
1

The Road of the Future

Greening the Blacktop:

CAUTION
SUSTAINABLE
PAVEMENTS



2

Greening the Blacktop:

CAUTION
SUSTAINABLE
PAVEMENTS

The Road of the Future



3

Understanding what is driving America green
Porous Pavement
Re-USE with RAP
Urban Heat Island: not Black-and-White
Warm Mix
Carbon Footprints
Smoothness MATTERS !!
Green metrics

overview: GREENing the Blacktop
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Development that meets the needs of the 
present without compromising the ability of 
future generations to meet their own needs.

(environmental) sustainability
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Reduce the Demand on Non-Renewable 
Natural Resources
Reduce energy consumption
Reduce Carbon Footprint of Pavements
Improved water quality with porous pvmts
Longer-Lasting Pavements

sustainability goals
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www.asphaltroads.org
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auto exhaust – driving green
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climate change – driving green
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climate change – driving green
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climate change – driving green
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proof of global warming
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America’s current Leadership
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urban development – driving green
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Impervious pvmt – driving green
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stormwater management 
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stormwater management 
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Porous Pavement with Recharge Bed

River Jacks Open
Into Recharge Bed

Porous Asphalt

Stone Bed
w/ 40% Void Space

For Storage/Recharge

stormwater management 
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Standard Pavement Porous Pavement

Univ. NC: add’l parking lot constructed ca. 2002

stormwater management 
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porous streets !!
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Porous Friction Course 
(PFC or OGFC) have 
proven advantages:
–Safety
–Smoothness
–Reduced road noise
–Stormwater Runoff Quality
–Recycled tire rubber (some)

porous friction courses
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recycled content: “RAP”
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Reclaimed Asphalt Pavement “RAP”
Removed and/or reprocessed pavement 
materials containing asphalt and aggregates
Over 80 percent of the asphalt pavement, 
removed each year for widening and 
resurfacing, is re-used
Represents close to 100 million tons / year
RAP is the Nation’s No. 1 recycled material in 
both total amount and percentage recycled

recycled pavement 
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recycled pavement 

FHWA / USEPA Report to Congress, 
EPA/600/R-93/095. 
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Recycle = processing a used material into a 
new raw material or product
“Reused” for the same purpose is the key
Much greater “value”

Asphalt can be reactivated / reused
RAP is “reused” back into pavement
Cement / concrete – aggregate only

recycled vs. reused
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Common Recycled Materials in 
Asphalt Pavements

Shingles
Crumb / Tire Rubber
Glass
Slag
Foundry sand
All are in different stages of utilization / 
evaluation

recycled pavement 
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recycled asphalt shingles (RAS)
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Urban Heat Islands: misperception
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Asphalt pavements contribute to UHI
Reflective pavements are cooler than asphalt

Myth

The “built” environment contributes to UHI
OGFC pavements are cooler than concrete
The hottest location in Phoenix is the airport
23 inches of PCC

UHI does NOT cause Global Warming – Sci. Am.

Fact

cooler pavements
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myth or reality ?
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reflectivity & temperatures
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reflectivity & temperatures
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why is this important ?

= $$ Billions in reduced cooling costs        
. . . and now CO2 reductions
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why is this important ?

Calif (proposed) legislative bill
Would require CalTrans to specify reflective 

pavements for all new roadway construction
Asphalt would need surface treatment

Reliance on LEED for “green” decisions
Dark pavements penalized

Dept of Energy and EPA looking at “green” 
construction practices
UHI seen as another “energy” drain
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cooler pavements
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cooler pavements
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Interstate w/ PCC Highway w/ PCC

cooler pavements
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Below grade 
w/ sound walls

¾ inch 
asphalt-based 
OGFC over 
dense pvmt

Above grade 
w/ landscape

Below grade 
w/ sound walls

Airport: 23-inch thick PCC pvmt

Interstate w/ PCC Highway w/ PCC

cooler pavements
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are reflective pavements better ?
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not quite . . .
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reflective pavements

Surface Chip Seals and Coatings:
using reflective / light-colored chip / paints
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reflective pavements

“Gritting”:
reflective chips
and aggregate
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reflective pavements

Shot-Blasting:
abrading surface binder
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cool pavements
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 pavement thickness
material capacities .

 reflected UV radiation / scatter 
 pavement air voids (OGFC) cooler

 UHI does NOT cause Global Warming
 pavement impact on overall UHI is minimal

not black and white
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WMA is asphalt mix 
produced with special 
technologies at 
temperatures 50 to 100°F
lower than typical HMA

Over 20 WMA 
technologies are 
available in the U.S.

