustion emissions:
C + O2 = CO2 + heat

Process Emissions:
CaCO3 + heat = CaO + CO2

Typical Cement Kiln to Site Process

PROCESS FLOW DIAGRAM
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LOW-CARBON OPTIONS 
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LOW-CARBON OPTIONS 

Concrete

Cement

Aggregate

Admixture

Water

Reinforcement

OPC Offset

• Traditional SCMs
• CO2 Synthesized 

SCMs
• Type 1L  or 1T 

Cement
• CO2 Additive

OPC
Replacement

• Alkaline Activated 
Cement

• Biogenic & Synthetic 
Cement

• Biogenic & Synthetic 
Limestone

Alternative 
Cement 

Manufacturing

• Indirect heat 
calcination

• Carbon capture
• Alternative fuels 

(biomass, H2, etc.)
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LOW-CARBON OPTIONS 
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COMMERCIAL 
CARBON CAPTURE 
SYSTEM 

Source :  US DOE’s  NET L POINT  SOURCE CARBON CAPT URE FROM 
INDUST RIAL SOURCES

ht tps : / / ne t l . doe .gov /ca rbon-cap tu re / indus t r ia l  

Flue Gas

Source :  US DOE NET L
ht tps : / /www.ne t l . doe .gov /s i t es /de fau l

t / f i l es /ne t l - f i l e /Pe t ra_Nova .pd f



Initial CO2 Emission Rate: 
• 0.84 ton CO2 / ton clinker
• 0.78 ton CO2 / ton cement
• 496 lb CO2 / CY concrete

Emission Rate w/ CCUS: 
• 0.042 ton CO2 / ton clinker
• 0.039 ton CO2 / ton cement
• 48 lb CO2 / CY concrete

Up to 95% Capture on Clinker Kiln

IMPLEMENTING CCUS

90% Reduction in 
Concrete GWP

Combustion emissions:
CxHy + O2 → CO2 + H2O + heat

Process Emissions:
CaCO3 + heat → CaO + CO2

Cement Kiln

CO2 Utilization
(e.g. CO2

mineralization)

Carbon Capture 
System

Flue Gas from
Cement Facility

CO2 Depleted Flue Gas
(95% Reduction)

CO2 Storage/
Sequestration

40% from fuel

60% from process
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h t tps : / /www.ca t f .us /ccsmapus /

INT ERNATIONAL CCS KNOW LEDGE CENT RE

Ongoing Developments in 
United States & Europe
Cement Related CCUS Projects

https://www.brevikccs.com/en



Formula:
95% GWP 
reduction 
from OPC
with no 
change to 
product 

Timeline:
Ongoing 
FEED studies 
to roll out 
multiple 
commercial  
projects prior 
to 2030

Cost: 
Tax credits 
and 
government 
grants help 
offset CCUS 
capital and 
operating cost

Distribution:
Able to 
maintain 
distribution 
networks and 
contractor 
knowledge 
base

Partnership:
Pairs with 
other novel 
materials to 
make carbon 
negative 
concrete

CCUS FOR OPC: IMPACTS TO BUILT ENVIRONMENT
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CO2 capture 
from flue gas

Change the 
chemistry to 
absorb CO2

from the 
atmosphere

Switch to a 
zero-carbon 
heat source 
like biomass

Make aggregate material 
that permanently 

absorbs CO2

Use a net-zero 
steel reinforcement

Cure concrete 
with CO2 instead 

of water to 
permanently 
trap the CO2

Emissions 

Limestone Kiln Cement Aggregate Concrete Precast Construct 
Net-Negative 

Building

Steel

Water

Utilization of captured CO2 in concrete components

“ULTRA NEGATIVE” CONCRETE EXAMPLE CO2 capture 
from atmosphere
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FUTURE OPTIONS – PRECAST EXAMPLE 

Impact on 
Concrete 
GWP in 
Future

Steel

4 ksi Concrete
5 ksi Concrete
Precast Concrete

Rebar

Prestressing Strand

- SCMs
- Net-Zero Steel

- CO2 Curing

- Low-Carbon 
Synthetic 
Cement

- Carbon Storing 
Aggregate 

(some)

- Synthetic 
Limestone

- CCUS
- Carbon Storing 
Aggregate (all)
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CCUS ISN’T FOR EVERYONE –
AND THAT’S OKAY

h t tps : / /www.cemnet . com/g loba l - cement - repor t / coun t ry /un i ted -s ta tes

 CO2 sequestration 
and cost will limit 
CCUS applications

 Novel carbon-free 
cement is also 
critical

 Many options need 
commercialization 
to achieve net-zero

ht tps : / /www.energy .gov / fecm/ar t i c les / s i t i ng -and-
regu la t ing -carbon-cap tu re -u t i l i za t ion -and-

s to rage- in f ras t ruc tu re -workshop



THANK YOU

Emily Kunkel 
VP Applied Science - Decarbonization
EKunkel@ThorntonTomasetti.com
+1.312.596.2072



BACKUP SLIDES



GETTING TO NET ZERO
% Contribution to net zero

Efficiency in design & construction

De-carbonization of electricity

Efficiency in concrete production

Savings in cement & binders

Savings in clinker production

Carbon Capture, Utilization & 
Storage (CCUS)

CO2 sink: recarbonization

Total reduction
Fom GCCA Getting 

to Net Zero

Lower material usage by 
A/E firms

CCUS is largest 
individual contributor



CCUS 
DEVELOPMENTS 
ON THE RISE 
WORLDWIDE

22



Ongoing Developments
Cement Related CCUS Projects

Lehigh Hanson Mitchell Cement Plant 

Lehigh Hanson Redding Cement Plant

Eagle Materials Sugar Creek Cement Plant

CEMEX Balcones Cement Plant

CEMEX Victorville Cement Plant 

LafargeHolcim Ste. Genevieve Cement Plant

LarfargeHolcim Plant in Florence, CO

Lehigh/Heidelberg Edmonton Cement Plant – Alberta

Ash Grove’s Foreman Cement Plant
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