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Agenda
* What is Sustainability?
 Opportunities for Improving Concrete Sustainability
—Design
—Materials
—Construction
—Maintenance, Rehabilitation, and End of Life
—Use Stage
* Tools for Quantifying Sustainability
* FHWA Low-Carbon Transportation Materials Program

Quick Definitions

» Greenhouse Gas Emissions (GHG)

—Gases that trap heat in the earth’s atmosphere (e.g., carbon
dioxide (CO,), methane (CH,), nitrous oxide (N,O), fluorinated
gases

* Global Warming Potential (GWP)

—Measure of energy that 1 ton of a gas absorbs over a given time
period, relative to 1 ton of CO,

—Higher GWP = greater warming of the earth compared to CO,

* Embodied Carbon Emissions (ECE)

—Measure of the cradle-to-gate GWP of a material

—Estimated from the energy used to extract, process, and transport
raw materials and the emissions from manufacturing process

Some Useful Resources

+ CPTech Center: Sustainable Concrete Pavements: A Manual of Practice
(https://cptechcenter.org/publications)

+ FHWA/CPTech Center: Low Carbon Guide (https://cptechcenter.org/news/cp-tech-center-
publishes-reduced-carbon-guide)

« FHWA/CPTech Center: Low Carbon Video (https://cptechcenter.org/webinars-and-
videos/strategies-for-reducing-cradle-to-gate-embodied-carbon-emissions-of-paving-concrete/)

+ FHWA: Sustainable Pavements Reference Guide
(https://www.fhwa.dot.gov/pavement/sustainability/ref_doc.cfm)

- FHWA: Strategies for Improving Sustainability of Concrete Pavements
(https://www.fhwa.dot.gov/pavement/sustainability/hif16013.pdf)

- FHWA: Pavement Life-Cycle Assessment Framework
(https://www.fhwa.dot.gov/pavement/sustainability/hif16014.pdf)

+ FHWA: Applying LCA Concepts (TB series)
(https://www.fhwa.dot.gov/pavement/sustainability/guidance.cfm)

- FHWA: LCA Pave, A Tool to Assess Environmental Impacts
(https://www.fhwa.dot.gov/pavement/Icatool/)
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Sustainability Definition

“[IMeeting] the needs of the present g
without compromising the ability of .
future generations to meet their own \/‘\'\ 4

needs” Q} %
—Our Common Future: Report of the World Commission on R
Environment and Development (1987) IFDNATENS




What Does That Mean?
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« Sustainability considerations minimize environmental
impacts while maximizing economic benefits and
ensuring equitable social outcomes

+ Sustainability is looked at over the
entire life cycle

+ Sustainability is context sensitive
+ Sustainability is not just environmental
« Sustainability is not just recycling
+ Sustainability is just good engineering

Why Do We Care?

+ Future economic, environmental, & social well-being
implications
—Finite resources
—Increasing population
—Changes in global climate from human activities
» Reductions in emissions and other impacts needed
—Emphasis on characterizing sustainable attributes of materials &
products (including pavements)
—National programs and initiatives to implement more
environmentally friendly solutions

Greenhouse Gas Emissions
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Total US. Greenhouse Gas Emissions
by fxonomic Sector in 2030"

Source: EPA




Pavement Sustainability

* Ability to:
—Achieve the engineering goals for which the pavement was
constructed [e.g., smooth & safe traveling surface (functional
performance), achieve design life (structural performance)]

—Use financial, human, & environmental resources economically
—Preserve and restore surrounding ecosystems
—Meet basic human needs (e.g., accessibility/ mobility)

* Applying good engineering to meet design objectives while
balancing competing interests

* Ensuring that performance is not compromised

What Makes Concrete Pavements
Inherently Sustainable?

* Long pavement lives

* Minimal maintenance
requirements

+100% recyclable

+ High reflectance (lighting
and visibility)

- Lower heat island effects

- Safe and quiet

* Aesthetics

Source: APTech

Where are the Opportunities for Improvement?

» Materials Production
 Design
« Initial Construction
- Use Stage
» Maintenance/Rehab
* End of Life

—Reuse

—Recycle

—Disposal

Source: FHWA

5/16/2025




Some Examples of Improving Concrete
Pavement Sustainability

Fuel Economy

Energy Footprint

Albedo

Treat Air

Waste generated during ,
Pollution

construction

Industrial
By-Product Use

Renewal and Recycling

Stormwater Quality
Noise Source: CPTech Center

Structural Capacity

Measuring/Assessing Sustainability

» Performance assessment
—Alternatives must provide equal or better performance

- Life-cycle cost analysis (LCCA)
—Evaluation of total cost of a pavement alternative over its life
Life-cycle assessment (LCA)

Quantification of environmental impacts (often greenhouse gas
emissions) of a product or system

* Rating systems
—Lists of sustainability “best practices” with assigned scoring
metrics (e.g., recycling, local materials, long-life designs, etc.)

Life-Cycle Assessment

« Structured methodology to quantify environmental impacts
—May include all life-cycle stages
—Can consider a range of environmental impacts
—Assess decisions related to materials, design, rehabilitation, end of life
* Support development of - @ e fif o e &2
Environmental Product JremnE :
Declarations (EPDS)  Cwwg@m @@ €6 @0 @@
- Note: LCA# LCCA! Cne (odhm C B D m Oh -

owaith Wb WA Wb wEE

[eSR———

Source: FHWA
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Example Findings from LCA Studies
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* When traffic is excluded, materials used in construction
dominate life cycle impacts

- Because traffic dominates, traffic flow management such as
nighttime work can be important in minimizing impacts

- Pavement longevity can lead to reduced environmental
impacts

» Reduced roughness on high-volume roads leads to reductions
in fuel use and greenhouse gas emissions

What Are EPDs?

