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THE ECONOMY 

The local economy is comprised of four sectors:  1) the Primary Sector, which 

includes extractive activities (farming, mining, logging, etc.); 2) the Secondary 

Sector, which involves processing of raw or semi-finished materials; 3) the 

Tertiary Sector, which is comprised of trade and services; and 4) the Quaternary 

Sector, which consists of information processing and high-tech activities.  As the 

economy matures, its focus increasingly shifts from the primary sector toward the 

quaternary sector.  Mason County’s employment by industry classification for 2013 

is shown in Table 5. 

__________________________________________________________________ 

Industry Classification     Employment 

Construction    423 

Manufacturing 1,218 

Trade, Transportation, & Utilities 1,865 

Information       94 

Financial Activities    232 

Services 2,823 

Public Administration    347 

__________________________________________________________________ 

Table 5.  Employment in Mason County by Industry Classification. (Kentucky 

Department for Economic Development). 

As discussed previously, Mason County has a long history of agricultural 

production.  From its early farm economy origins, the County, with Maysville as 

the focal point, has become quite economically diversified.  Not only does it serve 

as a retail/service center, but it has become a major manufacturing center during the 

past decade. 

Agriculture is currently going through a difficult period of transition.  The 
mainstay of the farm economy was tobacco, the local production of which has 
virtually been abolished in the past decade.  Mason County’s farm economy can be 

described as diversified or as general farming, with a good mix of crops and 

livestock.  A farmer’s market and produce/hay auction was established in 

Lewisburg in 2004.   

The section on Rural and Agricultural Areas includes information from the 

County’s Comprehensive Farm Plan, which was developed by the Mason County 

Agricultural Development Council in conjunction with the Agricultural Extension 

Office. 
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The Corn Belt and Mississippi River Basin

 PolluTion fRoM CoRn faRMing is a 
leading cause of water quality problems 
in the Upper Mississippi River water-

shed, polluting drinking water in agricul-
tural areas and degrading rivers and lakes, 
while also expanding the Gulf of Mexico’s 
“dead zone” (a large area deprived of oxy-
gen). These problems—and their associated 
economic and health impacts—are exacer-
bated by government policies that increase 

demand for corn ethanol, in turn expanding 
U.S. corn production. Better agricultural 
practices that keep fertilizer out of freshwater 
can mitigate the water quality problems asso-
ciated with corn cultivation and corn ethanol 
production, but if we want to protect water 
quality while also reducing U.S. oil depen-
dence, biofuel production must move beyond 
corn to more diverse and environmentally 
friendly crops and waste materials.

T h e  e n e R g y- W aT e R  C o l l i s i o n

Corn Ethanol’s Threat to Water Resources

The Mississippi-Atchafalaya River Basin 
drains 31 states that cover 40 percent of 
the contiguous United States (Figure 1) 
(Committee on Environment and Natural 
Resources 2010). The Corn Belt states of 
Illinois, Indiana, Iowa, Kansas, Minnesota, 
Nebraska, Ohio, and South Dakota grow 
more than three-quarters of the corn grown 
in America. This corn is used for livestock 
feed, processed food, and ethanol, which is 
produced in more than 100 facilities in these 
states (Figure 2, p. 2) (NASS 2011; RFA 
2011). Over the last decade the share of corn 
grown for ethanol rose from 5 percent to 
40 percent.* Ethanol accounts for the vast 

majority of the overall growth in corn pro-
duction over the same period (Figure 3, p. 2) 
(ERS 2010).

This increase in corn production—and 
the fertilizer use associated with it—has 
implications for water quality from the Corn 
Belt to the Gulf of Mexico. Rains wash 
nitrogen and phosphorus pollution from farm 
fields into creeks, then small rivers, large riv-
ers, and ultimately the ocean. Along the way 
this pollution contributes to algae blooms 
in lakes and streams as well as in the Gulf 
of Mexico, where the algae causes a seasonal 
dead zone that threatens important fisheries 
(Rabalais et al. 2010).

* The leftovers of the ethanol production process, called distillers grains, are typically sold as animal feed. Eliminating the 
corn that becomes distillers grains from the total grown for ethanol production results in a figure of 25 percent for the share 
of the U.S. corn crop that goes directly into ethanol.

“Dead Zone”

figuRe 1 The 
Mississippi River Basin 
and the Gulf of Mexico 
“Dead Zone”
The Mississippi River basin 
drains 40 percent of the 
contiguous United States 
including the entire Corn 
Belt. The outlet, near 
New Orleans, delivers the 
high levels of nitrogen and 
phosphorus pollution that 
are responsible for the 
seasonal dead zone.

Upper 
Mississippi  
River Basin

Mississippi-
Atchafalaya 
River Basin



Conventional Corn Production

In the Corn Belt, cornfields are typi-
cally bare (other than leftover husks 
and stalks) between the October 
harvest and early summer of the fol-
lowing year, when new plants begin 
to grow (NASS 2010). For more than 
half the year there are no growing 
plants to hold on to nutrients or 
shield the soil from erosion, so by the 
time snowmelt and harsh spring rains 
arrive, they do significant damage by 
washing both fertilizer and sediment 
into waterways.

Rainfall that is not absorbed by 
the soil becomes runoff, carrying 
with it dissolved nitrogen and phos-
phorus from fertilizer and manure, 
along with topsoil. Additionally, 
many Corn Belt farms use artificial 
drainage that facilitates the move-
ment of nitrogen pollution, especially 
in the form of nitrate, from fields to 
waterways (see the text box “Drainage 
Problems and Solutions”).

While many fertilized crops 
contribute to the problem, corn—a 
particularly resource-intensive crop—
is the leading culprit. Corn is planted 

Corn is the leading source of nitrogen pollution, and 
corn ethanol accounts for the vast majority of the 
growth in corn production over the last 10 years. 

continued on page 4

figuRe 2 U.S. Corn and Ethanol 
Production
Corn and ethanol production are highly 
concentrated in the Corn Belt.

Data sources: California Biomass 
Collaborative 2011; NASS 2011.

figuRe 4 U.S. Land with 
Subsurface Tile Drainage
Tile drains have been installed for a 
century in the Upper Mississippi River 
Basin, where they increase crop yields 
and loss of nitrogen into surface waters.

Data source: Sugg 2007.

pe
rc

en
t t

ot
al

 
cr

op
la

nd
 w

ith
 

su
bs

ur
fa

ce
 

dr
ai

na
ge

m
ill

io
n 

bu
sh

el
s

ethanol 
facilities

2010 CoRn  
PRoduCTion

up to 1
>1–5
>5–10
>10–15
>15–20
>20

PeRCenT ToTal 
CRoPland WiTh 
suBsuRfaCe 
dRainage

0–7%
8–19%
20–37%
38–59%
60–88%

 

14

12

10

8

6

4

2

0
20

00
/0

1
20

01
/0

2
20

03
/0

4
20

04
/0

5
20

05
/0

6
20

06
/0

7
20

07
/0

8
20

08
/0

9
20

09
/1

0
20

10
/1

1
20

11
/1

2

bi
lli

on
 b

us
he

ls

figuRe 3 Trends in Use of U.S. Corn 
for Ethanol and Other Purposes
Ethanol has grown from a minor use of corn  
to the largest single use over the last 10 years.

Source: ERS 2011a.
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figuRe 6 Nitrogen and Phosphorus Delivery 
to the Gulf of Mexico
A combination of tile drainage and intensive corn production results in 
regional “hot spots” that are responsible for the lion’s share of nitrogen 
pollution and a large share of phosphorus.

Data source: Alexander et al. 2008.

Drainage Problems  
and Solutions
Some of the most productive land in the 
Corn Belt was once wetlands that were 
drained over the last century to increase 
available cropland and improve yields 
(Figure 4). Perforated plastic pipes or “tiles” 
buried two to four feet under the surface 
draw water away from plant roots into 
ditches or streams (Figure 5) (Blann et al. 
2009); these so-called tile drains increase 
crop yield but also dramatically speed 
the flow of pollutants into surface waters. 
Because tile-drained land is both highly 
productive and highly “leaky,” it is respon-
sible for a disproportionate amount of 
nitrogen pollution in the Upper Mississippi 
Basin (Figure 6) (David, Drinkwater, and 
McIsaac 2010).

Strategies to mitigate this pollution 
from tile drainage include the planting 
of cover crops that can absorb excess 
fertilizers in the soil, more complex 
crop rotations that reduce the need for 
chemical fertilizers, and construction of 
bioreactors (filters made of wood chips) 
in drain lines (Schipper et al. 2010) or 
wetlands constructed at drain outlets in 
order to remove nitrate at the edge of the 
field (before it can escape into surface 
waters) (Crumpton et al. 2005). Strategies 
for stopping erosion and limiting losses of 

sediment, nitrogen, and phosphorus from 
the surface of fields include planting grass 
in areas prone to erosion, changing the ori-
entation of crop rows to follow the contour 
of the land, and adding terraces and grass 
buffers between crops and waterways.

According to U.S. Department of 
Agriculture models, conservation mea-
sures have been able to reduce surface 
nitrogen losses by 46 percent in the 
Upper Mississippi River Basin, but have 
only reduced nitrogen losses in subsur-
face flow by 5 percent. This points to the 
need for greater investment in targeted 

“edge-of-field” treatments that capture 
pollution from drainage systems before it 
enters surface water. Widespread adoption 
of best practices, which could significantly 
improve water quality, will require robust 
funding, administration, and enforcement 
of agricultural conservation programs. But 
these practices alone are not always suffi-
cient, and shifting to less polluting crops is 
still the most effective means of mitigating 
pollution problems. Meeting watershed 
protection goals may therefore require 
taking the most vulnerable acres out of 
corn production (NRCS 2010).

figuRe 5 How Tile Drainage Works
Tile drainage speeds drainage and lowers the water table, which improves crop 
yields but also increases loss of nitrogen into surface waters.

Source: Courtesy of University of Minnesota Extension Service (adapted with permission).

ToTal PhosPhoRus 
deliveRed 
(inCReMenTal yield)

<0.1 kg/km2

0.1–1
1–10
10–50
50–100
>100

ToTal niTRogen 
deliveRed 
(inCReMenTal yield)

<1 kg/km2

1–10
10–100
100–500
500–1,000
>1,000

Upper Mississippi  
River Basin

Upper Mississippi  
River Basin

undrained  
condition

drained 
condition

water 
table

saturated 
soil

drainage 
pipe  

or “tile”

flow to main 
or ditch

3union of Concerned scientists 3



on less than 23 percent of U.S. 
cropland (USDA 2009), but receives 
40 percent of the fertilizer (ERS 
2011b). Best practices for the timing 
and application of fertilizer can re-
duce water pollution, but these prac-
tices are not consistently followed. 
For example, according to a recent 
U.S. Department of Agriculture as-
sessment of conservation practices in 
the Upper Mississippi River Basin, 
62 percent of the farmland there 
requires improved management of 
fertilizers to address excessive losses 
of nitrogen and phosphorus. Planting 
a winter cover crop could help reduce 
erosion and provide fertilizer uptake 
year-round, but cover crops are cur-
rently used on less than 1 percent of 
the basin’s acres (NRCS 2010).

Water Resources at Risk

Groundwater. Nitrogen and pesti-
cides applied to farm fields get into 
streams and the shallow ground-
water that many rural households 
rely on for drinking water. The U.S. 
Geological Survey (USGS) found 
elevated levels of nitrate and pesti-
cides in the shallow groundwater of 
more than half of America’s rural 
watersheds (Dubrovsky et al. 2009; 
Sullivan et al. 2009). In more than 
20 percent of these watersheds, the 
groundwater was unsafe to drink 
according to U.S. Environmental 
Protection Agency (EPA) standards 
due to high levels of nitrate (EPA 
2008)—a potential risk factor for 
cancer, reproductive problems, and 
methemoglobinemia or “blue-baby 
syndrome,” which interferes with 
oxygen transport in the blood of 
infants (Townsend et al. 2003).

Streams and lakes. The EPA found 
high levels of phosphorus contami-
nation in 31 percent of the nation’s 
streams and high levels of nitrogen 
contamination in 32 percent of 
streams; agriculture is the larg-
est source of this pollution by far 
(EPA 2008). Thirteen percent of 
these streams were unsafe for drink-
ing due to nitrate. Reducing nitrate 

eutrophication in lakes and rivers 
exceeds $2 billion a year; while many 
of the costs are hard to measure 
precisely, the most significant are as-
sociated with reduced property values 
along lakefronts and lost recreational 
use (Dodds et al. 2009).

The Gulf of Mexico. Just as in lakes 
upriver, nitrogen and phosphorus 
flowing into the Gulf of Mexico 
stimulate algae growth. When the 
algae die and decompose, oxygen in 
the water is consumed, leading to 
severe oxygen depletion or hypoxia, 
which either kills fish and other 
marine life or forces them to seek 
more suitable habitats. The resulting 
dead zone peaks in size each summer; 
over the last five years it has averaged 
more than 6,000 square miles—larger 
than Connecticut. The lack of oxygen 
threatens not only aquatic species 
but also the gulf ’s $2.8 billion-a-year 
commercial and recreational fishing 
industry (Committee on Environment 
and Natural Resources 2010).

Corn and soybean crops contrib-
ute half the nitrogen and a quarter 
of the phosphorus that cause the 

concentrations to safe levels requires 
treatments that are expensive and 
consume a great deal of energy 
(Twomey, Stillwell, and Webber 
2010). Furthermore, the USGS found 
that all streams in agricultural water-
sheds contain some pesticides, and 
57 percent had at least one pesticide 
present at a level the EPA deems un-
healthy for aquatic life (EPA 2008).

Nitrogen and phosphorus escap-
ing from farms are also a threat to 
lakes because elevated levels stimu-
late the growth of algae (through a 
process called eutrophication) and, 
on occasion, toxin-producing micro-
organisms. The result is slimy green 
water, altered aquatic vegetation, loss 
of fish habitat, and fish kills (Hudnell 
2008). Corn farming is responsible 
for much of this pollution in the 
Mississippi River Basin: it is the 
dominant source of nitrogen pollu-
tion and the second-largest source of 
phosphorus pollution after animal 
manure on pasture and rangelands 
(Figure 7) (Alexander et al. 2008).

Algae blooms also decrease the 
beauty and usability of lakes. A 
recent study found that the cost of 

figuRe 7 Sources of Nitrogen 
and Phosphorus Pollution 
Entering the Gulf of Mexico
Corn is the dominant source of nitrogen 
pollution and is also a major source of 
phosphorus.

Source: Alexander et al. 2008.
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dead zone (Figure 7) (Alexander 
et al. 2008). These crops are counted 
together because corn and soybeans 
are typically grown in rotation, but 
corn is the more heavily fertilized of 
the two, accounting for essentially 
all the nitrogen (97 percent) and 
most of the phosphorus (80 percent) 
applied (ERS 2011b). A coordinated 
effort by state and federal agencies to 
restore the health of affected marine 
fisheries and ecosystems in the gulf 
has set a target to reduce the average 
size of the dead zone by more than 
two-thirds (Mississippi River/Gulf 
of Mexico Watershed Nutrient Task 
Force 2009).

Corn’s Role in Climate Change

The heavy use of nitrogen fertilizer 
associated with agriculture in general, 
and corn production in particular, 
is a significant source of the heat-
trapping emissions responsible for 
global warming (Smith et al. 2007). 
In addition to the direct impact corn 
production has on our climate, the 
expanded use of corn for ethanol 
production has an indirect impact on 
land use globally, which exacerbates 
the problem (ERS 2011c). As forested 
land around the world is converted 
to agriculture in order to meet the 
increasing demand for food and fuel 
crops (West 2010), the trees that are 
cut down represent a potentially very 
large source of heat-trapping emis-
sions (though the exact amount is 
difficult to project with a high degree 
of certainty) (Plevin et al. 2010).

The impacts of high ethanol 
demand

More intensive corn production. 
Corn production has been increasing 
rapidly in recent years due primarily 
to the demand for ethanol (Figure 3). 
More demand for corn ethanol means 
higher prices for corn, which trans-
lates into changes in agricultural 
practices. For example, the corn-
soybean rotations that were typical in 
the Corn Belt have given way to more 
intensive corn production, with either 
two years of corn between soybean 
plantings, or continuous corn (Secchi 
et al. 2009). More intensive corn 
production means higher rates of 

fertilizer application and, with it, the 
potential for higher losses of nitrogen 
and phosphorus into ground and 
surface waters and, ultimately, the 
Mississippi River and Gulf of Mexico 
(Helmers et al. 2011; Secchi et al. 
2011; Donner and Kucharik 2008).

Higher corn prices also lead to 
corn being planted on highly erodible 
and marginally productive land that 
had been set aside for natural vegeta-
tion under the federal Conservation 
Reserve Program for the past 10 years 
or more. Bringing this land back into 
production has a significantly negative 
impact on erosion, soil carbon, and 
wildlife habitat (Secchi et al. 2009).

Even after the corn has been 
processed into ethanol, the problems 
associated with excess nitrogen and 
phosphorus remain. Only the starch 
in the corn kernel is converted into 
fuel, leaving behind the fiber, protein, 
and nutrients—a product called dis-
tillers grains that is fed to livestock, 
poultry, and fish. Because the act of 
removing the starch concentrates the 
nutrients in this animal feed com-
pared with whole corn, the animals’ 
manure will be phosphorus-rich 
and, if used as fertilizer, will further 
increase phosphorus pollution in sur-
face waters (Simpson et al. 2008).

Corn Expands into the  
Mississippi Delta
While the lion’s share of America’s 
corn is grown in the Corn Belt, the 
expansion of ethanol production is 
having spillover effects elsewhere. For 
example, the USGS has found that the 
ethanol boom is shifting planting in 
the Mississippi Delta (in northwestern 
Mississippi) away from cotton and 

More intensive corn production means higher rates 
of fertilizer application and, with it, the potential 
for higher losses of nitrogen and phosphorus into 
ground and surface waters and, ultimately, the 
Mississippi River and Gulf of Mexico.

toward corn. Because corn requires 
more irrigation and more nitrogen 
fertilizer than cotton, the shift will 
likely threaten the sustainability of the 
region’s groundwater resources, both 
in terms of water level and nitrate 
pollution (which contributes to the 
nitrate entering the Mississippi River 
and ending up in the Gulf of Mexico) 
(Welch et al. 2010).
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Potential removal of corn stover. 
Corn stover, the leaves and stalks left 
behind after corn is harvested, is gen-
erally left on fields or, in some cases, 
used as animal feed, but it could 
supply large quantities of biomass for 
renewable electricity or next-gener-
ation cellulosic biofuels. This poten-
tially large and untapped fuel source 
(DOE 2011; Graham et al. 2007) is 
also attractive because using both the 
corn kernels and corn stalks to make 
ethanol could allow more fuel to be 
extracted from fewer acres.

However, because corn stover and 
other crop residues play a critical role 
in maintaining soil health, remov-
ing it from fields could exacerbate 
the water quality problems associ-
ated with corn production. Residues 
reduce erosion, provide nutrients for 
the following year’s crop, and build 
carbon into the soil. When they are 
removed, therefore, erosion increases, 
more fertilizer must be applied to 
make up for lost nutrients, and nutri-
ent runoff worsens because chemical 
fertilizers are less stable than the nu-
trients in crop residues (Marshall and 
Sugg 2009). In some circumstances a 
portion of the stover can be removed 
without problems, especially in con-
junction with additional conservation 
practices such as winter cover crops.

In reviewing the implications 
of biofuel production on the Gulf 
of Mexico dead zone, the National 
Research Council concluded that, 
“The potential for additional corn-
based ethanol production to increase 
the extent of these hypoxic regions 
is considerable” (NRC 2008). A 
study cited in that report found that 
expanded production of corn ethanol 
to meet government biofuel mandates 
would increase nitrogen pollution in 
the Mississippi River by 10 to 18 per-
cent and would make it much more 
difficult to meet the nitrogen pol-
lution reduction targets the govern-
ment has set to restore health to the 
gulf (Donner and Kucharik 2008). 
Another study found that meeting 
government biofuel mandates using 
corn ethanol and cellulosic etha-
nol made from corn stover would 

increase nitrogen pollution in the gulf 
by more than 25 percent compared 
with producing the same amount of 
fuel from switchgrass, again making 
the pollution reduction targets for the 
gulf much harder to meet (Costello 
et al. 2009).

strength in diversity

Expansion of biofuels should proceed 
at a pace consistent with the capacity 
of our agricultural system to produce 
food and fuel while protecting the 
water resources we need for drink-
ing, fishing, recreation, and wildlife 
habitat. Improvements in management 
practices can reduce the environmental 
burden of existing agricultural produc-
tion, but expanded biofuel production 
will require better biofuels—that is, 
we must look beyond corn ethanol.

Because the water quality prob-
lems caused by corn ethanol arise 
from the extreme concentration of 
corn production in the Corn Belt, 
the solution lies in diversity. Clean 
cellulosic biofuels can be produced 
from perennial grasses (such as 

switchgrass), wood waste, and even 
ordinary household garbage (al-
though this has not yet been done at 
a commercial scale). Diverse sources 
of biofuel would reduce the pressure 
on corn production while expand-
ing the geographic scope of the 
resources available to make biofuel 
(DOE 2011). And commercializing 
the necessary technologies would 
allow advanced biofuels to be pro-
duced across the country, providing 
economic opportunities and reducing 
the impacts currently associated with 
producing biofuels from a single crop.

To make the most of these op-
portunities, the United States should 
support the first commercial-scale 
cellulosic biofuel production facili-
ties with loan guarantees, tax credits, 
and policies that reward plant owners 
for producing cleaner, more sustain-
able fuels (Martin 2010). The United 
States should also seek to diversify 
its agricultural lands by encouraging 
the use of perennial energy crops and 
crop rotations that reduce fertil-
izer use and pollution. Perennial 
grasses already play a prominent role 
in conservation practices, and can 
play a similarly prominent role in 
an expanded market for bioenergy 
and biofuel. Advanced biofuels made 
from such environmentally friendly 
crops offer a path away from intensive 
corn production and toward dramati-
cally reduced heat-trapping emissions 
(compared with either corn ethanol 
or gasoline) (Martin 2010), better 
water quality, economic opportuni-
ties for rural communities inside 
and outside the Corn Belt, and less 
dependence on oil.

Diverse sources 
of biofuel would 
reduce the pressure 
on corn production 
while expanding the 
geographic scope of 
the resources available 
to make biofuel.
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One-Third of Farmland in the U.S. Corn Belt Has Lost Its Topsoil

More than a third of farmland in the U.S. Corn Belt — nearly 100 million acres — has

completely lost its carbon-rich topsoil due to erosion, according to a new study

published in the journal Proceedings of the National Academy of Sciences. �e loss of

topsoil has reduced corn and soybean yields in the Midwest by 6 percent, resulting in

a loss of nearly $3 billion a year for farmers, and increased runoff of sediment and

nutrients into nearby waterways, worsening water quality.

�e study, led by scientists at the University of Massachusetts, Amherst, found that the

greatest loss of carbon-rich topsoil was on hilltops and ridgelines — indicating that

tillage, or the repeated plowing of fields, was largely to blame as loosened soils moved

downslope. �e research also found that this erosion has removed nearly 1.5

petagrams of carbon from hills in the Corn Belt. Restoring the topsoil, the study’s

authors argued, could help productivity and potentially turn agricultural fields into

carbon sinks.

Previous research has shown that no-till farming practices can have a significant

impact on reducing erosion. A study published last November in the Journal of
Environmental Management found that if farmers shifted entirely to no-till practices,

Soil erosion in corn field in Nebraska. PHOTO: UNIVERSITY OF NEBRASKA-LINCOLN
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it would reduce soil erosion from U.S. agricultural fields by more than 70 percent,

helping to significantly reduce nutrient and sediment runoff and improve water

quality along thousands of miles of streams and rivers.

Even partial changes in tilling practices could produce positive results for waterways,

according to the research. “If we focus on the most vulnerable area in terms of soil

erosion, then only 40 percent no-till shows almost the same reduction as 100 percent

no-till implementation,” Sanghyun Lee, a doctoral student at the University of Illinois

and lead author on the tillage study, said in a statement.

Despite this growing evidence, no-till agriculture still makes up just a small portion of

U.S. farming. Less than 15 percent of farmland in the upper Mississippi River

watershed, the heart of the Corn Belt, is farmed with no-till practices. Nationwide, in

watersheds from the Colorado to the Delaware rivers, just 21 percent of corn, soybean,

cotton, and wheat fields are continuously farmed with no- or strip-till practices.

Scientists warn that unless farming methods change, U.S. soils will continue to become

denuded. And as crop yields decline, farmers will have to increase fertilizer use,

further worsening water quality for streams and rivers.

https://www.sciencedirect.com/science/article/pii/S0301479720315565?via%3Dihub#!
https://eurekalert.org/pub_releases/2021-01/uoic-npi011221.php
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Increased Corn Production
Can Pollute Water

tion of chemicals into the soil, can carry chemicals
into the groundwater — a primary source of drink-
ing water.

“The quality of groundwater needs to be pro-
tected,” said Susan Seacrest, founder and former
president of the Groundwater Foundation. “You
really can’t let it get polluted, because once the
groundwater is polluted, it is extremely costly to
un-pollute it. Sometimes it’s just not even techni-
cally feasible to do that.”

Farmers are using better management practices
— particularly for nitrogen fertilizer — than in the
past, but even with better practices water quality
problems still exist.

“Point-source” pollution typically comes from
an identifiable, individual source like an effluent
pipe at a factory. “Non-point source” pollution,
such as runoff from farmland and city streets, can’t
be linked to any one source but can affect large
areas. Agricultural chemicals can contribute to non-
point source pollution.

The Nebraska Department of Environmental
Quality monitors water pollution in the state;
Marty Link, the NDEQ’s associate director of pro-
grams for water, anticipates more problems from
increased corn production.

“As more fertilizer’s applied, more of it is going
to be leached down into the groundwater, and we’re
going to have more of a non-point source overall
over the whole state,” Link said. The agency has
found nitrate pollution — particularly in ground-
water that’s close to the surface, as it is along sandy
areas near the Platte River. Nitrate in drinking water
can cause health problems for pregnant women and

R
ecord corn prices and ethanol mandates
are sending signals for farmers to increase
corn yields. Conventional corn produc-
tion requires chemical inputs like nitro-

gen, phosphorus, insecticides and herbicides to help
obtain high yields and maximize profits.

The push to grow more corn for ethanol may
lead to water-quality problems from chemicals
seeping into groundwater and running off into sur-
face water.

“My biggest concern is water use, and if we can
keep it safe during this ethanol boom,” said Bruce
Switzer, who ranches in Loup County in the
Nebraska Sand Hills. “I worry about polluting the
groundwater along with poor usage.”

Impacts to water quality will depend on the
intensity and type of cropping, on whether the corn
is planted on good cropland or on marginal land
and on the distance to groundwater and surface
water. Planting corn in poor soils will require addi-
tional fertilizer, particularly nitrogen, which the soil
cannot naturally provide. Fewer soybean-corn rota-
tions will also increase the need for additional
nitrogen.

Corn is a heavy nitrogen user; soybeans natural-
ly replenish nitrogen in the soil, which is a major
reason why farmers plant soybeans one year and
corn the next in rotation on the same field. Planting
corn every year can threaten water quality due to
the application of additional nitrogen fertilizer.

Surface-water runoff can readily collect and
move chemicals and soil into rivers, lakes and
streams, creating problems for recreation, wildlife
and public water supplies. Leaching, or the infiltra-
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As farmers raise more corn for ethanol, they’re likely to use more
nitrogen fertilizer and other chemicals that can pollute water.

BY AARON E. PRICE

Finding the right water balance for the imperiled
species is a unique challenge, said Mary Bomberger
Brown, program coordinator of the Tern and Plover
Conservation Partnership at UNL. The fish need
water, and the birds need sandbar habitat near the
water.

“Anything that influences the flow for creating
the proper habitat is a concern for them,” Brown
said.

One concern is the heavy demand that irrigating
corn and producing ethanol are making on the
state’s water resources. Worries about the sustain-
ability of those resources lead many to question the
long-term sustainability of corn-ethanol produc-
tion.

Nebraska’s vast groundwater resource, the
Ogallala or High Plains Aquifer, is believed to hold
two billion acre-feet of water, enough to cover the
state to a depth of 40 feet.

“Hopefully, our underground water table will
remain at a stable level and we’ll be able to pump
the underground water,” said Alan Songster, who
farms near York in east central Nebraska.

Yet, in much of Nebraska, the water table, which
is the distance to groundwater, has fallen because of
decades of heavy irrigation and more recent
drought. In the southwest and the northern pan-
handle, for example, the water table has dropped by
at least 50 feet, putting it out of reach for some irri-
gators and resulting in well-drilling moratoriums.

The National Academy of Sciences predicts that
in the next five to 10 years, the  increase in agricul-
tural production will not alter the “national aggre-
gate” supply of water, but will change select areas’
water supply if stress already exists on the water sys-
tems.

And yet, the drumbeat for more ethanol produc-
tion continues among policymakers.

“Because the science, the technology, the effi-
ciency of the farmer, the water management, the
weed management — all of that just continues to
improve year after year,” said Nebraska U.S. Senate
candidate and ex-Secretary of Agriculture Mike
Johanns in the fall of 2007. “And it will. That’s the
one promise I can make. We’re just going to get
better at this year after year.” b

continued from page 39
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ning atrazine in line with the so-called “precaution-
ary doctrine,” that is, acting out of concern that
“although the science isn’t settled, it’s disturbing.”

Nevertheless, the use of atrazine and other pesti-
cides along with nitrogen fertilizer is likely to
become more widespread throughout the U.S. Corn
Belt as farmers respond to economic incentives to
plant more corn. b

Leopard frogs are not naturally hermaphrodites.
“They start to produce estrogen, and that causes

the males to lay eggs,” Hayes said.
Other scientists have reached similar conclu-

sions, but Syngenta, the company that makes
atrazine, disputes these findings. On its Web site,
the company says “atrazine is safe when used as
directed.” The EPA has identified atrazine as a haz-
ard to human health when people are exposed to it
at levels above 3 parts per billion (ppb) for even
short periods of time. Nebraska is one of nine states
where the EPA has found atrazine in drinking water
at levels above the EPA limit of 3 ppb.

Hayes said atrazine does not collect in food, and
exposure through drinking water and occupational

contact contribute to human atrazine accumula-
tion. Speaking at a University of Nebraska–Lincoln
conference in April, 2008, Frank Ackerman, the
director of the research and policy program at Tufts
University’s Global Development and the
Environment Institute, said more study needs to be
done on the effects on humans of long-term expo-
sure to low levels of atrazine.

Ackerman praised the European Union for ban-

babies.
Non-point source nitrogen pollution of ground-

water is a fairly localized problem; in contrast, non-
point source pollution of surface water can have
regional effects. For example, the dead zone in the
Gulf of Mexico is an area off Texas and Louisiana
where runoff from cities and farmland in the water-
shed of the Mississippi River has decreased oxygen
in the water and created a large area with little sea
life.

Non-point source pollution like this is hard to
monitor because its sources are scattered. Among
the chemicals used to grow corn, atrazine is the
most widely used pesticide, according to the U.S.
Environmental Protection Agency. Like nitrogen,
atrazine concerns Link because it’s difficult to track
as a non-point source pollutant.

U.S. farmers use atrazine to suppress weeds in
cornfields, but the chemical is banned in the
European Union because its presence in drinking
water concerned officials.

“Overall we haven’t seen a whole lot of that
showing up in the groundwater, and maybe we’re
not finding it cause we’re not looking at it,” Link
said. The atrazine water-quality test is expensive to
run, and funding at NDEQ is often tight, Link said.

O
ne scientist working outside the NDEQ,
Tyrone Hayes, professor of integrative
biology at the University of California-
Berkley, has found atrazine in water in

the Sand Hills, where little corn is raised.
“For example, Cherry County, Neb. We find

atrazine that in some cases is at levels as high as in
some of the corn-growing areas,” Hayes said. “You
don’t have to necessarily be in an area where it’s irri-
gated and where they’re using it to actually find the
atrazine.”

Hayes has studied the impacts of atrazine on the
leopard frog in Utah, Wyoming and Iowa, and has
conducted “extensive studies” in Nebraska.

Hayes’ research shows that one part per billion of
atrazine is enough to “induce hermaphroditism and
chemically castrate or demasculinize exposed
amphibians.” Hermaphroditism occurs when ani-
mals have both male and female parts, and can usu-
ally produce asexually or without a partner.
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The use of
atrazine and other
pesticides is likely
to become more
widespread
throughout the U.S.
Corn Belt as farmers
respond to economic
incentives to plant
more corn.

PHOTOGRAPH INSTITUE OF AGRICULTURE AND NATURAL RESOURCES

Groundwater and surface water are captured in irrigation canals and used to water
crops. Nearly 1.4 billion bushels of corn was grown in Nebraska in 2007, according
to the Corn Board, and 2.5 trillion gallons of water — some of it from rain — went
into growing the 2007 Nebraska crop.



Published in: 
 

Ethanol: Salvation or Damnation?  
University of Nebraska-Lincoln College of Journalism and Mass Communications DEEP Report, 2008. 
Copyright © 2008 University of Nebraska-Lincoln. 



11/3/21, 4:05 PM Weed-Whacking Herbicide Proves Deadly to Human Cells - Scientific American

https://www.scientificamerican.com/article/weed-whacking-herbicide-p/?print=true 1/8

E N V I R O N M E N T

Weed-Whacking Herbicide Proves Deadly to Human Cells
Used in gardens, farms, and parks around the world, the weed killer Roundup contains an ingredient

that can suffocate human cells in a laboratory, researchers say

By Crystal Gammon, Environmental Health News on June 23, 2009

Credit: Getty Images

Used in yards, farms and parks throughout the world, Roundup has long been a top-
selling weed killer. But now researchers have found that one of Roundup’s inert
ingredients can kill human cells, particularly embryonic, placental and umbilical cord
cells.

