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Heidelberg Materials By the Numbers

Heidelberg Materials is a building materials leader in North America

North America Overview
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Concrete the World’s Building Material

Concrete Accounts for More Than 50% of Everything We Make

Most widely produced solid material on earth

« Concrete delivers...
 Economy
« Strength
» Durability & Resilience

» Versatility

« Because concrete is practically synonymous
the term construction it....

« Isresponsible for 7% - 8% of global
manmade CO, emissions

« It can be argued this is a relatively small CO,
investment for more than 50% of the stuff we
make but, we are working to lower these #s

IRencontre du Conseil d’Etat avec la Présidence de 'EPFL EPFL Fribourg,
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CO, in concrete

Global CO, emissions from cement

Copper “Cementitious materials make up > 50% of everything we produce.”
Asphalt “Ty . o "
It is only for this reason they account for 8% of CO, annually.
Aluminum I
Lime I
Timber -
Steel - To replace "25% of cementitious materials would require
Clay fired - planting forest 1.5 times the size of India.. Then wait 30-years”
bricks
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Slide adapted from LC3 presentation 3.31.2023
by Prof. Karen Scrivener
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CO, in concrete

Global CO, emissions from cement
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A material’s GWP is determined by completing a Life Cycle Assessment (LCA)
* As required by the North American PCR (Product Category Rule) for Portland cement GWPs are for...
* Cradle to Gate - accounting for all the inputs in a LCA Production Stage (Modules Al to A3)

« Findings from LCAs are best summarized in a Type III EPD
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Understanding LCAs

LCA Modules A1 - A2
Al Extraction and Upstream Production

« Module Al covers raw material acquisition and
preprocessing, extraction and initial processing

LCA Modules Al - A2

Production Stage
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Understanding LCAs

Portland Cement LCA Modules A1 - A3

Production of Cement by the Dry Process - )
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Figure 2-1: Process Flow diagram of the cement manufacturing process at Port Elizabeth. Please note that PE has long dry kiln with no preheater
stage.
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Cement’s carbon “facts-of-life”

Understanding the role of calcination in cement’s CO, emissions

Embodied carbon in cement Al - A3, “Cradle to Gate”

Extraction and Upstream
Production Transport Cement Manufacture
N0 —H— v — O oo Oy
o OO0 =
Prima : inati i
Q c hry T + Raw mill Burning Fuel + Calcinating Limestone  Clinker Cooler &
uar rusher ranspo . .
Y P (CaCO3 — CaOl + CO,) Finish mill
<1% < 1% < 1% 2% 25% @ 7%
Approx. % of CO, Calcination is
emissions based on Edmonton’s IorgesT %

816 GWP for Type GU (CEM 1)
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Heidelberg Materials Low Carbon Concrete Solutions

Portland Cement LCA Module A3
CO, impacts in A3 cement manufacturing
* Clinker > Calcium Silicate compounds
» Process emissions for clinker ~ 2/3
« “Calcining” limestone CaCOq4

« CaCOz; — CaO + CO,

* Process CO, emissions 0.51 kg/kg

« Burning fuel/pyroprocessing and misc. ~ 1/3
« Targeting temperatures ~ 2,800° F
« Greatly reduced by Alternative Fuel use

* Remaining CO, from running equipment & misc. operations
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CO, in cement

Two fundamental approaches for minimising the CO, emissions
: 2 B
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~ 94% Clinker

OPC / Portland

~ 82% Clinker

PLC TypeIL/
GUL

~ 56% Clinker 40% Slag Cement

Blended Cements
Type 1S(40)

Innovative Products @

Low Carbon Cements and Concrete Mixes

Clinker reduction Current technologies at the cement plant

. Key strategy for reducing embodied CO, aka GWP Interground limestone and SCM incorporation

. Performance Specifications enable use Recycled raw materials for clinker production

. Significant reduction potential depending on Alternative fuels and heat recovery technologies

available materials and type of application
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CO, in Precast Concrete

CO, during Architectural Precast Concrete production

Il Cement / binders Il Aggregate B Transport [l Production il Misc.

L8 H

= Process technology in = Local, low energy = Efficient logistics = Efficient logistics

cement and low GWP . _
S building materials = Utilize Rail and = Utilising state-of-
= Alternative binding agents are a central. Barge transport the-art drive units
. when available.
= Implementation in = An uncounted CO, = Openness for new

concrete by utilising
flexible concrete
technology mean

success factor technologies

CO, in concrete is more than just cement
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Heidelberg
Materials

Is changing the
way we do business

“At Heidelberg Materials,
we aim to be the industry
leader on the path to net
zero concrete.”