« Transparent and verified report
that communicates environmental
impacts of a material or product

- Based on the results of an LCA

* Follows industry standards
described in a product category
rule (PCR) document :

* In accordance with ISO standards == =
14025 and 21930 =

Source: FHWA

Benefits of EPDs

« Establish environmental benchmarks for materials or
designs

* Reduce GHG emissions in highway planning and
procurement, and through the life cycle

+ Enable more informed decisions

* Encourage industry efficiency and environmental
improvement

+ Support the supply and demand of products with lower
environmental impacts




Example EPD

« Various impact indicators can be reported

*In U.S, the EPA’'s TRACI parameters are commonly used
[ERviRONMENTAL MPACTS

Declared Produc
Description:Exterior 4000 PSI
[Compressive strength: 4000 PSI at 28 days

Deciared Unit: 1 m® of concrete

[Global Warming Potential (xg CO eq) 318|
[Ozone Bepletion Potential (kg CFC-11.6q) 7,156
| Acidification Potential (kg SO -eq) 095
Eutrophication Potential (kg N-q) 02

) 207}
[ Aviotic Depletion, non-fossil (ko Sb-eal 5826
[ Aviotic Depletion, fossil (WJ) 659
Total Waste Disposed (ko) 942}
|Consumption of Freshwater (m?) =

Product C nts: natural TM C33). (ASTM C150), y 53h (ASTM CB18). batch waler (ASTM
|C1602). admixture (ASTM C434). admixture (ASTM C260) Source: FHWA

Life-Cycle Stages for Pavement Systems

- As defined under ISO Wil e |

* A1-A3 =“Cradle to Gate”
—A1 = Extraction/Upstream

acanseats

Al
B I i
£ 2
ﬂ i
R e 4
M
=

Production
—A2 = Transportation to o \
Plant | ST =S

—A3 = Manufacturing Plant | e

(the “gate”) @

||

Source: FHWA E a—

Using Sustainability Measures/Indicators

+ Can be used alone or in concert

+ Can identify opportunities to reduce costs or improve
pavement or environmental performance
—Project level
—Network level

+ As one consideration to inform or guide decision-making
process

—Other factors should also be considered (e.g., direct agency
costs, user impacts, construction feasibility, safety, etc.)

—Results are context sensitive

5/16/2025
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Pavement Life-Cycle Stages

- Materials
—~With a focus on the
concrete construction
material
- Pavement design
~With a focus on
structural and
functional
considerations




Concrete Materials
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Life-Cycle Stages for Pavement Systems

 Materials production
stage (cradle-to-gate or
A1to A3) @
- Several opportunities to

reduced embodied s | =5, j

=

carbon emissions in

both cement and

concrete mixtures

4

Source: FHWA —

Embodied Carbon Emissions of Cement
and Concrete

 Production of portland
cement contributes to
~90% of the embodied
carbon emissions in a
concrete mixture (cradle-

to-gate)

* GWP of portland cement in ;“‘9:,‘, e,
the U.S. is ~0.9 kg kgCO,e e n,asl'ju’?nlll".‘;zl‘ ;222;1‘:’”'"‘
per kg of portland cement e

Source: CPTech Center

10



Available Guidance
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» CPTech Center 2024 document on
reducing carbon emissions in
concrete paving:
https://cptechcenter.org/publications

* CPTech Center 2024 video
https://cptechcenter.org/webinars-and-
videos/strategies-for-reducing-cradle-
to-gate-embodied-carbon-emissions-of-
paving-concrete

+ Just adopted and published by

AASHTO

Opportunities in the Concrete Materials
Production Stage

- Strategy #1: Target the cementitious binder

- Strategy #2: Target the concrete mixture to optimize
binder content

- Strategy #3: Reduce the cradle-to-gate embodied
emissions of aggregates

- Strategy #4: Target mixture performance requirements
- Strategy #5: Consider other factors

While not compromising pavement performance

Strategy #1: Target the Cementitious
Binder (1/3)

* Replace portal cement with portland-limestone cement or

blended cement contain SCMs

—Type IL portland-limestone cement

—Type IP portland-pozzolan cement

—Type IS portland-slag cement

—Type IT ternary blended cement

Replace portland cement

—Supplementary cementitious materials (SCMs), e.g., coal ash,
slag cement, or natural pozzolans

—Alternative cementitious materials, e.g., limestone calcined clay
cement, geopolymers
s |

11



Strategy #1: Target the Cementitious
Binder (2/3)

- Benefits of SCMs

—Reduced embodied carbon
emissions

—Improved workability
—Improved long-term strength
—Reduced permeability
—Improved durability

Fly Ash

2 Slag Cement

5/16/2025

Source: CPTech Center

Strategy #1: Target the Cementitious
Binder (3/3)
+ MnDOT study of alternative cementitious
and pozzolanic materials, e.g.
—~Hydraulic non-portland cement
—Type IP (30% calcined clay)
—~Manufactured Fly Ash
—Blended PLC
—Ground glass pozzolan
—Class N metakaolin
* Constructed Summer 2022
« 3-year monitoring program

Strategy #2: Target the Concrete Mixture (1/2)

» Reduce binder content through optimized or well-graded
aggregate system

—Improved workability
—Enhanced durability
- Often requires a
31 or 4th aggregate

