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Land Use 

This report also performs an economic land use analysis regarding the purchasing of agricultural land for the 
new solar farm.  That analysis yields the following results:

Using a real-options analysis, the land use value of solar purchasing far exceeds the value for agricultural use.

Madison County: 
• The price of corn would need to rise to $21.31 per bushel or yields for corn would need to rise to 462.6 

bushels per acre by the year 2056 for corn farming to generate more income for the landowner and local 
community than the annualized solar payment.  

• Alternatively, the price of soybeans would need to rise to $62.55 per bushel or yields for soybeans would 
need to rise to 167.2 bushels per acre by the year 2056 for soybean farming to generate more income for the 
landowner and local community than the annualized solar payment. 

• At the time of this report, corn and soybean prices are $5.45 and $13.10 per bushel respectively and yields are 
210.1 and 62.2 bushels per acre respectively.
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II. U.S. Solar PV Industry Growth and Economic Development
a. U.S. Solar PV Industry Growth

The U.S. solar industry is growing at a rapid but uneven pace, with systems installed for onsite use, including 
residential, commercial and industrial properties and with utility-scale solar powered-electric generation 
facilities intended for wholesale distribution, such as Oak Run Solar. From 2013 to 2018, the amount of 
electricity generated from solar had more than quadrupled, increasing 444% (SEIA, 2020). The industry has 
continued to add increasing numbers of PV systems to the grid.  In the first half of 2021, the U.S. installed over 
11,000 MW direct current (MWdc) of solar PV driven mostly by utility-scale PV which exceeds most of the 
annual installations in the last decade. Figure 1 shows the historical capacity additions as well as the forecasted 
additions into 2026.  The primary driver of this overall sharp pace of growth is large price declines in solar 
equipment.  The overall price of solar PV has declined from $5.79/watt in 2010 to $1.33/watt in 2020 (SEIA, 
2020). According to Figure 2, utility-scale solar fixed tilt and single-axis tracking have declined from $1.50/watt 
at the beginning of 2015 to near $1.00/watt by the first quarter of 2021. Solar PV also benefits from the Federal 
Investment Tax Credit (ITC) which provides a 26 percent tax credit for residential and commercial properties. 
 
Utility-scale PV leads the installation growth in the U.S.  A total of 19,200 MWdc of utility PV projects were 
completed in 2020. According to Figure 3, there are 85,000 MWdc of contracted utility-scale installations that 
have not been built yet.

Figure 1 – Annual U.S. Solar PV Installations, 2010-2026 E

Source: Solar Energy Industries Association, Solar Market Insight Report Q3 2021
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Figure 3 – U.S. Utility PV Installations vs. Contracted Pipeline

Figure 2 – U.S. Annual Solar PV Installed Price Trends Over Time

Source: Solar Energy Industries Association, Solar Market Insight Report Q2 2021

Source: Solar Energy Industries Association, Solar Market Insight Report Q3 2021
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According to SEIA, Ohio is ranked 25th in the U.S. in cumulative installations of solar PV. California, Texas, 
and Florida are the top 3 states for solar PV which may not be surprising because of the high solar irradiation 
that they receive.  However, other states with similar solar irradiation to Ohio rank highly including New Jersey 
(8th), Massachusetts (10th), New York (11th), and Maryland (18th).   In 2020, Ohio installed 333.9 MW of solar 
electric capacity bringing its cumulative capacity to 889.9 MW.

Ohio has great potential to expand its solar installations. Ohio has three utility-scale solar farms in operation: 
Hillcrest Solar (200 MW) in Brown County; Hardin Solar (150 MW) in Hardin County; and DG AMP Solar 
Bowling Green (20 MW) in Wood County. The 800 MW Oak Run Solar Project will be the largest installation in 
Ohio to date.

There are more than 205 solar companies in Ohio including 84 manufacturers, 58 installers/developers, and 63 
others.1   Figure 4 shows the locations of solar companies in Ohio as of the time of this report.  Currently, there 
are 6,532 solar jobs in the State of Ohio according to SEIA.

Figure 4 – Solar Company Locations in Ohio

Source: Solar Energy Industries Association, Solar Spotlight: Ohio, June 2022

b. Ohio Solar PV Industry

1 “Other” includes Sales and Distribution, Project Management, and Engineering.
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c. Economic Benefits of Utility-Scale Solar PV Energy

Figure 5 shows the Ohio historical installed capacity by year according to the SEIA.  Huge growth was seen 
in 2021 and is forecasted to continue to grow in 2022 and beyond. Over the next five years, solar in Ohio is 
projected to grow by 5,799.77 MW. 

The U.S. Department of Energy sponsors the U.S. Energy and Employment Report each year. Electric Power 
Generation covers all utility and non-utility employment across electric generating technologies, including fossil 
fuels, nuclear, and renewable technologies. It also includes employees engaged in facility construction, turbine 
and other generation equipment manufacturing, operations and maintenance, and wholesale parts distribution 
for all electric generation technologies. According to Figure 6, employment in the solar energy industry (7,647) 
trails behind coal generation (10,609) but is larger than natural gas generation (2,950) and nuclear generation 
(1,783).

