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National Ready Mixed Concrete Association

National Trade Association — Established in 1930

HQ in Alexandria, VA

1,400+ Member Companies

NRMCA Represents ~75% of North American Ready Mixed Production

Mission - Serve Industry and Partners Through:

« Compliance and Operations

* Engineering
 Government Affairs

« Structures and Sustainability: Build With Strength™ Initiative
* Local Paving: Pave Ahead™ Initiative (PaveAhead.com)
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NRMCA Local Paving Division:
Technical and Promotion Personnel - Regional Assignments

Brian Killingsworth, P.E.
Executive Vice President
Team Lead

Luke McHugh, P.E.
Senior Director
Northeast

Ken Justice, P.E.
Senior Director
Midwest

Don Clem, P.E.
Vice President
Northwest

_ Phil Kresge
Sr. Vice President
East Central

HI

Jon Hansen
Senior Vice President

Southwest

Amanda Hult, P.E.
Senior Director
Southeast
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LED CFL | Incandescent

Avg Life: 25,000 Hrs Avg Life: 8,000 Hrs ~ Avg Life: 1,200 Hrs
No Mercury Mercury No Mercury
6-8 Watts 13-15 Watts 60 Watts

Uses 84% less energy =~ Uses 75% less energy = 90% energy lost to heat

Nick Holonyak, Jr. 1962 Edward Hammer 1976 Thomas Edison 1878
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INCANDESCENT vs. LED

A | v" Slightly higher initial cost
mproved materials
ncreased lifespan
Replace less frequently
_ess energy use

_ess wasted energy
Better for environment
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Good BETTER
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Slightly higher initial cost
mproved materials
ncreased lifespan
Replace less frequently
_esS energy use

_ess wasted energy
Better for environment
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Good BETTER

RESILIENT and SUSTAINABLE
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 Full-Depth Conventional Concrete
« Concrete Overlay of Existing Asphalt
 Roller-Compacted Concrete (RCC)

* Full Depth Reclamation (FDR) Using
Cement Slurry

Resilient and Sustainable

CONCRETE
PAVEMENTS
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Roller-Compacte
Concrete Paveme
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Full Depth Reclamation
with Cement Slurry
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Performance Benefits of a Concrete Pavement

« Proven long life

 No potholes,
rutting, shoving

 Evenly carries
heavy loads

 Resistance to ()2
freeze/thaw Y
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Environmental Benefits of a Concrete Pavement

Uses less raw materials

No hazardous materials

Recycled materials can be used k

Conserves petroleum resources

'-

Does not pollute waterways @ {
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Heat Island Mitigation

- Concrete’s lighter color means
less heat absorption

- Lowers ambient air
temperature by 7 to 10
degrees

- 1 degree equals 1.5% change
in energy consumption
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PR

:@: Concrete Pavements can Reduce
s Global Warming Potential by 50%

'-&-—/

Photos courtesy of the American Concrete Pavement Association
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Energy Savings and lllumination

Higher reflectivity reduces
lighting requirements

Nearly 25% reduction in
energy costs for lighting
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Annual tA 560
Energy :
Cost $5.620

For One Mile

Azzumes: Initial cost = 35 000 pale; Maintenance cost = FA00 pol efye ar;
Energy cost = F0 0844 awh; Operating time = 4,000 hours/palefyear
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SUSTAINABILITY
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Pavement Sustainability - Definition

Refers to system characteristics that encompasses a pavement’s ability to:

1. achieve the engineering goals for which it was constructed,

2. preserve and (ideally) restore surrounding ecosystems,

3. use financial, human, and environmental resources economically, and

4. meet basic human needs such as health, safety, equity, employment,
comfort, and happiness.

FHWA-HIF-15-002, Towards Sustainable Pavement Systems: A Reference Document, January 2015
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Pavement Sustainability — Broad Impacts

- greenhouse gas (GHG) « mobility
emissions e access
« energy consumption . freight
- impacts on habitat . community
* water quality . depletion of non-renewable
« changes in the hydrologic cycle resources
« air quality e economic development

FHWA-HIF-15-002, Towards Sustainable Pavement Systems: A Reference Document, January 2015
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The basis of evaluating environmental impacts

LIFE CYCLE THINKING
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Life Cycle Thinking (LCT)

Natural
resources
Incineration and on of
landfilling Extractlonl 0
raw materials
Recovery \
Recycling of materials and
components \
Disposal Design and
’ production
\ Reuse
Use and V4
maintenance

Packaging and

\ distribution

Reduce a product’s resource
use and emissions to the
environment.

