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Sustainability is a Major Focus

Meeting the needs of today without compromising future 

generations’ ability to meet their own

Sustainable practices are 

simply good engineering

RESILIENCE



Concrete Pavement Sustainability – Environmental Impacts

We start to quantify! Environmental Product Declarations 

(EPDs) are a good starting point.



Focusing solely on EPDs loses context



Embodied Carbon in the pavement context

[Source: Jacquelyn Wong (CalTrans)]



Concrete Pavement Life Cycle

Source: FHWA - https://www.fhwa.dot.gov/infrastructure/climatechallenge/images/20211103_Emissions%20Infographic_508compl_toHPA.pdf    

https://www.fhwa.dot.gov/infrastructure/climatechallenge/images/20211103_Emissions%20Infographic_508compl_toHPA.pdf


Concrete Pavement Life Cycle

So how do we know? Materials Phase

EPDs live here!

PCA’s Road Map

PLC

Performance Engineered 

Mixtures (PEM)

Recycling

New technologies and 

materials!



Optimizing Mix Designs

Performance Engineered Mixtures (PEM)



Optimizing Mix Designs

Performance Engineered Mixtures (PEM)

Optimized cement gradations lead to 

optimized cementitious contents



Optimizing Mix Designs

Using SCMs and optimizing concrete mix designs lowers CO2 of the mix
Using Portland Limestone Cements lowers the CO2 impacts some more
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GWP - global warming potential   
For standard six sack (564lb/cy) Mix; Assumed Slag shipping Distance = 10,500 miles (Rizhao to FL)



Use Innovative Low-Carbon Cementitious Materials

Test sections recently constructed at MNRoad

Assess CO2 savings

Measure performance under traffic

16 sections

Control and optimized mixtures

Reclaimed fly ashes

Geopolymers

Carbon injection

Innovative SCMs

13



Concrete Pavement Life Cycle – Materials Phase

Recycling

Reduced virgin material

Eliminates disposal

140 M Tons Annually

Cavalline



Concrete Pavement Life Cycle

Design Phase

Most flexibility

Evaluate options

“Optimized” designs



Concrete Pavement Life Cycle – Design Phase

Use the best available design tools 

Pavement ME Design

PavementDesigner.org 

Long-life Pavements

Low hanging fruit (double life = ½ CO2)

Concrete overlays

Capitalize on equity already in pavement 

Long-life and low-carbon design solution

OPTIMIZE!!!



Optimize Pavement Designs
Traditional Design Process

Optimized Design Based on Life Cycle Thinking
Develop 

Pavement 

Structure 

Analyze Using ME Design 

Principles

N
Adequate

Performance

10.0” JPCP 

w/ 1.25” Dia Dowels

Subgrade

6.0” Agg Subbse

Final

Design

Develop “Life-cycle Schedule 

of Activities”

Evaluate

LCCA / LCA

Y

10.0” JPCP 

w/ 1.25” Dia Dowels

Subgrade

6.0” Agg Subbse

Designing pavements in an 

iterative procedure provides a 

Feedback Loop 

• Improves performance 

• Lowers cost 

• Lowers environmental 

impacts

Analyze Using ME Design 

Principles

N YAdequate
Performance

Develop “Life-cycle Schedule 

of Activities”

Evaluate

LCCA / LCA
8.5” JPCP, w/ wide

Lane &1.25” Dia Dow

Subgrade

6.0” Agg Subbse

Final

Design

10.0” JPCP 

w/ 1.25” Dia Dowels

Subgrade

6.0” Agg Subbse

Develop 

Pavement 

Structure 
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PAVEMENT ME PROVIDES A PROCESS TO COMPARE 
DIFFERENT DESIGNS / DIFFERENT FEATURES

Original Concrete 

Design
Optimized

Concrete Design

8.5” JPCP
Joints = 15-ft.

w/ 1.25” Dowels

Subgrade A-7-5

3.0” AC Base 
(SuperPave 19.0)

12” Agg Base

8.0” JPCP
Joints = 12-ft.

w/ 1.25” Dowels

13-ft. WL

Subgrade A-7-5

6” Agg Base

Rehab Target

Standard

~ 24 Yr to 1st Rehab

Optimized 

~ 24 Yr to 1st Rehab

Pavement ME gives a repeatable, non-biased, 

scientific process to determine how a specific 

pavement design will perform

Tyler Speakmon, Cemex
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PROJECT SPECIFIC PAVEMENT DESIGN LOWERS 
COST AND ENVIRONMENTAL IMPACT

Caltrans Concrete Design: From Table 623.1E (South Coast/Central Coast, Type II SG 

Initial AADTT = 1,357 / day,  4% Compound Growth (Initial ESAL = 335,000 / yr)

