Recycled Asphalt Shingles
Executive Summary
Asphalt shingles are the most prevalent roofing material in the United States. After their
lifespan of 10–30 years, asphalt shingles require replacement, and the old material becomes
waste that is either diverted to landfills or recycled into post-consumer products used in the
building industry. Asphalt shingles can be ground into granular particles for utilization as base
layers or additives for roadway pavements. The incorporation of recycled asphalt shingles
(RAS) into pavement can decrease the cost of roadway construction, but only a fraction of total
asphalt shingle waste is recycled. The processing, storage, and implementation of recycled
asphalt shingles have raised concerns of emissions of dangerous airborne particles and leaching
of chemicals into soil and water. Several states, including Missouri, utilize pavements that
incorporate recycled asphalt shingles. Proposed during the 2022 Missouri legislative session, HB
2447, HB 2485, and SB 984 seek to allow processed recycled asphalt shingles to be used for
structural fills, reclamation, or other beneficial purposes. Processed recycled asphalt shingles
would also be considered as clean fill.
Highlights
●

In the United States, approximately 13 million tons of asphalt shingle waste is sent to
landfills annually.
○ In Missouri, roughly 146,500 tons of asphalt shingles are discarded annually.

●

Recycling asphalt shingles reduces the need to extract raw natural resources (e.g.,
petroleum) and minimizes the amount of waste sent to landfills.

●

The incorporation of RAS can increase pavement durability and reduce cracking and
ruts, but research assessing performance is variable and inconsistent.

Health concerns cited from recycling asphalt shingles include possible exposure to
asbestos, secondary organic aerosols, and petroleum-based chemicals called polycyclic
aromatic hydrocarbons (PAHs).
○ Research suggests that PAHs do not readily leach from asphalt products.
Limitations
●

●

Investigations of the site-specific environmental and health impacts of recycled asphalt
processing are limited.

●

There is a lack of research regarding both the performance and market demand of
recycled asphalt shingles for structural fill.
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Research Background
Asphalt Shingles Life Cycle
In the United States, approximately 80% of all households use asphalt shingles as a roofing
material.1 Asphalt shingles are composed of a felt paper coated with hot asphalt and covered
with ceramic-coated mineral granules. The composition is 1–25% base material (i.e., felt, or
other paper base), 20–40% asphalt, and 40–70% granular particles.2 Asphalt shingles have a
typical lifespan of 10–30 years before requiring replacement.
Approximately 13.2 million tons of asphalt shingles are sent to landfills each year in the U.S.
and 146,500 tons are discarded annually in Missouri.3,4 Overall, 10–20% of the total asphalt
shingle waste is recycled, and the rest goes to landfills.5
Asphalt Shingle Recycling
Since asphalt shingles are similar in composition to asphalt used for pavement, they can be
substituted for some of the material input.6 However, to be used as a raw material, asphalt
shingles must first be processed.1 Shingles from post-consumer tear-offs (i.e., roof replacements)
have nails, tarpaper, sheet metal, and other materials in them that are removed with blowers
and magnets. The asphalt shingles are then reduced in size by grinding and screening.1 The final
size of the recycled asphalt shingle (RAS) depends on the application: coarser mixtures are used
for structural fills and finer mixtures are used in hot mix asphalt for roadways.1
Like asphalt for pavement, RAS are petroleum-based, they are not considered suitable for clean
fills. Clean fill materials in Missouri are approved by the Department of Natural Resources for
fill, reclamation, or other beneficial uses.3
Applications of Recycled Asphalt Shingles
Recycled asphalt shingles can be used as an additive for pavement mixtures or as structural fill
(e.g., base layers for pavement).7 The addition of RAS to asphalt pavement can improve
performance, but results vary depending on the percentage of RAS, the binder used, traffic
density, and environmental conditions.8 In one test, both summertime rutting and wintertime
cracking were reduced in pavements with RAS, whereas another study found that pavements
with RAS were brittle and highly cracked.9,10 Optimizing and balancing pavement composition
with RAS and other recycled materials remains a challenge, and is a current research priority in
the field.8,11
There is limited research on RAS as a structural fill. In one of the only studies explicitly studying
the matter, it was found that RAS were viable as structural fills, but that they needed to be
mixed with other materials to become solid enough to be used as base layers for roadways.5