Improve its socio-economic
performance through its life
cycle.



’3\ Life Cycle Initiative
4

Life Cycle
Management
(LCM)

Corporate Environmental
and Social Responsibility

Business Case for
Sustainability

Life Cycle Thinking

Systems and Procedures,

such as:

e Communication

o Stakeholder Engagement /

Product Panel

Eco-labelling

Certification

Sustainable Procurement

(Product-oriented)

Environmental Management

Systems

Design for Sustainability

Dematerialization

e Environmental Impact
Assessment
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Data, Information and Models,
such as:
* [Databases
* Best Practice, e.g.
» Benchmarks
» Standards
» Weighting Schemes
e Models, e.g.
» Dose-Response
» Fate and Exposure
» Scenario

Tools and techniques, such as:
e Life Cycle Assessment
e Life Cycle Costing {LCC)
¢ (ost-benefit Analysis (CBA)
e Material and Substance Flow
Analysis (MFA/SFA)
Input-Output Analysis (I0A)
Material Input per Unit of
Service (MIPS)
e Cumulative Energy
Requirements Analysis (CEPA)
¢ (leaner Production
Assessment (CPA)
Risk Assessment (RA)
Audits

Source: UNEP/SETAC. Life Cycle Management: A Business Guide to Sustainability, Paris, 2007,



Life Cycle Cost Analysis vs. Life Cycle Assessment

Resource
Extraction

Life Cycle Processing
Assessment (LCA)

| 'y .

. Rehab. Maint. & - ‘
s N_— acemen

Economic Considerations Environmental Considerations

<

Life Cycle Cost
Analysis (LCCA)

Residual
Value

5




Life Cycle Thinking

Pre-Design Design Procurement Construction In Use
( ( ( ( (
eOwner eOwner eOwner eOwner eOwner
eDesigner eDesigner e Contractor e Contractor eDesigner
e Contractor e Contractor
. . . . .
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SUSTAINABILITY:
CORPORATE
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ESG

Environmental, social and
corporate governance
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Environment
Emvironmental policy
Ernvironmental performance
Climate change

E NVIRONMENTAL

Muclear energy
S OCIAL Biodiversity
G OVERNANCE
Social Governance
Human rights Corporate governance
Labour standards

Health and safety
Employee development
Supply chain standards

Code of ethics

Bribery and corruption
" Death penalty
Military expenses

PAVE <« AHEAD
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ESG: Environmental Social Governance
Scope 1 emissions are direct emissions from company-owned and controlled resources.

- Company facilities <Z

_ Company vehicles a\ <Z

Scope 2 emissions are indirect emissions from the generation of purchased energy, from a utility provider.

- Purchased electricity, steam, heating & cooling for personal useA

Scope 3 emissions are all indirect emissions - not included in scope 2 - that occur in the value chain of the reporting
company, including both upstream and downstream emissions.

- Leased assets HEHE <Z Transportation & distribution .‘4 <Z
- Employee commute A <Z - Fuel & energy related iﬂ <Z

- Business travel éin@ Capital goods Q'% <Z
- 00 —

- Waste from operations III]

Purchased goods & services
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Low emission, energy efficient HVAC Access to public transportation options
Reduce output when building is unaccupied Public transport, shuttles, bicycle rental and car
sharing

Cool roofs
Reflect sunlight and repel heat, lowering
indoor air temperature

Drought-tolerant plants and
rainwater collection

Decrease water usage, reproduce local
ecosystems and support biodiversity with insect
hotel, bird houses, edible trees and greenery

High efficiency roofing
and wall materials
Optimize interior temperatures

Secured bicycle shed with
E-bike charging

20-30 percent regionally sourced
building materials

Reduce transportation emissions and boost
local economies. Use of bio based, circular
building materials

Carpool/car sharing
dedicated parking spots

Skylights $
Reduce daytime electricity use
Electric car (EV) charging stations and
dedicated car sharing parking spots

Real-time energy monitoring Reduce emissians for daily commuters

Inform employees and create awareness

Exterior LED lighting
Reduce light pollution and energy casts

Solar panels $
Turn I’OOf‘[OpS into sources of clean energy

Smart energy meters
Maonitor energy in real time to reduce energy
expenditures

LED lighting with dynamic controls $
Improve illumination and reduce energy costs

