Solar Panel Lifetimes and Property Taxes
Executive Summary
Solar panels convert energy from sunlight into electricity. The typical lifespan of a solar panel is
around 25 years. Some of the earliest installed solar energy systems are starting to arrive at the
end-of-life of their systems. States vary in terms of their classification of solar panel waste as
hazardous waste and whether they have any end-of-life policies for solar panels, including
waste management and recycling. Many states (including Indiana, Illinois, Iowa, Kansas, and
Missouri) provide tax incentives that encourage renewable energy, including property tax
incentives for solar panels. HB 1997, filed during the 2022 Missouri regular legislative session,
would remove the statewide exemption of solar energy systems from property tax valuations,
but still allow the assessor to exempt these systems at their discretion when used exclusively by
a single property. This bill would also modify several provisions relating to property taxation of
solar energy systems owned by utility companies.
Highlights
●

Solar panel electricity generation capacity decreases at a rate of 0.5% per year due to
degradation. After 20 years, solar panels typically produce approximately 90% as much
electricity as they did in their first year.

●

Solar panels are typically warrantied for 20-25 years, after which their output is no
longer guaranteed.

●

Over half of states, including Missouri, currently provide some form of property tax
incentives for solar panels.
○ Some states, such as Nevada, have separate property tax regulations for utilities.
Utility companies using solar energy of a certain minimum size in Nevada may
apply for a 55% abatement of their property taxes.

●

Property tax incentives are found to have a limited impact on residential solar panel
deployment, while direct cash incentives are found to have a relatively larger effect on
increasing deployment.

Limitations
●

There is less information on the degradation and failure timelines for the most recently
installed solar panels. It is unclear if data on older panels will apply to newer panels.

Research Background
How Solar Panels Work
A solar cell works by converting sunlight into electricity (Fig. 1a). Sunlight is made of packets
MOST Policy Initiative, Inc. is a nonprofit organization that provides nonpartisan information to Missouri’s decisionmakers. All
legislative Science Notes are written only upon request by members of the General Assembly. This Science Note was published
on January 28, 2022 by Dr. Tomotaroh Granzier-Nakajima, Energy & the Environment Policy Fellow –
tomotaroh@mostpolicyinitiative.org.

of energy called photons, and when photons strike a material known as a semiconductor in a
solar cell, they free particles called electrons from atoms.1 Because of the construction of the
solar cell, the freed electrons are forced to flow in one direction, creating an electrical current.

Figure 1. (a) The working principle for a solar cell and (b) a solar panel assembly.1,2

Solar panels are made by electrically connecting several solar cells together, and encapsulating
them in thermoplastic and glass (Fig. 1b). The assembly is then housed in an aluminum metal
framing.2 A typical solar panel may produce 200-400 Watts.
Solar Panel Failure and Degradation
The National Renewable Energy Laboratory (NREL) investigated the failure rate of solar panels,
defined as solar panels that necessitated replacement.3 They measured a failure rate of about
0.05-0.1% per year. Researchers at NREL also investigated solar panel degradation over time,
measured in terms of the percentage of energy output lost per year. They found that solar
panels have a median degradation rate of about 0.5% per year.4 This means that after 20 years,
solar panels produce approximately 90% as much electricity as they did in year one.
Some of the most common degradation causes for solar panel systems installed since 2007
include uneven heat distribution across the solar panel resulting in hotspots and potential
damage; internal circuitry discoloration caused by corrosion leading to increased resistance; and
glass breakage.3 Studies that investigated solar panels with and without hotspots found that those
with hotspots produced less electricity as time went by than solar panels without hotspots.3
Older solar panel systems are more susceptible to discoloration of the enclosing glass
(encapsulation discoloration) and the separation of the enclosing glass from the underlying solar
cells (delamination). Both encapsulation discoloration and delamination negatively affects how
light reaches the solar cell, thus reducing the amount of electricity generated.

