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CO2 and Sustainability

We can’t ignore this

Increased pressure to reduce our environmental
impact from many groups: designers, regulators,
even the public

CO2 footprint of cement production
US - ~1.25%
Worldwide — 5% to 8%

Concrete is so essential to the way we live, that
our industry must do its part to address climate
issues

CALIFORNIA’S
CEMENT INDUSTRY

FAILING THE CLIMATE CHALLENGE
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Guardian concrete week

Concrete: the most
destructive material on
Earth
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PCA Roadmap to Carbongutrliy
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/N A more sustainable world is
Blended cements like PLC can help make /) “Shaped by Concrete,,

concrete as more sustainable 3w/ s, o

_ Service Iie /
The binder use phase impacts

Key chemically Critically useful Concrete is a
reactive ingredient material to society CO; sink

Roadmap executive summary




4 4 N—

America's Cement Manufacturers™

Concrete IS Environmentally Friendly

Embodied CO2 (kgCO2/kg)
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Barcelo, Kline, Walenta (2012)



PCA\ : Since 1916

America's Cement Manufacturers™

Concrete is the most widely used material
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Concrete Value Chain

_ Service life /
The binder use phase impacts

Key chemically Critically useful Concrete is a
reactive ingredient material to society CO, sink




PCA\ : Since 1916

America's Cement Manufacturers™
[

What is PLC?

A Greener Cement Option

A Key Lever in the Roadmap to
Carbon Neutrality

A blended cement with additional
limestone content, optimized for

performance portland-limestone
The easiest way to reduce your cement reduces
carbon footprint by up to 10% carbon footprint by

Suitable for buildings, bridges,
pavements, geotechnical
applications
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Readily available throughout the
U.S. and Canada
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PLC Environmental Benefits

 Recent US IW EPDs

— « Portland cement dropped about
11% from 2016 to 2021

1.0
® Portland-limestone cement
0.8
) * PLC about 8.2% lower than
2 06 - portland cement in 2021

©
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0.0 -
Plant 1 Plant 2 Plant 3

Schmidt 1992
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How Limestone Works

» Particle packing
 Improved particle size distribution

* Nucleation
 Surfaces for precipitation

« Chemical reactions
e Only a small amount, but...
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How Limestone Works

* Particle packing

* Improved particle size distribution

* Nucleation

» Surfaces for precipitation

 Chemical reactions

e Only a small amount, but...
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How Limestone Works

* Particle packing
* Improved particle size distribution

* Nucleation
« Surfaces for precipitation

« Chemical reactions
* Only a small amount, but...

% Ca?* CaOH*
/) HSiO, SO,%
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Long Track Record

Portland-Limestone Cements

History of good performance, even at higher
limestone contents than the U.S.

Introduced to Europe in the late 1960s
Canada has used them since the late 2000s

U.S. standards in place since 2012 (even
earlier as C1157 performance cements)

X
L
511
L
¥
v
L a
i

Market share for blended cements grows as
users gain comfort working with them
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Performance of PLC Concrete

A look at hardened properties
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Performance of PLC Concrete

“Permeability” T 277/C1202

3000 +——  28days 56 days

\®)
S
S
S

BpC
OPLC

1000 - 1

Charge Passed (Coulombs)

NoSCM NoSCM 35% 20%Fly NoSCM NoSCM  35% 20%Fly
W/CM Slag Ash y W/CM Sllag Ash ,

—0.40 —0.40
W/CM = 0.45 W/CM= 0.45

Thomas and Hooton 2010
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Performance of PLC Concrete

Scaling resistance (ASTM C672)

600
m PC

. OPLC - 12%
‘T 400

S~

5

S

s 200

S

ol = I

No SCM No SCM 35%Slag  20% Fly Ash
(0.40) (0.45) (0.45) (0.45)

Supplementary Cement Materials (w/cm) Thomas et al. 2010
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Performance of PLC Concrete

Freeze-Thaw Resistance (ASTM C666)

100 -

80

60

B PC
OPLC-12%

40 -

Durability Factor

20 -

No SCM No SCM 35%Slag  20% Fly Ash
(0.40) (0.45) (0.45) (0.45)

Supplementary Cementing Materials (w/cm) Thomas et al. 2010
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Performance of PLC Concrete

ASR resistance

Expansion (%)

0.4
0.3 . @pC OPLC
0.2
0.1 -
O .
AMBT CPT ACPT
(14 days) (1Year) (3months)

