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Executive Summary: Solar power is a source of clean, renewable energy that can help
consumers reduce their carbon footprints and curb climate change. In recent years,
government incentives, along with improvements in efficiency and reduced costs, have made
solar power financially beneficial for consumers as well. In order to accurately analyze the
costs and benefits of a potential solar project, many factors must be considered. These include
the size of the solar array, the amount of sun exposure, the lifespan of the panels and inverters,
the lifespan of the roof or other foundation, the current and future price of utility-provided
electricity, and the amount of government incentives offered. These factors are described in
detail throughout this article, and the analysis reveals that government incentives for solar
power projects make a substantial positive impact on the financial feasibility. We find that the
US federal and state governments should continue their incentive programs in order to prompt
more organizations to transition to solar power and thereby reduce greenhouse gas emissions.

L. Introduction

Americans consume over 90 exajoules (2.5x1013
kilowatt-hours) of energy annually for transportation,
electricity production, manufacturing, and other
activities (British Petroleum 2019). The vast majority
(83%) of this energy comes from the combustion of
fossil fuels (British Petroleum 2019), which are
estimated to run out around the year 2110 at our
current rate of use (Perez and Perez 2009).
Furthermore, burning fossil fuels for energy
increases the levels of greenhouse gases and
pollutants in the atmosphere and directly contributes
to climate change (IPCC 2014). In order to reach the
main goal of the Paris Climate Agreement, which is to
limit the increase in average global temperature to
two degrees Celsius above pre-industrial levels
(United Nations 2015), the global economy urgently
needs to transition away from fossil fuels and deploy
renewable sources of energy. Yet, instead of
embracing this goal, the United States has recently
withdrawn from the Paris Agreement. This is despite
the fact that 67% of adults in the US say that the

federal government is not doing enough to curb
climate change and 64% say that it should make
protecting the environment a top priority (Funk and
Kennedy 2019).

i. Sustainability of solar photovoltaic panels

One way to accomplish the goal of the Paris
Agreement would be to increase the quantity of
energy supplied by renewable sources through the
deployment of solar photovoltaic panels. Solar panels
produce energy from freely available radiation from
the sun, with no emissions. Solar energy is a
sustainable and abundant resource that has the
potential to greatly exceed the energy needs of global
residences and commercial businesses (Perez and
Perez 2009). In fact, if all the energy delivered to the
earth by the sun in one hour could be captured and
converted to usable power, it would be about equal to
the amount of energy consumed by the global
economy in one year (Crabtree and Lewis 2007).
Although sunlight is intermittent, when paired with
energy storage technologies such as batteries, solar
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arrays can provide uninterrupted power to users. The
components of solar panels are also completely
recyclable (mostly glass, plastic, aluminum, and
silicon; see Figure 1), opening the possibility of
achieving closed-loop recycling of materials after
they are harvested (Weckend, Wade, and Heath
2016). Therefore, solar power has the potential to be
a completely sustainable energy source.

<1% Cu, Ag, Sn, Pb, Zn, Ni,

5% Slicon Cd, Ga, In, Se, Te

8% Aluminum

10% Plastic

76% Glass

Figure 1: Composition by weight of crystalline silicon solar
photovoltaic panels, the oldest and most prevalent type of
solar panel (adapted from Weckend, Wade, and Heath
2016).

ii. Cost of solar energy

The cost of solar energy is now typically lower than
traditional fossil fuel sources. While the sunlight itself
is completely free and abundant, the price of the
panels has dropped significantly over the last few
decades, and is likely to continue to drop further
(Warburg 2019; Goodstein and Lovins 2019). Taking
into consideration the upfront purchase and
installation costs, a levelized cost of energy (LCOE)
can be calculated. A typical LCOE for utility-scale
solar energy is currently around 4.1 cents per
kilowatt-hour (kWh; Lazard 2018). In contrast, the
average cost of electricity from traditional sources of
energy in the US is currently 10.3 cents per kWh, and
typically increases by 3.6% annually (based on the
last 60 years of price data; U.S. Energy Information
Administration 2019).

II. Analysis of government incentive programs
Despite the potential cost savings over the long-term,
the initial investment required to develop a solar
array may be prohibitively expensive for many
would-be users. Governmental incentivization has
been used in the past and is currently used at multiple
levels to help defray the initial costs of solar
development and encourage investors. A federal
investment tax credit (ITC) of 30% was inaugurated
in 2006. This rate decreased to 26% in 2020, is
scheduled to decrease to 22% in 2021, and then to
10% for 2022 and beyond for the commercial sector,
while dropping to zero for residences (Figure 2;
Stokes and Breetz 2018).

