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About the Presenters

Thomas J. Van Dam, Ph.D., P.E., F.ACI joined WJE in 2023 with over 35 
years of civil engineering experience, specializing in concrete materials 
related to pavement and slab design, sustainability, and overall 
evaluation. His major areas of interest include performance assessment, 
durability, forensic investigations, and greenhouse gas emission 
reduction. Dr. Van Dam has worked successfully in academia and the 
private sector, directing pavement design, materials, and sustainability 
groups in conducting investigative and research projects for federal 
agencies, state departments of transportation, local agencies, private 
industry, and foundations. 

In total, Dr. Van Dam has published over 100 technical papers, articles, 
and reports and is a frequent presenter on concrete materials and 
sustainability.
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About the Presenters

Robert P. Spragg, Ph.D. is a Concrete Materials Engineer 
in FHWA’s Office of Infrastructure, where he leads the 
deployment and transfer of innovative technologies in 
concrete materials and concrete pavements. He has 15 
years of experience in the concrete materials topic area, 
and has delivered a range of successful projects, 
including durability assessment using resistivity, 
durability assessment of Ultra‐High Performance 
Concrete, assessment of opening to traffic. Dr. Spragg 
joins us today talking about Sustainability of Concrete, a 
topic he has been working on for the last three years. 
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Today’s Learning Objectives

• Gain a better understanding of why low
embodied carbon concrete is of such interest
among the concrete pavement stakeholders

• Learn strategies that can be used to reduce the
embodied carbon in paving concrete, focused
on reducing the use of portland cement

• Understand the use of environmental product
declarations (EPDs) in benchmarking and
measuring improvement
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Agenda

• Carbon Reduction in the Context of Sustainability

• Motivation for the Guide

• Background and Scope

• Strategies for Reducing Cradle‐to‐Gate Embodied Carbon

• Quantification

• Closing Thoughts
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“Sustainable development is the 
development that meets the needs 

of the present without 
compromising the ability of future 
generations to meet their own 

needs.”
‐ Our Common Future: Report of the World Commission on Environment and Development (1987)

7

Sustainability and Pavements

• Sustainable pavements achieve the
engineering goals for which they were
constructed.

• Sustainability is an aspirational goal.

• Sustainability is context sensitive.

• Sustainability pertains to all areas related
to pavement and materials.

• Sustainability assessment is an evolving
field.

Source: FHWA‐HIF‐15‐002 

Source: FHWA‐HIF‐15‐002

8Source: Emissions from Highway Transportation Systems. (dot.gov)
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E.O. 14057 ‐ Catalyzing Clean Energy Industries 
and Jobs Through Federal Sustainability (Dec. 8, 
2021)‐ link
Sec. 303.  Buy Clean.
• Establishes Buy Clean Task Force to:

• Identify and prioritize pollutants and materials to be covered under a Buy Clean policy, 
considering relevant and available data, including those from Environmental Product 
Declarations, and consistency with existing requirements.

• Make recommendations to increase transparency, procedures for auditing 
environmental product declarations and verifying accuracy of reported emissions data.

• Make recommendations for financial and technical assistance to support domestic
manufacturers in enhancing capabilities to report and reduce embodied emissions.

• Make recommendations of pilot programs that incentivize Federal procurement of
construction materials with lower embodied emissions.
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DOT Initiative ‐ September 15, 2022

“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.”
‐‐ USDOT Secretary Pete Buttigieg

https://www.transportation.gov/priorities/climate‐and‐sustainability/policy‐statement‐buy‐clean‐initiative

11

0

State Initiatives
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Enacted State Legislation

Introduced State Legislation

Source: FHWA with data obtained from Carbon Leadership Forum, August 2023.
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IRA Section 60506 (23 U.S.C. 179)

• Low Carbon Transportation Materials and Products

• Amount: $2 billion to remain available until September 30, 2026.

• Agency: Federal Highway Administration.

• Purpose: To reimburse or provide incentives for the use, in projects, of
construction materials and products that have substantially lower levels of
embodied greenhouse gas emissions associated with all relevant states of
production, use, and disposal as compared to estimated industry averages 
of similar materials or products, as determined by EPA. 

https://www.fhwa.dot.gov/lowcarbon/
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Why a Guide? 

Practitioner 
focused 
resources.

Curated list of 
strategies.

Context sensitive 
nature.
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Curated Strategies:

•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.

• Implementation‐Ready:  Needs a defined framework
(i.e., more than a laboratory or foundational concept).

15

Partnership Approach to Sustainability

Owner
Agencies

Designers

Manufacturers

Concrete
Producers

Construction
Community
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Cradle‐to‐Gate 
Embodied 
Emissions
• Scope limited to strategies that
would be quantified using an
Environmental Product
Declaration (A1‐A3).