Pioneering the decarbonisation of our sector

Our industry-leading Sustainability Commitments 2030

400kg CO,/t cementitious material as
- average across the whole portfolio in 2030!

o°

10 million tons

A 5 o o i
@ 47% emission reduction? across the cumulative CO,
|—\) cementitious materials portfolio by 2030 reduction through

CCUS by 2030

o

50% of our revenue will be generated from
sustainable products by 2030

Corporate carbon footprint reduction in line with SBTi 1.5°C path by 2030

1 Scope 1, 2 acc. to GCCA,; 2 Reference year 1990 with an average of 750 kg CO2/t of cementitious material
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Tools for Decarbonizing

Key Strategies to Decarbonize Concrete

Reduce the CO, in clinker
« Energy efficiency in production
« Natural gas and Alternative Fuels

« CCUS, the path to Net Zero Concrete
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Use low carbon cement and SCMs in concrete

« PLCs and Blended Cements

« Use SCMs and optimize mixes

Reduce overdesign and volume of concrete in projects

 Utilize real time mix and maturity monitoring

« Optimize concrete mixes/element shapes and right sized design
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Carbon Capture and Storage

* Brevik, Norway
« Worlds 15" Industrial Scale CCS plant
« Operational in 2024

« 400,000 tons/year ~ 50% of total
« Edmonton, Canada E

« 15t full scale CCS project
« 1,000,000 tons/year ~ 95% + of total
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Heidelberg Materials CCUS

The world’s 1st Net Zero cement without offsets

« evoZero is the world’s first carbon captured net-

zero cement offered at scale and without Capture the r
compromising on quality. Imagination \3/

- CCUS is key to achieve our sustainability goals, a
safe, reliable means to decarbonize our industry. —t i

1st industrial scale CCUS in Brevik, Norway

Will capture ~ 400,000 tons of CO, annually

3 things you should know about evoZero:

» The “evo” family will unite all sustainable brands,
and evoZero will be our #1 premium product.
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Heidelberg Materials global CCUS Projects - publicly communicated
Driving CCUS with extensive and most advanced project portfolio in the sector

a.
"-5-0

o~
CCS 2027 *‘

Edmonton, Canada v {\ S Brevik, Norway
1000 kt CO, p.a. : ) g 400 kt CO, p.a.

CCS 2024

CCS 2030

Mitchell, USA
2c|)oco ir CO, p.a. CCS 2030

Slite, Sweden
1800 kf CO, p.a.

CCS 2028

Padeswood, UK
800 kt CO, p.a.

CCS 2029

Geseke, Germany
CCS 2029 700 kt CO, p.a.

Antoing, Belgium
800 kt CO, p.a.

CCS 2030 CCS 2028

Airvault, France Devnya, Bulgaria
1000 kt CO, p.a. 800 kf CO, p.a.

CCU 2025 CCU 2019 CC 2025 CC 2025

Lengfurt, Germany Safi, Morocco Hanover, Germany Mergelsteften, Germany
70 kt CO, p.a. 50t CO, p.a. LEILAC1 / LEILAC 2 — OxyFuel demo —

We capture 10 Mt CO2 cumulatively by 2030 and target net zero by 2050
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Evolve™ Family of Low Carbon Building Materials in North America

evalLve

The evolution of sustainable building materials

ecaceM eVaBUILD @VRBUILD

CONCRETE AGGREGATES

ecuaceM eC®CeM | cyozero | SVEBULD = €vEBUILD = EVEBUID | eveBUILD RevaLve
PLC PLUS BRONZE ¢ ZERO##¢Y | = RECYCLED AGGREGA TES
eveBuILD SVRBUILD
om sronze@m | ¢ Made with Recycled Aggregate

11/6/2024 2024 Fall ACI Convention | Philadelphia | Sustainability | L. Rowland

___Asphalt |
eVaBUILD

ASPHALT




Innovative Materials - Harvested Coal Ash

Adapting Our Business to Build a Net Zero Future

Slag cement is excellent low GWP GUL replacement

We are increasing our abilities as Slag Cement supplier
« Slag is byproduct of iron produced in blast furnace