Health Concerns
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One of the major impediments to wide scale use of RAS is the concern of negative impacts on
human health and the local environment. Potential areas of concern include the presence of
asbestos, polycyclic aromatic hydrocarbons (PAH), and the production of secondary organic
aerosols (SOA).
Asbestos
Asbestos is a natural fibrous mineral that has been banned as a building material since the early
1980s, but it was historically used in shingle manufacturing.1 Although shingles are typically
replaced every 30 years, in some cases shingles are installed on top of old shingles, meaning that
asbestos is still present in the built environment. However, asbestos is rarely found in asphalt
shingles waste. Out of 27,000 samples taken across several states, 1.5% contained detectable
levels of asbestos, the majority of which were contained in other roofing materials such as
mastic, and not in the shingles themselves.1 The presence of asbestos will likely continue to
decrease over time as older roofs are replaced.1
Asbestos is known to cause cancer, asbestosis, and mesothelioma.1 Studies of workers suggest
that the principal route of exposure to asbestos is through inhalation of asbestos fiber-containing
dust and the most likely route of asbestos exposure during asphalt shingle recycling. This
makes the grinding process of asphalt recycling potentially dangerous. Asbestos-related
diseases may take years to develop after exposure with symptoms appearing 10–40 years later.1
Polycyclic Aromatic Hydrocarbons
Polycyclic aromatic hydrocarbons are a family of over 100 compounds that are naturally found
in petroleum-based products including shingles.12 Several of these compounds pose severe
health risks for humans, and have been associated with conditions such as cancers, kidney
problems, cataracts, and jaundice.12 A review of several laboratory studies indicated that PAH
do not readily leach from asphalt products and that runoff from asphalt pavement in a stream
resulted in PAH below the detectable limit.1 PAH compounds can be emitted when asphalt
mixtures are heated, such as during the production of hot mix asphalt. Further, PAH emissions
can be mitigated by up to 90% with the addition of PAH filters at processing facilities.1 The
impact of recycled asphalt shingles on these emissions are not well understood.
Secondary Organic Aerosols (SOA)
Asphalt in general releases SOAs, especially when exposed to heat and solar radiation. Asphalt
from roads, roofing, and other sources produce more SOAs pollution than cars, especially on
hot, sunny days.13 Secondary organic aerosols have been shown to be associated with
county-level cardiorespiratory death rates in the U.S., particularly in southeastern states.14

