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BUILDING MATERIAL IMPACTS ON GLOBAL GHGs

Annual Global CO, Emissions
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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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CURRENT LOW CARBON STRATEGIES

Supplemental Cementitious Materials

FLY ASH / METAKAOLIN / SILICA FUME / FLY ASH / SLAG / CALCINE SHALE

Thornton Tomasetti

52%  40% 5%
3KSI | 4KSI | 5KSI | 6KsI
0%FA | ¥ 264 326 573 551
20% FA 227 279 446 470
30% FA 207 254 405 426
30% SL 204 251 399 420
50% SL/FA | 164 200 316 332y

UNITS IN kgCO2E / CY

Other nominal improvements:

»Type 1L (PLC) cement
»CO, addition (curing)

15%
23%
24%
40%



PROCESS FLOW DIAGRAM

Typical Cement Kiln to Site Process
Ready-Mix Plant

Combustion emissions:
C+ 0, =CO0, + heat

Cement Kiln

Process Emissions:
CaCO; + heat = CaO + CO,

£

Iron Ore, Sand, Aggregate Water

Fly Ash, etc.

‘ .‘ Building
Limestone ] Construction Site

Ordinary Concrete
Portland Cement
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LOW-CARBON OPTIONS

‘@ Cement

Aggregate

Admixture

Water

ﬁ; Reinforcement
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* Traditional SCMs
» CO, Synthesized

OW-CARBON OPTIONS SCis
L RN - Type 1L or 1T
— Cement
 Alkaline Activated
Cement
OPC * Biogenic & Synthetic
@ Cement Replacement Cer?qent y

« CO, Additive
* Biogenic & Synthetic
Limestone

Aggregate \
* Indirect heat
i calcination
AE‘;%Z!Z‘,LXE » Carbon capture
Manufacturing « Alternative fuels

Admixture (biomass, H2, etc.)

Water

ﬁ, Reinforcement

Thornton Tomasetti 10



LOW-CARBON OPTIONS

CO,
Negative

Aggregate
@ Cement

Aggregate

CO,
Absorbent
Admixtures

ﬂ Reinforcement Ve e

— Steel
Graphene
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PETRA NOVA PARISH HOLDINGS
W.A. Parish Post-Combustion CO, Capture

COMMERCIAL
CARBON CAPTURE
SYSTEM

and Sequestration Project
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IMPLEMENTING CCUS

Up to 95% Capture on Clinker Kiln

Initial CO, Emission Rate:
* 0.84 ton CO, / ton clinker
« 0.78 ton CO, / ton cement
« 496 Ib CO, / CY concrete

Emission Rate w/ CCUS:
* 0.042 ton CO, / ton clinker
* 0.039 ton CO, / ton cement
« 48 Ib CO, / CY concrete

90% Reduction in
Concrete GWP
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CO, Depleted Flue Gas
(95% Reduction)

L (C (e
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CO, Storage/
Sequestration

Carbon Capture
System

|

Flue Gas from
Cement Facility

I
I
I
I
l CO, Utilization
— ——> (e.g.CO,
mineralization)

—_—

Combustion emissions:
CxHy + O, — CO, + H,O + heat | 40% from fuel
I
| 60% from process
I

Process Emissions:

I
I
I
I
I
CaCO; + heat — CaO + CO, |
I

Cement Kiln 13
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CCUS FOR OPC: IMPACTS TO BUILT ENVIRONMENT

Formula:

95% GWP
reduction
from OPC
with no
change to
product
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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
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“ULTRA NEGATIVE” CONCRETE EXAMPLE  co,cepture

from atmosphere

Utilization of captured CO, in concrete components

CO, capture
from flue gas

Emissions

e

Limestone Kiln Cement * Aggregate Concrete * Steel Precast Construct
Net-Negative
Building
Change the Switch to a Make aggregate material Use a net-zero Cure concrete
chemistry to zero-carbon that permanently steel reinforcement with CO, instead
absorb CO, heat source absorbs CO, of water to
from the like biomass permanently
atmosphere trap the CO,
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FUTURE OPTIONS - PRECAST EXAMPLE

