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 B.S. in Civil Engineering from Virginia Tech
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M.S. in Civil Engineering from UIUC
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Disclaimers

Unless otherwise noted, images in this presentation are sourced from FHWA.

Except for any statutes or regulations cited, the contents of this presentation do not
have the force and effect of law and are not meant to bind the public in any way.
This presentation is intended only to provide information to the public regarding

existing requirements under the law or agency policies.

The U.S. Government does not endorse products, manufacturers, or outside entities.
Trademarks, names, or logos appear in this presentation only because they are
considered essential to the objective of the presentation. They are included for

informational purposes only and not intended to reflect a preference, approval, or
endorsement of any one product or entity.
R
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Abbreviations

AASHTO American Association of State Highway
and Transportation Officials

EDC Every Day Counts

EPDs Environmental Product Declarations
FHWA  Federal Highway Administration
GWP Global Warming Potential

LCA Life Cycle Assessment

P&R Preservation and Repair

PCR Product Category Rule

Q

U.S. Department of Transportation
Federal Highway Administration

PEM
QC
SCMs
TFHRC

UHPC

Performance Engineered Mixtures
Quality Control
Supplementary Cementitious Materials

Turner-Fairbank Highway Research
Center

Ultra-High Performance Concrete



FHWA's Vision for Pavements

Pavements are designed, constructed,
preserved, and maintained to FAENENT
. REHABILITATION

accommodate current and predicted
traffic needs in a safe and sustainable

¥,

manner considering economic, WG N PAVEMENTS
environmental, and social impacts
throughout the pavement's life cycle.
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N Concrete: the most
Pt destructive material on

factories are often sources of air

pollution. Photograph: Zoonar E h
GmbH/Alamy a

Source: Guardian.com
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Million Metric Tons!

Apparent annual U.S. Consumption of domestically-produced and
imported cement.

1USGS's 2022 Mineral Commodity Summary available at:
https://pubs.usgs.gov/periodicals/mcs2022/mcs2022.pdf



https://pubs.usgs.gov/periodicals/mcs2022/mcs2022.pdf

TE I - T U.S. Greenhouse Gas Emissions and Sinks (MMT CO. Equivalents)

by Gas
Gas/Source*® 1990 2005 2015 2016 2017 2018 2019
W HFCs, PFCs, SF,, and NF, Nitrous Oxide co, 51135 61345 53718 52480 52078 53755 52558
8,000 m Methane m Carbon Dioxide Fossil Fuel Combustion 4.731.5 5.753.5 50083 49115 48545 49914 48567
7,000 —“’___,,..——-"-""'_"”\_,.\'__w_ Transporiafion 1.469.1 1.858.6 1.719.2 1.759.9 1.782.4 1.816.6 1.817.2
g 6.000 —A Electric Power Sector 18200 24001 19006 18089 17320 17529  1.606.0
g" 5.000— Indusirial 8538 8529 7197.3 7925 790.1 813.6 8225
£ 4,000 Residential 338.6 358.9 3173 292.8 293.4 338.1 336.8
= 3,000+ Commercial 228.3 227.1 244.6 2316 232.0 245.7 249.7
2,000 .S, Territories 217 55.9 292 26.0 24.6 24.6 24.6
bl . . . . . Non-Energy Use of Fuels 1128 129.1 108.5 99.8 1135 1297 1288
0 1990 1995 2000 2005 2010 2015 Petroleum Systems 9.7 121 324 218 250 371 473
Iron ond Steel Production & Metallurgical Coke Producfion 104.7 70.1 479 43.6 40.6 42.6 41.3
Cement Production 33.9 46.2 29.9 39.4 40.3 39.0 40.9
U.S. Greenhouse Gas Emissions/Sinks Natural Gas Systems 32.0 252 29.1 30.1 31.2 33.9 37.2
by Chapter/IPCC Secior Petrochemical Production 216 274 28.1 28.3 28.9 29.3 30.8
Ammaonia Production 13.0 92 10.6 10.2 11.1 12.2 12.3
W Woste Industrial Processes W Agriculture Lime Production 11.7 14.6 133 12.4 129 13.1 12.1
Energy ;':I";ngf:s-hl_:r"I:i'rﬁi‘; Change, Incineration of Waste 8.1 12.7 115 11.5 11.5 11.5 11.5
8,000 Other Process Uses of Carbonates 6.3 7.6 122 11.0 9.9 75 7.5
L Urea Consumption for Non-Agricultural Purposes 38 3.7 4.6 5.1 50 59 6.2
g 6000 Urea Ferilization 2.4 3.5 47 4.9 5.1 52 5.3
8 iggg | Carbon Dioxide Consumption 15 1.4 4.9 4.6 46 4. 49
E 3,000~ Liming 47 43 3.7 3.1 31 2.2 2.4
2,000 Aluminum Production 6.8 4.1 28 1.3 1.2 15 1.9
1,000 Soda Ash Production 1.4 1.7 1.7 1.7 1.8 1.7 1.8
0 i i f i i Femoalloy Production 22 1.4 20 1.8 20 21 1.6
-1,000- Titanium Dioxide Production 1.2 1.8 1.6 1.7 1.7 1.5 1.5
1990 1995 2000 2005 2010 2015 Gloss Production 1.5 19 1.3 1.2 1.3 13 1.3
Zint Production 0.6 1.0 0.9 0.8 09 10 1.0

