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Timeline of events leading to Paris agreement in 2015
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Continuing rise in greenhouse gas emissions



Mrote by Leuren Adems | The Mast

Groundhog Day faces challenges due to climate
change



Climate Change is Real

- Arctic is melting, sea levels are rising

- Hurricanes and wildfires are more
severe

- Optimistic models predict substantial
climate change over the next century

- Rate of change dependent on
human activities

- We need tools to assess economic,
environmental, and social impacts
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United States Billion-Dollar Disaster Events 1980-2022 (CPI-Adjusted)
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The world must cut emissions
by 43% by 2030 to meet Paris

goals. Instead, they're set to
rise by 10.6%.



What's Been Happening Lately in the U.S.?

- Federal Buy Clean Initiative
- Promote use of low-carbon materials made in the U.S.
- $4.5 Billion for GSA, DOT, and EPA

- FHWA Climate Challenge
-35 Projects from 27 agencies (2 local agencies)
-$7.1 Million to implement LCAs and EPDs
-Washington and Oregon State DOTs are participants

-Local Agencies: City of Seattle and Port Authority of NY & NJ
Q
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What Can | Learn From This Presentation?

* A primer on Life Cycle Assessment (LCA)

- Environmental Product Declarations (EPDs) and Product
Category Rules (PCRs)

* An introduction to the LCA Pave tool:
-Scope of the tool and use cases
-Applications and limitations
-Tool’s structure and user interface
- Pavements and rock stars — what’s the connection?
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What is LCA?

- Technique to quantify environmental impacts of products,
processes, or systems

- Covers a range of environmental impacts
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LCA# LCCA

- Life-cycle cost analysis (LCCA) evaluates
life-cycle economic impacts

- Life-cycle assessment (LCA) quantifies
life-cycle environmental impacts




Pavement Life Cycle




Quantify Environmental Impacts from Each Activity
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Important To Know

- LCAs are context sensitive

-Results from different LCA studies should not be
compared

-LCA is just one indicator in the decision-making process

-Other key factors (life-cycle agency costs, work zone
safety, user costs, etc.) should also be considered



What Are EPDs?

- Communicate environmental impacts of
material or product

- Express the results of an LCA
- Developed with stakeholder input

- Follow industry standards described in
the PCR
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Product Category Rules (PCR)

- PCRs are sets of industry-consensus standards and
guidelines used to develop EPDs

*PCRs ensure EPD:
-Consistency
-Transparency




Example EPD ¥

An Environmental Product Declaration
for Asphalt Mixtures

TRACI Impact Unit Materials Transport Production
Indicator

Glohal Warming kg CO2-Fquiv. ]34 1R 168
Potential
Ozone Deplation kg CFC 11-Equiv. 1.231=2-08 Se-10 !.55e-11
Acid ficaton kg SO2-Equiv. 0.485 C.0577 1.08
Euvtrophication kg N-Equiv. 0.0253 C.00373 0.0207
Smog Air M. surplus energy  8.23 1.81 13.3
Note Impazcts fer Test Mix 1, a dense-graded Saperpave asphalt mixture, categorized as a hot-mix
asphalt mixture, produced within a temperature range of 100 to 250°F.

Courtesy of National Asphalt Pavement Association



How Are EPDs Used? (&)

 Provide Verifiable and Transparent Information
- Performance Metric Supporting Innovation
-Procurement
- Communicate Good Stewardship
- Data Source for
-Benchmarking Progress

-LCAs for Informing Policy, Pavement Design, or
Pavement Management Practices



LCAEPAVE

A Tool to Assess Environmental Impacts of
Pavement Material and Design Decisions



What is LCA Pave”?

- LCA tool developed by FHWA with stakeholder input
- Microsoft® Excel®-based

- For use by State and local highway agencies and
individuals knowledgeable of LCA principles

(bwieuews LCA€) PAVE

PROGRAM



Tool Uses

- Evaluate environmental impacts of pavement materials,
pavement structures, pavement treatments, and mix
designs

- Compare material sources and hauling alternatives

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

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



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



Environmental Impact Indicators

- Tool includes life-cycle inventory (LCI) flows and Tool for Reduction
and Assessment of Chemicals and Other Environmental Impacts
(TRACI) 2.1 life-cycle impact assessment (LCIA) indicators

LCI Flows

» Use of renewable primary energy, excluding renewable
primary resources used as raw materials

» Use of renewable primary energy resources used as raw
materials

 Total use of renewable primary energy resources

» Use of nonrenewable primary energy, excluding
nonrenewable primary energy resources used as materials
» Use of nonrenewable primary energy used as raw materials
* Recycled material usage

» Disposed non-hazardous waste

» Disposed hazardous waste

» Disposed radio-active waste

* Net use of fresh water

» Supplementary Cementitious Material (SCM) usage

TRACI 2.1 LCIA Indicators
Acidification
Ecotoxicity
Eutrophication
Fossil Fuel Depletion
Global Warming Potential
Human Health — Cancer
Human Health — Noncancer
Human Health Effects — Particulates
Ozone Depletion
Smog Formation

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



https://www.epa.gov/chemical-research/tool-reduction-and-assessment-chemicals-and-other-environmental-impacts-traci

LCAEPAVE

Tool Structure and User Interface Overview



Tool Components

- Data Libraries:

-Contains default and user-developed items used to model
different design alternatives

- Analysis Session:
-Model design alternatives
-Run an analysis
-Display results



Data Libraries

- Materials

- EqQuipment

- Waste

* Transport

- Mix Designs
- Activities
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Impact Indicators
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Metadata and Data Quality Indicators
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Using EPD Data in LCA Pave

Users can indicate if data is
obtained from an EPD
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Analysis Session Structure

1. Analysis Session

2. Analysis Alternatives (1, 2, 3, etc.)

3. Pavement (Mainline, Shoulder, Ramps etc.)

4. Life-Cycle Stage (Initial Construction, Maint. & Preservation etc.)
Example:

Life-Cycle Stage: Maintenance @ Yr. 20
Project: Slab Replacement (SR) & Diamond Grinding (DG)

5a. Activity #1: 5% SR 5b. Activity #2: 100% DG

6a. Processes 6b. Processes

Materials Equipment
Equipment Waste
Waste Etc.