» Slag contains calcium, alumina and silica is hydraulic
« Granulation of the molten slag by quenching is critical

 Air cooled slag will crystallize and become non-reactive
and is only suitable for use as aggregate

» Globally many blast furnace operations would benefit
from installing granulators to produce slag cement

« Requires significant capital investment & steady market

« Typical doses start at ~ 40% replacement

Heidelberg Materials 11/6/2024 2024 Fall ACI Convention | Philadelphia | Sustainability | L. Rowland u



Innovative Materials - Harvested Coal Ash

Adapting Our Business to Build a Net Zero Future

Fly Ash is low GWP replacement for PLC

Securing fly ash supply to further reduce our
CO2 footprint

« Acquired SEFA Group in 2023 secures
largest recycled fly ash sources in USA

» This strengthens our ability o provide low-
carbon cementitious products in key
markets

« It provides a solid platform for growth on
the path to carbon neutrality

Heidelberg Materials 11/6/2024 2024 Fall ACI Convention | Philadelphia | Sustainability | L. Rowland u



SCMs as a Tool for Decarbonation

Supplementary Cementitious Materials Reduce Emissions, & Improve Concrete

Photos courftesy Franco Zunino, 2020

Various SCMs of note from waste streams
« Bio char - ash from organic waste

« GGP - ground glass pozzolan

Other SCMs, Natural and Mineral based

» Calcined Clays
« LC2 - Limestone Calcined Clays

« LC3 - Limestone Calcined Clays Cements

« Metakaolin - calcined high alumina clay

=y « Volcanic deposits

e Spm' Magn Dot WD 1 m * Volcanic tuffs, pumicites, and zeolites

200kV 30 25000x TLD 20 Clay Raw - 4nm Os
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SCMs as a Tool for Decarbonation

ReConcrete an Alternative Cement Replacement to Reduce Emissions, & Improve Concrete

RCP (Recycled Concrete Paste) and cRCP for ...
« Alternative raw material in cement clinker production
» Used as SCM to replace Portland or Portland Limestone Cement
« Can “carbonate” to permanently absorb/sequester CO,
o Via exposure to flue gasses resulting carbonated RCP (cRCP)
o CRCP has potential to mineralize ~ 150 kg CO, per ton
o Or roughly = to 30% of “process” CO, from calcination

«  Will be important part of the Circular Economy

11/6/2024 2024 Fall ACI Convention | Philadelphia | Sustainability | L. Rowland
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25 July 2024

Closing the loop: Heidelberg Materials inaugurates first-of-
its-kind recycling plant for selective separation of
demolition concrete in Poland

= State-of-the-art facility near Katowice, Poland, introduces high-quality separation and
sorting at industrial scale to fully recycle demolition concrete.

= The proprietary crushing mechanism enables sophisticated separation and sorting
capabilities obtaining aggregates of the highest quality, equivalent to the one of virgin raw
materials.

= Through the patented ReConcrete process, recycled concrete paste (RCP) is recovered
combining circularity with decarbonisation.

= RCP can be used as an alternative raw material in clinker production or as an alternative
cementitious material.

= In addition, it can abserb and permanently bind CO;.

idelt ials b hts its strong ¢ i to closing the loop, aiming to offer

circular alternatives for 50% of its concrete products by 2030.

Heidelberg Materials has commissioned an innovative recyding plant for selective separation at its
production site near Katowice, Poland. The first-of-its-kind facility features a proprietary erushing
mechanism that enables sophisticated separation and sorting capabilities to fully recycle demolition
concrete and substitute virgin materials in concrete production. With a capacity of up te 100 tennes of
concrete per hour, Heidelberg Materials is the first company in the industry to introduce high-guality,
selective concrete separation at this scale.

Micola Kimm, Chief Sustainability Officer and Member of the Managing Board of Heidelberg Materials
said: “Thanks to our strong commitment to continuous innovation, we are now introducing a
revolutionary and commercially viable technology combining circularity with decarbonisation on our
path to net zero. Innovations like these help to accelerate our transformation and highlight our
ambition to closing the loop offering circular alternatives for 50% of our concrete products by 2030."