- Low-Carbon
Synthetic
Cement

- Synthetic
Limestone
- CCUS
- Carbon Storing
Aggregate (all)
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CCUS ISN’T FOR EVERYONE -
AND THAT,S OKAY » CO, sequestration

and cost will limit
CCUS applications

> Novel carbon-free
cement is also
critical

Y. gmn Bilings Q
[+ > o
2 Minn%apoli§

9, AR n

s ¢ - = Y
Boise A * .\ v ’
e \ v

3 . ~ e ) o 9 o, > Many options need
vs Q N %ha R 0/ 9 ‘ w-f o : I, ) > L . . .
g stifa¥on Q L -9 (e oz commercialization
.Y Y o UnitedStates .00, % '""'gac'??’n'l?rgm g ¥ w%. PP to achieve net-zero
Ssod =SSl St Loliis o Rk LT

. H . &%‘b - : : L : 8 oy i
- ) Springs . ; ? ) '.\— . i\ -o ” 4 g B 9 :
Aibqurque : : Q@ o Memphis ; .
R et g
[ﬂas,A = :‘.“/ O . ‘ 9 i it
9 ¥ SRS e 4
. 9 = ) J‘a'_f;ksg ville

- ,P{w{%leans i

Charlotte b
Q°.!

\

.y (3
wilaniyg
4 ‘o ™

Taglpa

Map Satellite

L
Monioerfey E

-—

Exit full screen Suggest an edit

Google - eport/country/united-states




THANK YOU

Emily Kunkel

VP Applied Science - Decarbonization
EKunkel@ThorntonTomasetti.com
+1.312.596.2072
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BACKUP SLIDES



GETTING TO NET ZERO

______________________ % Contribution to net zero

Societies need for concrete (in the absence of any |
L— action) is forecast to result in 3.8Gt CO2 in 2050. !

- | 22% Efficiency in design & construction|

-
-
-
-
-
-
-

CO2 emissions (Gt CO2)

| Lower material usage by
. : 1 AJE firms
Efficiency in concrete production
Savings in cement & binders ),
_________ —
Savings in clinker production
————————— ~
)
Carbon Capture, Utilization & : CCUS is largest
Storage (CCUS) | individual contributor
)

5%~ De-carbonzalion of Sl6ccty —
- CO, sink: recarbonization

100% Total reduction
2020 2030 2050

Thornton Tomasetti _ 77 v Fom GCCA Getting
Net zero pa COz emissio ectricity Direct net COz emissions (Direct CO2 to Net Zero
emissions minus recarl bonation)




. GLOBAL CCS
INSTITUTE

CCUS
DEVELOPMENTS
ON THE RISE
WORLDWIDE

IN CONSTRUCTION

DEVELOPMENT
DEVELOPMENT
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ADVANCED
EARLY
OPERATION
SUSPENDED

NUMBER OF FACILITIES

w
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w
s3]

CAPTURE CAPACITY (Mtpa) 42.5 9.6 976 91.8 23 2439

FIGURE 4: COMMERCIAL CCS FACILITIES BY NUMBER AND TOTAL CO, CAPTURE CAPACITY (MID-SEPTEMBER 2022)
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DEMAND FOR
ENERGY, FERTILISER,
STEEL, CEMENT,
CHEMICALS ETC.

DEMAND FOR
ECONOMIC PROSPERITY
AND A JUST TRANSITION

DEMAND FOR
GREENHOUSE GAS
EMISSION REDUCTION

SERVICES




Twelve large CCUS projects at cement and lime plants have been
announced in the past year, doublingthe capacity under development

Large Carbon Capture Projects at Cement & Lime Factories

Heidelberg Brevik - NOR
Dalmia Bharat - IND
Heidelberg LEILAC 2 - DEU
Holcim Florence - USA
Holcim Carbon2Product -
Holcim Carbon2Business -
Holcim Carboneras -
CEMEX Balcones -
Heidelberg Edmonton -
Cementir Aalborg -
Holcim Hover Phase | -
Holcim Hover Phase I1-
EQIOM K6 -

Lhoist Rety -

Boral Southern Highlands -
Heidelberg Slite -
Devnya ANRAV -

Holcim Go4ECOPlanet -
Heidelberg Mitchell -
Holcim Obourg -
Heidelberg Anthemis -
Heidelberg Padeswood - GBR
Rohrdorfer Andritz- DEU

CEMEX Alicante - ESP
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BTU Analytics

AFACTSET Campary

Mote: Chart includes only projects with announced capacities greater than 100,000t/y. Gray bars showthe expected period remaininguntil a project enters service.
BTU Analytics has left these bars off where in-service-dates have not yet been announced
Source: BTU Analytics —a FactSet Company (Data Updated March 14, 2023)
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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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