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Introduction
Many U.S. states require that electric utilities file integrated resource plans: forecasts of customer demand and 
how the utility plans to meet it. Even if the state has no formal process, utilities need to plan for the future. 
Rooftop solar systems can serve as a cost-effective and reliable resource for the electricity grid, but too often, 
utilities overlook the potential value of distributed solar in favor of centralized, utility-owned power plants.

As a counter to utilities’ dismissal of rooftop solar, ILSR is releasing this white paper and an accompanying 
model that predicts customer rooftop solar adoption. Specifically, ILSR’s rooftop solar adoption model 
forecasts how many residential customers are likely to install solar in all 50 states over the next 30 years. ILSR’s 
model also evaluates how utility incentives could impact each state’s rooftop solar adoption rate. ILSR hopes 
that clean energy advocates will use this model as a tool to influence the utility resource planning process and 
to pressure utilities to consider rooftop solar as an energy resource.

To create this forecasting tool, ILSR adapted a solar adoption model created by Eric Williams, Rexon 
Carvalho, Eric Hittinger, and Matthew Ronnenberg. Their model approximates the portion of homeowners 
who will install rooftop solar based on its net present value, which is the value of a solar system to an 
individual. The Williams et al. model can predict distributed solar adoption in a specific market using localized 
inputs, including solar system output, eligible occupied housing units, and the solar electricity compensation 
rate.

ILSR’s rooftop solar adoption model forecasts state-level rooftop solar adoption, but advocates can also apply 
it to individual utility service territories by approximating the number of detached homes within that service 
territory.

https://doi.org/10.1016/j.renene.2019.12.101
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Why Model Rooftop Solar Adoption in Utility Planning?
In doing resource planning, utilities have ignored the ever-growing fleet of customer-owned rooftop solar 
within their service territories. Utility ignorance of customer-owned generation is rarely accidental or innocent. 
Investor-owned utilities, in particular, resist deploying distributed generation as a resource because they do 
not own it. Investor-owned utilities have a fiduciary duty to their shareholders to secure the most financial 
return — which they typically earn from investing in new grid infrastructure or power plants. The more money 
these utilities spend, the more return for their shareholders. Customer-owned solar does not fit the utility’s 
financial formula.

However, because state governments have granted utilities their monopolies, these utilities must justify 
to state regulators how their spending best serves the customers — or how utility spending helps the 
utility provide affordable, reliable electricity. Though utilities would not propose it as a solution, at times, 
coordinating or incentivizing customer-owned solar adoption may be more cost effective than upgrading 
grid infrastructure or constructing new power plants. In fact, modeling by Vibrant Clean Energy found that 
increased distributed energy resource buildout reduced costs across the electricity system in both business-
as-usual and clean electricity scenarios.

What will force utilities to consider distributed generation as a resource? Utilities hold the power in their 
resource planning processes through access to experts, paid professionals, and expensive modeling software. 
Here, ILSR offers a tool for clean energy advocates who want to challenge that power: a simple but effective 
model for state-level rooftop solar adoption.

Though the model is simple, ILSR has used it to help change the course of integrated resource planning for 
two Minnesota utilities.

A Forecasting Model for Rooftop Solar Adoption at the State Level
What is assumed?

The model assumes that homeowners decide to install solar based on its financial value to them (the payback period 

and eventual return on their investment). The model also assumes that the cost of installing solar will continue to 

decrease over time and that electricity rates will increase over time. 

What can I change?

The constants and state-specific inputs are automatically placed in each state model worksheet. The user can add 

a utility incentive – see the section on “Applying the Rooftop Solar Adoption Model Results to Utility Resource 

Planning.”

What will the model tell me?

The model forecasts how many residential customers are likely to install solar in a state over the next 30 years. ILSR’s 

model also evaluates how utility incentives could impact the residential rooftop solar adoption rate.

https://www.vibrantcleanenergy.com/wp-content/uploads/2020/12/WhyDERs_ES_Final.pdf
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Reading ILSR’s Rooftop Solar 
Adoption Model
ILSR has adapted the model developed by Willams, et al., into an Excel workbook, with worksheets for each 
of the 50 states.