Test (age when expansion reported)

Thomas et al. 2010
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_PLC and Sulfate Resistance

Same approach as for other blended cements

Use additional SCMs and low w/cm
Use moderate- or high-sulfate resistant types:
Type IL(MS)
Type IL(HS)
Type IT(MS)
Type IT(HS)

Performance confirmed by numerous
research studies and decades of field
exposures on real-world installations

0.2

0.18

0.16

Expansion, %

Fly Ash Mixes / / ——GU
Standard C1012 = GUL
s

GU +15% FA

GUL +15% FA
—¥=GU +20% FA

——GUL +20% FA
——GU + 25% FA
——GUL + 25% FA

——GU + 35% FA
GUL +35% FA

12 18

24

30

36 42
Exposure, weeks

54 60 66 72 78

Blair and Delagrave 2012
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Report on Properties

« Summary in PCA Report SN3148 at
www.cement.org

« Strength

» Scaling

* Freeze-thaw resistance
 Chloride permeability

* ASR resistance
 Sulfate resistance

PCA.

Research & Development Information

PCA R&D SN3148

State-of-the-Art Report on
Use of Limestone in Cements at
Levels of up to 15%

by P. D. Tennis, M. D. A. Thomas, and W. J. Weiss

©Portland Cement Association 2011
Errata comected September 2014
All rights reserved
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PLC Acceptance

ACIl 318 BUIldIng Code State DOT A.tr:;:n?gltvaer:lgfa:oigﬁglzaorzig-umestone Cement
ACI 301 Structural Concrete Spec

|CC Building Codes (by reference to ACI codes)
AlA MasterSpec

UFGS 03 30 00 Cast-in-Place Concrete

FAA P-501

45 State DOTs

W Accepting
Planning to accept
O Considering

0 No information
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PLC Acceptance

25%

20% I

15% /l
10% /J

OOA) T T T T T T T T T T
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Blended cement as a percentage of total cement (US data from USGS)
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UCSD PrOJect Examples

W Osler e

Structure

PLC Impacts on North Torrey Plnes L|V|ng
and Learning Center:

10.1% Reduction in CO2

3055 metric tons of CO2 saved

= removmg 664 cars in one year

i-, I.jl} = : ' ) AL . i D=
m Type IV E Blologlcal and PhyS|caI
N4+ Science'Building

Unit: Kg CO2 eq. -10.1%
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CO, Savings in Vancouver, BC with PLC

Telus Garden Development Teck Acute Care Center
— 1300 tons CO, - 1040 tons CO,

Vancouver House
-> 654 tons CO,

Wil ey

The Exchange Building Trump International Hotel & Tower The Mark - Wall Centre False Creek
77% PLC + high strength - 2750 tons CO, 1730 tons CO, —1226 tons CO,
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PLC CO2 savings calculator
BY LANE MILES Heme Why PLC €02 Calculator Cy——

Length (miles) 10 Direct and Immediate*
CO2 Savings with PLC
Width (ft) 20

. : = 559 Tons
Thickness (in) 1,117,639 lbs

& 507 Metric Tons
ement Factor
(Ib/ cu. yd.) 64 = 506,953 kg

* Embodied CO2 savings are based on 2021 EPDs for portland cement
vs. portland-limestone cement. There may be additional life-cycle CO2

CALCULATE A N savings realized, depending on what it is compared to

Basic calculator assumptions:

» pavement is 12 ft wide by 9.5 in. thick made with concrete having
550 Ib of cement per cubic yard

For advanced calculation, input your total

concrete length, width, thickness, and cement

Equivalency Results  How are they calculated?

The sum of the greenhouse gas emissions you entered above is of
Carbon Dioxide Equivalent. This is equivalent to:

Greenhouse gas emissions from

110

CO; emissions from

57,063

gallons of
gasoline
consumed o

) Passenger
vehicles driven
for one year

e

m

1,274,483

Miles driven
by an average
passenger
vehicle

49,815

gallons of
diesel
consumed

-or
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Lowering Carbon Footprint of Mixes

GWP - kg CO,e/Cubic yard
300
244
250 222
203 198
200 -
150 -
100 -
Using PLCin these concrete mixtures would
50 - further reduce their GHG emissions by about 10%
0 -
US Average 20% 30% 30% Slag 40% Slag 50% Slag
Mix Fly Ash Fly Ash Cement Cement Cement

3000 psi concrete mixes with various SCM contents
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