Source: CPTech Center

12
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Strategy #2: Target the Concrete Mixture (2/2)
. . B%
« Tools for optimizing S
aggregate gradations f;mwﬁ%”“’, R
—Tarantula )
Sh||stone /r‘ Graater than 15% nl‘;:;g::;:':blmrﬂ
T D p--~ ;.o _f___
—Haystack | gt 4
el N D -
Ll / Crestes surtace
’ fineshing problems
» I,
4 PSRN 2T EEEN
i M L ’ .
Y L
o
Source: CPTech Center

Strategy #3: Reduce

Carbon Emissions of

Aggregates

Reducing embodied carbon emissions
of aggregates in concrete

Reduce embodied carbon emissions
from transportation

Use recycled, waste, and
byproduct materials
Use low embodied carbon emissions
artificial aggregates

L4 Recycled concrete aggregate
Reclaimed asphalt pavement

* Other

g Carbon dioxide mineralization

Source: CPTech Center

Strategy #4: Target Mix Performance
Requirements

minimum cement contents

requirements
—Allow for innovation
Consider adoption of properti

—Examples: strength, shrinkage,

* Remove prescriptive limits such as slump, w/cm, and

—Emphasize properties that matter and eliminate less important

es more directly linked to

agency long-term performance needs

freeze-thaw, workability

—~See AASHTO R101, Standard Practice for Developing
Performance Engineered Concrete Pavement Mixtures

13



Strategy 5: Consider Other Factors

Reduce fuel consumption concrete production & transport

Optimize plant operations to minimize need for diesel-powered
heavy equipment to move aggregates once delivered

Reduce or eliminate fossil-fuel generators and replace with
generators that rely on renewable sources

Use concrete trucks powered by alternative fuel sources (e.g.,
compressed natural gas, biofuels, hybrid technology)

Use calcium carbonate mineralization in concrete production
Inject CO, into concrete during production to produce CaCO,

Increases concrete strength, permitting reduction in overall
cementitious materials content

5/16/2025

Concrete Pavement Design

Sustainable Pavement Design

Identify project goals and performance objectives
Design considerations
Design for what you have and what you need (context
sensitive)
Structural design
Functional design
Evaluate impacts over the life cycle to consider future
maintenance, preservation, and rehabilitation
Consider alternative design solutions

14



What Are Your Goals and Performance
Objectives?
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Fuel Economy
Energy Footprint

Albedo

Treat Air

Waste generated during Pollat
ollution

construction

Industrial
By-Product Use

Renewal and Recycling

Stormwater Quality
Noise Source: CPTech Center

Structural Capacity

Concrete Pavement Design
Considerations

- Consider specific design conditions and design constraints
» Structural Design
—Based on selected design life

~Longer life: lower life-cycle costs and lower life-cycle
environmental impacts (but higher initial impacts)

—Use mechanistic-based design procedures
»>AASHTOWare Pavement ME or similar
* Functional Design:
—Smoothness affects comfort, safety, fuel use, and maintenance
—Texture affects safety and noise

Conventional Concrete Pavement Design

Solutions
° JPCP Plain J:mlyumlv g
—6-14 inch slabs (typ.) o e

[ Assha, Camens Toatd x Granuia
Basa Layer

—15 ft joint spacing (typ).
—Dowels for heavy traffic
—All facility types
*CRCP ooy momnes |

~10-14 inch slabs (typ.) ]
—No regular transverse joints PR
—Longitudinal reinforcing steel -
—Heavily trafficked roads

Goamtsr Susbasa Layer

Campaciad Scbgrade

15



Design Life
« Selected based on
demands of facility a]
. 2w
* For high volume roads, £n»
. . . 80
long design lives incur % %
less environmental g s
impacts e _ |
—Additional early oo Gotw " Smy | Ecntly | Fostl | W
investments (materials oo e b I
inves k v [ sty ] 2]
costs, environmental Source: FHWA
impacts) are recovered

Importance of Smoothness

PRSI p——

« All things equal,
pavements constructed ﬁ
smoother stay smoother -
(and last longer)

Source: NCHRP £
"

* Smoothness leads to Wi, OGEEF ]
reduced fuel use and ' miti—— ]

reduced GHG emissions o = i
(particularly for higher ? |
volume roadways) —

|
o 5 ]
Pavement Age (Years)

IRI (mikm)
3

oy

I

i

Importance of Texture

» Pavement texture positively
affects wet-weather safety
conditions and minimizes splash
and spray impacts

* But...

—May contribute to excess fuel
consumption

—Can lead to excess noise emissions
due rolling resistance

+ Consider together to meet the
needs of the facility

" Source: APTech

5/16/2025
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Long-Life Concrete Pavement

+ 30 to 60 years
* What is provided?
—Reduced costs
—Reduced environmental impacts
+ What is needed? Tme ST TR e APToch
—Durable concrete paving materials
—Effective structural design
—Critical design elements/features
—Effective construction
—Timely maintenance and preservation

Performance/Condition

Other Concrete Pavement Design
Solutions

* Precast concrete slabs
—Rapid placement/reduced closures
 Two-lift concrete pavements

—Optimized material use in top
and bottom layers

* Roller-compacted concrete
—Durable, economical, low carbon
option
* Permeable concrete pavement Source
—Stormwater management Somayeh Nassir

§ Source: Shiraz
Tayabji

Pavement Rehabilitation Design Solutions

5

7

« Versatile & effective rehabilitation SOCBUREmSEn FHEUUE e
option for both existing asphalt ,;[? ﬁ
and concrete pavements
—Range of pavement conditions @
~All traffic levels @

Source: CPTech Center

Benefits o ]

—Long performance lives
—Lower life cycle costs ﬁ @
—Makes use of existing structure