The Excel workbook includes the following worksheets:

“Data” This worksheet contains the state-specific inputs, 
including residential electricity price, annual produc-
tion of the solar system, and total eligible housing 
units. The inputs are automatically populated in the 
individual state spreadsheets. Users do not need 
to edit or view this worksheet unless adjusting the 
model.

“Summary” This worksheet shows the final state-by-state mod-
el results, listing the forecasted total rooftop solar 
adoption figures for each state and year.

State Models These worksheets apply the rooftop solar adoption 
model to each of the 50 states, using state-specific 
inputs. There is one worksheet per state.

“Adoption by Price TEMPLATE” This worksheet calculates the effect of different 
incentive levels on rooftop solar adoption. For more 
information on using this worksheet, go to “Applying 
the Rooftop Solar Adoption Model Results to Utility 
Resource Planning.”

“Solar Cost Decline” This worksheet projects the declining cost of solar, 
which is a model input. Users do not need to edit or 
view this worksheet unless adjusting the model.

Screen captures of the state model sections and a description of their contents are below. For a more detailed 
explanation of how to read the model, attend or watch a recording of ILSR’s forthcoming webinar.
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State Worksheets
Basic NPV Calculation, Williams et al. Model (and State Variables)

On each state worksheet, the first 28 rows contain state-specific inputs from the “Data” worksheet, constants, 
and the base net present value (NPV) equation from the paper by Williams et al.

The “eligible occupied detached housing units” variable is in cell F62.

Adoption Model by NPV

Rows 29-59 contain the solar adoption model as designed by Williams et al. The values in C37-C59 represent 
the annual adoption rate (in megawatts per million households) at the net present values listed in cells 
B37-B59. The annual adoption rate values fall on the “diffusion of technology” curve (see Methods Behind 
the Model section). This portion of the worksheet is the same for each state.
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Adoption Model by Year

Rows 62-154 contain the solar adoption model by year, based on state-specific inputs.

Cells I76:AM127 calculate the compensation that solar adopters receive for the energy they produce.
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The first place to look here is I76:AM100, shown below. Each of the cells estimate one year of the rooftop 
solar installation’s value through “self-consumption,” or the amount of generated electricity the customer 
would use or value at the retail electricity rate. For states with full retail net metering, self-consumption is 
100 percent, even if the customer does not use all of the electricity they generate. This is because all of the 
generated electricity has a value of the retail electricity rate, whether the customer uses it themselves or sells 
it to the grid.

The columns indicate which year the customer initially installed the solar panels (year in row 75). The rows are 
the nth year of operating the solar system, with the system having a maximum life of 25 years.

The rooftop solar installation’s value decreases year over year because of present discounted value and solar 
output degradation. 

The values in cells I103:AM127, below, estimate additional compensation for the electricity not consumed by 
the individual (in states where compensation mechanisms other than full retail rate net metering are in effect). 
If a state does have full retail rate net metering compensation, the values are all zero. The cells show the 
separate value in a given year for any non-retail rate solar compensation, sometimes called a solar export rate 
or avoided cost rate.
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The data below row 128 (filled in gray) is the value in a given year for an additional incentive, such as a rebate 
or per kilowatt-hour payment. By default, this is set to zero. More on this portion in the “Applying the Model 
Results to Utility Resource Planning” section.

Next, the NPV table in rows 65-74 uses the yearly solar electricity compensation values, described above, to 
calculate the net present value of a solar system installed in a given year. To find the net present value, the 
compensation values from individual years in the rows below are summed, the initial capital cost is subtracted 
(row 67), and the investment tax credit is added (row 68). The values in row 74 are the net present value to a 
customer for installing solar in that respective year (row 75), shown below.
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Finally, cells A75:G107 calculate the forecasted state rooftop solar adoption over the next 30 years. The net 
present values from the NPV table are fed through the adoption curve into annual adoption (megawatts per 
million households) in cells C76:C106. This value, a proportion, is then used to calculate the total adoption in 
that state (megawatts AC) in cells E76:E106. 