Foam, additives, waxes
WMA Temperature at Paver Screed

warm mix asphalt (WMA)
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Less energy to produce 
asphalt mixes
Fewer emissions from 
asphalt plants
Less fumes and odors
Better workability at 
lower temperatures
Extended paving season
Longer haul distances

HMA WMA

Comparison of Emissions of HMA and WMA

warm mix asphalt (WMA)
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what’s a carbon footprint ??
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what’s a carbon footprint ??

“The total amount of greenhouse gas 
emissions caused directly and 
indirectly by a . . . product [or 

material].”  Usually expressed in 
carbon dioxide “equivalents” (CO2e). 



51

“carbon footprint” = total set of GHG emissions 
caused directly / indirectly by . . . product / process

Raw materials extraction and processing
Pavement manufacturing
Pavement placement / transportation
Pavement maintenance

Numerous studies look at different components
Generally, values embedded as LCA inputs

A number of entities have attempted to calculate 
pavement’s carbon footprint – why?

mass of materials; potential GHG emissions
Municipalities “going green”

the basics: carbon footprint
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BEES: econ. & env. impacts
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BEES: GWP by Life-Cycle Stage
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BEES: GWP by Life-Cycle Stage

placement
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BEES: GWP by Life-Cycle Stage

placement

placement
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BEES: GWP by Life-Cycle Stage

placement

placement

~ 30% by unit
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Source: The Environmental Road of the Future, Life Cycle Cost Analysis, Chappat and Bilal, Colas Group 2003

technology impact: carbon footprint
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“Carbon footprint” – consistent way to compare global 
GHG emissions associated with a product’s life cycle
energy footprint ≠ carbon footprint  -- BTU vs CO2
Carbon footprint includes “process” GHG emissions
Carbon footprint does NOT include “feedstock” energy
Be aware of conflicting terms

Bottom line: asphalt pavement has a much lower carbon 
footprint vs concrete; between ~ 15% - 45% depending . . .
Warm Mix reduces energy requirements & CO2
RAP reduces acquisition of virgin raw materials
RAP / WMA combination can offsets CO2 equivalent to ~ 1 
MM cars annually

carbon footprint conclusions
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smoothness matters



65

Flexible asphalt pavements cause 
deflection allowing energy to be 
absorbed and increasing fuel 
consumption

Concrete pavement reduces fuel 
consumption by up to 7% saving 
the trucking industry over $6.3 
Billion annually and reducing CO2 
emissions by 15 million tons

fuel consumption vs pvmt type

Myth
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Mis-perception continues and is being used in 
some concrete marketing campaigns
Potential to be a “big-ticket” item; large impact
Bottom line: smoothness, NOT pavement type, 
is determinant for pavement fuel consumption
Very complicated to compare 2 different 
pavement sections
Cal-Trans recently compared same sections 

+ / - diamond grinding  smoothness
Easy to bias results; difficult to dis-prove

See asphaltroads website; more info to come

Facts

fuel consumption vs pvmt type
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smoothness matters

Rough roads increase vehicle fuel consumption 
and vehicle wear & tear 
Studies show that increasing smoothness by 
25% can increase vehicle fuel economy 5 - 10%
Smoothness and pavement texture play a role
Pavement type is insignificant

Potentially huge values for fuel savings
Cost of maintenance vs fuel / CO2 offsets
No current mechanism for offsets
NAPA working w/ stakeholders (eg, DOE, EPA)
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green metrics

Initiated with USGBC LEED
Way to “measure” sustainability / “greeness”

Started with buildings; now changing
DOTs looking to ensure sustainable pvmt

A number of systems used for pavement
Carbon footprints and offsets

States and universities looking / FHWA as well
All have pros and cons; define the boundary
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RAP: sustainable & carbon neutral

The entire annual CO2 / greenhouse gas emissions / 
carbon footprint from a typical hot-mix plant (~ 2,500 
tons) could be totally offset by using ~ +/- 30% RAP in 
pavement mix designs -- accomplished by minimizing 
acquisition of energy intensive (natural) raw materials 
such as aggregate and petroleum asphalt.
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ASPHALT:
the environmentally sustainable pavement
Porous pavements manage stormwater
OGFCs are safe, quiet, and better water quality
Reflective / OGFC / Porous can mitigate UHI
Asphalt pvmts accept recycled / #1 recycled RAP
HMA pavements are environmentally preferred
– Lower carbon footprint, speed of construction

Warm Mix lowers energy consumption / emissions
RAP can offset entire annual HMA GHG emissions 
Keeping pavements smooth saves fuel

greening the blacktop
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Understanding what is driving America green
Porous Pavement
Re-USE with RAP
Urban Heat Island: not Black-and-White
Warm Mix
Carbon Footprints
Smoothness MATTERS !!
Green metrics

summary: GREENing the Blacktop
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www.asphaltroads.org
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“it ain’t easy being green!”
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