The new findings intensify a debate about so-called “inerts” — the solvents,
preservatives, surfactants and other substances that manufacturers add to pesticides.
Nearly 4,000 inert ingredients are approved for use by the U.S. Environmental
Protection Agency.

Glyphosate, Roundup’s active ingredient, is the most widely used herbicide in the United
States.  About 100 million pounds are applied to U.S. farms and lawns every year,Support science journalism.
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according to the EPA.

Until now, most health studies have focused on the safety of glyphosate, rather than the
mixture of ingredients found in Roundup. But in the new study, scientists found that
Roundup’s inert ingredients amplified the toxic effect on human cells—even at
concentrations much more diluted than those used on farms and lawns.

One specific inert ingredient, polyethoxylated tallowamine, or POEA, was more deadly
to human embryonic, placental and umbilical cord cells than the herbicide itself – a
finding the researchers call “astonishing.”

“This clearly confirms that the [inert ingredients] in Roundup formulations are not
inert,” wrote the study authors from France’s University of Caen. “Moreover, the
proprietary mixtures available on the market could cause cell damage and even death [at
the] residual levels” found on Roundup-treated crops, such as soybeans, alfalfa and corn,
or lawns and gardens.

The research team suspects that Roundup might cause pregnancy problems by
interfering with hormone production, possibly leading to abnormal fetal development,
low birth weights or miscarriages.

Monsanto, Roundup’s manufacturer, contends that the methods used in the study don’t
reflect realistic conditions and that their product, which has been sold since the 1970s, is
safe when used as directed. Hundreds of studies over the past 35 years have addressed
the safety of glyphosate.

“Roundup has one of the most extensive human health safety and environmental data
packages of any pesticide that's out there,” said Monsanto spokesman John Combest.
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“It's used in public parks, it's used to protect schools. There's been a great deal of study
on Roundup, and we're very proud of its performance.”

The EPA considers glyphosate to have low toxicity when used at the recommended
doses.

“Risk estimates for glyphosate were well below the level of concern,” said EPA
spokesman Dale Kemery. The EPA classifies glyphosate as a Group E chemical, which
means there is strong evidence that it does not cause cancer in humans.

In addition, the EPA and the U.S. Department of Agriculture both recognize POEA as an
inert ingredient. Derived from animal fat, POEA is allowed in products certified organic
by the USDA. The EPA has concluded that it is not dangerous to public health or the
environment.

The French team, led by Gilles-Eric Seralini, a University of Caen molecular biologist,
said its results highlight the need for health agencies to reconsider the safety of
Roundup.

“The authorizations for using these Roundup herbicides must now clearly be revised
since their toxic effects depend on, and are multiplied by, other compounds used in the
mixtures,” Seralini’s team wrote.

Controversy about the safety of the weed killer recently erupted in Argentina, one of the
world’s largest exporters of soy.

Sign up for Scientific American’s free newsletters. Sign Up

A D V E R T I S E M E N T

Thanks for reading Scientific American. Knowledge awaits.

Already a subscriber? Sign in.

Support science journalism.

See Subscription Options

http://www.digital-athanor.com/PRISM_ESCAPE/article_usb312.html?id_article=18
https://www.scientificamerican.com/page/newsletter-sign-up/?origincode=2018_sciam_ArticlePromo_NewsletterSignUp
https://www.scientificamerican.com/store/subscribe/scientific-american-magazine/
https://www.scientificamerican.com/my-account/login/?s=1


11/3/21, 4:05 PM Weed-Whacking Herbicide Proves Deadly to Human Cells - Scientific American

https://www.scientificamerican.com/article/weed-whacking-herbicide-p/?print=true 4/8

Last month, an environmental group petitioned Argentina’s Supreme Court, seeking a
temporary ban on glyphosate use after an Argentine scientist and local activists reported
a high incidence of birth defects and cancers in people living near crop-spraying areas.
Scientists there also linked genetic malformations in amphibians to glysophate. In
addition, last year in Sweden, a scientific team found that exposure is a risk factor for
people developing non-Hodgkin lymphoma.

Inert ingredients are often less scrutinized than active pest-killing ingredients. Since
specific herbicide formulations are protected as trade secrets, manufacturers aren’t
required to publicly disclose them. Although Monsanto is the largest manufacturer of
glyphosate-based herbicides, several other manufacturers sell similar herbicides with
different inert ingredients.

The term “inert ingredient” is often misleading, according to Caroline Cox, research
director of the Center for Environmental Health, an Oakland-based environmental
organization. Federal law classifies all pesticide ingredients that don’t harm pests as
“inert,” she said. Inert compounds, therefore, aren’t necessarily biologically or
toxicologically harmless – they simply don’t kill insects or weeds.

Kemery said the EPA takes into account the inert ingredients and how the product is
used, whenever a pesticide is approved for use. The aim, he said, is to ensure that “if the
product is used according to labeled directions, both people’s health and the
environment will not be harmed.” One label requirement for Roundup is that it should
not be used in or near freshwater to protect amphibians and other wildlife.

But some inert ingredients have been found to potentially affect human health. Many
amplify the effects of active ingredients by helping them penetrate clothing, protective
equipment and cell membranes, or by increasing their toxicity. For example, a Croatian
team recently found that an herbicide formulation containing atrazine caused DNA
damage, which can lead to cancer, while atrazine alone did not.
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POEA was recognized as a common inert ingredient in herbicides in the 1980s, when
researchers linked it to a group of poisonings in Japan. Doctors there examined patients
who drank Roundup, either intentionally or accidentally, and determined that their
sicknesses and deaths were due to POEA, not glyphosate.

POEA is a surfactant, or detergent, derived from animal fat. It is added to Roundup and
other herbicides to help them penetrate plants' surfaces, making the weed killer more
effective.

"POEA helps glyphosate interact with the surfaces of plant cells," explained Negin
Martin, a scientist at the National Institute of Environmental Health Sciences in North
Carolina, who was not involved in the study. POEA lowers water's surface tension--the
property that makes water form droplets on most surfaces--which helps glyphosate
disperse and penetrate the waxy surface of a plant.

In the French study, researchers tested four different Roundup formulations, all
containing POEA and glyphosate at concentrations below the recommended lawn and
agricultural dose. They also tested POEA and glyphosate separately to determine which
caused more damage to embryonic, placental and umbilical cord cells.

Glyphosate, POEA and all four Roundup formulations damaged all three cell types.
Umbilical cord cells were especially sensitive to POEA. Glyphosate became more
harmful when combined with POEA, and POEA alone was more deadly to cells than
glyphosate. The research appears in the January issue of the journal Chemical Research
in Toxicology.

By using embryonic and placental cell lines, which multiply and respond to chemicals
rapidly, and fresh umbilical cord cells, Seralini’s team was able to determine how the
chemicals combine to damage cells.

The two ingredients work together to “limit breathing of the cells, stress them and drive
them towards a suicide,” Seralini said.
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The research was funded in part by France’s Committee for Research and Independent
Information on Genetic Engineering, a scientific committee that investigates risks
associated with genetically modified organisms. One of Roundup’s primary uses is on
crops that are genetically engineered to be resistant to glyphosate.

Monsanto scientists argue that cells in Seralini’s study were exposed to unnaturally high
levels of the chemicals. “It's very unlike anything you'd see in real-world exposure.
People's cells are not bathed in these things,” said Donna Farmer, another toxicologist at
Monsanto.

Seralini’s team, however, did study multiple concentrations of Roundup. These ranged
from the typical agricultural or lawn dose down to concentrations 100,000 times more
dilute than the products sold on shelves. The researchers saw cell damage at all
concentrations.

Monsanto scientists also question the French team’s use of laboratory cell lines. 
“These are just not very good models of a whole organism, like a human being,” said Dan
Goldstein, a toxicologist with Monsanto.

Goldstein said humans have protective mechanisms that resist substances in the
environment, such as skin and the lining of the gastrointestinal tract, which constantly
renew themselves. “Those phenomena just don't happen with isolated cells in a Petri
dish.”

But Cox, who studies pesticides and their inert ingredients at the Oakland
environmental group, says lab experiments like these are important in determining
whether a chemical is safe.

“We would never consider it ethical to test these products on people, so we're obliged to
look at their effects on other species and in other systems,” she said. “There's really no
way around that.”

Seralini said the cells used in the study are widely accepted in toxicology as good models
for studying the toxicity of chemicals.
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“The fact is that 90 percent of labs studying mechanisms of toxicity or physiology use
cell lines,” he said.

Most research has examined glyphosate alone, rather than combined with Roundup’s
inert ingredients. Researchers who have studied Roundup formulations have drawn
conclusions similar to the Seralini group’s. For example, in 2005, University of Pittsburg
ecologists added Roundup at the manufacturer’s recommended dose to ponds filled with
frog and toad tadpoles. When they returned two weeks later, they found that 50 to 100
percent of the populations of several species of tadpoles had been killed.

A group of over 250 environmental, health and labor organizations has petitioned the
EPA to change requirements for identifying pesticides’ inert ingredients. The agency’s
decision is due this fall.

“It would be a big step for the agency to take,” said Cox. “But it’s one they definitely
should.”

The groups claim that the laws allowing manufacturers to keep inert ingredients secret
from competitors are essentially unnecessary. Companies can determine a competitor’s
inert ingredients through routine lab analyses, said Cox.

“The proprietary protection laws really only keep information from the public,” she said.

This article originally ran at Environmental Health News, a news source published by
Environmental Health Sciences, a nonprofit media company.
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The environmental impacts of glyphosate 

Friends of the Earth Europe, June 2013 

 

Introduction 

Glyphosate is the world’s best-selling chemical herbicide. Glyphosate-containing herbicides, 

such as Monsanto’s Roundup, are the most widely used herbicides in Europe, applied in 

farming, forestry, parks, public spaces and gardens. Glyphosate-containing herbicides are 

also crucial to the production of genetically modified herbicide resistant crops. In recent 

years a number of scientific studies have raised concerns about glyphosate’s safety and 

there have been calls for glyphosate-containing herbicides to be banned. New research by 

Friends of the Earth has detected glyphosate residues in the urine of 44 percent of people 

tested, from 18 different European countries. 

 

Uses of glyphosate 

Glyphosate is a systemic, broad-spectrum herbicide. This means that it moves throughout 

the plant, and kills any plant not genetically modified to resist it.   Glyphosate’s chemical 

name is N-(phosphonomethyl)glycine and its main effect is to block an enzyme that plants 

need to make amino acids and proteinsi. When the enzyme is blocked, plants die within a 

few days. Glyphosate is never used on its own as a herbicide, it is always combined with 

other chemical ingredients. For example, a class of chemical called ‘surfactants’ are added 

to increase penetration of glyphosate into plant cells.  

 

Glyphosate-containing herbicides cannot be used to control weeds in a growing crop, unless 

the crop has been genetically modified to resist glyphosate. This is because the herbicide 

would kill the crop as well as the weeds. But glyphosate is still heavily used in the production 

of non-GM crops, and it has approval in Europe for a wide range of uses. It is used on 

cereals, oilseed rape, maize and sunflowersii, as well as for weed control in vineyards, olive 

groves and fruit orchardsiii. Glyphosate is approved for use on grass pastures, forestry and in 

sensitive habitats. It is approved for clearing railway lines and in some countries it is even 

approved for use in rivers and lakes.  Glyphosate is also widely approved for use in parks, 

public spaces, streets and gardens. In short, glyphosate may be used almost anywhere, 

whether in the countryside or in towns and cities. 
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No genetically modified (GM) herbicide resistant crops have yet been authorised for 

commercial production in the European Union, but there are currently 14 GM glyphosate 

resistant crops awaiting approval for cultivation.  10 of these are for GM maize varieties, as 

well as cotton, sugar beet and soybeans.  Monsanto claims that if these GM crops are 

approved, there will be a reduction in pesticide useiv. But based on what has happened in 

the United States since the introduction of GM crops, it has been predicted that the 

introduction of GM glyphosate resistant sugar beet, maize and soybean in the European 

Union could lead to an 800% increase in glyphosate use by 2025, with overall herbicide use 

going up by 72% compared to current levelsv. 

 

Impacts on biodiversity 

Glyphosate-containing herbicides are used to control plants considered to be weeds, or to 

clear vegetation. But other plants, animals, invertebrates (e.g. insects) and micro-organisms 

may also be exposed to glyphosate-containing herbicides:  

 when glyphosate is being sprayed, for example insects flying through;  

 from eating treated crops, or by eating prey that has been feeding on treated crops; 

 from herbicide spray that has been blown by wind onto field margins, or into wild 

habitats next to a treated area; 

 from glyphosate applied to rural or urban areas that has been washed by the rain into 

groundwater, streams, rivers and coastal waters;  

 from glyphosate spray that has fallen onto the soil, moved through plants to their 

roots, or been incorporated into the soil when a treated plant dies.  

These ‘non-target’ organisms may experience direct toxic effects from the herbicide, or be 

indirectly affected by changes to ecosystems or food resources.  Direct and indirect impacts 

may be caused by glyphosate, by the other ingredients in glyphosate-containing herbicides, 

or by the combined action of the different chemicals.   

 

In 2002, when the EU granted approval to glyphosate, the assessment of its effects on 

organisms and ecosystems was limited to laboratory-based toxicity studies, using high doses 

and a small number of speciesvi. This approach has been criticised because there was very 

little consideration of the ecological aspects of toxic effects, such as the consequences for 

other speciesvii. In addition, the species used in the studies were often chosen because they 

could be easily cultured in laboratories, not because they were especially relevant to 
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agricultural ecosystemsviii. In 2012, after a series of expert workshops and consultations, the 

European Food Safety Authority recommended that much more extensive modelling was 

needed to work out the effects of pesticides on species and ecosystems, and that “to protect 

biodiversity, impacts need to be assessed at least at the level of the watershed/landscape”ix. 

This type of assessment has not yet been carried out for glyphosate. 

 

If GM glyphosate resistant crops are introduced in the EU, this will allow glyphosate to be 

used throughout the growing season, extending exposure of both the number of non-target 

species, and stages of their life cycles.  Other herbicides could also be used to combat the 

rapid development of glyphosate-resistant weeds, which could lead to cocktails of different 

pesticides being applied to fields, as is starting to happen in the United Statesx.  

 

Glyphosate in the soil 

Glyphosate-containing herbicides may contaminate soils in and around treated areas. Once 

in soil, the relationship between glyphosate and soil ecosystems is complex, and varies from 

soil to soil.  Glyphosate is soluble in waterxi but it also binds onto soil particles under certain 

conditionsxii, particularly in clays. So it may quickly wash out of sandy soils, or last for more 

than in a year in soils with a high clay contentxiii. Even when bound to soil particles, it may 

dissolve back into soil water later on, for example in the presence of phosphatesxiv. 

Glyphosate can also form complexes with metal ionsxv, potentially affecting the availability of 

nutrients in the soil.   

 

Glyphosate may be used as a source of energy and nutrients by some soil micro-organisms, 

increasing their numbers. At the same time, it may be toxic to other speciesxvi xvii, so reducing 

their populations. Some fungal species that cause plant diseases have been found to 

increase in soils treated with glyphosatexviii.  In contrast, populations of micro-organisms that 

suppress disease-causing fungi have been found to decrease in soils treated with 

glyphosatexix. So the presence of glyphosate in the soil could change the balance of bacteria 

and fungi, in turn altering soil ecosystem functions and plant health. 

 

Glyphosate has been shown to interfere with the uptake of essential minerals in agricultural 

cropsxx. Despite its widespread use in forestry, there are few studies of glyphosate’s effect 

on forest soils, although it has been found to persist in the upper organic layers of forest soils 
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for 360days (at 16-18% of initial levels)xxi indicating the potential for long term effects. It is 

also plausible that application of glyphosate to natural ecosystems could replicate the 

disruption of nitrogen fixationxxii observed in glyphosate-resistant soya crops.  

 

In laboratory studies, Argentinean researchers found that glyphosate-containing herbicides 

could also be toxic to earthworms, causing damage to cells and DNA at levels “close to the 

applied environmental concentrations” xxiii. In similar studies, earthworms were found to avoid 

glyphosate-treated soilsxxiv, the growth rates of some earthworm species were reduced by 

the application of glyphosate-containing herbicidesxxv xxvi, and the hatching of cocoons was 

delayedxxvii .  

 

Effects on wild life in agricultural areas 

Glyphosate‘s mode of action means that any plant sprayed with it will be injured or killed. 

Glyphosate is considered to be a high risk herbicide for non-target plantsxxviii. On farmland, 

continued application of glyphosate-containing herbicides can significantly affect the 

numbers and diversity of plant species around field edges. Studies examining the effect of 

glyphosate spray driftxxix xxxfound effects on the growth and on the species composition of 

wild plant communities exposed to glyphosate-containing herbicides at levels between 1% 

and 25% of normal agricultural rates.   

 

Common weeds can be important food sources for insect, bird and animal species in 

agricultural areas. Weeds provide food and nectar sources for insects, which in turn feed 

birds. Weed seeds can also be vital winter foods for many declining bird species, such as 

corn bunting and skylarkxxxi. Farm Scale Evaluations (FSE) of GM crops in the UK between 

1999 and 2003, examined the number of weeds and their seed production in non-GM 

intensively-managed sugar beet fields, compared with those in GM glyphosate resistant 

sugar beet cropsxxxii.  The results showed a significant loss of weeds and weed seeds in the 

GM glyphosate resistant sugar beet, compared to the conventional crop.  The UK 

government’s scientific advisory committee spelled out the significance of the results, stating 

that ‘if [GM glyphosate resistant] beet were to be grown and managed as in the FSEs this 

would result in adverse effects on arable weed populations [which] would be likely to result in 

adverse effects on organisms at higher trophic levels (e.g. farmland birds), compared with 

conventionally managed beet.’xxxiii 
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A follow-up modelling project concluded that the effects of GM glyphosate resistant crops 

could affect different species, depending on their feeding and life cycle requirements. The 

authors noted that, in the results of their model, “Skylarks showed very little response to the 

introduction of GMHT rape. By contrast, the consequences of introducing GMHT sugar beet 

were extremely severe, with a rapid decline, and extinction of the skylark within 20 years. 

This contrasts with the cirl bunting, which showed little response to the introduction of GMHT 

beet, but severe consequences arose as a result of the use of GMHT rape”xxxiv. 

 

Similarly, the decline of Monarch butterfly populations in North America since the mid-1990s 

has been linked (in part) to the use of glyphosate-containing herbicides on GM maize and 

soya crops.  However, this is not due to direct toxicity of the herbicide to the butterflies. 

Monarch caterpillars are very dependent on one species of plant, the common milkweed, as 

their primary food source. Monsanto’s guidance for farmers specifically mentions that its 

glyphosate-containing herbicide Roundup WeatherMAX “will provide suppression and/or 

control of….milkweed, quackgrass, etc” xxxv(emphasis added).  Common milkweed plants 

have been lost at very high rates from fields of glyphosate-resistant cropsxxxvi, and it is 

estimated that common milkweed has been largely eliminated from 100 million hectares of 

US cropland following the introduction of glyphosate-resistant cropsxxxvii.  While not directly 

toxic to the butterflies, the use of glyphosate interrupts the caterpillar stage of their 

lifecyclexxxviii. 

 

Glyphosate in Water 

Pesticides may be washed by rain into the water in ditches, river and streams (called surface 

waters). They may also be washed down through soil and rock layers into underground 

water sources, such as aquifers (called groundwater). Groundwater is often used as the 

main source of drinking water supplies, although surface waters may feed into artificial 

reservoirs. Monsanto has stated in the past that glyphosate is not a major problem in water 

because it “sometimes is detected in surface waters, but historically, glyphosate has not 

been included among herbicides that cause concern in water supplies”xxxix. The reason given 

for this, is that “(b)ecause glyphosate binds tightly to most soils, it has a low potential to 

move through soil to contaminate groundwater” xl.  
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But long-term research in Denmark found that glyphosate could be washed down through 

some soil types by rain, into field drains and on to rivers and streams. Glyphosate levels 

reached 31μg/litre and 4.7μg/litre in drainage water at the two most vulnerable sitesxli. Urban 

runoff is also a source of glyphosate into streams and rivers, and as a result its use on paved 

surfaces is banned in Denmark, and half of Sweden’s urban areasxlii.  Discharges through 

the sewerage system after rainstorms can be a source of pollution into rivers and streams. 

Monitoring of Copenhagen’s sewage and storm water overflowsxliii found that glyphosate was 

always present. 

 

In fact, glyphosate residues have been detected in surface waters across the European 

Union. The European Glyphosate Environmental Information Sources (EGEIS) summarised 

surface water monitoring data from 1993-2009 for thirteen European countriesxliv. Over 

50,000 samples were included, and glyphosate was found in 29% of these samples. 

Residues of glyphosate’s breakdown product (AMPA) were found in 50% of samples. These 

findings are supported by other monitoring projects, some of which found glyphosate in 

virtually all samples tested (see table.) 

Summary of data on glyphosate in surface waters  

Country Date Occurrence of 

glyphosate 

residues and 

concentrations 

recorded  

Source 

Several 2005(published) 0.5-1.0μg/l WHOxlv 

US 2002 36% of samples, 

up to 8.7μg/l 

Battaglin et alxlvi 

Canada 2002 22% of samples, 

up to 6.07μg/l 

Humphries et al xlvii 

France 1999-2009 99% of samples, 

up to 86μg/l 

Villeneuve et al xlviii 

US 2004-2008 Most rivers 100%, 

up to 430μg/l after 

a storm 

Coupe et al xlix 

Germany 1998  Found in two rivers 

in the Ruhr, up to 

0.59μg/l 

Skart et al l 

Hungary 2010-11 Found in 2010 

only, up to  0.1μg/l 

Mortl et al li 

Norway 1995-99 Up to 1μg/l Ludvigsen et al lii 
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Glyphosate contamination of surface waters is of significance for wildlife, but residues have 

also been detected at low levels in groundwater, which is used for drinking water. EGEIS 

summarised groundwater monitoring from over 8900 European locations between 1993 and 

2009, and found a low percentage contaminated with glyphosate (1.3%), with 270 (0.7%) 

samples above the maximum permitted in drinking water (0.1μg/litre)liii.  Monitoring of small 

boreholes in four Danish counties found glyphosate present in 8.8% of the wells analysed, 

with 3.4% exceeding the drinking water maximum. In France, glyphosate accounted for 2.9% 

of all samples exceeding the drinking water limit in samples of raw water destined for public 

supply (2000-2002).  Results of monitoring in Catalonia in north east Spain between 2007 

and 2010 found the glyphosate in 41% of 140 groundwater samples, with a maximum of 

2.5μg/litre and an average of 0.2μg/litreliv. 

 

Glyphosate is being detected in surface and groundwater wherever it is used. In 2007, 

despite its previous statement that glyphosate was not of concern for water supplies , 

Monsanto commissioned research from the UK’s Water Research Centre (WRc) on the 

“Removal of Glyphosate by Water Treatment”lv, setting out treatment options for ensuring 

drinking water complied with the EU’s maximum permitted concentration for glyphosate..  

The costs of such water treatment will have to be borne by the water companies.  

 

If GM glyphosate resistant crops are approved for use in the EU, glyphosate contamination 

of surface and groundwater is likely to become even more widespread. In areas of the USA 

where GM glyphosate resistant crops are grown, glyphosate in river waters has been 

measured at levels up to 430μg/litre; glyphosate has been detected in the air and rain during 

the crop growing seasonlvi, and in water from spring snow-meltlvii.   

 

Effects on amphibians 

In recent years there has been growing concern about the world-wide decline in numbers 

and diversity of amphibian specieslviii. Amphibians are particularly vulnerable to pesticide 

exposure because they can absorb water-borne chemicals through their skin, as well as by 

eating contaminated food resourceslix. Glyphosate has been investigated as a possible 

cause of amphibian declineslx, and a number of studies have found worrying results about 

the effect of exposure to glyphosate-containing herbicides on the growth and development of 

amphibians.  
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In laboratory experiments, frog embryos exposed to dilutions of glyphosate-containing 

herbicides showed facial and cranial malformations, as well as shortening of the body, 

smaller heads and defective eyeslxi.  Similarly, exposure to a glyphosate-containing herbicide 

reduced the snout-vent length of adult frogslxii. Exposure to glyphosate-containing herbicides 

has been found to extend the larval period of American toadslxiii, and caused changes to the 

activity of a key enzyme involved in the nervous system in the tadpoles of the frog Rhinella 

arenarumlxiv. In one study, exposure caused changes to the shape of tadpoles, including 

deepening of their tails. The scientist conducting the experiment noted that the changes 

were similar to those caused by the presence of predatorslxv.  

 

Laboratory and controlled environmental experiments have found that glyphosate also 

causes increased mortality in growing tadpoleslxvi, with one trial on North American tadpoles 

in artificial ponds finding mortality rates as high as 96-100% when glyphosate was applied at 

the manufacturers recommended ratelxvii. A study lxviii examining the effects of a glyphosate-

containing herbicide on 13 species of frogs, toads, newts and salamanders found the toxicity 

varied between groups, with frogs and toads being more sensitive than salamanders. The 

authors commented that glyphosate-containing herbicides have the potential ‘to cause 

substantial amphibian mortality at environmentally expected concentrations.’  

 

Glyphosate was given EU-wide approval in 2002, but the evidence from these studies show 

that its use could cause serious impacts on already threatened amphibian species. As one of 

the researchers has commented, “our understanding of the possible effects of glyphosate 

based herbicides on amphibians has moved from a position of knowing very little and 

assuming no harm, to a position of more precise understanding of which concentrations and 

conditions pose a serious risk.”lxix Despite this, neither the USlxx or EUlxxi regulatory systems 

require direct testing of the impact of pesticide formulations on amphibians. 

 

Effects on aquatic and marine organisms 

There have also been investigations into the impacts of glyphosate-containing herbicides on 

organisms living in river, streams and coastal waters.  Micro-organisms are vital to marine 

and freshwater ecosystems, because they form the basis of food chains. In laboratory 

experiments, the growth and species composition of microbial populations from marine 
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waters was disturbed at levels of glyphosate typical of those caused by run-off from the 

landlxxii. Similar effects were found on microbial populations from freshwater systemslxxiii.  

Another study found that photosynthesis in freshwater cyanobacteria was inhibited by 

glyphosate-containing herbicideslxxiv, while tiny aquatic animals called Rotifers were found to 

have reduced life expectancy and reproductive rates, longer development times and lower 

overall populationslxxv. 

 

Toxic impacts have also been observed higher up marine and aquatic food chains. 

Freshwater mussels have been found to be acutely sensitive to pure glyphosate, surfactant 

ingredients and to the glyphosate-containing herbicide Rounduplxxvi. Freshwater carp showed 

changes to liver cells and mitochondria (parts of all cells) after exposure to Roundup 

herbicide at levels 20 and 40 times lower than would be expected from normal agricultural 

practicelxxvii. A study on the European eel concluded that “environmentally relevant 

concentrations of Roundup can pose a health risk for fish populations”lxxviii and found that the 

herbicide damaged the DNA of the exposed fish. 

 

Other effects were observed on interactions between fish and their parasites. In one study 

the parasitic horsehair worm showed reduced infective ability and increased adult mortality 

following exposure to very low concentrations of glyphosatelxxix.  A separate study examined 

the relationship between a glyphosate-containing herbicide and trematode flatworm 

parasites of fish. The authors concluded that interactions between the two could mean that 

“at environmentally relevant concentrations…glyphosate might increase the risk of disease in 

fish”lxxx. 

 

There is also evidence that glyphosate affects the activity of the enzyme acetyl-

cholinesterase, which is vital for the operation of the nervous system. If acetyl-cholinesterase 

is not working properly, nerve impulses are not switched off, causing serious health 

problems and even deathlxxxi Glyphosate has been found to suppress the activity of the 

enzyme in brown musselslxxxii and  fish lxxxiii , lxxxiv, lxxxv, lxxxvi . The consequences of the effects 

observed in these experiments have not been fully investigated. 
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Endocrine disruption 

Laboratory studies have found evidence that glyphosate and Roundup formulations may be 

linked to endocrine disruption in animals and human cell lineslxxxvii lxxxviii lxxxix xc xci, with effects 

occurring at concentrations below those used in agriculture. One study in Argentina found 

that very low doses of glyphosate-containing herbicides (as low as 0.02% of the 

concentration used in agricultural sprays) caused skeletal changes in tadpoles, along with 

other developmental effects such as shortened bodies, reduced head size and eye 

defectsxcii. Whether or not such effects could be occurring in wildlife after field application of 

glyphosate has not yet been established. Glyphosate is not currently included on lists of 

confirmed endocrine disrupting chemicalsxciii xciv. 

 

Conclusions and demands 

New research from Friends of the Earth has shown that people from all over Europe – in EU 

and none EU countries – have glyphosate residues in their urine. The evidence suggests 

that a significant proportion of the population could have glyphosate in their bodies – and it is 

not clear where it is coming from. Despite the fact that glyphosate is the world´s best-selling 

chemical herbicide and glyphosate-containing herbicides are the most widely-used 

herbicides in Europe, very little testing is done for glyphosate residues in food, feed, or 

water. Tests for glyphosate in the body do not take place at all.  

 

Friends of the Earth wants to know: 

 Why do people have glyphosate in their urine? Where does it come from? 

 Why haven´t public authorities done any testing on glyphosate residues in humans? 

 Why is food, animal feeds (such as imported soy) and drinking water so rarely tested 

for glyphosate? 

 What are the health impacts of glyphosate in our bodies? Is it guaranteed that 

glyphosate residues are completely excreted? If not, what happens to the remaining 

residues? 

 Why haven´t there been any long-term health studies on on-going glyphosate uptake 

in humans? 

 Why have the maximum residue levels (MRLs) for glyphosate in food and feed been 

steadily increased?  

 Who is profiting from increasing glyphosate use? 
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 Why are authorities considering applications to grow glyphosate-resistant genetically 

modified crops in Europe? 

 

Given the uncertainty about how glyphosate is entering people and the need to 

minimise exposure to glyphosate, Friends of the Earth demands that: 

 

 The EU and national governments must immediately start a monitoring programme for 

glyphosate in food and feed, including imported animal feed crops such as GM soy. 

Levels of glyphosate (and its breakdown product AMPA) in the environment should 

also be monitored, covering aquatic systems and soil. These monitoring programmes 

should be comprehensive and the results should be made available to the public 

without delay.  

 National governments must introduce a glyphosate reduction programme and 

desiccation (spraying crops shortly before the harvest) should be banned without 

delay. All other uses for glyphosate should be evaluated by 2015, existing maximum 

residue limits (MRLs) should be re-evaluated, and there must be no further increases 

in the MRLs.  

 No glyphosate resistant genetically modified crops should be authorized in the EU.  

 All food processors and retailers should minimise their customer´s exposure to 

glyphosate residues by specifying glyphosate-free products from their suppliers. They 

should extend their internal pesticides monitoring programme and include glyphosate 

in their regular testing.  
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HOME | PREVENTING PASTURE DAMAGE DURING PROLONGED PERIODS OF WET WEATHER

Rotating livestock frequently can help reduce pasture

damage during wet seasons.

Managing pastures during extended wet periods and after heavy rains can

be a challenge. Steps to prevent further damage and repair existing

damage are presented in the article.
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Grazing cattle during

periods of wet weather

can damage pasture

stands and soil structure.

Although some damage is

to be expected, there are

management practices

that can help to avoid or

at least reduce some of

the potential for damage.

Having a sacrifice area can

help prevent damage to

permanent pastures,

especially if the wet

weather conditions

become very prolonged.

Cattle can be moved to the sacrifice area and fed stored feeds until pasture soil

returns to an acceptable condition. As should be done with winter sacrifice areas,

the area should eventually be repaired with tillage if necessary and then reseeded to

either an annual or perennial mixture, depending on your goals.

Moving cattle more frequently during wet weather can help avoid excessive damage.

Managers differ on how to best handle this. Some prefer grouping cattle into a high

stocking density to contain damage to a small area, while others prefer to allow
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cattle to spread out into a lower stocking density. Regardless of management

decision, moving cattle more frequently than usual helps to avoid or reduce the

concentration of damage.

Understanding the soils on your farm is important from many perspectives. Planning

for what to do in case of severely wet weather might include moving cattle to a

well-drained paddock if that is possible.

Using no-till establishment whenever possible has many potential benefits. When

establishing pasture, especially when planting a temporary pasture of annual plant

species, cattle traffic during wet weather will be much less damaging on land that

has been planted no-till versus with tillage.

Maintaining a heavy sod will increase pasture density which in turn increases our

grazing days and forage yields. From the perspective of severe wet weather, a heavy

sod will support cattle better and will lessen soil damage versus thin or depleted

pasture swards. Keeping the stands thick involves overseeding if necessary, soil

testing and maintaining adequate fertility, and avoiding overgrazing.

Species selection could play a role in how resilient a pasture is during severely wet

weather. Although we need to make species selections based on other important

criteria, having pastures with tall fescue or reed canarygrass could be advantageous,

as these species are known to be able to tolerate more damage during wet weather.

Finally, good grazing management should always include leaving a considerable

amount of residual forage when moving cattle to the next paddock. Overgrazed

pastures not only recover more slowly from grazing in droughty conditions, they

also sustain more damage from grazing in wet conditions.
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Quick Facts

1

Soil physical damage

can occur when grazing

through pugging and

compaction, especially

when soils are wet.

Removing cattle early in

a precipitation event can

minimize the most

detrimental impacts

from grazing on wet

soils.

