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Strong & Green:
Using CO, to
improve ready mix

performance and
sustainability
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CarbonCure Technologies




What is CURE. 2

SIMPLY BETTER CONCRETE

CarbonCure is a technology installed in ready mix concrete plants.
The technology injects CO, into fresh concrete in order to improve its strength and
allow concrete producers to optimize their mix designs and realize cost savings

while growing their business within the green design community.
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How it works: Admixture analogy

Batch
Controller
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CO, Supply

1. CO, is collected as a
byproduct from large
emitters, such as
cement, fertilizer and
power plants

2. Suppliers such as
Praxair, Air Liquide
and Linde purify the
gas

3. Liquid CO, is
delivered to the
concrete plant

4, CO, cost is typically
$0.15-$0.30USD / Ib
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How it works: Technolog
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Installation | ¢: |

= CarbonCure installs its proprietary N : e
retrofit technology (1 day) S 4

= CarbonCure optimizes CO, injection 4 rew CARBO
rate o

Injection Process

= Central mix: liquefied CO, injected
into hopper while mixer pours
concrete down the chute

= Dry batch: liquefied CO, injected
into mouth of truck during trim
water application

Daily use

= Batching integrated with batch
operations system

= Automated CO, dosage

= Automated data collection




Converting CO, gas to a solid mineral

Reverse
calcination
reaction

Heat (+)
calcination
reaction

CO, permanently
CaCo;, converted to mineral

CO, - treated within concrete
Concrete

Limestone

Cement

Add
aggregate, water

& chemicals
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Beneficial CO, Utilization




Carbonation Reaction Product Microstructure

Cement grain

Amorphous calcium
carbonate seed

Carbonation reaction creates nano calcium carbonate particles

that act as nucleation sites for the hydration process
IRC 2.0kV 4.0mm x200k SE(M) 12/7/2015
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Compressive Strength Effects -
Industrial Trial Average Results

+10%

B Control ECO2

1 Day 3 Day 7 Day 28 Day

Industrial trial results from 84 batches at 13 locations
= Average strength improvement of 10 - 16% across 1 through 28 days
= Dose optimization not necessarily achieved
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Indication: Mix optimization
CarbonCure’s technology may enable producers to reach strength requirements
with reduced cement content

5000 Field data supplied by CarbonCure customer
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reduction
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Calgary - Cement Reduction

= High performance mix
- Most requested mix

B Standard Mix

O Mix with Cement Reduction

O Mix with Cement Reduction and CCT

= Optimum dosage 8000 -

identified as 1.5
0z/cwt

= Strength was
improved even with a
5% cement
replacement

u o N
o O o
o O o
o O O

Average Compressive Strength (psi)
5
o
o

= Assessment on-going 0 -
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Atlanta - Cement Reduction

3000 psi design strength

- Majority of annual
production

= Producer demonstrated
that strength was reduced
when binder was reduced
but CO, addition
compensated.

= Total binder reduction 7%

= Mix adjustment was rolled
out to other mix designs
and applications

P CARBONCURE.

Average Compressive Strength (psi)

B Standard Mix

O Mix with Cement Reduction
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Atlanta - Extended Production

= Results of extended 5000
production and testing
= 3000 psi mix design 4000 -
- 50% cement
- 25% Class F fly ash
- 25% slag
= Cement reduced in the CO2
batches
- Average cut 5.7%
- 16 Ibs/yd3 or 11 kg/m3
= No change in strength

compared to historical and
day-of controls 0

3000 A T

2000 - _

Compressive Strength (psi)

1000 ~

7d 28d
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Chicago - Optimum Identification

. 4000 pSl mIX B Standard Mix
- Optlmum dosage 7500I:I_Standard Mix with Optimum CO2 Dosage
identified and a ~10% | 112%

strength improvement
realized at 7 & 28 days

= Recommendation of 5%
cement replacementin
conjunction with CO2
use

100%

108%
100%

B H ul 93 D (9)) ~
o o) o nl o n o
o o o o o o o
o o o o o o o

Average Compressive Strength (psi)

7d 28d
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Charlotte - Optimum CO, Dose Identification
Through Typical Dosage Ramp

= Dosage response from L2008
commissioning

= Three mix design

= Fresh properties in
range of normal
variation

= Optimum dosage at 1.5
floz/cwt leading to 10%
strength improvement

= Cement replacement of 90%

115% -

110% - @)

105% -

100% -

28 Day Compressive Strength (% of control)

95% -

0.5 1 1.5 2 2.5

5% is recommended €02 Dose {floz/CWT)




Early-stage carbonation effects on
concrete

No measurable effect on:

= Workability/slump

= Air content

= Density

o pH

= Durability

= Freeze-thaw performance
= Color

= Texture

= Finishing




Case Study: Ambassatours Garage
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Economic benefit

CarbonCure helps concrete producers realize significant material cost
savings and sell to the growing green building market...

Which means that being greener can be good for the bottom line!

Will you profit from the trend?

Commercial Green Building
Market Size ($ billions)

Average Return on Investment

HIGH 70+ cents per yard
MED 50 cents per yard

$3 billion
LOW 30 cents per yard 2%ofm

$115 billion

50% of marke

$67 billion

45% of markét
$48 billion

31% of mark
$25 billion
12 % of mark

2005

2008 2010 2013
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Marketing & green building consulting
services

P9y CARBON
hbdd CURE

You see a concrete structure ERNEST P9y CARBON
N e EE Tt By MAIER hiudd CURE
= Reducton by et Maler i CarbonGurs Concrte

to fight climate change.

Marketing and Sales Services
= Flyers & brochures

= AIA presentations
* Press releases

= Web content RN e colT s

= LEED documentation

Are you ready for LEED

= Sales training version 4?
= In-person meetings with architects, Concrete’s ability to contribute
engineers, contractors and specifiers to LEED points is changing
- significantly in 2016.
* Green building & LEED strategy CarbonCure helps concrete

products contribute toward
further LEED points.
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Spec development:
Creating new business
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