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Abstract 

DANIEL, ADAM G.  Photovoltaic panel disposal / recycling practices and regulatory standards 

across North America and the European Union: A systematic review. (Under the direction of Ms. 

Linda Taylor). 

 

In the United States, photovoltaic system installation and development has had enormous growth 

over the past decade. With the primary focus on increasing the efficiency of the photovoltaic 

(PV) panels, limited consideration has been given to the dismantling, recycling and disposal of 

spent PV panels30. Without comprehensive regulations for industrial or commercial systems, 

which include recycling and reuse, most PV panels may not be regulated, and possible 

environmental contamination may occur. This project focused on analyzing proposed legislation 

and programs in other states, in order to construct a proposed PV program in North Carolina, to 

limit environmental contamination.  
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Introduction 

In the United States, photovoltaic system installation and development has had enormous 

growth over the past decade1.With the primary focus on increasing the efficiency of the 

photovoltaic (PV) panels, limited consideration has been given to the dismantling, recycling and 

disposal of spent PV panels30. Without comprehensive regulations for industrial or commercial 

systems at the end-of-life, which include recycling and reuse, most PV panels may not be 

regulated, and possible environmental contamination may occur if improper management occurs.  

Limited State and Federal regulatory programs exist in the US for addressing what to do 

at the end of life cycle for solar panels.11. However, several States, including North Carolina, 

have recognized the need to develop regulations before most solar panels reach the end of their 

service life.  The North Carolina Department of Environmental Quality in 2019 (NCDEQ) 

recently passed House Bill 329 (SL 2019-132), which requires the NC Environmental 

Management Commission (EMC) to establish a regulatory program to “govern the management 

of end-of-life photovoltaic modules and energy storage system batteries16.” Under the new bill, 

the NC EMC must develop a program by January 1, 2022 including regulations and a system of 

implementation and enforcement. Other states currently in the process of developing regulations 

for PV panels include California Bill 489, Washington Bill 5939, New York Bill S2837B, and 

Minnesota’s Solar Incentive Program. Some governmental entities have implemented regulatory 

programs to address electronic waste generation and disposal.  The European Union (EU) 

established a disposal and recycling program12: The Waste Electrical and Electronic Equipment 

(WEEE) directives in 2012, to combat unregulated disposal of electronic hazardous waste and 

the disposal of spent PV panels. Proper disposals, procedures, disposal fees, and economic 

viability are required in this program30.  
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The aim of this systematic review is to understand PV disposal and recycling practices to 

inform the development of regulations within in North Carolina. North Carolina Department of 

Environmental Quality is required to formulate and adopt regulations designed to ensure the safe 

recycling, reuse and/or disposal of PV panels.  

Research Questions: 

What are solar cells made up of and what is their toxicity? 

How are PV cells tested? 

Are there existing regulatory programs related to disposal, recycling and reuse of PV 

panels? 

Are there other regulatory models which can provide a framework for a PV disposal, 

recycling and reuse program? 

Methodology 

There are multiple types of review approaches: systematic review, literature review, 

critical review, and meta-analysis. For the purposes of this project, a systematic review will be 

completed in order to analyze the current disposal and recycling practices across the world, in 

order to establish a regulatory system in the future for the management of end of life PV modules 

in North Carolina. A systematic review is guided filtering and synthesis of available evidence 

addressing a specific, focused research question, generally about a specific intervention or 

exposure33. For this review, select sources must be identified in order to map the PV panel 

regulations, recycling and disposal process, and what environmental impacts occur. Each source 

was filtered by reviewing the title to determine applicability, then the abstract, and followed up 
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by reading the entire article. These sources reviewed will also include how different states or 

countries are recycling / disposing of PV panels. Outlined below are the processes used to select 

sources for supporting documentation in the systematic review.   

 

Search: “Solar Panel or Recycling” 

 

 

 

 

 

 

 

  

 

 

 

 

Figure 1: Literature Search 1 
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Search: “Photovoltaic or Disposal” 

 

 

 

 

 

 

 

  

 

 

 

 

Figure 2: Literature Search 2 

 

After analyzing the data and research documentation, findings will be presented and applied to a 

proposed regulatory system for PV panel disposal / recycling in North Carolina.  
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Background / Solar Panels  

There are several types of solar panels in use.  This review will discuss different 

generations of panels and the corresponding materials used in the panel which may be 

environmentally hazardous. 