Remediation of pasture

soils from compaction

using mechanical

methods has shown

variable results.

Cattle management, soil

monitoring, and

contingency plans can

be used to mitigate

negative impacts to soil.

Livestock Series  | ManagementFact Sheet 1.634

By Casey Shawver, Joe Brummer, Jim Ippolito, Jason Ahola, and Ryan Rhoades*

© Colorado State University Extension. 1/20.

compaction. These soil physical

property changes can reduce water

and air movement into and through

soils, and can impede root growth

which results in reduced drought

tolerance and pasture yields (5).

   Rate of soil degradation depends

on soil type, plant litter accumulation,

and soil moisture (2, 3, 4), as well as

stocking density (i.e., animals per

unit area) and grazing duration.

Multiple management strategies

exist that can be used as tools to

mitigate damage to soil when

grazing (Table 2). Their use is

especially important when employing

various grazing systems where

animals are concentrated at high

stock densities (e.g., short duration

grazing, high intensity-low frequency

grazing, management-intensive

grazing (MiG), and mob grazing).

 

Managing Trampling on

Wet Soil

 
   Trampling on moderately wet soil

causes soil remolding around

animal’s hooves, resulting

in pugging (Fig. 1). The visible

indentations caused by pugging

generally affect the top 2 inches of

soil and can cause direct damage to 

Grazing and Soil Structure
 

   Soil structure is an important

factor that contributes to healthy,

functioning soils. The structure of a

soil is determined by the way sand,

silt, and clay particles are held

together in various shapes known

as soil aggregates. A soil that has

well-formed, stable aggregates will

have large pore spaces that allow

for air exchange, rapid infiltration of

water, and deeply penetrating root

systems. When grazing, trampling

by cattle can impact soil structure

by breaking up aggregates which

results in compaction. At some

level, compaction is present in most

pastures, but can be exacerbated

by grazing when soils are wet. In

addition, heavy clay soils are more

prone to degradation than sandy

soils. When wet soils are grazed,

surface and subsurface damage can

occur due to the effects of pugging

(Fig. 1).

Pugging breaks

up aggregates

and causes

damage to

large soil pores

which

increases bulk

density,

resulting in 

Figure 1: Pugging that

resulted from grazing

during wet conditions

post-precipitation.

*Casey Shawver, Former

Graduate Student, Joe

Brummer, Associate

Professor-Forage Extension

Specialist, and Jim Ippolito,

Associate Professor-Soil

Fertility and Environmental

Soil Quality, Department of

Soil and Crop Sciences;

Jason Ahola, Professor-Beef

Production Systems, and

Ryan Rhoades, Associate

Professor-Beef Extension

Specialist, Department of

Animal Sciences



2

to plant crowns (4). When soils become pugged,

the indentations along with reduced water

infiltration result in water capture and puddling

on the surface which saturates the soil and

makes it susceptible to severe pugging damage

(Fig. 2) and potential compaction at greater

depths (6, 8). 

While pugging has direct impacts on soils and

vegetation, compaction is considered to be an

indirect response to that damage. Current

research on mechanical compaction remediation

(e.g., aeration, deep ripping, etc.) methods

shows varied results with little success in

irrigated perennial pasture systems. Without

many remediation options for soil compaction

besides time and natural processes, strategies to

avoid or mitigate negative impacts should be a

priority.

cattle hooves to cause direct damage to the soil

surface and pasture plants. Soil compaction

begins to occur as the moisture content of a

given soil approaches the plastic limit up until it

reaches field capacity. After that point, the soil

reaches its liquid limit and the soil compaction

risk becomes low but the pugging risk and direct

damage to plant crowns remains very high. Field

capacity relates to the amount of water a soil

can hold after being thoroughly wetted and

allowed to drain for 2 to 3 days. A soil at field

capacity is wet and will form a soft ball that

exudes water on the surface when squeezed (9).

For more information on visually determining soil 

Table 1 lists corresponding soil moisture levels

for the plastic limit and field capacity associated

with various soil textures. The soil texture(s) in

your particular pasture can be obtained from a

soil test or the NRCS Web Soil Survey website.

Once you have determined the dominant soil

texture(s) in your pasture, a soil moisture meter

can be used to help monitor and manage grazing

decisions. Numerous companies sell digital

meters that measure soil water content (Fig. 3). 

moisture, see the NRCS document Estimating Soil

Moisture by Feel and Appearance. The plastic

limit refers to the moisture content at which a soil

can be rolled into a thread and the thread begins

to break apart or crumble at a diameter of about

1/8 inch. Soil compaction damage is not always

visible at the surface and can occur at

considerable soil depth (greater than 4 inches).

Soil trampling should generally be avoided near

and beyond the soil plastic limit (7) (Table 1).

Pugging and compaction can both occur when a

soil is at or beyond the plastic limit, especially

when grazing on clay textured soils.

Figure 2: Saturated soils lead to

severe pugging after a heavy

precipitation event.

Soil water

content and soil

texture are the

most important

factors affecting

compaction

severity. When

wet, soils have

little structural

integrity

allowing

Figure 3: Spectrum

technologies Field Scout TDR

150 and Extech MO750

moisture meters

Table 1. Plastic limit and field capacity soil moisture

percentages for various soil texture classifications.

https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs144p2_051845.pdf
https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm


These meters can be used to take quick in-field

measurements. Because of in-field variability, it

is important to take a minimum of ten random

measurements within each major soil

type/texture in your pasture and calculate an

average soil moisture for each one. It is not

necessary to have a moisture meter with long

probes (3 to 4 inches is ideal) because surface

moisture is generally of greatest concern when

grazing. 

   In our experience on an irrigated pasture with

a Nunn clay loam soil with close to 40% clay

content, the soil moisture value of concern was

somewhere between the plastic limit (~27%) and

field capacity (~35%). Based on numerous

measurements with a soil moisture probe

following heavy precipitation events or irrigation,

the value that corresponded with significant

visual pugging was 30% or greater moisture

content. Minor pugging occurred at soil moisture

levels between 27 and 30%. Based on these

observations, subtracting about 5 percentage

points from the field capacity moisture

percentage for your given soil(s) (see Table 1)

would be a good starting point to identify a

damage threshold. Keep in mind that this is only

a starting point and must be combined with

visual assessments for your particular pasture.

Once you get a good feel for a damage

threshold percentage that works in your

pasture, you can reliably use the soil moisture

meter to make decisions.

   Most detrimental effects on soil physical

properties occur with initial trampling. Removal

of stock from pasture during or shortly after

heavy rainfall can significantly reduce trampling

damage. One strategy is to move cattle to a

designated sacrifice area, or to a pasture with

sandy soil types where drainage is more rapid. 

   Another strategy is to significantly lower

stocking density (i.e., animals per unit area),

which spreads cattle across a larger area of land

to minimize impacts in one particular area (1).

Amount of recent precipitation and/or irrigation

(i.e., cumulative soil moisture)  

Temperature, wind, humidity, and cloud cover

(i.e., are conditions adequate for drying)  

Future weather conditions (i.e., is more rain

and/or poor drying conditions forecast for the

next 3 to 5 days)

Moving cattle to new paddocks more frequently

reduces the amount of time spent on one area

and helps avoid pacing along fence lines that

occurs when forage levels begin to decline (Fig.

4). Also, as available forage begins to decline,

more soil is exposed allowing greater pugging to

occur. Older stands in which the plants have

grown together to form a sod or ones that simply

have more surface residue present will help to

mitigate this issue.

   There are numerous variables to consider when

making decisions to protect soil and pasture

health when grazing. These variables include:

   With these variables in mind combined with a

visual assessment of the degree of pugging

occurring and soil moisture levels (if available), the

following guidelines can be used to make

management decisions (Table 2).

3

 

Figure 4: Severe pugging that occurred due to pacing along

the fence line in anticipation of moving to a new paddock.
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Erosion and the value of topsoil:  
The long view 

Peter Scharf 
University of Missouri 



We’re a soybean state 

…not much 
protection for 

the soil 



Missouri:   
one of the most 
erosive areas in 
the U.S. 

> 5 tons/acre/yr 

WHY?  A lot of 
soybean, a lot of 
silt + some slope 



…but one of the 
most improved 

Erosion down 
> 3 tons/yr from 
1982 to 1992 



Orange = More than 
twice the ‘tolerable’ 
erosion rate (1982) 



1992:  Orange area 
(more than twice the 
‘tolerable’ erosion rate) 
is much smaller, but 
most ag areas of 
Missouri are still above 
the ‘tolerable’ rate 
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Water erosion on U.S. cropland 



How big of a problem is erosion? 

Late April 2012, 30 miles north of Columbia 

Gullies following the planter rows (channeled by the planter 
furrow)  About 12 inches wide, 30 inches apart 

Average erosion loss 1.0 inches of topsoil 
Could be replaced by growing grass for 100 years 

About 2.5” deep 



Erosion just outside Columbia 
Late April, 2012 



Residue matters 



3” rainfalls:  
50 to 100% more than 50 years ago 



Impacts of erosion 
• Collapse of dozens of early 

historic and prehistoric 
civilizations:  The long view 

• Collapse of agriculture in the 
U.S. Piedmont 

• Impact on corn & soybean yields 
in central Missouri 



Argolis, Greece 

• 7000 B.C.—Simple agriculture begins 
• 4000 B.C.—Agriculture intensifies 
• 3000 B.C.—Major civilization 
• 2500 B.C.—Civilization collapses SOIL EROSION 

SOIL EROSION 

SOIL EROSION 

Importing half of their food 
from Sicily and Egypt 

• 1500 B.C.—New civilization 
• 200 B.C.—Civilization collapses 
• 900 A.D.—New civilization 
• 1200 A.D.—Civilization collapses 



“The rich, soft soil has all run 
away, leaving the land nothing but 

skin and bone” 
                    --Plato, 400 B.C. 



Rome & Soil Erosion 

• Rome founded 750 B.C., Roman Empire 
started 500 B.C. 

• By A.D. 400 (900 years of Empire): 
– 75,000 farms had been abandoned in central Italy 
– It was a crime for the son of a farmer to leave the 

farm 
– Most food was imported from conquered lands 



Rome & Soil Erosion 

• Erosion estimates based on current position of 
ancient structures: 

• Roman cistern 36” above current soil line 
• Via Prenestina (basalt road) several feet above 

surrounding soil 



Ruins in North Africa 



Ruins in North Africa 
• 60,000 seat Roman amphiteater suggests large 

population 
• But Roman agriculture ruined the soil 
• Today’s population is 5,000 within a day’s walk 



Devastating erosion 



Closer to home 
• Used to be a 

major ag region 
• “Soil erosion was 

rampant from 
early times” 

• “Most old 
agricultural fields 
are now in pine 
forests” 



Red clay subsoil (all that’s 

left, topsoil is long gone) = 

CRAP 



Massive gullies, North Carolina 1911 



Erosion on an Alabama hillside, 1937 

Why the south? 
‘Long’ history 
Low residue 

Tobacco (VA, NC) 
Cotton (SC, GA, AL) 



Hugh Bennett, first Soil Conservation 
Service director 

• Timed his testimony to the Senate to coincide 
with the arrival of a massive dust storm in 
Washington, D.C.—April 2, 1935 

• Led to the formation of the Soil Conservation 
Service 



Topsoil depth affects water delivery to crops 
Summit 

Side-slope 

Toe-slope 
Claypan 

55-65% clay          25-30 % clay 

Plant-Available Water Capacity (inches H20 / 40 inches of soil): 

7            6             5                4           7       10       12    



How do erosion and topsoil 
depth affect yield? 

• Small-plot experiments 2009-2011 near 
Columbia—mostly 1 to 18” of topsoil 
– Newell Kitchen and others (Ag Research Service) 

• Corn 
– 4.6 bu/acre per inch of topsoil in 2009 
– 1.1 bu/acre per inch of topsoil in 2010 
– 2.9 bu/acre per inch of topsoil in 2011 

• Average 2.9 bu/acre per inch of topsoil 
• Similar to 2.2 bu/acre per inch of topsoil 

measured in another field in 1999 & 2001 
 



Corn Yield 

Level of erosion 

11
2 

14
6 

46
 

84
 

2009 yields: 
Severe erosion 105 
Slight/no erosion 190 



How do erosion and topsoil 
depth affect yield? 

• Soybean 
– 0.1 bu/acre per inch of topsoil in 2009 
– 0.5 bu/acre per inch of topsoil in 2010 
– 1.5 bu/acre per inch of topsoil in 2011 

• Average 0.7 bu/acre per inch of topsoil 
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120 Years of Erosion 
Field near Centralia, Missouri 

2” 5” 10” 

13” 

Analysis:  Brent Myers 



120 Years of Erosion 
Field near Centralia, Missouri 

2” 5” 10” 

13” 
Average 7.7” of topsoil lost from erosional areas since farming started 
Soybean:  7.7” x 0.7 bu/inch = 5.4 bu/acre x $15/bushel = $80/acre/year 
Corn:  7.7” x 2.9 bu/inch = 22 bu/acre x $6/bushel = $134/acre/year 
Corn-soybean rotation:  average  $107/acre/year 



How big of a problem is erosion? 

• It’s a $107/acre problem in the field I just 
showed you 

• Every year 
• Add an extra $16/acre (every year) to this 

field from just one day’s erosion 



How can we reduce 
erosion & save our topsoil? 

• Reduce tillage intensity & frequency 
–Leave residue to protect the soil surface 

• Grow cover crops to protect the soil 
surface 

 



tilled                                   no-till 
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Erosion and sediment loss: 
Average 5 times higher with tillage 



Effect of tillage (& compaction) 
on erosion 

• From 2006 demo plots near Columbia



2012 demo:  artifical rainfall 

Chisel-finish plot 

Brown runoff (& lots of it) 



2012 demo:  artifical rainfall 

Chisel-finish plot 

Brown runoff (& lots of it) 



2012 demo:  artifical rainfall 

No-till plot 

Clear runoff (& a lot less of it) 



2012 demo:  artifical rainfall 

No-till plot with killed hairy vetch cover crop 

Clear runoff (& much less than no-till plot) 



I’m convinced that a cover crop with 
no-till would have protected this field 



Cover crop:  cost vs benefit 
• Seeding rye:  $20/acre/year 
• Killing:  You’d burn down anyway 
• Equals income loss in corn-soybean rotation from losing 1.4” 

of topsoil in central Missouri 
• Long-term economics: 

– Ahead without cover crop until 1.4” of soil is lost 
– How long will that take? 
– After that, the person who cover-cropped makes more money 

FOREVER 
• EQIP can provide some subsidy:  $38/ac, max $25,000 (650 ac) 
• Other benefits:  water infiltration, weed suppression 



Cereal rye, December 13, 2012 



Erosion and the value of topsoil:  
Summary 

• Missouri’s soils are naturally erosive 
• Soybean residue doesn’t give much protection 
• We reduced erosion from 1982 to 1992 

(terraces, reduced tillage) but not much since 
then 

• Erosion rates in Missouri are still 
unsustainable—agriculture here will die if we 
don’t improve 

• We’re contending with more big rains (3+”) 



Erosion and the value of topsoil:  
Summary 

• Many civilizations have perished because they 
couldn’t feed themselves due to topsoil loss 

• Takes a long time 
• We’ve only been farming here for about 150 

years 
• Farming on the east coast for much longer, 

and erosion has ruined many areas for farming 
(or anything else) 



Erosion and the value of topsoil:  
Summary 

• Crop residue provides good protection from 
erosion 

• Cover crops provide even better protection 
– I vote for what’s cheap, and getting it planted on time 

• Topsoil is worth $14/acre/inch EVERY YEAR 
• It’s not that expensive or hard to protect our 

topsoil so that we can farm forever 
• A rye cover crop can be paid for forever by the 

value of topsoil that can be lost in a single gully-
washer 
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Soil management for dairy and beef cattle grazing
Simon Eldridge, Soil Scientist, NSW Agriculture, Richmond

This pamphlet is intended to help North Coast dairy
farmers and beef producers to protect their soils from
the problems of compaction, erosion, poor drainage,
soil acidity and nutrient deficiencies.

SOIL STRUCTURE, AND PREVENTING
SOIL COMPACTION

Soil structure refers to how the soil particles are
arranged into individual aggregates (lumps), and to
the spaces and pores (holes) that exist within and
between these aggregates. Well-structured soils have
many pores and spaces in the soil to allow good
drainage and easy plant root growth. Organic matter is
essential for good soil structure as it helps to bind the
soil particles together to form aggregates.

Soil pugging is a major management problem
associated with dairy and beef cattle farming. It is
caused by cattle grazing paddocks when the soil is too
wet. The cattle hooves can sink up to 15 cm into the

mud, causing pugging or compaction in the soil below.
This significantly reduces pasture growth because the
dense compacted soil layer restricts the movement of
water, air and roots through the soil. The soil structure
has in fact been destroyed in the compacted layer.

Preventing soil compaction
••••• Remove stock from the wetter paddocks. It is

best to keep cattle off the wetter paddocks in the
wet season, and to move them to higher, drier
paddocks during any unseasonable wet periods.
Use feeding pads if the farm lacks sufficient high
ground (refer to the section ‘Install loafing and
feeding pads (dairy)’ below).

••••• Keep vehicles and farm machinery off wet
paddocks. In addition to causing compaction, the
resultant wheel ruts can concentrate stormwater
runoff which will erode the soil, forming gullies.

••••• Install several watering points and shade areas.
This will help break up the herd into smaller
groups, thereby reducing soil compaction in these
areas.

••••• Maintain a dense mat of pasture cover. This will
help cushion the effect of the cattle hooves on the
soil. Compaction is more severe where the soil is
bare and the pasture cover is sparse.

••••• Place fences strategically. It is easier to keep stock
off wet areas if the paddock fences are located so
that they separate the drier locations and soils from
the wetter flat locations and soils.

••••• Install loafing and feeding pads (dairy). Loafing
or feeding pads are either built-up areas of a porous
material, such as sawdust (60–90 cm deep), or a
layer of impervious concrete, where cows can be
held and fed during periods of wet weather. This
helps to avoid soil compaction or pugging, as well
as prevent pasture damage. Refer to Agfact A1.7.3
Loafing pads for dairy cattle, available from NSW
Agriculture offices.Soil pugging reduces pasture growth.

Well-structured soils grow the best pastures.

Complete article at 
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0006/167028/soil-dairy-beef.pdf
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Introduction
For centuries North Carolina farmers have made 
a major contribution to the state’s economy by 
working the land and providing billions of pounds 
of agricultural and forestry products to meet de-
mands for food and fiber. This resource serves as a 
foundational economic building block for the state. 
North Carolina’s farming and forestry community 
provides North Carolinians and people across the 
world with food and fiber. That said, the demands 
of our growing, modern society require renewable 
forms of energy to begin to replace finite non-re-
newable energy resources that have traditionally 
provided the means for transportation, electricity, 
and much more. 

Given that land and climatic conditions suitable for 
agriculture are finite, solar development may com-
pete with agricultural land use. One use converts 
sunlight and fertilizer into food and fiber, while the 
other converts sunlight into electricity. The purpose 
of this paper is to explore the extent to which so-
lar photovoltaic facilities and agricultural production 
compete for land use, as well as the extent to which 
agricultural production is affected by solar develop-
ment. The paper is divided into two sections:

(1) Understanding the Context of Solar Develop-
ment and Agriculture in North Carolina.

(1.1) Developing Renewable Energy,
(1.2) Landowner Land Use Choice,
(1.3) Solar Facility Construction,
(1.4) Duration of Solar Use,

(2) Weighing the Impact of PV Development on 
Agriculture

(2.1) Solar PV Land Use
(2.2) Impact on Agricultural Productivity

1. Understanding  
the Context of Solar  
Development and  
Agriculture in NC
This section provides some background on so-
lar development in North Carolina. By illustrating 
the existing demand for renewable energy (1.1), 
touching on the state’s political climate towards 
private land use (1.2), and highlighting two import-
ant considerations of PV development (1.3 and 
1.4), the context surrounding the two competing 
land uses of solar development and agriculture 
can be better understood. As agriculture is and 
has been a dominant, established land use in this 
state for generations, discussion in this section will 
primarily focus on the increasing demands of land 
to be used for solar development. 

1.1 Developing  
Renewable Energy
Currently, almost all of North Carolina’s electric-
ity is generated from fuels, such as coal, natural 
gas, and uranium, which are produced outside 
the state. Some coal plants in North Carolina 
are reaching the end of their useful lives and be-
ing retired.1,2 Alternative sources of energy, such 
as solar and wind, have become much more



economically attractive in the last several years, 
making it possible to economically replace some 
nuclear, coal, and gas electricity generation with 
these sources.3

More than three hundred privately financed utili-
ty-scale solar facilities operate in North Carolina 
under current electricity prices, regulations, and 
policies, with more planned for the future. As with 
any new technology, price drops and performance 
improvements may be expected over time as 
production volumes increase and experience is 
gained. Since 2009, the total cost to develop and 
build a utility-scale solar facility in North Carolina 
has dropped from over $5 per watt to about $1 
per watt. This rapid cost reduction in utility-scale 
solar facilities has greatly improved the financial 
viability of solar projects; many solar projects are 
now being planned even without the North Caroli-
na renewable energy tax credit that expired at the 
end of 2015.4,5

In addition to the increasingly attractive economics, 
some of the shift towards solar energy has been 
driven by policy choices. Solar and other types of 
renewable energy have many benefits that have 
motivated support from policymakers. For instance, 
they do not use imported fuel, reducing our expo-
sure to fuel price volatility. Solar energy also does 
not produce the air pollution and greenhouse gas-
es emitted by fossil fuel-powered electricity genera-
tion,  and it avoids some other environmental risks 
associated with fossil and nuclear fuels such as 
coal ash and radioactive waste disposal. Reduction 
of air pollution has been part of state and national 
policy for decades, and the U.S. has seen steadily 
improving air quality as a result6 Solar and other 
clean energy sources assist in this ongoing reduc-
tion in air pollution.

Solar energy offers many benefits to North Caroli-
na. However, while solar development provides a 
source of clean in-state energy, it requires land to 
do so. This means that solar energy projects will 
sometimes compete with other potential land uses.

1.2 Landowner  
Land Use Choice
North Carolina policy generally leaves land use 
decisions in the hands of landowners. That said, 
the state, local, and federal governments can en-
courage or discourage specific landowner choices 
through the incentives or disincentives that they 
provide for particular uses, as well as through 
various forms of regulation, such as zoning rules 
and environmental restrictions. The balance of 
state-provided incentives for agricultural or solar 
energy production can, in some cases, be the de-
termining factor in the decision to invest in solar 
or agriculture development. Also, the current grid 
infrastructure limits the sites feasible for solar de-
velopment; it is only feasible to connect solar to 
certain locations in the grid and only to a limited 
density.

North Carolina has granted local governments the 
power to regulate land use in their jurisdictions, 
although state and federal rules apply in many cir-
cumstances. This means that local governments 
can manage land development with the needs of 
the community in mind, while also safeguarding 
natural resources. These land-use regulations can 
put limits on the allowed uses for some land and 
thus limit landowners’ options, in some cases af-
fecting the viability of solar development. Some 
agricultural land has been exempted from certain 
regulations due to “grandfathering,” and changing 
the land use to solar may remove these exemp-
tions, which can affect the ability to return the land 
to agricultural use in the future.7

Land use regulations that may be relevant to solar 
development, depending on the location, can in-
clude (but are not limited to):8

• Local zoning and land use rules (fencing, 
buffer zones between buildings and roads, 
border shrubs/trees, etc.)

• Floodplain development rules
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• Erosion and sedimentation rules
• Permitting regarding military and air traffic im-

pact
• Water quality rules (i.e. Neuse nutrient strategy 

rules, Coastal Area Management Act rules)
• USDA wetlands impact rules

To determine whether these and other rules are 
relevant for a potential solar development, land-
owners and solar developers should consult their 
local government planning departments, the Soil 
and Water Conservation Division of the N.C. De-
partment of Agriculture and Consumer Services, 
the USDA Natural Resources Conservation Ser-
vice office, and the USDA Farm Services Agency. 

1.3 Solar Facility  
Construction
Solar panels are supported by steel or aluminum 
racks. The racks are attached to galvanized steel 
posts driven 6-8 feet into the ground without con-
crete, although very occasionally, site conditions 
require the use of cement grout in the pile hole. 
The only concrete is generally at the inverter/trans-
former pads which are typically about 10’ by 20’ 
each. There is usually no more than one such pad 
per MW of AC capacity.  At some sites these pads 
are precast concrete or steel skids that sit above 
grade on helical steel piers. Much of the wiring at 
the site is above-ground attached to the racking 
under the rows of panels. The rest of the wiring is 
2 to 3 feet underground either as direct-bury ca-
bles or in 2”-6” PVC conduit. Most sites involve 
minimal grading of the land.  

Every site provides access for vehicles, which 
requires roads, or “access aisles,”  to be con-
structed. These roads are sometimes improved 
with gravel, but they do not require application of 
concrete or asphalt. Many sites only use grav-
el close to the entry to the public Right of Way, 
as required by NCDOT regulation, with the rest 

of the access aisles  as simply compacted na-
tive soil. Some developers use reusable wooden 
logging mats to provide temporary stabilization 
during construction to avoid the need for the ad-
dition of gravel. A best practice when building a 
gravel access aisle is to strip the organic top-
soil, place a geotextile fabric under the aggre-
gate and redistribute the topsoil on site to assist 
in soil stabilization.  This will provide stability for 
the aggregate, allow for more efficient removal 
of the gravel at the end of the project’s life cycle 
by providing separation between aggregate and 
subgrade, while preserving the valuable topsoil 
on site for future agricultural use.  Well-drafted 
leases will specify allowable construction tech-
niques and locations of roads and other infra-
structure. The NC Department of Environmental 
Quality (DEQ) requires soil erosion and sedimen-
tation control plans and permits and inspects im-
plemented measures on the site until vegetative 
groundcover is established.

1.4 Duration of Solar Use
Currently in North Carolina most utility-scale solar 
projects have a 15-year Power Purchase Agree-
ment (PPA) with the local electric utility. Some de-
velopers prefer to purchase the land, while others 
prefer to lease, depending on the project’s busi-
ness model and financing arrangements. Typical 
land leases have a term of 15 to 30 years, often 
with several optional 5-year extensions.10 While 
specific lease rates are generally undisclosed, 
in our understanding lease rates often range be-
tween $500 and $1,000 per acre per year. Most 
solar PV panel manufacturers include a 25-year 
power warranty on their panels, which cover the 
panels to produce at least 80% of their original 
power output at the expiration of the warranty pe-
riod. 

Modern solar facilities may be considered a tem-
porary, albeit long-term, use of the land, in the 
sense that the systems can be readily removed
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from the site at the end of their productive life. At 
this point, the site can be returned to agricultur-
al use, albeit with a potential for some short-term 
reduction in productivity due to loss of topsoil, 
compaction, change in pH, and change in avail-
able nutrients. Leasing farmland for solar PV use, 
particularly land that is not actively being farmed 
today, is a viable way to preserve land for potential 
future agricultural use. PV use is particularly valu-
able in this regard when compared to commercial 
or residential development, which require chang-
es to the land that are very difficult to reverse. For 
landowners struggling to retain ownership of their 
land due to financial strains, solar leasing may 
provide a vital, stable income solution. It may also 
serve as  a more appealing alternative to selling 
their land to buyers intending to use the land for 
other, more permanent non-agricultural uses.

While it is very difficult to predict the state of elec-
tricity, agriculture, and real estate markets 25 or 
more years into the future, existing circumstances 
can provide some insight into the likelihood of to-
day’s solar facilities continuing as solar facilities 
at the end of the initial PV modules’ useful life-
time. The he economics of existing solar facilities 
are such that many of the projects built today are 
likely to update some of their equipment after 20 
or more years and continue to operate as a solar 
electricity facility for many more years. The ability 
to facilitate interconnection to the electric grid pro-
vides great value to a landowner. A parcel of land 
featuring this capability in today’s market will likely 
also appeal to solar developers in the future due to 
the infrastructure cost savings.      

2. Weighing the Impact 
of PV Development on 
Agriculture
The purpose of this section is to explore how the 
competing land uses of solar development and ag-

riculture interact and can coexist with each other. 
Subsection 2.1 provides analysis of data and met-
rics that quantify the current and potential amount 
of solar development on agricultural land in North 
Carolina. Subsection 2.2 explores the impacts that 
solar development could have on future agricul-
tural production on the developed site and neigh-
boring properties. Taken together, Section 2 of 
this factsheet provides several factors to consider 
when weighing the impact of PV development on 
agriculture. 

2.1 Solar PV Land-Use
The NC Sustainable Energy Association (NCSEA) 
with the North Carolina Department of Agriculture 
and Consumer Services (NCDA&CS) used  GIS 
software to quantify the amount of solar land use. 
As of December 2016, solar installations occu-
pied 0.2 percent (9,074 acres) of North Carolina’s 
4.75 million acres of cropland.11 NCDA&CS has 
provided an updated estimate; they estimate that 
14,864 acres of cropland, or 0.31 percent of the 
total, were occupied by solar development at the 
end of the first quarter of 2017.12 NCSEA and NC-
DA&CS were able to locate and quantify solar use 
for 318 of 341 currently-installed utility-scale facil-
ities in North Carolina. A map of the solar installa-
tions in the state prepared by NCSEA is available 
at: http://energyncmaps.org/gis/solar/index.html.13 
The researchers extrapolated the per-MW findings 
of the 318 sites found in aerial photos to generate 
an estimate for the remaining 23 projects not yet 
visible in the latest aerial photography. Across all 
projects, 79% of solar project area was formerly 
farmland, defined as land identified from aerial 
photography to have been used for crops, hay, or 
pasture before solar development. On average, 
the solar projects occupied 5.78 acres per MWAC.

N.C. has been losing farmland to various forms 
of development for many years. Over the last de-
cade, North Carolina has lost about one million 
acres of cropland to development and housing.
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Since 1940, total cropland in N.C. has fallen from 
8.42 million acres to 4.75 million acres (as of 
2012). The North Carolina Department of Agricul-
ture has identified farmland preservation as one of 
its top priorities since 2005.

As of the end of 2016, solar PV installations added 
2,300 MWAC of solar generating capacity to North 
Carolina’s electricity grid, making NC second in 
the nation for installed solar PV capacity. These 
installations generate enough electricity to pow-
er approximately 256,000 average N.C. homes, 
equaling 6.2% of all households in the state.14 NC-
SEA and NCDA&CS published the summary of 
their land-use analysis in February of 2017 and 
NCSEA released a report on this research in April 
of this year.15

If the current siting and production trends were to 
continue until ground-mounted solar produced, on 
average, an amount of electricity equal to 100% of 
N.C.’s current electricity use, solar facilities would 
cover about 8% of current N.C. cropland.16 This 
is an unrealistic extreme to illustrate the limited 
possible magnitude of land usage for solar even 
at very high solar generation levels, yet even this 
scenario would occupy only about half of the N.C. 
cropland acreage lost to development in the last 
10 years. Even if solar were to provide all of our 
electricity, ground-mounted utility-scale solar will 
almost certainly not be the only source of electric-
ity. As PV prices continue to decline it is likely that 
North Carolina will see more and more rooftop and 
parking lot canopies, reducing the need for green 
field development. A recent Department of Energy 
study found that rooftop systems have the techni-
cal capability to meet 23.5% of North Carolina’s 
electricity demand.17

A more likely scenario, even assuming that fossil 
fuel and nuclear based electricity is entirely phased 
out, is that other sources of renewable electricity 
and technologies will meet a large portion of our 
electricity needs. A Stanford University study of 
the optimal mix of renewable energy sources for 

each state to achieve 100% renewable energy 
found that North Carolina would get only 26.5% of 
its electricity from utility-scale solar plants.18 At this 
still highly expanded level of solar development, 
based off of the 8.3% land use for 100% solar fig-
ure calculated earlier, the amount of NC cropland 
used for solar would be around 2.2%.

More realistically, in the next decade or two, solar 
electricity may grow to provide around 5 – 20% of 
North Carolina’s electricity, which would allow so-
lar to meet, or nearly meet, the full requirements of 
the North Carolina Renewable Energy and Energy 
Efficiency Portfolio Standard. At the 12.5% REPS 
requirement, this is about 13 GWAC of PV, which 
will require about 75,000 acres of land at the aver-
age historic density found in the NCCETC/NCDA 
study. This is not an insignificant amount of land, 
but if split between agricultural and non-agricul-
tural land at the same ratio as the first 2.3 GW 
installed in NC this represents about 1.1% of crop-
land in the state. NCSEA projects that by 2030, 
utility-scale solar will provide 5.03% of North Car-
olina’s electricity and use 0.57% of available crop-
land.19

Solar energy’s land use requirements are compa-
rable to those of existing energy sources. Accord-
ing to an MIT study, supplying 100% of U.S. elec-
tricity demand in 2050 with solar would require 
us of about 0.4% of the country’s land area; this 
is only half the amount of land currently used to 
grow corn for ethanol fuel production, and about 
the same amount of land as has been disturbed by 
surface coal mining.20

For landowners interested in solar development, it 
is important to understand the agricultural value of 
the land before entering into a solar lease agree-
ment. Careful due diligence in the siting phase can 
help mitigate the use of the most valuable farm-
land. Landowners can contact their county tax of-
fice for property value information. The following 
online resources can assist landowners and de-
velopers in assessing the agricultural value of land
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before selecting the final footprint for solar devel-
opment:
• www.nrcs.usda.gov/wps/portal/nrcs/main/na-

tional/technical/nra/dma/ The USDA Natural 
Resources Conservation Service provides 
several tools in this link to identify soil types on 
property.