—Reduces lane closure duration ﬁ @

5/16/2025
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Remarks

 Multiple opportunities exist for improving sustainability
in the pavement materials and pavement design stages
- Some key materials factors:
—Reduce cementitious contents
—Use local materials/minimize haul distances
—Ensure durability
- Some key design factors:
—Efficient designs
—Long life pavements
—Employ targeted concrete design solutions
_l

Source: APTech
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Session 4:
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Pavement Life-Cycle Stages
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» Construction
—With a focus on quality
and limiting sustainability
impacts throughout the
construction process

Source: FHWA

Construction Impacts on Sustainability
* Energy consumption
—Transport of materials and construction operations
+ Impacts on surrounding areas
—Emissions, particulates, noise
—Wetlands, streams
—Traffic delays, congestion, and local business/residence impacts
+ Construction quality on pavement performance
—Structural and functional performance
« Economics of construction practices

—Agency costs, user costs (construction-related, use phase)
|

Some General Strategies for Reducing
Construction Impacts

- Effective construction sequencing/planning/phasing
- Effective work zones (balancing costs vs. bengfits)
» Good construction quality (durability + longevity)

+ Shorter haul distances

* Reduced equipment idling times

+ Alternative fuels/hybrid equipment

« Air quality and construction noise control

« Erosion/stormwater runoff control

19
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Specific Concrete Pavement Construction
Opportunities

+ On-site recycling ‘

« Effective placement of g2
pavement structure

« Surface texture

* Smoothness

* Curing

* Opening to traffic

On-Site Recycling

* Process and produce recycled
concrete aggregate (RCA) on site
—Reduces use of virgin materials
—Reduces fuel consumption
—Reduces emissions
—Potential for cost savings

« Collect and re-use concrete wash
water

Effective Installation of Pavement
Structure
« Clear/coherent specifications
* Meaningful Q/A tests and measures
» Monitor/respond to weather conditions
* ltems to consider:
—Solid and uniform foundation
—Proper concrete placement
— Specified thickness
—Effective consolidation and finishing

—Proper installation of dowels, tie bars, and
reinforcing steel

~Depth, location, orientation, spacing
— Effective joint sawcutting and timing

Source:
CPTech
Center

20
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Surface Texture

- Ensure adequate surface friction to meet
demands of facility

- Balance surface friction requirements
with noise impacts (where required)

+ Various options available
—Turf drag
—Longitudinal or transverse tining
—Diamond grinding
—Next generation concrete surface

Smoothness

+ Higher levels of smoothness associated with longer life,
reduced fuel consumption, and reduced GHG
—Also suggested correlation with “quality”
- Some key factors
—Stable base/subbase and trackline
—Consistent mix production & delivery
—Stringline setup & management (if used)
—Smooth, continuous paving operations
—Proper finishing and texturing

—Addressing special needs (horizontal/vertical Source: APTech
curves, embedded steel, boxouts, etc.)
—Minimize hand finishing

Concrete Curing

» Maintains moisture within slab to
promote hydration process

» Commonly achieved using liquid
membrane-forming curing compounds
(ASTM C309/AASHTO M148)

—Some use of poly-alpha-methylstyrene
for greater moisture retention

+ Cure as soon as practical

« Even and complete coverage at i
prescribed application rate Source: GPTech Genter

21
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Opening to Traffic

* Need realistic measures of in-place strength (e.g., maturity)

» Knowing actual in-place strength may allow earlier opening
times, providing:

—Shorter lane closure windows
—Reduced emissions
—Less disruptions
* Are existing opening strength criteria overly conservative?
—~Commonly f'c = 3000 psi
—Can depend on thickness and foundation
—MnRoad study: no slab damage when loaded at MR = 73 psi

Remarks

+ Pavement construction activities offer many
opportunities to adopt practices that improve pavement
sustainability

* Achieving specification
targets and maintaining
good construction quality
are keys to reducing
life-cycle impacts

Source: FHWA
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Opportunities for Concrete
Sustainability: Maintenance,
Preservation, Rehabilitation, and
End of Life

[OWA STATE UNIVERSITY National Concrete Pavement
Institute for Transportation Technology Center c‘\‘?_‘,\u
v

5/16/2025

Pavement Life-Cycle Stages

» Maintenance, Rehabilitation,
and End of Life
—~With a focus on reducing
impacts of interventions
and exploiting the use of
the in-place pavement

Maintenance, Preservation,
and Rehabilitation

23



Maintenance, Preservation, and
Rehabilitation Impacts on Sustainability

5/16/2025

» Range of treatments to
maintain or improve
structural & functional
performance
Sustainability favors:
—Less invasive treatments

—Less material-intense
treatments et

TiME Rehabilitation Reconstruction
Winor | Ma

—Treatments that improve J
smoothness and safety

Source: CPTech Center

Preservation and Maintenance

« Inherently sustainable activities

—Low cost, low environmental impact
treatments that extend life by delaying
need for major rehabilitation

—Conserve energy and virgin materials Source: IGGA
—Minimize traffic disruptions/lane closures
—Restore/maintain functional performance
(smoother, safter, quieter)
* “Right treatment, right pavement, right time”
* Quality of installation/construction important

Preservation and Maintenance Treatments
for Concrete Pavements

+ Joint/Crack Sealing

« Slab Stabilization/Slab Jacking

» Diamond Grinding/Grooving

« Partial-Depth Repairs

« Full-Depth Repairs

- Dowel Bar Retrofit

« Slot/Cross-Stitching

* Retrofitted Edge Drains

Source: CPTech Center

24



Favorable Characteristics for Preservation

» Few or limited structural
problems

* No materials-related distress

- Pavements in overall relatively
good condition (minimal
distress)

