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Asphalt Pavements Research at WVU



Today’s Discussion

• Sustainability
• Impact of pavements 

on the environment

• Resilience
• Impact of 

environment 
on pavements



Sustainability –
Climate Challenge



Background / 
Objective
• Pavements contribute significant environmental impacts

• Lifecycle assessment (LCA)

• Product category rules (PCRs) 

• Environmental product declarations (EPDs)

• Objective is to use LCA, PCRs and EPDs to 
investigate activities to improve the overall 
environmental sustainability of asphalt 
mixes in WV.



Process

Source: FHWA Sustainable Pavements Program



Sustainable Pavements:
• Achieve the engineering goals.

• Preserve and (ideally) restore surrounding ecosystems.

• Use financial, human, and environmental resources 
wisely.

• Meet basic human needs such as health, safety, equity, 
employment, comfort, and happiness.



LCA/EPD West Virginia Pavements

• Gathered materials and 
JMFs from 8 mixes from 5 
producers around the state

• Build LCA
• Compared to EPDs from 

Emerald Eco-Label

• Lab work



GWP from reviewed Emerald Eco-
Label HMA mix EPDs

GWP (kg CO2 eq/
US short ton) 

62Mean
57Median
40Min

182Max



LCA Benchmarking Tool

• Publicly available LCA tool
• Training videos

• Documentation 

10

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

Also used OpenLCA as comparison 
– results were similar and not 
discussed here

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


Paving Contractor Wearing 1
• Hand calculations for GWP values from 

materials based on their impact indicators:
• Binder with no additives: (578*0.051) = 29.5 kg CO2 eq
• RAP: (1.26*0.14235) = 0.18 kg CO2 eq
• Aggregates: (#8 2.06*0.4745)= 0.98 (Natural 4.2 *0.14235)= 

0.59787 (Manufactured 4.2*0.18031)= 0.757 (BHF 
4.2*0.00949)= 0.0399 = 2.37 kg CO2 eq

• Which makes the total GWP for materials: 32.03 kg 
CO2 eq per short ton



Paving Contractor Wearing 1
• Adjusted transportation calculations:

• #8 (0.4745*307.44)= 145.88 & (0.0189*0.4745)= 0.00897 
GWP: (145.88*0.0538)+(0.00897*0.1008)=7.85 kg CO2 eq

• (M) (0.1803*307.44)= 55.43 &  (0. 1803*0.0189)= 0.00341 
GWP: (55.43*0.0538)+(0.00341*0.1008)= 2.99 kg CO2 eq

• (N) (0.14235*635.31)= 90.44 & (0.14235*0.0189)= 0.0027 
GWP: (90.44*0.0538)+(0.0027*0.1008)= 4.87 kg CO2 eq

• Binder (0.051*19.6)= 0.9996 GWP: (0.9996*0.2264)= 
0.23 kg CO2 eq

• Total GWP for (A2) = 15.93 kg CO2 eq



Paving Contractor Wearing 1

• Energy and mixing operations
• Broken down into energy consumption, natural gas 

combusted in an industrial boiler, and diesel combusted 
in industrial equipment

• This makes the total hand calculation GWP 3.8742 
kg CO2 eq + 13.527 kg CO2 eq + 0.442 kg CO2 eq = 
17.84 kg CO2 eq



Paving Contractor Wearing 1

• Using the LCA Pave Tool library impact indicators 
for hand calculations the overall GWP is 65.8 kg 
CO2 eq (151 lbs)

• A1 materials 32.03 kg CO2 eq; A2 Transportation 
15.93 kg CO2 eq; A3 Production 17.84 kg CO2 eq



LCA Results – WV Mixes

GWP (WV 

Mixes)

GWP 

(EPDs) 

60 62 Mean

58 57 Median

52 40 Min

66 182 Max



Issue with mixing operations

• In LCA Pave Tool…
• Assuming same mix, but classifying it as “Marshall” vs 

“Superpave” results in significantly different results

• e.g., from 47 to 35 kg CO2 eq/US short ton

• According to FHWA, “Marshall” vs “Superpave” was 
intended to be a classifier…not to be used with 
different mixes at the same plant



Binder with Polymer vs. None
• From LCA Pave tool, GWP 

per 1 short ton using asphalt 
binder with no additives is 
86.16 kg CO2 eq

• GWP per 1 short ton with 
polymer additives is 75.89 
kg CO2 eq



Upcoming Tasks



Resilience – Modeling 
Future Temperatures



Definition: Resilience
1. Ability to anticipate, prepare for, and adapt to 

changing conditions
• Gradual changes in frequency and intensity of climate 

stressors

2. Withstand, respond to, and recover rapidly from 
disruptions
• Extreme events that are very disruptive

Source: Adapted from FHWA Order 5520



Stationary vs. Non-stationary

• Stationary:
• Observed data = future climate

• Non-stationary:
• Observed data ≠ future climate



MEPDG & LTPP Bind Climate 
Consideration
• MEPDG predicts temperature and moisture content 

in pavement layers

• Method: Built-in EICM
1. Energy balance – pavement surface

2. Heat transfer – pavement profile



Given uncertainties in pavement temperature 
prediction, are changes in temperature due to 
climate change statistically significant?

Given those same uncertainties, are the 
differences between two downscaling methods 
statistically significant?



Data and Sites
• 20 LTPP SMP sites from around continental US

• Selected because measured temperatures available

State
SHRP-

ID

Thermistor 

Range
Future 

Projection Period

AL
01-0101

11/17/1997 -

11/17/1998

11/17/2042 -

11/17/2043

ME
23-1026

10/15/1996 -

10/15/1997

10/15/2041 -

10/15/2042

NV
32-0101

1/1/2000 -

1/1/2001

1/1/2045 - 1/1/2046

OK
40-4165

3/29/1994 -

3/29/1995

3/29/2039 - 3/29/2040

TX
48-1060

1/1/2000 -

1/1/2001

1/1/2045 - 1/1/2046



Future Climate

• CMIP RCP 6.0 (VA example →)

• 20-year hourly temperature 
predictions
• Historical and historical plus 45 years

• Two downscaling methods
• Delta Method (Meagher et al. (2012))
• Asynchronous Regional Regression 

Model (ARRM) (2019)



Differences in Downscaling Methods

• Delta method
• Scale daily minimum and maximum temperatures using 

CMIP data and calculate intermediate temperatures

• ARRM
• Sophisticated approach 

that minimizes biases 
inherent in other approaches 



Comparing 
Downscaling Methods

State
Daily Maximum 

Temperature

Daily Minimum 

Temperature

AL h=1 h=0

ME h=1 h=1

MN h=0 h=0

NV h=1 h=1

OK h=1 h=1

TX h=1 h=1

VA h=0 h=0

WY h=1 h=1

h=1 means likely from different distributions



Predicting Current and Future Temps
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Observed and Future Predictions

2.6
0.2



Observed and Future Predictions

0.6 -2.7



Observed and Future Predictions

-2.8 -4.0



Wrap up

• Conducted LCA of several mixes in WV
• Some unexpected results when using FHWA LCA Pave

• Will inform recommendations for reducing carbon 
footprint of mixes

• Pavement resilience includes robust designs for 
mitigating the effects of climate change
• How do we consider this in design and management?



Thank you for your 
kind attention!

Questions and 
Discussion?

James.Bryce@wvu.edu 

mailto:James.Bryce@wvu.edu
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