Low-emitting paint, sealants
and insulation

Lower environmental impact than
conventional paint products

Energy saving mode of dock equipment $
Preserve energy when not in use

Dock levers with gap sealing and Areas for storage and collection
dock shelters with bottom cushion of recyclables
Seal interior to the elements Minimize environmental impact

BREEAM" CASBEE (% ISO
§ = Direct occupational et . =z
cost savings BUILDING CERTIFICATIONS PROJECT MANAGEMENT CERTIFIED
Demonstrate that we build to the top sustainability standards 1SO 14001

Source: Prologis
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SUSTAINABILITY:
MATERIALS

BUILD »~ STRENGTH PAVE <« AHEAD

www.nrmca.org | National Ready Mixed Concrete Association | #nrmca

DURA su NABLE. CONCRETE.




1 ton CO, per 1 ton Portland cement
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1 ton CO, per 1 ton Portland cement

« 50 - 60% from - —
calcination of |
calcium carbonate

raw materials
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1 ton CO, per 1 ton Portland cement

e 50 - 60% from . —
calcination of '
calcium carbonate
raw materials

« Carbonation of
concrete accounts
for 30 - 50%

uptake of CO,

PAVE « AHEAD

BUILD ¥~ STRENGTH



« 420 to 650 Ibs.
cementitious per yd3
concrete
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« 420 to 650 Ibs.
cementitious per yd3
concrete

e 15to 30+%
Supplementary
Cementitious Material
(SCM) replacement
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« 420 to 650 Ibs.
cementitious per yd3
concrete

e 15to 30+%
Supplementary
Cementitious Material
(SCM) replacement

« Embodied CO, per yd3
equals 170 to 480 Ibs.

<15% of total weight
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« 420 to 650 Ibs.
cementitious per yd3

concrete The elephant
fits in the

e 15to 30+%
Supplementary
Cementitious Material
(SCM) replacement

« Embodied CO, per yd3
equals 170 to 479 Ibs.

<15% of total weight
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W

NATIONAL READY MOED
CONCRETE ASSOTIATION

Lowering Concrete’s
Carbon Footprint
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Supplementary Cementitious Materials

!.
“-n P .
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e Alternative fuels

e Energy efficiency

e Clinker replacement
e Cement formulation

e Carbon sequestration
at cement plant

e Carbon sequestration
in cement production

©
)
D
-
@)
-
O
@,

e Cement replacement

e Carbon sequestration
in concrete production

e Carbon sequestration
in aggregate
production



plcy

portland-limestone

Reduce Your Carbon

Footprint With PLC

The same durable, resilient concrete you depend

on can now reduce your carbon footprint by 10%.

Easy. Proven. Readily available.

A greener cement option

PORTLAND-LIMESTONE CEMENT (PLC)

BUILD »~ STRENGTH
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What is Portland-limestone cement?

Traditional Portland Cement

95% Less than 5%
Ground Clinker Limestone
...0.0...... :0
@)
®© 606 0 0 0

Portland-Limestone Cement

85% Up to 15%
Ground Clinker Limestone
©_ 0.0 _60_0 %
©_ 0. 0_0_0_ %2
®© 060 0 O 3¢
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10 H Portland cement
- B Portland-limestone cement

0.8 -
k=
)
€ 0.6 1
o)
o
)
<
S o4 -
o))
v

0.2 A

0.0 -

Plant 1 Plant 2 Plant 3

Schmidt 1992
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History of PLC Acceptance/Use

State DOT Acceptance of Portland-Limestone Cement
Tantative data: Septomber 2020

Europe — 50+ years

Canada — 10+ years
USA — Growing in
acceptance

Mobe: FAAP-SH, AlA Masters pec , and

A1 and ICC bullding codes
perrmit use of PLC

greenercement.org

PAVE <« AHEAD
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Enhanced Carbonation

Courtesy of CarbonCure
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Enhanced Carbonation - Cement

« Specially formulated cement
- Significantly reduces CO, emissions through

reduced production ener_ PORTLAND
: _ _ &Y > > > > Pl
« Uses less limestone, fired at lower

temperatures
 Produces 30% less greenhouse gases > > > . > .
- Sequesters CO, equal to 5% of its weight

« Research shows concrete’s carbon footprint
IS reduced by 700/0. EQUIPMENT MATERIALS ’ TIME ’EN‘;g?g#,h;f:Tm"b PERFORMANCE

« About the same cost as Portland cement

 Primarily in the precast concrete products
industry

Courtesy Solidia Technologies™

BuIL“E STRENGTH WWW.nrmca .org | National Ready Mixed Concre te Association | # PAVE[AHEAD
DURABLE. SUSTAINABLE, CONCRETE.