20 Yr ESALs = 10,650,000; 50 Yr ESALS = 51,151,000 

Optimization reduced the initial construction GWP by 890 tons (22.5%) and the life cycle GWP by 980 tons (14.3%)

Optimization reduced the initial construction costs by $890k (28.3%) and the life cycle cost $1.48M (36.6%)

Original CALTRANS Schedule
Optimized

Pavement-ME Design
LCA

(tons CO2e)

LCCA

(NPV $)

LCA

(tons CO2e)

LCCA

(NPV $)

Initial Const. 3,954 $3,147,585 3,063 $2,256,638

Pavement 2,860 $2,229,803 2,803 $2,021,307

LCB 781 $644,902 -- --

Agg Subbase 313 $272,880 260 $235,331

Rehabilitation 479 $911,663 54 $315,798

Carbonation (123) (87)

PVI-Deflection 604 704

PVI-Roughness 1,912 2,110

Total 6,826 $4,059,248 5,844 $2,572,437

CALTRANS Concrete 

Design

Optimized

Concrete Design

8.5” JPCP 
w/ 1.25” Dia Dowels

Subgrade

6.0” Agg Subbse

9.6” JPCP 
w/ 1.25” Dia Dowels

Subgrade

4.8”  LCB
(Lean Concrete Base)

7.2” Agg Subbse

Tyler Speakmon, Cemex
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DESIGN IMPROVEMENTS FOR CONCRETE PAVEMENTS
Each Design Feature Needs to Balance Performance and Cost

“Features” have a significant impact on performance & cost

Feature Options or Benefits

Shorten Joint Spacing 
Use 12-ft to reduce curling & warping stresses (reduces thickness but 

does increase joint sawing and dowel costs)

Change Shoulder Design
Use Tied Shoulders - Concrete vs AC vs RCC ; increases load transfer 

to shoulder (reduces thickness) 

Apply Dowels
Use Dowel Bars – always Dowel ; Dowel Size ; increases load transfer 

and reduces faulting (reduces thickness) 

Use Widened Lanes
Use 13-ft Widened Outside Lanes - Shifts loading to “interior loading” 

condition (reduces thickness)

Change Base Type
Granular vs asphalt treated vs cement treated ; subgrade / chemical 

stabilization ; reduce base thickness ; Speed of construction

Higher PCC Strength
Increased Concrete Strength - higher concrete strength reduces 

deflection (reduces thickness) 

Optimized Mix Design
Optimized Gradation - Reduces cement content and creates denser 

mix ; models specific aggregate properties

Tyler Speakmon, Cemex



Concrete Pavement Life Cycle – Use Phase

Use Phase

Pavement Vehicle Interactions (PVI)

Albedo

Urban heat island

Lighting

Carbonation / Sequestration



Concrete Pavement Life Cycle – Use Phase
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Source: EPA 430-F-21-011



The Impact of Vehicle Operations



Reducing Use Phase Impacts – PVI 

Pavement Vehicle Interaction (PVI) Impacts the Excess Fuel Usage (EFC)
• Pavement texture: 

• The micro-surface of the pavement “grabs” the tire, which increases friction and lowers 
fuel efficiency.

• Tire industry. Critical for safety. Tire-pavement contact area

• Roughness/smoothness*: 

• Higher roughness “bounces” the cars and increases fuel usage

• Absolute value = vehicle dependent.

• Changes / evolves over time: material specific

• Deflection/dissipation induced PVI**:

• Vehicle deflects the pavement and vehicle drives up a hill

• Pavement Design Parameters (materials, stiffness & thickness) matter

• Speed and temperature dependent, especially for inter-city pavement systems 

*Zaabar, I., Chatti, K. 2010. Calibration of HDM-4 Models for Estimating the Effect of Pavement Roughness on Fuel Consumption for U.S. Conditions. Transportation Research Record: Journal of the Transportation Research Board, No. 2155. Pages 105-116.
** Akbarian M., Moeini S.S., Ulm F-J, Nazzal M. 2012. Mechanistic Approach to Pavement-Vehicle Interaction and Its Impact on Life-Cycle Assessment. Transportation Research Record: Journal of the Transportation Research Board, No. 2306. Pages 171-179.