1st Generation Solar Panels  

First generation panels have typically been traditional crystalline solar panels: 

Monocrystalline (Mono-SI) and Polycrystalline (Poly-SI). Each of these panels have an 

efficiency rating of 15-20%. The Mono-SI panels are generally more expensive and usually last 

longer, as compared to the Poly-SI panels. These panels are manufactured much more quickly 

that other units. Each of the units’ function is comparable, but the choice of the units is primarily 

decided based on necessity and site conditions5. These PV modules are designed to withstand the 

elements for 30 years13. At the end of their service life, procedures to properly recycle or dispose 

of these panels are not necessary to prevent environmental contamination. Based on the 

composition of most stand-alone crystalline silicon modules, they are yet to be classified as a 

hazard according to PubChem30. Currently, a variety of novel mechanical, optical, chemical, and 

thermal processes and technologies—at various levels of R&D—are being developed to separate 

modules into their constituent parts19. 75% of the total weight is from the module surface (glass), 

10% polymer (encapsulant and backsheet foil), 8% aluminum (mostly the frame), 5% silicon 

(solar cells), 1% copper (interconnectors) and less than 0.1% silver (contact lines) and other 
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metals (mostly tin and lead)14. The construction of the basic crystalline silicon unit is seen 

below36.   

2nd Generation Solar Panels  

2nd Generation Solar Panels are primarily composed of Thin-Film Solar Cells (TFSC) and 

Amorphous Silicon Solar Cells (A-SI)36. The longevity of each of these units are much shorter as 

compared to the 1st Generation Units. Generally, these units are cost efficient with an efficiency 

range of 7-10%. These units are primarily seen in small solar systems and integrated in 

distributed power generation systems. With these cells having an approximate thickness of 1 

micrometre, they are much more susceptible to damage. This generation is composed of glass, a 

transparent conductive oxide, silicon, and aluminum. Essentially this generation of modules are 

the same as the first generation but are much more thin. The schematic below gives a basic 

example of a thin-film unit and gives a general idea of how each of layers are divided2. Most of 

the cells within the generation are less likely to have detrimental effects on the environment, due 

to its composition36.  

Figure 3 – Crystalline Silicon Panel Construction 
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Figure 4 – A-SI Schematic 

3rd Generation Solar Panels  

Biohybrid Solar Cells, CdTe Solar Cells, and Concentrated PV Cells comprise the 3rd 

Generation solar panel category. Some of the technologies are new and are in the research and 

development phase (Biohybrid and Concentrated PV Cells). These panels are not normally used 

in current market PV designs15. These designs have shown very high performance and 

efficiency, with an approximate rating of 40%. Biohybrid solar cells were founded by a group at 

Vanderbilt University, using a photoactive composite layer for efficient charge transfer from 

protein to electrode15. This platform combines multiple layers of photosystem and increases the 

overall efficiency of the cells. This system isn’t available for public use and is still in its research 

phase.  

CdTe Solar Cells (technically a thin-film) are the main 3rd generation solar panel type 

being installed, despite potential environmental harm. These cells have very low costs, high 

efficiency, and require the smallest amount of water to function7. Once disposed of, CdTe units 
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are susceptible to leaching into groundwater and soil, which in turn could put human health at 

risk3. See below a basic schematic of a CdTe solar cell36.  

 

Figure 5 – CdTe Schematic 

Concentrated PV cells are also one of the 3rd generation multi-junction cells, with very 

high efficiency rates17. These cells have a wide variety of applications and designs: curved 

surfaces, lenses and the implementation of cooling systems. These modifications allow the 

concentration of the incoming light into the solar cell. With the increase of concentrated light, 

these units tend to heat rapidly and require a cooling system. One drawback to this unit is that, 

the angle of the solar panel must perfectly face the sun in order to achieve maximum 

efficiency17. See the basic concentrated PV cell system schematic below34. The overheating and 

water-system design could give rise to mechanical issues, needing replacement and ultimately 

ending up with panels needing disposal18. 
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Figure 6 – Concentrated System Schematic 

 

Thin Film Cells achieve higher energy conversions and are usually constructed with 

gallium arsenide (GaAs) or cadmium telluride (CdTe), which have lower manufacturing costs25. 