Selection Factors for Pavement
Preservation

+ Existing pavement structure
« Existing pavement condition
* Current and future traffic R
* Local climatic conditions
+ Expected performance of the pavement
» Expected costs
« Construction considerations
—Available contractors
—Work zones

74

Traffic Level Impacts on Environmental
Impacts of Preservation Decisions

 Lower volume roadways
—Design and material choices typically dominate
»Minimize treatment applications and material
»Optimize treatment selection and timing
* Higher volume roadways
—Use stage (vehicle operations) become more dominant

—Preservation treatments have lower (or even negligible)
environmental impacts

5/16/2025
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Grinding

Environmental Benefits of Diamond

5/16/2025

* Imparts no new materials
- Extends life of pavement 3
» Reduced traffic impacts
« Smoother roads:
—Reduce GHG emissions

exposing new surface

008

—Improve fuel economy e
—Suggests lower IRI trigger
values i o |
+ Sequestration of CO, by

Source: Wang et al. 2012

Pavements

Rehabilitation of Existing Concrete

 Considerations

Structural Asphalt Concrete

. T Asphalt, Cement Treated or
Traffic volumes S e

Structural (Bonded/Unbonded)
Concrete Overlay

Bonded or Unbonded
Concrete Overlay

7Design |ife Overlay
- EXISt!f?g pavement Structural Asphalt Overlay
condition Intact Distressed Concrete
. Pavement or
—Grades/elevations | Rubblized Concrete Pavement |

Existing Concrete Pavement

Asphalt, Cement Treated or
Granular Base Layer

—Work zones Granular Subbase Layer

Granular Subbase Layer

- Look at impacts over

! . Compacted Subgrade
entire life cycle

Compacted Subgrade

Source: FHWA

Solutions

Attributes of Sustainable Rehabilitation

* Longer life

- Efficient structural design and
cross section

- Effective construction and
work zone practices
—Accelerated practices

» Maximize recycled and locally
available materials

78
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Maintenance, Preservation, and
Rehabilitation Remarks

Many maintenance, preservation, & rehabilitation options

Existing condition drives selection
Rehabilitation strategies for deteriorated pavements or for
increased structural capacity
Preservation to maintain or enhance functionality
Evaluate over entire life cycle
Environmental (and cost) impacts due to vehicle operations
during the use phase dominate for higher volume roads
Environmental impact (and cost) impacts from design and
material choices more significant for lower volume roads

5/16/2025

End of Life

Concrete Pavement End-of-Life (EOL)

Final disposition of any portion of the pavement system
that has reached end of its useful life
Aspirational goal: zero waste highway construction
stream (recycle back all materials into new pavement)
Concrete pavement EOL Opportunities

Recycling

Reuse

Landfilling
Consider economic and environmental impacts while
ensuring performance

27



Concrete Recycling
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* Breaking, removing and processing
concrete to produce recycled

concrete aggregate (RCA)

~Route 66 in lllinois (1940s)
Many potential applications @
—Concrete and asphalt mixtures

—Subbase

—Filllembankment

» Recognize design requirements of each

« Specific applications may be limited by quallty of
source concrete (e.g., ASR, D-cracking)

Benefits of RCA

* Reduced material and transportation costs

- Conservation of aggregate and other resources

+ Eliminates need for landfilling

» Reductions in greenhouse gas emissions associated with
—Mining/extraction activities
—Haul distances
—Slab disposal

+ Captures atmospheric CO,

Concrete Reuse

« Existing concrete pavement is
used as foundation for overlay or
new pavement
—COC-B and COC-U options
—HMA overlays (including

rubblization)

+ Suitability for reuse may be limited
by distress type, severity, and
extent

Source: APTech

28



Environmental and Economic Impact of
Concrete Reuse

* Generally the highest of all
concrete EOL options
—Material savings,
conservation of resources
—Short construction duration,
reduced impacts to local
users
- Benefits may be offset by
shorter performance life or
more frequent maintenance

Source: Mark Snyder

Landfilling

- Breakup, removal and hauling of paving material to
landfill

« Least desirable of all EOL options
—Disposal costs: demolition, transportation, tipping fees

—Associated environmental impacts
—Opportunity cost of not using RCA %
rEe
o= ’

EOL Remarks

+ Concrete pavement recycling & concrete pavement reuse
—Effective ways of improving sustainability
—Confirm by quantifying economic and environmental impacts
—Ensure performance achieved

5/16/2025
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Pavement Life-Cycle Stages

- Use Stage
—~With a focus on
environmental impacts
imposed by vehicles
while the pavement is in
service

Source: FHWA
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What is the Use Stage?

5/16/2025

* Period during the life of the pavement where it is carrying

traffic loading

« Significant sustainability impacts incurred during use phase
as a result of pavement factors
—Fuel consumption and emissions
—Tire-pavement noise

—Safety

—Stormwater runoff
—Pavement thermal performance

Source: Tom Van Dam

Pavement Characteristics Impacts

+ Sustainability
impacts
associated
with use
stage typically
exceed those
of other
stages

Source: UCPRC

‘Albedo, heat capacity,
and conductivit

Pavement Characteristics

Impacts on Pavement Use Phase

Responsiveness

Structural | Vehicle fuel consumption Human Health
and emission
| Macrotexture Nolse
| Roughness Water Quality
]é Stormwater runoff and
| Permaabliity pollution

Temperature Air Quality

Fuel Consumption and Emissions

* Most significantly impacted by pavement-vehicle
interaction (PVI) parameters

—Roughness

~Deviations in pavement from a true planar surface
—Structural response

»Energy consumption due to deformation under loading

—Macrotexture

»Overall texture of pavement (controlled by surface finish)
- Context sensitive

—Magnitude of impacts depends on pavements, speeds, truck
and traffic volumes, etc.
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PVI Commentary