• www.ncmhtd.com/rye/ The North Carolina Re-
alistic Yields Database provides landowners 
with a useful mapping and soil analysis tool 
that produces realistic productivity yields for 
expected crops given the landowner’s property 
location and soil type.

2.2 Impact on  
Agricultural  
Productivity
This subsection provides an overview of impacts 
that solar development may have on agricultural 
land. The discussion of these impacts is divided 
into the following subtopics: construction grading 
and soil preservation, compaction, erosion, weed 
control, toxicity, and pollinators, followed by a brief 
discussion of decommissioning. The subtopic dis-
cussions illustrate that solar development, with 
proper planning and implementation, results in a 
small but manageable impact on the future agri-
cultural productivity of the land on which it is sited. 
Further, these discussions also illustrate that solar 
development is unlikely to significantly affect the 
agricultural productivity of neighboring properties 
now or in the future.  

Construction Grading and Soil Preservation

The amount of grading necessary to prepare a 
parcel for a utility-scale solar facility is dependent 
on the slope of land and the type of solar mount-
ing used. In much of N.C., fixed-tilt mounting of 
PV requires little to no grading for installation of 
the PV system. Single-axis tracking systems that 

slowly rotate each row of panels to track the sun’s 
path across the sky generally require flatter land 
(typically less than 8% grading) and thus more 
often require grading  of the site, particularly for 
projects in the Piedmont region or farther west. 
21 Typical construction practices require that top-
soil be stripped and stockpiled prior to cut/fill op-
erations. The stockpiled topsoil will be redistrib-
uted across graded areas, to assist in growing 
adequate ground cover as quickly as possible to 
provide ground stabilization. The stripping, stock-
piling and redistribution of topsoil in this manner 
will have some impact on the amount of organics 
and nutrients that remain in the soil immediately 
after placement. However, proper ground stabili-
zation practices include soil testing to determine 
the appropriate levels of lime, fertilizer and seed 
to be applied to establish ground cover. Proper in-
stallation practices require these additives to be 
tilled into the soil, which effectively reduces the 
compaction of the upper soil stratum, typically to 
a depth of 8”-12”. Typical solar projects will not re-
move any topsoil from the project site, partly due 
to financial implications, but more importantly due 
to its value in establishing ground cover as quickly 
as possible22 (removing soil also requires a min-
ing permit).23 Most landowners steer solar projects 
to their least productive soils on a given piece of 
property to the extent practical.24

Soil Quality

Modern agriculture relies on regular additions of 
lime and fertilizer to maintain soil pH and fertility. 
Solar facilities maintain vegetative ground covers 
that can help build soil quality over time, which 
may require lime and fertilizer to be applied. When 
the vegetation is cut, the organic matter is left in 
place to decompose which adds valuable organic 
matter to the soil. A facility operation and mainte-
nance schedule should include a plan for mainte-
nance of sufficient plant groundcover to protect soil 
from erosion.  Maintaining healthy plant cover will 
require monitoring of soil fertility and may call for 
the addition of fertilizer or lime to ensure sufficient 
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nutrients are available for plant growth and that soil 
pH is adequate. Vegetation mixes may help bal-
ance soil nutrient needs, but will need to be man-
aged.  Species composition will change over time.25   
NREL and others are researching and using vege-
tation mixes that include many native grasses with 
deep root systems; many include some nitrogen 
fixing plants as well. According to a study published 
in July 2016 that measured soil and air microcli-
mate, vegetation and greenhouse gas emissions 
for twelve months under photovoltaic (PV) arrays, 
in gaps between PV arrays and in control areas at 
a UK solar sited on species-rich grassland, UK sci-
entists found no change in soil properties among 
the three locations. After a solar project is removed, 
a routine soil test (available from the North Carolina 
Department of Agriculture) should be obtained to 
determine fertility requirements, including lime, for 
optimum crop production.

Compaction

Soil compaction can negatively impact soil produc-
tivity and will occur to some degree on every solar 
site. Soil compaction can also limit water infiltra-
tion into the soil environment, and lead to greater 
surface water runoff during rain events.27 In addi-
tion to the roads built in and around  solar project 
sites, the construction of the facility itself as well 
as regular use of lawn mowers compacts the soil, 
decreasing the ability of plant roots to grow. How-
ever, use of land as a solar site will avoid agricul-
ture-related activities that can induce compaction, 
such as tillage. There are no data available on the 
degree of compaction common at solar facilities, 
but it is possible that some sites could experience 
heavy compaction in frequently used areas. In 
cases of heavy compaction, hard pans in the soil 
will form that can take decades to naturally free 
up; however, tractor implements such as chisels 
and vibrators designed to break up hard pan can 
often remove enough compaction to restore pro-
ductivity. To prevent damage to soil due to com-
paction, landowners can negotiate for practices 
that will result in the least amount of compaction 

and for roads to be constructed on less produc-
tive land. Additionally, maintaining healthy ground-
cover, especially varieties with deep root systems, 
can serve to keep the soil arable for potential fu-
ture agricultural use. The appropriate use of alter-
native vegetative maintenance strategies, such as 
grazing with sheep, can reduce the use of mowing 
equipment onsite and therefore the compaction 
that may result from using this equipment.28 Fur-
thermore, livestock grazing works to cycle nutri-
ents in the pasture ecosystem onsite and improve 
the soil.

Erosion

According to its current Stormwater Design Manu-
al, the N.C. Department of Environmental Quality 
allows solar panels associated with ground-mount-
ed solar farms to be considered pervious if config-
ured such that they promote sheet flow of stormwa-
ter from the panels and allow natural infiltration of 
stormwater into the ground beneath the panels.29 
For solar development, an erosion control and 
sedimentation permit is required, which involves 
on-site inspections and approval by the North Car-
olina Department of Environmental Quality. The 
permit requires establishment of permanent veg-
etative ground cover sufficient to restrain erosion; 
according to DEQ staff, the site must be “complete-
ly stabilized,” although this does not require a spe-
cific percentage of ground cover.30 In-depth infor-
mation on erosion control and sedimentation laws, 
rules, principles, and practices is available at the 
NC DEQ’s website, at http://deq.nc.gov/about/divi-
sions/energy-mineral-land-resources/energy-min-
eral-land-permit-guidance/erosion-sediment-con-
trol-planning-design-manual. Once permanent 
vegetation is established it will be necessary to 
maintain soil pH and fertility as mentioned above 
in order to ensure sufficient, healthy, and continu-
ous ground cover for erosion control.

Weed and Vegetation Control

Maintenance of vegetation on site can be accom-
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-plished using several options, including but not 
limited to the following: mowing, weed eaters, her-
bicides, and sheep. Reductions in fertilizer use on 
the site will slow growth of vegetation and weeds. 
Mowing allows the landowner to have the option 
of laying cut grass or vegetation on grounds of site 
to decompose and improve long-term soil fertili-
ty. In some cases, landowners have used grazing 
animals, normally sheep, to frequent the solar site 
grounds and control the vegetation and weeds, 
which also returns organic matter to the soil on 
site.

Like most lawns and parks, many utility-scale so-
lar facilities in N.C. use a combination of mowing 
and herbicides to maintain the vegetation. When 
using herbicides, applicators are advised to be 
mindful of label instructions and local conditions. 
Herbicide persistence is affected by the organic 
matter content and moisture level of the soil. The 
importance of complying with legal responsibil-
ities in using the treatments cannot be stressed 
enough, especially for land located near surface 
water, land where the surface is near the water ta-
ble, or where application might carry over to other 
neighboring lands.

Herbicide use at solar facilities is typically similar 
to that in agriculture, and the types of herbicides 
used are similar between the two uses. As such, 
the impact of herbicides used at solar facilities on 
neighboring land and the environment is likely to 
be no more than that of conventional agriculture. 
Herbicide use differs widely among different crops 
and farming techniques, so the change in herbi-
cide appliance between agricultural and solar use 
will vary in individual cases, but in the aggregate, 
there is no reason to believe that solar facilities will 
result in more herbicide impacts on neighboring 
lands than do current agricultural uses.31 Herbi-
cide use can be discontinued 1-2 years before de-
commissioning of a site, minimizing any residual 
impact on crop production at former solar sites.32

A number of sites use sheep at low densities to 

maintain vegetation during the growing season, 
although the sheep do not fully replace the need 
for mowing and/or herbicide use. The sheep are 
leased from sheep farmers, and the demand for 
sheep at solar facilities has been beneficial for 
North Carolina’s sheep industry.33 The grazing of 
sheep at solar facilities incorporates local farm-
ers into the management of the sites, engaging 
the local community with solar development. The 
growth of solar farms represents a huge oppor-
tunity for the North Carolina sheep industry, with 
thousands of acres that are fenced well for sheep, 
and allow North Carolina farmers to diversify into 
new agricultural products for which there is in-
creasing demand.34

Toxicity

There is no significant cause for concern about 
leaking and leaching of toxic materials from solar 
site infrastructure.35 Naturally occurring rain is ad-
equate to generally keep the panels clean enough 
for good electricity production. If panels do need to 
be washed, the washing process requires nothing 
more than soap and water. Additionally, the mate-
rials used to build each panel provide negligible 
risk of toxic exposure to the soil, environment, or 
people in the community. Details about toxicity for 
aluminum and zinc are described below, and more 
information on the potential for human toxicity can 
be found in the NCSU Health and Safety Impacts 
of Solar Photovoltaics white paper. 

Aluminum

Aluminum is very common in soils around the 
world, including those common in North Car-
olina. In fact, the earth’s crust is about 7% 
aluminum, and most soils are over 1% alu-
minum!36 The aluminum is generally unavail-
able to plants as long as the soil pH is above 
about 5.5. In acidic soils many forms of alu-
minum become more bio-available to plants; 
this can be toxic to many plant species.37 This 
effect is one of the major reason many plants
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do not tolerate very acidic soils. The use of alu-
minum building materials releases negligible 
amounts of aluminum during their useful life be-
cause the material is so corrosion resistant.38 
The aluminum frames of PV modules are an-
odized which adds a very thin hard coating of 
aluminum oxide to the exterior of the aluminum 
that greatly improves aluminum’s already-high 
resistance to corrosion. Therefore, any minute 
amount of aluminum that could be released by 
corrosion from aluminum construction materials 
during the life of a solar project will not materi-
ally add to the thousands or millions of pounds 
of aluminum naturally present in the soil of a 
typical N.C. solar facility. The common practice 
of liming soils to maintain appropriate soil pH 
for crop systems alleviates most, if not all, con-
cerns about aluminum impacting crop growth in 
the future.

Zinc

Zinc from galvanized components, including 
support posts for solar panels, can move into 
the soil.39 Zinc from building material stock-
piles has been previously noted as a localized 
problem for peanut production in some North 
Carolina fields.40 While it is difficult to predict in 
advance the degree to which this will occur, it 
is relatively simple to collect soil samples and 
monitor this situation in existing installations. 
Analysis of zinc is included in routine soil test-
ing procedures used by the NC Department of 
Agriculture & Consumer Services Agronom-
ic Services Division Laboratory. Awareness of 
zinc concentrations in the soil, and any spatial 
patterns noted with depth and distance from 
structures, should allow producers to determine 
if the field is adequate for desired crops as is. If 
zinc limitations exist, awareness of concentra-
tions and spatial distribution patterns may indi-
cate the potential for deep tillage, liming, or crop 
selection alternatives required for successful 
agricultural use.  Of the agronomic crops grown 
in NC, peanuts are the most sensitive crop to 

zinc toxicity. Based on information from the 
N.C. Department of Agriculture and Consum-
er Services, there is risk of toxicity to peanuts 
when the zinc availability index (Zn-AI) is 250 
or higher, particularly in low-pH situations. Risk 
increases with increasing soil test levels, espe-
cially if pH management through a liming pro-
gram is not followed. For most other crops, zinc 
toxicity does not become problematic until the 
Zn-AI index reaches 2,000-3,000.41

Pollinators

Solar projects with appropriate vegetation can 
provide habitat for pollinators, as well as oth-
er wildlife.42 Rather than planting common turf 
grasses, some solar facilities are starting to 
use seed mixes of native grasses and pollina-
tor-friendly flowering plants as ground cover 
in solar facilities.43,44 This provides habitat for 
pollinators, which can be beneficial to neigh-
boring farms. Minnesota passed the country’s 
first statewide standards for “pollinator friendly 
solar” in 2016. According to Fresh Energy, a 
clean energy nonprofit in St. Paul, more than 
2,300 acres of these plants took root near solar 
panels last year, according to Fresh Energy.45 
Solar facilities can also cooperate with commer-
cial beekeepers to facilitate honey production, 
although this may conflict with providing habitat 
for wild pollinators.46,47 Pollinators provide ben-
efits for agricultural production at nearby farms 
where insect-pollinated crops are grown.48

Temperature Effects

Solar PV facilities can cause changes in the air 
and surface temperature of the space in which 
they are located. The effect of solar PV facili-
ties on surface and air temperatures is differ-
ent. Solar panels shade the ground on which 
they are located, reducing the surface (ground) 
temperature from what it would be without solar 
panels present.49 However, solar panels absorb 
solar radiation more effectively than do typical
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agricultural land surfaces due to their darker 
color, leading to an increase in air temperature 
directly above the solar panels as the absorbed 
radiation is released as heat. The decrease or 
increase for surface and air temperatures, re-
spectively, is around 2-4 degrees Celsius (3.6-
7.2 degrees Fahrenheit), depending on the type 
of land cover in the area.50, 51

Temperature effects on land outside the solar 
facility are much smaller. One study found that 
an air temperature increase of 1.9 degrees Cel-
sius directly over a solar farm dissipated to 0.5 
degrees Celsius at 100 meters in horizontal dis-
tance from the solar farm, and less than a 0.3 
degree increase at 300 meters.52 Another study 
found that a temperature difference of 3-4 de-
grees Celsius directly above a solar farm was 
dissipated to the point that it could not be mea-
sured at a distance of 100 feet from the solar 
farm’s edge.53 Meteorological factors can affect 
the range and size of any temperature effect on 
land nearby a solar facility, but even under very 
conducive circumstances the possible tempera-
ture increase for nearby land would be on the 
order of tenths of degrees. Studies have varied 
on the time at which temperature differences 
are most pronounced; one study noted as tak-
ing place in a desert landscape found that tem-
perature differences were larger at night,54 while 
another study found larger temperature differ-
ences during midday;55 differences in weather 
and landscape between the study locations 
may be responsible for the different results.

Decommissioning

If land used for a solar facility is to be returned to 
agricultural use in the future, it will be necessary 
to remove the solar equipment from the land. 
This process is known as decommissioning. 
Decommissioning is basically the construction 
process in reverse; it involves removal of the 
solar panels, breakup of support pads, removal 
of access roads, replacement of any displaced 

soil, and revegetation. 

Solar development often takes place on leased 
land, although it also occurs on land owned by 
solar companies. When leased land is involved, 
it must be determined whether the landowner 
or the solar developer bears responsibility for 
decommissioning. Responsibilities for decom-
missioning are lease-specific in North Carolina. 
It is important for landowners to consider de-
commissioning when setting lease terms, al-
though landowners may choose in some cases 
to accept decommissioning responsibility them-
selves. Although state rules on solar decommis-
sioning do not currently exist in North Carolina, 
local jurisdictions can choose to adopt regula-
tions pertaining to decommissioning. 

The materials recovered in the decommission-
ing process have significant economic value, 
which can help pay for the costs of decommis-
sioning. Some engineering analyses have indi-
cated that the salvage value of recovered mate-
rials is more than enough to pay for the removal 
of all the materials and to return the site to its 
pre-construction state.56,57,58,59

NCSU has produced several resources that 
provide more information on decommissioning. 
They include:

• Health and Safety Impacts of Solar Photo-
voltaics60

• Template Ordinance for Solar Energy De-
velopment in North Carolina61

• Working Paper: State Regulation of Solar 
Decommissioning62

• Landowner Solar Leasing: Contract Terms 
Explained63

Summary
The purpose of this paper is to explore the extent 
to which competition exists between solar devel-
opment and agriculture and the extent to which
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the agricultural productivity of land is affected by 
solar development. Discussion on this topic was 
divided into two sections: (1) Understanding the 
Context of Solar Development and Agriculture in 
North Carolina and (2) Weighing the Impact of PV 
Development on Agriculture. In these sections, in-
formation and tools were provided to aid in under-
standing the impact of solar development on ag-
ricultural land. Equipped with the information and 
tools provided by this paper, landowners may be 
able to better evaluate the viability of solar devel-
opment on their land.
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CASH RENTS COUNTY ESTIMATES - 2017 1 2 

Cnty/Dist/St 
Irrigated 

Cropland 

Non-Irrigated 

Cropland 
Pastureland Cnty/Dist/St 

Irrigated 

Cropland 

Non-Irrigated 

Cropland 
Pastureland 

($ / Acre) ($ / Acre) ($ / Acre) ($ / Acre) ($ / Acre) ($ / Acre) 

Purchase  .........  
    Ballard  .........  

    Calloway  .....  

    Carlisle  ........  

    Fulton  ..........  

    Graves  .........  

    Hickman  ......  

    Livingston  ...  

    Lyon  ............  

    Mccracken  ...  

    Marshall  ......  

    Trigg  ............  

    Other cntys  ..  

Midwestern  ....  
    Caldwell  ......  

    Christian  ......  

    Crittenden  ....  

    Daviess  ........  

    Hancock  ......  

    Henderson  ...  

    Hopkins  .......  

    Logan  ..........  

    Mclean  .........  

    Muhlenberg  .  

    Ohio  .............  

    Simpson  .......  

    Todd  ............  

    Union  ...........  

    Webster  .......  

    Other cntys  ..  

Central ............  
    Adair ............  

    Allen  ............  

    Barren  ..........  

    Breckinridge 

    Bullitt  ..........  

    Butler  ...........  

    Casey  ...........  

    Clinton  .........  

    Cumberland  .  

    Edmonson  ....  

    Grayson  .......  

    Green  ...........  

    Hardin ..........  

    Hart ..............  

    Jefferson  ......  

    Larue  ...........  

    Marion  .........  

    Meade  ..........  

    Metcalfe  ......  

    Monroe  ........  

255.00 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

255.00 

190.00 

180.00 

-- 

-- 

180.00 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

219.00 

160.00 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

136.00 

136.00 

120.00 

-- 

160.00 

135.00 

153.00 

123.00 

-- 

112.00 

-- 

-- 

135.00 

188.00 

156.00 

200.00 

134.00 

175.00 

-- 

194.00 

120.00 

209.00 

-- 

139.00 

-- 

194.00 

213.00 

206.00 

196.00 

143.00 

131.00 

115.00 

92.50 

135.00 

125.00 

-- 

110.00 

94.00 

62.50 

-- 

84.50 

88.00 

141.00 

127.00 

109.00 

-- 

162.00 

150.00 

130.00 

-- 

116.00 

28.00 

29.00 

24.50 

-- 

-- 

47.00 

-- 

32.00 

16.00 

22.00 

26.00 

24.50 

44.50 

28.00 

32.50 

38.00 

21.00 

16.00 

18.00 

-- 

29.00 

28.00 

33.50 

18.50 

13.00 

42.00 

42.50 

-- 

31.00 

38.50 

28.50 

27.00 

23.50 

35.00 

28.50 

18.00 

17.00 

28.00 

27.00 

19.00 

25.00 

25.00 

28.00 

30.50 

38.00 

-- 

42.50 

34.50 

30.50 

-- 

22.50 

Bluegrass  .......  
    Anderson  .....  

    Bath  ............  

    Bourbon  ......  

    Boyle ...........  

    Clark  ...........  

    Fayette  ........  

    Fleming  .......  

    Franklin .......  

    Garrard  ........  

    Harrison  ......  

    Jessamine  ....  

    Lincoln  ........  

    Madison  ......  

    Mason  .........  

    Mercer .........  

    Montgomery 

 .........................  

    Nicholas  ......  

    Robertson  ....  

    Scott  ............  

    Shelby  .........  

    Spencer  .......  

    Washington  .  

    Woodford  ....  

    Other cntys  ..  

Eastern/Mtn  ..  
    Bell  .............  

    Boyd  ...........  

    Breathitt  ......  

    Carter  ..........  

    Clay  ............  

    Elliott  ..........  

    Estill  ............  

    Floyd  ...........  

    Greenup  ......  

    Harlan  .........  

    Jackson  .......  

    Johnson  .......  

    Knott  ...........  

    Knox  ...........  

    Laurel  ..........  

    Lawrence  ....  

    Lee  ..............  

    Leslie  ..........  

    Letcher  ........  

    Lewis  ..........  

    Mccreary  .....  

    Magoffin  .....  

    Martin  .........  

    Menifee  .......  

    Morgan  .......  

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

96.00 

86.00 

64.00 

110.00 

110.00 

93.00 

117.00 

96.00 

-- 

-- 

85.00 

52.50 

85.00 

25.00 

88.00 

112.00 

68.00 

110.00 

-- 

110.00 

120.00 

124.00 

100.00 

80.00 

62.00 

70.00 

-- 

-- 

-- 

35.00 

-- 

-- 

43.00 

-- 

48.00 

-- 

30.00 

-- 

-- 

-- 

54.00 

20.00 

-- 

-- 

-- 

72.00 

-- 

29.00 

-- 

40.00 

33.00 

-- 

26.00 

22.00 

20.00 

37.50 

41.00 

30.00 

33.50 

27.50 

25.00 

34.00 

16.00 

27.50 

27.50 

12.50 

25.00 

37.00 

26.50 

-- 

-- 

25.50 

26.50 

20.00 

30.50 

34.00 

21.00 

17.00 

-- 

-- 

-- 

14.50 

-- 

-- 

15.50 

-- 

-- 

-- 

9.00 

-- 

-- 

-- 

20.00 

-- 

-- 

-- 

-- 

21.00 

-- 

-- 

-- 

-- 

14.50 

-- 
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Solar Farm Assessment Recommended Guidelines 

All commercial solar farms would be classified as public service 

companies (PSC), titled as an Electric Power Company, subject to central 

taxation by the DOR as directed by KRS 136.120. 

Solar farms should only start filing the form 61A200 after the farm goes 

online and begins selling electricity to customers. Prior to being 

operational, the land would be picked up by the PVA as real estate and 

any construction work in progress on the solar farm would be filed on 

the tangible personal property return, form 62A500. 

The main criteria used to differentiate a public service company from all 

other types of solar operating systems: 

• The PSC owner has a business profit motivation.
• The primary intent of the PSC owner is to sell the majority of

electric power directly to other electric companies (KU, LGE,
TVA, KY Power, RECC’s, etc.) via the grid.

• The primary intent of the PSC owner is to sell the majority of
electric power directly to consumers (industrial plants,
commercial businesses, homeowners, etc.) via the grid.

• The PSC owner’s intent is not to use the electricity for their
personal home use, farming use, and/or private business use.

• The PSC owner’s intent is not to gain energy credits on their
personal and/or business electric bill.

For public service companies, the solar electric equipment would 
be classified as follows: 

Manufacturing machinery, 15₵ per $100 state rate only

• Solar Panel
• Inverters & Converters, Transformers,Trackers, Batteries
• Mounting racks, stands, frames & hardware
• DC meters, junction/combiner boxes, solar strings, breakers, control

switches, regulators
• DC Above Ground & Underground Cables & Connectors

Tangible personal, 45₵ per $100 state rate & full local rates 

• Above ground transmission power lines/wires/poles and related equipment
• AC switchgears, Meters, Breakers, Control Switches, Regulators
• AC Above Ground & Underground Cables & Connectors
• Security Systems,Communication Equipment
• Computer systems, monitor & control systems and SCADA systems
•Real property, 12.2₵ per $100 state rate & full local rates 

• Land used for the Solar Panels
• Right-of-ways, Conduits, Buildings, Shelters, Huts, Fencing

Solar farms will need to file a form 61A200 with the Department of Revenue 

every year. The deadline is April 30 of each year. Extensions may be granted 

for 30 days if the extension is requested in writing before April 30 and

includes a report detailing any increases or decreases in property of $50,000 

or more in any taxing jurisdiction (KRS 136.130). Incomplete extension 

requests will be denied and a penalty may apply. No extension will be granted 

beyond May 30.  

In addition to form 61A200, electric power companies are also required to file 

Schedules A, B, C, D, D1, I, J, K, K2, L, N1 – N3, R, S, U, CI, Z. These can all be 

found with the form 61A200 on the Department of Revenue website, 

https://revenue.ky.gov. 

If a property owner has solar panels on a residence or business, the panels may 

or may not add a significant contributory value to the property. The PVA should 

estimate the cost information or obtain the cost information from the property 

owner, and determine a value to be added to the assessment.  

Any questions regarding solar farms should be directed to Robert Carbin with 

the Public Service Branch, 502-564-7148. 

https://revenue.ky.gov/
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Solar and Agricultural Land Use Can Occur Harmoniously  
As solar continues to expand into new markets, both rural and urban, land use discussions are likely to occur. In 
these discussions, it's important for participants to understand that solar in not a threat to agricultural activity, but 
rather a harmonious development that can assist the farming community.  

• Solar can provide land with an opportunity to recover, when paired with the planting of native grasses and 
pollinators and be used for agricultural purposes in the future. 

• Farmers can utilize solar as a steady revenue stream to help smooth out the impact of grain and produce 
market volatility. 

• Installations of utility-scale solar continue to expand; however, they are still not a significant cause of the loss 
of agricultural land.   

Solar Land Needs in the U.S. 
As ground-mounted solar is expanding into more states, 
developers and farmers are looking to agricultural land for 
installations. Though renewable energy critics have claimed that 
ground-mounted solar farms are taking up large swaths of 
viable agricultural land, expanding urban areas and residential 
development accounted for nearly all lost farmland.1 In the last 
decade, while North Carolina rose to become the #2 state in the 
U.S. in solar installations, the state lost one million acres of 
cropland to development and housing, yet only 1% of that total 
was due to solar development.2  Moreover, many solar 
developments strengthen agricultural communities and 
augment local agricultural production.  

Even as installations of utility-scale solar continue to 
expand, they still do not pose a significant risk to the 
loss of agricultural land. To generate enough electricity 
to power the entire country, solar facilities would need 
to occupy roughly the same area devoted to surface 
coal mining,3 with a much cleaner outcome.  

In Pennsylvania, the Department of Environmental 
Protection found that only 124 square miles (79,200 
acres) of land will be needed to increase grid solar 
sufficiently to generate 10 percent of electricity.4 This is 
less than three-tenths of 1 percent of Pennsylvania's 
total land area of 46,055 square miles. In addition, land 
that is already in use, such as landfills and abandoned 
mine land, could also host grid-scale solar installations. 

 

1 https://www.agweek.com/business/agriculture/4443480-31-million-acres-lost-development-cuts-us-farmland   
2 North Carolina Sustainable Energy Assn, “North Carolina Solar & Agriculture” (April 2017). https://energync.org/wp-
content/uploads/2017/04/NCSEA_NC_Solar_and_Agriculture_4_19.pdf.  
3 https://solar.gwu.edu/how-much-land-would-it-take-power-us-solar  
4 https://www.dep.pa.gov/Business/Energy/OfficeofPollutionPrevention/SolarFuture/Pages/Pennsylvania's-Solar-Future-Plan.aspx  
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Solar Allows Land to Recover 

Soil can be improved by planting native grasses/pollinators and effectively letting the soil rest. In the future, when a 
solar project is decommissioned, farming can once again resume on that land. This is a stark contrast to other 
development, which often leaves land unusable for agriculture.5,6 After the panels are installed, native vegetation—
often friendly to bees and other pollinators—is planted. The deep roots of the planted native vegetation retain more 
water than turf grass and gravel during heavy storms and periods of drought. They also help retain topsoil and 
improve soil health over time, even in "brownfield" areas with polluted soils.7 

Solar Projects Provide Economic Benefits to the Farming Community 

Solar paired with native grasses and pollinators can provide overused soil an opportunity to recover and a healthy 
revenue stream to farmers.  

• Keeps farmers on their land
o Solar lease payments tend to be higher than leasing for traditional agriculture operations.
o Farming is an extremely low-margin, competitive industry. If a farmer can add solar to a portion of their

property and get a long-term steady income, it can help them to keep their farm.
o Steady income from solar projects means that farmers are less vulnerable to fluctuations in market

prices or crop yields.
• Downstream benefits from O&M and tax revenue have lasting positive community impact
• Solar can offset power required for pumping and provide electricity to remote irrigation systems
• Provides substantial tax revenue to local communities.8 Detailed data collection in NC shows local tax revenues

up 2000% after the state’s big solar build up through 2017.9

• Provides local construction jobs

NREL, Photos by Dennis Schroeder 

Co-location of Agricultural Activities and Solar 

Solar and agriculture are not mutually exclusive. In fact, the U.S. Government incentivizes co-locating solar with 
agricultural production. USDA’s REAP program provides grants to those interested in investing in solar energy. 
However, to qualify, applicants must receive at least 50% of their income from agricultural operations.10 Additionally, 
pollinators and sheep farmers are two examples of co-located agricultural activities that exist in harmony with solar 
projects.11 According to a study, co-location and solar grazing bring net positive benefits for both farmers, in the form 
of additional income, and solar facilities, through increased energy production and reduced maintenance expenses. 
Please see SEIA’s Multiuse Farming Factsheet for more information. 

5 https://www.nrel.gov/news/features/2019/beneath-solar-panels-the-seeds-of-opportunity-sprout.html 
6 https://www.energy.gov/eere/solar/farmers-guide-going-solar 
7 https://www.nrel.gov/news/features/2019/beneath-solar-panels-the-seeds-of-opportunity-sprout.html  
8 North Carolina Sustainable Energy Assn, “North Carolina Solar & Agriculture” (April 2017). https://energync.org/wp-
content/uploads/2017/04/NCSEA_NC_Solar_and_Agriculture_4_19.pdf. 
9 https://energync.org/wp-content/uploads/2019/07/Small_Increased-NC-County-Tax-Revenue-from-Solar-Developmentv3.pdf
10 https://www.rd.usda.gov/files/RD_FactSheet_RBS_REAP_RE_EE.pdf 
11 https://energync.org/wp-content/uploads/2017/04/NCSEA_NC_Solar_and_Agriculture_4_19.pdf 



Pollinator Job Sheet January 2019

SOLAR ARRAY POLLINATOR
HABITAT ESTABLISHMENT

Description
The purpose of this practice is to enhance 

vegetative cover with habitat for pollinators. By 

establishing this cover, butterflies, bees, other 

insects and some birds which are important for the 

pollination of many plant species will have a 

variety of food and nectar sources. 

The vegetation established will  be a diverse mix of

at least 9 pollinator-friendly shrubs (optional), 

legumes or wildflowers; it must provide at least 

three species in each of the bloom periods 

(early, middle, and late). Forbs and 

wildflowers shall be planted at the rate of 25-30 
PLS per square foot(minimum).

Grasses may be used in mix at no more than 

25% of mix based on PLS per square foot.  

Native Grasses should be used. Little Bluestem is
highly recommended. Only “short” Native 

Grasses should be used. Tall grasses such as 
Indiangrass, and Big Bluestem tend to 
outcompete other species and therfore shouldn't 
be used. 

Perrennial Establishment 
Given the nature or perennial plants these stands 
will take time to develop. In most cases it takes 
3-4 years before a stand is considered
established and most of the species from the
seed mix will be visible. Some species may even
take longer. Patience is must when establishing
native perennial plants.

Establishment Overview 
Because some of the seeds are light, hairy or fluffy, 
the best results are obtained using a specialized 
drill. Broadcast seeding may also be an option for 
the small areas planted to the legumes or 
wildflowers found in the pollinator mix. The 
germination times may vary between the many    
species included in the mix.

Site Preparation and Planting 
Apply soil amendments as needed and described 

on the specifications sheet. Soil amendments, if 

needed, shall be applied prior to seedbed 

preparation or before planting if a no-till drill is 

used. Normally, the application of lime and/or 

fertilizer is not needed when establishing native 

legumes and forbs.
Because planting depth is critical for these plants, a 

firm, level seedbed is necessary. Also, because 

some species germinate later than most other 

plants typically found in fields, it is important to have 

a weed-free seedbed. In some cases, site

preparation may be necessary the year before 

seeding. 

Seeds should be planted no deeper than ¼ inch. If 

planted properly, it is acceptable to see some seed 

on the surface after planting. If drilling, ensure that 

the drill is properly calibrated and set up. 

Seed the species listed on the specifications sheet. 

Seed at rates and according to methods described on 

the specifications sheet. 

Full articale at https://energizeohio.osu.edu/sites/energizeohio/
files/imce/OPHI%20Pollinator%20Solar%20Job%20Sheet%
202019.pdf



                      No-till Planting 
The first step is to kill or suppress existing 
vegetation. If planting into an existing sod, 
treatment will need to begin the year before 
planting. Mow the existing sod and follow with 
a fall application of appropriate burndown 
herbicide to control grasses and broadleaved 
plants. New growth will occur in the spring 
prior to planting, so an additional burndown 
treatment may be necessary. If the previous 
crop was a row crop, use a non-selective 
burndown herbicide to control existing 
vegetation at the time of planting. Once 
competing vegetation is controlled, use a drill 
designed for no-till seeding these kinds of 
plants. Seed should be drilled uniformly at a 
depth no greater than ¼ inch. 