a A e a . a . - -~

CO, Emissions from National-Level U.S. Greenhouse Gas Inventory at:
https://www.epa.qov/sites/default/files/2021-04/documents/fastfacts-1990-2019.pdf pdf



https://www.epa.gov/sites/default/files/2021-04/documents/fastfacts-1990-2019.pdf.pdf

Sustainability

Good
Engineering
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What is Sustainability?

* Achieve the engineering goals for which it was
constructed. (performance)

* Preserve and (ideally) restore surrounding
ecosystemes.

e Use financial, human, and environmental
resources economically.

* Meet basic human needs such as health, safety, EN\IIRI]NMENTA
equity, employment, comfort, and happiness.

(‘ Source: FHWA-HIF-15-002

U.S. Department of Transportation
Federal Highway Administration
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» Sustainabllity is an aspirational goal.

» Sustainability Is context sensitive.

* Sustainability pertains to all areas N Sl
related to pavement and materials. | B

e Sustainability assessment is an
evolving field.

* Considerations of trade-offs is
Important.

Q

U.S. Department of Transportation a
Federal Highway Administration Source: FHWA-HIF-15-002




Everyone has a
place to
contribute




Requirements Process Result
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If we do not
measure,

we cannot
Improve!




Current North American EPDs are limited to
upfront carbon. Such, they can help make
choices within similar materials'. EPDs from
current North American PCRs are
iInappropriate for decision making and
comparison between dissimilar materials.

1Similar materials or products: any material, product, or structural element with
the same specification requirements and covered under the same PCR.




EMISSIONS FROM HIGHWAY TRANSPORTATION SYSTEMS

A Look Beyond the Tailpipe

sy Embodied
Tailpipe | C . 1 - Emission
. Emission

What are tailpipe emissions? What are embodied emissions?
Tailpipe emissions are pollutants from exhaust Embodied emissions include emissions from
gases discharged from vehicles equipped with manufacturing, material transport, construction,
an internal combustion engine. Tailpipe emissions maintenance, and disposal of transportation infrastructure

incurred during the use stage of the pavement life building materials. Embodied emissions of greenhouse
cycle are considered operational emissions. gases (GHG) are also known as embodied carbon.

Source: Emissions from Highway Transportation Systems



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

* Quantifiable: Demonstrate with EPD (using PCR
that is ISO 14025/21930 conformant).

* Practical: An agency needs to be able to use it
and incorporate It into their programs.

Goal:

* Implementation-Ready: Needs a defined
framework (i.e., can't be foundational concept).
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n Define Sustainability

E Accomplishments

US.Department of Transportation
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PLC

s 7

Suppliers seemto  Opportunity to
be driving the address open
transition to PLC. guestions.

Contact: michelle.helsel.ctr@dot.gov

0,

LO

Case Studies?

22


mailto:michelle.helsel.ctr@dot.gov

PLC

TFHRC Study on
PLC reactivity

Q

il i ol Contact: michelle.helsel.ctr@dot.gov

Federal Highway Administration
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Million Metric Tons Produced

10

1990

Cement statistics obtained from USGS at:
https://www.usgs.gov/centers/nmic/cement-statistics-and-information

CO, Emissions from National-Level U.S. Greenhouse Gas Inventory at:
https://www.epa.qov/sites/default/files/2021-04/documents/fastfacts-1990-2019.pdf pdf

Q

U.S. Department of Transportation
Federal Highway Administration
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https://www.usgs.gov/centers/nmic/cement-statistics-and-information
https://www.epa.gov/sites/default/files/2021-04/documents/fastfacts-1990-2019.pdf.pdf

Concrete Industry’'s Support of EPDs

* 40k + EPDs developed.