Cells G76:G106 contain the cumulative residential solar adoption (megawatts AC) forecasted in the 
corresponding year (column A). THESE ARE THE STATE MODEL RESULTS! The “Summary” worksheet lists 
these values for each state.
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With this spreadsheet alone, users have a model-tested forecast for residential distributed solar adoption 
based on a continuation of existing compensation policies (e.g. net metering) and the assumptions chosen.

Estimating Non-Residential Solar Adoption
In two applications of the rooftop solar adoption model, ILSR also used national data on the ratio of 
residential distributed solar adoption to non-residential distributed solar adoption to infer total distributed 
solar adoption over time (using a ratio of 1.00:0.71 for residential to non-residential solar, based on 
national adoption rates in 2019, as reported by the Solar Energy Industries Association). This is useful for 
a ballpark estimate, but the estimate for non-residential solar does not have a basis in the model design 
itself. This ratio is also very fluid, and was as low as 1.00:0.34 in 2021.

Applying the Rooftop Solar Adoption Model Results to Utility 
Resource Planning
ILSR’s state models forecast how many customers will adopt rooftop solar – without action or expense on a 
utility’s part. However, clean energy advocates can adapt the model, as explained below, to calculate how 
incentives increase rooftop solar adoption, making it possible to compare a utility’s cost of incentivizing 
additional rooftop solar capacity versus the cost of purchasing other energy resources, such as a power plant. 
In Minnesota, ILSR and our partners Vote Solar and the Sierra Club used this approach to promote rooftop 
solar as a cost-effective option in the resource planning process for Xcel Energy and Minnesota Power.

In their resource planning, utilities often use “capacity expansion” software such as Encompass to model what 
new electric generation resources to purchase in the coming years. Technicians feed the software a range of 
assumptions — particularly the cost of new energy resources — with the intent of providing the most cost-
effective and reliable menu of electricity generation. It is important to note that utilities can and do select 
inputs and assumptions that align with their financial interests. Utilities typically ignore distributed solar, 
despite several elements in its favor: 

• It requires zero capital investment

• It has zero marginal cost because it’s treated as demand reduction, like energy efficiency

• It tends to be located near demand, reducing the likelihood of system upgrades in order to deliver its 
electricity production to consumers

The basic premise of these resource planning models is to identify how much of a resource can be purchased 
at a given price point –– $10 per megawatt-hour (MWh), $20 per MWh, etc. –– over the resource plan time 
horizon (e.g. 15 years). The ILSR rooftop solar adoption model, based on the Williams et al. model, can be 
used to predict the amount of distributed solar adopted at various price points. This allows utilities and advo-
cates to include distributed solar as a resource option in capacity expansion modeling.
  

https://www.seia.org/research-resources/solar-market-insight-report-2021-year-review
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The default rooftop solar adoption model results, explained in “Reading the Model,” already provide a key 
baseline: the amount of residential rooftop solar likely to be developed at $0 marginal cost to the utility (as-
suming no existing incentive). To determine how much distributed solar the utility could incentivize or “buy” 
at higher price points, we ran ILSR’s model with different incentive inputs. Each incentive corresponds with a 
price point for the capacity expansion model. For example, a 1 cent per kilowatt-hour production incentive for 
rooftop solar generators corresponds to a price point of $10 per MWh for the capacity expansion model. 

Below, we show how to add the incentive into the state model worksheets and how to then tabulate the re-
sults in the “Adoption by Price TEMPLATE” worksheet.

To predict the results of various per-kilowatt incentives, plug the incentive into row 72 in the NPV table in 
the relevant state model worksheet. ILSR used incentives of $0.01, $0.02, $0.03, $0.035, and $0.04 per kilo-
watt-hour, corresponding with purchase prices for the utility resource expansion model of $10, $20, $30, $35, 
and $40 per megawatt-hour.