                Prepared Seedbed 
A firm seedbed is important when seeding 
native grasses. Initial tillage (plow, chisel, 
disc) should begin at least a month prior to 
seeding. About 2 weeks should be planned 
between initial tillage or construction final 
grading and final seedbed preparation to 
allow the weeds to germinate and be killed by 
the final seedbed preparation. A non-selective 
herbicide can be used prior to seeding to 
control weeds, especially the perennial 
weeds. The final seedbed if tilled should be 
cultipacked until firm enough to leave 
footprints only1/4 to 1/2 inch deep. Once the 
seedbed is prepared, seed the area by: 

• Drill Seeding – Uniformly drill the seed ¼
inch deep

Maintenance during Establishment 

OR 

• Broadcast Seeding – Use an “air-flow”
fertilizer applicator or broadcast seeder
capable of handling these seeds to uniformly
seed the area. A carrier may be needed if
using a fertilizer spreader. Cultipack again
after broadcast seeding to achieve seed
coverage and seed-to-soil contact. Rolling
or cultipacking before and after
broadcasting seed should be performed for
all broadcast seedings that occur outside of
the dormant seeding period. All slopes
must be smooth and free of gullies and/or
rills

                        Seeding Dates 
The best time to seed the forbs and legumes is 
April 1 until May 30. Dormant seedings may be 
done from December 15 until March 1. 

Mow, clip or spray during the growing season to 
control weeds, insects or other undesirable 
species. Do not mow shorter than 10-12 inches. 
The goal the seeding year is to reduce the shade 
pressure that weeds can exert on the plant 
seedlings, and reduce any annual weed seed 
introduction. The seeding should be mowed at 
least twice before mid August. The use of  
herbicides labeled for some native forbs and 
legumes have proven to be very effective in 
helping the seeding get established.  However, 
some caution must be used so that these materials 
do not harm desirable species included in the mix.

Areas that fail to become established should be 
re-seeded during the next seeding period. 

                        Stand Evaluation 

Native forbs and legumes often have slower 
germination than typical introduced cool-season 
grasses and legumes. It is appropriate to give 
the stand sufficient time to develop when 
evaluating stand success. 

                      The Initial Evaluation 

The Evaluation should be made 6-8 weeks after 

planting. Check and record seedling density 

(plants per square foot) and distribution in 

several areas of the field. This is also a time to 

check weed pressures. If it appears that 

undesirable cool season grasses and legumes 

are overtaking the desired species, consider 

using an Imazapic or Clopyralid herbicide over 

the top to kill or suppress the cool season 

grasses. 



The Second Evaluation

This Evaluation should be made in late summer
of the seeding year to evaluate stand 
adequacy based on density of established 
plants. An average of at least 2-4 strong 
seedlings per square foot should be the 
minimum acceptable stand. 

The Final Evaluation

This Evaluation should be made during the early
summer of the second year. If an average of 2 
healthy plants are found per square foot, a 
successful stand and cover should be 
accomplished. 

Maintenance after Establishment

After the initial establishment is completed, 

maintain the planting according to your 

conservation plan. Maintenance activities should 

only be performed between between July 16th 
-20th, October 1st and February 28 (This follows
the monarch mowing schedule and is outside 
outside of the primary nesting and brood-rearing 
season for Ohio).

Scout fields in May to early June to identify 
problems such as thistle, johnsongrass, other 
noxious weeds or trees. These may need 
treatment to control. 

Spot treatment necessary to control noxious 
weeds or pests that will damage the cover may 
need to be treated. Try to avoid treating 
affected areas during the primary Wildlife and 
Monarch nesting and season (March 1 to 
October 1): If treatment is necessary during 
the primary nesting seasons the method used 
should be the least damaging to nesting wildlife 
and Monarch habitat.

Mow no shorter than 10-12 inches. Do not mow 
after August 15th in order to allow regrowth for
winter cover and nectar for pollinators. Mowing 
shorter than 10 inches will also damage or kill the 
desired species and promote cool season 
grasses. 

Periodic mowing, mowing for cosmetic 
purposes and annual mowing for generic weed 
control are not recommended and can be 
detrimental to the stand. 

I
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How do solar & agricultural labor requirements compare
To understand Solar impact on labor requirements, let’s look at the 1350 acre Hillcrest Solar farm near Mt Orab, OH.

part of Hillcrest Solar Farm

First, we must determine, how much labor is needed for the row crops previously raised on the site. The University of Illinois estimates $48 of labor is needed to grow each acre of corn or

soybeans. if all 1350 acres were in crops, that land required $64,800 of labor.

Hillcrest expects �ve full-time and �ve part-time employees. Since $64,800.can not possibly support that many employees, it is obvious that Solar will increase the employment of the

community.

Hillcrest Panels

Page 1 / 1 Zoom 100%
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INTRODUCTION
With continuing cost declines, solar power is playing 
an increasingly important role in how states meet their 
energy needs. Across the South, local communities, 
utilities and solar developers are seeing the benefits of 
solar energy through customer savings, energy in-
dependence, environmental benefits, and economic 
development. Solar farms above 1 megawatt in size 
make up a growing portion of this changing energy 
landscape. During the planning and regulatory approv-
al stages of developing a solar farm, there are currently 
many review processes in place to evaluate and mini-
mize environmental impacts.   
The purpose of this policy brief is to provide an over-
view of the Environmental Review Processes that most 
solar farms in the Southeast currently go through, and 
to provide examples of best practices that developers 
are embracing to maximize benefits and minimize 
environmental impacts. 

Setting the Stage:   
The Benefits of Clean Solar Energy
Solar power is a clean source of energy, especially when 
compared to alternative sources of electricity. In the 
Southeast, our electricity has traditionally come from 
fossil fuel sources, like coal-fired power plants, which 

produce negative environmental impacts, from dirty 
air to coal ash waste to overburdened water resourc-
es and carbon emissions. Fossil-fuel fired generating 
units are the leading contributor of climate-altering 
pollution in the United States. 
By contrast, solar power generation is largely carbon- 
and pollution-free. Even when considering lifecycle 
greenhouse gas emissions—those that occur from 
manufacturing, operation and maintenance, and 
decommissioning solar facilities—solar generation 
produces less than one twentieth of the emissions of 
coal generation.1  
The two graphics below compare some of the envi-
ronmental impacts of common energy sources. Solar 
energy not only generates fewer lifecycle greenhouse 
gas emissions than coal, but also uses much less water. 
Solar farms have smaller land use footprints than coal, 
biomass, nuclear or natural gas. A Columbia Univer-
sity study found that on a life-cycle basis—including 
direct and indirect land impacts—utility-scale PV 
requires less land than the average U.S. power plant 
using surface-mined coal, which is how 70 percent 
of all coal in the United States is extracted. The study 
also found that, when comparing various renewable 
resources, both biomass and nuclear energy resulted 

Solar plants average 25 years8 of operation compared to coal and natural gas plants which average 30 years,9,10 
and nuclear plants which average 34 years.11 

Solar uses a  
fraction of the water  

compared to  
natural gas,  

nuclear  
and coal.3

Solar
20 gallons4  

used per kWh

Coal
790 gallons7  

used per kWh

Natural Gas
405 gallons5  

used per kWh

Nuclear
575 gallons6 

used per kWh

Even accounting for the  
full life-cycle impacts, solar  
produces less than 5%  
of coal’s carbon emissions.2 CO2



in more land impacts than solar power.12 A study of 
renewable energy impacts in the western United  
States found that active oil and gas leases impact  
4.5 percent of each terrestrial ecosystem evaluated, 
with a total potential for land disturbance in excess 
of 11.1 percent. In contrast, the potential land-cover 
impacts from utility-scale solar amount to less than  
1 percent of all ecosystems combined.13 
Even if solar farms alone were to supply 100 percent  
of America’s electricity needs, solar installations would 
still only occupy 0.6 percent of the country’s total land 
area, or less than 2 percent of U.S. land that is now in 
crop production.14 By comparison, that is less land 
than is currently being used for corn ethanol produc-
tion in our country.15     
The advantages of solar generation go beyond reduced 
pollution, minimal water usage, and smaller land-use 
footprints. Solar power diversifies our energy supply, 
provides a hedge against volatile fuel prices, avoids 
the need for new transmission infrastructure, pro-
duces peak energy output when utilities need it the 
most, decreases stress on existing distribution and 
transmission lines, increases opportunities for rural 
electrification, and produces much-needed economic 
development benefits.
Nationally, there are now more workers in the solar 
industry than there are jobs in natural gas, and over 
twice as many solar jobs as coal jobs. In fact, solar 
industry employment has grown 17 times faster than 
overall job creation in the country.16 In addition to 

new jobs, solar project development provides econom-
ic investment and revenue generation for local com-
munities. For example, billions of dollars have been 
invested in North Carolina as a result of solar projects 
and approximately $300 million has been generated 
for state and local governments in tax revenue.17       
Solar power provides many benefits over fossil-fuel 
based electricity generation. Still, solar farms do have 
some land-use impacts. Large-scale projects typically 
require 5-8 acres for every megawatt of generation 
(contingent upon the use of fixed tilt or single axis 
tracking technology), and can have impacts that 
accompany other land uses, such as effects on water 
resources, habitat, and sensitive species. Because of 
these potential impacts, existing federal and state laws 
and local ordinances in many places provide for envi-
ronmental review of such projects. Some solar project 
developers are going beyond these requirements, find-
ing new and innovative ways to maximize the benefits 
of their projects and minimize land-use impacts. 

ENVIRONMENTAL REVIEW  
REQUIREMENTS FOR SOLAR  
FARMS IN THE SOUTHEAST
The following Environmental Review processes 
currently apply to most solar farms in the Southeast.  
Specific state review procedures may differ, but the 
environmental impact considerations outlined below 
are likely to be examined across the region, helping to 
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For example, Taylor County in Georgia estimates that new local solar projects will bring in as much as $40 million 
for the county in property taxes and permit fees over the next 20 years.18 Similarly, the University of Alabama  
recently estimated that a proposed 640-acre solar farm in Lauderdale County would provide $20 million in local 
benefits over a 30-year period and would involve over 400 jobs during the construction phase, in addition to  
positions for long-term maintenance of the site.19 North Carolina, which ranks second in the nation for installed  
solar capacity, has an estimated 450 solar industry companies and over 4,000 jobs in the industry.20

$40 million  
in tax revenue 
for rural Taylor 
County

640-acre solar farm  
in Lauderdale County 
$20 million in local benefits
Over 400 jobs during  
construction 

450 solar companies
Over 7,000 solar jobs

GA

AL
NC



ensure that solar is developed with minimal environ-
mental impact. 

Compliance with Federal, State and Local  
Environmental Laws
Solar farm development must comply with federal and 
state environmental laws. Applicable federal statutes 
may include the National Environmental Policy Act 
(NEPA), the Endangered Species Act, and the Clean 
Water Act. 
NEPA requires a review of the effects of all Federal, 
federally assisted, and federally licensed actions, such 
as siting a project on federal lands, accessing feder-
ally-owned transmission lines, or obtaining a federal 
permit.21 The level of review given to different projects 
varies with the likelihood of significant environmental 
impact, but for all federally associated projects, some 
level of assessment will be required.22 The most common 
solar development requirement under NEPA is called an 
Environmental Assessment (EA). An EA is a public doc-
ument, usually completed and paid for by the developer, 
which provides sufficient evidence and analysis to assist 
the agency in determining whether to prepare a more 
extensive Environmental Impact Statement (EIS) for a 
proposed action, and to comply with NEPA when no 
EIS is required. Developers can increase their chances 
of limiting environmental review to an EA, avoiding the 
need for a more extensive EIS, by minimizing project 
impacts and including mitigation measures in the initial 
proposal.23 See Appendices II and III for more informa-
tion on NEPA.
Projects that may affect threatened or endangered 
species or their habitat require compliance with the 
Endangered Species Act (ESA).24 The ESA requires that 
a federal agency authorizing, funding, or carrying out 
any action that may affect protected species consult 
with the U.S. Fish and Wildlife Service (FWS).25 Project 
developers should work with the reviewing agencies to 
engage the FWS in a discussion about impacts to species 
protected by the ESA. For utility-scale solar projects 
requiring federal approval, a Section 7 consultation will 
occur as part of the federal permit review process. Al-
though such consultation is required only for activities 
that involve federal action or approval, project develop-
ers are advised to consult with FWS when there is even 
a possibility for protected species impacts due to poten-
tial liability under Section 9 of the ESA, a strict liability 

Sensitive Species Case Study:  
The Gopher Tortoise
The State of Georgia is seeing increased solar 
farm development, especially on rural lands,  
resulting in significant economic development 
benefits for rural communities. This increase  
has also raised concerns over the protection of  
sensitive species such as the gopher tortoise,  
the official state reptile and a candidate for the 
federal endangered species list. 
The same land that comprises the tortoise’s hab-
itat is also ideal for solar developers. The tortoise 
likes sparsely forested land where it can burrow 
into the sandy soil. This particular habitat is also 
home to other species such as gopher frogs, in-
digo snakes, and hognose snakes. Wildlife agen-
cies and developers are taking steps to address 
the concerns over potential tortoise impacts. 
The wildlife agencies are developing maps of 
critical habitat locations and are partnering with 
solar developers to select sites that minimize and 
mitigate impacts to wildlife and these sensitive 
species. Georgia Power has already established 
a refuge for gopher tortoises and should continue 
to address this environmental concern and assess 
ways to alleviate wildlife impacts. 
Where sensitive species exist, in Georgia and 
elsewhere, steps must be taken to protect those 
species when undergoing any type of devel-
opment activities, including solar farms. Other 
species of concern in the Southeast include the 
bald eagle, Indiana bat, northern long-eared bat, 
and other birds, reptiles, and amphibians. Careful 
planning and use of best management practices 
during solar project development can relieve the 
burden on these affected species and ensure  
that these species continue to thrive in our region.

3



provision that does not require intent or knowledge of 
a violation. Early consultation with the FWS to identify 
potential impacts to protected species can help to mini-
mize potential liability under this Act. 
Clean Water Act provisions must also be met if a solar 
project will cause a discharge of pollutants into certain 
surface waters or require filling wetlands.26 If so, project 
developers will need to obtain authorization from the 
U.S. Environmental Protection Agency (EPA) or the 
U.S. Army Corps of Engineers, depending on the type 
of permit required.27   
Finally, utility-scale solar projects are usually subject to 
state environmental statutes that may require additional 
compliance measures. Many states have their own ver-
sions of NEPA, which require compliance for actions 

taken by state entities affecting the environment. In 
addition, developers may need a state or local permits 
requiring the use of best management practices to 
limit soil erosion and sedimentation during the land 
disturbance phase of the project (Clean Water Act 
permitting is usually delegated to state environmental 
agencies by EPA). Furthermore, state utilities com-
missions or energy facility siting commissions may 
require additional permits for the construction and 
operation of solar generation facilities.
For more information on federal and state environ-
mental statutes and other regulatory requirements, see 
Appendix III.

Specific Land Use Issues Addressed in  
Environmental Review of Solar Farms
Federal, state, and local environmental review pro-
cesses for solar farms in the Southeast address a range 
of potential impacts, which are summarized below.  
Within each of these areas, this report recommends 
approaches that developers can use to further mini-
mize impact. 

1. Efficient Land Use 
Early mapping for proposed solar projects can identify 
biological and cultural resources, agricultural lands, 
and regional land use patterns to identify areas where 
solar development will have the least amount of land-
use impact. Using land efficiently can involve siting 
projects on previously disturbed or altered landscapes 
or prioritizing areas that will make use of existing 
transmission infrastructure. Seeking sites where 
multiple compatible land uses can be maintained 
simultaneously is another way to make efficient use of 
land. Such locations may include agricultural lands, 
other energy projects such as gas plants or wind farms, 
closed landfills, parking garages, existing buildings, 
and other sites. Siting projects in dual-use locations 
can benefit the surrounding environment, the devel-
oper, and the co-locating entity.

2. Minimize Wildlife Habitat Disturbance and  
Protect Ecology

When developers are siting a project, there are exist-
ing resources available to help avoid critical habitat 
and sensitive wildlife areas. These resources include 
mapping tools and technologies currently provided by 
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North Carolina's Solar Permitting  
Requirements
In North Carolina, which ranks second in the 
nation for installed solar capacity, there is an in-
tensive state-level review process for proposed 
solar farms. Before a solar project is installed 
or operational, the solar developers must meet 
federal, state, and local requirements designed 
to ensure that the solar farm will not negatively 
impact local land, farmland, wildlife, or cultural 
resources. In addition to meeting any relevant 
federal requirements, a North Carolina solar farm 
developer must submit an application for a Certif-
icate of Public Convenience and Necessity to the 
North Carolina Utilities Commission. The appli-
cation is then passed through the North Carolina 
State Clearinghouse for environmental review, 
where agencies have an opportunity to comment 
on proposals. The Certificate will not be grant-
ed without review by the following statewide 
agencies:  Department of Environmental Qual-
ity, Department of Administration, Department 
of Agriculture and Consumer Services, Wildlife 
Resources Commission, Division of Emergency 
Management, Department of Cultural Resources, 
and the Department of Transportation.   
If a project makes it through the State Clear-
inghouse for Environmental Review, it is then 
subject to local review and approval, and must 
comply with relevant local ordinances or zoning 
restrictions.



state and federal wildlife agencies and non-profit con-
servation organizations to identify and avoid areas of 
potential conflict.28 In many cases, there is also existing 
information on species and habitats in a potential proj-
ect area. Contacting appropriate agencies early in the 
planning process can also help to identify ecologically 
sensitive areas.
If during a site evaluation sensitive areas are discov-
ered, developers should attempt to relocate or redis-
tribute the project. Where impacts appear unavoidable, 
developers should consult federal and state wildlife 
agencies to discuss ways to minimize disturbances to 
wildlife and their habitat. While species relocation and 
other post-siting remediation may be possible, these 
measures are expensive and frequently ineffective, 
because they do not guarantee the long-term protection 
of the threatened species or habitat.29 This is another 
reason developers should seek to identify and avoid 
biologically sensitive areas before beginning project 
development. 
Developers can further minimize impacts by using 
existing roads, previously disturbed areas, and existing 
facilities whenever possible. Developers should avoid 
excessive vegetation removal and gravel placement—
which may cause dust pollution harmful both to the 
environment and to PV output—and should consider 
leaving protective buffers. Buffers of 25 feet or more, 
either natural or man-made, can protect important re-
sources such as critical habitat and water. Unnecessary 
nighttime lighting should also be minimized to avoid 
attracting migratory birds and other wildlife. Workers 

should schedule construction activities to avoid dis-
turbing wildlife, especially in periods of the day or year 
during which wildlife are most vulnerable.  

3. Protecting Water Resources 
Solar farms use much less water than other forms 
of electricity generation. To further minimize water 
impacts, developers should strive to avoid stream and 
wetland impacts, including limiting stream crossings 
for access roads where possible, avoiding altering ex-
isting drainage systems, and rigorously implementing 
best practices for preventing erosion and sedimenta-
tion during site construction activities. Typically in the 
Southeast, limited water use is required for such uses 
as cleaning PV panels,30 and developers should consid-
er options for sustainable, re-usable sources for these 
limited water needs. 
Special care should be taken to protect wetlands, which 
serve vital ecological functions, including protecting 
drinking water by filtering out chemicals, pollutants 
and sediments; providing natural flood control by ab-
sorbing runoff from heavy rains; and providing critical 
habitats for many important fish and wildlife. For these 
reasons, developers should enforce a protective buffer 
around wetland areas to ensure the protection of these 
important ecological resources. 
Further, developers should consider other ways to pro-
tect the vital functions of wetlands in developing solar 
projects, including by: 1) minimizing soil disturbance 
associated with moving trees, stumps, brush, and other 
unwanted vegetation near wetland areas; 2) limiting 
erosion, overland flow, and runoff that could impact 
wetlands; 3) preventing disposal or storage of logs or 
logging debris in streamside management zones—de-
fined areas adjacent to streams, lakes, and other water 
bodies—to protect water quality; and 4) maintaining 
the natural contour of the site and ensuring that ac-
tivities do not immediately or gradually convert the 
wetland to a non-wetland.

4. Land Reclamation and Restoration
Unlike a coal mining site, which must eventually be 
reclaimed or otherwise remain unusable, solar sites do 
not always require reclamation. Solar panels have an es-
timated life span of at least 25 years, and can readily be 
replaced with new panels, possibly eliminating the need 
for site reclamation. In cases where there will be a need 
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Local Review of Solar Farms
City and county governments are often charged 
with decisions about local land use, siting and 
permitting. The goal should be to balance local 
community needs and prevent adverse impacts, 
while preserving landowners’ right to make 
clean energy investments on their property. 
Local decision-makers may want to consider 
establishing best practice permitting guidelines. 
Diverse stakeholders came together in North 
Carolina to craft a template local solar ordinance 
that can serve as an example for localities.  
This template is available at  
go.ncsu.edu/template-solar-ordinance.



to remove above-ground facilities, reclamation 
plans can help ensure that it is done appropriately, 
and developers may want to include reclamation 
plan funds in their operations and maintenance 
budgets.31   

5. Sustainable Grounds Keeping
For sustainable grounds keeping, developers 
should select and plant native species. Benefits of 
native shrubs and groundcovers, such as grasses 
and wildflowers, include improved erosion control, 
pesticide avoidance, stormwater infiltration, wildlife 
habitat, and reduced overall maintenance. In addi-
tion, native fruiting and flowering plants provide a 
food source and habitat for wild native bees. Native 
bees make a considerable contribution to agricultur-
al crops through pollination. Promoting habitat for 
native bees and other pollinators can have a positive 
ecological impact on disturbed sites, as well as, a 
positive economic impact on neighboring insect-pol-
linated crops.
Planting native grasses and wildflowers in low main-
tenance areas of solar farms also reduces long-term 
maintenance costs and emissions. These naturalized 
meadows, once established, are more drought toler-
ant, require little to no fertilization, and only need to 
be mowed once or twice a year.
In addition to more sustainable plantings, develop-
ers should also consider using sheep for grazing the 
project site.  Sheep can greatly reduce emissions from 
gas powered maintenance equipment, improving air 
quality and reducing noise pollution.
Sustainable landscaping strategies serve as an educa-
tional tool to the community about positive agricul-
tural and environmental practices, and act as a visual 
demonstration of commitment to land stewardship.

6. Partnership and Consultation with  
Environmental and Wildlife Agencies 

Coordinating with natural resource agencies early  
in the project development process can make  
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Recycling Solar Panels
The two most common types of solar panels—
silicon-based and thin film—are both required to 
pass the Environmental Protection Agency’s  
Toxic Leaching Characteristic Procedure (TCLP) 
test, meaning that these panels are nonhazard-
ous.32 In fact, PV panels are made of mostly very 
recyclable materials, including glass and alu-
minum, making it feasible to recover and reuse 
these materials at the end of a panel’s useful 
life. The Solar Energy Industries Association 
(SEIA) recently launched a national solar panel 
recycling program. Working with solar manufac-
turers and developers, SEIA’s program creates 
a network of cost-effective recyclers that can 
responsibly manage solar PV waste and end-of-
life disposal of the panels. SEIA is also investing 
in research and development of recycling tech-
nologies to promote reuse of solar panels.33  

“Our goal is make the entire solar industry 
landfill-free,” said Tom Kimbis, SEIA’s interim 
president. “By establishing a national network 
of collection points, recycling facilities, and an 
easy-to-use consumer web portal, this proac-
tive program will help drive down the cost of 
recycling for all parties involved. This means the 
environment wins and so do our solar consum-
ers and companies.”34 

Solar Panels and Your Health
Unlike fossil fuel energy sources, solar panels 
do not produce harmful emissions. There are no 
confirmed health impacts from solar panels at 
levels encountered by the public.35 In fact, solar 
panels produce a lower electromagnetic field 
exposure than most household appliances, such 
as televisions and refrigerators.36



environmental review procedures smoother and can  
help ensure protection of wildlife species and the 
surrounding environment. Relevant federal agencies 
include the U.S. Fish and Wildlife Service, U.S. Envi-
ronmental Protection Agency, U.S. Department of  
Energy, U.S. Army Corps of Engineers, National  
Marine Fisheries Service, and Bureau of Land  
Management (for projects on BLM land), among  
others. Developers should also communicate with  
state and local agencies, such as state soil conservation 
commissions and local permit issuing authorities.

ADDITIONAL SITING CONSIDERATIONS 

1. Stakeholder Engagement and Education 
Stakeholder engagement is a key component of large-
scale solar development. The more the developer  
understands local values and policies, the easier it  
will be to develop a project that is acceptable to the 
community. Utility-scale solar projects frequently 
require local approval and permits. Contacting local 
stakeholders early in the process can help identify  
applicable local requirements, including any that may 
apply to sensitive land areas. Similarly, providing ad-
vance public notice of planned activities pertaining to 
the solar project and engaging with stakeholders will 
allow developers to minimize environmental impacts 
while also addressing any local concerns. Incorporating 
local public input into development plans can further 
ensure that benefits will be shared by local commu-
nities (for example, through support for the local tax 
base, community benefits agreements, local hiring or 
contracting during construction). 

2. Co-Locating Solar Farms
Locating solar at a site that is already in use (as agricul-
tural land, rooftops, parking garages, or other energy 
generation sites like wind farms) provides dual-use 
opportunities, maximizing the efficiency of land use. 
Solar generation is easily deployable in the built envi-
ronment: it can be sited on existing structures such as 
rooftops and parking garages, thereby avoiding land 
impacts altogether.37 Up to one-fifth of the country’s 
total power needs could be sited on rooftops.38 Beyond 
rooftops, co-location with wind or other energy gener-
ation close to pre-existing transmission corridors and 
infrastructure also eliminates the need for new infra-
structure and accompanying land disturbance. 

Agricultural lands often provide ideal opportunities  
for dual-use of lands as solar can be strategically  
placed to provide energy while allowing continued pro-
ductive agricultural use of the site, such as for grazing 
purposes. Furthermore, solar facilities can provide eco-
nomic benefits by allowing for the use of agricultural 
property that would otherwise sit dormant or have only 
nominal use.39 For example, solar leases can help farm-
ers stabilize their income in the face of declining crop 
prices, even allowing them to make triple the average 
rent for pasture land.40   
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Family Farmers, Sheep, and Solar Facili-
ties Make a Perfect match
In North Carolina, Sun-Raised Farms is setting 
the bar for sustainable management of solar 
projects. Started in 2011 by Chad Ray of Ray 
Family Farms in Bunn, North Carolina, Sun-
Raised Farms connects local farmers across the 
state with solar project developers. Sun-Raised 
Farms works with Solar Farm owners to provide 
an “Agricultural” solution to maintaining vege-
tation on a solar farm. Instead of paying land-
scaping companies to mow, weed and spray 
sites, solar farm owners pay Sun Raised Farms 
to identify, train and manage a local farmer to 
maintain the vegetation using livestock. Sheep 
in particular are a good match for solar farms 
as they keep grass low without damaging the 
projects. While the farmers have land to graze 
their sheep, the solar company in exchange gets 
all-natural lawn care—no pesky weeds shading 
the panels, no glass-shattering rocks kicked up 
by gas-powered lawn mowers.”



3. Using Previously Developed or  
Degraded Lands

Avoiding and minimizing adverse environmental im-
pacts begins with site selection. Because land distur-
bance impacts are site-specific, site selection is one of 
the most important decisions a developer will make. 
New environmental impacts can be avoided, and a 
number of benefits realized, through the use of pre-
viously developed or degraded lands, such as brown-
fields. The EPA defines a brownfield as a “property, the 
expansion, redevelopment, or reuse of which may be 
complicated by the presence or potential presence of 
a hazardous substance, pollutant, or contaminant.”41 
Brownfields include Superfund and RCRA sites.42 
However, a site does not need to be a brownfield to 
qualify. This Best Practices guide uses the term “pre-
viously developed or degraded lands” to include any 
former industrial or commercial sites that could be 
repurposed for solar development. 
The EPA has established a program to encourage the 
development of renewable energy projects on poten-
tially contaminated lands. The agency’s RE-Powering 
America’s Land Initiative encourages renewable energy 
projects on current and formerly contaminated lands, 
landfills, and mine sites when such development is 
aligned with the community’s vision for the site.43 

More than 150 renewable energy installations on 144 
contaminated land sites have been established since 
the inception of the RE-Powering Initiative. A recent 
example is Xcel Energy’s siting of a 2,000 panel com-
munity solar project on a Superfund landfill in Boulder, 
Colorado. The project allows participating customers 
to invest in the solar PV system and receive credits on 
their bills for the power generated. 
The EPA initiative aims to provide technical and pro-
grammatic assistance to encourage renewable energy 
on contaminated lands, and partner with stakeholders 
to leverage agency efforts.44 Through this initiative, the 
EPA provides resources for developers and other in-
volved parties, shares best practices and highlights suc-
cesses, facilitates partnerships and technical assistance, 
and provides outreach and communications support.
The solar resource map above shows potentially con-
taminated sites with renewable energy potential as 
surveyed by the EPA.45 Many of these properties are 
located in the Southeast. All told, EPA has identified 
more than 11,000 potentially contaminated sites and 
almost 15 million acres that have the potential for  
hosting renewable energy such as solar. These sites  
contain an estimated 1 million MW of renewable  
energy potential.46  
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This map is for informational purposes only.  The U.S. Environmental Protection Agency’s (EPA) RE-Powering America’s Land Initiative developed this map using site 
information, screening criteria and GIS data provided by EPA and the National Renewable Energy Laboratory.  State agencies in California, Hawai’i, Illinois, Massachusetts, 
New Jersey, New York, Oregon, Pennsylvania, Texas, Virginia, and West Virginia provided additional information for sites in their respective states. Supplemental 
site-specific technical and economic analysis is required to determine the renewable energy development potential for specific sites.  For further information, please 
see the associated document entitled, “Data Documentation for Mapping & Screening Criteria” at www.epa.gov/renewableenergyland or contact cleanenergy@epa.gov.

RE-Powering Screened Sites: Large-Scale Solar Photovoltaic Energy Potential
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prospective purchasers.50 The Georgia Brownfield Act 
protects purchasers of contaminated properties from 
third party lawsuits based on prior contamination and 
groundwater contamination.51 Developers are encour-
aged to reach out to their state regulatory agencies for 
similar opportunities. 
For developers wanting to redevelop a potentially con-
taminated site into a solar energy project, the EPA has 
published a helpful decision tree and handbook to as-
sist with the cost-effective execution of such projects.52   

CONCLUSION 

The Southeast has abundant solar energy potential. 
Solar farms provide clean, affordable, and sustainable 
energy to homes and businesses throughout the re-
gion. Solar power avoids pollution and reduces water 
use and land use compared to other forms of energy 
production. With many solar projects already under 
development, the Southeast is well-positioned to reap 
the benefits of solar power.
Like any land disturbance, solar projects, and particu-
larly ground-mounted solar farms, can have environ-
mental impacts. Existing federal, state, and local envi-
ronmental review processes provide protection from 
many adverse impacts. And some solar developers 
are paving the way for new approaches to sustainable 
solar siting and project management. Following best 
practices, along with careful planning, research, and 
collaboration between developers, community mem-
bers, and environmental agencies can help ensure that 
solar power continues to be one of the cleanest forms of 
energy at our disposal. 

Available properties include retired coal plants. For 
example, in the summer of 2015, Google announced 
that it would locate a new data center powered by so-
lar and wind energy at the retired Widows Creek Coal 
Plant in Alabama. Google will use the plant’s preexist-
ing electric infrastructure to power the data center and 
plans to work with the Tennessee Valley Authority to 
create new renewable energy projects in the area.47   
Siting solar energy projects on previously developed 
or degraded lands can provide the following benefits:48  

• Environmental benefits – facilitating the cleanup 
of sites, the protection of open space, and reduc-
tion in greenhouse gas emissions;

• Water conservation – especially where so-
lar generation minimizes agricultural over-
use, solar can provide much-needed relief in 
drought-stricken areas; 

• Saving money to provide electricity – projects 
can be structured to require little upfront in-
vestment and then provide electricity to local 
residents, businesses, and industries at a reduced 
cost;

• Providing jobs – renewable energy projects can 
spur direct and indirect local employment op-
portunities;

• Providing annual tax revenue – installations 
bring unproductive land back to productive use, 
thus increasing the tax base;

• Promoting revitalization – finding uses for lands 
that may have limited reuse options;

• Other development advantages – reduced proj-
ect costs and development time, as well as oppor-
tunities to create partnerships with communities 
in efforts to revitalize contaminated lands 

For developers concerned about transactional costs 
and potential liability stemming from solar devel-
opment on previously developed or degraded lands, 
the EPA and other state and local agencies are able to 
assist in the resolution of these issues in order to sup-
port safe reuse of sites. Private sector environmental 
insurance, and in some cases federal and state regula-
tions and programs, can help address these concerns.49 
For example, Georgia’s Brownfields program, which 
was initially funded by an EPA grant and has a goal to 
promote voluntary cleanup and reuse of brownfields, 
provides tax incentives and liability limitation for 



APPENDIX 1
HELPFUL RESOURCES FOR SOLAR DEVELOPMENT AND MITIGATION

This appendix contains resources that will assist in implementing best management practices when siting and developing 
a large-scale solar project.
 1. U.S. Dep't of Energy SunShot Initiative, Solar Outreach Partnership: Solar Zoning & Access Toolkit (Nov. 2015). 

http://solaroutreach.org/wp-content/uploads/2015/12/SolarOPs-Revised-Solar-Zoning-and-Access-Toolkit_Dec.-
2015.pdf.