Environmental Impact
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Recycling asphalt shingles reduces the amount of waste that is diverted to landfills and
decreases the need for extracting and processing raw materials.15 Nationally, construction and
demolition wastes account for nearly twice as much as municipal solid wastes, and nearly 10%
of that is made up of asphalt shingle waste.15
Further, in a 2015 study, it was found that energy usage, global warming potential, and building
costs went down with increasing amounts of recycled materials in pavement.8 One study found
that the use of RAS in pavement could amount to a 16% decrease in greenhouse gas emissions
in roadway construction projects.16 Shingle recycling may also reduce the emission of potentially
hazardous components associated with the mining, production, and transport of raw materials
used in the manufacture of binder and aggregates.16
A few studies have investigated the impacts of RAS processing and storage on soil and water
contamination. Polycyclic aromatic hydrocarbons are not water soluble, but they can be readily
absorbed into plants and animals, and persist in the environment.12,17 Furthermore, PAHs bind
strongly to clayey soils and can be difficult to remove once they have entered the environment.12
Data relating to water contamination from asphalt shingles are limited, but the available
research suggests that PAH leaching from RAS is generally negligible and below the allowable
limit for waterways.1
Economic Benefits
The use of RAS in pavement mixtures can reduce construction costs. The Missouri Department
of Transportation (MODOT) estimated that the use of RAS saves $3-$5 per ton of asphalt.18
Given that a typical asphalt resurfacing project requires 30,000 tons of asphalt, utilizing RAS
confers potential economic savings of $90,000–$150,000 per project.18 From 2011–2015, MODOT
saved $43.5 million by using RAS in pavement.18
Recycled Asphalt Shingles by State
As of 2016, 31 states permitted RAS to be used in pavement for roadway construction.4 The
Missouri Department of Transportation was one of the first state agencies to allow RAS, and
now they are used widely throughout the Midwestern U.S. (Figure 1). Missouri allows up to 7%
of pavement mixtures to be composed of RAS whereas most other states (e.g., Georgia,
Maryland, Minnesota, Ohio) allow a maximum of 5%. Some states have provided discounted
disposal fees at recycling centers or other incentives for recycling post-consumer asphalt
shingles.4,19 Proposed in the 2022 Missouri legislative session, HB 2447, HB 2485, and SB 984
seek to allow processed RAS to be used for structural fills, reclamation, or other beneficial
purposes, and also to designate it as clean fill. There is documentation of using RAS for
structural fill in Wisconsin.5 Otherwise, there is a lack of information regarding the use of RAS
for structural fills in other states.
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Figure 1. Map of the U.S. showing states reporting RAS usage in 2020. Created using data from 2020
National Asphalt Pavement Association Report. 20

Shingle storage and processing facility siting can result in significant pushback from the local
community. In Floral Farms, Texas, an illegally sited shingle storage facility (“Shingle
Mountain”) became the focal point of national conversations related to environmental racism
and racial zoning, ultimately resulting in lawsuits against the city and the owners of the
facility.21,22,23 Therefore, taking proper consideration of potential economic and environmental
benefits of RAS with local community concerns related to health, society, and environment,
may help to avoid certain problems related shingle storage and processing facility siting.
References
1.
2.
3.

4.

5.
6.
7.

Townsend, T., Powell, J., & Xu, C. (2007). Environmental issues associated with asphalt shingle
recycling. Construction Materials Recycling Association, US EPA Innovations Workgroup.
Arnold, J. (2014). Quantitative evaluation of low-temperature performance of sustainable asphalt
mixtures and binders containing recycled asphalt shingles (RAS) and rejuvenators.
Missouri Department of Natural Resources (2021). Management of construction and demolition
waste – PUB2045. MO DNR Waste Management Program. Retrieved from
https://dnr.mo.gov/document-search/managing-construction-demolition-waste-pub2045/pub2
045 on May 5, 2022.
Aschenbrener, T. (2018). FHWA Division Office Survey on State Highway Agency Usage of
Reclaimed Asphalt Shingles: Quantities, Trends, Requirements, and Direction-Results from May
2017 (No. FHWA-HIF-18-009). United States. Federal Highway Administration. Office of Asset
Management, Pavements, and Construction.
Soleimanbeigi, A., Edil, T., & Benson, C. (2012). Geotechnical evaluation of recycled asphalt
shingles as structural fill. Dissertation Abstracts International, 74(06).
Wang, H., Rath, P., & Buttlar, W. G. (2020). Recycled asphalt shingle modified asphalt mixture
design and performance evaluation. Journal of Traffic and Transportation Engineering (English
Edition), 7(2), 205-214.
Sengoz, B., & Topal, A. (2005). Use of asphalt roofing shingle waste in HMA. Construction and
Building Materials, 19(5), 337-346.

5

8.
9.
10.
11.

12.
13.
14.
15.
16.
17.

18.
19.
20.

21.

22.

23.