Then, record the state model results (cells C75:G107) under that incentive in the “Adoption by Price TEM-
PLATE” worksheet. For our purposes in previous applications (needing to forecast all distributed solar, not just 
residential), we assumed non-residential solar capacity to be 71 percent of residential solar capacity. There-
fore, state model results recorded in the “Adoption by Price TEMPLATE” worksheet are all divided by 0.71. 
More instructions are in the “Adoption by Price TEMPLATE” worksheet and ILSR’s webinar. 

Note that the “Adoption by Price TEMPLATE” worksheet is pre-populated with column labels matching ILSR’s 
chosen incentive levels, listed above — the user can change these values. The user can also use as many 
years (rows) as needed, likely the same number of years as are at stake in the utility’s resource plan.
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Each incentive level on the “Adoption by Price TEMPLATE” worksheet represents the incremental changes to 
distributed solar adoption at each incentive level. For example, columns D:E show the amount of distributed 
solar adopted with an incentive of $10 per MWh in addition to the amount of distributed solar already ad-
opted with no incentive in columns B:C. Similarly, columns F:G show the amount of distributed solar adopted 
with an incentive of $20 per MWh in addition to the amount of distributed solar already adopted at an incen-
tive of $10 per MWh and with no incentive in columns B:E.

To calculate total distributed solar adoption at a certain incentive level, add the distributed solar adoption 
amount at that incentive level to the distributed solar adoption amounts at lower incentive levels and the 
base distributed solar adoption amount. For instance, to find total solar adoption over 30 years with a $30 per 
MWh incentive, you would add up cells C35, E35, G35, and I35.

Here’s an example of what the “buckets” of incremental solar adoption at each incentive level might look like 
over 15 years:

• Default ($0 per MWh incentive) - adoption of 10 MW AC

• $10 per MWh incentive - 2 MW AC additional distributed solar

• $20 per MWh incentive - 3 MW AC additional distributed solar

• $30 per MWh incentive - 5 MW AC additional distributed solar

• $40 per MWh incentive - 5 MW AC additional distributed solar



WWW.ILSR.ORGILSR’s Rooftop Solar Adoption Model 15

For the capacity expansion model, ILSR and our partners input the incremental “buckets” of distributed solar 
for the capacity expansion model to select. Since the default results with no incentive cost nothing, the capac-
ity expansion model automatically selected the initial 10 MW AC of distributed solar. The capacity expansion 
model then purchased each increment above that if it was the most cost-effective resource compared to the 
other options presented (e.g. utility-scale solar, wind energy, etc). As you might expect, distributed solar was 
very cost-effective and our “distributed solar as a resource” model helped to convince the Minnesota Public 
Utilities Commission to order Xcel Energy to investigate this approach to resource planning in the future.

See also ILSR and the Distributed Solar Parties’s reply comments to Xcel Energy’s Integrated Resource 
Plan, filed to the Minnesota Public Utilities Commission.

Methods Behind the Model
Adaptation From the Williams et al. Model

ILSR adapted its rooftop solar adoption model from the parsimonious model proposed in “Empirical devel-
opment of a parsimonious model for international diffusion of residential solar” (2019). The authors of 
the paper are Eric Williams (Golisano Institute for Sustainability, Rochester Institute of Technology, USA), Rex-
on Carvalho (North American Power, Energy Aspects, USA), Eric Hittinger (Department of Public Policy, Roch-
ester Institute of Technology, USA), and Matthew Ronnenberg (Program of Color Science, Rochester Institute 
of Technology, USA). Elsevier published the paper in December 2019 in Renewable Energy: an International 
Journal.

The authors wanted to create a model that is simple, but still “reasonably explains” solar adoption trends 
from 2005 to 2016. They built their model with data from Germany, Japan, and three U.S. states: Arizona, Cal-
ifornia, and Massachusetts. The model functions not only to predict solar adoption under the status quo, but 
also to predict the consumer reaction to proposed policies and incentives.

The Williams et al. model has one explanatory variable: net present value (NPV), which estimates the value 
of a solar system to an individual. In other words, the Williams et al. model assumes that the more financially 
rewarding the investment, the more customers will install rooftop solar. It’s common sense, and it works well 
to explain solar adoption in the jurisdictions that the authors reviewed.