Figure 5 – Ohio Annual Solar Installations

Source: Solar Energy Industries Association, Solar Spotlight: Ohio, June 2022
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1 “Other” includes Sales and Distribution, Project Management, and Engineering.

Figure 6 – Electric Generation Employment by Technology

Source: US Energy and Employment Report 2021: Ohio
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c. Economic Benefits of Utility-Scale Solar PV Energyc. Economic Benefits of Utility-Scale Solar PV Energy

Utility-scale solar powered-electric generation 
facilities have numerous economic benefits.  Solar 
PV installations create job opportunities in the local 
area during both the short-term construction phase 
and the long-term operational phase.  In addition 
to the workers directly involved in the construction 
and maintenance of the solar energy project, 
numerous other jobs are supported through indirect 
supply chain purchases and the higher spending 
that is induced by these workers. Solar PV projects 
strengthen the local tax base and help improve 
county services, and local infrastructure, such as 
public roads.

Numerous studies have quantified the economic 
benefits of Solar PV projects across the United 
States and have been published in peer-reviewed 
academic journals using the same methodology as 
this report.  Some of these studies examine smaller-
scale solar systems, and some examine utility-scale 
solar energy.  Croucher (2012) uses NREL’s Jobs 
and Economic Development Impacts (“JEDI”) 
modeling methodology to find which state will 
receive the greatest economic impact from installing 
one hundred 2.5 kW residential systems.  He shows 
that Pennsylvania ranked first supporting 28.98 jobs 
during installation and 0.20 jobs during operations.  
Illinois ranked second supporting 27.65 jobs during 
construction and 0.18 jobs during operations.  

Jo et. al. (2016) analyzes the financing options and 
economic impact of solar PV systems in Normal, IL 
and uses the JEDI model to determine the county 
and state economic impact.  The study examines 
the effect of 100 residential retrofit fixed-mount 
crystalline-silicone systems having a nameplate 
capacity of 5kW.  Eight JEDI models estimated 
the economic impacts using different input 
assumptions.  They found that county employment 
impacts varied from 377 to 1,059 job-years during 
construction and 18.8 to 40.5 job-years during 
the operating years.  Each job-year is a full-time 
equivalent job of 2,080 hours for a year.

More recently, Michaud et. al (2020) performed an 
analysis of the economic impact of utility-scale solar 
energy projects in the State of Ohio.  They detail 
three scenarios: low (2.5 GW), moderate (5 GW) 
and high (7.5 GW).  Using the JEDI model, they 
find that between 18,039 and 54,113 jobs would be 
supported during construction and between 207 
and 618 jobs would be supported annually during 
operations.    In addition, between $22.5 million and 
$67.5 million annually in tax revenues would come 
from these projects.

8
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Loomis et. al. (2016) estimates the economic 
impact for the State of Illinois if the state were to 
reach its maximum potential for solar PV.  The 
study estimates the economic impact of three 
different scenarios for Illinois – building new solar 
installations of either 2,292 MW, 2,714 MW or 
11,265 MW.  The study assumes that 60% of the 
capacity is utility-scale solar, 30% of the capacity is 
commercial, and 10% of the capacity is residential.  
It was found that employment impacts vary from 
26,753 to 131,779 job years during construction and 
from 1,223 to 6,010 job years during operating years.

Several other reports quantify the economic impact 
of solar energy.  Bezdek (2006) estimates the 
economic impact for the State of Ohio and finds the 
potential for PV market in Ohio to be $25 million 
with 200 direct jobs and 460 total jobs.  The Center 
for Competitive Florida (2009) estimates the impact 
if the state were to install 1,500 MW of solar and 
finds that 45,000 direct jobs and 50,000 indirect 
jobs could be created.  The Solar Foundation (2013) 
uses the JEDI modeling methodology to show that 
Colorado’s solar PV installation to date created 
10,790 job-years.  They also analyze what would 
happen if the state were to install 2,750 MW of solar 
PV from 2013 to 2030 and find that it would result 
in nearly 32,500 job years.  Berkman et. al (2011) 
estimates the economic and fiscal impacts of the 
550 MWac Desert Sunlight Solar Farm.   The project 
creates approximately 440 construction jobs over 
a 26-month period, $15 million in new sales tax 
revenues, $12 million in new property revenues for 
Riverside County, CA, and $336 million in indirect 
benefits to local businesses in the county.

Finally, Jenniches (2018) performed a review of the 
literature assessing the regional economic impacts 
of renewable energy sources.  After reviewing 
all of the different techniques for analyzing the 
economic impacts, he concludes “for assessment of 
current renewable energy developments, beyond 
employment in larger regions, IO [Input-Output] 
tables are the most suitable approach.” (Jenniches, 
2018, 48).  Input-Output analysis is the basis for the 
methodology used in the economic impact analysis 
of this report.
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i. Economic and Demographic Statistics

Table 1 provides the most recent snapshot of 
total employment but does not examine the 
historical trends within the county.  Figure 8 shows 
employment from 2010 to 2020.  Total employment 
in Madison County was at its lowest at 19,746 in 
2010 and its highest at 23,660 in 2019 (BEA, 2022). 