* Roughness
—Generally the largest impact on fuel consumption/GHG
—Possible excess fuel consumption (EFC) impact: 0 to 8%

» Structural response
—Most significant impacts from heavy, slow-moving vehicles

operating on viscoelastic materials under hot temperatures

—Possible EFC impact: 0 to 5%

« Texture contribution
—Greater impacts from positive texture and on slow, heavy trucks
—Possible EFC impact: 0 to 3%
—Need adequate texture for safety

« Interactions between PVI ﬁarameters

Example: IRI Triggers to Reduce GHG at
the Network Level

* LCA study of PMS treatment trigger levels in California
+ Optimized IRI triggers to minimize GHG and energy use
—101 in/mi for > 34,000 vpd
—127 in/mi for 12,000-34,000 vpd
—177 in/mi for 2,500-12,000 vpd
—For <2500 vpd, materials and construction emissions greater
than those in use stage

Tire-Pavement Noise

 Noise affects facility users o
and nearby residences & o =~ — Danand Griing
businesses a_!r 025 /r\ - Lﬂ::liluﬂim;m:u
* Influenced by concrete :* /
pavement texturing E :'5 ,’[ 7
* Do not compromise safety o , /‘ i
o, /100 : 102 0 106 108 ;D

A-weighted Overall 0BSI Level, 60 mph,
Source: UCPRC

Source: ACPA
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Highway Safety

5/16/2025

« Critical national issue
» Roadway condition can contribute to crashes
* Work zones also play a role

[ ramnes — oy Rate per oot _|

Source:
NHTSA

HTII'II}‘%\:I'II'”‘ il

LINA VoW 00} J0d aey Aueiey

Considerations

» Pavement countermeasures
—Keep roads smooth
—Provide adequate surface texture
—Provide adequate cross slopes for surface drainage
—Ensure safe work zones
* Friction numbers and/or macrotexture levels considered
in evaluating safety
—“Friction demand”
—Based on facility type, speeds, measurement method

Stormwater Runoff
» Conventional paved surfaces relatively
impermeable
—Can overwhelm stormwater systems
Permeable concrete or interlocking
pavements
—Capture water and drain to subgrade or
store for slow release
—Primarily for lower volume, lower speed
facilities
—Must consider durability and clogging
potential

Source: John Kevern

Source: UCPRC
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Pavement Thermal Performance
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- Change in temperature (esp. Example Daytime Effects
surface temperature) over time

* Impacts: Energy use, human
comfort, environment

* Influenced by
—Thermal properties of paving

materials (e.g. albedo, thermal
conductivity, specific heat)

—Ambient environmental conditions
(sunlight, wind, air temperature)

—Evaporative cooling, permeability Source: CPTech Center/NAPA

Urban Heat Island Effect

* The formation of . Urban Heat Island Profile .
localized areas of 2 — "
higher temperatures ¢ i = N

S8

+ Caused by iw — ~———~ N
presence of heat- = £ ~ N1
absorbing surfaces .

(e.g., buildings and P
pavements) B ™™ poltia i
Rs:shig:ﬁf‘gl Downtown Park

Source: EPA

Albedo

» Albedo
—Measure of surface reflectivity
(1=complete reflectivity)
« All things equal: Souoe,

—Pavements with lower albedo EPA
(darker surfaces) get hotter and
can increase local air

N

Solar Reflectance (percent]
. Sy

temperatures ' L
. . i Asphalt Rubber
—Pavements with lighter surfaces | Toltane, T
can contribute to lower UHI Lary || el B B8
Scofield |
temperatures |
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Remarks

- Pavement use stage has a significant impact on overall
sustainability
—Can overwhelm impacts imparted from materials,
construction, and maintenance/preservation/rehab stages
Context sensitive

—Traffic volumes
—Urban vs. rural
—Climatic region

- Effective balance needed for some parameters

National Concrete Pavement
Technology Center <~

Tech Center

IOWA STATE
UNIVERSITY

Institute for
Transportation
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Session 7:
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Measuring/Assessing Sustainability

Performance assessment
Alternatives must provide equal or better performance
Life-cycle cost analysis (LCCA)
Evaluation of total cost of a pavement alternative over its life
Life-cycle assessment (LCA)
Quantification of environmental impacts (often greenhouse gas
emissions) of a product or system
Rating systems
Lists of sustainability “best practices” with assigned scoring
metrics [e.g., Greenroads, INVEST (FHWA), ENVISION
(ASCE/APWA/ACEC), LEED (USGBC)]

5/16/2025

Life-Cycle Cost Analysis

What is LCCA?

Analytical tool to compare
costs between two or

Construction

more competing , Rehabilitationé Alternative A
alternatives on a project

) g pettiteeeet it g
Alternatives are assumed Maintenance !