 NRMCA Program Operator for Concrete EPD:
— High Quality PCRs: ACLCA PCR Best Practices and ISO
— Industry Average

— Education and Communication Tools

Q@ 1Similar materials or products: any material, product, or structural element with
messinieisssdll the same specification requirements and covered under the same PCR.

Federal Highway Administration
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SENSImTIY OF CONCRETE s EMBODDED CARBON EMIssion; STO CEMENT
DIRECT CARBON INTENSITY AND MAT.'ERIAL ]‘RANSPORTATION
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MnROAD

« FHWA contributed $300k to this project.
« MCTC collected data typical of 3 site visits.

* TFHRC performing durability, reactivity, and microstructural testing.

U.S. Department of Transportation

Federal Highway Administration




PEM Pooled Fund

(L

US.Department of Transportation
Federal Highway Administration

Pooled Fund Members

28



PEM — AASHTO R 101*

.

*Use of AASHTO R 101 is not a Federal requirement.

Resistivity V Kelly for Shrinkage
Workability

www.pooledfund.org/Details/Study/727

29



PEM

(Quality Control for Concrete Paving:
A Tool for Agency and Industry

Specification
The Role of Quality Language

(A
US. Department of Transportation
Federal Highway Administration



P3C:

Performance Centered Concrete Construction

Actions between the batch plant and
opening to traffic can significantly impact
the performance of a concrete pavement.

More Info:
https://www.pooledfund.org/Details/Solicitation/1582



https://www.pooledfund.org/Details/Solicitation/1582
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DOT Buy Clean Policy

“So today, as we work to implement President Biden's historic
Bipartisan Infrastructure Law, which will modernize our
infrastructure and create good paying jobs across the nation, the
U.S. Department of Transportation will launch a Buy Clean
Initiative that will assess and address the embodied carbon
emissions that come from the engineering, design,
construction, procurement, maintenance, and disposal of
transportation projects.”

-- USDQT Secretary Pete Buttigieg
https://www.transportation.gov/priorities/climate-and-sustainability/policy-statement-buy-clean-initiative

e

US. Department of Transportation
Federal Highway Administration
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FHWA Climate Challenge

(L

US.Department of Transportation
Federal Highway Administration
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Technical Feedback Group

by

November 2022 — Austin, TX

https://cptechcenter.org/cpm-tfg/

May 2022 — Rosemont, IL

35



Standard Specifications for
Transportation Materials and

Methods of Sampling and Testing

and AASHTO Provisional Standards

Source: Mark Felag and CPTech Center, 2022.

AASHTD Designation: PG xxx-24
Adopied: Frofected 2024]

*

Standard Guide for

Decreasing Concroete’s Embodied
Carbon Content
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Technical Resources

TFHRC research finding

e Noc '
) borr.ela’clon between concrete'’s
mbodied emissions and

compressive strength

» Higher durability typically
corresponds with low embodied

emissions
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ARTICLE

fib WiLEY

Contextualizing embodied carbon emissions of concrete
using mixture design parameters and performance metrics

Michelle A Helsel™? | Milena Rang_.tluv” | Luca Muntamri“ |
Robert spragg* @ | Migdalia Carrion®

‘Epgineeind and Software Conss lanls
inc., Clautlly. Viging, UsA

spprer-Farinnk Highway Reaparch
Cenier, piclean, vimginia, UsA
Ipedersl Highway administriion,
Washingion, Distret of Columbils, USA
Agps Group & Associates, 1L Mew
Hraunfels, Tesas, UsA

Correspondence

Michele A pietsel, TumerF abrhank
Higlway Research CenEn A3
Georgeiown Pk, Mcizan, WA 22100
UsA

Eral michelie el i do. g
Fuading information

Feders Highway AdministEion us
Federal Highway Adenulaietion

Lol INTRODU CTION

Abstract

Multple initiatives advocate for reducing embodied carbon (ie., greenhouse gas
pmissions) sssociated with concret prodncton. Fven though readily iniplemen-
{able strategies exist, practtioners are concerned that reducin gembodied carbon
emnissions may adversely affect concrete perfor mance and durability. pesulting in
detrimental effects from 2 ife cycle perspective. To address such concemns, this
study investigated he carrel alions herween embodied carbon of concrete mix-
fures, mixdure design parameters. and a&perimemalty measured mechanical and
durability properties. The anayzed datasets incladed 143 PoixELres. feamuring 2
variety of mixoare designs from {aboratory and field smdies. The results indicale
that the cement content i e most significant predicia of global warming
potential (GWP) and {hat considerable GWP savings can pe achieved BY reduce
ing and replacing cement withoat compromising performance. Clear correla
gons of GWP with compressive strengih Were not identified. while the resalis
demonstrated that reduced GWP and increased lectrically based resistivity (He
utilized durability indicator) ofien oocur in SyDeTEy-