 2. NC Clean Energy Technology Center, Template Ordinance for Solar Energy Development in North Carolina. 
https://nccleantech.ncsu.edu/technology/renewable-energy/solar/template-ordinance-for-solar-energy-develop-
ment-in-north-carolina/ 

 3. Final Solar Energy Development Programmatic Environmental Impact Statement (Solar PEIS). Office of Energy 
Efficiency and Renewable Energy, US Department of Energy; Bureau of Land Management, Department of the Inte-
rior, 2012. http://solareis.anl.gov/documents/fpeis/index.cfm 

 4. Solar Photovoltaic Decision Tree: Screening Sites for Solar PV Potential, Emphasis on Redevelopment of Potentially 
Contaminated Sites, Unutilized Sites, or Rooftops. US Environmental Protection Agency, RE-Powering America’s 
Land Initiative; National Renewable Energy Laboratory. http://www.epa.gov/renewableenergyland/docs/solar_deci-
sion_tree.pdf 

 5. Handbook on Siting Renewable Energy Projects While Addressing Environmental Issues. US Environmental Pro-
tection Agency, Office of Solid Waste and Emergency Response. http://www.epa.gov/oswercpa/docs/handbook_sit-
ing_repowering_projects.pdf 

 6. RE-Powering America’s Land Initiative, US Environmental Protection Agency. http://www.epa.gov/renewableener-
gyland/

 7. Georgia Environmental Protection Division Brownfield Development. http://epd.georgia.gov/brownfield
 8. Draft Programmatic Environmental Assessment, TVA Solar PV Projects. September, 2014.   https://www.tva.gov/

file_source/TVA/Site%20Content/Environment/Environmental%20Stewardship/Environmental%20Reviews/
TVA%20Solar%20Photovoltaic%20Projects/PV-final%20PEA-Solar%20PV-reduced%20size.pdf

 9. Citizen’s Guide to NEPA. http://www.powercompanyofwyoming.com/about/docs/A_Citizens_Guide_to_NEPA.pdf 
 10. EPA’s Liability Reference Guide for Siting Renewable Energy on Contaminated Properties. http://www2.epa.gov/

sites/production/files/2014-07/documents/liability-renew-energy-contamprop-2014.pdf 
 11. RE-Powering America’s Land initiative: Action Plan 2.0. http://www.epa.gov/oswercpa/docs/action_plan_2.0.pdf 

10



APPENDIX II

IMPACT ANALYSIS FOR NEPA OR STATE EQUIVALENTS53  

Impact analysis is an important tool used to assess early potential impacts of a project that will affect the envi-
ronment. A site-specific impact analysis can identify opportunities to avoid or mitigate impacts to minimize 
the project’s overall effect on the environment. Major objectives of a site-specific analysis are to determine the 
anticipated impacts of project implementation and develop mitigation strategies to avoid or reduce impacts 
to important resources. The following impact analysis framework, based on Tribal Energy and Environmental 
Clearinghouse guidance,54 may be helpful to project developers who are required to complete an EA, EIS, or 
similar state or local analyses:
Describing the Proposed Project 
An accurate and comprehensive description of the proposed project serves as the basis for the impact assess-
ment. To ensure that the project description is comprehensive and covers all bases, the analysis must include 
the following: 

• All Proposed Facilities and Activities
– Proposed Facilities, Layout, and Functional Interrelationships 
– General Project Description 

∞ Describe the overall project and its purpose 
– Description of Primary Facilities 

∞ Scope of the project’s impact including the function of each facility, size of the area occupied by each 
facility, and relationship to other project facilities

– Description of Support Facilities 
∞ Provide a detailed description of project facilities that support the primary function of the proposed 

project
– Description of Connected Actions

∞ To conclude if an action is connected to the proposed action, determine whether or not that action 
would be made regardless of the project

– Description of Project Timeline and Activities 
∞ Provide a general description of the project timeline including phases of development

• Site Characterization Requirements and Activities
– The amount of land disturbance, length of activities, number of people involved, and seasonal pattern 

of activities all affect the level of disturbance and should be described
• Construction Requirements and Activities 

– Provide a detailed description of all construction activities
∞ Construction footprint for primary and support facilities
∞ Setbacks from areas to be avoided
∞ Land surface clearing and grading plan
∞ Energy, water, and materials needs
∞ Fencing and lighting requirements 
∞ Waste stream management plan
∞ Construction work force and time frame
∞ Protection plans for soil, disturbed areas, and surface water

• Operational Requirements and Activities
– Provide a detailed description of operations while considering impacts long-term

∞ Footprint for primary and support facilities
∞ Facility characteristics
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∞ Protected areas and setbacks
∞ Maintenance activities and schedule
∞ Vegetation management plan
∞ Fencing and lighting requirements 
∞ Spill prevention plan
∞ Waste stream management plan
∞ Construction work force and time frame
∞ Protection plans for soil, disturbed areas, and surface water

• Decommissioning and Reclamation Requirements and Activities 
– Decommissioning refers to the removal of project structures. Reclamation refers to activities that are 

used to return the site to pre-disturbance conditions.
∞ Facilities and structures to be removed
∞ Facilities to remain in place
∞ Restoration plan
∞ Decommission and reclamation schedule 
∞ Surface and groundwater protection plan
∞ Fencing and lighting requirements 
∞ Spill prevention plan
∞ Waste stream management plan
∞ Construction work force and time frame
∞ Protection plans for soil, disturbed areas, and surface water

Identifying Impacting Factors, Area of Influence, and Resources Affected 
This section provides guidance on identifying direct, indirect, and cumulative impacts from the project. Direct 
impacts are those that occur as a direct result of an activity. Indirect impacts are those that are related to but 
removed from an activity by an intermediate step or process.

• Impacting Factors
– To identify impacting factors, the analysis should determine how each activity or project element could 

affect the environment
• Area of Influence 

– The area of influence is often, if not always, variable and dependent on the impacting factor (both di-
rect and indirect) and the affected resource

• Affected Resources 
– The resources affected by a project are resources that occur in the area of influence. A multitude of 

resources can occur in the area of influence and it can be a challenge to determine which of these are of 
greatest concern and should be considered in the assessment.

– Assessments usually evaluate the impacts to geology, soils, air quality, noise, water resources, ecology, 
land use, waste management, socioeconomics, environmental justice, and health and safety 

– Consider regulatory status, economic importance, operations, and societal value of resources when 
determining affected resources to include in assessment

Determining the Magnitude and Significance of Impacts
This determination provides decision makers with the information needed to determine if a project should be 
approved or modified in some way that would make the magnitude of impacts acceptable. This section pro-
vides guidance on determining the anticipated magnitude and significance of direct, indirect, and cumulative 

12



13

impacts. Consideration is given to the size of the area affected, status of resources, sensitivity of resources, and 
the anticipated departure from current conditions.

• Determining the Magnitude of Impacts
– Impact magnitude depends on the degree and extent to which the project changes the environment 

and usually varies according to project phase.
– Factors to consider include area of influence overlap between area of influence and resource of interest, 

deviation from baseline conditions, project duration, resource sensitivity, and project timing. 
• Determining the Significance of Impacts

– Determining significance of impacts can be one of the most difficult portions of an impact assessment. 
Significant impacts will be the focus of mitigation measures and project adjustments. 

– Establish significance levels prior to determining impact magnitude. Predetermined significance crite-
ria allow an objective determination of the anticipated effectiveness of mitigations. If possible, establish 
these criteria with regulatory agencies.

– When determining impact significance, consider area of influence, percentage of resource affected, 
persistence of impacts, sensitivity or resources, status of resources, regulatory status, and societal value. 

• Identifying Uncertainties 
– It is important to understand the level of uncertainty associated with impact determinations. Decision 

makers often consider uncertainty when deciding among alternatives. Monitoring programs typically 
address areas of uncertainties.

• Determining Mitigation Requirements 
– The goal of mitigation is to reduce the magnitude of project impacts to a level that is considered insig-

nificant.
– When developing mitigation plans, the following principles should apply:

∞ Mitigation should be focused
∞ Mitigation should be proportionate to the significance of the impact
∞ Mitigation should be a function of project phase
∞ Mitigation should be developed in consultation
∞ Mitigation effectiveness should be monitored 



APPENDIX III

COMMON FEDERAL AND STATE PERMITTING AND APPROVAL REQUIREMENTS FOR 
SOLAR FARMS

Developers seeking to build large solar projects will be required to obtain multiple permits or approvals, de-
pending on the project’s location and size. There are a number of federal, state, and local laws governing the 
siting and development process for solar projects. The charts below describe common federal and state re-
quirements that developers may encounter as they complete a utility-scale solar project.52 Projects may require 
permits or approvals in addition to those listed below. The first chart lists common federal requirements, and 
the second chart lists common state requirements.

FEDERAL
Regulatory Authority Statute Permit/Approval Description Triggers

Council on Environmen-
tal Quality Regulations 
(CFR 1500-1508) and 
supplemental regula-
tions from Lead Agency, 
which varies by project

National Environmental 
Policy Act (42 USC 
4321)

Record of Decision,  
FONSI, or Categori-
cal Exclusion

Establishes national mandate for 
federal agencies to review environ-
mental impacts of proposed federal 
actions. 
 
Process can be combined with state 
and local environmental reviews 

Federal permit or ap-
proval required Siting on 
federal lands Accessing 
federally owned trans-
mission line Receipt of 
federal grants

U.S. Fish and Wildlife 
Service (50 CFR 13  
and 17)

Endangered  
Species Act  
(16 USC 1531-1544)

Endangered Species 
Act Consultation 
and Incidental Take 
Permit

Regulates activities affecting threat-
ened and endangered species:  
Section 3 (16 USC 1532) defines 
Terminology  
Section 7 (16 USC 1536) establishes 
federal interagency Consultation  
Section 9 (16 USC 1538) establishes 
prohibited actions  
Section 10 (16 USC 1539) establishes 
permits and exceptions  
Section 11 (16 USC 1540) describes 
penalties and enforcement

Consultation with FWS 
under Section 7 always 
recommended  
 

Activities that may result 
in take or harm to species 
and their habitat, such as 
site clearing

U.S. Fish and Wildlife 
Service (50 CFR 13  
and 21)

Migratory Bird Treaty 
Act (16 USC 703-712)

Consultation Prohibits harm, possession, or take 
of migratory bird species, nests, and 
eggs. Strict liability statue.

Potential impact to 
migratory bird species 
protected by the act

Advisory Council on His-
toric Preservation, Tribal 
Historic Preservation 
Office and State Historic 
Preservation Office (36 
CFR 60 and 800)

National Historic Pres-
ervation Act  
(16 USC 470)

Section 106 Consul-
tation

Requires federal agencies to review 
impacts to historic and Tribal re-
sources and allows ACHP to provide 
comments. Consultation authority 
delegated to SHPO and THPO

Consultation with the 
SHPO is always recom-
mended to determine 
need for Section 106 
Consultation  
 

Federal permit or approv-
al required  

Activity may impact prop-
erty listed in or eligible 
for listing in the National 
Register of Historic Places 
(NRHP) 
 

Activity may impact Tribal 
resources
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U.S. Army Corps of Engi-
neers (33 CFR 320-331 
and 40 CFR 230)

Clean Water Act (33 
USC 1251 et seq) Sec-
tion 404 (33 USC 1344)

Individual, general, 
and nationwide 
permits

Regulates discharge of dredged 
or fill materials into waters of the 
United States

Activities that may impact 
federal waters, including 
wetlands

U.S. Army Corps of Engi-
neers (33 CFR 320-331)

Rivers and Harbors Act 
of 1899 (33 USC 401 et 
seq) Sections 9 and 10 
(33 USC 401 and 403)

Section 9 and 10 
Permit

Regulates obstructions to navigable 
waters of the United States

Building or replacing 
bridges

Environmental Protec-
tion Agency and state 
agencies (40 CFR 122 
and 123)

Clean Water Act (33 
USC 1251 et seq) Sec-
tion 402 (33 USC 1342)

National Pollution 
Discharge Elimina-
tion System (NPDES) 
Stormwater Permit

Regulates discharges into waters of 
the United States. Usually delegated 
to state authority

Potential for discharge 
from site assessment, 
construction, and oper-
ation

Environmental Protection 
Agency

Comprehensive Envi-
ronmental Response, 
Compensation, and 
Liability Act (CERCLA 
or Superfund) (42 USC 
9601-9675)

ASTM Environmental  
Site Assessment

CERCLA is the principal statue that 
governs liability with respect to 
contaminated properties

Contaminated property

State law often requires that utility-scale solar projects obtain necessary permits or other approvals. These ap-
provals may be similar to federal requirements, but solar developers must coordinate with the applicable state 
agency. Developers should consult with state agencies to determine which permits may apply.

Agency Permit/Approval Description Trigger

Lead Agency varies 
by project

 State-level environmental 
policy act decision

Many states have their own environmental impact 
review or environmental planning laws that are 
similar to the federal NEPA process. The state 
review may be required when the federal process 
is not. When both the federal and state reviews are 
required, one environmental impact assessment is 
typically coordinated among federal and state agen-
cies to satisfy both sets of requirements.

Review threshold established by 
state statute

Public Service/Utility 
Commission or State 
Energy Facility Siting 
Commission/Board/
Council

Siting approval and/or 
Certificate of Public Use 
and Convenience

Some states delegate siting approval of solar 
projects and transmission lines to a public service 
or utility commission or to an energy facility siting 
authority. These agencies may review all energy 
projects, only specific types of projects as defined 
by state regulations, or projects that request a con-
solidated state process.

Often required for transmission 
lines above established voltage 
or length or that cross county 
boundaries. May be required for 
solar projects above established 
MW.

State environmental 
quality agency

Permit for stormwater 
discharges

Administration of the federal National Pollution 
Discharge Elimination System (NPDES) program is 
often delegated to state agencies. Many states have 
developed general permits and permits-by-rule as 
part of their programs.

Potential for discharge from site 
assessment, construction, and 
operation

STATE



State environmental 
quality agency

Water Quality Certification 
under Section 401 of Clean 
Water Act

Section 401 Water Quality Certification is necessary 
to demonstrate that a project will comply with state 
water quality standards. The Water Quality Certifica-
tion is typically required before USACE can approve 
a Section 404 permit. Some states may also require 
Water Quality Certification as part of a state water 
quality permit.

Need for Section 404 permit.

State environmental 
quality agency

Wildlife and habitat consul-
tation/permit

Some states issue permits for impacts to protect-
ed wildlife or habitat. More often, these agencies 
do not have permits like the FWS Incidental Take 
Permit, but consultation is necessary to identify 
state-protected species and habitat within a  
project area and to determine need for mitigation 
measures.

Impacts to state wildlife

State Department of 
Transportation

Oversize/overweight vehi-
cle permits

Most states set size and weight limits for vehicles 
traveling on state roads. Permits are required for 
vehicles that exceed the established limits. Spe-
cial permits for construction equipment are often 
available.

Travel of oversize or overweight 
vehicles on state roads

State Department of 
Transportation

Utility permit If project transmission line plans require utilities 
along state rights-of ways, this permit would be 
required.

Placement of utility lines within 
state rights-of-way

State Department of 
Transportation

Entrance/Access Permit If project plans require the construction of new 
roads that enter state roads, this permit would be 
required.

Construction of access road onto 
state road

16
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1 Solar power lifecycle greenhouse gas emissions (including those from manufacturing, operation and maintenance, and decommissioning) are limited to an estimated 
median of 44 g of CO2/kWh, in contrast to the estimated median lifecycle emission rates for coal of 979 g of CO2/kWh. Crystalline Silicon and Thin Film Photovoltaic 
Results – Life Cycle Assessment Harmonization, National Renewable Energy Laboratory (2012), available at http://www.nrel.gov/analysis/sustain_lca_pv.html; See also 
Coal-Fired Electricity Generation Results – Life Cycle Assessment Harmonization, National Renewable Energy Laboratory (2012), available at http://www.nrel.gov/analysis/
sustain_lca_coal.html.
2 See Life Cycle Assessment Harmonization Results and Findings, National Renewable Energy Laboratory, available at http://www.nrel.gov/analysis/sustain_lca_results.
html.
3 These numbers only refer to electricity production; they do not include water usage for resource extraction. 
4 Issues & Policies, Water Use Management, Solar Energy Industries Association, http://www.seia.org/policy/power-plant-development/utility-scale-solar-power/wa-
ter-use-management.
5 Mielke, E., et al., Water Consumption of Energy Resource Extraction, Processing, and Conversion, Harvard Kennedy School: Belfer Center for Science and International 
Affairs (Oct. 2010), available at http://belfercenter.ksg.harvard.edu/files/ETIP-DP-2010-15-final-4.pdf.
6 How it Works: Water for Coal, Union of Concerned Scientists, http://www.ucsusa.org/clean_energy/our-energy-choices/energy-and-water-use/water-energy-electrici-
ty-coal.html#.Vbp2LPlVhBc.
7 See Mielke, E., et al., note 6, supra.
8 Daniel Shapiro, et al., Solar PV Operation & Maintenance Issues, Desert Research Institute (2014), available at http://www.dri.edu/images/stories/editors/receditor/
Solar_PV_Article.pdf.
9 Life Cycle Analysis: Natural Gas Combined Cycle (NGCC) Power Plant, U.S. Department of Energy’s National Energy Technology Laboratory (Sept. 2012), available at 
https://www.netl.doe.gov/File%20Library/Research/Energy%20Analysis/Life%20Cycle%20Analysis/NGCC-LCA---Final-Report---Report---9-10-12---Final---Version.
pdf.
10 Spath, P., et al., Life Cycle Assessment of Coal-fired Power Plants, National Renewable Energy Laboratory (June 1999), available at http://www.nrel.gov/docs/fy99os-
ti/25119.pdf.
11 Frequently Asked Questions, U.S. Energy Information Administration, http://www.eia.gov/tools/faqs/faq.cfm?id=228&t=21.
12 Fthenakis, V. & Kim, H.C., Land Use and Electricity Generation: A Life Cycle Analysis, 13(6) Renewable and Sustainable Energy Reviews 1465-74 (2009).
13 See Hernandez, R.R. et al. Solar energy development impacts on land cover change and protected areas. Proceedings of the National Academy of Sciences (2015), http://
www.pnas.org/content/112/44/13579/; See also Copeland, H.E., Pocewicz, A. & Kiesecker, J., Geography of Energy Development in Western North America: Potential 
Impacts to Terrestrial Ecosystems, Energy Development and Wildlife Conservation in Western North America 7-22 (2011). PV also has similar land use requirements as 
nuclear energy, which is often considered a low land use power source. See Lovins, A., Renewable Energy Footprint Myth. 24 Electricity J. 40, 41 (2011).
14 Denholm, P. and R. Margolis, NREL, Land-use requirements and the per-capita solar footprint for photovoltaic generation in the United States, 36(9) Energy Policy 3531-
3543 (2008). 
15 Id.
16 The Solar Foundation, 2016 National Solar Jobs Census (Feb. 2017), http://www.thesolarfoundation.org/national.
17 RTI International, Economic Impact Analysis of Clean Energy Development in North Carolina (2016), https://c.ymcdn.com/sites/energync.site-ym.com/resource/
resmgr/Docs/RTI_2016_FINAL_4-18.pdf. 
18 Dan Chapman, Ga. Farmers Harvest Rays as Solar Grows (Oct. 2, 2016), http://www.myajc.com/news/business/economy/ga-farmers-harvest-rays-as-solar-grows/
nnrT2/. 
19 Tom Smith, Times Daily, Solar Farm Bonanza? Study Shows Great Economic Potential from Project (June 22, 2015), http://www.timesdaily.com/news/local/solar-farm-
bonanza-study-shows-great-economic-potential-from-project/article_0d3beea8-18c1-5ffb-8400-5b5a9890cf55.html. 
20 Duke University, The Solar Economy: Widespread Benefits for North Carolina (2015), http://www.cggc.duke.edu/pdfs/02152015Duke_CGGC_NCSolarEnergyReport.
pdf; see also National Solar Jobs Census at Note 16.
21 42 U.S.C. § 4321 et seq.
22 The NEPA Review Process, National Preservation Institute, http://www.npi.org/NEPA/process.
23 Wind Energy Siting Handbook, American Wind Energy Association, Chapter 4, 4-5 (Feb. 2008), http://awea.files.cms-plus.com/AWEA_Siting_Handbook_Feb2008.pdf.
24 16 U.S.C. §§ 1531-1544.
25 16 U.S.C. § 1536. The Fish and Wildlife Service is the federal consultation agency for land-based species. Marine species consultations are handled by the National 
Marine Fisheries Service.
26 33 U.S.C. §§ 1251-1388. Discharges of pollutants into waters of the U.S. will require permitting under Section 402 of the CWA, while filling wetlands or other waters of 
the U.S. will require permitting under Section 404.
27 In most states, the EPA delegates its Clean Water Act permitting authority to the state environmental protection agency.
28 For example, the Audubon Society and the Natural Resources Defense Council have created Google Earth maps to support renewable energy planning and develop-
ment by facilitating siting decisions. Landscape Conservation cooperatives in the southeast are also a good source for mapping information and stakeholder engagement. 
The maps and data layers identify areas where land use is legally restricted and other areas that should be avoided in energy development, including habitats critically 
important to wildlife.
29 See Hernandez, R.R. et al., note 13, supra. 
30 Macknick, J. et al., A Review of Operational Water Consumption and Withdrawal Factors for Electricity Generating Technologies, National Renewable Energy Laboratory 
(2011), http://www.nrel.gov/docs/fy11osti/50900.pdf.
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31 The Bureau of Land Management requires solar project developers on BLM land to provide a Performance and Reclamation Bond that covers: Environmental 
liabilities, such as the securing, removal or use of hazardous materials and substances, hazardous waste, herbicide, petroleum-based fluids, and dust control or soil 
stabilization materials; Decommissioning, including removal, and proper disposal, as appropriate, of any improvements and facilities; and Interim and final reclama-
tion, revegetation, recontouring, and soil stabilization. See Solar and Wind Energy Performance and Reclamation Bond Requirements, Bureau of Land Management, (IM 
2015-138 8/31/2015), http://www.blm.gov/wo/st/en/info/regulations/Instruction_Memos_and_Bulletins/national_instruction/2015/IM_2015-138.html.
32 SEIA Has a Plan for Reusing and Recycling Old Solar Panels, PVSolarReport (Sept. 15, 2016), http://www.pvsolarreport.com/seia-plan-recycling-solar-panels/. 
33 Id.; see also http://www.seia.org/seia-national-pv-recycling-program. 
34 Massachusetts Dep’t of Energy Resources, Questions & Answers Ground-Mounted Solar Photovoltaic Systems (June 2015), http://www.mass.gov/eea/docs/doer/
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mental Health Criteria Monograph No. 238, Geneva (2007). 
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39 Chapman, D., Georgia Farmers Harvest Rays as Solar Grows, The Atlanta Journal-Constitution (Oct. 2, 2015), available at http://www.myajc.com/news/business/
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2015). As further noted by the Agency: “Cleaning up and reinvesting in these properties protects the environment, reduces blight, and takes development pressures off 
greenspaces and working lands.” Id.
42 Superfund sites are those that are regulated under the Comprehensive Environmental Response Compensation and Liability Act (CERCLA), 42 U.S.C. § 9601 et seq., 
and RCRA is the Resource Conservation and Recovery Act, 42 U.S.C. § 6901 et seq.
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53 Conducting Project-Specific Impact Analyses, Office of Indian Energy and Environmental Development, Tribal Energy and Environmental Regulations CLEARING-
HOUSE, http://teeic.indianaffairs.gov/am/assess/index.htm.
54 Id.
55 These charts have been adapted for utility-scale solar projects from an American Wind Energy Association Handbook. See note 23, supra. 
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GLOSSARY OF TERMS 

Sound Pressure Level (SPL): a ratio of one sound pressure to a reference pressure (Lref) of 
20 μPa. Because of the dynamic range of the human ear, the ratio is calculated logarithmically 
by 20 log (L/Lref).  

A-weighted Sound Pressure Level (dBA): Some frequencies of noise are more noticeable
than others. To compensate for this fact, different sound frequencies are weighted more.

Minimum Sound Level (Lmin): Minimum SPL or the lowest SPL measured over the time 
interval using the A-weighted network and slow time weighting. 

Maximum Sound Level (Lmax): Maximum SPL or the highest SPL measured over the time 
interval the A-weighted network and slow time weighting. 

Equivalent sound level (Leq): the true equivalent sound level measured over the run time. 
Leq is the A-weighted steady sound level that contains the same total acoustical energy as the 
actual fluctuating sound level. 

Day Night Sound Level (Ldn): Representing the Day/Night sound level, this measurement is 
a 24 –hour average sound level where 10 dB is added to all the readings that occur between 10 
pm and 7 am. This is primarily used in community noise regulations where there is a 10 dB 
“Penalty” for night time noise. Typically Ldn’s are measured using A weighting. 

Community Noise Exposure Level (CNEL): The accumulated exposure to sound measured 
in a 24-hour sampling interval and artificially boosted during certain hours. For CNEL, samples 
taken between 7 pm and 10 pm are boosted by 5 dB; samples taken between 10 pm and 7 am 
are boosted by 10 dB.  

Octave Band: An octave band is defined as a frequency band whose upper band-edge 
frequency is twice the lower band frequency. 

Third-Octave Band: A third-octave band is defined as a frequency band whose upper band-
edge frequency is 1.26 times the lower band frequency. 

Response Time (F,S,I): The response time is a standardized exponential time weighting of 
the input signal according to fast (F), slow (S) or impulse (I) time response relationships. Time 
response can be described with a time constant. The time constants for fast, slow and impulse 
responses are 1.0 seconds, 0.125 seconds and 0.35 milliseconds, respectively. 
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EXECUTIVE SUMMARY 

This noise study has been completed to determine the noise impacts associated with the 
development of the proposed Borrego 1 Solar Project located on a single parcel totaling 
approximately 308 gross acres.   The Project is located in the unincorporated community of 
Borrego Springs in eastern portion of San Diego County, CA.   

Based on the empirical data, the manufactures specifications, and the distances to the property 
lines, the unshielded cumulative noise levels from the proposed transformers/inverters and the 
site Substation were found to be below the most restrictive nighttime property line (zoned S-92) 
standard of 45 dBA at all property lines.  No impacts are anticipated and no mitigation is 
required.   

The measured Corona Affect noise levels associated with the 69 kV gen-tie line were found to 
be below the County of San Diego’s most restrictive nighttime standard of 45 dBA.  This was 
also consistent with previously measured and modeled noise levels on transmission line projects 
throughout California.  No impacts from the Corona Affect are anticipated from the new 
transmission lines associated with the proposed Project.  

At a distance as close as 165 feet, the point source noise attenuation from the grading activities 
and the nearest property line is -10.4 dBA.  This would result in an anticipated worst case eight-
hour average combined noise level of 74.9 dBA at the property line.  During the installation of the 
PV panels, a noise level of 74.9 dBA would result at a distance of 275 feet.  The installation 
equipment is anticipated to average a distance of more than 300 feet from the nearest property 
line.  Given this and the spatial separation of the equipment over the large site area, the noise 
levels of the grading and PV panel installation are anticipated to comply with the County of San 
Diego’s 75 dBA standard at all Project property lines.  

Additionally, the County Noise Ordinance Section 36.409 (c), states that the 75 dBA threshold 
pertains to a property having a legal dwelling unit.  Some of the properties adjacent the Project 
site do not have a legal dwelling unit are therefore are exempt from Section 36.409. 
Therefore no impacts are anticipated from the grading or PV panel installation operations at any 
property line and no mitigation or additional analysis is warranted. 



COMMONWEALTH OF KENTUCKY 

BEFORE THE KENTUCKY STATE BOARD ON 
ELECTRIC GENERATION AND TRANSMISSION SITING 

In the Matter of: 

ELECTRONIC APPLICATION OF AEUG FLEMING 
SOLAR, LLC FOR A CERTIFICATE OF 
CONSTRUCTION FOR AN APPROXIMATELY 188 
MEGAWATT MERCHANT ELECTRIC SOLAR 
GENERATING FACILITY IN FLEMING COUNTY, 
KENTUCKY PURSUANT TO KRS 278.700 AND 
807 KAR 5:110 

) 
) 
) 
) 
) 
) 
) 

CASE NO. 
2020-00206 

O R D E R 

On November 25, 2020, AEUG Fleming Solar, LLC (AEUG Fleming) filed an 

application requesting a Certificate of Construction to construct an approximately 188-

megawatt alternating current (MWac) solar photovoltaic electric generating facility to be 

located at 3211 Old Convict Pike in Flemingsburg, Fleming County, Kentucky.1  AEUG 

Fleming is a limited liability company organized under the laws of Delaware with a 

principal place of business in Chicago, Illinois.2  The total acreage within the project 

boundary is 1,857 acres that has been predominantly used as pasture and agricultural.3  

Of the total acreage, approximately 1,590 acres will be covered by project components.4  

The on-site equipment will consist of 510,300 solar panels with a tracking system, 70 

1 Application at 1. 

2 Id. 

3 AEUG Fleming’s Response to Harvey Economics’ Second Request for Information (filed Feb. 19. 
2021), Item II.D.  See also, Application Volume 1, Item 2, Description of Proposed Site. 

4 AEUG Fleming’s Responses to Harvey Economics’ Second Request for Information (filed Feb. 
19, 2021), Item II.D.  

Full document available on web at
https://solarformasoncounty.com/fleming-solar-farm/
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inverters, substation, warehouse, operations and maintenance building, and associated 

wiring and balance of system.5  The facility’s output will be transmitted and sold in the 

wholesale power market through the existing transmission line that crosses the property.6  

 Pursuant to an Order issued on December 7, 2020, a procedural schedule was 

established for the orderly review and processing of this matter.  The procedural schedule 

provided for two rounds of discovery upon AEUG Fleming’s application, a deadline for the 

filing of the consultant’s report, and an opportunity for AEUG Fleming to submit comments 

in response to the consultant’s report.  The December 7, 2020 Order also scheduled a 

hearing for the matter which resulted in extending the statutory deadline for the 

processing of this matter from 120 days to 180 days from the date of the filing of the 

application.   

Pursuant to 807 KAR 5:110, Section 4, requests to intervene had to be filed within 

30 days from the date of the filing of the application.  Also, pursuant to 807 KAR 5:110, 

Section 6, the Siting Board on its own motion or any party to this case may file a motion 

requesting an evidentiary hearing within 30 days from the date of the filing of the 

Application.  Under KRS 278.712(1), a request for a local public hearing may be 

requested by at least three interested persons that reside in Fleming County or from the 

local planning and zoning commission, mayor of the city or county fiscal court of a 

jurisdiction where the solar facility is proposed to be located.  Lastly, pursuant to 807 KAR 

5:110, Section 8, a request for a public meeting must be made within 30 days from the 

 
5 Application Volume 2, Item 1.1, Project Description.  See also, AEUG’s Fleming’s Response to 

Harvey Economics’ Second Request for Information (filed Feb. 19, 2021), Item II, Exhibit 1, Updated Site 
Plan. 

 
6 Application at 1. 
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date of the filing of the application.  There have been no requests for intervention in this 

matter, no requests for an evidentiary hearing, and no requests for a public meeting or a 

local public hearing in this matter.   

AEUG Fleming has filed responses to multiple rounds of discovery in this matter.  

On February 19, 2021, AEUG Fleming filed a motion requesting deviations from certain 

setback requirements set forth in KRS 278.704(2).  Pursuant to KRS 278.708(5), the 

Siting Board retained a consultant, Harvey Economics, to review AEUG Fleming’s site 

assessment report (SAR) and to provide recommendations concerning the adequacy of 

the SAR and propose mitigation measures.  A site visit was held on February 23, 2021.  

The Harvey Economics Report was filed on February 26, 2021.  Upon approval for an 

extension of time, AEUG Fleming submitted its response to the Harvey Economics Report 

on March 17, 2021.  A formal evidentiary hearing was held on April 1, 2021.  AEUG 

Fleming filed responses to post-hearing data requests on April 20, 2021.  The Siting Board 

received multiple public comments, both supporting and objecting to the proposed solar 

facility.  The Siting Board also heard a significant number of public comments at the 

beginning of the April 1, 2021 formal evidentiary hearing.  The public commenters 

expressed support and disapproval of the proposed solar project.  The matter now stands 

submitted for a decision. 

PROPOSED AEUG FLEMING SOLAR FACILITY 

 The proposed solar facility will be located at 3211 Old Convict Pike, Flemingsburg, 

Fleming County, Kentucky.  The facility will be located between Elizaville, 

Flemingsburg Junction, and Flemingsburg.7  The solar facility site is roughly bounded by 

 
7 Application Volume 1, Item 2, Description of Proposed Site. 
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Old Convict Road (Highway 559) on the north, Elizaville Road (Highway 32) on the south, 

Highway 11 on the east, and Nepton Road (Highway 367) on the west.8  The proposed 

site totals approximately 1,857 acres.  AEUG Fleming has entered into lease agreements 

with 14 adjoining landowners to establish site control.9   AEUG Fleming anticipates using 

approximately 1,590 acres for the installation of the necessary solar equipment and 

facilities.10  AEUG Fleming states that a fence meeting the National Electrical Safety Code 

(NESC) requirements, which is typically a six-foot fence with razor or barbed wire at the 

top, will enclose the facility and that project entrance gates are anticipated to be 

approximately 8 feet high and 12 feet wide to allow for emergency and maintenance 

access.11  The solar facility has a rated capacity of 188 MWac and will be connected to 

East Kentucky Power Cooperative, Inc.’s (EKPC) Flemingsburg – Spurlock 138 kV 

transmission line.12  The 138 kV line runs in a north-south direction along the eastern 

portion of the proposed site.13  AEUG Fleming states that, to the extent needed, electric 

service during construction and operation will be provided by either Fleming-Mason 

Energy Cooperative (Fleming-Mason Energy) or Kentucky Utilities Company (KU) 

 
8 Id. 
 
9 Application Volume 2, Site Assessment Report, Appendix B, Legal Description of Site. 
 
10 AEUG Fleming’s Response to Harvey Economics’ Second Request for Information (filed Feb. 

19, 2021), Item II.D.  
 
11 Application Volume 1, Item 2, Description of Proposed Site.  See also, Application Volume 2, 

Site Assessment Report, Item 1, Proposed Site Development Plan. 
 