Here is the Williams et al. equation for the net present value of a subsidized residential PV system:

https://efiling.web.commerce.state.mn.us/edockets/searchDocuments.do?method=showPoup&documentId=%7BF0DE447A-0000-C815-8B88-0A227D1455F7%7D&documentTitle=20216-175424-01
https://efiling.web.commerce.state.mn.us/edockets/searchDocuments.do?method=showPoup&documentId=%7BF0DE447A-0000-C815-8B88-0A227D1455F7%7D&documentTitle=20216-175424-01
https://doi.org/10.1016/j.renene.2019.12.101
https://doi.org/10.1016/j.renene.2019.12.101
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The Williams et al. solar adoption model must then estimate what portion of individuals in a region will install 
solar, given its net present value to residents. 

When faced with the same risk and reward, people arrive at different conclusions. There is no magic net pres-
ent value at which everyone will choose to go solar; some may only install solar panels when the net present 
value is extremely high, while others will choose to install solar panels when their net value is negative. Most 
people fall somewhere in the middle. The authors took this into account by assuming that solar adoption fol-
lows a normal distribution, or the “diffusion of innovation” logic. 

Here is the Williams et al. equation for annual residential solar adoption:

The variable α (alpha) is an arbitrary constant that helps fit the model to the data. μ (mu) and σ (sigma) are 
calculated constants that are used to fit the model to real-world data. K represents one half of the maximum 
annual adoption. Originally, it was 2,000 megawatts per million households. In ILSR’s model, due to increasing 
the system size, K was recalculated to be 3250 (formula for K = 1 million homes * ½ of system size in kilowatts 
/ 1,000).
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Click to read the Williams et al. paper in full.

Eric Hittinger, Eric Williams, and two other authors also used the Williams et al. solar adoption model in an 
exploration of the optimal subsidy for residential solar.

ILSR’s Adjustments to the Williams et al. Model
1. Increased solar system size to 6.5 kilowatts. ILSR’s rooftop solar adoption model uses a system 

size of 6.5 kilowatts, or the 2019 median residential system size from Lawrence Berkeley National 
Laboratory’s Tracking the Sun 2021 report. The Williams et al. model, for reference, used a system 
size of 4 kilowatts.

2. Changed k to 3250. Because k reflects the upper bound on solar adoption in a year, this was 
necessary after changing the solar system size.

3. Increased system life to 25 years. ILSR’s rooftop solar adoption model uses a solar system life of 25 
years, which is in line with the average lifespan of panels installed now. The Williams at. al. model used 
a system life of 20 years.

4. Changed Mu and Sigma constants. Paper author Eric Williams ran a new regression to find an 
appropriate mu and sigma after we changed module size and k. Mu = 9952.25  Sigma = 5361.59. 
The TSE is increased from the Williams et al. model, meaning ILSR’s adapted model is not quite 
as good of a fit to the historical data as the original model. However, it is still a reasonable fit.

https://doi.org/10.1016/j.renene.2019.12.101
https://doi.org/10.1016/j.enpol.2021.112326
https://doi.org/10.1016/j.enpol.2021.112326
https://emp.lbl.gov/sites/default/files/2_tracking_the_sun_2021_report.pdf
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5. ILSR’s model, first iterated in 2019, uses a five percent interest rate and two percent inflation rate. 
Five percent was a common home equity loan interest rate in 2019. Two percent is the average 
annual inflation rate from the years 2000-2020. ILSR acknowledges that these rates have changed 
since 2019, which could affect the data.

https://www.rocketmortgage.com/learn/historical-mortgage-rates-30-year-fixed
https://data.worldbank.org/indicator/FP.CPI.TOTL.ZG?end=2020&locations=US&most_recent_year_desc=true&start=2000
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6. Added a solar annual cost decline of five percent. Because we extended our model out over 
multiple years, some inputs that were static in the Williams et al. single year model needed to change 
year over year. Between 2008 and 2018, the median cost of residential installed solar decreased by 
60 percent. We expect the cost of installing solar to decrease five percent per year in the modeled 
years (2022-2052). Data supporting our five percent estimate is in the “Solar Cost Decline” worksheet 
of the model Excel workbook.