According to the United States Environmental Protection Agency (USEPA), Cadmium 

compounds are health hazards via inhalation and ingestion pathways. Cadmium chronic (long-

term) inhalation or oral exposure to cadmium leads to a build-up of cadmium in the kidneys that 

can cause kidney disease. According to PubChem4, CdTe is classified as an irritant and 
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environmental hazard. The information below is pulled from European Chemical Agency C&L 

Inventory: 

 

 

Figure 7 – European Chemical Agency C&L Data 

 

Along with CdTe being classified as an environmental hazard, GaAs has been shown to 

have adverse health effects on humans, based on a study conducted by the Flora & Dwivedi11. 

Their study showed that GaAS causes toxicity to various organs such as: the lungs, testes, 

kidneys, brain and the immune system. Once absorbed into the blood stream via preferential 

pathways, the compound dissociated into gallium and arsenic in biological tissue. Given the 

severity of Arsenic, the Agency for Toxic Substances and Disease Registry established this 

toxicant to be extremely harmful to humans in many different scenarios9 as seen below.   
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Figure 8 - ATSDR 

PV Module Testing 

Currently no specific federal regulations exist for PV disposal or recycling. Under 

existing solid waste regulations, owners and manufactures of PV panels need to determine proper 

disposal processes based on their composition.  Some panels may be regulated under the Federal 

hazardous waste law, the Resource Conservation and Recovery Act (RCRA) and associated State 

programs. Under RCRA, owners and operators need to conduct a hazardous waste determination 

to see which PV panels are hazardous. Manufacturers could be required to conduct toxicity 

testing on PV cells to determine if they meet the definition of toxic21, by testing using the 

Toxicity Characterization Leaching Procedure (TCLP) method established by the USEPA 
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(Method 1311 for RCRA). A RCRA hazardous waste is a waste that exhibits at least one of four 

characteristics defined in 40 CFR Part 261 subpart C — ignitability (D001), corrosivity (D002), 

reactivity (D003), and toxicity (D004 - D043). Wastes that are hazardous due to the toxicity 

characteristic are harmful when ingested or absorbed10. RCRA regulated chemicals of concern 

which may be present in PV panels include arsenic, barium, cadmium, lead, mercury, selenium, 

and silver.  Panels that are not deemed hazardous but are still generated in great quantities that 

could be classified and disposed of as “Universal Waste”. Universal Wastes are a subset of 

RCRA hazardous waste which are managed under less stringent regulations provided specific 

handling, recycling and disposal practices are followed.  

Established Rules and Regulations / Findings  

According to the U.S. Department of Energy, there is massive potential for solar energy 

production. As seen in the map below, the Department of Energy provided a breakdown of 

which areas are more amenable to solar energy production, and in turn would require more 

stringent regulations on PV panel disposal. Given the install back in the 1990’s, todays systems 

are nearing that 30-year end-of-life period, requiring disposal or recycling.  

 

Figure 9 – US Dept of Energy Map 
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Most of the programs and legislation mentioned below, have taken the initiative to create 

legislation based on their potential of PV solar energy creation and current interests in green 

energy systems.  

Moving in the right direction, North Carolina General Assembly passed House Bill-SL 

2019-132 was adopted on July 19, 2019 and the excerpt below relates to PV panel 

decommissioning.  “(II) REQUIRE THE ENVIRONMENTAL MANAGEMENT COMMISSION 

TO ADOPT RULES TO ESTABLISH A REGULATORY PROGRAM TO GOVERN THE 

MANAGEMENT OF END-OF-LIFE PHOTOVOLTAIC MODULES AND ENERGY STORAGE 

SYSTEM BATTERIES, AND DECOMMISSIONING OF UTILITY-SCALE SOLAR PROJECTS 

AND WIND ENERGY FACILITIES, AND REQUIRE THE DEPARTMENT OF 

ENVIRONMENTAL QUALITY TO ESTABLISH A STAKEHOLDER PROCESS TO SUPPORT 

DEVELOPMENT OFTHE RULES”16. The NC Environmental Management Commission is 

required to adopt a set of rules to establish a regulatory program for PV panels / storage batteries 

and decommissioning large utility scale solar projects no later than January 1, 2022. The 

NCDEQ must consider explicit issues as stated in the bill, determining: if the panels exhibit 

hazardous waste characteristics or contain any constituent of hazardous waste;  the preferred 

methods of end-of-life management (i.e. reuse, recycled, refurbish, or disposal); the economic 

and environmental cost and benefits,;  a data-based economically productive life cycle,; the 

volume of PV panels and batteries; other federal / state / countries requirements; if financial 

assurance requirements are necessary; how to collect and transport end-of-life PV panels, and 

whether or not to construct a stewardship program for recycling these end-of-life panels.  

