Concrete roadmap the Journey!

Measuring, tracking decarbonization through use of cement and concrete solutions
in the built environment.
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Concrete road maps are global with local lens
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Increase the use of
decarbonated raw materials

Heat

Cross-section view of kiln Nodulization process Clinkering reactions

Particles are still solid. As calcination continues,
free lime §
increases

700-900°C Reactive silica
Powder combines with
is still CaO to begin
free-flowing forming C,S.

Calcination =’
Source: ACA Slide; Wilson and Tennis, 2021 ?“...;L" ttgle?\sperature at 850°C.




Concrete road maps are global with local | ’

THE INDUSTRY’S MISSION Carbon neutrality Carbon
neutrality is achieving net-zero COZ2. This can be done
o by balancing emissions of CO2 with removal or
elimination of emissions from society. The reality is that
the cement and concrete industry will still be emitting
CO2 in 2050. However, through direct reductions and
avoidance measures, the industry can offset its
remaining CO2 emissions.

ROADMAP
TO CARBON
NEUTRALITY

A more sustainable world is
Shaped by Concrete




Big Challenge, incremental impact

CLINKER

Key chemically
reactive ingredient

CONCRETE

Critically useful
material to society

CEMENT
The binder

* Thermal (40% kiln + Reduced clinker factor- * Increased SCM use (Slag

emissions) PLC (5% to 15%) cement, coal ashes,
« Alt Fuels Sransitiortolblanded calcined clay and others)
« Calcination: (60% kiln cements * Decreased cement
emissions content, admixtures and

» Modelling & reporting

embodied CO, (EPDs) optimized aggregates

» Decarbonated
alternative raw
materials, carbon
capture

CONSTRUCTION

Service life /
use phase impacts

* Less concrete, less
overdesign, improved
quality assurance,
whole building life
cycle inventory

* Recycling concrete,
C&D waste

CARBON UPTAKE

Concrete is
a COz sink

» Concrete is a CO, sink

 Calcium hydroxide in
concrete reacts with
atmosphere CO, to form
calcium carbonate

-
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USING FUTURE FUELS TO LOWER COz

Source: ACA Roadmap Jan2024

Clinker Near Term
Portland Binder today

2030
TODAY

Alternative Raw Materials

[ atruets [l coal
. Natural Gas . Petcoke
L.I.S.A limestone Iron Silica Alumina W siofuets [l other
+ Use of recovered materials using fewer virgin materials
HOW WE'LL GET THERE ° PromOtion Of CirCUIarity Alternative FueIS

Percent of decarbonized raw materials

» Using of materials destine to landfill
* Mill scale (Fe)

* Pre calcined from previous industries . . e . .
- Bottom Ash from power plants Reduction in traditional fossil fuels like coal

(Si, Al) » Use of recovered materials with fuel benefits
+ Secondary Materials
* Single use plastics

Source: ACA Roadmap Jan2024 *  Water bottles, shopping bags
' « Tires —nylon, rubber, steel

—Thermal Substitution Rates increasing

Energy Management + Bio based materials both primary and secondary

*  Primary
* Harvested wood
+ Saw grass
+ Secondary
* Wood construction demolition

Energy consumption monitoring

« Capex improvement on plant to improve energy efficiency

+ Use of energy management like ISO 50001 and EPA energy
star

* Power generation selection from renewable energy and non-

carbon-based sources

@CONCRETE d‘
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https://www.cement.org/wp-content/uploads/2024/05/Roadmap_Jan2024.pdf
https://www.cement.org/wp-content/uploads/2024/05/Roadmap_Jan2024.pdf

Cement Near Term

today Optimizing cement: Changing the composition

HOW WE'LL GET THERE: PART 2
[

linker to cement ratio

HOW WE'LL GET THERE: PART 1
Percent of non-gypsum additians.