7. Added a solar output degradation of 0.5% per year. The output of a solar panel, given the same 
conditions, decreases over time. The National Renewable Energy Laboratory has found the solar PV 
panel output degradation to be .5% per year.

8. Accounted for homes already with solar at the start of the modeled time period. Homes with 
solar would not be eligible for a new solar system. We subtracted a figure representing existing solar 
homes from the eligible occupied, detached housing units.

9. Accounted for homes that go solar through the modeled time period. The homes estimated to go 
solar in the first modeled year are subtracted from the eligible occupied, detached housing units in the 
subsequent year, and so on.

10. Added the Solar Investment Tax Credit (ITC) for 2022-2034. ILSR’s rooftop solar adoption model 
assumes that customers have sufficient tax liability to get the full value of the ITC (30% in 2022 through 
2032, 26% in 2023, and 22% in 2024.

https://emp.lbl.gov/sites/default/files/tracking_the_sun_2019_report.pdf
https://emp.lbl.gov/sites/default/files/tracking_the_sun_2019_report.pdf
https://www.nrel.gov/state-local-tribal/blog/posts/stat-faqs-part2-lifetime-of-pv-panels.html
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State Model Parameters
This section outlines the baseline inputs for each state’s rooftop solar adoption model.

Rooftop solar module output: 
A one kilowatt system was run through NREL’s PVWatts® calculator with default settings. The location (city) 
used for each state is recorded in the “Data” worksheet of the Excel workbook, column C (threaded com-
ment).

Retail electricity prices: 
Avg. Residential Electricity Price (cents/kWh) (Energy Information Administration, Nov 2021).

Average residential solar cost (dollars per watt): 
2021 average residential solar costs ($/W) (EnergySage). There was no EnergySage Marketplace Data for AL, 
AK, HI, KS, KY, MS, ND, NE, OK, SD, TN, WV, and WY, so their costs were adjusted from Solarreviews data 
using the difference between Solarreviews’ average 2021 solar cost ($2.80/W) and Energysage’s average 2021 
solar cost ($2.91/W).

Estimated solar homes: 
Residential net metering customers, December 2020 (Energy Information Administration). 

Solar eligible occupied, detached housing units:
Total occupied, detached housing units = total detached single units by state (U.S. Census Bureau, 2019) * 
total occupied housing units as a percent (U.S. Census Bureau, 2019).

Eligible occupied, detached housing units = total occupied, detached housing units - est. solar homes.

Net metering policy: 
A table of states, their net metering policies, self consumption rates for ILSR’s rooftop solar adoption model, 
and feed-in tariff (FiT) rates for ILSR’s model is in Appendix 1. The table omits any additional state incentive 
programs on top of net metering for simplicity. ILSR’s rooftop solar adoption model does not account for fixed 
charges or minimum bills (i.e. New York’s Customer Benefit Contribution Charge, Rhode Island Conservation 
Charge, Michigan System access charge). We also do not account for state net metering capacity limitations, 
which would change the forecast for many states. We do not account for state policies with reduced compen-
sation for annual excess or the expiration of annual excess. Realistically, net metering policies may change, 
but ILSR’s model takes the policy as static for the duration of its time frame.

Net metering policy determines the use of the self consumption variable. See below.

https://pvwatts.nrel.gov/
https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_5_6_a
https://news.energysage.com/how-much-does-the-average-solar-panel-installation-cost-in-the-u-s/
https://www.solarreviews.com/
https://www.eia.gov/electricity/data/eia861m/
https://www.census.gov/acs/www/data/data-tables-and-tools/data-profiles/
https://www.census.gov/acs/www/data/data-tables-and-tools/data-profiles/
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Self-consumption:
Without battery storage, a residential solar generator is unlikely to use all of the electricity they generate on 
site. The solar customer is often exporting their excess generation to the grid. For customers in states with full 
retail net metering, the exported electricity has the same value as if they used it — the retail electricity rate. 
Accordingly, the solar customer is getting a retail compensation rate for 100% of the electricity they generate. 
In states without full retail net metering, customers may receive lower compensation for the electricity they 
export. To calculate the value of their solar installation, we must estimate the portion of their electricity gener-
ation that is used on site (self-consumed) and the portion that is exported. 

