
Environmental Topic:  Managing Emerging Waste Streams 

Project Title:  Sustainable Management of Wastes from Energy Resources 

Project Deliverables: Project deliverables will include:  

• ITRC Guidance document addressing:

o Management of waste including recycling, reuse, and waste disposal that are generated

by energy production sources with a focus on wastes from renewable energy production.

Solar cells, electric vehicles and lithium batteries, wind turbines, and geothermal systems,

critical minerals and materials, and coal combustion residuals (CCR) will be included.

The guidance will include best management practices, recycling potential and beneficial

reuse options and technologies, closure practices, potential impacts and risks to human

and environmental health, remediation methodologies, and stability.

o Status of current regulations in place regarding renewable energy and other energy

production waste disposal and/or recycling (Federal, State, Tribal, International)

• Fact Sheets

• Web-based training

The deliverables will include a comprehensive look at energy production waste streams. Information 

will include types of waste generated, recycling and reuse potential and waste management best 

practices and technologies. Web-based training will be developed in short informational videos, fact 

sheets, or presentation training style with potential case studies.  

State Team Leaders: Team Leaders will be sourced for interest by ITRC.   

Proposal Contacts: Shannon Suggs, NDDEQ, ssuggs@nd.gov 

Problem Statement: The transition to renewable energy sources from traditional energy production 

requires the management of new and legacy waste streams through practical investigation and 

remediation methodologies. Many of these waste streams contain compounds that are harmful to the 

environment and human health. Recent and future rulemakings and policy decisions concerning the 

disposal of these waste streams – including CCR, solar panels, and lithium batteries - will create 

significant financial challenges to states and their communities for managing, investigating, and 

mitigating previously closed facilities. Environmental impacts will need to be mitigated while also 

considering costs, community impacts, and sustainability of the final remedies. 

According to the US. Energy Information Administration (EIA), renewable energy sources accounted 

for 21.4 % of total electricity generation in 2023 (US EIA, AEO 2023).  These renewable energy sources 

include solar, wind and geothermal.  In addition to waste streams associated with electricity generation, 

there has been a rise of electric vehicle use with their associated rechargeable batteries.  According to 

Experian Automotive’s Market Trends third quarter 2023 report, approximately 1% of all registered 

vehicles on the road in the U.S. are electric.  This is approximately 3 million new and used electric cars 

on the road today with potential for more as the industry grows. Critical minerals and materials (CMM) 

are essential to sustainable energy transition and with that transition is also the need for the management 
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of the waste associated with mining and potential recovery of these minerals. CMM recovery 

opportunities may exist with contaminated sites requiring remediation.  

 

The service life of renewable energy materials such as solar panels and wind turbine towers and blades 

ranges from 20 to 25 years.  According to the EPA, the United States will have as much as one million 

total tons of solar panel waste by 2030, and as many as 10 million total tons of solar panel waste by 

2050.  Electric car batteries have a service life between 8 and 12 years, with an estimated 550,000 

reaching end of life each year (EPA). These estimates are likely conservative due to obsolescence.  A 

study published in Resources, Conservation and Recycling indicates over 2 million tons of U.S. Wind 

turbine blades are expected to retire by 2050 (Cooperman et al, 2021).  

Recycling options are available for many components of renewable energy sources, but sufficient 

capacity is an issue. As of 2023, there are only five companies listed by the Solar Energy Industries 

Association as capable of providing recycling services for solar panels (Hurdle, 2023).  According to the 

International Council on Clean Transportation, recycling capacity in the US for EV batteries is 

approximately 105,150 tons annually, with anticipated recycling plants boosting the recycling capacity 

to 652,293 tons by 2030 (Tankou et al, 2023). However, end of life EV batteries waste is estimated to be 

near 1.3 million tons by 2050.   Many renewable energy components will ultimately enter landfills as a 

cost-efficient option for dealing with the waste.  Disposal can range from $2-$5 per solar panel as solid 

waste, more if it is considered hazardous waste, but recycling can cost as much as $18 per panel.    

In addition to the anticipated increase in 

waste from renewable energy sources, 

natural disaster events are also 

generating unprecedented waste and 

debris that ultimately end in landfills.  

According to Climate.gov, produced by 

NOAA, in 2022 alone, the U.S. 

experienced 18 separate weather and 

climate disasters totaling at least a billion 

dollars in damage.  The following chart, 

courtesy of NOAA NCEI, shows the 

increase in frequency as well as costs of 

weather and climate disasters from 1980 to 2022. With many public and private buildings utilizing 

renewable energy resources, such as solar panels, opportunities for recycling and beneficial reuse should 

be examined in natural disaster clean-up strategies. 

Current landfill capacity varies across the U.S. with remaining capacity up to 22 years.  This is based on 

average waste and does not account for the additional waste streams of climate disasters and renewable 

energy development.    
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Landfill capacity as of 2021.  Courtesy of Waste Business Journal. 

In conclusion, many states and communities do not have clear guidance or regulations on waste 

management from energy production, including legacy and renewable energy sources, some of which 

could be considered hazardous waste. ERIS also identified managing waste streams related to renewable 

energy sources as the top waste and remediation research need in its latest state survey report (ERIS 

2022). The team’s purpose is to develop comprehensive guidance to provide technical resources, 

strategies, and information on managing these emerging waste streams. 