Enhanced Carbonation - Aggregate

« Combines industrial CO, emissions with metal oxides
« CO, sequestered construction aggregate (limestone)
* 44% by mass permanently sequestered CO,

« Substrate is small rock particles or recycled concrete

« Carbon-negative concrete is achievable
* One cubic yard of concrete contains 3,000 pounds of
aggregate {
* 44% comprised of sequestered CO,, roughly 1,320 pounds
« Offsets more than the amount of CO, produced by cement
« Roughly 600 pounds per cubic yard

Courtesy of Blue Planet™
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Enhanced Carbonation - Concrete




T
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Operational Carbon

Embodied Carbon

The emissions of carbon dioxide
(CO,) during the operation or in-use
phase of the building.

The emissions of carbon dioxide outside the
operation or in-use phase of a building, including
material extraction, transport, construction,
renovation, and demolition/disassembly.



.~ARBONSMART Additional CO2 Savings

P9y CARBON
hbdd CURE.

20-35 |bs co0? savings per yd®

BYPRODUCTS
FLYASH
AND SLAG

LOWER EMBODIED
(0, : RECYCLED CRUSHED
i — CONCRETE

REUCED CEEN ATERATVE SO

CONTENT A AN STABILIZATION METHODS

pncrete Association | #nrmc ca
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Saving on Carbon Emissions with Concrete

**Assuming a 1:1 relationship between Cement and CO2 savings* *

1. Use of SCMs (fly ash and slag) up to 80% cement reduction
2. CarbonCure up to 7%

3. Admixtures up to 8%

4. Portland Limestone Cement (PLC) additional 10%

5. Fuel Savings see next slide

P9y CARBON

hibdd CURE.

BanESTRENGTH www.nrmca .org | National Ready Mixed Concrete Association PAVE(AHEAD
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Ibs of CO2 savings by using concrete in 1 year
3,000,000
2,500,000 2,320,010
2,000,000
o
O
(w]
s 1,500,000
s 1,160,005
0
= 1,000,000
580,002 662,860
500,000 331,430 331,430
82 858 165,715 165,715 .
0 —— [ ]
0.25mi 0.5 mi Imi
Miles traveled within a location
m 50 Trucks Per Day m 100 Trucks Per Day ~ m 350 Trucks Per Day
savings based on assumed 262 working days in the year sources: EPA & MIT
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Carbon Capture - CO,NCRETE™

« UCLA
« Carbon Upcycling
 Produces
CO, neutral
cement

Traditional process New process
Limestone Limestone
CaCo, CaCo, & 750°C

e

i

Ca0 Ca0

& 1500°C + 80,

_/ New concrete 4

Traditional cement Ca(OH),

SOURCE: Gaurav Sant, civil and environmental engineering associate professor. Graphic reporting by Xinchen Li, Daily Bruin contributor. Graphic by LeAnn Woo,
Graphics editor.



Common prescriptive requirements

Restriction on SCM quantity

Maximum water-cement ratio

Minimum cementitious content for floors
Restriction on SCM type, characteristics

Restriction on aggregate grading

Occurrence in
Specifications

85%
/3%
46%
27%

25%

Source: Obla & Lobo, NRMCA, 2015



Design multiple

concrete mixtures A Low High
that meet
performance B Moderate Moderate
specifications

C High Low

Source: Obla & Lobo, NRMCA, 2015
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Transitioning to performance-based specifications requires
collaboration to share planning and risk among all participants

* Architects
 Engineers

« Specifiers

« Constructors
* Developers

« DOT’s
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MIT
CSHub B CONCRETE

MIT CONCRETE allJJSBTAINABILITY
SUSTAINABILITY HUB
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MIT

CSHub  CONCRETE
SUSTAINABILITY

HUB

7

Life-Cycle
Thinking
Research . gg;g:;t;:zz?ighotfo using a holisticC approach,
concrete develop breakthroughs that will
Innovation achieve durable and sustainable:
 homes,
* buildings, and
Resrl):lzcsai‘:)ility . PiveI?p tct>ols :io s.uppor.t . ' Infrastructure .
Tools  [eticuredscelnifein ever more demanding
resistance .