As shown in Table 1, the largest industry is 
“Transportation and Warehousing” followed by 
“Manufacturing,” “Administrative Government” and 
“Retail Trade.” These data for Table 1 come from 
IMPLAN covering the year 2020 (the latest year 
available).

Figure 8 – Total Employment in Madison County 
from 2010 to 2020

Source: Bureau of Economic Analysis, Regional Data,  
GDP and Personal Income, 2010-2020 

Table 1 – Employment by Industry in 
Madison County

Industry Number Percent 

Transportation and Warehousing 4,034 17.0%

Manufacturing 3,376 14.3%

Administrative Government 2,825 11.9%

Retail Trade 1,994 8.4%

Health Care and Social Assistance 1,725 7.3%

Administrative and Support and Waste Manage-
ment and Remediation Services

1,584 6.7%

Construction 1,474 6.2%

Accommodation and Food Services 1,396 5.9%

Professional, Scientific, and Technical Services 1,231 5.2%

Agriculture, Forestry, Fishing and Hunting 941 4.0%

Other Services (except Public Administration) 811 3.4%

Real Estate and Rental and Leasing 687 2.9%

Finance and Insurance 482 2.0%

Educational Services 388 1.6%

Wholesale Trade 359 1.5%

Government Enterprises 135 0.6%

Arts, Entertainment, and Recreation 117 0.5%

Information 54 0.2%

Management of Companies and Enterprises 44 0.2%

Mining, Quarrying, and Oil and Gas Extraction 9 0.0%

Utilities 4 0.0%

Source: Impact Analysis for Planning (IMPLAN),  
County Employment by Industry, 2020
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Like the population trend, household income has 
been trending upward in Madison County.  Figure 
10 shows the median household income in Madison 
County from 2010 to 2020.  Household income was 
at its lowest at $48,295 in 2010 and its highest at 
$72,834 in 2020 (FRED, 2022).

Similar to the upward trend of employment, the 
overall population in the county has been increasing 
with some fluctuation, as shown in Figure 9.  
Madison County population was 43,434 in 2010 and 
43,823 in 2020, a gain of 389 (FRED, 2022).  The 
average annual population increase over this time 
period was 39.  

Figure 10 – Median Household Income in Madison 
County from 2010 to 2020

Figure 9 – Population in Madison County from 
2010 to 2020 

Source: Federal Reserve Bank of St. Louis Economic Data, U.S. Census 
Bureau, Estimate of Median Household Income, 2010-2020

Source: Federal Reserve Bank of St. Louis Economic Data,  
U.S. Census Bureau, Population Estimates, 2010-2020
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Figure 12 – Number of Farms in Madison County 
from 1992 to 2017 

Figure 13 – Land in Farms in Madison County from 
1992 to 2017

Source: Census of Agriculture, 1992-2017 Source: Census of Agriculture, 1992-2017 

Real Gross Domestic Product (GDP) is a measure of 
the value of goods and services produced in an area 
and adjusted for inflation over time. The Real GDP 
for Madison County has been increasing steadily 
since hitting a low in 2010, as shown in Figure 11 
(BEA, 2022). 

The farming industry has fluctuated in Madison 
County. As shown in Figure 12, the number of farms 
has increased from 664 in 1992 to 789 in 2017.  The 
amount of land in farms has fluctuated greatly. The 
county farmland hit a low of 245,886 acres in 2002 
and a high of 263,275 acres in 2012 according to 
Figure 13. Since 2012, the farmland in the county 
has decreased drastically. Factors in the increase and 
decrease of farm acres and number of farms include 
the increase in demand for ethanol from corn, 
technological developments in farming increasing 
yield per acre, and the increase in large-scale family 
farms ($1 million or more in GCFI), which account 
for about 3 percent of farms but 46 percent of the 
value of production.

Figure 11 – Real Gross Domestic Product (GDP) in 
Madison County from 2010 to 2020

Source: Bureau of Economic Analysis, Regional Data, GDP and Personal 
Income, 2010-2020 

$1,300,000

$1,400,000

$1,500,000

$1,600,000

$1,700,000

$1,800,000

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Real Gross Domestic Product (GDP) in Madison County, Ohio

660

680

700

720

740

760

780

800

1992 1997 2002 2007 2012 2017

Number of Farms

245,000

250,000

255,000

260,000

265,000

1992 1997 2002 2007 2012 2017

Land in Farms

13

Strategic
Economic
Research, LLC



ii. Agricultural Statistics

Ohio is ranked sixteenth among U. S. states in total 
value of agricultural products sold (Census, 2017).  
It is ranked nineteenth in the value of livestock and 
thirteenth in the value of crops (Census, 2017).  In 
2021, Ohio had 76,900 farms and 13.5 million acres 
in operation with the average farm being 176 acres 
(State Agricultural Overview, 2021).  Ohio had 257 
thousand cattle and produced 5.64 billion pounds 
of milk (State Agricultural Overview, 2021).  In 
2021, Ohio yields averaged 193 bushels per acre for 
grain corn with a total market value of $3.51 billion 
(State Agricultural Overview, 2021).  Soybean yields 
averaged 56.5 bushels per acre with a total market 
value of $3.61 billion (State Agricultural Overview, 
2021).  The average net cash farm income per farm is 
$29,674 (Census, 2017).