Blended Cement Materials

* Domestic cement is decarbonizing with the transition from
portland cement to portland limestone cements

* Introduction of other blended cement with other hydraulic
binders of pozzolans

Supplementary Cementitous Materials

Source: ACA Roadmap_Jan2024

N B .
Clinker to cement ratio

Lowering clinker amount in a ton of cement
* Increasing the fineness of the clinker

+ Added in the concrete mix either as one ingredient as a
cement replacement or increase SCM concrete with the
blended cement

Energy Management

Energy consumption monitoring . More reactive clinker

Improvements in mill efficiencies - Cement grinding additives to increase performance
+ Use of energy management like ISO 50001 and EPA energy « Strength enhancers 3

star +  Water reduction \%‘ nelp
* Power generation selection from renewable energy and non- . Process additions under 5% @@%‘;‘ﬁigﬁ N ot

carbon-based sources . 0



https://www.cement.org/wp-content/uploads/2024/05/Roadmap_Jan2024.pdf

Blended Cement as a Share of Total Cement - US
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| 7/ —
0% From 2012 to 2019, blended cement as a
share of portland averaged 1.8% with a
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ACA

Timeline North America acceptance of
limestone addition into cement

1983 CSA allows 5% limestone in general use cements

2004 ASTM C150 allows 5% limestone in cements

2008 CSA allows portland limestone cement (PLC) with 5% to
15% limestone

2010 National building code of Canada references PLC

Timeline USA evolution from 2012 till 2025

1)
2)
3)
4)
5)
6)

7)

2012 ASTM C595 & AASHTO M240 defines Type IL with up to
15% limestone

2020 PLC awareness campaign

2021 PCA now ACA roadmap was published in October 2021
2023 Blended cements pass 50% of cement used

2023 ASTM C595 & AASHTO M240 establish IL (HE) for high
early cement

2024 US Geological Survey now tracks PLC Type IL as separate
category

2025 Blended cement at nearly 70% of cement used

oD concreTe
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State DOT Acceptance of Portland-Limestone Cement

Tentative data: February 2024

B Accepting
m Planning to accept
1 Considering

1 No information
Note: FAA P-501, AlA MasterSpec, UFGS 03 30 00,
and ACl and ICC building codes permit use of PLC

Acceptance of PLC by
Provincial
Transportation
Agencies

(August 2023)

W Accepting

B Notaccepting at this time

National Standards Specifications

ASTM, AASHTO, CSA specifications

+ ASTM C595 Type IL cement as an alternative to ASTM C150 Type |
portland cement

* Or AASHTO M 240 Type IL cement as an alternative to AASHTO M 85
Type | portland cement
CSA A3001 Type GUL, Type HEL, Type GULDS, etc.

-
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More adoption of ASTM C595 blended cements beyond just PLC

Contains base of portland cement clinker or portland cement

Type IS Type IP Type IT
Slag Blended Cement Pozzolan Blended Cement Ternary Blended Cement
: 1. Slag & |
= Contains ground granulated or = Or:e po(:zc)za?[i\:h ) sSS oy
=  Blast furnace slag cement Silica Fume 3. Two pozzolans
4. Pozzolan & limestone

|
®  Ground glass
= Natural pozzolan




Benefits of using blended cement with slag cement or certain pozzolans compared

to ordinary portland cement or PLC

» Improved workability in concrete plastic state

» | ess water demand

= |Improved resistivity and permeability

» |mproved sulfate resistance

» Lower heat of hydration depending on the % of SCM in the blend

» Lower the dependence on virgin material use

» All these factors can support the durability and improve the EPD reporting of
GWP reduction
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Compressive Strength (psi)
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Compressive Strength Results
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641lbs IL - 25%
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641lbs IT - 10%

Repl.
2668.7
4351.1
5975.6
73389
8281.7
8571.7
9064.9

N e w/cm | ADVA 190 Dose | Slump |Air Content PIaSt_'C VETPEERE ()
Mix Identification Ratio (02/1001bs) (in) %) Density