KEYWD RDS
concrete, AQurability, glotal WATTHNE puti:nb'al. performanes, strength, aystainability

cement and concretd industries. The pement and concrete
industries have been identified 25 relarively high GHG

L1 lnttrtstinluwcring, the carbon emitters, mainty due (o massive production and conr

footprint of concrete

sumption of these materials. Therefore, (hese industries
are locking for affective ways (o reduce theit impacts and

There i ngrow'mgimerat in inCOTpOrALng sustai nability ad Jecarbonization efforts. In the United States, the
across industries, especially in the congex of net-zer cement and concrele industries &8 well as go:ermxent
{reducing greenhouse gas [GHGs] and offsetting those  agencies are making noteworthy eforts to reduce GHG
GHG emissions that cannot be reduced) goals for the emissions, als0 Enown colloguially 85 carbon emissions

Discusion on ths paiper st be subsiged within (wWo months of the
print p\.hhcatm'z.'('l:edﬁcnssm will dhen be pLHﬁlai {n print, along

pased on carbon dioxide equivatent wnits (COz2 e n
021, the portiand Cement Association {(PCA) publu:hed
a roadmap detwiting efforts poward net-zer carbon emis

witly e autuoes’ closure, If 2y, approxaly nive montts after f12 sions for the cement industry that included the entire

print publicaliat

cement and cancrete SUpplY chain! On the state level,

@ 20z2 Internat Gimetral ConcTels This 2rtc Thas hesn potrimtad B 1Y 115 Cemermmert empktyzes and their work B i1 e puilicdamain in the

URA

Srrucoiral Conerets mrrl-i4
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Lite-Cycle Assessment Il: Application to

" Resiliency of
Characterizing Pavement Sustainability e el o, St Iedccs oty Rites Pavement Systems
5” E.I.A I N AB l[ and Understanding Current Practices Understanding Concepts ; - add
I P

PHASE 2: IMPLEMENTATION

E PA“[M[NTS PHASE 1: STATE OF KNOWLEDGE

PROGRAM

el eli2 e013 04 2015 2016 e0ll e018 e013 2020 e0?l
| e ——
Documenting Sustainability Developing a Road Map for the Implementing Sustainability Concepts
Considerations in Pavement Systems Sustainable Pavements Program and Practices

Pavement Sustainability: Webinars Library
Start Here

Q

U.S. Department of Transportation

Federal Highway Administration Case Studies Tools Sustainable Pavements Technical
Working Group (SPTWG) 38




EPDs for Sustainable Every Day Counts
Project Delivery @“O”Jﬁ oo

Environmental product declarations, or EPDs, are reports that provide the life cycle assessment

results of sustainable pavements.

Environmental Products Declarations (EPDs) will transform the procurement
process by communicating GHG emissions in a transparent and standardized
manner to reduce the environmental burdens of transportation infrastructure
throughout the project delivery process. This initiative will work with agencies,

contractors, consultants, and industry to increase their knowledge and identify
successful practices for applying EPDs.

FHWA's Center for Accelerating Innovation at:
® www.thwa.dot.gov/EDC

39



Sie—eil

THE LONG-TERM STRATEGY
OF THE UNITED STATES

Pathways to Net-Zero Greenhouse Gas Emissions by 2050

MOVEMBER 2021

https://www.whitehouse.gov/wp-content/uploads/2021/10/US-Long-Term-Strategy.pdf

Economy-
wide
CO, Targets:
50% by 2030
100% by 2050

(2005 baseline)

40



Low-Carbon Transportation Materials
Grants

o Established under IRA (Pub. L. 117-169 § 60506) - link

FEDERAL HIGHWAY ADMINISTRATION APPROPRIATION.— $2B to remain
available until September 2026, to reimburse or provide incentives for the use,
of construction materials and products that have substantially lower levels of

embodied greenhouse gas emissions associated with all relevant stages of
production, use, and disposal as compared to estimated industry averages

of similar materials or products, as determined by the Administrator of
the Environmental Protection Agency.

Federal Highway Administration 41


https://www.congress.gov/bill/117th-congress/house-bill/5376/text

Smooth*

*Opportunities for pavements to realize benefits in operations phase.

42



| WANT YOU

To help define the
pathway to
sustainability.

Source: Library of Congress, created 1917 by Flagg, James Montgomery.
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Federal Highway Administration

Michelle Helsel

Transportation Specialist
Michelle.Helsel.ctr@dot.gov
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