In 2017, Madison County had 789 farms covering 
252,392 acres for an average farm size of 320 acres 
(Census, 2017).  The total market value of products 
sold was $159 million, with 21 percent coming from 
livestock sales and 79 percent coming from crop 
sales (Census, 2017).  The average net cash farm 
income of operations was $69,116 (Census, 2017). 

The 6,693 acres planned to be used by the Oak 
Run Solar Project represents just 2.6% of the acres 
used for farming in Madison County, and .05% of 
the acres used for farming in the state of Ohio.  As 
we will show in the next section, solar farming is 
a better land use on a purely economic basis than 
livestock or crops for the particular land in this 
Project.
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To analyze the specific economic land use decision 
for a solar energy facility, this section uses a 
methodology first proposed by Gazheli and Di 
Corato (2013).  A “real options” model is used to 
look at the critical factors affecting the decision to 
lease agricultural land to a company installing a solar 
powered electric generating facility.  According to 
their model, the landowner will look at his expected 
returns from the land that include the following: 
the price that they can get for the crop (typically 
corn or soybeans); the average yields from the land 
that will depend on amount and timing of rainfall, 
temperature and farming practices; and the cost 
of inputs including seed, fuel, herbicide, pesticide 
and fertilizer.  Not considered is the fact that the 
landowner faces annual uncertainty on all these items 
and must be compensated for the risk involved in 
each of these parameters changing in the future.  In 
a competitive world with perfect information, the 
returns to the land for its productivity should relate 
to the cash rent for the land.  

For Oak Run Solar, Savion plans to purchase the land 
in lieu of a land lease. To compare this with annual 
farming profits, we need to convert the land purchase 
price to an annualized number. The holding costs 
would consist of the opportunity cost of capital (i.e. 
the interest rate that the firm could have earned if it 
didn’t tie up its funds in the purchase of the land). 
In order to convert the purchase price per acre to an 
annualized number, a discount rate of 6%, and a time 
horizon of 30 years was used. 

For the landowner, the key analysis will be comparing 
the net present value of the annualized solar 
payments to expected profits from farming.  The 
farmer will choose the solar farm payment if:

NPV (Annualized Solar Paymentt) > NPV (Pt * Yieldt - Costt)

Where NPV is the net present value; Annualized 
Solar Paymentt is the payment the owner receives in 
year t; Pt is the price that the farmer receives for the 
crop (corn or soybeans) in year t;  Yieldt is the yield 
based on the number of acres and historical average 
of county-specific productivity in year t; Costt is 
the total cost of farming in year t and will include 
the cost of seed, fertilizer, the opportunity cost of 
the farmer’s time.  Farming profit is the difference 
between revenue (price times yield) and cost.  The 
model will use historical agricultural data from 
the county (or state when the county data is not 
available).  

IV. Land Use Methodology
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The standard net present value calculation presented above, uses the expected value of many of the variables that 
are stochastic (have some randomness to them). In order to forecast returns from agriculture in future years, we 
use a linear regression using an intercept and time trend on historical data to predict future profits.  

Where πt is the farming profit in year t; α is intercept;  β is the trend and time is a simple time trend starting at 1 
and increasing by 1 each time period.   

Figure 14 shows the dramatic increase in U.S. corn yields since 1926.  Soybean yields have also increased though 
not as dramatically.  Figure 15 displays the soybean yields in the U.S. since 1980.

Figure 15 – U.S. Soybean Acreage and Yield

Source: USDA National Agricultural Statistics Service, Crop Production, 
November, 2018

Figure 14 – U.S. Corn Acreage and Yield

Source: USDA, Economic Research Service, https://www.ers.usda.gov/
topics/crops/soybeans-oil-crops/oil-crops-sector-at-a-glance/
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In order to analyze future returns from farming the land, we will use historical data from Madison County to 
examine the local context for this analysis.  The United States Department of Agriculture’s National Agricultural 
Statistics Service publishes county-level statistics every five years.  Table 2 shows the historical data from 1992 to 
2017 for total farm income, production expenses, average farm size, net cash income, and average market value 
of machinery per farm.

The production expenses listed in Table 2 include all direct expenses like seed, fertilizer, fuel, etc. but do not 
include the depreciation of equipment and the opportunity cost of the farmer’s own time in farming.  To 
estimate these last two items, we can use the average market value of machinery per farm and use straight-
line depreciation for 30 years with no salvage value.  This is a very conservative estimate of the depreciation 
since the machinery will likely qualify for a shorter life and accelerated or bonus depreciation.  To calculate 
the opportunity cost of the farmers time, we obtained the mean hourly wage for farming in each of these years 
from the Bureau of Labor Statistics.  Again, to be conservative, we estimate that the farmer spends a total of 16 
weeks @ 40 hours/week farming in a year.  It seems quite likely that a farmer spends many more hours than this 
including direct and administrative time on the farm.  These statistics and calculations are shown in Table 3.

