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1. Low Clinker/ low carbon cement needs

2. Why Portland Cement?

3. The History of Blended Cement
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Key Words

*GHG - Green House Gases

*CO2

*Methane
*Operational Carbon Emission
*Embodied Carbon Emission

*Building materials & Construction
*EPD- Environmental Product Declaration
*GWP - Global Warming Potential

* kg of CO2 eq / tonne of cement

* kg of CO2 eq / m3 concrete

» kg of CO2 eq / 12 of building
*LCA - Life Cycle Analysis
*LCCA- Life Cycle Cost Analysis
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Embodied Carbon

NManufacture, tramsport and installation of construction materials

Understanding Carbon

Operational Carbon

Builking Energy Cansumption

Nutrition Facts
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ENVIRONMENTAL IMPACTS
Lehigh Union Bridge Plant: Product-Specific Type Il EPD

Declared Cement Products (four):
Type IL; Type I/Il; Type Ill; Masonry

Declared Unit: One metric tonne of cement

CEMENT PRODUCTS
Type VIl Type M

Global Warming ecgcene
Potential g co.-<q 801

856 877 | 492



Current Buy Clean Procurement Policy Landscape

Office of General Services

Real Estate Design & Construction Procurement Government Support Reslliency & Sustalnabllity Do Business State Employees Visit

About OGS

Guidelines

City of Portland (OR) 9 Port AThriTy of NYNJ GSA

Q (U.S. General Services
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How big is embodied
carbon opportunities?




Every small reduction in ... prevents the equivalent

embodied emissions... emissions of this many wildfires
5% = 7.6X
O = o
reduction in avoided
embodied wildfires

emissions
from U.S. buildings

Note: Assuming average CO, emissions per wildfire based on the top 20 wildfires in 2021 in California, excluding Dixie.
Exhibit 1 | RMI Graphic. Source: California Air Resources Board, https://ww2.arb.ca.gov/wildfire-emissions
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Embodied Carbon Benefit

ENVIRONMENTAL IMPACTS ® Portland cement
Lehigh Union Bridge Plant: Product-Specific Type Il EPD 1.0
Declared Cement Products (four): ® Portland-limestone cement
Type IL; Type I/Il; Type lll; Masonry
Declared Unit: One metric tonne of cement 0.8
CEMENT PRODUCTS
Type VI Type Masaniy —
. 5]
Global Warming £ 0.6 -
. )
Potential g co,eq) o
Ozone Depletion Potential kg CFC-11-8q) 6.43E-06 | B0 <,
Eutrophication Potential (kg M-eq} 1.26 8 0.4 +
Acidification Potential (kg S50%-eq) 1.26 Accn
Photochemical Ozone Creation Paotential (kg O,-eq) 30,1
Abiotic Depletion, nonfossil {kg Sb-eqg) 5.44E-06 0.2 -
Abiotic Depletion, fossil (M.J) Ja02 2,540
A
Product Components:
Clinker 48% 0.0 -
RIS ST S TR Plant 1 Plant 2 Plant 3
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CO, in concrete

CO, emissions from concrete

GWP = 219 kg GWP/m?; Example for 4,350 - 5,400 psi conc.

Concrete composition [Vol.-%]

1
\l

%

2%

15%

72%

m Aggregate mwater =Cement = Additives = Admixtures
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Why Portland Cement?
Earth Chemistry

J
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Energy to Produce Cement

Energy usage, million BTU/ton

B CO2 emissions

7

6

5

4

3

E m CaCO3 decomposition = Fuel

1 A modern plant, the process
Is highly optimized. It is close

0 to 80% thermodynamic limit

1965 1975 1985 1995 2005 2015 '

Year
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What other options do we have??

Abundance, atoms of element per 10° atoms of Si
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Hydraulic minerals in CaO-SiO02-Al203 phases diagram
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TABLE 1

Clinker compound

Alite (C35) [typically, >60% of Portland cement clinker]

Belite (C25)

Tricalcium Aluminate (C3A)

Tetracalcium Alumino-Ferrite (CsAF "Ferrite®)

Quicklime (Cal)

Wollastonite (C5) [a major component in Solidia clinkers]

‘ Yeelimite (C4A3%) [made with Ca50u4 as sulphur source]
Periclase (Mg) [made from magnesium carbonate]

menn| Periclase (MgO) [made from basic magnesium silicate rocks]

Chemical COz2 emissions
(kg/tonne)

579
512
489
362
786
379
216
1100
0
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What’s next?