Yang, R., Kang, S., Ozer, H., & Al-Qadi, I. L. (2015). Environmental and economic analyses of
recycled asphalt concrete mixtures based on material production and potential
performance. Resources, Conservation and Recycling, 104, 141-151.
Williams, R. (2013). Performance of Recycled Asphalt Shingles in Hot Mix Asphalt: TPF-5 (213),
Wisconsin DOT's Project Involvement.
Johnson, E., Johnson, G., Dai, S., Linell, D., McGraw, J., & Watson, M. (2010). Incorporation of
recycled asphalt shingles in hot-mixed asphalt pavement mixtures (No. MN/RC 2010-08).
United States Environmental Protection Agency. (2013). Analysis of Recycling of Asphalt Shingles
in Pavement Mixes from a Life Cycle Perspective. Retrieved from
https://www.asphaltpavement.org/uploads/documents/EPA_Analysis_of_Recycling_of_Asph
alt_Shingles_in_Pavement_Mixes.pdf&sa=D&source=docs&ust=1652145191926660&usg=AOvVa
w2tYrPksecMhttH_iE5S-GS on May 8, 2022.
Abdel-Shafy, H. I., & Mansour, M. S. (2016). A review on polycyclic aromatic hydrocarbons:
source, environmental impact, effect on human health and remediation. Egyptian journal of
petroleum, 25(1), 107-123.
Khare, P., Machesky, J., Soto, R., He, M., Presto, A. A., & Gentner, D. R. (2020). Asphalt-related
emissions are a major missing nontraditional source of secondary organic aerosol precursors.
Science advances, 6(36), eabb9785.
Pye, H. O., Ward-Caviness, C. K., Murphy, B. N., Appel, K. W., & Seltzer, K. M. (2021). Secondary
organic aerosol association with cardiorespiratory disease mortality in the United States. Nature
communications, 12(1), 1-8.
Williams, B. A., Willis, J. R., & Shacat, J. (2020). Asphalt Pavement industry survey on recycled
materials and warm-mix Asphalt Usage: 2019 (No. IS 138 (10e)).
Hamilton, B. A. (2013). Analysis of recycling of asphalt shingles in pavement mixes from a life
cycle perspective. Contract No. EPW07020. Prepared for US Environmental Protection Agency,
Region, 8.
Hussain, K., Hoque, R. R., Balachandran, S., Medhi, S., Idris, M. G., Rahman, M., & Hussain, F. L.
(2018). Monitoring and risk analysis of PAHs in the environment. Handbook of environmental
materials management, 1.
Missouri Department of Transportation (2020). Roofs to roads program. Retrieved from
https://www.modot.org/recycling on May 3, 2022.
Northeast Recycling Council (2011). Asphalt shingles waste management in the Northeast fact
sheet. Retrieved from https://nerc.org/documents/asphalt.pdf on May 5, 2022.
National Asphalt Pavement Association. (2020). Asphalt Pavement Industry Survey on Recycled
Materials and Warm-Mix Asphalt Usage. Retrieved from
https://www.asphaltpavement.org/expertise/sustainability/sustainability-resources/recycling
&sa=D&source=docs&ust=1652145191944160&usg=AOvVaw07c_swchClLz3Wn9gUQeNe on
May 10, 2022.
Fears, D. (2020, November 16). Shingle mountain. The Washington Post. Retrieved on May 3,
2022.
https://www.washingtonpost.com/climate-environment/2020/11/16/environmental-racism-da
llas-shingle-mountain/
Goodman, M. (2020, July 24). The city is now being sued to remove shingle mountain. D
Magazine. Retrieved on May 3, 2022.
https://www.dmagazine.com/frontburner/2020/07/the-city-is-now-being-sued-to-remove-shin
gle-mountain/
City of Dallas v. Blue Star Recycling, et al. Cause No. DC-18-18651. Retrieved from
https://spectrumlocalnews.com/tx/south-texas-el-paso/news/2020/12/18/goodbye-70-000-ton
s-of-shingles--shingle-mountain-is-finally-being-moved&sa=D&source=docs&ust=1652215348549
301&usg=AOvVaw0M55vMWTXxncwnX3i0EMNv on May 9, 2022.

6