V. Land Use Results

1992 1997 2002 2007 2012 2017
Total Farm Income Per Farm NA NA $8,804 $12,842 $25,961 $27,003
Total Farm Production 
Expenses (average/farm)

$74,968 $82,222 $78,598 $115,825 $203,204 $155,452

Average Farm Size (acres) 394 393 337 345 377 320

Net Cash Income per Farm $27,083 $41,420 $15,275 $67,060 $94,650 $69,116

Average Market Value of 
Machinery Per Farm

$66,473 $93,721 $115,994 $144,089 $202,772 $215,221

Table 2 – Agricultural Statistics for Madison County, Ohio2

Source: United States Department of Agriculture’s National Agricultural Statistics Service (NASS), Census of Agriculture

2 
Net Cash Income per farm is reported by the NASS and does not exactly equal income minus expenses.  NASS definition for this item is, “Net cash farm income of the 

operators. This value is the operators’ total revenue (fees for producing under a production contract, total sales not under a production contract, government payments, 
and farm-related income) minus total expenses paid by the operators. Net cash farm income of the operator includes the payments received for producing under a 
production contract and does not include value of commodities produced under production contract by the contract growers. Depreciation is not used in the calculation 
of net cash farm income.”
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1992 1997 2002 2007 2012 2017
Average Market Value Machinery 
Per Farm

$66,473 $93,721 $115,994 $144,089 $202,772 $215,221

Annual Machinery Depreciation 
over 30 years - Straight Line 
(Market Value divided by 30)

$2,216 $3,124 $3,866 $4,803 $6,759 $7,174

Mean Hourly Wage in OH 
for Farming (Bureau of Labor 
Statistics)

$5.87 $6.67 $9.36 $10.43 $11.50 $12.95

Annual Opportunity Cost of 
Farmer's Time (Wage times 16 
weeks times 40 Hours/Week)

$3,755 $4,269 $5,990 $6,675 $7,360 $8,288

Table 3 – Machinery Depreciation and Opportunity Cost of Farmer’s Time for Madison County, Ohio

To get the total profitability of the land, we take the net cash income per farm and subtract depreciation expenses 
and the opportunity cost of the farmer’s time.  To get the profit per acre, we divide by the average farm size.  
Finally, to account for inflation, we use the Consumer Price Index (CPI) to convert all profit into 2017 dollars 
(i.e. current dollars).3   These calculations and results are shown in Table 4.

1992 1997 2002 2007 2012 2017
Net Cash Income per Farm $27,083 $41,420 $15,275 $67,060 $94,650 $69,116
Machinery Depreciation ($2,216) ($3,124) ($3,866) ($4,803) ($6,759) ($7,174)
Opportunity Cost of 
Farmer's Time 

($3,755) ($4,269) ($5,990) ($6,675) ($7,360) ($8,288)

Profit $21,112 $34,027 $5,418 $55,582 $80,531 $53,654
Average Farm Size (Acres) 394 393 337 345 377 320
Profit Per Acre $53.58 $86.58 $16.08 $161.11 $213.61 $167.67
CPI 141.9 161.3 180.9 210.036 229.601 246.524
Profit Per Acre in 2017 
Dollars

$93.09 $132.33 $21.91 $189.09 $229.35 $167.67

Table 4 – Profit Per Farm Calculations for Madison County, Ohio

3 
We will use the Consumer Price Index for All Urban Consumers (CPI-U) which is the most common CPI used in calculations.  

For simplicity, we will just use the CPI abbreviation.
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Using the Census of Agriculture data from 1992 to the present, the intercept is $74.79 with a standard error of 
$50.50. The time trend is $4.75 with a standard error of 3.16.  This means that agriculture profits are expected to 
rise by $4.75.  Both the intercept and the coefficient on the time trend have a wide variation as measured by the 
standard error.  The wide variation means that there will be a lot of variability in agricultural profits from year to 
year.

Over the period from 2017 to 2056, we assume that the profit per acre follows the equation above but allows 
for the random fluctuations. Because of this randomness, we can simulate multiple futures using Monte Carlo 
simulation. We assume that the solar farm will begin operation in 2027 and operate through 2056. Using 500 
different simulations, the real profit per acre never exceeds $1,153 in any single year. Overall, the maximum 
average annual profit over the 30 years is $348 and the minimum average annual profit is $332. Figure 16 is a 
graph of the highest and lowest real profit per acre simulations. When comparing the average annual payment 
projected in the maximum simulation by 2056 to the solar lease per acre payment, the solar lease provides higher 
returns than farming in all of the 500 simulations. This means the farmer is financially better off under the solar 
lease in 100% of the 500 scenarios analyzed.