. y Terminal
to produce equivalent ) Value
benefits Construction

Preventive Rehabilitation
Pavement LCCA Maintenance % Alternative B
considers: ;
_ e oty atetete
Direct agency costs | )
User costs Source: APTech * e
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LCCA Uses
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- Serves as an agency decision factor that
can help lead to reductions in overall
pavement life-cycle costs and impacts to LCCA
road users

* Helps identify opportunities to reduce
agency and user costs throughout the
pavement life cycle

LCCA Tools

* Many DOTs have their own v_mjm;mmpm__ ===
LCCA tools (often spreadsheets) (BT o) e A

* FHWA's RealCost tool

(early 2000s, updated in 2023)

—~Comprehensive economic

B s @ RN @

Altemnative-Level Inputs Input Warnings

e R o
Simulation and Outputs

analysis G | D] SEPHECN|
—Agency + work zone costs
R Administrative Functions
—Both deterministic and | | (e e

probabilistic approaches
Source: FHWA

https://www.fhwa.dot.gov/pavement/Icca/lccasoft/

LCCA Resources
?_ EENER Lifecycle Cost Analysis RealCost
= User Manual
Life-Cycle Cost Analysis

in Pavement Design

e e s et Do

L —— [T

https://www.fhwa.dot.gov/pavement/icca/
|
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Life-Cycle Assessment
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Life-Cycle Assessment

Structured evaluation methodology to quantify environmental

impacts
May include all life-cycle stages

Can consider a range of environmental impacts
Assess decisions related to materials, design, rehabilitation, end of life

Support development of

Perform detailed analysis to
evaluate the environmental
impact of products or materials
over the life-cycle
LCA software exists (e.g.,
Athena, Gabi, SimaPro) include
relevant LCI datasets
Some tools for life cycle GHG or
CO, emissions available
LCA Pave

@@= i~ fb— Fry
Environmental Product TR :
Declarations (EPDs) Fee@® $® 80 60 @’
Note: LCA # LCCA but @@ "V O U
Comp|ementary L ovputs: WLy i Y i -
TR Source: FHWA
LCA Tools

~ %

\
Reconstruction
and Recycling
Plrsewllt;nlnd
Rehabilitation
///

Source: CPTech Center
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LCA Pave

* Training and informational LCA tool

developed by FHWA under their I-EA ‘) PAVE

Sustainable Pavements Program
* Microsoft Excel-based

- For use by highway agencies i\ SUSTAINABLE
knowledgeable of LCA principles EAR\LEMEWE
* Freel!

https://www.fhwa.dot.gov/pavement/Icatool

LCA Pave: Tool Uses

 Evaluate environmental impacts of:
—Pavement materials and mix designs
—Pavement structures
—Pavement treatments

+ Compare material sources and hauling alternatives

+ Evaluate life-cycle strategies for maintenance,
preservation, and rehabilitation

» Compare pavement end-of-life strategies (recycling vs.
reuse vs. landfill)

5/16/2025

LCA Pave: Tool Scope and Features

- Focus on project-level analysis

» Uses publicly available national average data

* Allows users to add, store, update, and use data stored
in the tool’s library

* Handles metadata and data quality indicators

* Includes all pavement life-cycle stages except use
stage

+ Allow users to add environmental product declarations
(EPDs) for pavement materials and mix designs
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LCA Pave: Environmental Impact Indicators
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* Tool includes Tool for
Reduction and
Assessment of Chemicals
and Other Environmental
Impacts (TRACI) 2.1 life-
cycle impact assessment
(LCIA) indicators

Acidification Potential

Ecotoxicity Potential

Eutrophication Potential

« Fossil Fuel Depletion Potential

* Global Warming Potential

* Human Health — Cancer

* Human Health — Noncancer

Human Health Effects — Particulates
Ozone Depletion Potential

Smog Formation Potential

Note: TRACI is a tool from the US
Environmental Protection Agency (EPA)

LCA Pave: Example Outputs

Impact Ind

Eutrophication

icator

Percent of Total Impact

Smog Formation

Ozone Depletion

Global Warming

= Altenative 1 m Alternative 2

0 20 40 60 80 100
Normalized Impact Indicator Values (%)

= Initial C and

100

Source: APTech

Rehabilitation mRemoval

Global Warming ~ Ozone Smog  Eutrophication

Depletion Formation
Impact Indicator

LCA Resources

LIFE GYGLE ASSESSMENT OF PAVEMENTS

https://www.fhwa.dot.gov/pavement/sustainability/guidance.cfm
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Rating Systems
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Sustainability Rating Systems

Greenroads™ Summary

* Definition: T
—A list of sustainability best DTt
practices with an associated Ll
common metric (usually points) Nt boes 101
. . Pavement Techaologles 10,20
—Considers the road and not just o el i, Source:
the “pavement" Pavement Scorecard FHWA
Credit ~ Title Points
* Purpose A3 St Reoyemg Pan 1
. . CA-7  Water Use Tracking 2
—Encourage sustainability A8 Contractor Warranty 3
1 MR-4 Recycled Materials 2
praCtlceS MR-5 Reg al Materials a
—Communicate sustainability PT-L - Longiife Pavement s
PT-4 Cool Pavement 5

Remarks

123

* Various tools can be used alone
or in concert to evaluate
environmental impacts of
pavements
—Aid in decision making process
—Provide benchmarking
—ldentify areas of improvement

- Pavements are but one part of
larger systems Source: APTech

41



National Concrete Pavement

IOWA STATE
UNIVERSITY

Institute for
Transportation

5/16/2025

Session 8:
FHWA Low-Carbon Transportation
Materials Program

IOWA STATE UNIVERSITY National Concrete Pavement
Institute for Transportation Technology Center c_
i

Recent FHWA Initiatives

 Executive Order 14057, Net Zero
Federal Procurement (2021)

« Climate Challenge, explore use of
LCA and EPDs (35+ projects, 27
agencies, $7.1M) (2023)

 Every Day Counts 7 (EDC-7), EPDs
for Sustainable Project Delivery
(2023)

* Low Carbon Transportation Material @ LoweaRaon
(LCTM) program (2024)

Source:
FHWA

MATERIALS
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FHWA LCTM: What Is It?