While degradation reduces solar panel efficiency over time, it is not clear how to define a clear
end to the lifetime of a solar panel. While one use may consider a 90% efficient solar panel to be
its end-of-life, another use may consider that number to be 70%. However, solar panel modules
are typically warrantied for 20-25 years, after which they may still produce a smaller proportion
of electricity than in year one, but their output is no longer guaranteed.5
Solar Panel Disposal and Recycling
Because of their approximately 25 year lifetime, many states are now starting to address solar
panel disposal and recycling. Solar panel decommissioning policies vary by federal, state, and
local jurisdiction.6 Fifteen states, including Illinois (505 ILCS 147/15), Oklahoma (§60-820.1), and
Nebraska (66-911.01), have solar panel decommissioning regulations. These typically apply to
utility-scale projects. Most policies require the removal of all solar energy equipment, site
restoration, and reclamation of the land.6
Different solar panels found in the marketplace contain different varieties of metals that can be
present in the semiconductor and solder.7 Some of these metals, like lead and cadmium, can be
harmful to humans and the environment at high levels. If hazardous metals are present at high
enough concentrations in solar panels, their waste can be considered hazardous waste under
federal regulations. Because of the manufacturing and design of solar panels, some solar panels
may be determined to be hazardous waste, and some may not, even within the same model and
manufacturer. Federally, many types of solar panels are not considered to be hazardous waste.8
Different states vary in their classification of end-of-life solar panels as universal versus
hazardous waste.8 For instance, California passed legislation that allowed their Department of
Toxic Substances Control to designate solar panels as universal waste, allowing other entities to
develop recycling or disposal programs. New York on the other hand designates end-of-life
solar panels as hazardous for matters of disposal.
There are no federal regulations related to the collection and recycling of solar panels.9
California has passed a law that allows for solar panels to be classified as universal waste. This
classification allows entities to develop recycling programs. In 2017 Washington passed a law
that requires manufacturers who sell solar units after July 1, 2017 to finance and provide
recycling programs for their units. Industry stakeholders have voluntarily provided solar panel
collection and recycling modules. First Solar in Ohio operates its own recycling facilities for
solar panel products that it produces and the U.S. Solar Energy Industries Association, a
national trade association for the solar industry, announced the launch of a national solar panel
recycling program in 2016.9,10
Solar Panels and Property Taxes
More than half of states in the U.S. (including Indiana, Illinois, Iowa, Kansas, and Missouri)
have property tax incentives for solar panels.11 These incentives either entirely (Indiana, Iowa,
Kansas, Missouri) or partially mitigate the increase in property value as a result of solar panel

installation for the sake of property taxes. Other states have authorized property tax
exemptions, but allow municipalities at their own discretion to provide an exemption.
In response to recent growth in large-scale solar electricity generation, some states, such as
Nevada, have adopted separate property tax incentives for utilities. In Nevada, renewable
electricity generation facilities are able to apply for a property tax abatement of up to 55% as
long as the facility meets several requirements including: planning to be in service for at least 10
years; have a generating capacity of at least 10 MW; not receiving funding from any government
entity in the state; employing a minimum number of employees depending on the size of the
city that the facility is located in; and average hourly wage minimums for employees.11,12
Real property in Missouri, which includes the land itself, growing crops, buildings, structures,
improvements, and fixtures on the land, is taxed differently according to its use.13 Residential
property is assessed at 19% of market value, agricultural land is assessed at 12% of market
value, and commercial property is assessed at 32% of market value.14 Property taxes on real
property are then determined based on the assessed value.
Some exemptions are given to property tax valuations in Missouri. All solar energy systems not
held for resale are excluded from property tax valuations (RsMO 137.100 (10)). However, wind
energy systems are currently included in property tax valuations and do not have an exemption.
Real estate and tangible personal property used exclusively for agriculture is also exempt from
property taxes (RsMO 137.100 (4)).
Research investigating the effects of various solar incentives on the deployment of residential
solar panels finds that direct cash incentives, such as rebates and grants, are associated with the
largest increase in the deployment of new solar panels.15,16 This effect is found to be particularly
effective in combination with net metering and financing aid. Property tax incentives are found
to be relatively ineffective in comparison.
References
1.

NCSL. (2018, September 30). Solar Panel Toolkit - Introduction. National Conference of State
Legislatures. Retrieved January 24, 2022, from
https://www.ncsl.org/research/energy/solar-policy-toolbox.aspx

2.