Using an unsophisticated static analysis, the farmer would be better off using his land for solar if the annualized 
solar payment per acre exceeds the 2017 profit per acre of $167.67 which adjusts to $196.63 after counting for 
inflation in Madison County. Yet this static analysis fails to capture the dynamics of the agricultural market and 
the farmer’s hope for future prices and crop yields to exceed the current level.  To account for this dynamic, 
we use the real options model discussed in the previous section.  Recall that the net returns from agriculture 
fluctuates according to the following equation:

Where πt is the farming profit in year t; α is intercept; β is the trend and time is a simple time trend starting at 1 
and increasing by 1 each time period.   
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Figure 16 – Simulations of Real Profits Per Acre Based on Data from 1992
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Figure 16 - Simulations of Real Profits Per Acre Based on Data 
from 1992
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Another way to look at this problem would be to ask: How high would the price of corn have to rise to make 
farming more profitable than the solar lease? Below we assume that the yields on the land and all other input 
costs stay the same. In this case, the price of corn would have to rise from $5.45 per bushel in 2021 to $12 in 2027 
and rise to $21.31 per bushel by 2056 as shown in Figure 17. Alternatively, the price of corn would need to rise 
by $0.51 per bushel each year from 2021 to 2056 when it would reach $23.41 per bushel.
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Figure 17 - Simulated Price of Corn Per Bushel to Match the 
Solar Lease

Upfront Increase Steady Annual Increase

Figure 17 – Simulated Price of Corn Per Bushel to Match the Annualized Solar Payment
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Now let’s turn our attention to soybeans. If we assume the yields and input costs stay the same, the price of 
soybeans would have to rise from $13.10 per bushel in 2021 to $35.22 per bushel in 2026 and rise to $62.55 by 
2056 as shown in Figure 18. For a linear increase, the price of soybeans would need to rise by $1.64 per bushel 
each year from 2021 to 2056 when it would reach $70.65 per bushel.

Figure 18 – Simulated Price of Soybeans Per Bushel to Match the Annualized Solar Payment
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Figure 18 - Simulated Price of Soybeans Per Bushel to Match the 
Solar Lease

Upfront Increase Steady Annual Increase

If we assume that the price of corn stays the same, the yields for corn would need to increase from 210.1 bushels 
per acre in 2021 to 462.6 bushels per acre in 2027 and stay at that level until 2056. The yields for soybeans would 
need to rise from 62.2 bushels per acre in 2021 to 167.2 bushels per acre in 2027 and stay there until 2056.
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Figure 19 – Expected Annual Increase in Production Due to Higher Yields from Corn Versus Expected 
Decrease in Production from Acreage

Statewide, over the past 20 years, corn yields have increased by 2.29 bushels per year.  If 6,693 acres are taken 
out of production of the county’s 252,392, the remaining 245,699 acres would be expected to produce 562,176 
bushels more annually just by being more productive on-trend.  At 172.4 bushels per year (2021 State Agriculture 
Overview yield), the 6,693 acres would reduce production by 1,406,199 bushels.  Thus, the increased yields 
would take just 2 years to make up for the acreage taken out of production from the solar project.
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Figure 19 - Expected Annual Increase in Production Due to 
Higher Yields from Corn Versus Expected Decrease in Production 
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Figure 20 - Expected Annual Increase in Production Due to 
Higher Yields from Soybeans Versus Expected Decrease in 

Production from Acreage
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Likewise, over the past 20 years, soybean yields have increased by 0.68 bushels per year. If 6,693 acres are taken 
out of production of the county’s 252,392, the remaining 245,699 acres would be expected to produce 166,784 
bushels more annually just by being more productive on-trend.  At 54.6 bushels per year (2021 State Agriculture 
Overview yield), the 6,693 acres would reduce production by 416,305 bushels.  Thus, the increased yields would 
take just 2.13 years to make up for the acreage taken out of production from the solar project.

Figure 20 – Expected Annual Increase in Production Due to Higher Yields from Soybeans Versus  
Expected Decrease in Production from Acreage
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VI. Economic Impact Methodology

The economic analysis of solar PV project presented 
uses NREL’s Jobs and Economic Development 
Impacts (JEDI) PV Model (PV12.23.16). The JEDI 
PV Model is an input-output model that measures 
the spending patterns and location-specific 
economic structures that reflect expenditures 
supporting varying levels of employment, income, 
and output. That is, the JEDI Model takes into 
account that the output of one industry can be 
used as an input for another. For example, when 
a PV system is installed, there are both soft costs 
consisting of permitting, installation and customer 
acquisition costs, and hardware costs, of which 
the PV module is the largest component. The 
purchase of a module not only increases demand for 
manufactured components and raw materials, but 
also supports labor to build and install a module. 
When a module is purchased from a manufacturing 
facility, the manufacturer uses some of that money 
to pay employees. The employees use a portion of 
their compensation to purchase goods and services 
within their community. Likewise, when a developer 
pays workers to install the systems, those workers 
spend money in the local economy that boosts 
economic activity and employment in other sectors.  
The goal of economic impact analysis is to quantify 
all of those reverberations throughout the local and 
state economy.