Currently one state has PV panel disposal legislation enacted. California State Senate Bill 

– Bill 489 was approved and filed on October 1st, 2015 targeting PV modules in their end-of-life 
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stages. This legislation aims to “(1) Foster a comprehensive and innovative system for the reuse, 

recycling, and proper and legal disposal of end-of-life photovoltaic modules (2) Encourage the 

photovoltaic module industry to make end-of-life management of photovoltaic modules 

convenient for consumers and the public, to ensure the recovery and recycling of photovoltaic 

modules, which is the most efficient and environmentally safe disposition of end-of-life 

photovoltaic modules, by developing a plan for recycling end-of-life photovoltaic modules in the 

state in an economically efficient manner (3) Reduce the likelihood of end-of-life photovoltaic 

modules being disposed of in landfills and (4) Further the intent of the Legislature that 

photovoltaic modules should be designed for extended life, repair, and reuse, and that collection 

and recycling services should be promoted27.”. This bill allows the California Department of 

Toxic Substance Control (DTSC) to classify hazardous waste PV modules as “Universal Waste” 

and exempt them from the Hazardous Waste Control Law. These panels would then be subject to 

the less stringent universal waste management. Rules  

Washington State Senate passed – Bill 5939 on July 7th, 2017. This legislation focuses on 

stimulating and investing in distributed renewable energy generation (i.e. wind, solar, microgrid, 

etc.), while moving away from fossil fuel dependency6. Within the piece of legislation, the 

governing body has no recycling or disposal requirements, but has companionship with HB 

2645, concerning the PV module stewardship and takeback program. HB 2645 passed in the 

Washington State House and is currently in committee in the Washington State Senate as of 

March 2020. In addition to the tax credits and incentives, the State of Washington is also looking 

to provide companies and individuals with an option for recycling end-of-life and damaged PV 

modules. The overall goal of this legislation is to establish an environmentally sound system for 

recycling PV modules, minimizing hazardous waste and recovering valuable materials during 
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this process20. An interesting concept proposed in this legislation, was for each manufacturer to 

prepare and submit a stewardship plan to the Department prior to the first sale of a solar panel. 

This plan would lay out how the manufactures will fund the takeback program, collection, 

management, and recycling of the PV modules. The responsibility for the PV waste management 

would be on the manufacturer, giving the customer a viable way to return/recycle spent or 

damaged PV modules. This gives the manufacturer or installer a way to sell their system or 

services, which provides the company with a sense of financial stability. The Washington State 

program will also require the minimization of the release of hazardous substances and the 

recovery of rare earth metals similar to California Senate Bill 489. The Washington State 

University extension program is reviewing and developing recommendations for the 

management of these PV panels. The legislation also includes annual reporting, a fee structure 

for funding, and an enforcement division. Fees and enforcement are important in all regulatory 

programs. Fees provide funding for the program work to be completed. The enforcement 

division ensures compliance for all parties and ensures that parties are held responsible for 

compliance issues. The annual reporting keeps owners and operators in check with the local 

agency, providing updates on each system status.  

New York State Senate passed Senate Bill S2837B, “solar panel collection act” in June of 

2018, which is awaiting assembly approval. If passed by the assembly, it shall still require the 

governor’s signature in order to be enacted into law. The NY program is similar to the 

Washington legislation.  The proposed bill requires manufactures of solar panels to collect panels 

when they are taken out of use, damaged or spent and including requirements for the collection, 

transport, recycling, and disposal of these units23. Unlike Washington legislation, no fees are 

required.  However, there is a proposal to construct a web-based program that allows companies 
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and individuals with panels for recycling and disposal, to locate collection sites for out of service 

PV panels.  The web-based program must provide educational material to promote the collection 

and recycling of out of service PV panels. The aim of this legislation is to prevent the 

accumulation of PV panels in landfills, recover rare metals, and minimize potential harmful 

toxicants from entering the environment.  