12 Application Volume 1, Item 2, Description of Proposed Site.  See also, Application, Volume 1, 

Appendix G, Economic Impact Report, page 10.  
 
13 AEUG’s Fleming’s Response to Harvey Economics’ Second Request for Information (filed Feb. 

19. 2021), Item II, Exhibit 1, Updated Site Plan.  
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because the footprint of the proposed solar facility straddles both of those electric utilities’ 

service territories.14   

 AEUG Fleming notes that the area surrounding and within the project site consists 

of scattered rural residential development, commercial and retail businesses, 

communication facilities, and vehicular transportation network.15   

 Pursuant to KRS 278.706(2)(c), AEUG Fleming notified 96 landowners whose 

property borders the proposed solar facility site via certified mail on November 19, 2020.16  

AEUG Fleming also published notice of the proposed solar facility in the Flemingsburg 

Gazette, the newspaper of general circulation in Fleming County, on November 18, 

2020.17   

 In addition, AEUG Fleming also engaged in public involvement program activities 

as required by KRS 278.706(2)(f) prior to the filing of its application.  AEUG Fleming 

informs that it has been active in the project area since March 2020.18  During that time 

AEUG Fleming notes that it has met with landowners, stakeholders, and local government 

officials about the proposed 188-MW solar power project between the communities of 

Elizaville and Flemingsburg.19  AEUG Fleming also states that it held a public meeting on 

August 7, 2020, at the Fleming County Fiscal Court Meeting Room to inform the public 

 
14 AEUG Fleming’s Response to Siting Board Staff’s First Request for Information (filed Jan. 22, 

2021), Item 25. 
 
15 Application Volume 1, Item 2, Description of Proposed Site. 
 
16 Application Volume 1, Item 3, Public Notice Evidence. 
 
17 Id. 
 
18 Application Volume 1, Item 6, Public Involvement Report. 
 
19 Id. 
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about the solar project and receive comments from the public.20  AEUG Fleming published 

notice of the public meeting in the July 15, 2020 edition of the Flemingsburg Gazette and 

also mailed letters to all adjoining landowners notifying them of the public meeting.21  In 

addition to the public meeting, AEUG Fleming Solar held a virtual community meeting on 

Wednesday, July 22, 2020.22   

DISCUSSION 

I. Requirements Under KRS 278.708 – Site Assessment Report 

 KRS 278.704(1) states that “[n]o person shall commence to construct a merchant 

electric generating facility until that person has applied for and obtained a construction 

certificate for the facility from the [Siting] [B]oard.”  KRS 278.708 requires a Site 

Assessment Report be prepared and filed with an application.  The SAR should provide 

(1) a detailed description of the proposed site; (2) an evaluation of the compatibility of the 

facility with scenic surroundings; (3) potential changes in property values and land use 

resulting from the siting, construction, and operation of the proposed facility for property 

owners adjacent to the facility; (4) evaluation of anticipated peak and average noise levels 

associated with the facility's construction and operation at the property boundary; (5) the 

impact of the facility's operation on road and rail traffic to and within the facility, including 

anticipated levels of fugitive dust created by the traffic and any anticipated degradation of 

roads and lands in the vicinity of the facility; and (6) any mitigating measures to be 

 
20 Id. 
  
21 Id. 
 
22 Id. 
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implemented by the applicant to minimize or avoid adverse effects identified in the site 

assessment report. 

Detailed Site Description 

 In addition to the description of the proposed solar facility as described above, 

AEUG Fleming states that the area around the project site can be generally described as 

rural, agricultural, with rolling hills and areas of trees.  AEUG Fleming further states that 

half of the surrounding acreage is defined as agricultural/residential, and another 

37 percent of the surrounding acreage is purely agricultural.23  The remaining 12 percent 

of the surrounding area is defined as purely residential.24 

 There are 76 individual parcels of land, varying in size from less than one acre to 

more than 300 acres, located adjacent to the AEUG Fleming solar site.  There will also 

be 57 homes located within 1,200 feet of the AEUG Fleming solar facility fence.  Five 

homes are within 300 feet of the proposed solar facility’s fence and four homes are within 

300 feet of the nearest solar panels.  Exact locations of some solar panels, the inverters, 

and transformer have not been finalized by AEUG Fleming.  AEUG Fleming provides, 

however, that the transformer will be located within the substation and that the substation 

and the operations and maintenance building will be located in the eastern portion of the 

project site.  AEUG Fleming also estimates that the solar panels will be about 35 feet from 

the boundary of the proposed solar site at the closest points.  AEUG states that there will 

be ten access points, or access roads, which will allow entrance to different areas of the 

property during construction and operations.  Those include three access roads from 

 
23 Application, Volume 2, Site Assessment Report, Item 1, Proposed Site Development Plan. 
 
24 Id.  
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Highway 32; four from Old Convict Road (Highway 559); one from Junction Road 

(Highway 170); and two from Nepton Road (Highway 367).  The point of access nearest 

the substation and the operations and maintenance facility along Highway 32 will be the 

primary access point and the most heavily trafficked.  All site entrances will be gated and 

locked when not in use, with the main gate to the operations and maintenance facility and 

the substation having a camera.  Security fencing, as described above, will enclose the 

facility during construction and operation.  The AEUG Fleming’s solar facility’s electric 

needs will be served by either Fleming-Mason Energy or KU during construction and 

operation.  

 The Harvey Economics Report concludes that AEUG Fleming has generally 

complied with the requirements for describing the facility and a site development plan, as 

required by KRS 278.708.  The report recommends the following mitigation measures. 

1. A final site layout plan should be submitted to the Siting Board upon 

completion of the final site design.  Deviations from the preliminary site layout plan, which 

formed the basis for the instant review should be clearly indicated on the revised graphic.  

Those changes would include, but are not limited to, location of solar panels, inverters, 

transformer, the warehouse, substation, operations and maintenance building, or other 

project facilities or infrastructure.  

2. Any change in the boundaries of the proposed solar facility from the 

information which formed this evaluation should be submitted to the Siting Board for 

review.  

3. The Siting Board will determine if any deviation in the boundaries or site 

development plan is likely to create a materially different pattern or magnitude of impacts. 
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If not, no further action is required; but if that is the case, AEUG Fleming will support the 

Siting Board’s effort to revise its assessment of impacts and mitigation requirements.  

4. AEUG Fleming or its contractor will control access to the site during 

construction and operation.  All construction entrances will be gated and locked when not 

in use.  

5. AEUG Fleming’s access control strategy should also include appropriate 

signage to warn potential trespassers.  AEUG Fleming must ensure that all site entrances 

and boundaries have adequate signage, particularly in locations visible to the public, local 

residents, and business owners. 

6. The security fence surrounding the property boundary must be installed 

prior to any electrical installation work.  The substation will have its own separate security 

fences installed. 

The Siting Board finds that AEUG Fleming’s detailed description of the proposed 

solar facility site complies with the requirement set forth in KRS 278.708(3)(a).  The Siting 

Board also finds that the mitigation measures recommended in the Harvey Economics 

Report are reasonable and, therefore, will require AEUG Fleming to implement the 

mitigation measures identified above.   

Compatibility with Scenic Surroundings 

 AEUG Fleming states that the proposed solar site is located between Elizaville, 

Flemingsburg Junction, and Flemingsburg.  According to AEUG Fleming, the topography 

in the area consists of a series of gently rolling hills and swales.25  AEUG Fleming provides 

that land use surrounding the project area is primarily pasture and agricultural, with no 

 
25 Application, Volume 1, Item 2, Description of Proposed Site. 
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large forested areas.  Tree lines typically occur at parcel boundaries, in riparian zones, 

and along roadways.  Adjoining land is primarily a mix of residential and agricultural uses, 

which, according to AEUG Fleming is very typical of solar farm sites.26  AEUG Fleming 

notes that there is a nearby religious facility and minimal adjoining commercial uses.27   

 AEUG Fleming asserts that its solar facility, which uses tracking panels, are a 

passive use of the land that would blend in with the nearby rural and residential area.  

AEUG Fleming asserts that the height of solar panels, which are generally 6 to 10 feet off 

the ground, has a similar visual impact as compared to a typical greenhouse (which is 

similar in height) and lower than a single story residential home (which has a greater 

height).28  AEUG Fleming notes that, as compared to the proposed solar facility, if the 

subject property was developed with single family housing, that development would have 

a much greater visual impact on the surrounding area given that a two-story home with 

attic could be three to four times as high as the proposed panels.29  AEUG Fleming further 

indicates that it has identified certain properties in which a vegetative buffer will be 

implemented in order to mitigate viewshed impacts for those properties.  Lastly, AEUG 

Fleming states that it is fully committed to working with neighboring properties and other 

noise sensitive areas to address and provide reasonable mitigation measures related to 

viewshed or noise issues.30  In particular, AEUG Fleming informs that it has developed a 

 
26 Application, Volume 2, Site Assessment Report, Appendix A, Property Value Impact Report, at 

3.  
 
27 Id. 
 
28 Id. at 112. 
 
29 Id.  
 
30 AEUG Fleming’s Response to Post-Hearing Requests for Information (filed Apr. 20. 2021), 

Item 8.  
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formal Complaint Resolution Plan to ensure that complaints to AEUG Fleming are 

properly addressed.31 

 The Harvey Economics Report finds that the visual setting surrounding the AEUG 

Fleming solar site is agricultural and residential.  The report also finds that rolling hills and 

groups of trees help mitigate against any negative visual impacts to residents and 

commuters, but since the area is converted farmland, there are numerous open spaces 

that make the solar panels visible from many different viewpoints.  Local residents 

indicate that they value the agrarian aesthetic in Fleming County.  

 The Harvey Economics Report also finds that a small portion of the solar site is 

visible from Highway 32, on the south end of the project site.  The report determined that 

a majority of the northern portion of the project will be visible from Highway 559.  Few 

native visual buffers exist along the north side of the project, making it visible to 

commuters and residents.  A portion of the noncontiguous western parcel will also be 

visible to commuters and residents.  

 Although AEUG Fleming’s glare study has not been finalized at the time of the 

issuance of this Order, the Harvey Economics Report points out that AEUG Fleming has 

committed to reducing any potential glare issue by use of anti-glare solar panels or 

operation of tilting the panels, either in the morning or late afternoon. 

 The Harvey Economics Report concludes that Fleming County residents value 

agricultural vistas and are concerned about being overwhelmed by solar panels.  The 

report finds that construction vehicles and activity will be seen from numerous vantage 

 
 
31 Id.   
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points, but these effects will be temporary as construction work moves around the site.  

The operational infrastructure may cause adverse visual impacts to certain residences 

and businesses since few vegetative buffers are currently planned.  Lastly, the report 

notes that the substation will be hidden from nearly all viewing points. 

 The Harvey Economics Report recommends the following mitigation measures to 

address visual impacts.  

1. AEUG Fleming will not remove any existing vegetation unless the existing 

vegetation needs to be removed for placement of solar panels.  

2. Existing vegetation between the solar arrays and the residences will be left 

in place, to the extent practicable, to help screen the solar facility and reduce visual 

impacts from the adjacent homes.  

3. AEUG Fleming has committed to working with homeowners and business 

owners to address concerns related to the visual impact of the solar facility on its 

neighbors.  

4. AEUG Fleming should provide a visual buffer between the facility and 

residences and other occupied structures with a line of sight to the facility to the 

satisfaction of the affected property owners.  If vegetation is used, plantings should reach 

eight feet high within four years.  That vegetation should be maintained or replaced as 

needed.  

5. AEUG Fleming will cultivate at least six acres of native pollinator-friendly 

species within the solar facility site, among the solar panels.  At least 0.5 an acre of 

pollinator-friendly species will be planted in the western, noncontiguous parcel of the solar 

facility site.  
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6. AEUG Fleming has pledged to select anti-glare panels and operate the 

panels in such a way that all glare from the panels is eliminated.  Applicant will provide 

proof that glare will not occur from the facility or immediately adjust solar panel operations 

upon any complaint from those living, working or travelling in proximity to the facility.  

Failing this, AEUG Fleming will cease operations until the glare is rectified. 

 Having reviewed the record, the Siting Board finds that the passive characteristics 

of the proposed solar facility combined with the existing topography of the surroundings, 

in general, where the solar facility will be located as well as the trees and other vegetation 

in the area will mitigate the effects the proposed facility will have on the scenic 

surroundings of the site.  The physical characteristics of the solar facility also do not pose 

any adverse impact to the scenic surroundings given that the majority of the day the solar 

panels will be between six and ten feet high, which would be a lower profile than most 

single-family homes.  The Siting Board does have concerns regarding areas identified in 

the Harvey Economics Report north and west of the proposed solar site which have few 

existing vegetative buffering and, therefore, commuters and property owners along the 

northern and western portion of the solar facility will have an unobstructed view of the site 

and will have no buffering to mitigate any noise generated by the solar facility both during 

construction and during operation.  Although AEUG Fleming has committed to 

coordinating with neighboring property owners and businesses who raise concerns about 

the visual impact of the solar facility to provide visual buffering when it is appropriate and 

reasonable, the Siting Board finds that such a commitment does not provide reasonable 

assurance that the concerns of neighboring landowners and businesses will be 

adequately addressed as it leaves the decision making in the sole hands of AEUG 
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Fleming without any oversight.  The Siting Board finds that the mitigation measures 

recommended in the Harvey Economics Report are reasonable and, therefore, will 

require AEUG Fleming to implement the mitigation measures identified above with the 

exception to Mitigation Measure 4 which will be modified as follows: 

4. For residences and other occupied structures that are within 300 feet of the 

proposed solar facility’s boundary and having an unobstructed line of sight of the facility, 

AEUG Fleming should provide a buffer to the satisfaction of the affected property owners.  

If vegetation is used, plantings should reach eight feet high within four years.  That 

vegetation should be maintained or replaced as needed.  To the extent an affected 

property owner indicates to AEUG Fleming that such a buffer is not necessary, AEUG 

Fleming will need to obtain that property owner’s written consent and submit such consent 

in writing to the Siting Board. 

The Siting Board notes that the mitigation measure to cultivate at least six acres 

of native pollinator-friendly species will further ensure that the solar facility will blend in 

and add to the existing surroundings.  Regarding AEUG Fleming’s commitment to submit 

a glare study that will confirm that there will be no red glare at key observation points, the 

Siting Board notes that such a study will not be filed until June 15, 2021, which is 

approximately three weeks after the issuance of this final Order.  Because the Siting 

Board will not have an opportunity to review the glare study prior to making its decision in 

this case, the final decision reached in this Order will be conditioned upon the Siting 

Board’s review and approval of the glare study once it is submitted.     
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Impact on Property Values  

With respect to impact on property values, AEUG Fleming submitted a Property 

Value Impact Report from a certified real estate appraiser that found that, based upon a 

comparative analysis, the solar facility will have no impact on the property values of 

abutting or adjacent residential or agricultural properties.32  The report indicates that the 

solar facility would function in a harmonious manner with the nearby surroundings, which 

is mostly agricultural, and that operation of the solar facility would not generate the level 

of noise, odor, or traffic impacts to negatively impact the nearby surroundings as 

compared to a fossil fuel generating facility or other industrial facility.   

 The Harvey Economics Report evaluated the impacts to property values by 

reviewing relevant existing literature related to solar facility impacts; prepared further 

analysis of the data provided in AEUG Fleming’s Property Value Impact Report; and 

conducted interviews with two local real estate professionals.  Among the literature 

reviewed by Harvey Economics was a 2020 study completed by economists at the 

University of Rhode Island, which found that in areas of high population density, houses 

within a one-mile radius depreciate by about 1.7 percent following construction of a solar 

array.  However, the Harvey Economics Report states that the University of Rhode Island 

study performed additional analysis focused on impacts in more rural areas found that 

the effect in rural areas were effectively zero and that the negative externalities of solar 

arrays are only occurring in non-rural areas.  Harvey Economics also reviewed a 2018 

University of Texas study, which included a geospatial analysis and a survey of residential 

property assessors to determine the potential for property value impacts related to solar 

 
32 See Application, Volume 2, Site Assessment Report, Appendix A, Property Value Impact Report. 
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projects.  The results of the University of Texas study showed that a majority of survey 

respondents estimated a value impact of zero and geospatial analysis showed that 

relatively few homes would be impacted.  Harvey Economics also reviewed a 2019 article 

produced by the American Planning Association, which indicates that the impact of utility-

scale solar facilities is typically negligible on neighboring property values.  Additional 

materials reviewed by Harvey Economics included several independent appraisal reports 

related to property value impacts for solar companies.  The Harvey Economics Report 

states that overall conclusions of these independent appraisal reports were that solar 

facilities do not negatively impact property values. 

 Harvey Economics also interviewed the Fleming County Property Valuation 

Administrator and a local real estate agent both of whom were familiar with the AEUG 

Fleming solar project.  The Fleming County Property Valuation Administrator expressed 

concerns about impacts to property values of nearby homes, particularly homes in the 

Locust Ridge subdivision which have the highest property values in the county and which 

are located near the southeast portion of the solar site, due to the visual aspects of a 

solar facility.  Although the local real estate agent does not have any direct experience 

with a solar facility’s impact on property value, the local real estate agent indicated that a 

solar facility could have a negative effect on property desirability and sales price and that 

those effects would likely be tied to visibility of a solar site. 

 In addition to reviewing the methodology and underlying matched pair analysis 

used in AEUG Fleming’s Property Value Impact Report, Harvey Economics also 

examined more closely the data provided in the matched pair sets to determine the 

likelihood of a positive impact, negative impact, or no impact.  Harvey Economics 
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determined that the outcome of the evaluation of the solar facilities greater than 70 MW, 

which included 11 pair data sets, indicates that over 80 percent of matched pair 

comparisons resulted in no sales price difference or an increase in sales price due to 

adjacency to the solar facility property.  Due to concerns expressed by the local real estate 

agent regarding the potential impact to the Locust Ridge subdivision, which is a higher 

value area, Harvey Economics also more closely examined the data provided by AEUG 

Fleming’s Property Value Impact Report for home sales over $300,000.  The Harvey 

Economics Report evaluated all 20 matched pair sets with home sales over $300,000.  

The report found that only four matched pair sets indicated a negative impact to home 

values and those four were all associated with the same suburban New Jersey facility of 

9.36 MW.  The Harvey Economics Report determined that this analysis generally 

suggests that home prices in higher value residential areas are not negatively impacted 

by adjacency to a solar facility. 

 The Harvey Economics Report concludes that the current research indicates that 

the existence of solar facilities does not, in general, negatively influence property values 

for adjacent landowners in rural areas.  The report notes that Harvey Economics’ own 

research point to a conclusion of no discernible impacts to property values, although there 

is a small risk of negative impacts.  The report acknowledges that local residents and 

governmental officials are concerned about property values, but concludes that property 

values in Fleming County are unlikely to be affected by the siting of the AEUG Fleming 

solar facility.  The Harvey Economics Report notes that this finding is predicated upon 

close coordination by AEUG Fleming with concerned homeowners regarding all of the 
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mitigation measures recommended by Harvey Economics and that such coordination 

should be initiated immediately. 

Having reviewed the record, the Siting Board finds that there is sufficient evidence 

to conclude that the proposed AEUG Fleming solar facility will more than likely not have 

any adverse impact on nearby property values.  As we noted earlier, the characteristics 

of the solar facility’s operations is passive in nature in that it produces relatively minimal 

air, waste, or water pollution and it does not create any traffic issues during operations.  

Moreover, the mitigation measure imposed in the above Compatibility with Scenic 

Surroundings section requiring AEUG Fleming to implement a buffer for those properties 

located within 300 feet of the proposed solar facility’s boundary and having an 

unobstructed line of sight of the facility will further ensure that the proposed solar facility 

will have minimal impact on nearby property values.       

Impact on Roads, Railways, and Fugitive Dust  

 With respect to the impact on roads, railways, and fugitive dust, AEUG Fleming’s 

Noise and Traffic Study as part of its SAR notes that while the proposed solar site will 

have ten access points, the primary access point will be located in the southeast portion 

of the facility at the corner of Highway 32 and Lantern Ridge Drive.  The northeastern 

most access point on the north side will also be frequently used.  The remaining eight 

access points will be used during construction and operations but less frequently.  AEUG 

Fleming states that the major roads to be used to access the facility are anticipated to be 

Highway 32 (along the southern portion of the site), Highway 559 (along the northern 

portion of the site), Highway 11 (along the western portion of the site), and Highway 170 
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(along the northwestern portion of the site).  AEUG Fleming states that it does not intend 

to use railways for any construction or operational activities. 

It is expected that construction will take up to 15 months to complete the solar 

facility.  AEUG Fleming’s Noise and Traffic Study provides average daily traffic (ADT) 

data for four stations in the vicinity of the solar site.  The ADT for Highway 32 near mile 

point 8.2, which is located 540 feet from the solar site boundary to the north, is 5,318.  

The ADT for Highway 11 at mile point 11.8, which is located 2,350 feet east of the solar 

site, is 7,927.  The ADT for Highway 170 at mile point 8.2, which is 685 feet west of the 

solar site, is 482.  The ADT for Highway 559 at mile point 0.8, which is 50 feet south of 

the solar site boundary, is 147.   

AEUG Fleming anticipates a temporary increase in traffic near the vicinity of the 

solar site during construction activities.  The increase in traffic will occur in the morning 

and evening when construction workers are entering and exiting the project site as well 

as periodic delivery of construction materials and equipment.  AEUG Fleming estimates, 

on average, 346 workers will be on site throughout this period, with a peak of 600 workers.   

AEUG Fleming states that it and its vendors will be required to comply with laws and 

regulations, which are primarily focused on federal and state highways.  With respect to 

county roads, AEUG Fleming asserts that it will be entering into a Road Use Agreement 

with Fleming County, which will set forth certain obligations and expectations for any 

necessary county road modifications and usage.  AEUG Fleming states that it will 

implement all necessary safety precautions, including signage and flagmen, to ensure 

traffic flow remains steady on the surrounding roads.  AEUG Fleming does not anticipate 

damages to any of the existing road infrastructure but has pledged to repair any damage 
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to roadways resulting from construction activities.  AEUG also states that it will spray 

down roads and lots with water, utilizing revegetation measures, covering spoil piles, and 

building internal road networks with compacted gravel.  

 During operations, AEUG Fleming states that the facility will have a maximum of 

eight employees to staff the solar site.  Those employees will work during the week from 

7 a.m. until 3:30 p.m.  AEUG Fleming further states that employees will be in mid- or full-

sized trucks and will contribute less to vehicle traffic than a typical single-family home.   

 The Harvey Economics Report indicates that project-related traffic congestion will 

occur near the entrance to Fleming County High School, especially in the morning when 

both students, faculty, and construction workers are arriving simultaneously.  The report 

also found that traffic congestion will be noticeable along Highway 32 near the 

Flemingsburg Baptist Church and that left turns entering or exiting of Lantern Ridge Drive 

could frustrate commuters to the point where a temporary stop light may be necessary.  

The report notes that traffic congestion during construction will likely be noticeable along 

Nepton Road (and potentially Buffalo Trace Road and Lazy Oaks Lane if AEUG Fleming 

utilizes these routes), which provides access to the westernmost parcel.  The report 

further states that Highway 559 is also expected to experience substantial increases in 

traffic volumes during construction, especially near the primary access point.  

 With respect to road degradation, the Harvey Economics Report indicates that 

impact to roads could occur while carrying heavy loads particularly along Nepton Road 

and potentially Buffalo Trace Road and Lazy Oaks Lane, since these roads are only rated 

at 44,000 pounds.  The report also points out that the delivery of the substation 

transformer will also be a challenge, since this vehicle is nearly seven times heavier than 
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the any of the roads in the vicinity are rated to handle.  Road degradation is also more 

likely to occur near primary access points, especially the primary access point utilized in 

delivery of the substation transformer.  The report notes that bridge degradation is 

possible, especially for bridge 38N, which exists along Highway 32.  Bridge 38N is 

structurally deficient and has the potential to collapse if put under immense stress.  Bridge 

40N is also structurally deficient, but there are no access points off Lazy Oaks Lane. 

 The Harvey Economics Report finds that there should be no issue with respect to 

fugitive dust given the measures to be implemented by AEUG Fleming and that there 

should be no noticeable traffic impacts during operations.  

 The Harvey Economics Report recommends the following mitigation measures to 

ensure that impacts to roadways will be kept to a minimum.  

1. AEUG Fleming should work with the Commonwealth road authorities and 

the Fleming County Road Department to perform a road survey, before and after 

construction activities, for Highway 32, Highway 11, Highway 559, Highway 170, and 

Nepton Road.  This road survey should include any bridges along these routes.  

2. AEUG Fleming has committed to fix or fully compensate the appropriate 

transportation authorities for any damage or degradation to roads or bridges that it causes 

or to which it materially contributes to.  

3. AEUG Fleming should develop special plans and obtain necessary permits 

before bringing heavy loads, especially the substation transformer, onto state or county 

roads in the vicinity.  Heavy loads over state-designated deficient bridges should be 

avoided.  
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4. Additional heavy truck trips along Nepton Road should be minimized or 

diverted, to disperse the weight of vehicles on the roadway to less than 44,000 pounds.  

Currently, the weight of vehicles plus loads exceeds the 44,000-pound weight limit around 

the western (noncontiguous) parcel of the project site.  

5. AEUG Fleming should meet with the Fleming County High School and 

Board of Education officials to ensure proper road safety measures are designed and 

implemented.  AEUG Fleming should utilize appropriate signage and safety equipment 

along Highway 32 to aid the flow of traffic in the vicinity of Fleming County High School.  

6. As needed, AEUG Fleming will place a temporary stop light at the 

intersection of Highway 32 and Lantern Ridge Drive.  

7. AEUG Fleming should avoid Lazy Oaks Lane during construction and 

operations.  The bridge under Lazy Oaks Lane is structurally deficient and near a railroad 

crossing.  

8. AEUG Fleming should properly maintain construction equipment and follow 

best management practices related to fugitive dust throughout the construction process.  

This should keep dust impacts off-site to a minimal level. 

The Siting Board finds that the 15-month construction phase of the AEUG Fleming 

solar facility would have an adverse impact on traffic during the peak morning and evening 

periods particularly on Highway 32 and Highway 559.  The Siting Board is also particularly 

concerned about traffic impacts to the Fleming County High School, which is situated 

along Highway 32, during construction period.  The Siting Board, however, finds there to 

be very little, if any, impact to the nearby roads during the operational phase of the solar 

facility.  The Siting Board agrees with the mitigation measures recommended in the 
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Harvey Economics Report, which were generally accepted by AEUG Fleming, and will 

require AEUG Fleming to implement those measures.  To further ensure that traffic 

impacts during construction are kept to a minimum, the Siting Board will also require 

AEUG Fleming to develop a traffic management plan to minimize the impacts of any traffic 

increase and keep traffic safe.  Any such traffic management plan should also identify 

any noise concerns during the construction phase and develop measures that would 

address those noise concerns.  The Siting Board will also require AEUG Fleming to limit 

the construction activity, process, and deliveries to the hours of 8 a.m. and 6 p.m. Monday 

through Saturday.  These hours represent a reasonable timeframe to ensure that nearby 

property owners are not too impacted by the construction activities.   

Anticipated Noise Level 

According to AEUG Fleming’s Noise and Traffic Study,33 the solar structures are 

approximately 35 feet from the project boundary at the closest points.34  The closest noise 

receptor to any structure, a grouping of residences along Highway 559 on the northern 

portion of the project site, will be approximately 265 feet from the nearest solar panel and 

approximately 739 feet from the nearest inverter.35  These residences will be within 

200 feet of the property boundary.36  The residential neighborhood along Nepton Road 

near the northwest portion of the solar site will have a house that will be located 212 feet 

from the nearest solar panel.37  The Flemingsburg Baptist Church, located on the 

 
33 Application, Volume 2, Site Assessment Report, Appendix C, Noise and Traffic Study. 
 
34 Id. at 1. 
 
35 Id. at 1–2. 
  
36 Id. at 2. 
 
37 Id. 
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southeast portion of the project site, will be approximately 1,903 feet from the nearest 

solar panel and 2,533 feet from the nearest inverter or transformer.38  Fleming County 

High School, also located on the southeast portion, will be approximately 1,800 feet from 

the nearest solar panel and 2,407 feet from the nearest inverter or transformer.39 

AEUG Fleming’s Noise and Traffic Study indicates that the project area can be 

defined as a sparse suburban or rural area with very few (if any) near sources of sound.  

The background sound levels are conservatively characterized under the American 

National Standards Institute’s Land Use Category as being very quiet suburban and rural 

residential.40  According to AEUG Fleming, the majority of the analysis area would be 

expected to have a Day-Night Average Sound Level (Ldn) background noise of about 

40 A-weighted decibels (dBA) or less.41  This noise level would occasionally increase due 

to passing vehicular traffic from Highway 559 and Highway 32.42  There are also 

temporary increases in the existing noise level from farm equipment used to grow and 

harvest crops and to raise cattle and other farm animals.43  AEUG Fleming’s Noise and 

Traffic Study notes that according to a U.S. Environmental Protection Agency’s (EPA) 

1974 study, which evaluated the effects of environmental noise with respect to health and 

safety, the EPA determined an Ldn of 55 dBA (equivalent to a continuous noise level of 

 
38 Id.  
 
39 Id.  
 
40 Id. at 2–3.  
 
41 Id. at 3. 
 
42 Id.  
 
43 Id.  
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48.6 dBA) to be the maximum sound level that will not adversely affect public health and 

welfare by interfering with speech or other activities in outdoor areas.44 

 AEUG Fleming provides that construction of the facility is expected to commence 

in September of 2021 and be completed in July of 2022.45  The noisiest phase of 

construction is anticipated to be the foundations phase due to pile driver use and would 

last from November of 2021 to June of 2022 with planned pauses the weeks of November 

29, 2021; December 27, 2021; and January 3, 2022.46   AEUG Fleming also notes that 

there will be a 10-week period from March to May of 2022 when all six major construction 

phases will be in progress concurrently.47  Foundations/Poles would be the loudest 

activity during this time, which generates a maximum noise level between 96 dBA and 

101 dBA at a distance of 50 feet.48  AEUG Fleming further notes that construction work 

is expected to progress across the site such that equipment and activities would only be 

in a single area for a short period and that the potential for adverse noise impacts at any 

one receptor is expected to only occur for a short period.49 

 When the solar facility is operating, there will be periodic noise associated with the 

relatively constant noise of inverters, the solar panel tracking system, and the substation 

transformer.  The noise produced by the 70 or so inverters will be less than 66.0 dBA 

measured at ten meters, which can be described as a hum and has roughly the same 

 
44 Id.  
 
45 Id. at 5.  
 
46 Id.  
 
47 Id.  
 
48 Id. 
 
49 Id.  
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noise output of a household air conditioning unit.50  The 4,725 panel tracking motors on 

the solar panels will operate at 78 dBA (or equivalent to a sound pressure of 47 dBA 

measured at ten meters) no more than one minute out of every 15-minute period.51  The 

transformer located within the planned substation, which is anticipated to cover 

approximately 1.4 acres on the east side of the facility.52  The transformer is anticipated 

to be the loudest noise-generating operational equipment with noise emissions rated at 

85 dBA sound power.53  According to AEUG Fleming, this equates to a sound pressure 

level of 54 dBA at 10 meters distance.54  AEUG Fleming also points out that the nearest 

noise sensitive receptor to the transformer is a residence approximately 1,600 feet 

south.55  

 AEUG Fleming states that it did not find any relevant county or state noise 

ordinance or standard.56  AEUG Fleming provides that the city of Flemingsburg Noise 

Regulation prohibits “excessive noise,” but does not provide specifics that pertain to this 

project.57 

 AEUG Fleming’s “as proposed” analysis concludes that the Ldn value at the nearest 

noise sensitive area would be 54.5 dBA.58  Since no sounds emanating from operation 

 
50 Id. at 6.  
 
51 Id. 
 
52 Id. 
 
53 Id.  
 
54 Id.  
 
55 Id. 
 
56 Id. at 3. 
 
57 Id.  
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equipment are greater than 55 dBA, AEUG Fleming concludes that the proposed solar 

facility complies with the EPA’s noise emission recommendations.59 

 The Harvey Economics Report notes that noise issues stem from construction 

activities and operational components of the solar facility.  During construction, noise will 

include graders, bulldozers, excavators, dozers, dump trucks, and other equipment.  

During operation of the proposed solar facility, noise will be emitted from transformers, 

inverters, and the tracking motors which rotate the panels to track the sun.  The report 

further notes that distance from noise emitters to noise receptors also matters, since the 

further a noise receptor from a noise emitter, the less noise impact overall.  Lastly, the 

report also points out that Fleming County does not have a noise ordinance, but the city 

of Flemingsburg does.  The report indicates that none of the city of Flemingsburg’s noise 

ordinance’s stipulations are relevant to the project, given the distance from the city to the 

project and the stipulations of the ordinance.  The report utilizes the noise 

recommendations generated by the EPA and World Health Organization (WHO) to gauge 

acceptable levels of sound.  The WHO determined that daytime noise emissions greater 

than 55 dBA over a 16-hour period can cause serious annoyance, and noise emissions 

greater than 50 dBA over a 16-hour period can cause moderate annoyance.  The WHO 

recommends limits of 45 dBA over an 8-hour period during the night. 

 The Harvey Economics Report concludes that the baseline noise levels in the area 

are serene which would be disrupted by the construction noises resulting in an annoyance 

 
58 AEUG Fleming’s Supplemental Responses to Siting Board Staff’s Post-Hearing Requests for 

Information (filed May 14, 2021), Item 4, Attachment “Fleming Solar Facility Project: Baseline Sound 
Monitoring” at 10.   