Reducing Use Phase Impacts – Albedo

Albedo – The measure of solar energy reflected by surface

Incoming solar 
radiation

reflected solar 
radiation

Surface of the 
pavement absorbed solar 

radiation

Temperature 
Increase

Albedo =
reflected

incoming

Albedo Values

• Concrete ≈ 0.40 (new) to 0.2 (old)
Concrete with PLC &/or Slag ≈ 0.45 to 0.55

• Asphalt ≈ 0.05 (new) to 0.15 (old)

• Earth Avg ≈ 0.3 to 0.35

98°F

120°F



Reducing Use Phase Impacts – Urban Heat Island

Concrete’s high albedo reduces Urban Heat Island impact

Example of Heat Island effect

Sources: 
http://www.cleanairpartnership.org/files/urbanheatisland.jpg
http://cshub.mit.edu/pavements/albedo 

Increasing pavement 
albedo by 0.20 (asphalt 
to concrete) can reduce 
city temperatures by :

• 0.3° C (Boston) 
• 2.1° C (Phx)

http://www.cleanairpartnership.org/files/urbanheatisland.jpg
http://cshub.mit.edu/pavements/albedo


Concrete Pavement Life Cycle – Use Phase

Increasing  pavement albedo is meaningful and low-cost and low risk 
endeavor to address climate change 

 

Earth’s Energy Balance

Radiative forcing

Albedo improves the Earth’s 
Energy Balance to create 

Cooling Benefits
Sources: 
http://www.cleanairpartnership.org/files/urbanheatisland.jpg
http://cshub.mit.edu/pavements/albedo 

Annual GWP savings due to increasing the surface reflectivity 
of all pavements across the continental U.S.  (kton CO2eq)

An increase in pavement albedo on all U.S. roads would 
reduce CO2-eq by 17.45 Mton per year due to radiative 

forcing—equivalent to ~ 4 million cars

http://www.cleanairpartnership.org/files/urbanheatisland.jpg
http://cshub.mit.edu/pavements/albedo


Reducing Use Phase Impacts – Carbonation

Concrete – CO2 Absorption

Carbonation CO2 reacts with calcium 

carbonate in concrete

In US, concrete pavements could 

absorb about 2.8 million tons of CO2 

30 years use

More in states w/ concrete pavements

https://news.mit.edu/2021/unravelling-carbon-uptake-concrete-pavements-0126

https://cshub.mit.edu/sites/default/files/images/0120%20Carbon%20Uptake%20Brief.pdf

https://news.mit.edu/2021/unravelling-carbon-uptake-concrete-pavements-0126
https://cshub.mit.edu/sites/default/files/images/0120%20Carbon%20Uptake%20Brief.pdf


Concrete Pavement Life Cycle – M&R Phase

Maintenance, Preservation, & 

Rehabilitation

Diamond grinding

Patching

Sealing

Overlays



Concrete Pavement Life Cycle – M&R Phase



Excess Fuel Consumption Based on 2 Primary Strategies 
Local highway in MO. Equivalent AC and PCC
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Asphalt – Moderate deterioration & regular rehabilitation

Concrete– Slow deterioration & no rehabilitation

Pavement design developed by Applied Research Associates (ARA), Inc,: 
Local Highway - AADTT 300/day; 2 lanes; Wet-freeze-MO; 

Lifetime EFC for two different pavements
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EFC Based on 2 Primary Strategies w/ Preservation 
Local highway in MO. Equivalent AC and PCC
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Asphalt – Moderate deterioration & regular rehabilitation

Concrete– Slow deterioration & no rehabilitation

Diamond Grind Conc.

Asphalt 
Mill & Fill.

Pavement design developed by Applied Research Associates (ARA), Inc,: 
Local Highway - AADTT 300/day; 2 lanes; Wet-freeze-MO; 

Lifetime EFC for two different pavements
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Reducing Use Phase Impacts – With Preservation

CO2 Sequestered Over Time per Lane-Mile with Diamond Grinding

Source:  Information courtesy of Tom Van Dam, NCE 

Additional Diamond Grinding also improves vehicle fuel efficiency due to improved smoothness 
and increases Albedo resulting in even greater GHG reductions
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Concrete Pavement Life Cycle – EOL Phase

End of Life Phase

Overlay

Re-Use

Recycle

Start over

Begin with the end in mind

Permanent pavement structures



Getting the Full Picture





Focus on where we can make the greatest impacts

Design and Materials Phase

Most flexibility

Optimizing pavement designs

Reducing cement’s carbon 

footprint

Optimizing mix designs 

Improving resilience and 

durability

Quantifying

Use Phase

Typically largest impacts

Improving fuel efficiency

Increased pavement albedo

Take advantage of 

carbonation

Optimize with proper 

preservation 

29© 2023 WAP Sustainability, LLC

Theta EPD,  “the buy clean compliance software®
Launched in 2023, Theta provides LCA and EPD generation software with services options.

Rebranded + Solutions

Expanded to include

Steelmaking

Steel Products Glass

AggregateConcrete

Asphalt



Re-Focusing Sustainability

Meeting the needs of today without compromising future 

generations’ ability to meet their own

Sustainable practices are 

simply good engineering

RESILIENCE
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Thank you! 
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