30%
26%

I 22%

2020 2021
Year

10%

2022+

Federal Investment Tax Credit

2006-2019

Figure 2: The value of the federal investment tax credit for
solar and other renewable energy installations over time
(adapted from Stokes and Breetz 2018). After 2021, the
credit will be set permanently to 10% for commercial
installations (0% for residential).

i. State-level incentive programs

Many states additionally have their own incentive
programs. Through its Future Energy and Jobs Act,
Illinois set a goal of sourcing 25% of its electricity
from renewables by 2025 (Myers 2019). One of the
primary means by which the state is accomplishing
this goal is through the creation of a market for Solar
Renewable Energy Credits (SRECs). The Illinois
Power Agency purchases these SRECs from the
owners of solar arrays to help offset the cost of their
installations (Myers 2019). When combined with
federal tax credits, the funds gained from the sale of
these SRECs can substantially decrease the amount of
time required for a solar array to become financially
profitable (Figure 3). The funding for the purchase of
these credits comes from all end-users of electricity
in the state, in the form of small fees on users’ electric
bills. Therefore, the SRECs can be viewed as state-
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mandated cost-sharing among consumers in order to
fund solar developments. Illinois’s SREC program
helped make the state the second largest creator of
solar jobs in the country in 2018 (Ruppenthal 2019).
However, like the federal ITC, Illinois’s SREC benefits
are now rapidly decreasing (Lydersen 2020).
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Figure 3: The effects of federal tax incentives and
incentives in the state of Illinois on the cost-benefit
projections for a 1,000-kilowatt solar project. The effect of
the state incentives is observed over the first five years,
because Illinois credits solar developers incrementally
over that timeframe. The breakeven point for each
example occurs when the line crosses the x-axis.
Projections for after year 25 depend upon an extended
lifespan of the solar panels, and so are less certain.

ii. Options for financing solar projects

Another key benefit of government incentivization of
solar developments is that it has driven investors to
offer attractive financing options for end-users. For
example, in many states, if a residence, company, or
other organization lacks the capital to pay for the
upfront costs of a solar array, it may opt into a
purchase power agreement (PPA). Under this
arrangement, an investor purchases and builds an
array on the end-user’s property, and then sells the
generated electricity to that end-user at a discount
compared to the traditional electrical rate (Halper
2014). A PPA is advantageous for the end-user
because it requires no upfront funds for the solar
array, and most of the risk for the project is assumed
by the financier. The only risk to the end-user is that
a PPA usually requires a commitment to not disrupt
the array with a construction project or change in
property ownership (so for a rooftop array, newer
roofs are the best locations for installation). The
disadvantage is that the financier will reap more of
the savings, and the end-user will profit less.

Another financing option is a hybrid between a PPA
and a cash purchase, where the end-user starts with
a PPA, but then gradually acquires ownership of the
array over time. This model can be particularly
attractive for non-taxed entities, such as charities or
universities, as they can use a for-profit financier who
will earn the federal tax credits and then sell the array
back to the user at a lower rate (this is legal in states
that allow for PPAs).

These three financial models (including an upfront
cash purchase made by the end-user) can be viewed
as a continuum that balances the trade-offs between
profit and risk avoidance (see Figure 4). On one
extreme is the upfront cash purchase, while the full
PPA option is on the other; the hybrid model can lie
anywhere in between the extremes, depending on the
desired length of term for the PPA. The more upfront
capital the end-users invest, the more profit they may
realize; however, they also must accept more risk.
Less upfront capital means less profit, but also less
risk. Having multiple financing options available
encourages more end-users to transition to solar
power, and these options likely would not be
available without government incentive programs
that drive investment.

Potential Savings

/

Low

HIGH
Capital Invested Upfront

Figure 4: Potential financial savings and risk for a solar
project, as a function of the amount of initial funds invested
at the outset. Solar development companies offer a variety
of options for financing new arrays, ranging from 0%
upfront capital required to 100% ownership. More capital
invested upfront means greater potential energy savings
for the end-user, but also more risk, here depicted as less
confidence in the potential savings. A “middle ground”
option may be preferable, where there is reasonable
confidence of moderately high savings.
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III. Environmental and financial cost-benefit
analyses

i. Quantitative parameters

Potential end-users of solar can accurately estimate
the positive environmental impact and the
profitability of an array given some basic input data.
The quantity of carbon dioxide emissions avoided by
using solar energy instead of fossil fuel combustion
can be easily calculated at the US EPA’s website
(www.epa.gov/energy/greenhouse-gas-
equivalencies-calculator). Furthermore, the amount
of sunlight received at a specific location in the US can
be accurately estimated for free using Google’s
Project Sunroof (www.google.com/get/sunroof).
This database takes into account decades of weather
data for specific locations.