The first JEDI Model was developed in 2002 to 
demonstrate the economic benefits associated 
with developing wind farms in the United States. 
Since then, JEDI models have been developed for 
biofuels, natural gas, coal, transmission lines and 
many other forms of energy. These models were 
created by Marshall Goldberg of MRG & Associates, 
under contract with the National Renewable Energy 
Laboratory. The JEDI model utilizes state-specific 
industry multipliers obtained from IMPLAN 
(IMpact analysis for PLANning). IMPLAN 
software and data are managed and updated by 
the Minnesota IMPLAN Group, Inc., using data 
collected at federal, state, and local levels. This study 
analyzes the gross jobs that the new solar energy 
project development supports and does not analyze 
the potential loss of jobs due to declines in other 
forms of electric generation.

The total economic impact can be broken down into 
three distinct types: direct impacts, indirect impacts, 
and induced impacts. Direct impacts during the 
construction period refer to the changes that occur 
in the onsite construction industries in which the 
direct final demand (i.e., spending on construction 
labor and services) change is made. Onsite 
construction-related services include installation 
labor, engineering, design, and other professional 
services. Direct impacts during operating years refer 
to the final demand changes that occur in the onsite 
spending for the solar operations and maintenance 
workers. 
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The initial spending on the construction and 
operation of the solar PV installation will create a 
second layer of impacts, referred to as “supply chain 
impacts” or “indirect impacts.” Indirect impacts 
during the construction period consist of changes 
in inter-industry purchases resulting from the direct 
final demand changes and include construction 
spending on materials and PV equipment, as well 
as other purchases of goods and offsite services. 
Utility-scale solar PV indirect impacts include PV 
modules, invertors, tracking systems, cabling, and 
foundations.

Induced impacts during construction refer to 
the changes that occur in household spending as 
household income increases or decreases as a result 
of the direct and indirect effects of final demand 
changes. Local spending by employees working 
directly or indirectly on the Project that receive their 
paychecks and then spend money in the community 
is included. The model includes additional local 
jobs and economic activity that are supported by the 
purchases of these goods and services.
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VII. Economic Impact Results

The economic impact results were derived from detailed project cost estimates supplied by Savion. Savion may 
include a battery storage system in this Project but the costs were not included in the modeling. These costs were 
not included as a conservative approach to estimating the economic impacts of the project.  In addition, Savion 
also estimated the percentages of Project materials and labor that will be coming from within Madison County 
and the State of Ohio. Given the uncertainty of the exact construction cost-spend timeline during the course 
of construction, the modeling assumes a front loaded construction spend as a conservative estimate for the 
modeled results. 

Two separate JEDI models were produced to show the economic impact of Oak Run Solar Project.  The first 
JEDI model used the 2020 Madison County multipliers from IMPLAN.  The second JEDI model used the 
2020 IMPLAN multipliers for the State of Ohio and the same project costs.  Because all new multipliers from 
IMPLAN and specific project cost data from Oak Run Solar Project are used, the JEDI model serves only to 
translate the project costs into IMPLAN sectors.

Tables 5-7 show the output from these models.  Table 5 lists the total employment impact from Oak Run Solar 
Project for Madison County and the State of Ohio.  Table 6 shows the impact on total earnings and Table 7 
contains the impact on total output. 

Table 5 – Total Employment Impact from Oak Run Solar Project

Madison County Jobs State of Ohio Jobs
Construction
Project Development and Onsite Labor Impacts (direct) 833 1,181
Module and Supply Chain Impacts (indirect) 561 1,148
Induced Impacts 93 704
New Local Jobs during Construction 1,487 3,033

Operations 
Onsite Labor Impacts (direct) 18 18
Local Revenue and Supply Chain Impacts (indirect) 8 12
Induced Impacts 9 33
New Local Long-Term Jobs 35 63
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The results from the JEDI model show significant employment impacts from Oak Run Solar Project. 
Employment impacts can be broken down into several different components. Direct jobs created during the 
construction phase typically last anywhere from 12 to 18 months depending on the size of the project; however, 
the direct job numbers present in Table 5 from the JEDI model are based on a full time equivalent (FTE) basis 
for a year. In other words, 1 job = 1 FTE = 2,080 hours worked in a year. A part time or temporary job would 
constitute only a fraction of a job according to the JEDI model. For example, the JEDI model results show 833 
new direct jobs during construction in Madison County, though the construction of the solar center could 
involve closer to 1,666 workers working half-time for a year.  Thus, due to the short-term nature of construction 
projects, the JEDI model often significantly understates the number of people actually hired to work on the 
project. It is important to keep this fact in mind when looking at the numbers or when reporting the numbers.  

As shown in Table 5, new local jobs created or retained during construction total over 1,487 for Madison County 
and over 3,033 for the State of Ohio.  New local long-term jobs created from Oak Run Solar Project total over 35 
for Madison County and over 63 for the State of Ohio.   
  
Direct jobs created during the operational phase last the life of the solar PV project, typically 20-30 years. Direct 
construction jobs and operations and maintenance jobs both require highly-skilled workers in the fields of 
construction, management, and engineering. These well-paid professionals boost economic development in rural 
communities where new employment opportunities are often welcome due to economic downturns.  