• Raw Material up to Concrete
leaving mixing plant.
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Cradle‐to‐Gate 
Embodied 
Emissions
• Scope limited to strategies that
would be quantified using an
Environmental Product
Declaration (A1‐A3).

• Raw Material up to Concrete
leaving mixing plant.

18

Typical Transportation Concrete

Source: CP Tech Center adapted from Choate, W. 2003. Energy and Emissions Reduction Opportunities for the 
Cement Industry. U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy.
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Implementation Considerations

Early Age 
Properties

Quality Control
and Variability

Rate of Property 
Development
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Achieve Engineering Goals

Low maintenance, low 
roughness, and maintained 
stiffness throughout the 
desired service‐life.

Highlights the importance of 
performance specifications.



11/14/2023

6

21

Use of the Guide

• 5 pathways that each include a series of strategies.

• Not all strategies work in every situation (context sensitive).

• Each strategy is accompanied by an Implementation Table.

• Quantification or Estimation of the Carbon Reduction.
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Agenda

• Carbon Reduction in the Context of Sustainability

• Motivation for the Guide

• Scope and Background

• Strategies for Reducing Cradle‐to‐Gate Embodied Carbon

• Quantification

• Closing Thoughts
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Part 2:Strategies

• There are 5 strategies presented in the order of their effectiveness in
reducing ECC of paving concrete
 Strategy 1 – Strategies Targeting the Cementitious Binder
 Strategy 2 – Strategies Targeting Concrete Mixture to Optimize Binder

Content
 Strategy 3 – Reduce the ECC of aggregates
 Strategy 4 – Strategies Targeting Mixture Performance Requirements
 Strategy 5 – Other Factors to Consider

 This guide is not established to replace existing methods
 Will supplement existing practice while reducing ECC

23 24

Strategy 1 – Targeting Cementitious Binder

• Already discussed that portland cement clinker is responsible for
almost 90% of the ECC is typical concrete

• Heart of this strategy is replacing portland cement clinker with
supplementary cementitious materials (SCMs)

• All SCMs currently in use have a lower ECC than portland cement
• Alternative SCMs (ASCMs) that are emerging also have a lower ECC, and some 
may even have a net negative ECC

• Alternative cementitious materials (ACMs) are also considered.

24
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Pathways to Select a 
Lower ECC Binder

• Multiple pathways identified
• Primary pathway is to replace 
portland cement with PLC, 
other blended cement, or ACM

• Secondary pathway is to 
reduce portland cement 
through additional use of SCMs

25 26

Support for Each Pathway

• Narrative supports use of pathways
• References are provided to available resources to assist users in
implementing strategies

• Tables have been prepared for each pathway providing a description,
recommendations, implementation steps, and potential barriers

26

2727 2828
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Secondary Pathways Further Defined

29 30

31

Strategy 2 – Concrete Mixture to Optimize Binder 
Content

• This strategy reduces ECC by reducing
total cementitious materials content

• Accomplished by optimizing aggregate 
grading

• For the same binder and water‐to‐binder
ratio, reducing total cementitious
materials content reduces paste volume

• Improves hardened concrete properties

32

Strategy 2 – Concrete Mixture Optimization
• The key is to reduce paste volume by
blending aggregates (often from three or
more sources) to minimum void volume

• Must maintain fresh concrete properties
including workability and air content

• Also achieve harden concrete properties
including strength and durability

• Several tools are available including the
“Tarantula Curve”

32

T. Ley and D. Cook 2014
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Strategy 3 – Reduce the ECC of Aggregates
• In addition to aggregate optimization:

• Aggregate shape and texture affect water 
demand, especially for manufactured fine 
aggregates

• Aggregates must be durable, being resistant to 
alkali‐aggregate reaction in concrete and not 
susceptible to freeze‐thaw damage

• Considerations to reduce ECC of concrete
• Reduce emissions when transporting aggregates
• Use recycled, co‐product, and waste materials as
aggregate if it makes sense

• Use low ECC manufactured aggregates
34

35

Transportation of Aggregates Matters

35 3636
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Strategy 4 – Performance Specifications for 
Concrete Mixtures

• Requirements for concrete should include both ECC targets and performance of 
concrete over time

• Prescriptive requirements often create barriers to reducing ECC without 
assurance of long‐term performance

• Prescriptive requirements are rooted in past experiences
• This is not bad, but does limit the ability to do something new

• There are often restrictions on cementitious materials types and allowable replacement 
levels, minimum cementitious materials content requirements, and strength‐based 
milestones to be achieved that are not linked to performance, yet may provide a barrier to 
reducing ECC

• Adoption of AASHTO R 101 ‐ Standard Practice for Developing Performance 
Engineered Concrete Pavement Mixtures can help

37 38

Pathways Using Performance 
Specifications

• Narrative and tables to support 
pathways based on performance 
specifications

• This is an evolving area of interest and 
will be a major focus of continuing 
efforts

38

3939 40

Strategy 5 – Other Considerations

• Reduced fuel consumption in production and transportation of 
concrete

• Renewal energy grid, optimized plant operations, natural gas fueled trucks, 
etc.