Other parameters to consider are the following: the
lifespan of the panels (typically guaranteed for 25
years, although more than 40 years of energy
production have been reported (Jordan and Kurtz
2013); the panel degradation rate (typical panels
degrade at a rate of 0.5% per year (Jordan and Kurtz
2013); current and future costs of utility-provided
electricity (the average electrical rate for the US is
10.3 cents per kWh, with an average annual price
escalation of 3.6% (U.S. Energy Information
Administration, 2019); and ongoing operations and
maintenance costs (it is advisable to set aside 0.5% of
the total array cost each year for these expenses,
which include replacing the panel inverters after
about 12 years).

We have developed a tool (available here) that allows
readers to input their own unique parameters and
estimate outcomes. An example analysis for a 1,000
kilowatt array is displayed in Table 1. One advantage
of this tool is that it allows users to easily see the
impact that government incentives can have on the
profitability of a solar installation. Users can see how
much money they are estimated to save each year,
and when they can expect to break even (recoup the
upfront purchase costs). Additionally, the tool
automatically calculates the quantity of carbon
dioxide emissions avoided by not generating the
electricity through fossil fuel combustion, and also
expresses this amount in more familiar terms as
gallons of gasoline used by a vehicle (“Greenhouse
Gases Equivalencies Calculator - Calculations and
References” n.d.). We believe that having access to

this tool will help organizations see the financial and
environmental benefits of converting to solar-
generated electricity.

ii. Qualitative parameters

Besides the quantitative parameters included in the
cost-benefit estimator, some qualitative factors
should be considered by potential solar users as well.
The most efficient arrays will be those that are
unshaded and that are flat or tilted in the direction of
the equator. Rooftop arrays are ideal because they do
not take up valuable land space. However, the
lifespan of the roof must be considered, as arrays
would have to be taken down and reinstalled in the
event of roof replacement. Ideally, solar arrays would
be built on newer roofs with long lifespans (20 years
or more). Figure 5 provides an example of an ideal
rooftop for solar development.

Figure 5: An example of an ideal rooftop for a solar
installation. The roof is unshaded and has few mechanical
obstructions on the surface. It is a recently installed roof
with maximal longevity. The installed solar array should be
flat or tilted in the direction of the equator.

IV. Policy recommendation

In order to continue transitioning the country from
fossil fuels to renewable energy sources, the federal
government and state governments should continue
to incentivize solar developments through the use of
tax credits and cost-sharing programs. Specifically,
the federal government should extend the income tax
credit at a rate of 30% until 2030. The state of llinois
should renew its SREC program and set a new goal of
achieving 40% sustainable energy production by
2030, and 100% by 2050. Other states that have not
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Number of Panels: 3,124 Current Electricity Price (cents/kWh): 6.2
Watts per panel: 395 Electricity Price Inflation Rate: 2.5%
Total System Size (kW-DC): 1,234 Purchase Price: $1,961,411 Discount Rate: 5%
Total System Size (kW-AC): 1,000 Smart Inverter Rebate: $215,950 Internal Rate of Return: 30.1%
Sunlight per year (hrs.): 1,161 26% Federal Income Tax Credit: $509,967 Net Present Value: $1,603,668
Annual Panel Degradation Rate: 0.70% Depreciation/Tax Deduction: $500,160 Levelized Energy Cost (cents/kWh): 1.06
Energy Gasoline
Purchase & State Tax Generation Annual  Cumulative CO; Emissions Equivalence