(Ibs/ft3) Conc Amb
421lbs IL - 15% Repl. 0.67 - 5 2.2 149 69.8 71.1
421lbs IT - 100% 0.67 - 5 2.3 151 70.0 71.1
421lbs IL - 25% Repl. 0.67 - 5 2.2 150 70.5 71.2
421lbs IT - 10% Repl. 0.67 - 5 2.2 150 70.7 70.9
641lbs IL - 25% Repl. 0.45 5.46 7 2.4 152 72.3 71.2
641lbs IT - 10% Repl. 0.45 5.46 8 23 152 72.1 69.3

®  Using blended cement on it own or with

additional SCM like slag cement

n Two mixes shown
421 Ibs @ w/cm 0.67
641 Ibs @ w/cm 0.45

®  Four cement combinations tested
PLC @ 13% limestone
IT(15S)(10L)
Same mix with 25% slag combination

Source of information from: Leaside Lab. Testing program report 23-09-A, St Marys plant products. Report date: June 8, 2025.
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Rapid Chloride Permeabilily Results
CSA A23.2-23C

H 28 Day B 56 Day H 91 Day
2001 2046
2000
1585 1508
& 1500
]
5 1067
E 1000 952
e
2 500
Plot Area
0
641lbs IL — 25% 641lbs IT —10%
slag replacement slag replacement
Source of information: Leaside Lab. Testing program report 23-09-A, St Marys plant products. Report date: June 8%, 2025. \% n lﬁ")
@CONCRETE
* ASTM C595 IS will include portland or portland limestone as base cement August 2026. For now, IT is the current nomenclature for blended slag CONVENTION g o

cement with 5 to 15% limestone




Environmental Product Declarations (EPDs) Process

The process to create

1. Life Cycle Assessment (LCA)
Product Category Rule (PCR)

2
3. Life Cycle Analyis of product under PCR guidance
4

| = LW
) S
Construction

/Y 1]
. Development of “executive summary” Environmental
product declaration (EPD)
Products Operation End-of-Life _ _ . _
5. Hire a program operator who hires a verifier to verify
» LCA, LCA software and EPD meets the requirements of

PCR
A1to A3 B1to B7 C1to C7
A4 to AS 0 ° 6. Once acceptable by program operator the third party

' EPD is published

There are different PCRs and EPDs for cement, ready mix concrete, precast and concrete masonry products most EPD are only
product stage (embodied) cradle to gate (A1 to A3), however for circular economy concrete, in the future could strive to be
cradle to cradle or at least into construction assembly (A4 to AS5) -

@,ncmwﬁggi M__




Newest Cement PCR was published July 2025

PCR Library - Smart EPD listed as Part B PCR for Cement for

Construction 1000-010, V4.0

Like previous EPD still just cradle to gate (A1 to A3) but with guidance on A4
(downstream products A2 cement transport):

= A1 Raw Materials
= A2 Transportation
= A3 Manufacturing

= Three new guidance annex sections

ANNEX A: Carbon Capture, Utilization, and Storage (CCUS) :
First PCR for EPDs to address the use of CCUS .

ANNEX B: Combustion and Calcination Emissions

Guidance help on calculations and reporting for raw materials and kiln fuels

ANNEX C: Additional information for reporting transport from cement
plant gate

Helps with accurate reporting from gate of cement plant to gate of concrete manufacturing plant



https://smartepd.com/pcr-library/
https://smartepd.com/pcr-library/
https://smartepd.com/pcr-library/
https://smartepd.com/pcr-library/

Embodied CO2 assessment in the project environment

The process to track and measure

+  Carbon budget on concrete material category
is a good option
* High strength column less concrete but
high GWP per yd?

