Plastic Roadways

Paving roads with asphalt strengthened by waste plastic keeps plastic
out of landfills
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Plastic-paved roadway (Photo Courtesy of MacRebur)

The Impact

Single-use plastic bans are spreading, but they do not address the large volume of waste plastic
that is difficult or uneconomical to recycle. This material crowds landfills and contributes to ocean
pollution. Blending waste plastic into road asphalt offers one route to divert it while reducing the amount
of petroleum-derived asphalt needed for paving. At scale, the volumes can be substantial: India had
paved roughly 60,000 miles of roadway using waste plastic by early 2021. Early U.S. pilots have
produced mixed results: Caltrans removed section of a Highway 162 test road due to stability concerns,
but a Hawaii Department of Transportation project found no additional microplastic leaching into
stormwater or soil after 11 months of use, an early but partial signal on one of the technique's main
environmental risks.

Description

Most roads in California are paved with asphalt, a petroleum-derived material obtained from oil
refining. Plastic-modified asphalt replaces a portion of the binder with shredded or melted waste plastic
from sources such as water bottles, straws, fishing nets, and other hard-to-recycle items, thus reducing
the petroleum input and diverting plastic from landfills and waterways. Conventional asphalt roads have
an average lifespan of about 20 years. Plastic-modified mixes can improve how well a road resists wear
and pressure: controlled studies have documented improvements of roughly 35-40% in resistance to
deformation from heavy loads, and 15-20% in resistance to cracking from repeated stress. However,
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these benefits depend heavily on which plastic is used. Some plastics that perform well in hot weather
become brittle and crack-prone in the cold.

The technology is evolving rapidly, and several methods are being explored. One approach melts
recycled fishing-net fibers into hot asphalt; the added fibers create air voids that can reduce freeze-thaw
cracking. Optimizing fiber type and quantity remains an open research question, as does preventing
clumping, which can undermine the additive's structural benefits. Any viable mix must hold up under the
repeated loads of trucks and buses while also meeting environmental safety standards.

Where It's Been Implemented

India is the largest adopter to date. As of February 2021, around 60,000 miles of roadway had
been paved using waste plastic on land approved by the national government for this use. Several
other South Asian countries, including Bhutan, Bangladesh, and Pakistan, are pursuing similar projects
to reduce construction material requirements and divert plastic waste. The practice is also expanding
across parts of Europe and Africa.

A U.K.-based company, MacRebur, specializes in plastic-modified asphalt and has completed
projects in the U.K., Spain, Croatia, Malaysia, Estonia and Switzerland. In 2018, MacRebur partnered
with a team at the University of California, San Diego to install the first U.S. road incorporating recycled
plastic. The company also has a Southern California supplier working to enter the California market.

California's experience with plastic-modified asphalt has been mixed but increasingly promising.
In 2020, the California Department of Transportation (Caltrans) ran a pilot on State Highway 162
between Feather River and Christian Avenue in Oroville, projected to recycle the equivalent of 150,000
plastic bottles per 1,000 feet segment, illustrating the diversion potential of the approach at scale.
However, the section was later removed due to stability concerns. A second segment, paved in October
2022, has performed substantially better. Granite Construction, working with the Western Regional
Superpave Center at the University of Nevada, Reno, overlaid a 500-foot section of State Highway 99
in EIk Grove with an asphalt mix in which 10% of the binder by weight was replaced with modified toner
polymer, recycled plastic from used printer cartridges. The section subsequently withstood heavy truck
traffic and a January 2023 levee breach that flooded the highway during an atmospheric river. A
follow-up field review by Caltrans, Granite Construction, and University of Nevada, Reno engineers
found no cracking or rutting. Granite Construction has described the project as the first low-carbon
asphalt mix used by Caltrans. The choice of toner cartridge plastic reflects a deliberate effort to draw
from a waste stream that is not already being recycled: toner is classified as electronic waste,
generates between 9,000 and more than 25,000 tons of waste per year in the United States, and has a
low melting point and consistent composition that make it well suited to binder modification.