The Minnesota Solar Incentive Program was repealed back in November of 2017 and no 

applications are to be accepted under this program and applicants that were approved and would 

like to be removed from the program, can submit PV panels for collection22. Given the repeal, 

the program has some similarities to the Washington legislation, but with minor differences. The 

MN program was looking to grow the generation of solar energy, by providing incentives and tax 

credits based on energy generation but contains no provisions for the protection of the 

environment. This program was a production-based incentive program that supported over 1,000 

projects and regenerated 20 MW of new energy capacity and still administers incentives and tax 

credits for recipients with approved projects during that time frame. It is unclear, how these 

collection panels are being handled, transported and stored/disposed and if they are being 

classified as hazardous or universal waste. There are still other incentivized programs in the state 

of Minnesota, that are active and readily promoting the growth of renewable energy, including 

solar (Solar*Rewards, Minnesota Power – SolarSense). These programs aren’t focused on the 

environmental impacts, but rather the growth of PV systems and renewable energy.   

As seen in the proposed state legislations above, all are focused on different items 

ranging from disposal methods and stewardship programs to tax incentives. For this review, 

there may be other states that are looking into PV system programs or legislation, focused on 

environmental impacts. This review of these state legislations and programs was conducted in 
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April of 2020. Moving forward, the European Union (EU) PV program will be analyzed to help 

with the proposal for NCDEQ. 

The EU has its own environmental council to develop EU related environmental 

regulations12.  The EU established The Waste Electrical and Electronic Equipment (WEEE) 

directives regulations back in 2012 to combat electronic hazardous waste and disposals of spent 

PV panels. This legislation requires producers to help with electronic hazardous waste. Proper 

disposals, procedures, disposal fees, and economic viability are required by this program30. 

Additionally, in February of 2019, the EU adopted the Implementing Regulation (EU) 2019/290. 

This legislation established the requirement for registration and reporting of producers of 

electrical and electronic equipment. Along with the registration and reporting process, The 

WEEE directive also offers recycling and disposal information to the produces as required by 

Article 15 of the WEEE directive, The Information for Recyclers Platform (I4R). 

The table below provides a summary of the different legislation and regulatory policies already 

established or in progress.  The table provides a quick view of the key components of each 

legislation for comparison.  
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 Fees Recycling / 

Disposal 

Enforcement Stewardship 

Program 

Financial 

Assurance 

Annual 

Reporting / 

Inspections 

Tax Credit / 

Incentive  

Universal 

Waste 

North 

Carolina 

House Bill-

SL 2019-132 

 x  x x    

California 

Senate Bill-

Bill 489 

 x      x 

Washington 

Senate Bill -

5939 / House 

Bill-2645 

x x X x x x x  

New York 

Senate Bill 

S2837B 

 x  X     

Minnesota -

Solar 

Incentive 

Program 

 X  X   X  

European 

Union – 

WEEE 

X X  X  X X  

Table 1 – Legislative Proposed / Established Components for PV programs 
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Discussion/Proposed Program 

The main objective of this literature review is to compare existing or proposed legislation 

to help provide criteria to assist in the establishment of a program in North Carolina for the 

disposal or recycling of spent PV panels. Based on the review of established rules and 

regulations in other states and countries, the number and type of panels on the market today, the 

testing requirements for panels, and the determination of which panels are considered hazardous, 

the overall goal of this review would be to determine which components are effective and might 

be implemented in North Carolina. The table above outlines each enacted legislation and shows 

what is included in each legislation. Ideally, North Carolina would want to build their PV system 

based on two programs above, Washington State and the EU’s WEEE. Washington state covered 

seven key components and the EU covered five. These two programs and legislation recognized 

the importance of PV panel disposal and recycling and has covered majority of what is needed in 

order to ensure environmental safety. The other programs and legislations are making steps in 

the right direction but may be more focused on non-related environmental impacts.    

In addition to the review of proposed and existing PV disposal regulations it is relevant to 

review other established environmental programs, not related to PV systems, to determine if 

these programs have components which could be incorporated into new PV panel recycling and 

disposal requirements.  Existing programs in Underground Storage Tank Management, 

Superfund clean-up, and Florida’s tank financial assurance program may provide data to 

consider on what can be implemented successfully.  