“With our award-winning ReConcrete approach, we have already shown on a pilot scale that concrete

can be fully recycled without loss of quality,” said Jon Morrish, Member of the Managing Board of
Heidelberg Materials and responsible for the Group area Europe. “Our new recycling plant marks an

1/3




SCMs as a Tool for Decarbonation

ReConcrete an Alternative Cement Replacement to Reduce Emissions, & Improve Concrete

Recycled Concrete Paste (RCP) and cRCP
for full recycling of demo or come-back
concrete

e Alfernative raw material

« Used as SCM to replace Portland or
Portland Limestone Cement

« Can “carbonate” to permanently
absorb/sequester CO,

o Via exposure to flue gasses resulting
carbonated RCP (cRCP)

o CRCP has potential to mineralize ~ 150 kg
CO, per ton

o Orroughly = to 30% of “process” CO,
from calcination

11/6/2024
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Continues to absorb
CO, over time

Patented selective
separation procedure
Sand / Gravel / RCP

High quality recycled aggregrates

Up to 100% replacement of virgin materials

Fresh concrete
Using recycled materials

RCP (Recycled Concrete Paste)

Finest fraction obtained
—~ from separation procedure

Low-carbon
composite cement

RCP as Iimes‘tsne substitute

/ - Low=carbon clinker production
._
=8
g J:
T el / RCP exposed to
[ é

Even lower carbon flue gas stream

composite cement Up to 100% CO, reabsorbed
threugh carbenation

Carbonated RCP as cementitious material
Lew-carbon clinker preduction




Innovative Materials to Reduce Impacts

Award Winning Materials that Clean the Air

TX Active photocatalytic cement

« This “smog-eating” cement produced concrete that Our company, our industry, our
: . future, Is shaped by our people
abates NOx a primary urbane air pollutant ,.
- TX Active most often bright white color, is self- t'k
cleaning and suitable for architectural applications. ,
b

* Fred D. Thompson U.S. Courthouse in Nashville is
winner in 2024 ACI Excellence in Concrete Awards

o Annual NOx abatement benefit equal to more
than a thousand (1,054) trees or,

o Permanently removing 230 cars from the road Heidelberg

) . Materials
* All the structural benefits of fraditional concrete

 HM Headquarters on Slide 1 ~ 550 trees / 120 cars

11/6/2024 2024 Fall ACI Convention | Philadelphia | Sustainability | L. Rowland
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We at Heidelberg
Materials would like
to congratulate all
the nominees & award
winners of the

At Heidelberg Materials, we
embrace the challenge to
not only adapt to a changing
world, but to help shape it.

As a heavy construction
materials producer, we value
collaboration and celebrate
innovation, approaching

our work with creativity &
enthusiasm.




Natural Carbonation

Natural Carbonation Makes Concrete a Carbon Sink - Especially in Block!

Carbonation is when concrete takes up CO,

« During the concrete’s service life > up to 50% in block

« At deconstruction phase of life cycle

» Factors that affect uptake include:

Percentage of exposed surface area
« Surface coatings and treatments

« Porosity and how open the matrix is
« Climate, i.e. exposure to moisture

* Mix components / binders used

 End of service life treatment

Depth of

* Atmospheric CO,

carbonation

]

2 h}—’ * CaCOs;

https.//precast.org,/2015/07/understanding-carbonation/

11/6/2024

- CO, + H,0— H,CO,

« H,CO; + Ca(OH), — CaCoO; + H,0
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Innovative Materials to Reduce Impacts

Using Nanomaterials to Decarbonize Concrete

Why it is important!

* Nanotechnology can provide efficient
decarbonization pathways

« Can abate greenhouse gas (GHG)
emissions

« Become another tool in Decarbonizing
the world’s most used building material

« We need to understand and learn to use
these materials.

11/6/2024
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TECHNICAL PAPER

Effect of Carbon Nanofibers on Autogenous Shrinkage and
Shrinkage Cracking of Cementitious Nanocomposites
by Yuan Gao, David J. Corr, Maria 5. Konsta-Gdoutos, and Surendra P. Shah

The addition of carbon nancfibers (CNF) has the potensial o

e @ meyor Impact w8 ancrete maderials imdustry die do the
high modulus and specific surfoce area of CNF Past research has
focuved om characterization of the mechanical and flexral strength
befravior of CNFamodified cementebored moteriols. In this sy,
sihe imflvence af CNF on the mutogenous shrinkage and shrinkage
eracking of cememt mortar is investigared. It is found that CN
noi anly hie o mitigate the anogenous shrinkage of cement paste

s effective in reviraining shrinkage cracking

ix

and moriar but
Hy comparing the fiber count in bath pasie and mortar. the effect in
martar is more pronoueced than in paste, which swgey a moi-
cation of the interface arex berween the aggregate and the paste
areq. Targesing the large muogenows shrinkege of high-perfor
mance concrete ar enrdy age, CNF combines the beneficial effects
af the traditional micrafiber reinforcement and shrinkage-reducing
admixie.