Etc.




Analysis Session Details Interface
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Design Alternative Definition Interface
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Results Interface

- Users can choose
functional unit and
select impact indicators
to be included in the
results
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Results View #1

Overall Summary
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Results View #

- Shows comparisons

between two

alternatives for the

impact indicator
selected

2 — Tree Comparison
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Results View #3 — By Category

- Shows results by
categories established
in the tool for the
selected impact
indicator
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Results View #

- Generates
customizable output
report template with
detailed outputs

Detailed Outputs

Detailed LCA Output
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LCAE PAVE

Analysis Example



Modeling Asphalt Pavement Life Cycle

* Asphalt Mix Design: HMA-1 * Asphalt Mix Design: HMA-2
* Analysis Period: 25 years * Analysis Period: 25 years

* Pavement Life-Cycle Activities:  * Pavement Life-Cycle Activities:
o Year 0: 4-inch HMA over 6-inch o Year 0: 4-inch HMA over 6-inch

aggregate base aggregate base
o Year 10: 1-inch mill and fill o Year 10: 1-inch mill and fill
o Year 18: 1-inch mill and fill o Year 18: 1-inch mill and fill

o Year 25: Demolish and Landfill o Year 25: Recycle On-Site




Example Outputs

Normalized Impact Indicator Values (%)
8E% 88% 90% 92% 31% 9%6% 9&€% 100%

Acidification (kg SO2 eq) — TRI0E AT !

Ecotoxicity (CTUscolkg) Mm—

Eutrophicaton (kg N eq) _ R R TR FRR PR AT

Impact Indicator

Uzone Leolston (kg CFC-11 eq)

Smog Formalion (kg O3 eq)

CAlternative 2

u Alternative 1

By Life-Cycle Stage Summary (Alternative 1)
smegformaticn (kg C3cq) [ 32 7

Qzone Dep etion (kg CFC-11 eq)

wssil Foel Cuplution (M) surp us)

ELtroshication (k2 N eq)

Impact Indicator

teotox oty (U1 Uezc/kgl
Acidification (kg 502 eq)

Totzl Nonrenew. Erergy (M)

T

% of Total Environmental Impect
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Summary

- Created with stakeholder input
- Uses public data sets

- Incorporates metadata and data quality indicators
- Handles EPD data
- Tool Uses

-Training

-Pilot Studies



L CA Pave Resources

LCA Pave: A Tool to Assess
Environmental Impacts of
Pavement Material and
Design Decisions

User Manual

LCA Pave: A Toolto Assess
Environmental Impacts of
Pavement Material and
Design Decisions

Underlying Methodology
and Assumptions

https:[/wwfhwa.dot.gov[pavemet/ Icatool/



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

Other Resources and Tools

- FHWA Pavement LCA Framework

- FHWA Tech Brief on Pavement LCA

- FHWA Tech Brief on Life-Cycle Thinking
- FHWA Tech Brief on EPDs

- FHWA Tech Brief on Data Needs for Pavement LCA: What
Agencies Need to Know

- Federal LCA Commons
- TRACI

www.fhwa.dot.gov/pavement/sustainability



https://www.fhwa.dot.gov/pavement/sustainability/hif16014.pdf
https://www.fhwa.dot.gov/pavement/sustainability/hif15001.pdf
https://www.fhwa.dot.gov/pavement/sustainability/pubs/hif19027.pdf
https://www.fhwa.dot.gov/pavement/sustainability/hif19087.pdf
https://www.fhwa.dot.gov/pavement/sustainability/pubs/hif19101.pdf
https://www.fhwa.dot.gov/pavement/sustainability/pubs/hif19101.pdf
https://www.lcacommons.gov/
https://www.epa.gov/chemical-research/tool-reduction-and-assessment-chemicals-and-other-environmental-impacts-traci
http://www.fhwa.dot.gov/pavement/sustainability

Pavements and Rocks
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Pavements and Rock Stars
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Rockstars and Climate Change

Coldplay announced when promoting their last album,

Everyday Life, that they would no longer be touring “if it's
not carbon neutral”.

"

B

o ".;,1

Joni Mitchell’s “Big Yellow Taxi”
discusses humanity’s role in climate
change, particularly with regards to
deforestation.

David Gilmour donated the money raised
from the sale of his collection of classic
guitars to ClientEarth, to support efforts to
fight the climate crisis.



https://www.euronews.com/green/2019/11/21/coldplay-refuse-to-announce-world-tour-for-environmental-reasons
https://www.euronews.com/green/2019/11/21/coldplay-refuse-to-announce-world-tour-for-environmental-reasons

“Thank You!

Prashant Ram
liedpavement.com



mailto:pram@appliedpavement.com