• Calcium carbonate mineralization in production of concrete

• Other?

40
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Part 3: Quantification
• Quantify greenhouse gas (GHG)
emissions is an essential element in
producing low ECC concrete

• The use of an environmental product
declaration (EPD) produced in
accordance with ISO 14025 is the
preferred quanitification tool

• An GHG emission estimating tool is
provided for use if an EPD is not yet
available

41 42

Using This Guide

1. Following Strategy 1, select a lower ECC cement
• Use higher than normal replacement level of portland cement with SCMs at the
concrete plant

• Replace AASHTO M 85 (ASTM C150) with AASHTO M 240 (ASTM C 595) blended 
cement

• Aim to achieve 50% or less total portland cement for the binder

2. Following Strategy 2, reduce total cementitious content through
aggregate optimization
• An example would be to use the “Tarantula Curve” to blend in intermediate 
aggregates reducing total cementitious materials content from 564 pcy to 500 pcy

42
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Using This Guide

3. Following Strategy 3, use lower ECC aggregate
• Use recycled concrete aggregate processed near site instead of transporting virgin
aggregate long distance

• Note that carbon savings needs to be demonstrated through supporting calculations
• Use a manufactured aggregate produced through carbon sequestration

4. Following Strategy 4, adopt performance specifications that eliminate
barriers inherent in prescriptive specifications
• Move away from minimum cementitious contents and maximum SCM replacement
levels

• Adopt acceptance testing linked directly to performance

5. Following Strategy 5, investigate opportunities that emerge

43 44

Using This Guide

• Quantification of ECC needs to become
commonplace

• Simply business as usual

• In time, this will be extended beyond Stages
A1‐A3

• In the short‐term, it is essential that
representative data is collected to create a
meaningful benchmark to assess
improvement

44
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Part 3: Quantification
• Quantify greenhouse gas (GHG)
emissions is an essential element in
producing low ECC concrete

• The use of an environmental product
declaration (EPD) produced in
accordance with ISO 14025 is the
preferred quanitification tool

• An GHG emission estimating tool is
provided for use if an EPD is not yet
available
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Part 3: Quantifying

Using EPDs
• Use this when:

• EPDs are available
• Making procurement decisions
• Data will be distributed to a broader 
audience

Estimating the ECC
• Use this when:

• Obtaining an initial estimate of a 
product GWP for internal purposes

• Performing initial indications of 
potential GWP savings that may result
from changing a mixture design

• Deciding whether to produce an ISO‐
conformant EPD

• As a training and educational tool

When Estimating the ECC: When Estimating the ECC:
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When Estimating the ECC:

50

For any Quantification process:

• Product‐specific, facility‐specific data (especially for cement
production efficiency) is preferred

• Will obtain a more precise GWP estimation
• Cement production efficiency can vary GWP estimates by up to 60%

• Context for how the information will be used is important

51

Next  Steps

Like and 
Subscribe

Standards 
Organization 
Support 
(AASHTO)

Anticipated Early 
2024

Advancing Concrete Pavement Technology Solutions
Cooperative Agreement

https://cptechcenter.org/research/in‐progress/advancing‐concrete‐pavement‐technology‐solutions/
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Today’s Learning Objectives

• Gain a better understanding of the why low
carbon concrete is of interest and current
funding opportunities to support it through
IRA funding

• Learn strategies that can be used to reduce
the embodied carbon in paving concrete,
focused on reducing the use of portland
cement

• Understand the use of environmental product
declarations (EPDs) in benchmarking and 
measuring improvement

Part 2:Strategies

• There are 5 strategies presented in the order of their
effectiveness in reducing ECC of paving concrete
 Strategy 1 – Strategies Targeting the Cementitious Binder
 Strategy 2 – Strategies Targeting Concrete Mixture to Optimize Binder

Content
 Strategy 3 – Reduce the ECC of aggregates
 Strategy 4 – Strategies Targeting Mixture Performance Requirements
 Strategy 5 – Other Factors to Consider

 This guide is not established to replace existing methods
 Will supplement existing practice while reducing ECC
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Strategy 1 – Targeting Cementitious Binder

• Already discussed that portland cement clinker is responsible
for almost 90% of the ECC is typical concrete

• Heart of this strategy is replacing portland cement clinker with
supplementary cementitious materials (SCMs)

• All SCMs currently in use have a lower ECC than portland
cement

• Alternative SCMs (ASCMs) that are emerging also have a
lower ECC, and some may even have a net negative ECC

• Alternative cementitious materials (ACMs) are also considered.