In states that have monthly netting but reduce compensation for monthly net excess generation, ILSR estimat-
ed system self-consumption by subtracting average monthly electricity usage from each month’s PVWatts® 
solar output. We summed any monthly excess generation for the year and divided it by the annual solar sys-
tem output. This is the estimated portion of generation the customer would export to the grid. For example, 
we estimated that residential solar generators in Alaska (with monthly netting) would export 33% of their solar 
system generation to the grid. Self-consumption is one (1) minus this value — 77% for Alaska customers.

Some states without full retail net metering still had a calculated self-consumption of 100%. So, though 
customers in states including Arizona, Georgia, Indiana, Kansas, Mississippi, North Dakota, Nebraska, Ohio, 
Oklahoma, South Carolina, and Tennessee would receive sub-retail rate compensation for monthly net excess 
generation, this did not come into play as we estimated that they were consuming all of their generation. This 
is likely a result of system size — our conservative 6.5-kilowatt system generated less than the average month-
ly electricity usage in most states.

For states without net metering (no monthly netting), self-consumption is meant to estimate the portion of 
monthly electricity that is consumed at that instant. A study in Denmark found this to be approximately 38%. 
For a conservative estimate, we set self-consumption in states with no net metering policy at 35%.

Wholesale electricity rates:
ILSR used wholesale electricity rates as a replacement for a utility’s avoided-cost rate. Wholesale rates are es-
timated using Intercontinental Exchange (ICE) data via the U.S. Energy and Information Administration. 
This data takes the average wholesale rate at each price hub for the year 2021. Some regional transmission 
associations did not have data. For states within these regions, ILSR used an average of the seven price hubs.

https://doi.org/10.1016/j.segan.2021.100519
https://www.eia.gov/electricity/wholesale/#history
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Appendix 1
State net metering policies determine whether the self-consumption variable is 100 percent or less than 100 
percent in the model. In a state with full retail net metering, self-consumption is 100 percent — even if the 
customer consumes less electricity than they generate. This is because the customer is compensated for all 
of their generated power is valued at the retail rate, whether the customer “uses” it or not. States without full 
retail net metering treat “excess” generation differently, so the energy that they don’t consume will receive 
compensation that is not the retail rate. 

Conclusions are drawn from DSIRE and Solarreviews data. 

Assumed State Self-Consumption Ratios

All power credited as self-consumption receives a retail rate credit. Where self-consumption is less than 100%, 
the remaining electricity is credited at the FiT rate listed.

AK: Net excess generation credited at a non-firm power rate (sub-retail rate).
Self-consumption: 77%
FiT rate: $0.058 (national average wholesale rate)

AL: No net metering policy.
Self-consumption: 35%
FiT rate: $0.058

AR: Full retail net metering for residential customers.
Self-consumption: 100%

AZ: Net excess generation credited at export rate/avoided-cost rate.
Self-consumption: 100%
FiT rate: $0.03 (average from Solar Reviews)

CA: Full retail net metering.
Self-consumption: 100%

CO: Full retail net metering.
Self-consumption: 100%

CT: Net excess generation credited at sub-retail rate plus a quarterly REC payment (Eversource).
Self-consumption: 97%
FiT rate: [retail rate] + $0.0318

DC: Full retail net metering.
Self-consumption: 100%

DE: Full retail net metering.
Self-consumption: 100%

https://www.dsireusa.org/
https://www.solarreviews.com/
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FL: Full retail net metering.
Self-consumption: 100%

GA: Net excess generation credited at avoided-cost rate.
Self-consumption: 100%
FiT rate: $0.0585 (wholesale rate)

