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• 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)

National Ready Mixed Concrete Association
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 Slightly higher initial cost
 Improved materials
 Increased lifespan 
 Replace less frequently
 Less energy use
 Less wasted energy
 Better for environment
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RESILIENT and SUSTAINABLE



CONCRETE
PAVEMENTS

Resilient and Sustainable

• Full-Depth Conventional Concrete
• Concrete Overlay of Existing Asphalt
• Roller-Compacted Concrete (RCC)
• Full Depth Reclamation (FDR) Using 

Cement Slurry



Concrete Overlays of 
Existing Asphalt



Roller-Compacted 
Concrete Pavement



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 
freeze/thaw



• Uses less raw materials

• No hazardous materials

• Recycled materials can be used

• Conserves petroleum resources

• Does not pollute waterways

Environmental Benefits of a Concrete Pavement



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



Pavement Albedo



Concrete 
Parking 
Garage

Photos courtesy of the American Concrete Pavement Association

Concrete Pavements can Reduce 
Global Warming Potential by 50%



Energy Savings and Illumination

• Higher reflectivity reduces 
lighting requirements

• Nearly 25% reduction in 
energy costs for lighting





SUSTAINABILITY



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



Pavement Sustainability – Broad Impacts

• greenhouse gas (GHG) 
emissions

• energy consumption
• impacts on habitat
• water quality
• changes in the hydrologic cycle
• air quality

• mobility
• access
• freight
• community
• depletion of non-renewable 

resources
• economic development

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



LIFE CYCLE THINKING
The basis of evaluating environmental impacts



Life Cycle Thinking (LCT)

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

• Improve its socio-economic 
performance through its life 
cycle.



Life Cycle 
Management 
(LCM)



Life Cycle Cost Analysis vs. Life Cycle Assessment

Initial 
Costs

Maint. 
Costs

Rehab. 
Costs

User 
Costs

Residual 
Value

Life Cycle Cost
Analysis (LCCA)

Economic Considerations

Resource 
Extraction

Processing

Placement
Maint. &
Rehab.

Recycling Life Cycle
Assessment (LCA)

Environmental Considerations



Life Cycle Thinking

Pre-Design

•Owner
•Designer

Design

•Owner
•Designer
•Contractor

Procurement

•Owner
•Contractor

Construction

•Owner
•Contractor

In Use

•Owner
•Designer
•Contractor



SUSTAINABILITY:
CORPORATE





ENVIRONMENTAL

SOCIAL

GOVERNANCE





Scope 1 emissions are direct emissions from company-owned and controlled resources.

- Company facilities

- Company vehicles

- Transportation & distribution

- Fuel & energy related

- Capital goods

- Purchased goods & services

ESG: Environmental Social Governance

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

- Employee commute

- Business travel

- Waste from operations

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

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



Source: Prologis 





SUSTAINABILITY:
MATERIALS



1 ton CO2 per 1 ton Portland cement



• 50 – 60% from 
calcination of 
calcium carbonate 
raw materials

1 ton CO2 per 1 ton Portland cement



• 50 – 60% from 
calcination of 
calcium carbonate 
raw materials

• Carbonation of 
concrete accounts 
for 30 - 50% 
uptake of CO2

1 ton CO2 per 1 ton Portland cement



• 420 to 650 lbs. 
cementitious per yd3

concrete
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• 15 to 30+% 
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Cementitious Material 
(SCM) replacement



• 420 to 650 lbs. 
cementitious per yd3

concrete
• 15 to 30+% 

Supplementary 
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(SCM) replacement

• Embodied CO2 per yd3

equals 170 to 480 lbs.
<15% of total weight



• 420 to 650 lbs. 
cementitious per yd3

concrete
• 15 to 30+% 

Supplementary 
Cementitious Material 
(SCM) replacement

• Embodied CO2 per yd3

equals 170 to 479 lbs.
<15% of total weight



Lowering Concrete’s 
Carbon Footprint





47

Supplementary Cementitious Materials
Fly ash

From coal-fired electrical power plants

Blast furnace slag
From steel manufacturing

Silica Fume
From silicone manufacturing

3/11/2021



C
em

en
t • Alternative fuels

• Energy efficiency
• Clinker replacement
• Cement formulation
• Carbon sequestration 

at cement plant
• Carbon sequestration 

in cement production

C
on

cr
et

e • Cement replacement
• Carbon sequestration 

in concrete production
• Carbon sequestration 

in aggregate 
production



PORTLAND-LIMESTONE CEMENT (PLC)
A greener cement option



What is Portland-limestone cement?
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Europe – 50+ years