Environmental
Leadership

PAVE < AHEAD
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Incorporating "Green” Elements

SUSTAINABILITY:
LOW IMPACT/
RESILIENT DESIGNS
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Pavement design should be iterative

Design
Proposal &
Context
Layers
Traffic
Climate

10.0” JPCP
w/ 1.25” Dia Dowels

6.0” Agg Subbse

Subgrade

No

Analyze Using ME
Design Principles

Adequate

Performance
Yes

Evaluate
LCCA / LCA

Develop Lifecycle
Bill of Activities

8.0” JPCP
w/ 1.25” Dia Dowels

6.0” Agg Subbse

Subgrade

Final
Design



Pavement design should be iterative

Accelerated feedback - more analyses, more improvement, better sustainability

Prgzzg: & 10.0" JPCP Analyze Using ME 8.0” JPCP Final
w/ 1.25” Dia Dowels : Lo / 1.25” Dia Dowels :
Context Design Principles ¥ e Design
Layers 6.0” Agg Subbse 6.0” Agg Subbse
Traffic :
Climate

Subgrade

Subgrade Develop Lifecycle
Bill of Activities
Evaluate
LCCA / LCA

Adequate
Performance

No

Yes
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Pavement design optimization saves GHG's & $

Cost Effectiveness
($/Mg CO,-eq saved)

$400

$200

$0

-$200

-$400

-$600

-$800

Urban mterstate

A

[ !

[ \

Optimizing design
represents a clear
win-win

GWP Reduction
(vertical gridlines are m 100 Mg CO,-eq increments)

WWwW.nrmca .org | National Ready Mixed Concre te Association | #

Rural local road

B MEPDG case study
B Increased fly ash
B EOL stockpiling
O Extra rehabilitation

O White aggregate

PAVE < AHEAD
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Incorporating "Green” Elements

SUSTAINABILITY:
LOW IMPACT USE PHASE

__'A

BuIL“E STRENGTH www.nrmca.org | National Ready Mixed Concrete Association | #nrmca PAVE[AHEAD
DURABLE. SUSTAINABLE, CONCRETE.



..‘.'.
_ Fiagier
Tamiami Trail : 1 1/a MILE
EXIT 3/4 MILE e e ; '
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DURABLE. SUSTAINABLE, CONCRETE.
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Model Scenarios

High volume road: Moderate volume road: Low volume road:

65 mph highway 35 mph urban road 35 mph rural road

3 lanes each direction 2 lanes in each direction 1 lane in each direction
4 shoulders 4 shoulders No shoulder

Daily traffic: 139,000 Daily traffic: 23,400 Daily traffic: 5,200

(Of which trucks: 6,672) (Of which trucks: 1,357) (Of which trucks: 468)
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PVI - Pavement Stiffness Y
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Stiffer Pavement Equals:

e 0.5to 3%

Thousands

reduction in fuel 5
consumption g
£

(trucks) Z
V7 &
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140

120

100

80

60

40

20

Asphalt

m Roughness PVI - Cars
m Roughness PVI - Trucks
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Stiffer Pavement Equals: SN
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Stiffer Pavement Equals:
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Sustainability affected at different
stages:

« Materials selection

« Design

« Asset management

« Use-Phase

Various ways to disclose/quantify

In Summa ry... .+ Method chosen is dependent
on desired outcome
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4. 3 Part Series: Part 2 - Portland
Limestone Cement: 'Equivalent’
Performance to Type I/l with a
Smaller Carbon Footprint

March 17th 2021

Emissions

CARBON
CURE.

Development, Ozinga

Read More
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5. 3 Part Series: Part 3 - How
Specifying Carbon Cure in Your
Parking lot Concrete Can Lower CO2

2. How to Design Industrial and
Light Duty Parking Lot Asphalt
Pavements

< _RESCHEDULED FOR MARCH 25th, 20212

Mike Harrell, Principal Engineer, Applied Research Associates and

Mike Ward, Operations Manager, Rabine Paving Group

< April 7th 2021 )
Alli - Tviarket Development Manager, CarbonCure

Technologies and Ryan Cialdella, Vice President of Customer

www.nrmca.org | National Ready Mixed Concrete Association | #nrmca
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DURABLE. SUSTAINABLE. CONCRETE.

https://www.paveahead.com/

BUILD »~ STRENGTH




