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Background: Climate Change

• Changes in global climate from human 
activities are occurring
– Supported by historical observations and climate 

modeling

• Optimistic models predict substantial climate 
change over the next century
– Rate of change depends on what we do

– Long life of emitted heat-trapping, greenhouse 
gases and slow feedback functions of atmospheric 
systems drive climate change



Changes in Global Surface Temperatures 

Relative to 1850-1900 (IPCC 2021)

IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis



Global Surface Temperature Increases Compared to 

1850-1900 Average

IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis

Business As Usual

Dramatic Reductions in 

GHG Emissions



Sustainable Solutions Require Life-Cycle Thinking
Long-life design

Optimized design

Reduced energy

Blended cements

Alternative cements

Efficiency

CaCO3 mineralization

Keep smooth 

pavements smooth

Recycling

Carbonation

Focus is on vehicle 

fuel consumption –

dominate effect



Challenges In Front of Us

• Change is difficult

– Must ween ourselves from business as usual

• Traditional cement and concrete are 

carbon intensive

• Designs and materials are dictated by the 

past and “conservatism” in codes, 

specifications, and standards

DON’T BE SAD – INNOVATE!



Hydraulic Cement and Concrete Mixtures

• Hydraulic cement concrete is humankind’s most 
used material after water

– Approximately 2.2 yd3/person/year

– Civilization is built on it – no exaggeration

– 5% to 8% of global GHG emissions

• Massive economic, environmental, and social 
impacts

– 90 million metric tons of cement manufactured in the 
U.S. in 2020 (4.1 billion MT worldwide)

– In 2018, linked to 0.6% of US GHG emissions 



GHG Emissions Associated With Concrete 

at the Gate

• ~1.5% from acquiring and processing raw 

materials

• ~89% from cement manufacturing

– ~37% from burning fuel

– ~46% from calcination

• ~9.5% from making concrete

Net result: for every pound (kg, MT) of U.S. made ASTM 

C150 Type I cement, roughly 0.922 lbs (kg,MT) of GHG 

emissions are released



Total GHG Emissions Embodied in Concrete

Typical concrete at the gate:

~0.26 tons CO2 /yd3 concrete

~0.23 tons CO2 from portland cement

Cement

Gravel

Sand

Water



PCA’s Commitment: Net Zero by 2050

• Clinker optimization

– Production enhancements

– Sequestration

• Cement optimization

– Blended portland cements

– Alternative cements

• Concrete optimization

– Reduced cementitious materials content

– Longevity

• In-service and end-of-life carbonation

– For structural concrete, small but still significant



What Can You Do Now? Cement Optimization 
• Replace clinker with supplementary 

cementitious materials (SCMs)
– Blend at concrete plant

– Obtained as blended cement (ASTM 
C595)

• Replace clinker with ground 
limestone
– ASTM C595 Type IL blended cement 

can have up to 15% limestone
• Widespread acceptance

– On-going work to look at higher 
limestone content
• 25% or more w/ SCM



Traditional Supplementary 

Cementitious Materials (SCMs)

• Fly ash 

– Collected from flue gases of 

coal burning power plant

• Slag cement

– From iron blast furnace

• Natural pozzolan

– Calcined clay, volcanic ash, 

ground pumice, etc.

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=GDS9Ivaf6hO4mM&tbnid=L6-xqduZ13CT7M:&ved=0CAUQjRw&url=http://footage.shutterstock.com/clip-2238076-stock-footage-blast-furnace-smelting-iron-a-river-of-molten-metal.html&ei=1aVMUqi9JMikiQLiy4DwDw&bvm=bv.53537100,d.cGE&psig=AFQjCNGLVlMj3HOhiNfLEZwO2t0-BiL8_A&ust=1380841279186738


ASTM C595 Blended Cements

• Produced by cement manufacturers

• Type IP(X), Type IS(X), 
and Type IT (X)(Y)
– Blended with pozzolan, slag cement, 

limestone or ternary blend

• Type IL will reduce carbon footprint by 8 to 10 percent 
with little impact on behavior
– Pretty much all you’re going to get going forward?

