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In the past, agencies and contractors determined 
pavement type selection by evaluating performance and 
cost. In the near future, a new factor may be considered – 
sustainable development.

Sustainable development can be defined as “development that 
meets the needs of the present without compromising the 
ability of future generations to meet their own needs.”1 
Sustainable development considers environmental 
impacts, such as greenhouse gas production and depletion 
of nonrenewable resources, such as fossil fuels.

The term “carbon footprint” generally refers to the 
total amount of all greenhouse gas emissions (generally 
CO2) caused directly and indirectly by a given process, 
product, or event. When looking at the carbon footprint 
of asphalt pavement, for example, one can envision 
summing the amount of CO2 emissions from the 
extraction of aggregate at a quarry and the production 
of bitumen binder at a refinery, plus those associated 
with transporting raw materials, processing raw materials 
into finished pavement, constructing the pavement, and 
other miscellaneous activities associated with pavement 
production and maintenance.

A number of studies compare the energy consumption, 
waste produced, and environmental impacts from 
different pavement materials. These studies use 
environmental lifecycle assessments to make meaningful 
comparisons over the design life, taking into account 
raw material acquisition, manufacture, transportation, 
installation, and waste management.

Horvath and Hendrickson2 performed an economic 
inputoutput-based life-cycle assessment to compare an 
11.8-inch thick HMA pavement with an 8.7-inch thick 
continuously reinforced concrete pavement (CRCP) placed 
on the same subgrade. The four-lane pavements were 
designed to carry 10 million equivalent single axle loads 
(ESALs). The study estimated that it takes approximately 
half of the energy per mile to produce the HMA pavements 
as compared to the equivalent CRCP pavement (0.93 
million kW hr versus 1.85 million kW hr).2

Other studies have used the life-cycle approach 
recommended by the Society for Environmental 
Toxicology and Chemistry (SETAC) and the U. S. EPA. 
This method tracks environmental flows or impacts 
upstream. For example, HMA would be tracked to stone 
quarrying and asphalt binder production, and asphalt 
binder would be tracked to impacts from recovering and 
transporting crude oil. 

A Swedish study using this method indicates that it takes 36 
percent more energy to produce a PCC than a comparable 
HMA pavement.3 A similar study conducted in the U.S. 
found that using the same pavement sections used by 
Horvath and Hendrickson the HMA pavement required 
21 to 92 percent less energy than the CRCP pavement, 
depending on the estimate used for the energy required to 
produce the asphalt binder.4-5 Why the big deal about energy 
use? Simply put, the more energy that is used, the more 
greenhouse gases are produced and the bigger the carbon 
footprint. This is the same concept used with warmmix 
asphalt (WMA) where fuel savings from lower temperatures 
result in reduced carbon dioxide (CO2) emissions.

The energy consumed to produce an HMA pavement 
deserves a closer look. Asphalt production consumes 39 
percent (using the high estimate) of the energy used to 
produce an HMA pavement, while heating, drying, and 
mixing the aggregates and binder uses 49 percent. All of 
the studies noted that a significant advantage of HMA 
pavements is the fact that they can be readily recycled. 
The use of RAP in a mixture reduces the virgin asphalt 
demand and therefore reduces energy consumption. 
Recycling rates for CRCP pavements are much lower, 
in some part due to the difficulty in removing the 
reinforcing steel. WMA technologies also have the 
potential to significantly reduce the energy required to 
construct an HMA pavement.

The studies also cited the need for a method to make 
routine comparisons. One such method is BEES® 4.0 – 
Building for Environmental and Economic Sustainability 
– developed by the National Institute of Standards and 
Technology (NIST).



BEES allows economic and 
environmental life-cycle comparisons 
for a variety of parking lot options. 
Figure 1 shows a comparison of the 
carbon emissions between HMA 
with conventional maintenance, 
PCC, and PCC with 15 percent of 

comparison is based on typical PCC 
and HMA construction practices. 

HMA are based on a 15 percent 
RAP content.6 Maintenance for the 
HMA parking lot includes a 1.5-inch 
overlay every 15 years.

All comparisons used a haul distance of 20 miles.

Based on Figure 1, the PCC pavement options produce significantly more CO2, even when fly ash is substituted for 
cement. In the BEES analysis, HMA is preferred both economically and environmentally on a life-cycle basis.

rences between HMA and PCC are significant during the construction of the pavement, construction 
impacts as a whole are dwarfed by the energy used and greenhouse gases emitted b One study determined that 

vels of only 5,000 cars per day used 10 times more energy over a 40 year period than that used to construct 
the pavement.3
reductions in the carbon footprint of HMA pavements.
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Figure 1.  BEES Carbon Dioxide Equivalent Comparison
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