HI: Net excess generation credited at export rate.
Self-consumption: 68%
FiT rate: $0.1507 (Oahu island export rate)

IA: Full retail net metering.
Self-consumption: 100%

ID: Full retail net metering.
Self-consumption: 100%

IL: Full retail net metering.
Self-consumption: 100%

IN: Net excess generation credited at 125% of wholesale rate.
Self-consumption: 100%
FiT rate: $0.0726 (wholesale rate x 1.25)

KS: Net excess generation credited at average cost rate (sub-retail rate).
Self-consumption: 100%
FiT rate: $0.0585 (wholesale rate)

KY: Electricity usage not offset by generation, all generation compensated at sub-retail rate.
Self-consumption: 0%
FiT rate: $0.09746 (PUC rate for Kentucky Power, other rates haven’t been set yet)

LA: Electricity usage not offset by generation, all generation compensated at avoided-cost rate.
Self-consumption: 0%
FiT rate: $0.0585 (wholesale rate)

MA: Full retail net metering.
Self-consumption: 100%

MD: Full retail net metering.
Self-consumption: 100%

ME: Full retail net metering.
Self-consumption: 100%

MI: Electricity usage not offset by generation, all generation compensated at “outflow” rate.
Self-consumption: 0%
FiT rate: $0.058 (wholesale rate)

MN: Full retail net metering.
Self-consumption: 100%

MO: Net excess generation credited at avoided-cost rate.
Self-consumption: 100%
FiT rate: $0.0581 (wholesale rate)
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MS: Net excess generation credited at avoided-cost plus DG adder.
Self-consumption: 100%
FiT rate: $0.0587  (wholesale rate + $0.025)

MT: Full retail net metering.
Self-consumption: 100%

NC: Full retail net metering.
Self-consumption: 100%

ND: Net excess generation credited at avoided-cost rate.
Self-consumption: 100%
FiT rate: $0.058 (wholesale rate)

NE: Net excess generation credited at avoided-cost rate.
Self-consumption: 100%
FiT rate: $0.058 (wholesale rate)

NH: Full retail net metering.
Self-consumption: 100%

NJ: Full retail net metering.
Self-consumption: 100%

NM: Full retail net metering.
Self-consumption: 100%

NV: Net excess generation credited at 75% of retail rate.
Self-consumption: 97.6%
FiT rate: 0.75 * retail electricity rate

NY: Full retail net metering.
Self-consumption: 100%

OH: Net excess generation credited at unbundled generation rate.
Self-consumption: 100%
FiT rate: $0.045 (estimate from Solarreviews)

OK: Net excess generation credited at avoided-cost rate.
Self-consumption: 100%
FiT rate: $0.058

OR: Full retail net metering.
Self-consumption: 100%

PA: Full retail net metering.
Self-consumption: 100%

RI: Net excess generation credited at avoided-cost rate.
Self-consumption: 85%
FiT rate: $0.052 (wholesale rate)

SC: Net excess generation credited at avoided-cost rate or “solar choice” credit rate.
Self-consumption: 100%
FiT rate: Can’t find solar choice credit rate, but it would be n/a since self-consumption is 100%.
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SD: No net metering policy.
Self-consumption: 35%
FiT rate: $0.058

TN: Net excess generation credited at avoided-cost rate.
Self-consumption: 100%
FiT rate: $0.058

TX: No net metering policy.
Self-consumption: 35%
FiT rate: $0.058

UT: Net excess generation credited at export rate (Rocky Mountain Power).
Self-consumption: 92%
FiT rate: $0.06 (Rocky Mountain Power export rate)

VA: Full retail net metering.
Self-consumption: 100%

VT: Full retail net metering.
Self-consumption: 100%

WA: Full retail net metering.
Self-consumption: 100%

WI: Net excess generation credited at rate determined by utility.
Self-consumption: 92%
FiT rate: $0.04245

WV: Full retail net metering.
Self-consumption: 100%

WY: Full retail net metering.
Self-consumption: 100%


