~ VERMONT
/\'\V DEPARTVIENT OF ENVIRONVIENTAL CONSERVATION

HAZARDOUS MATERIALS PROGRAM ENVIRONMENTAL FACT SHEET

End-of-Life Solar Panels

The use of solar panels for electric power generation has increased significantly in recent decades, and
with it, the number of end-of-life solar panels in need of proper disposal has increased. This growing
waste stream must be managed safely in order to protect public health and the environment—
particularly when it comes to solar panels manufactured with materials that make them hazardous
waste at end-of-life. This fact sheet provides a summary of how the Vermont Hazardous Waste

Management Regulations (VHWMR) apply to managing end-of-life solar panels.

What is a solar panel?

Solar panels are devices that convert electromagnetic radiation from the sun (i.e., sunlight) into
electricity. They are also referred to as photovoltaics, or PVs. They are commonly used to power
residential and commercial buildings, but they have many applications including energy storage,
remote power, industrial processes, and transportation.

While the design and construction of solar panels varies, most consist of photovoltaic “cells” that are
soldered together and protected by glass in a metal frame. They typically contain wiring,
semiconductors, and other electrical components. Although they are largely made up of non-
hazardous materials, solar panels may contain hazardous materials, including but not limited to silver,
lead, cadmium, and other heavy metals. These materials are most likely to be found in the solder
and/or semiconductor of the solar panel. Solar panels at end of life, particularly those that are
damaged or subject to damage, pose a greater risk to the environment, as they may not effectively
contain hazardous constituents.

Do end-of-life solar panels need to be managed as hazardous waste?

If end-of-life solar panels contain specific heavy metals at high enough concentrations, they are
regulated as hazardous waste due to the characteristic of toxicity (§ 7-208 of the VHWMR). If any one
of the contaminants listed in § 7-208 is present in end-of-life solar panels at or above the regulatory

level, those solar panels must be managed as hazardous waste. The table below includes examples of
hazardous wastes that may be present in PVs and their associated regulatory level.

Contaminant Hazardous Waste Code Regulatory Level (mg/L)
Silver D011 5.0
Lead D008 5.0
Cadmium D006 1.0
Arsenic D004 5.0
Selenium D010 1.0



https://dec.vermont.gov/waste-management/hazardous/regulations
https://dec.vermont.gov/waste-management/hazardous/regulations
https://dec.vermont.gov/sites/dec/files/wmp/HazWaste/Documents/VHWMR%20Effective%20Feb%2001%2C%202022%20Subchapter%202.pdf

Note that some solar panels constitute hazardous waste, and some do not, even within the same
model and manufacturer. It is the responsibility of the generator to determine whether their end-of-
life solar panels are hazardous waste and to manage them according to the applicable regulatory
requirements.

The test for determining whether a waste meets the characteristic of toxicity is referred to as the
Toxicity Characteristic Leaching Procedure (TCLP). If a generator of end-of-life solar panels has

knowledge that a material would fail the TCLP test (e.g., fail results from a previous TCLP test on the
same make and model of solar panel), they can determine that the waste is hazardous without the
need for testing. Additionally, the American Society for Testing Materials (ASTM) has developed a
standard practice for extracting representative samples from PV modules for TCLP toxicity testing
purposes: ASTM E3325-21: Standard Practice for Sampling of Solar Photovoltaic Modules for Toxicity

Testing.

Are there standards for managing end-of-life solar panels as universal waste?

As the solar industry evolves, recycling technologies and processes are also advancing. Newer methods
and techniques are continually being developed to increase the efficiency, affordability, and
effectiveness of solar panel recycling. Currently, there are no universal waste management standards
that are applicable to solar panels in Vermont. However, the US Environmental Protection Agency
(EPA) is in the early stages of working on a proposal to add hazardous waste solar panels to the federal
universal waste regulations. EPA’s proposal is in part in response to a petition submitted to EPA in 2021
by a broad coalition of industry associations affiliated with the electric power industry. More
information on EPA’s proposal is available on the EPA website. Vermont will continue to follow EPA's
progress as they work on developing this new federal rule.

Are there any unique considerations when it comes to managing end-of-life solar panels?

All household-generated wastes, including end-of-life solar panels, are exempt from regulation as
hazardous waste under § 7-203(a) of the VHWMR. Considering that, this guidance only applies to end-
of-life solar panels generated by entities that are non-households (i.e., businesses, schools, government
facilities, etc.).