Year Maintenance Costs  Incentives (kwWh) Electric Bill Savings Cash Flow Cash Flow Avoided (Tons) (Gallons)
1 $735,334 $116,424 1,432,561 $88,819 -$530,091 -$530,091 1,117 113,976
2 $9,255 $112,932 1,422,533 $90,402 $194,079 -$336,012 1,109 113,178
3 $9,255 $112,141 1,412,575 $92,013 $194,899 -$141,113 1,101 112,386
4 $9,255 $111,356 1,402,687 $93,654 $195,755 $54,642 1,093 111,599
5 $9,255 $110,577 1,392,868 $95,323 $196,645 $251,286 1,086 110,818
6 $9,255 1,383,118 $97,022 $87,767 $339,053 1,078 110,042
7 $9,255 1,373,437 $98,751 $89,496 $428,550 1,070 109,272
8 $9,255 1,363,822 $100,512 $91,257 $519,807 1,063 108,507
9 $9,255 1,354,276 $102,303 $93,048 $612,855 1,056 107,748
10 $9,255 1,344,796 $104,127 $94,872 $707,727 1,048 106,993
11 $9,255 1,335,382 $105,983 $96,728 $804,455 1,041 106,244
12 $9,255 1,326,035 $107,872 $98,617 $903,072 1,034 105,501
13 $9,255 1,316,752 $109,795 $100,540  $1,003,612 1,026 104,762
14 $9,255 1,307,535 $111,752 $102,497 $1,106,109 1,019 104,029
15 $9,255 1,298,382 $113,744 $104,489 $1,210,598 1,012 103,301
16 $9,255 1,289,294 $115,771 $106,516 $1,317,114 1,005 102,578
17 $9,255 1,280,269 $117,835 $108,580  $1,425,694 998 101,860
18 $9,255 1,271,307 $119,935 $110,680  $1,536,375 991 101,147
19 $9,255 1,262,408 $122,073 $112,818 $1,649,193 984 100,438
20 $9,255 1,253,571 $124,249 $114,994  $1,764,187 977 99,735
21 $9,255 1,244,796 $126,464 $117,209 $1,881,396 970 99,037
22 $9,255 1,236,082 $128,718 $119,463 $2,000,860 963 98,344
23 $9,255 1,227,430 $131,013 $121,758 $2,122,617 957 97,656
24 $9,255 1,218,838 $133,348 $124,093 $2,246,710 950 96,972
25 $9,255 1,210,306 $135,725 $126,470  $2,373,180 943 96,293
26 $9,255 1,201,834 $138,144 $128,889 $2,502,069 937 95,619
27 $9,255 1,193,421 $140,607 $131,352 $2,633,421 930 94,950
28 $9,255 1,185,067 $143,113 $133,858 $2,767,279 924 94,285
29 $9,255 1,176,771 $145,664 $136,409 $2,903,688 917 93,625
30 $9,255 1,168,534 $148,260 $139,005 $3,042,693 911 92,970
31 $9,255 1,160,354 $150,903 $141,648 $3,184,341 904 92,319
32 $9,255 1,152,232 $153,593 $144,338 $3,328,679 898 91,673
33 $9,255 1,144,166 $156,331 $147,076 $3,475,755 892 91,031
34 $9,255 1,136,157 $159,117 $149,862 $3,625,617 886 90,394
35 $9,255 1,128,204 $161,954 $152,699 $3,778,316 879 89,761
36 $9,255 1,120,306 $164,840 $155,585 $3,933,902 873 89,133
37 $9,255 1,112,464 $167,779 $158,524  $4,092,425 867 88,509
38 $9,255 1,104,677 $170,769 $161,514  $4,253,940 861 87,889
39 $9,255 1,096,944 $173,813 $164,558 $4,418,498 855 87,274
40 $9,255 1,089,266 $176,912 $167,657 $4,586,155 849 86,663

TOTALS: $1,096,279 $563,430 50,131,454 $5,119,004 $4,586,155  $4,586,155 39,072 3,988,512

Table 1: 40-year financial and environmental cost-benefit analysis of a 1,000 kilowatt solar installation. Red values are
costs; black values are benefits. The specific parameters used for this example are at the top of the table and are derived
from an actual solar array design proposal. Projections for after year 25 assume an extended lifespan of the solar panels,
and so are less certain. Readers can download this table here in order to put in their own parameters and obtain a custom
cost-benefit analysis.

yet done so should enact similar programs. Helping
developers with the upfront costs of renewable
energy will encourage more organizations to make
the transition, thereby helping humanity reach the
Paris Agreement target and avoid catastrophic
climate change. Studies have shown that government
incentives  positively impact solar energy
development (Thomas 2020; Ryan, Donou-Adonsou,

and Calkins 2019). Indeed, before enhancing their
incentive programs, even sunny states such as Florida
and South Carolina had relatively few solar
installations deployed (Halper 2014). Now, both
states are among the top 15, in terms of their total
installed solar generating capacity (Solar Energy
Industries Association 2020). Ending government
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incentivization of solar energy now would slow this
progress towards sustainable energy production.

V. Conclusion

The analysis tool provided here is designed to help
consumers assess the positive environmental impact
and financial profitability of a solar array with
confidence. It also demonstrates that although solar
arrays will generally pay for themselves without
incentives over time, government incentive funds can
dramatically shorten the time until the break-even
point, which drives investors and developers to build

solar projects. Economist Isidor Wallimann defines
“sustainability” as “a societal pattern of interaction
with nature which assures a very long-term output
and distribution mode sufficient for all to live in
dignity and in accord with the average longevity
potential” (Wallimann 2013). In order to move the
global economy towards a state of sustainability,
governments should continue to aggressively
incentivize solar energy. This will prompt more
consumers to transition to solar power and thereby
reduce greenhouse gas emissions and slow climate
change.
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