


CARBON FOOTPRINT:

HOW DOES ASPHALT STACK UP?

Environmental consciousness is on the rise and many
transportation officials are striving to make their
practices and policies greener or more sustainable.
But how do you measure the greenness of a pavement?
It s all about the carbon  how, when, and whether

it is counted.

A useful guide is ISO 14040  Environmental
Management Lifecycle Assessment Principles
and Framework [2006(E]], which outlines the basic
definitions and procedures that should be used in
looking at the environmental impact of a product
throughout its life. It has two important principles:
make sure you count everything and make sure you
dont count anything twice.

To analyze the carbon footprint of a pavement, one
must look at the greenhouse gas (GHG) emissions
associated with the construction and maintenance

of a pavement. Greenhouse gases include carbon
dioxide (CO,), nitrous oxide (N,0), methane (CH,) and
hydrofluorocarbon (HFC) leakage from air conditioning
systems. Although not usually included, water vapor is
the most abundant greenhouse gas. Greenhouse gas
emissions are typically measured in terms of carbon
dioxide equivalents (CO.e).

The analysis for asphalt pavements is complicated

by the fact that the cementing material, the asphalt
cement or bitumen, has high carbon content.

The average carbon content of asphalt cement

is about 82 percent, and asphalt cement makes up
about 5 percent of an asphalt pavement, with the
rest being aggregates stone, sand, and gravel.
Currently in North America, at least 95 percent of the
asphalt pavement removed from the road is either
reused in new asphalt pavements or recycled as
base or shoulder material. The material not reused
or recycled is still not burned and thus the embodied
carbon is never released into the atmosphere. In
essence, when we pave with asphalt, we put the
aggregate and the asphalt cement in the bank for
future generations.

Carbon Footprint of HMA and PCC Pavements', a paper
presented at the 2009 International Conference

on Perpetual Pavements, examined the carbon
footprint of asphalt and concrete pavements for
typical residential, collector, and freeway pavements
constructed in Ontario, Canada?. In addition, the
paper looked at the carbon footprint of an equivalent
asphalt freeway pavement built as a Perpetual
Pavement. Both the carbon footprint of the initial
construction and the carbon footprint of the
maintenance activities over a 50-year life cycle

were evaluated and compared.

The paper used an analysis method designed by
VicRoads, a state authority in Australia, to carry out

a trial carbon-neutral project. In this case, VicRoads
chose to plant 7,463 trees at the completion of the
project to achieve carbon neutrality. The trees will
absorb carbon from the atmosphere over their life

to remove the carbon generated by the extraction,
manufacturing, and placement of the material used, as
well as the transportation of the materials to and on the
site. To carry out the calculation, VicRoads developed

a table of typical carbon dioxide equivalent values for
the various materials used on the site®. Table 1 gives
the values used by VicRoads in their analysis.

The most striking feature of this table is the
difference in the values for the asphalt and concrete
pavements. One reason for the divergence is the
chemical processes that occur in the production of
Portland cement, the cementing material that binds
concrete pavements together. For every 1,000 kg of
Portland cement, approximately 730 kg of carbon
dioxide is produced. Heating the aggregate and clay
used to produce Portland cement to a temperature of
around 1,450 C in the kiln causes the disassociation
of the limestone and the production of about 60
percent of the carbon dioxide, which is released

to the atmosphere. The remaining carbon dioxide
comes from the combustion of the fuel used to heat
the raw materials.
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TABLE1 CO, EQUIVALENT CONVERSION VALUES

CO.eEmissions

Matertal (Tonnes/Tonne)
’[A;tpg.?)ltpepfc\,:nr?zz[tjhalt cement) 0.0103
Fcr:unsil:g,icreened and washed aggregate) 0.0080
Fsr::el;lsgdBand washed aggregate) 0.0053
L2052 MPa {4640 pil) 01073
OGDL* 0.0090

* Asphalt-stabilized open-graded drainage layer at 1.8 percent asphalt cement

It should be noted that VicRoads chose not to include
the carbon content of asphalt cement in the calculation
because the purpose of the carbon footprint calculation
is to calculate the actual emissions of greenhouse
gases into the atmosphere. The carbon in the asphalt
cement will never be released into the atmosphere.