Woodhouse, M., Smith, B., Ramdas, A., & Margolis, R. (2019). (rep.). Crystalline Silicon
Photovoltaic Module Manufacturing Costs and Sustainable Pricing: 1H 2018 Benchmark and Cost
Reduction Road Map. USDOE Office of Energy Efficiency and Renewable Energy (EERE),
Renewable Power Office. Solare Energy Technologies Office. Retrieved January 23, 2022, from
https://www.osti.gov/biblio/1495719-crystalline-silicon-photovoltaic-module-manufacturing-co
sts-sustainable-pricing-benchmark-cost-reduction-road-map.

3.

Jordan, D. C., Silverman, T. J., Wohlgemuth, J. H., Kurtz, S. R., &amp; VanSant, K. T. (2017).
Photovoltaic failure and degradation modes. Progress in Photovoltaics: Research and
Applications, 25(4), 318–326. https://doi.org/10.1002/pip.2866

4.

Jordan, D. C., Kurtz, S. R., VanSant, K., & Newmiller, J. (2016). Compendium of photovoltaic
degradation rates. Progress in Photovoltaics: Research and Applications, 24(7), 978–989.
https://doi.org/10.1002/pip.2744

5.

Mow, B. (2018, April 23). Stat Faqs Part 2: Lifetime of PV Panels. NREL.gov. Retrieved January 24,
2022, from
https://www.nrel.gov/state-local-tribal/blog/posts/stat-faqs-part2-lifetime-of-pv-panels.html#
_ftn1

6.

Curtis, T., Smith, L., Buchanan, H., & Heath, G. (2021). A survey of federal and state-level Solar
System decommissioning policies in the United States. OSTI.GOV.
https://doi.org/10.2172/1836657
Environmental Protection Agency. (n.d.). End-of-Life Solar Panels: Regulations and Management.
United States Environmental Protection Agency. Retrieved January 24, 2022, from
https://www.epa.gov/hw/end-life-solar-panels-regulations-and-management

7.

8.

NCSL. (2018, September 30). Solar Panel Toolkit - Panel Recycling and Decommissioning.
National Conference of State Legislatures. Retrieved January 24, 2022, from
https://www.ncsl.org/research/energy/solar-policy-toolbox.aspx

9.

Komoto, K., & Lee, J.-S. (2018). (rep.). End-of-Life management of Photovoltaic Panels: Trend in
PV Module Recycling Technologies. International Energy Agency Photovoltaic Power Systems
Program. Retrieved January 23, 2022, from
https://iea-pvps.org/key-topics/end-of-life-management-of-photovoltaic-panels-trends-in-pv-m
odule-recycling-technologies-by-task-12/.

10. SEIA National PV Recycling Program. Solar Energy Industries Association. (n.d.). Retrieved
January 24, 2022, from https://www.seia.org/initiatives/seia-national-pv-recycling-program
11. NCSL. (2018, September 30). Solar Panel Toolkit - Solar Incentives. National Conference of State
Legislatures. Retrieved January 24, 2022, from
https://www.ncsl.org/research/energy/solar-policy-toolbox.aspx
12. Renewable Energy Tax Abatements. Nevada Governor's Office of Energy. (n.d.). Retrieved
January 28, 2022, from https://energy.nv.gov/Programs/Renewable_Energy_Tax_Abatements/
13. State Tax Commission definitions. State of Missouri State Tax Commission. (n.d.). Retrieved
January 28, 2022, from
https://stc.mo.gov/definitions/#:~:text=Real%20Property%20%E2%80%93%20Real%20property
%20includes,or%20related%20to%20the%20land.
14. State of Missouri State Tax Commission. (2019, May). Property Reassessment and Taxation.
Jefferson City, Missouri.
https://stc.mo.gov/resources/property-reassessment-pamphlet-5-23-19/
15. Matisoff, D. C., & Johnson, E. P. (2017). The comparative effectiveness of residential solar
incentives. Energy Policy, 108, 44–54. https://doi.org/10.1016/j.enpol.2017.05.032
16. Sarzynski, A., Larrieu, J., & Shrimali, G. (2012). The impact of state financial incentives on market
deployment of Solar Technology. Energy Policy, 46, 550–557.
https://doi.org/10.1016/j.enpol.2012.04.032