+ $2B grant program to incentivize the use of construction
materials or products that have substantially lower levels
of GHG emissions as compared to industry averages of
similar materials or products
—$1.2B for State DOTs
—$0.8B for non-state applicants

» Funds must be obligated by Sept 30, 2026

+ Funds available for expenditure through Sept 30, 2031

Broad Objective: Increase and institutionalize
the use of LCTMs on Federal-aid projects

Co-Benefits of Implementing an
LCTM Program

* Achieve cost savings
* Reduce environmental impacts
- Conserve finite resources

+ Create or expand low-carbon transportation material
industries

* Introduce material performance testing, benchmarking,
and specifications

 Improve cost and performance of materials

Eligible Projects

« Funds can be used only on Title 23 construction projects
—Federal-aid highways

—Tribal transportation facilities

—Federal lands transportation facilities

—Federal lands access transportation facilities

Funds can be used for activities required to develop
process(es) to demonstrate that materials:

—Meet the standard of “substantially lower embodied carbon”
—Are appropriate for use on eligible constriction projects
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Eligible Material Categories

Eligible materials for LCTM program are:

Asphalt mixtures

‘,‘ Concrete (and cement)

Steel (including, but not limited to, hot rolled sections, plate, hollow structural
sections, steel reinforcing bars/rebar, cold formed steel framing and steel joists)

Glass (including, but not limited to, flat or float glass, processed glass, and
insulated glazing units)

Assemblies comprised of at least 80 percent of materials that qualify under
this determination, by total cost or weight

EPA Interim Determination issued 12/12/2022

5/16/2025

What are Low Carbon Materials?

Low carbon materials (LCMs) have low embodied GHG
emissions
Embodied emissions = GHG emissions associated with the
extraction, production, manufacturing, and transport of a material
Example: 9% 2%
Portland cement portland cement production evwv'“lﬂ_s:‘ﬂ
production contributes
to ~90% of the embodied
emissions in a concrete
mix (cradle to gate) o

i

Source: CPTech Center

LCTM Material Qualifications

Only cradle-to-gate embodied GHG emissions considered
Material must be from the eligible categories
Material must have a cradle-to-gate EPD

Material GHG emissions
must be below the thresholds
from the published industry

benchmarks Carbon Diowde
Global warming potential (GWP) EW 5O e
is a measure of GHG emissions e ne—T (oG

i iti ; ooxotsouaimeronts - f B Fuorinaied Gases
intensities, reported in kgCO,e e e

Source: FHWA
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LCTM Scope
- Considers embodied e Wi J e ]

carbon emissions from
only the materials
production stage (cradle-
to-gate or A1 to A3)

—Eligible materials include
both cement & concrete
—Agencies are encouraged

&
iz

bl M

to consider strategies that =
will reduce emissions in all T .
life-cycle stages i—

EPDs

- Transparent, verified report of the environmental
impacts of producing a material or product
—Material/product-specific

—Provides consistency in analysis and reporting @
of environmental impacts ot
- Developed in accordance with applicable ==

Product Category Rule (PCR)

Source: FHWA

EPA Interim Determination of Qualifying
Materials

What qualifies as “substantially lower?”
1

g

percentile | Lowest 20 percent in em‘chied
\ | greenhouse gas emissions
1
| |
|
per“‘::'“e Allemate Qualification:

Lowest 40 percent in embodied
greenhouse gas emissions

less than l
industry average

Final Alternate Qualification:
Lower than estimated industry average

A

Source: FHWA
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Industry Average GWP Thresholds

* Agency may refer to industry-published GWP data
that will be made available on the LCTM website
—Asphalt

—Concrete
—Steel

- Eligible LCTM grant recipients may use FHWA-
established threshold values or develop
local/regional thresholds (recommended)

5/16/2025

LCTM Process Overview

FHWA HIF
Review Provides
Funding Applications  Receive Agencies submit Comments to Division Office
Announced  Submitted Funds I

mplementation Process Reports Division

Approval

(i H—v

March 12,2024 June 10, 2024 (State) Dec 2024 / Jan 2025 (Stale) By September 30, 2026 By September 30,2026 By September 30, 2026
TBD (Non-State)

(non-State)

Source: FHWA

Construction
(Y
£

By September 30, 2031

137

Implementation Process Report (IPR)

* IPRs must contain (at a minimum):

—Process to ensure conformance with EPA interim
determination

—Process for engineering performance of LCTMs
—Process for EPD acceptance
—Identification of eligible construction projects

—Methodology for calculating incremental or incentive
amounts for construction

+ Grant recipients may develop multiple IPRs to meet
requirements noted above
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Current Status

- 39 State DOT award recipients
—~$1.2B awarded
* lllinois: $31.9M
» Some uncertainty in funding
—Five agencies have obligated
funding: IL, CO, OR, MN, ___ o
* Assuming no changes AL TN -
—All funds obligated by 9/30/2026 Source: FHIWA
—Funds available for expenditure thru 9/30/31
—Showcase phase through 2031 (webinars, peer exchanges,
case studies)

LCTM Resources

* FHWA's LCTM Webpage: https://www.fhwa.dot.gov/lowcarbon/

» LCTM Support Webpage: https://sppcc.ucdavis.edu/LCTM

* LCTM Email Support: FHWALowCarbonMaterials@dot.gov

+ LCTM FAQs: https://www.fhwa.dot.gov/lowcarbon/fag.cfm

» Other LCTM Resources:
https://www.fhwa.dot.gov/lowcarbon/resources.cfm

* Industry Average GWP data:
https://www.fhwa.dot.gov/lowcarbon/industry averages.cfm

» CPTech Center’s Low Carbon Concrete Guide:
https://cptechcenter.org/news/cp-tech-center-publishes-reduced-
carbon-guide/

s |
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