' — + Mass concrete with high blended slag
I WP high vol
Products Construction Operation End-of-Life cementlow G but high volume
+  Concrete manufacture when using cement

EPD make sure to account for travel when
A1to A3 Ad to A5 B1to B7 C1to C7 making selections of product from gate of

' cement manufacturer

Materials should not be compared directly but used in whole building LCA that look at the functional unit of the material in the

project application. Functional unit defined as a quantified performance of a product system. Most concrete product EPDs are

shown in the declared unit like tons of cement or cubic yards of concrete. ” (’j
‘@cl concRETE neu‘
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ASTM C150 cements and ASTM C595 PLC and other Blended cements

Some North American Type Ill Cement EPDs - Global Warming Potential (A1=A3)
(kg of CO2e/mt of product)

Cement Plant A 1,200
1,100

Cement Plant B 1,000
900

Other Cement plants 800
”|||||III
600 —TTIFIRIANIY I
ACA Industry Average (919)rev 2023 500

O QO QNG QR (€
== 30% below ACA (643) rev 2023 Q R O@\ N4 QY Q Q Q

Q\/
Notes:
1. Graph is a single snapshot in time so as industry and energy sectors decarbonizes, products shown above may change as EPDs are updated or retire. "’)
2. As cementitious standards evolve so will the concrete performance. neu*

3. Graph is only showing EPDs to gate of cement plant., transportation travel modes and distances traveled can have big influence on GWP impacts for
downstream user.



New York Example:

communication is key for success:

Procurement NYS OGS limit for GWP verified by concrete EPD’s
Building industry associations and agency like NYSDOT
educational efforts

Ready Mix producer validating concrete mix options and what is
need for a particular concrete application to support performance,
durability and end user needs

Cement producer suppling performance and lower carbon options
meeting specification approvals and requirements

SCM producer suppling performance and lower carbon options
meeting specification approvals and requirements

Concrete Contractors providing feed back on performance both
during application and final acceptance

Academia and others providing quality assurance and future
referrals to support concrete’s use

Finaly the end users that operate and use concrete
structures successful durability and life cycle longevity referrals for
future concrete use in society

Global Warming Potential (A1-A3)

600

500

400

300

200

(kg of COze/m® of concrete)

100

NYS OGS Limit: 568

r Than imit:
GSATop 40% Limit: 326

308

GSA Top 2( mit: 284
267
| 245 53

Mix 1 Mix2 Mix3 Mix 4
4000 psi; w/c 0.45

Cements used t from a single cement plant

source:

* Mix 1-PLC Type IL

* Mix 2 -Blended Type IS (IT)

* Mix 3 -PLC Type IL with 30% slag cement
Mix 4 -Blended Type IS (IT) with 18%
additional slag cement

Source: Page 22 on this link - Material Matters

(NCMB) - Fall 2025 - Cover

-
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https://www.materialmatters-digital.com/ncmb/0225_fall_2025/MobilePagedArticle.action?articleId=2078775#articleId2078775
https://www.materialmatters-digital.com/ncmb/0225_fall_2025/MobilePagedArticle.action?articleId=2078775#articleId2078775
https://www.materialmatters-digital.com/ncmb/0225_fall_2025/MobilePagedArticle.action?articleId=2078775#articleId2078775
https://www.materialmatters-digital.com/ncmb/0225_fall_2025/MobilePagedArticle.action?articleId=2078775#articleId2078775
https://www.materialmatters-digital.com/ncmb/0225_fall_2025/MobilePagedArticle.action?articleId=2078775#articleId2078775
https://www.materialmatters-digital.com/ncmb/0225_fall_2025/MobilePagedArticle.action?articleId=2078775#articleId2078775
https://www.materialmatters-digital.com/ncmb/0225_fall_2025/MobilePagedArticle.action?articleId=2078775#articleId2078775
https://www.materialmatters-digital.com/ncmb/0225_fall_2025/MobilePagedArticle.action?articleId=2078775#articleId2078775

Thank you!

Find us on social media:
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mailto:info@neuconcrete.org
www,neuconcrete.org
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