4
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Pathways to Select a 
Lower ECC Binder

• Multiple pathways identified
• Primary pathway is to

replace portland cement
with PLC, other blended
cement, or ACM

• Secondary pathway is to
reduce portland cement
through additional use of
SCMs

5

Support for Each Pathway

• Narrative supports use of pathways
• References are provided to available resources to assist users

in implementing strategies
• Tables have been prepared for each pathway providing a

description, recommendations, implementation steps, and
potential barriers

6

7 8
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Secondary Pathways Further Defined

9 10

Strategy 2 – Concrete Mixture to Optimize Binder Content

• This strategy reduces ECC by
reducing total cementitious materials
content

• Accomplished by optimizing
aggregate grading

• For the same binder and water-to-
binder ratio, reducing total
cementitious materials content
reduces paste volume

• Improves hardened concrete
properties

Strategy 2 – Concrete Mixture Optimization

• The key is to reduce paste volume by
blending aggregates (often from three
or more sources) to minimum void
volume

• Must maintain fresh concrete
properties including workability and
air content

• Also achieve harden concrete
properties including strength and
durability

• Several tools are available including
the “Tarantula Curve”

12

T. Ley and D. Cook 2014
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Strategy 3 – Reduce the ECC of Aggregates

• In addition to aggregate optimization:
• Aggregate shape and texture affect water

demand, especially for manufactured fine
aggregates

• Aggregates must be durable, being
resistant to alkali-aggregate reaction in
concrete and not susceptible to freeze-
thaw damage

• Considerations to reduce ECC of concrete
• Reduce emissions when transporting

aggregates
• Use recycled, co-product, and waste

materials as aggregate if it makes sense
• Use low ECC manufactured aggregates

14

Transportation of Aggregates Matters

15 16
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Strategy 4 – Performance Specifications for Concrete 
Mixtures

• Requirements for concrete should include both ECC targets and
performance of concrete over time

• Prescriptive requirements often create barriers to reducing ECC
without assurance of long-term performance

• Prescriptive requirements are rooted in past experiences
• This is not bad, but does limit the ability to do something new

• There are often restrictions on cementitious materials types and
allowable replacement levels, minimum cementitious materials
content requirements, and strength-based milestones to be
achieved that are not linked to performance, yet may provide a
barrier to reducing ECC

• Adoption of AASHTO R 101 - Standard Practice for Developing
Performance Engineered Concrete Pavement Mixtures can help

17

Pathways Using Performance 
Specifications

• Narrative and tables to support
pathways based on performance
specifications

• This is an evolving area of interest
and will be a major focus of
continuing efforts

18

19

Strategy 5 – Other Considerations

• Reduced fuel consumption in production and transportation of
concrete

• Renewal energy grid, optimized plant operations, natural gas
fueled trucks, etc.

• Calcium carbonate mineralization in production of concrete
• Other?

20
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Part 3: Quantification

• Quantify greenhouse gas (GHG)
emissions is an essential element in
producing low ECC concrete

• The use of an environmental product
declaration (EPD) produced in
accordance with ISO 14025 is the
preferred quanitification tool

• An GHG emission estimating tool is
provided for use if an EPD is not yet
available

21

Using This Guide

1. Following Strategy 1, select a lower ECC cement
• Use higher than normal replacement level of portland

cement with SCMs at the concrete plant
• Replace AASHTO M 85 (ASTM C150) with AASHTO M 240

(ASTM C 595) blended cement
• Aim to achieve 50% or less total portland cement for the

binder
2. Following Strategy 2, reduce total cementitious content

through aggregate optimization
• An example would be to use the “Tarantula Curve” to blend

in intermediate aggregates reducing total cementitious
materials content from 564 pcy to 500 pcy

22

Using This Guide

3. Following Strategy 3, use lower ECC aggregate
• Use recycled concrete aggregate processed near site instead of

transporting virgin aggregate long distance
• Note that carbon savings needs to be demonstrated through

supporting calculations
• Use a manufactured aggregate produced through carbon

sequestration
4. Following Strategy 4, adopt performance specifications that

eliminate barriers inherent in prescriptive specifications
• Move away from minimum cementitious contents and maximum

SCM replacement levels
• Adopt acceptance testing linked directly to performance

5. Following Strategy 5, investigate opportunities that emerge

23

Using This Guide

• Quantification of ECC needs to become
commonplace

• Simply business as usual
• In time, this will be extended beyond

Stages A1-A3
• In the short-term, it is essential that

representative data is collected to create
a meaningful benchmark to assess
improvement

24