The North Carolina DEQ – Division of Waste Management has an established program 

for Underground Storage Tanks (USTs) management. The rules established the registration, 

permitting, collection of fees, enforcement, and spill funding for USTs across North Carolina. In 
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order to install an UST in North Carolina, it must be permitted, registered and approved by 

NCDEQ, prior to installation. Once completed, tanks must be initially and annually inspected 

and tested by a state inspector prior to being put into service, while conforming to specific tank 

requirements. If a UST leaks product into the subsurface, NCDEQ has an establish program for 

the reimbursement of costs related to soil and groundwater contamination cleanup and 

remediation – UST Trust Fund. “Commercial” tanks containing petroleum products greater than 

1,100 gallons of petroleum and greater than 1,100 gallons of heating oil, are eligible for Trust 

Fund access. The Trust Fund provides “commercial” tank owners, operators and landowners 

with access to funds in order to handle spills to the environment32. Owners and operators must 

apply with NCDEQ in order to obtain funding related to the UST spill. USTs are to be registered 

with NCDEQ using their provided registration application. In this application you are also 

required to complete a certificate of responsibility, and an amount of assurance needed form. 

Financial assurance is based on the information below.  
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Figure 10 – UST Trust Fund 

Once applied and approved, fees can be paid online using NCDEQ e-payment portal. 

Inspections must be completed on the tank by a state representative. All components on the tank 

as well as the tank itself must be tested and approved prior to be placed into service. Regarding 

the trust fund, NCDEQ has provided owners and operators with the flow chart below, in order to 

determine trust fund eligibility. 
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Figure 11 – UST Eligibility Flowchart 

The UST program has components which can be translated to the development of a PV 

recycling and disposal program. The UST program provides NCDEQ with a well-organized 

starting point for legislation related to PV panels. For example, as seen in Table 1, key 

components are need in order to have an efficient system. While the UST system doesn’t align 

with all the key components, NCDEQ has experience with the creation of legislation related to 

specific conditions that could potentially cause harm to the environment.    
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Along with the UST regulations, NCDEQ Superfund program investigates, prioritizes, 

monitors and remediates uncontrolled and unregulated hazardous substance and waste disposal 

sites in North Carolina. Three branches of the Superfund section have different responsibilities to 

seek compliance from responsible parties and respond to emergency threats using both state and 

federal authorities. The three sections are as follows24: 

 Inactive Hazardous Sites Branch – landfills and spill sites that operated prior to the 1982 

institution of state permit requirements, under authority of the North Carolina Inactive 

Hazardous Sites Response Act (NC General Statute §130A-310 et seq); 

 Special Remediation Branch – Dry Cleaner Sites. Dry-cleaning Solvent Cleanup Act of 

1997 (NC General Statute §130A-310 et seq) and its amendments, funded by receipts 

from taxes on dry-cleaning services and on dry-cleaning solvents. The branch also 

oversees voluntary cleanups through the Manufactured Gas Plant Initiative.   

 Federal Remediation Branch works cooperatively with the USEPA to implement the 

federal Superfund program under the Comprehensive Environmental Response, 

Compensation and Liability Act of 1980 (CERCLA) as amended by the Superfund 

Amendments and Reauthorization Act of 1986 (SARA). The section helps EPA focus 

and apply their resources to the most contaminated sites and identifying those where 

enforcement will be needed. 

Altogether these branches look to: identify sites with environmental risks, use public 

resources to minimize exposure, locate efficient and receptive cleanup solutions, and provide 

individuals with the resources for alternative drinking water. The Superfund sections also assists 

with the cleanup process for voluntary agreements and cleanups by Registered Environmental 

Consultants (REC)26. RECs were created to help establish a mechanism for privatizing the 
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assistance of the Branch's oversight role at lower priority voluntary remedial action sites. The 

Superfund program required the establishment of rules for implementing and overseeing 

voluntary remedial actions under the Registered Environmental Consultant (REC) Program. 

Each REC would have a one or multiple Registered Site Managers (RSM). RECs are different 

than RSMs in a few different ways, RSMs are an individual who has the authority to make 

decisions aligned with DEQ Superfund remedial activities, whereas REC are consultants that are 

approved to perform remedial activities on these sites. RECs are focused on completing the 

required work approved by the RSM. The RSMs were given the approval to make technical and 

administrative decisions on behalf of the REC or their clients.  RECs and RSMs could potentially 

be used in the PV program and could provide owners and operators with consultants to guide 

them through the process of applying to the program, recycling and disposal practices, and 

cleanup when needed. For this PV program, the registration, fees, annual reporting/inspections, 

and enforcement division could be useful in developing this this potential program in North 

Carolina. 