Additional Information:  EPA is working on a comprehensive electric battery guidance (est. 2026) 

could be referred or incorporated 

 

Brief literature review: 

 

Association of State and Territorial Solid Waste Management Officials (ASTSWMO). CCR Corner. 

https://astswmo.org/ccr-corner/ 

 

ASTSWMO. Emerging Wastes from Renewable Energy Sources Fact Sheets. November 2022. 

https://astswmo.org/emerging-wastes-from-renewable-energy-sources-fact-sheets/  

 

Cooperman, A., Eberle, A., & Lantz, E. Wind turbine blade material in the United States: Quantities, 

costs, and end-of-life options. Resources, Conservation and Recycling (2021). Volume 168, May 2021, 

105439. ISSN 0921-3449, https://doi.org/10.1016/j.resconrec.2021.105439.  

 

Dominguez, A. & Geyer, R.   Photovoltaic waste assessment of major photovoltaic installations in the 

United States of America.  Renewable Energy (2019). Volume 133. P. 1188-1200. 

ISSN 0960-1481, https://doi.org/10.1016/j.renene.2018.08.063. 

 

Environmental Research Institute of the States (ERIS).  Findings of the 2022 Biennial ERIS Survey on 

State Environmental Agency Research Needs. January 2023. https://www.eristates.org/wp-

content/uploads/2023/01/2022-ERIS-Survey-Report.pdf 

 

Hurdle, J. As Millions of Solar Panels Age Out, Recyclers Hope to Cash In. YaleEnvironment360. 

February 28, 2023. https://e360.yale.edu/features/solar-energy-panels-recycling  

 

3

https://astswmo.org/emerging-wastes-from-renewable-energy-sources-fact-sheets/
https://doi.org/10.1016/j.resconrec.2021.105439
https://doi.org/10.1016/j.renene.2018.08.063
https://www.eristates.org/wp-content/uploads/2023/01/2022-ERIS-Survey-Report.pdf
https://www.eristates.org/wp-content/uploads/2023/01/2022-ERIS-Survey-Report.pdf
https://e360.yale.edu/features/solar-energy-panels-recycling


International Energy Agency. Sustainable and Responsible Critical Mineral Supply Chains, IEA, Paris 

https://www.iea.org/reports/sustainable-and-responsible-critical-mineral-supply-chains, Licence: CC BY 

4.0 

MOST Policy Initiative-Solar Panels: Decommissioning & Recycling 

https://mostpolicyinitiative.org/science-note/solar-panels-waste/ 

Tankou, A. & Hall, D. Will the U.S. EV Battery Recycling Industry Be Ready for Millions of End-of-

Life Batteries? The International Council on Clean Transportation. Blog September 29, 2023. 

https://theicct.org/us-ev-battery-recycling-end-of-life-batteries-sept23/  

United National Economic Commission for Europe. Critical Minerals for the Sustainable Energy 

Transition. A Guidebook to Support Intergenerational Action. Geneva. April 2024.  

https://unece.org/sites/default/files/2024-04/RMYMG%20-

%20Critical%20Minerals%20for%20Sustainable%20Energy%20Transition%20-

%20A%20Guidebook%20to%20support%20Intergenerational%20Action.pdf 

US EIA. Annual Energy Outlook 2023.  March 2023. https://www.eia.gov/outlooks/aeo/ 

US EPA. Battery Collection Best Practices and Battery Labeling Guidelines.  EPA.gov. Retrieved July 

8, 2024. https://www.epa.gov/infrastructure/battery-collection-best-practices-and-battery-labeling-

guidelines  

US EPA. End-of-Life Solar Panels: Regulations and Management.  EPA.gov. Retrieved June 27, 2024. 

https://www.epa.gov/hw/end-life-solar-panels-regulations-and-management 

US EPA. Disposal of Coal Combustion Residuals from Electric Utilities Rulemakings. Retrieved June 

27, 2024. https://www.epa.gov/coalash/coal-ash-rule 

Woods, B. 2023. Recycling ‘end-of-life’ solar panels, wind turbines, is about to be climate tech’s big 

waste business. CNBC. Published Sat, May 13 20239:30 AM EST, Updated Mon, Nov 27 202311:57 

AM EST. 

https://www.cnbc.com/2023/05/13/recycling-end-of-life-solar-panel-wind-turbine-is-big-waste-

business.html 

4

https://mostpolicyinitiative.org/science-note/solar-panels-waste/
https://theicct.org/us-ev-battery-recycling-end-of-life-batteries-sept23/
https://unece.org/sites/default/files/2024-04/RMYMG%20-%20Critical%20Minerals%20for%20Sustainable%20Energy%20Transition%20-%20A%20Guidebook%20to%20support%20Intergenerational%20Action.pdf
https://unece.org/sites/default/files/2024-04/RMYMG%20-%20Critical%20Minerals%20for%20Sustainable%20Energy%20Transition%20-%20A%20Guidebook%20to%20support%20Intergenerational%20Action.pdf
https://unece.org/sites/default/files/2024-04/RMYMG%20-%20Critical%20Minerals%20for%20Sustainable%20Energy%20Transition%20-%20A%20Guidebook%20to%20support%20Intergenerational%20Action.pdf
https://www.eia.gov/outlooks/aeo/
https://www.epa.gov/infrastructure/battery-collection-best-practices-and-battery-labeling-guidelines
https://www.epa.gov/infrastructure/battery-collection-best-practices-and-battery-labeling-guidelines
https://www.epa.gov/hw/end-life-solar-panels-regulations-and-management
https://www.epa.gov/coalash/coal-ash-rule
https://www.cnbc.com/2023/05/13/recycling-end-of-life-solar-panel-wind-turbine-is-big-waste-business.html
https://www.cnbc.com/2023/05/13/recycling-end-of-life-solar-panel-wind-turbine-is-big-waste-business.html