Keywords: auiogenous shrinknge: carbon nasofibers: cracking: high-
perfrmance concrete.

INTRODUCTION

Autogenous shrinkage is well recognized as a significant
durability issuc in high-performance concrete (HPC),' and is
likely 1o occur at carly age when the concrete strength is rela-
tively low.® Autogenous shrinkage is defined as the volume
change in cement binder due to chemical shrinkage and
self-desiccation without moisture transfer from the surround-
ings.* There is general agreement that there is a relationship
berween the autegenous shrinkage and the change of rela-
tive humidity (RH) in the pores of hardened eement paste.
Other theories inelude the changes in the surface tension of
solid gel particles, tension in capillary water, and disjoining
pressure. Several strategies have been developed o miti-
gate the awogenous shrinkage by addressing the change
in RH, such as saturated lightweight aggregates (WA
and superabsotbent polymers (SAP).® While poteatially
lowering shrinkage strains, these methods have a limited
ability o restrain the width of auiogenous shrinkage cracks.
Fiber reinforcement has proven beneficial in restraining
shrinkage cracking ™" Carbon nanofibers (CNF) may have
a stronger crack-resisting effect by arresting erack initiation
and coalescence at the nanometer scale.

CNF have been used in many composites 0 improve
strength and stiffvess due to their large Young's modulus!-12
and substantial specific surface anca'® {shown in Table 1)
The high Young's modulus of CNF has the potential o
improve the Young's modulus of the nanocomposite. The
large specific surface area could provide nucleation site for
cement hydration and change the namostructure of calcium-sili-

ACI Materials Journal'July 2018

cate-hydrate (C-5-H) gel. There has been increasing interest
in exploring the use of CNF as an additive to concreie
materials via amalytical, pumerical, and cxperimental
approaches.'+'* Recent results have found that CNF are able
to increase the strength, the toughness, and the electrical
propernies of cement-based material as long as adequaie
dispersion of CNF is achieved. "™ Konsta-Gdoutos et al **
found that carbon nanotbes (CNT), which share similarly
attributes to CNF, have the capability to reduce the autoge-
nous shrinkage of cement paste by approximately 30% at
carly age. Blandine et al * has found a similar effect with
CNT and CNF in coment paste.

The objective of this paper is w0 study the effect of CNF
cifect on autogenous shrinkage in cement mortars. A second
objective is the investigation of the potential effect of CNF
on shrinkage cracking in high-performance mortars.

RESEARCH SIGNIFICANCE

As nanomaterials are becoming more common and afferd-
able, there has been increasing interest in exploring their
use as an additive to existing concrete materials. Previous
studies have been focused on mechanical and flexural
strength properties of cement paste. Studies on CNF-added
cemenl composite on autegenous shrinkage and shrinkage
cracking were carricd out in this study. The results have
shown that CNT can be well dispersed in an agqueous solu-
tion. A small amount (less than 0.1% by cement weight)
can substantially reduce autogenous shrinkage, delay onset
shrinkage cracking. and reduce crack width. The authors
believe the sudy expands the application of CNF material
for high-performance concrete, where autogenous shrinkage
cai be eritical.

EXPERIMENTAL PROCEDURE
Materials
The cementitions material used in this stdy is Type |
ordinary portland cement, and the chemical composition is
shown in Table 1. The sand used is commercially available
CEN standard sand EN-196, which is naturally rounded
sand rich in quarz. The high-range water-reducing admix-

ture (HRWRA) is a polycarboxylate-based water-reducing
agent and was added to the CNF solution before the ultra-

. jusrmal’s datc if e
[ the papess prit publical

author’s cliire, af any, will be publ
dacinaiin is reesivad witkin four mn

615
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Questions?




Questions?

Larry Rowland

Heidelberg Materials

Sustainability Market Manager
Larry.Rowland@HeidelbergMaterials.com

Mobile: 610-462-4250
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