Another program that can be analyzed would be the Aboveground Storage Tank Program in 

Florida. When installing aboveground storage tank systems in Florida, proof of financial 

assurance must be accounted for. The Florida Department of Environmental Protection has an 

effective financial assurance program for storage tanks to be installed in the state. This program 

provides owners and operators with financial responsibility for corrective action, bodily injury, 

and property damage that might result from a discharge from a petroleum storage tank system.  

Without proof of financial assurance, tank owners are not allowed to install storage tanks in the 

state of Florida. This program requires that two forms are completed, as well as establishing 

correct coverage amounts, based on project size28. See the coverage requirements below.  
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Figure 12 – FDEP Financial Assurance28 

Using this program as a guide and having the same requirements for PV system installs in North 

Carolina, could provide owners and operators with financial assurance with coverage for 

corrective action, bodily injury, and property damage that might result from a solar panel 

hazardous waste. 

Conclusion 

Using the information provided in Table 1 and analyzing other established programs not 

related to PV systems above, a proposed PV program was created below. This proposed program 

was constructed using the same key components listed above and must cover majority of the 

following key components, in order to be successful. 
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Fees  To be determined based on the size of the proposed PV 

system install. Percentage of overall total project costs. 

Recycling / Disposal Program Applicant must have a selected disposal / recycling 

contractor or a manufacturer that will take back spent or 

damaged panels. 

Enforcement Division NCDEQ must have an established enforcement division with 

a group of field inspectors. Inspectors will ensure that solar 

panel operations are being conducted in an environmentally 

safe manner. Fines will be issued based on severity of each 

non-compliance observation. 

Stewardship Program 

(Manufacturers) 

Applicants must select PV panels with manufactures that 

accept spent and damaged panels. 

Proof of Financial Assurance  Financial Assurance must be accounted for with adequate 

limits and deductibles for events deemed harmful by 

NCDEQ.  

Annual Reporting / Inspections Owners and operators are required to submit the total 

inventory of each PV system on a quarterly or annual basis 

(depending on the hazard classification). Also required to 

submit the number of panels that were damaged or spent, 

returned to the manufacturer or disposed of.  Inspections are 

to be conducted by NCDEQ enforcement division. 
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Tax Credit / Incentive   Tax credits will be issued for properly manufacturer returned 

panels or disposed and recycled panels. Tax incentives will 

be calculated based on current market prices.  

Universal Waste Classification If panels are deemed non-hazardous by NCDEQ, panels can 

assume the Universal Waste Classification. 

Table 2 – Key Program Components 
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Figure 13 – Proposed PV Program 
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To walk through the entire process - applicants for the PV program should submit plans 

to NCDEQ for approval, in order to receive tax credits or some type of incentive. Ideally these 

plans should include the following: a site plan, document listing proposed construction activities, 

which type of solar panels are being used, TCLP core testing results for the panels being used, 

proof of financial assurance, payment of required fees, and a pre-selected disposal/recycling 

company. Once this application for review has been submitted, NCDEQ will decide if the project 

is viable and environmentally safe. If denied, applicants must resubmit with each NCDEQ 

comment addressed. If approved, construction can begin and NCDEQ will classify the project in 

one of two categories: Non-Haz. or Haz. When the system is identified as Non-Haz, the project 

will be subject to annual compliance inspections by NCDEQ and all waste/spent panels will be 

classified as universal waste. The panels can either be recycled or disposed of by the pre-selected 

contractor in conformance with the established regulation, 40 CFR 273. Alternatively, if 

NCDEQ classifies the projects as Haz., they will be subject to quarterly inspections with all 

waste/spent panels being recognized as hazardous waste. These panels can also be recycled or 

disposed of by the pre-selected contractor in conformance with the established regulation, 40 

CFR 261. The overall end goal of the program would be to ensure project viability and including 

environmental safety, while promoting renewable energy and safe disposal or recycling 

practices. 

To conclude, PV energy is on the rise across the world and steps must be taken in order 

to ensure safety for all individuals1. It is critical that the state departments establish efficient and 

effective PV systems and regulations across the board. This legislation should mimic that of 

previously successful programs and be uniform nationwide. Without these systems and 

regulations in place, the safety of our citizens is at risk.   
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