Figure 21 – Total Employment Impact for Oak Run Solar Project
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Accordingly, it is important to not just look at the number of jobs but also the earnings that they produce.  Table 
6 shows the earnings impacts from Oak Run Solar Project, which are categorized by construction impacts and 
operations impacts.  The new local earnings during construction totals over $83.4 million for Madison County 
and over $209 million for the State of Ohio.  The new local long-term earnings totals over $1.6 million for 
Madison County and over $3.3 million for the State of Ohio.  

Madison County State of Ohio
Construction
Project Development and Onsite Earnings Impacts $54,337,759 $105,122,155
Module and Supply Chain Impacts $25,239,561 $65,996,825
Induced Impacts $3,896,855 $38,222,667
New Local Earnings during Construction $83,474,175 $209,341,647

Operations (Annual)
Onsite Labor Impacts $905,687 $905,687
Local Revenue and Supply Chain Impacts $358,180 $672,565
Induced Impacts $353,203 $1,776,853
New Local Long-Term Earnings $1,617,070 $3,355,105

Table 6 – Total Earnings Impact from Oak Run Solar Project

Figure 22 – Total Earnings Impact for Oak Run Solar Project
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Output refers to economic activity or the value of production in the state or local economy. It is an equivalent 
measure to the Gross Domestic Product, which measures output on a national basis.  According to Table 7, the 
new local output during construction totals over $151 million for Madison County and over $421 million for 
the State of Ohio.  The new local long-term output totals over $3.0 million for Madison County and over $8.3 
million for the State of Ohio.    

Table 7 – Total Output Impact from Oak Run Solar Project
Madison County State of Ohio

Construction
Project Development and Onsite Jobs Impacts on Output $75,805,755 $139,745,458
Module and Supply Chain Impacts $63,037,754 $167,249,048
Induced Impacts $12,230,371 $114,934,657
New Local Output during Construction $151,073,880 $421,929,163

Operations (Annual)
Onsite Labor Impacts $905,687 $905,687
Local Revenue and Supply Chain Impacts $1,059,770 $2,119,561
Induced Impacts $1,107,636 $5,342,590
New Local Long-Term Output $3,073,093 $8,367,838

Figure 23 – Total Output Impact for Oak Run Solar Project
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VIII. Tax Revenue

Solar PV projects increase the property tax base of a county, creating a new revenue source for education and 
other local government services. Although it is difficult to calculate the precise assessed value and taxes of the 
Project until construction is completed, we can calculate the taxes on an illustrative example to get an idea of the 
size of the contributions that a project of this magnitude will have on the local tax base.  

Table 8 details the government revenue implications of the Oak Run Solar Project.  There are several important 
assumptions built into the analysis in this table. First, the analysis assumes that Savion enters into a Payment 
in Lieu of Taxes (PILOT) agreement.  The PILOT agreement will abate real property and tangible personal 
property taxes and replace them with a base payment of $9,000 per MWac of installed capacity.  For purposes 
of this report, we have assumed the installed capacity of the Project to be 800 MWac. Second, the table assumes 
that the county apportions the tax revenue from the PILOT according to their relative effective tax rates (the 
gross tax rates times a reduction factor).  Third, the table assumes the Tax Year 2021 tax rates posted on the Ohio 
Department of Revenue website for each taxing body. Fourth, the projections assume that the tax rate and the 
cost do not change through the end of the Project.  Fifth, the township revenue assumes that 23% of the assessed 
value will be in Monroe Township, 40% will be in Deercreek Township, and 37% will be in Somerford Township. 
Correspondingly, 96% of the Project will be in Jonathan Alder School District and 4% of the Project will be in 
London City School District.

Figure 24 – Taxes Paid by Oak Run Solar Project
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School Districts
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According to Table 8, Jonathan Alder School District will receive over $4.1 million annually from the Project 
and over $124 million over the 30-year life of the Project. The Fire District, Ambulance and Cemetery will 
receive over $957 thousand annually from the Project and over $28.7 million over the 30-year life of the Project. 
MRDD Health will receive over $14.8 million over the life of the Project from the PILOT.  The total taxes paid 
will be $7.2 million annually from the PILOT.  Other taxing districts will receive between $43,333 and $370,697 
annually as detailed in Table 8.  

Table 8 – Illustration of Government Revenue Paid by the Oak Run Solar Project

Taxing District Estimated Annual 
Government Revenue 

from PILOT

30-year Total from 
PILOT

Madison County General Fund $370,697   $11,120,920 
Veterans Relief $61,783   $1,853,487 
Mental Health $61,783   $1,853,487 
MRDD Health $494,263   $14,827,893 
Health Services $142,101   $4,263,019 
Senior Citizens $98,853   $2,965,579 
911 $123,566   $3,706,973 
Library $185,349   $5,560,460 
Fire/Ambulance/Cemetery $957,635   $28,729,042 
Somerford Township $63,148   $1,894,434 
Monroe Township $43,333   $1,299,986 
Deercreek Township $69,400   $2,082,009 
London City School District $178,341   $5,350,215 
Jonathan Alder School District $4,152,045   $124,561,341 
Tolles Career & Technical Center $197,705   $5,931,157 
TOTAL $7,200,000   $216,000,000 
Annual Average $7,200,000 
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