The Hawaii Department of Transportation (HDOT), working with the Hawai’i Pacific University’s
Center for Marine Debris Research, used a recycled-polymer asphalt mix to repave sections of a
residential road on Oahu. The plastic came from waste recovered in Hawaiian waters, addressing a
growing marine debris problem across the islands. After 11 months of continuous use, monitoring
confirmed that no additional microplastics had leached into stormwater or surrounding soil: an important
finding given concerns about plastic-modified pavement releasing fragments into the environment over
time.

Key Drivers

Plastic waste continues to accumulate faster than recycling systems can absorb it. Only about 9%
of all waste plastic is recycled. Road construction offers a high-volume potential outlet: the
recycled-plastic overlay on a 500-foot section of California's Highway 99 used a volume of toner cartridge
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plastic equivalent to roughly 450 large curbside recycling bins, diverting 200 pounds of plastic from the
waste stream for every ton of liquid asphalt produced.

Reducing the carbon footprint of road construction is a second driver. Conventional asphalt binder
is petroleum-derived, and pavement is laid in enormous quantities. Studies indicate that plastic-modified
mixes can reduce the global warming potential of asphalt by 20-35% compared to conventional binders,
and the Highway 99 mix reduced CO2 emissions from the liquid asphalt component by roughly 5%.

A third driver is performance under stress. As traffic loads and temperature extremes increase,
conventional asphalt requires frequent repaving. Plastic-modified mixes, when properly formulated, can
improve resistance to deformation from heavy loads and to cracking from repeated stress.

Key Factors for Success

Plastic selection is the foundation. Not all plastics behave the same way when blended with
asphalt binder. The Highway 99 project deliberately used toner cartridge plastic (a homogeneous,
low-melting-point material drawn from a waste stream not already being recycled) rather than mixed
post-consumer plastics from existing recycling streams. This served two purposes: it ensured a
consistent mix design and avoided diverting materials from established recycling channels.

Strong partnerships across sectors are equally important. The Highway 99 pilot brought together
a contractor (Granite Construction), an academic research center (the Western Regional Superpave
Center at the University of Nevada, Reno), and a state transportation agency (Caltrans). The academic
partner provided performance and environmental testing; the contractor brought construction expertise
and approached the agency directly to propose a real-world trial; the agency authorized the pilot and
participated in the post-installation field review. Similar partnerships are visible in Hawaii, where the
Department of Transportation worked with the Center for Marine Debris Research, and in San Diego,
where MacRebur worked with a UC San Diego team.

Phased testing helps build confidence before public-road deployment. The Highway 99 mix was
first trialed in a Target store parking lot the year before it was used on the highway. Starting with
lower-stakes installations allows mix designs to be refined and performance to be observed before larger
commitments are made.

Key Obstacles

The most fundamental issue is material compatibility. Common waste plastics, including
polyethylene terephthalate (PET, used in water bottles) and polyvinyl chloride (PVC, used in pipes and
packaging), do not mix evenly with asphalt binder. They tend to separate during storage and behave
inconsistently in the field, often acting as fillers rather than as true performance modifiers. Each plastic
type also brings its own drawbacks: PET becomes brittle in cold weather, PVC can release toxic
emissions during heating, and other plastics require chemical or thermal pre-treatment to be usable.
These pre-treatments add cost, energy demand, and emissions of their own, partially offsetting the
sustainability benefits the technology is meant to deliver.

Environmental risks are not yet fully understood. While life-cycle assessments suggest
plastic-modified asphalt can reduce overall emissions and landfill use, most studies do not adequately
measure microplastic shedding from pavement wear, volatile organic compound emissions during
construction, or leaching of chemical additives under prolonged UV exposure and weathering. The
11-month Hawaii result is an encouraging early data point, but longer-term monitoring across multiple
climates is needed before the technology's environmental profile can be considered well-characterized.

Worker safety during construction is another concern. Melting plastics, particularly PVC and
polystyrene, can release toxic fumes. Protective protocols must be developed and enforced for the
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workers handling these mixes, many of whom are in physically demanding jobs without comprehensive
health monitoring.

A lack of standardized testing methods compounds these problems. Research studies vary

widely in the plastic dosages, particle sizes, aging protocols, and performance metrics they use, making
it difficult to compare results across projects or to develop reliable engineering specifications. Until
standardized protocols emerge, public agencies have a limited basis for setting performance
requirements or approving mix designs at scale.
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