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Agenda:
Elements of Life Cycle Thinking
• Life Cycle Assessment
• Life Cycle Cost Analysis
• Life Cycle Thinking
• LCA Construction Application

Communicating LCA Outcomes
• Product Category Rules
• Environmental Product 

Declarations (EPD)
• EPD Programs

EPDs in Procurement Policy
• Initiatives within EPA, FHWA 

and GSA
• Implementation: Climate 

Challenge, EDC-7



• Technique to quantify 
environmental impacts of 
products and processes

• Track all material and energy 
flows from the system over 
the life cycle

• Convert environmental 
outputs into environmental 
impact potentials using TRACI 
– impact assessment method

• Mid-point indicators such as 
Global Warming Potential 
(GWP) – kg of CO2 equiv.
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Life Cycle Assessment

Agency dataIndustry data

Full life cycle: Cradle-to-grave

Cradle-to-gate: Embodied Carbon



Life Cycle Cost Analysis
• Determine what is the best 

investment opportunity given 
alternatives for a project over 
the long term (complete life 
cycle).

• Does not address equity issues
• Does not account for 

environmental impacts
• Transportation Equity Act for the 

21st Century (TEA-21) – 1998
• Required when:

• Conducting value engineering of 
large projects (23 CFR 627) (all 
NHS > $50M + Fed $$)

• Using alternate bidding for 
pavement type selection 
(TA5040.39)
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Life Cycle Thinking

Life-Cycle Cost 
Analysis
(LCCA)

Life-Cycle Assessment
(LCA)

Sustainability 
Rating Systems
(e.g.,  INVEST)

Social LCA 
(S-LCA)

Performance 
Testing

Performan
ce Testing

Image Source: FHWA/APTech



Pavement Life 
Cycle 
Assessment 
(LCA)

• What is the driving 
question?

• What is being 
included within the 
system boundaries?

• Scope of the study 
depends on the goal

Guidelines and framework (2015)
- System boundaries
- Unit processes

Sustainable Pavements 

Background 
Data

- Fuels
- Electricity
- Transportation



Arizona DOT Case Study: LCA Pave Application
Investigate the feasibility of integrating Life Cycle Assessment (LCA) 
information for supporting pavement design decision-making, 
procurement and pavement management processes. 

Mill & Fill
Removal: cold mill 1-3/4 inch
Paving: 3 inches total
- 2-1/2 inch of new AC,
- ½ inch of new ACFC.

Hot-in-Place Repaving
Removal: Cold mill of ¾-inch
Paving: 3 inches total,
- 1-inch Hot in Place
- 1-1/2-inch new asphalt

concrete (AC)
- ½-inch new AC friction

course (ACFC).

Compare 
Alternative 
Treatments 

• Mill & Fill
• Hot in Place 

Repaving
• Full Depth 

Reclamation



Comparison - GWP
HIPR: 7.5494 kg of CO2 Eq./sq yd

M&F: 9.2918 kg of CO2 Eq./sq yd

• Impact from new material use 
drives GWP

• HIPR is a lot more energy 
intensive during construction



Comparison - Energy
HIPR: 242.42 MJ/sq yd

M&F: 359.68 MJ/sq yd

• Net energy impact from new 
material governs

• Transportation of milling off site 
not a contributor – in this case



How do we Communicate LCA 
Outcomes?
Product Category Rules and 
Environmental Product Declaration



Product Category Rules

Rules that govern LCA supporting an Environmental Product Declaration (EPD)
A PCR specifies:
• The goal, scope
• Functional and/or declared units 
• The modules and processes 
• Guidelines for data collection
• Time horizon of reporting 
• Use of geographically pertinent data.

PCR Principles and 
Procedures: ISO 14025 
Core PCR (part A): ISO 21930

Background 
Data

- Fuels
- Electricity
- Transportation



Environmental Product Declarations

Standard instrument to reporting LCA outcomes based on a Product Category Rule
 Environmental impact indicators (such as Global Warming Potential), 
 Total primary energy consumption and material resource consumption.



Scope: Cradle-to-grave

Improved Background 
Data sets

Foreground Data 
supported by EPD data 
collected 2016 – 2020

Portable Plants 
included

Baghouse fines: waste 
to landfill and beneficial 
reuse 

Extended sensitivity 
analysis



Analysis of Asphalt Mix Contributions

Mix with 5% asphalt binder, 30% RAP
Average ton-miles travelled (sample of 15 plants):
• Truck: Aggregate: 21.5 ton-miles/ton, RAP: 50 ton-miles/ton 
• Binder: 3.9 ton-miles/ton (Rail)



Foreground Data
Observed Construction Data

Life Cycle Assessment 
Use LCA Pave

LCA Metric
GWP per sq yd of Operation

Product & Plant Specific 
EPDs Construction Stage Data

Cradle-to-Gate 
Impacts

Background Data
Federal LCA Commons

Procurement Process Construction Phase
LCA Information Flow



Pathways to NetZero

• Decarbonization: Choice of Materials 
• Lower embodied carbon
• Use of recycled materials

• Process Design: Lean engineering
• Onsite Generation of Renewable Energy: Solar, Geothermal, Wind
• Use of bio-based binders and fuels can introduce a negative carbon account due 

to biogenic uptake
• Use of Offsets: including Renewable Energy Credits
• Towards Consequential LCAs

CO2

CO2

CO2



EPDs in Public Procurement 
Policy
Climate Challenge
EPDs for Advancing Project Delivery



Sustainability Initiatives in the Spotlight

EO 14057
specified goal of 
Net Zero Federal 

Procurement

Inflation
Reduction Act

$2 Billion for FHWA 
Low-carbon 

transportation 
materials grants

25 States 
(+2 Locals) 

Participating
35+ projects from 

27 agencies
$7.1M

EDC-7
EPDs for 
Sustainable 
Project Delivery



Priority materials and pollutant recommendations 
(GHG):