Canada – 10+ years
USA – Growing in 
acceptance

History of PLC Acceptance/Use

greenercement.org



Enhanced Carbonation

Courtesy of CarbonCure



Enhanced Carbonation - Cement

• Specially formulated cement
• Significantly reduces CO2 emissions through 

reduced production energy
• Uses less limestone, fired at lower 

temperatures
• Produces 30% less greenhouse gases
• Sequesters CO2 equal to 5% of its weight
• Research shows concrete’s carbon footprint 

is reduced by 70%. 
• About the same cost as Portland cement
• Primarily in the precast concrete products 

industry

Courtesy Solidia Technologies™ 



• Combines industrial CO2 emissions with metal oxides
• CO2 sequestered construction aggregate (limestone)
• 44% by mass permanently sequestered CO2

• 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 CO2, roughly 1,320 pounds 
• Offsets more than the amount of CO2 produced by cement
• Roughly 600 pounds per cubic yard

Courtesy of Blue Planet™

Enhanced Carbonation - Aggregate



Enhanced Carbonation - Concrete



The emissions of carbon dioxide outside the 
operation or in-use phase of a building, including 

material extraction, transport, construction, 
renovation, and demolition/disassembly.

The emissions of carbon dioxide 
(CO2) during the operation or in-use 

phase of the building.



20-35 lbs CO   savings per yd2 3

Additional CO  Savings2



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 



sources: EPA & MITsavings based on assumed 262 working days in the year



Carbon Capture - CO2NCRETE™ 

• UCLA
• Carbon Upcycling
• Produces 

CO2 neutral 
cement



Common prescriptive requirements Occurrence in 
Specifications

Restriction on SCM quantity 85%

Maximum water-cement ratio 73%

Minimum cementitious content for floors 46%

Restriction on SCM type, characteristics 27%

Restriction on aggregate grading 25%

Source: Obla & Lobo, NRMCA, 2015



Mixture Cost Env. 
Impact

A Low High

B Moderate Moderate

C High Low

Design multiple 
concrete mixtures 
that meet 
performance 
specifications

Source: Obla & Lobo, NRMCA, 2015



• Architects
• Engineers
• Specifiers
• Constructors
• Developers
• DOT’s

Transitioning to performance-based specifications requires 
collaboration to share planning and risk among all participants



MIT CONCRETE 
SUSTAINABILITY HUB



Using a holistic approach, 
develop breakthroughs that will 
achieve durable and sustainable:
• homes,
• buildings, and
• Infrastructure
in ever more demanding 
environments.

Tools
• Develop tools to support 

infrastructure decisions: life-
cycle, cost, and hazard 
resistance

Research
• Conduct research to 

support benefits of 
concrete

Life-Cycle 
Thinking

Innovation

Fiscal 
Responsibility

Environmental 
Leadership



SUSTAINABILITY:
LOW IMPACT/
RESILIENT DESIGNS

Incorporating “Green” Elements



Pavement design should be iterative 

10.0” JPCP 
w/ 1.25” Dia Dowels

Subgrade

6.0” Agg Subbse

Design 
Proposal &

Context
Layers
Traffic

Climate

Analyze Using ME 
Design Principles

Adequate
Performance

8.0” JPCP 
w/ 1.25” Dia Dowels

Subgrade

6.0” Agg Subbse

Final
Design

Develop Lifecycle 
Bill of Activities

Evaluate
LCCA / LCA

No Yes



Pavement design should be iterative
Accelerated feedback  more analyses, more improvement, better sustainability

10.0” JPCP 
w/ 1.25” Dia Dowels

Subgrade

6.0” Agg Subbse

Design 
Proposal &

Context
Layers
Traffic

Climate

Analyze Using ME 
Design Principles

Adequate
Performance

8.0” JPCP 
w/ 1.25” Dia Dowels

Subgrade

6.0” Agg Subbse

Final
Design

Develop Lifecycle 
Bill of Activities

Evaluate
LCCA / LCA

No Yes



Pavement design optimization saves GHG’s & $

Optimizing design 
represents a clear 

win-win



SUSTAINABILITY:
LOW IMPACT USE PHASE

Incorporating “Green” Elements







High volume road:

65 mph highway 

3 lanes each direction

4 shoulders

Daily traffic: 139,000

(Of which trucks: 6,672)

Moderate volume road:

35 mph urban road

2 lanes in each direction 

4 shoulders

Daily traffic: 23,400

(Of which trucks: 1,357)

Low volume road:

35 mph rural road

1 lane in each direction

No shoulder

Daily traffic: 5,200

(Of which trucks: 468)

Model Scenarios





PVI - Pavement Stiffness

Deflection Roughness



Stiffer Pavement Equals:

• 0.5 to 3% 
reduction in fuel 
consumption 
(trucks)
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Stiffer Pavement Equals:

• 0.5 to 3% 
reduction in fuel 
consumption 
(trucks)

• Lower Green House 
Gas Emissions

• Lower User Costs



In Summary…

Sustainability affected at different 
stages:

• Materials selection
• Design
• Asset management
• Use-Phase

Various ways to disclose/quantify
• Method chosen is dependent 

on desired outcome





lmchugh@nrmca.org

https://www.nrmca.org/

https://www.paveahead.com/

TTobolski@irmca.org

http://irmca.org/