Please be aware that the generator of the waste is the deciding factor for determining whether end-of-
life solar panels might be regulated as hazardous waste, not the type of building associated with the
solar panels. For instance, solar panels that are leased by a household and then removed and managed
by the lessor (i.e., a non-household) at end of life, are regulated as hazardous waste. In a similar
example, if solar panels are taken out of service at end of life by a contractor (i.e., a non-household) as
part of a replacement job, they are regulated as hazardous waste. Manufacturers and retailers that
generate hazardous waste solar panels (e.g., products that are expired, damaged, or off-spec) are also
regulated as hazardous waste generators.
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https://www.epa.gov/hw-sw846/sw-846-test-method-1311-toxicity-characteristic-leaching-procedure
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.astm.org%2Fe3325-21.html&data=05%7C01%7CYoung.Jessica%40epa.gov%7C843f9f6d1da6428963d908dbae0e72e0%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C638295149304232085%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=8xdjLKQ%2FCJtGFXXqjoJ4v7mZ%2FPq2gep8FqErE8YOne4%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.astm.org%2Fe3325-21.html&data=05%7C01%7CYoung.Jessica%40epa.gov%7C843f9f6d1da6428963d908dbae0e72e0%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C638295149304232085%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=8xdjLKQ%2FCJtGFXXqjoJ4v7mZ%2FPq2gep8FqErE8YOne4%3D&reserved=0
https://www.epa.gov/system/files/documents/2022-07/Final_Solar_Panel_Universal_Waste_Cover_Letter_and_Petition_508.pdf
https://www.epa.gov/hw/improving-recycling-and-management-renewable-energy-wastes-universal-waste-regulations-solar

If you have questions about managing household hazardous waste (HHW); Please refer to your local

solid waste management entity (SWME) or the Vermont DEC Solid Waste Program. Contact

information is listed at the end of this fact sheet.

Additional Resources

EPA webpage: End-of-Life Solar Panels: Regulations and Management

EPA’s Solar Panel Frequent Questions

EPA guidance on Solar Panel Recycling

If you have questions about managing household hazardous waste (HHW) solar panels, refer to

your solid waste management entity (SWME) or contact the Vermont DEC Solid Waste

Program.
We are aware of four vendors providing solar panel reuse and recycling services in Vermont.
The following list is not intended to be exhaustive, and inclusion does not constitute an
endorsement by the Program:

o Universal Recycling Technologies (URT): Ray Zielke - rzielke@urtsolutions.com

Complete Recycling Solutions (CRT): Keith Boyea - kboyea@crsrecycle.com

o
o Veolia: Jason Regan - jason.regan@veolia.com
o Goodpoint Recycling: Robin Ingenthron - robin@goodpointrecycling.net

For more information regarding solar panels, or if you have other hazardous waste management
questions, please contact:

Hazardous Materials Program — Hazardous Waste Section
Waste Management and Prevention Division

Vermont Department of Environmental Conservation

1 National Life Drive — Davis 1

Montpelier, VT 05620-3704

802-828-1138

https://dec.vermont.gov/waste-management/hazardous
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https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Furldefense.com%2Fv3%2F__https%3A%2Fwww.epa.gov%2Fhw%2Fend-life-solar-panels-regulations-and-management__%3B!!Db6frn15oIvDD3UI!lBMlq7fzIndb_iEBxt7xlKEX5K71KObJ5iXwAxzRd3W6Y6OAhg-Ag4vhrMg6XOQub70p3ZM9NaOK3DHWBczX%24&data=05%7C01%7COConnor.Phoebe%40epa.gov%7C4a7a3e7cda934a642bf508db77255969%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C638234774519021365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=B8ixjIsrAzwqN6auicdCqEgukh1t9EuSe0QqtDbNsEw%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Furldefense.com%2Fv3%2F__https%3A%2Fwww.epa.gov%2Fhw%2Fsolar-panel-frequent-questions__%3B!!Db6frn15oIvDD3UI!lBMlq7fzIndb_iEBxt7xlKEX5K71KObJ5iXwAxzRd3W6Y6OAhg-Ag4vhrMg6XOQub70p3ZM9NaOK3PZhOT7V%24&data=05%7C01%7COConnor.Phoebe%40epa.gov%7C4a7a3e7cda934a642bf508db77255969%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C638234774519021365%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=ZDPtywsvdLDSrPJMHt61QqZk8fYO35NRaWBru3ENgrQ%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Furldefense.com%2Fv3%2F__https%3A%2Fwww.epa.gov%2Fhw%2Fsolar-panel-recycling__%3B!!Db6frn15oIvDD3UI!lBMlq7fzIndb_iEBxt7xlKEX5K71KObJ5iXwAxzRd3W6Y6OAhg-Ag4vhrMg6XOQub70p3ZM9NaOK3JXC9Zqz%24&data=05%7C01%7COConnor.Phoebe%40epa.gov%7C4a7a3e7cda934a642bf508db77255969%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C638234774518865037%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=xF3hxm4MUcH204B1ecKzUIdML54LMLNHUUCYIic%2F5tE%3D&reserved=0
https://dec.vermont.gov/waste-management/solid/local-districts
https://urtsolutions.com/
http://www.crsrecycle.com/
https://www.veolianorthamerica.com/
https://goodpointrecycling.net/
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