• Asphalt
• Concrete
• Flat glass
• Steel

 Reporting tool recommended: EPDs
Aligned with Inflation Reduction Act of 2022 

funding

Source: Fact Sheet: Biden-Harris Administration Announces New Buy Clean 
Actions

White House Buy Clean Task Force  – First set of 
recommendations

Source: Council of Environmental Quality

https://www.whitehouse.gov/briefing-room/statements-releases/2022/09/15/fact-sheet-biden-harris-administration-announces-new-buy-clean-actions-to-ensure-american-manufacturing-leads-in-the-21st-century/
https://www.whitehouse.gov/briefing-room/statements-releases/2022/09/15/fact-sheet-biden-harris-administration-announces-new-buy-clean-actions-to-ensure-american-manufacturing-leads-in-the-21st-century/


Section No. Agency Funding Title Expiration Date

60112 EPA $250M Environmental Product Declaration Assistance Sept. 30, 2031

60116 EPA $100M

Low-Embodied Carbon Labeling for Construction 
Materials
• Identify and label construction materials with lower 

embodied GHG
• Production, Use, and Disposal

Sept. 30, 2026

60503 GSA Federal 
Buildings Fund $2.15B Use of Low-Carbon Materials Sept. 30, 2026

60506 DOT FHWA $2B

Low-Carbon Transportation Materials Grants
• Use of construction materials and products that have 

substantially lower embodied GHG Production, Use, 
and Disposal

Sept. 30, 2026

Inflation Reduction Act of 2022 (Pub. L. 117-169) -
link

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




• March 30, 2022 – GSA published 
Concrete and Asphalt 
Specifications requesting EPDs 
at installation

• February 25, 2023 - Pre-
decisional discussion

• Check feedback schedule

GSA – Lower Embodied Carbon Materials 

Source: GSA Concrete Spec.
Source: GSA Asphalt Spec.

https://www.gsa.gov/cdnstatic/Low%20embodied%20carbon%20concrete%20SOW%20language%203-29-22_0.pdf
https://www.gsa.gov/cdnstatic/Environmentally%20preferable%20asphalt%20SOW%20language%203-29-2022_0.pdf


GSA – Lower Embodied Carbon Materials 

• Emphasize use of product and 
facility specific EPDs

• Inclusion of Energy Star metrics



• September 15, 2022 – first Buy Clean 
Policy Statement. DOT Embodied Carbon 
Working Group formed 

• Details the commitment to assess and 
address the embodied carbon emissions 
from transportation projects

• Prioritize three actions
• Use of EPDs
• Develop a Buy Clean Policy
• Education and Research commitments

DOT – Policy Statement on Buy Clean Initiative 

Source: DOT-signed Policy

https://www.transportation.gov/sites/dot.gov/files/2022-09/Signed_Buy_Clean_Policy_Statement.pdf


State Level Initiatives

Information collected from State 
legislative websites. 



State DOTs and other public agencies explore the use of LCA and 
EPDs as a standard practice to inform pavement material and 
design selection for enhancing sustainable pavement practices and 
quantify the emissions and impacts of those practices.

For the latest information, visit the website: https://highways.dot.gov/climatechallenge

FHWA Climate Challenge:
Quantifying the Emissions of Sustainable Pavements

https://highways.dot.gov/climatechallenge


• 30+ proposals from 27 agencies 
(including 2 local agencies)

• Education, implementation, 
benchmarking, fundamental 
research projects

• Providing technical and funding 
($7.1 million) assistance 

• +7 DOTs are exploring Buy Clean 
Policy

Climate Challenge Participants



• Educational Outreach
• LCA and EPD assistance for all Climate 

Challenge Participants
• Demonstration and support for use of FHWA 

LCA Pave Tool
• Dissemination and knowledge transfer

• Project close out meeting and final symposium
• Integration with FHWA Community of 

Knowledge 
• Ongoing knowledge sharing and peer support

27

Training / Workshop

  

Contact Migdalia Carrion 
Migdalia.carrion@dot.gov

Next Community of 
Knowledge:

February 2023

https://usdot.zoomgov.com/j/1619528916?pwd=c0swQlJEN0g5OWRYZis0bm9UTGQvUT09
mailto:Migdalia.carrion@dot.gov


If you want to go fast go alone, 
If you want to go far go together. 

- Wisdom of the Ancients

Thank You



Emulsion
- Extraction
- Transport
- Production

Milling Operation

Other Equipment
- Front-End Loader

Asphalt Millings 
Away From Site

Repaving
- Pre-heater 
- Heat transfer 

vehicle
- Tack truck
- Rollers

Asphalt Mix to Site
Asphalt Mix

- Extraction
- Transport
- Production

Asphalt Paving
- Asphalt paver
- Skid steers
- Rollers

Rejuvenator
- Extraction
- Transport
- Production

Upstream Processes – Hot-in-Place Repaving
Electricity, Diesel, Propane, Transportation, Equipment Energy, Industrial Boiler 

Materials Transportation Operations Transportation

Asphalt 
Pavement

Recycled in-situ



Emulsion
- Extraction
- Transport
- Production

Milling Operation

Other Equipment
- Front-End Loader

Asphalt Millings 
Away From Site

Asphalt Mix to Site

Asphalt Mix
- Extraction
- Transport
- Production

Asphalt Paving
- Asphalt paver
- Skid steers
- Rollers
- Tack Truck

Upstream Processes – Mill & Fill
Electricity, Diesel, Propane, Transportation, Equipment Energy, Industrial Boiler 

Materials Transportation Operations Transportation
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