• Can be designated as moderate sulfate resistance 
(MS), high sulfate resistance (HS), moderate heat 
(MH), or low heat (LH)



Reduce Cementitious Content in Concrete

• Use optimized aggregate grading to maximize aggregate content 

Tarantula curved 

based on Tyler Ley 

et al.



A Common Fallacy: Increasing Cement 

Content Increases Strength

Based on Taylor and Wilson



Real Data from Project NEON in Las Vegas
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Project NEON Concrete

0

200

400

600

800

1000

1200

1400

1600

06/14/17 08/03/17 09/22/17 11/11/17 12/31/17 02/19/18 04/10/18 05/30/18 07/19/18 09/07/18 10/27/18

2
8

-D
ay

 A
ve

ra
ge

 F
le

xu
ra

l S
tr

en
gt

h
 (

p
si

)

Date Placed

28-Day Average Flexural Strength

AE532 AE703FA



Reducing GHG Emissions by Minimizing Cement Content and 

Increasing SCMs
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AC 150/5370-10H Item P-501

• Allows blended cement and several SCMs
– Does not allow ASTM C595 IT, but may be specified with concurrence of 

FAA

– Class F fly ash  with < 15% CaO and Class N natural pozzolan with LOI < 
6%
• Both with total alkalis < 3% 

• Total replacement rate of between 20% and 30% unless used with slag cement, 
then 10% maximum

– Slag cement between 25% and 55% of total cementitious

• Total cementitious content 470 pcy in non-freeze areas and 517 
pcy where severe F-T, deicers, or sulfate exposure is expected

• Can be reduced further with approval of FAA



Assessing Sustainability

• Use unbiased, factually-based tools/resources to 
assess life cycle impacts

– There is A LOT of greenwashing going on

• A life cycle assessment (LCA) meeting ISO 
standards is the best way to assess environmental 
impact

– Request environmental product declarations (EPDs) 
based on approved product category rules (PCR)

– Stay informed

– Seek help as needed



Environmental Product Declarations EPD?

• EPDs communicate potential 
environmental impacts of a product or 
process 

• ISO has established processes that use 
life-cycle assessment (LCA) methods to 
develop Type III declarations = EPDs

• EPDs are preferred because they provide a 
high level of confidence as the information 
provided has followed a standardized and 
transparent scientific process

https://www.fhwa.dot.gov/pavement/sustainability/hif19087.pdf



Development of  EPDs
Product Category Rule (PCR)

“Set of specific rules, requirements, and guidelines for 
developing Type III environmental product declarations 
for one or more product categories” (ISO 14025)

PCR: the framework

Life Cycle Assessment (LCA)
“Compilation and evaluation of the inputs, outputs and 
the potential environmental impacts of a product 
system throughout its life cycle” (ISO 14040)

LCA: the analysis

Environmental Product Declaration (EPD)

“Providing quantified environmental data using 

predetermined parameters and, where relevant, 

additional environmental information” (ISO 14025) 

as defined in a PCR which is based on LCA

EPD: the declaration

Adapted from N. Santero

by John Harvey



Example: Specific Concrete EPD

https://www.fhwa.dot.gov/pavement/sustainability/articles/environmental.cfm



Current Initiative: MnROAD Reduced GHG 

Emissions Test Site

• A test site is under development at MnROAD to evaluate 
strategies to reduce GHG emission in concrete paving

• 16 test cells

– 1 control cell

– 3 carbon mineralization cells

– 1 optimized concrete

– 6 alternative SCM cells

– 5 alkali-activated cements

• Construction scheduled for summer 2022



Summary

• Sustainable concrete pavement practices are available for 
Airports

– Sustainable solutions require a life cycle perspective

– Evaluating cradle to construction only will result in short-sighted 
decisions

• Strive to optimize your cement and concrete

• Use rigorous verification to avoid “greenwashing”

• As an industry, the future is bright
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