It is neither consumed nor wasted in the process. In

a way, the carbon has been sequestered in the form

of an asphalt pavement. In addition, 100 percent of

the asphalt cement can be reused in new asphalt
pavement at the end of its life by simply reheating the
material, thus reusing the energy invested in the initial
production of the material.

TABLE 2 ASPHALT PAVEMENTS ANALYZED

The pavement sections used for the analysis are
given in Tables 2 and 3. The asphalt sections for
residential and collector pavements are taken from
typical asphalt pavements constructed in Ontario.
The concrete pavement sections for the same

road class are taken from the Streetpave program
published by the Portland Cement Association.

Due to environmental conditions in Ontario (i.e. wet
freeze/thaw]), the concrete pavement sections may be
considered to be thinner than required.

Material Residential Collector Freeway

Asphalt Pavement 90 mm/3.5in 130 mm /5.1 in 240 mm/9.5in
OGDL* 100 mm /3.9 in
Granular Base 150 mm /5.9 in 150 mm /5.9 in 150 mm /5.9 in

Granular Subbase 300mm/11.8in

450 mm /17.7 in 450 mm /17.7 in

* Asphalt-stabilized open-graded drainage layer at 1.8 percent asphalt cement

TABLE3 CONCRETE PAVEMENTS ANALYZED
Material Residential Collector Freeway
Concrete Pavement 145 mm /3.5in 170 mm /5.1 in 240 mm /9.5in
OGDL* 100 mm /3.9 in
Granular Base 100 mm /5.9 in 100 mm /5.9 in 300 mm /5.9 in

* Asphalt-stabilized open-graded drainage layer at 1.8 percent asphalt cement



CO02e (tonnes/km)

The freeway pavement sectionswvere taken from
the Lie Cycle Cost Analysistool which the Minstry
of Transportation for Ontario developed to allow for
comparison of alernate-bid contracts.

To carry out the andysis of typtal pavements, the
tonnes/tonne CO e factors given inTable 1

were applied to initialconstruction of one kilometer
of standard concrete and asphalt paementsfor
residential,collector, and feeway pavements
constructed in Ontario. Thefollowing graph shows
that the greenhouse gases emted for an asphalt
pavement, measuted interms ofcarbon dioxide
equivalents, is oty 22 percent to 25 percent of the
greenhouse gasedor a typical concrete pavement.

FIGURE 1 — GREENMJUSE GASES FROM INITIAL CONSTRUCTION
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It should be nded that all thecalculations in this
paper ae based on using 100 pecent virgin materials
for both the asphalt andoncrete pavement options.
In addition, only hot-mix asphalt pgementswere
analyzed consistent with the VicRoads pject. If
recycling and warm-mix asphaltere considered, the
carbonfootprint of the asphalt pgementwould be
furtherreduced.

The effect on e cycle for the greenhouse gasedor
concrete and asphalt pgements was alsexamined,
but only for the freeway case. The maitenance
schedule followed forvarious agencies depends on
priorities and budgefonstraints. Afair andysis
would be difficult. In aderto make arealistic and
faircomparison, the 50year lfe-g/cle mairtenance
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FIGURE 2 — 50-YEAR LIFBESYCLE GREENHOUSEGAS PRODUCTION
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schedue used in the Orario Lfe Cycle Cost Analysis
model was andyzed. The deails of the model e
available in the pape: In addition, the fe-g/cle
greenhouse gas emssionsfor all thee options ae
shown in Figue 2.

Although the greenhouse gasemissions from initial
construction are greaterfor the Perpetual Pavement
option than for conventional asphdlt, itstill has
lowergreenhouse gas emssionsover the50-year
life cycle. Regadless of which asphalt optionis
chosen,the asphalt pyement options only produce
about 30 percent of the greenhousegasemissions
of comparable concrete pavements.

Conclusion

This paper hagxamined greenhouse gas poduction
of asphalt andconcrete pavements. Thetools
employed in these andyses ae based on published
materials fom ISO 14040, VicRoads, and the Mistry
of Transportation for Ontario. Ineverycase, the
analyses stow clearly that asphalt has darlower
carbonfootprint. This means that asphalt paments
are the more sustainable choice. When itcomesto
roads, black is geen, now and for the future.
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