Blended Cement History
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History

« First large-scale US production in 1910
* First US specs in 1950s

« ASTM C595-67

« ASTM C1157-92
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Blended Cement Types

ASTM C595 (AASHTO M 240)
* Type IS(X)
« Type IS(<70)(MS)
» Type IS(<70)(HS)
« Type IS(<70)(MH) Moderate heat of hydration
« Type IS(<70)(LH) Low heat of hydration
« Type IP(X)

Portland blast-furnace slag cement
Moderate sulfate resistant

Highly sulfate resistant

Portland-pozzolan cement

* Type IP(MS)
* Type IP(HS)
* Type IP(MH)
* Type IP(LH)

16 Heidelberg Materials 21.02.2024

Moderate sulfate resistant
Highly sulfate resistant
Moderate heat of hydration

Low heat of hydration
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Blended Cement Types

Type IL(X) Portland-limestone blended cement
» Between 5% and 15% limestone by mass
« Similar physical requirements

 MH, LH, MS, and HS designations can apply as well
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Blended Cement Types

Type IT Ternary blended cement

« Same chemical and physical requirements

Type IT(25S)(10P) = Type IS(25)

Type IT(L10)(P10): 10% limestone and 10% pozzolan

Type IT (P25)(P10): 25% of one pozzolan and 10% another pozzolan

MS, HS, MH, LH designations can apply as well
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Mill Cert and Bogue

CEMENT TECHNOLOGY

Why Bogque Phase Estimates Are Not Applicable for

Blended Cements

))) Introduction

The purpose of this paper is to explain why potential approach to establishing heat of hydration

cement phase compositions (C;5, C,S, CzA, and C,AF) (performance testing by isothermal calorimetry, ASTM

are not calculated and reported using the Bogue C1702) and sulfate resistance (performance testing by

equations for ASTM C595/AASHTO M 240 blended ASTM C1012); Bogue phases are simply not applicable

hydraulic cements. and less relevant for blended cements. Pozzolans and
slag cement generally improve the sulfate resistance of

The Bogue equations were developed in the 1920s to blended cements and reduce the early heat of

provide estimates of the amounts of potential phases hydration, so even if Bogue phases were correctly

that may be present in portland cement clinker and determined, they would not adequately characterize

cements based on the oxide chemistry of portland these performance characterlstlcs of the cement. As
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Control, Minute by Minute...

The goal is to respond to variation immediately instead of hour later
after erroneous material is made! React real time!

Quarry |l Preblending bed| | Raw mill | | |Blending silo)

RAMOS control Enabled
# Auto-solve Enabled
Solver status On target

# Recipe Raw Mix

5%

£25% 0,25 %

Target
Start Standard deviation s of CaCO g
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Carbon Capture and Storage

* Brevik, Norway

« Worlds 15" Industrial Scale CCS plant theem

SR ot A s 1 e * "
. _._',a:p w' o)y o \“fﬁb‘» il ) o o
 Operational in 2024 e Vi @gf’
Aay . by .'r'!’ 2 i i .
.. Ly Frtn) g fv' , »f' :
* 400,000 tons/year ~ 50% of total ' Ty Ry T

« Edmonton, Canada
« 15t full scale CCS project
« 1,000,000 tons/year ~ 95% + of total

« Carbon Negative Cement

- Biomass “Alternative Fuels” [IZE e

+ Biogenic CO, storage




Heidelberg Materials Edmonton CCUS Project

Edmonton Carbon Capture and Storage Overview

To produce world’s 15" net zero concrete
achieved with no carbon offsets

* CCS system to capture ~ 95% CO2 from...
« Cement plant and...

« Onsite Combined Heat and Power Plant (CHP)

« Combined Heat and Power Plant to serve
« Cement plant operations
» Local and regional Alberta power consumers

« Heat recovery for carbon capture technology

« Additional environmental benefits including

« Improved air emissions

* Reduced freshwater consumption
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Thank you
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