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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



Production & Manufacturing

Raw Material Extraction

Transportation

Guidelines and framework (2015)

- System boundaries

- Unit processes

Sustainable Pavements Product 
Systems

Flows

Processes

Who is the 
stakeholder?

Development of information models

Federal LCA Commons

Development of an Ontology



Pavement

End-Of-Life 

Asphalt

Concrete

Electricity

Fossil Fuels and Non-
Renewables

Transportation

Construction Equipment

Source: (Visualdictionaryonline.com, 2019)

Mapping to Public Background Data
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Source : National Energy Technology Laboratory
Data Quality : File

Asphalt Binder

Source : National Renewable Energy Laboratory
Data Quality : File

Source : National Renewable Energy Laboratory
Data Quality : File

Source : United States Environmental Protection 
Agency

Data Quality : File

Source : United States 
Environmental 

Protection Agency
Data Quality : File

Source : Asphalt 
Institute and NAPA
Data Quality : File

Background 
Data

- Fuels
- Electricity
- Transportation

https://www.netl.doe.gov/energy-analysis/details?id=bb9b0ec8-68b1-4406-8655-5bb4b095c7eb
https://drive.google.com/file/d/1w106Bqgy5s5MPqWAjXpEyElOWVfyf5jM/view?usp=sharing
https://www.lcacommons.gov/lca-collaboration/search/page=1&group=National_Renewable_Energy_Laboratory
https://drive.google.com/file/d/1Qpa8wCj_bYkjUParQHZx7tt6CaiDbiZ_/view?usp=sharing
https://www.lcacommons.gov/lca-collaboration/search/page=1&group=National_Renewable_Energy_Laboratory
https://drive.google.com/file/d/1WyKxgPO2vAPhhdv1vIb3JQoQV2BPRXbg/view?usp=sharing
https://www.lcacommons.gov/lca-collaboration/search/page=1&group=US_Environmental_Protection_Agency
https://drive.google.com/file/d/1zGYZW8YmKFuukEhZt_naDuw3XfUV18WM/view?usp=sharing
https://www.lcacommons.gov/lca-collaboration/search/page=1&group=US_Environmental_Protection_Agency
https://drive.google.com/file/d/1X2q-ldUs59hCS4gjarAItVhM0BWl1t--/view?usp=sharing
http://www.asphaltinstitute.org/engineering/lca-study-on-asphalt-binders/
https://drive.google.com/file/d/1fMpWDykmW5q7aMFyzpIbq7Pl1iUCvSiY/view?usp=sharing


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
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Comparison of GWP by Operational Category

Materials Construction Operation

Transportation in Transportation out

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
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Comparison of MJ by Operational Category
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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



Inventory Status

• Parameterized life cycle 
inventory available on FLCAC in 
.zolca (OpenLCA) format

• Life cycle information models:
• Background data included

• Impact assessment methods, 
including for waste and water

• Foreground data as reported in 
parametric form - customizable



Analysis of 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)

20.05718

12.44564

10.82773

1.53216

1.18879
0.51615

0.19519 0.14028

Global Warming Potential - kg of CO2 Eq. 

Asphalt binder: 42.7%

Natural gas, in plant: 26.5%

Transport, truck: 23.1%

Electricity, in plant: 3.3%

Aggregate: 2.5%

Diesel, in equipment: 1.1%

RAP: 0.4%

Transport, train: 0.3%
79.4%

11.5%

6.7%

1.0%

0.8%
0.3%

0.1% 0.1%

Non-renewable Energy - MJ

Asphalt binder: 79.4%

Natural gas, in plant: 11.5%

Transport, truck: 6.7%

Electricity, in plant: 1.0%

Aggregate: 0.8%

Diesel, in equipment: 0.3%

RAP: 0.1%

Transport, train: 0.1%



Structure of PCR Guidance Toolkit

Program Operator 
Decides Program 
Implementation Plan

PCR Committee Decides 
LCA Framework Models 
and Assumptions

Reviewer Decides 
Conformance

Consistency

Comparability

Reliability

17

ACLCA



Outcomes

Background 
Data

- Fuels
- Electricity
- Transportation

Decision 
Making 

Use Cases

Integration of 
LCA Metrics in 

Decision-
Making

Formal Definitions for 
Pavement LCA 

Framework

Specification for Software 
Architecture

Publication: Bhat et al. 
(2021)



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



FHWA Program Updates
Climate Challenge

EPDs for Advancing Project Delivery



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

• Education, implementation, 
benchmarking, fundamental 
research projects

• Providing technical and 
funding ($7.1 million) 
assistance 

19

Climate Challenge Participants



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

Construction Stage Data Mapping



Synergy: Materials and Specifications

• Quantifying GHG 

emissions of different 

mixture designs

• Focus on PEM, BMD 

recycled materials, WMA 

& bio-based materials

• Collect asphalt & 

concrete construction 

data in OpenLCA format



Synergy: Pavement Performance and Materials

• Use of EPDs in the 

context of “whole 

pavement LCA”

• Pavement 

deterioration modeling 

and pavement LCA

• Use phase 

implications

• Long life pavements 



Synergy: DOT Processes, Industry Capacity

• Collecting EPDs and 

integration of life cycle 

thinking in DOT 

business processes

• Supporting industry to 

develop capacity

• Establishing strategic 

action plans based on 

readiness assessment



Execution 
Phase
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• Providing technical assistance

• Coordinating peer exchange through the 
Community of Knowledge

• Fostering synergy in research and 
development through the Community of 
Scholars

Programmatic cohesion 
through:

• Education and implementation practices 
for agencies and practitioners

• Framework life cycle inventories in the 
LCA Commons for classes of 
construction activities

• Research outcomes archived and 
disseminated through workshops

Expected outcomes:



• 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

25

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


Additional Technical Assistance 
Community of Scholars

• Knowledge development peer exchange group 
• Faculty, graduate students, researchers (open to all)

• Coordinated effort based on following values:
• Consistency: 

• Use of consensus-based protocols

• Development of life cycle information models

• Adaptability:
• Use of open standards and platforms

Public Data
- Open data
- Sourced federally or from 

proprietary sources
- Transparent  

Industry



Community 
of Scholars 
Topics

• Construction stage data collection 
protocols

• Consensus based development

• Implementation for data collection on 
construction projects

• Data organization and reporting

• Development of repositories

• Development and adoption of standards 
and frameworks 

• Liaising with organizations: AASHTO

• Integration with other FHWA tools

• Developing standardized inventories for use: 
LCA Commons



Arizona 

DOT

Contact Information: 

Steven Omlsted 

*:solmsted@azdot.gov 

(:480-202-6050

(1) Explore the current PCR/EPD framework by utilizing a life cycle assessment approach.

(2) Use and expand the role of the long-term performance prediction tools (FlexMAT, FlexPAVE, PassFlex,  

PassRigid, etc.) and the LCA Pave Tool. 

(3) Inform ADOT’s implementation plan for reducing carbon emissions from pavements. 

(4) Advance FHWA, AZ DOT, academic, and industry awareness

AZ DOT Pavement materials and performance - the use of LCA, PCRs, and EPDs to 
quantify resource use, energy, emissions and inform design selection processes.

➢ Develop or refine current standards and specifications to implement quantifiable 

sustainable pavements approach;

➢ Implement FHWA LCA Pave Tool to conduct LCAs;

➢ Collect EPDs on projects;

➢ Use life cycle inventories from LCA Commons Database to conduct LCA on 

select projects;

➢ Implement pilots for techniques, strategies, and materials that reduce GHG 

emissions;

Project Goals:

Project Scope:



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