 
59 Id. 
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for residents for at least the period when construction is active nearby.  The report finds 

that the pile driving process will be particularly annoying for people living or working in the 

vicinity.  There could be as many as 12 months of noticeable noise impacts during 

construction, with a peak of up to 40 weeks of potentially annoying levels of noise during 

construction.  During construction, almost all the noise from the project site will be 

intermittent and will not be permanently impactful to nearby residents.  The Harvey 

Economics Report determined that a variable construction schedule in daylight hours has 

the potential to confuse nearby residents who look forward to a peaceful quiet period after 

returning from work in the evenings.  If construction noise is an issue for residents, the 

variable schedule has the potential to multiply the aggravation.  

 With respect to operational noises, the Harvey Economics Report states that the 

solar facility has the potential to cause a constant annoyance to a number of nearby 

residences.  The report notes 23 residences are estimated to experience noise levels 

above 50 dBA, though this number could be underestimated if all homes in the Hunters 

Trace neighborhood are analyzed.  These constant noise levels, in the range of the 

“moderately annoying” threshold classified by the WHO, could be an issue for numerous 

residences. 

 The Harvey Economics Report recommends the following mitigation measures to 

address any potential noise impacts. 

1. AEUG Fleming should avoid a variable daily construction schedule and 

implement a consistent construction schedule, which will offer certainty and relief during 

the construction period.  AEUG’s proposed fall schedule be adopted year round: no earlier 

start than 7:30 a.m. with a construction stop at 7:00 p.m.  
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2. AEUG Fleming should consider eliminating construction work on Sundays.  

The church in the project vicinity and the residents living nearby will likely appreciate the 

respite from construction noise.  

3. AEUG Fleming should consider notifying residents and businesses within 

2,400 feet of the project boundary about the construction plan, the noise potential, and 

the mitigation plans at least one month prior to construction start. 

4. AEUG Fleming should remain in contact with nearby residents to confirm 

that noise levels are not unduly high or annoying after the pounding and placement of the 

solar panel racking begins and mitigate those effects as needed. 

5. AEUG Fleming should coordinate with the local school district officials about 

concentrating all noise-inducing construction activity in the vicinity of the Fleming County 

High School in the summer and during non-school periods. 

6. AEUG Fleming should coordinate a plan for noise buffering as needed for 

at least the 23 residences (and potentially the Hunters Trace neighborhood) estimated to 

experience noise levels of 50 dBA or greater during facility operations.  Additional 

vegetative buffering or fencing should be considered on an as-needed basis for residents 

who experience annoying and verifiable noise levels during operations. 

Although AEUG Fleming contends that the noise levels during the operational 

phase of the proposed solar facility will not create any issues, the Siting Board notes that 

AEUG Fleming’s Baseline Sound Monitoring study shows that an average person 

perceives an increase of 3 dBA or less as barely perceptible but an increase of 20 dBA 

is perceived as a dramatic change.60  The same study shows that the sound level at the 

 
60 Id. at 2.  
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nearest noise sensitive area due to the operation of the solar facility increased the 

ambient noise level by 24 dBA, from 30.5 dBA to 54.5 dBA.61  In addition to the dramatic 

change in the baseline noise level caused by the operation of the proposed solar facility, 

the Siting Board also notes that AEUG Fleming’s Noise and Traffic Study shows that the 

level of noise associated with the operations of the proposed solar facility will be 54.5 dBA 

which is at the margins of what EPA would consider to be an annoying level of sound to 

nearby property owners.  According to AEUG Fleming, a noise level difference of 3 dBA 

is barely perceptible.  A noise level difference of 0.5 dBA, or between 54.5 dBA and 55.0 

dBA, would therefore not be discernable. 

The Siting Board further finds that the noise levels created during the construction 

phase would cause adverse impacts to the nearby property owners.  The Siting Board 

agrees with the mitigation measures recommended in the Harvey Economics Report and 

will require AEUG Fleming to implement those measures, except that Mitigation Measure 

1 will be modified to reflect a construction time period of 8 a.m. to 6 p.m. Monday through 

Saturday.  To further ensure as little noise impacts as reasonably possible during the 

construction period, the Siting Board will require the following additional mitigation 

measures.   

1. The closest that an inverter can be located to a noise sensitive receptor 

should be 739 feet. 

2. The closest that the substation transformer can be located to a noise 

sensitive receptor should be 1,600 feet. 

 
61 Id. at 10. 
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3. The closest that a solar panel can be located to a noise sensitive receptor 

should be 265 feet. 

4. AEUG Fleming should implement the Customer Resolution Program set 

forth in its Response to Siting Board Staff’s Post-Hearing Requests for Information, 

Item 8.  AEUG Fleming should also submit annually a status report associated with its 

Customer Resolution Program, providing, among other things, the individual complaints, 

how AEUG Fleming addressed those complaints, and the ultimate resolution of those 

complaints identifying whether or not the resolution was to the complainant’s satisfaction. 

5. If the pile driving activity occurs within 1,500 feet of a noise sensitive 

receptor, AEUG Fleming should implement a construction method that will suppress the 

noise generated during the pile driving process (i.e., semi-tractor and canvas method; 

sound blankets on fencing surrounding the solar site; or any other comparable method).62  

Mitigation Measures Proposed by AEUG Fleming 

 AEUG Fleming’s SAR contained the following mitigation measures that it plans to 

implement. 

1. AEUG Fleming states that existing vegetation between the solar arrays and 

the residences will be left in place, to the extent practicable, to help screen the project 

and reduce visual impacts from the adjacent homes.  AEUG Fleming anticipates that 

views of the project from surrounding places (Nepton, Elizaville, Flemingsburg Junction, 

Flemingsburg) would generally be screened by vegetation and structures associated with 

 

62 See Case No. 2020-00280, Electronic Application of Ashwood Solar I, LLC for a Certificate of 
Construction for an Approximately 86 Megawatt Merchant Electric Solar Generating Facility in Lyon County, 
Kentucky Pursuant to KRS 278.700 and 807 KAR 5:110 (Ashwood Solar’s Response to Siting Board Staff’s 
Post-Hearing Request for Information, Item 2) (responses anticipated to be filed May 25, 2021, pursuant to 
the post-hearing schedule). 
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development.  AEUG Fleming has met with certain property owners to discuss specific 

view shed concerns and to provide visual buffers to address to specific concerns.  

2. Other permit applications to the appropriate regulatory body will follow as 

the project enters the construction phase. In particular, AEUG Fleming notes that 

completion of a Phase I Environmental Site Assessment for the site, which was submitted 

with the instant application. 

The Siting Board has reviewed the mitigation measures that have either been 

proposed by AEUG Fleming or measures that have been accepted by AEUG Fleming in 

response to discovery requests or recommended in the Harvey Economics Report and 

have modified certain of those measures.  The Siting Board finds that the mitigation 

measures as proposed and as modified are appropriate and reasonable.   

The Siting Board finds that AEUG Fleming’s SAR complies with all of the statutory 

requirements of KRS 278.708 subject to the mitigation measures and conditions imposed 

in this Order and the attached Appendix A. 

II. Requirements under KRS 278.710(1) 

In addition to the evaluation of the factors contained in the Site Assessment 

Report, KRS 278.710(1) directs the Siting Board to consider the following additional 

criteria in rendering its decision:  

• Economic impact on the affected region and state;  
• Existence of other generation facilities;  
• Local planning and zoning requirements;  
• Potential impact on the electricity transmission system;  
• Compliance with statutory setback requirements; and 
• History of environmental compliance.  
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Economic Impact on Affected Region and the State 

 According to AEUG Fleming’s economic impact report, the proposed solar facility 

will generate lasting and significant positive economic and fiscal impacts on the entire 

affected region and the state.  Such impacts includes the creation of hundreds of 

construction jobs, expansion of the local tax base, and the benefits of having a long-term 

employer and corporate citizen in the region that has a strong commitment to investing in 

the communities it serves.  AEUG Fleming states that the project will pay approximately 

$9.3 million in property taxes over the 30-year life of the proposed solar facility.  The 

estimated capital cost of the facility is approximately $190 million.  

 During construction, AEUG Fleming estimates that approximately 543 total full-

time equivalent jobs will be created, with 245 of those jobs directly linked to Fleming 

County.  The vast majority of these jobs will be filled by craft workers and contractors.  

The 543 jobs translate to a projected injection of approximately $17 million in new wages 

into the local economy, which will support local businesses, and approximately $39.4 

million across the state.  During operations, the proposed solar facility will create 

approximately 17.6 full time equivalent jobs in Fleming County and 22 full-time equivalent 

jobs statewide.  The new local long-term earnings total over $678,000 for Fleming County 

and over $1.4 million for the Commonwealth of Kentucky. 

 The Harvey Economics Report determined that the construction and operation of 

the AEUG Fleming solar facility will provide some, limited economic benefits to the region 

and to the state.  The report states that overall, the AEUG Fleming project will result in 

measurable, but temporary, positive economic effects to the region during the 

construction phase.  Harvey Economics found that construction activity will generate 
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regional employment and income opportunities; those effects will be temporary, but local 

hires will increase employment and incomes to an area which needs it.  During the 

operational phase, the report finds that operational benefits will be confined mostly to 

property taxes.  Lastly, the report notes that operational employment will be minimal, and 

purchases of materials or supplies will be very small on an annual basis. 

Having reviewed the record, the Siting Board finds that the AEUG Fleming solar 

facility will have a positive economic impact on the region.  The Siting Board notes that 

the solar facility will be one of the very few utility-scale renewable generation resource in 

the state and will be one of the largest solar facility in the state.   

Existence of Other Generating Facilities 

AEUG Fleming states that it is difficult to find an existing generation site with 

enough land available to install a large utility-scale solar facility.63  AEUG Fleming sited 

the project near the existing Flemingsburg-Spurlock 138 kV line.  AEUG Fleming states 

that it would be responsible for building a new interconnection to this line.   

KRS 278.710(1)(d) provides that the Siting Board must consider whether a 

merchant plant is proposed for a site upon which facilities capable of generating 10 MW 

or more of electricity are currently located.  Although the site upon which the AEUG 

Fleming solar facility will be located does not contain any other generating facilities, the 

Siting Board notes the selected site will encompass an existing transmission line and 

AEUG Fleming will be able to directly interconnect its solar facility to that of the existing 

transmission line without the need for any additional land.  Also, as previously determined, 

 
63 Application, Volume 1, Item 7, Efforts to Locate Near Existing Electric Generation.  
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the generally passive characteristics of the solar facility will be compatible with the 

surrounding area.   

Local Planning and Zoning Requirements  

 AEUG Fleming states that the proposed solar facility will be located entirely in 

Fleming County.  AEUG Fleming notes that Fleming County has not enacted any zoning 

ordinances or setback requirements for the location of the AEUG Fleming solar facility.  

AEUG Fleming informs that there are no setback requirements established by a planning 

and zoning commission for the location of the project and no noise control ordinance 

applicable to the project.  AEUG Fleming submitted as part of its application a certification 

that the proposed project will be in compliance with all local planning and zoning 

requirements that existed on the date the application was filed. 

The Siting Board finds that AEUG Fleming’s certification that the proposed facility 

will meet all local planning and zoning requirements that existed on the date the 

application was filed satisfies the requirements of KRS 278.710(1)(e). 

Impact on Transmission System 

AEUG Fleming states that the proposed solar facility will be located within the PJM 

Interconnection LLC (PJM) footprint.  AEUG Fleming informs that PJM is the Regional 

Transmission Organization for 13 states, including parts of Kentucky, and is therefore 

managing the interconnection of the project in coordination with EKPC, who owns the 

transmission infrastructure to which the project is proposing to interconnect.64  The 

interconnection study process for PJM involves three study phases: Feasibility Study, 

System Impact Study, and Facilities Study.  The purpose of the feasibility study is to 

 
64 Application, Volume 1, Item 9, Effect on Kentucky Electricity Generation System. 
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determine a plan, with ballpark cost and construction time estimates, to connect the 

proposed AEUG Fleming solar facility to the PJM network at a location specified by AEUG 

Fleming.  PJM issued the Feasibility Study Reports on the AEUG Fleming project in 

January 2020.  The Feasibility Study shows that AEUG Fleming will be responsible for 

total upgrade costs of approximately $7,690,000.  These upgrades consist of attachment 

facilities, direct connection network upgrades, and non-direct connection network 

upgrades. 

The System Impact Study determines potential impacts to the regional electric grid 

and the need for any network upgrades to mitigate potential impacts.  PJM issued the 

System Impact Study Report for the AEUG Fleming solar facility in August 2020.  The 

System Impact Study Report indicated that AEUG Fleming will be responsible for total 

upgrade costs of approximately $33,238,738.  These upgrades consist of attachment 

facilities, direct connection network upgrades, non-direct connection network upgrades, 

allocation for new system upgrades, and contribution to previously identified upgrades.     

AEUG Fleming states that the Facilities Study was expected to be issued in April 

2021.  To date, AEUG Fleming has not submitted the Facilities Study.  Based upon 

information provided by PJM, AEUG Fleming informs that the Facilities Study 

encompasses the engineering design work necessary to begin construction of required 

expansion plan upgrades identified by PJM to accommodate an interconnection request.   

KRS 278.710(f) provides that the Siting Board should consider whether the 

additional load imposed upon the electricity transmission system by use of the AEUG 

Fleming solar facility will adversely affect the reliability of service for retail customers of 

electric utilities regulated by the Public Service Commission (PSC).  Having reviewed the 



 -37- Case No. 2020-00206 

record, the Siting Board finds that the proposed solar facility will not adversely impact the 

reliability of service provided by retail electric utilities under the PSC’s jurisdiction based 

upon AEUG Fleming’s commitment to the interconnection process and protocols and its 

acceptance of any cost obligations resulting from the interconnection process and 

protocols consistent with the requirements under KRS 278.212.  The Siting Board finds 

that AEUG Fleming has satisfied the requirements of KRS 278.710(f). 

Compliance with Setback Requirements 

 AEUG Fleming’s application acknowledges that KRS 278.706(2)(e) requires all 

proposed structures or facilities used for generation of electricity to be at least 2,000 feet 

from any residential neighborhood, school, hospital, or nursing home facility subject to a 

certain exception that is not applicable in this instance.  KRS 278.700(6) defines 

“residential neighborhood” as a populated area of five or more acres containing at least 

one residential structure per acre.  AEUG Fleming states that there are four residential 

neighborhoods and one school within 2,000 feet of the proposed solar development.  

AEUG Fleming filed a motion, pursuant to KRS 278.704(4), seeking a deviation from the 

2,000 feet setback requirement.65  The two nearby residential neighborhoods are 

described as follows: 

1. The first residential neighborhood to the solar facility is designated as 

Nepton and is located along Nepton Road and Railroad Street on the southern part of the 

northwestern portion of the project site.  The Nepton neighborhood has approximately 30 

single-family homes and directly abuts AEUG Fleming’s boundary.   

 
65 Applicant’s Motion for Deviation from Setback Requirements (filed Feb. 19, 2021).  
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2. The second residential neighborhood is designated by AEUG Fleming as 

Hunters Trace and is located in the southern part of the project site along Highway 32.  

Hunters Trace has approximately 18 single-family homes and directly abuts AEUG 

Fleming’s boundary.   

3. The third residential neighborhood is designated as Neighborhood A and is 

located east of Hunters Trace along Highway 32.  Neighborhood A has approximately 

8 single-family homes and directly abuts AEUG Fleming’s boundary.  

4. The fourth neighborhood is designated as Neighborhood B and is located 

east of Fleming County High School along Highway 32.  Neighborhood B has 

approximately 60 single-family homes and is approximately 800 feet from AEUG 

Fleming’s boundary.  

5. The school is identified as Fleming County High School and it is located 

along Highway 32 in between Neighborhoods A and B.  Fleming County High School is 

approximately 900 feet from AEUG Fleming’s boundary.  

KRS 278.704(4) provides that the Siting Board may grant a deviation from the 

setback requirements if it is determined that the proposed facility as designed and as 

located would meet the goals of KRS 224.10-280 (Cumulative Environmental 

Assessment), KRS 278.010 (definitions), KRS 278.212 (costs of upgrading existing grid), 

KRS 278.214 (curtailment of service), KRS 278.216 (site assessment report), KRS 

278.218 (transfer of ownership), and KRS 278.700 to KRS 278.716 (Siting Board 

requirements) at a distance closer than the required 2,000 feet.   

Subject to certain exceptions not applicable in this matter, KRS 224.10-280 

requires a person to submit a cumulative environmental assessment (CEA) to the 
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Kentucky Energy and Environment Cabinet (Cabinet) along with a fee before beginning 

construction of an electric power plant.  Although it is unaware of any regulations that 

have been promulgated regarding CEAs, including any regulations that would establish 

a fee for the processing of a CEA, AEUG Fleming developed a CEA for submission to the 

Cabinet.  AEUG Fleming states that the CEA provides an in-depth analysis of the potential 

air pollutants, water pollutants, wastes, and water withdrawal associated with the 

proposed merchant solar facility.  The CEA shows that the AEUG Fleming solar facility 

will produce zero emissions and is not expected to emit any of the criteria pollutants such 

as particulate matter, carbon monoxide, sulfur dioxide, nitrogen oxide, volatile organic 

contaminants, or lead.  Although there will be some indirect air emissions during 

construction and operations from the use of vehicles and mowing, respectively, no air 

quality permit is required for these construction or ancillary activities.  With respect to 

water evaluation, AEUG Fleming states that with the use of best management practices, 

operations and maintenance of the proposed solar facility are expected to result in a net, 

long-term beneficial effect to surface waters. 

With respect to waste evaluation, the CEA notes that construction activities will 

generate solid waste consisting of construction debris and general trash, such as wooden 

crates, pallets, flattened cardboard module boxes, plastic packaging, and excess 

electrical wiring.  No special wastes as defined in KRS 224.50–760 are anticipated to be 

generated during construction or operations and maintenance.  No existing structures 

would be demolished.  To the extent feasible, AEUG Fleming will recycle construction 

waste and material that cannot be recycled will be disposed off-site at a permitted facility.  

The project will also generate very small amounts of hazardous waste, which will be 
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contained and managed through the development and implementation of best 

management practices, a Hazardous Management Plan, and a Spill Prevention 

Containment Countermeasures Plan.   

With respect to managing water withdrawal and usage, the AEUG Fleming solar 

facility will primarily utilize groundwater from existing onsite wells to provide water needed 

for construction activities.  Construction-related water use would support site preparation 

(including dust control, if applicable) and grading activities.  Similar to other solar facilities, 

the AEUG Fleming solar project is not water intensive during the operational phase. 

AEUG Fleming states that, based upon the CEA submitted to the Cabinet, the 

goals of the requirements of KRS 224.10-280 have been met.  

With respect to KRS 278.010, AEUG Fleming states that this statutory provision 

sets forth the definitions to be used in conjunction with KRS 278.010 to KRS 278.450, 

KRS 278.541 to KRS 278.544, KRS 278.546 to KRS 278.5462, and KRS 278.990.  AEUG 

Fleming asserts that the Siting Board’s authority begins with KRS 278.700 and extends 

through KRS 278.716 and any applicable provision of KRS 278.990.  AEUG Fleming 

contends that in filing a complete application pursuant to the applicable statutes in this 

proceeding, the company has satisfied the goal of providing the required information 

utilizing the definition of any applicable term defined in KRS 278.010.   

KRS 278.212 requires the filing of plans and specifications for electrical 

interconnection with merchant electric generating facility and imposes the obligation upon 

a merchant electric generating developer for any costs or expenses associated with 

upgrading the existing electricity transmission grid as a result of the additional load 

caused by a merchant electric generating facility.  AEUG Fleming avers that it has met 
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the goals of KRS 278.212 because AEUG Fleming will comply with all applicable 

conditions relating to electrical interconnection with utilities by following the PJM 

interconnection process.  Additionally, AEUG Fleming states that it will accept 

responsibility for appropriate costs which may result from its interconnecting with the 

electricity transmission grid. 

KRS 278.214 governs the curtailment of service and establishes the progression 

of entities whose service may be interrupted or curtailed pursuant to an emergency or 

other event.  AEUG Fleming states that it will abide by the requirements of this provision 

to the extent that these requirements are applicable. 

KRS 278.216 requires utilities under the jurisdiction of the Kentucky Public Service 

Commission to obtain a site compatibility certificate before beginning construction of an 

electric generating facility capable of generating more than 10 megawatts.  An application 

for a site compatibility certificate should include the submission of a site assessment 

report as prescribed in the applicable Siting Board statutes.  AEUG Fleming states that it 

is not a utility under the jurisdiction of the Kentucky Public Service Commission.  However, 

AEUG Fleming states that it has nonetheless met the requirements of KRS 278.216 by 

complying with the requirements of KRS 278.700 et seq., including the submission of a 

site assessment report.   

KRS 278.218 provides that no transfer of utility assets having an original book 

value of $1 million or more without prior approval of the Kentucky Public Service 

Commission if the assets are to be transferred by reasons other than obsolescence or 

the assets will continue to be used to provide the same or similar service to the utility or 

its customers.  AEUG Fleming states that it is not a utility as that term is defined in 
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KRS 278.010(3).  However, to the extent Siting Board approval may at some time be 

required for change of ownership or control of assets owned by AEUG Fleming, AEUG 

Fleming states that it will abide by the applicable rules and regulations which govern its 

operation.  

 KRS 278.700 et seq. governs the Siting Board’s jurisdiction and process.  AUEG 

Fleming states that it has met the goals set forth in these provisions as evidenced by the 

application in its entirety.  AEUG Fleming further states that it has provided a 

comprehensive application with a detailed discussion of all of the criteria applicable to its 

proposed facility under KRS 278.700–278.716.  

 Having reviewed the record and being otherwise sufficiently advised, the Siting 

Board finds that AEUG Fleming has demonstrated the proposed facility as designed and 

as located would meet the goals of the various statutes set forth in KRS 278.704(4) at a 

distance closer than the required 2,000 feet and is therefore permitted to a deviation from 

the 2,000 feet setback requirement.  The Siting Board notes that the mitigation 

requirements imposed in the Compatibility with Scenic Surroundings and Noise and 

Anticipated Noise Level sections will also provide some level of protection for persons 

occupying a property adjacent to the proposed solar facility with respect to noise, visual 

obstruction of scenic views, and traffic. 

History of Environmental Compliance 

AEUG Fleming states that neither it nor any entity with ownership interest in the 

proposed solar project has violated any state or federal environmental laws or regulations.  

AUEG Fleming further states that there are no pending actions against it nor any entity 

with ownership interest in the proposed solar project. 
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KRS 278.710(1)(i) directs the Siting Board to consider whether the applicant has 

a good environmental compliance history.  In light of AEUG Fleming’s verified statement 

and no evidence to the contrary, the Siting Board finds that AEUG Fleming has satisfied 

the requirements of KRS 278.710(1)(i). 

Decommissioning 

 According to AEUG Fleming, the proposed solar facility would have an expected 

useful life of 30 years.  AEUG Fleming state that a formal decommissioning plan has not 

been prepared, but that it will agree to develop a formal decommissioning plan and notes 

that it is obligated to restore the leased lands under the provisions included in individual 

lease agreements with participating landowners. 

 The Harvey Economics Report states that decommissioning the facility and 

returning the site to its original condition can be accomplished if all the components will 

be removed.  After reclamation, this would return the land to its pre-project productive use 

and property value, and eliminate long-term project-related negative impacts, compared 

with simply shutting the solar facility.  The report also states this process will have a 

modest and temporary positive economic stimulus to the region.  The Harvey Economics 

Report recommends the following decommissioning measures. 

1. As applicable to individual lease agreements, AEUG Fleming, its 

successors, or assigns will abide by the specific land restoration commitments agreed to 

by individual property owners, as described in each signed lease agreement.  

2. AEUG Fleming should develop an explicit decommissioning plan.  This plan 

should commit AEUG Fleming to removing all facility components from the project site 

and Fleming County at the cessation of operations.  
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AEUG Fleming states that it agrees to comply with the specific land restoration 

requirements as provided in each signed lease agreement and also agrees to develop an 

explicit decommissioning plan.  However, AUEG Fleming contends that a requirement to 

remove all facility components from the project site and Fleming County at the cessation 

of operations is unnecessary and premature.  AEUG Fleming argues that many 

developments may occur over the next 30 or more years, such that this type of condition 

would not be appropriate or reasonable and requests the Siting Board not to require such 

a condition.   

The Siting Board finds that decommissioning is an important consideration to 

ensure the land used during the life of the proposed solar facility can be returned to its 

original use as well as ensuring that such an obligation can be properly enforced.  Toward 

that end, the Siting Board finds that the decommissioning measures recommended by 

Harvey Economics to be appropriate and reasonable.  In addition, the Siting Board will 

require the explicit or formal decommissioning plan be developed to carry out the land 

restoration requirements set forth in the various lease agreements.  This plan should be 

filed with the Siting Board or its successors.  AEUG Fleming should also be required to 

file a bond equal to the amount necessary to effectuate the explicit decommissioning plan 

naming Fleming County as a third-party beneficiary so that Fleming County will have the 

authority to draw upon the bond to effectuate the decommissioning plan.  The bond 

amount should be reviewed every five years at AEUG Fleming’s expense to determine 

and update the cost of removal amount.   

Accordingly, the Siting Board will require AEUG Fleming to implement the 

decommissioning measures recommended by the Harvey Economics Report and the 



-45- Case No. 2020-00206 

additional decommissioning measures set forth above as conditions of its grant of a 

certificate in this matter. 

CONCLUSION 

After carefully considering the criteria outlined in KRS Chapter 278, the Siting 

Board finds that AEUG Fleming has presented sufficient evidence to support the issuance 

of a deviation from the setback requirements of KRS 278.704(2) and a Certificate to 

Construct the proposed merchant solar facility.  The Siting Board conditions its approval 

upon the full implementation of all mitigation measures described herein and listed in 

Appendix A to this Order.  A map showing the location of the proposed solar generating 

facility is attached hereto as Appendix B. 

IT IS THEREFORE ORDERED that: 

1. AEUG Fleming’s application for a Certificate to Construct an approximately

188 MWac merchant solar electric generating facility in Fleming County, Kentucky, is 

conditionally granted subject to full compliance with the mitigation measures and 

condition prescribed in Appendix A. 

2. AEUG Fleming’s motion for deviation from the 2,000 feet setback

requirement is granted. 

3. AEUG Fleming shall fully comply with the mitigation measures and

conditions prescribed in Appendix A. 
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By the Kentucky State Board on Electric 
Generation and Transmission Siting 

ATTEST: 

______________________ 
Executive Director 
Public Service Commission 
on behalf of the Kentucky State 
Board on Electric Generation 
and Transmission Siting

MAY 24 2021
bsb
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APPENDIX A 

APPENDIX TO AN ORDER OF THE KENTUCKY STATE BOARD ON 
ELECTRIC GENERATION AND TRANSMISSION SITING IN CASE NO. 
2020-00206  DATED MAY 24 2021

MITIGATION MEASURES AND CONDITIONS IMPOSED 

The following mitigation measures and conditions are hereby imposed on AEUG 

Fleming, LLC (AEUG Fleming) to ensure that the facilities proposed in this proceeding 

are constructed as ordered. 

1. A final site layout plan should be submitted to the Siting Board upon

completion of the final site design.  Deviations from the preliminary site layout plan, which 

formed the basis for the instant review should be clearly indicated on the revised graphic. 

Those changes would include, but are not limited to, location of solar panels, inverters, 

transformer, the warehouse, substation, operations and maintenance building, or other 

project facilities or infrastructure.  

2. Any change in the boundaries of the proposed solar facility from the

information which formed this evaluation should be submitted to the Siting Board for 

review.  

3. The Siting Board will determine if any deviation in the boundaries or site

development plan is likely to create a materially different pattern or magnitude of impacts. 

If not, no further action is required; but if that is the case, AEUG Fleming will support the 

Siting Board’s effort to revise its assessment of impacts and mitigation requirements.  

4. AEUG Fleming or its contractor will control access to the site during

construction and operation.  All construction entrances will be gated and locked when not 

in use.  
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5. AEUG Fleming’s access control strategy should also include appropriate

signage to warn potential trespassers.  AEUG Fleming must ensure that all site entrances 

and boundaries have adequate signage, particularly in locations visible to the public, local 

residents, and business owners. 

6. The security fence surrounding the property boundary must be installed

prior to any electrical installation work.  The substation will have its own separate security 

fences installed. 

7. AEUG Fleming will not remove any existing vegetation unless the existing

vegetation needs to be removed for placement of solar panels. 

8. Existing vegetation between the solar arrays and the residences will be left

in place, to the extent practicable, to help screen the solar facility and reduce visual 

impacts from the adjacent homes.  

9. AEUG Fleming has committed to working with homeowners and business

owners to address concerns related to the visual impact of the solar facility on its 

neighbors.  

10. For residences and other occupied structures that are within 300 feet of the

proposed solar facility’s boundary and having an unobstructed line of sight of the facility, 

AEUG Fleming should provide a buffer to the satisfaction of the affected property owners.  

If vegetation is used, plantings should reach eight feet high within four years.  That 

vegetation should be maintained or replaced as needed.  To the extent an affected 

property owner indicates to AEUG Fleming that such a buffer is not necessary, AEUG 

Fleming will need to obtain that property owner’s written consent and submit such consent 

in writing to the Siting Board. 
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11. AEUG Fleming will cultivate at least six acres of native pollinator-friendly

species within the solar facility site, among the solar panels.  At least 0.5 an acre of 

pollinator-friendly species will be planted in the western, noncontiguous parcel of the solar 

facility site.  

12. AEUG Fleming has pledged to select anti-glare panels and operate the

panels in such a way that all glare from the panels is eliminated.  Applicant will provide 

proof that glare will not occur from the facility or immediately adjust solar panel operations 

upon any complaint from those living, working or travelling in proximity to the facility.  

Failing this, AEUG Fleming will cease operations until the glare is rectified. 

13. Regarding AEUG Fleming’s commitment to submit a glare study that will

confirm that there will be no red glare at key observation points, the Siting Board notes 

that such a study will not be filed until June 15, 2021, which is approximately three weeks 

after the issuance of this final Order.  Because the Siting Board will not have an 

opportunity to review the glare study prior to making its decision in this case, the final 

decision reached in this Order will be conditioned upon the Siting Board’s review and 

approval of the glare study once it is submitted.     

14. AEUG Fleming should work with the Commonwealth road authorities and

the Fleming County Road Department to perform a road survey, before and after 

construction activities, for Highway 32, Highway 11, Highway 559, Highway 170, and 

Nepton Road.  This road survey should include any bridges along these routes.  

15. AEUG Fleming has committed to fix or fully compensate the appropriate

transportation authorities for any damage or degradation to roads or bridges that it causes 

or to which it materially contributes to.  
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16. AEUG Fleming should develop special plans and obtain necessary permits

before bringing heavy loads, especially the substation transformer, onto state or county 

roads in the vicinity.  Heavy loads over state-designated deficient bridges should be 

avoided.  

17. Additional heavy truck trips along Nepton Road should be minimized or

diverted, to disperse the weight of vehicles on the roadway to less than 44,000 pounds. 

Currently, the weight of vehicles plus loads exceeds the 44,000-pound weight limit around 

the western (noncontiguous) parcel of the project site.  

18. AEUG Fleming should meet with the Fleming County High School and

Board of Education officials to ensure proper road safety measures are designed and 

implemented.  AEUG Fleming should utilize appropriate signage and safety equipment 

along Highway 32 to aid the flow of traffic in the vicinity of Fleming County High School.  

19. As needed, AEUG Fleming will place a temporary stop light at the

intersection of Highway 32 and Lantern Ridge Drive. 

20. AEUG Fleming should avoid Lazy Oaks Lane during construction and

operations.  The bridge under Lazy Oaks Lane is structurally deficient and near a railroad 

crossing.  

21. AEUG Fleming should properly maintain construction equipment and follow

best management practices related to fugitive dust throughout the construction process. 

This should keep dust impacts off-site to a minimal level. 

22. To further ensure that traffic impacts during construction are kept to a

minimum, AEUG Fleming should develop a traffic management plan to minimize the 

impacts of any traffic increase and keep traffic safe.  Any such traffic management plan 
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should also identify any noise concerns during the construction phase and develop 

measures that would address those noise concerns.  The Siting Board will also require 

AEUG Fleming to limit the construction activity, process, and deliveries to the hours of 

8 a.m. and 6 p.m. Monday through Saturday.  These hours represent a reasonable 

timeframe to ensure that nearby property owners are not too impacted by the construction 

activities.   

23. AEUG Fleming should avoid a variable daily construction schedule and

implement a consistent construction schedule, which will offer certainty and relief during 

the construction period.  AEUG’s proposed fall schedule be adopted year round: no earlier 

start than 8 a.m. with a construction stop at 6 p.m. Monday through Saturday.   

24. AEUG Fleming should notify residents and businesses within 2,400 feet of

the project boundary about the construction plan, the noise potential, and the mitigation 

plans at least one month prior to construction start. 

25. AEUG Fleming should remain in contact with nearby residents to confirm

that noise levels are not unduly high or annoying after the pounding and placement of the 

solar panel racking begins and mitigate those effects as needed. 

26. AEUG Fleming should coordinate with the local school district officials about

concentrating all noise-inducing construction activity in the vicinity of the Fleming County 

High School in the summer and during non-school periods. 

27. AEUG Fleming should coordinate a plan for noise buffering as needed for

at least the 23 residences (and the Hunters Trace neighborhood) estimated to experience 

noise levels of 50 dBA or greater during facility operations.  Additional vegetative buffering 
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or fencing should be considered on an as-needed basis for residents who experience 

annoying and verifiable noise levels during operations. 

28. The closest that an inverter can be located to a noise sensitive receptor

should be 739. 

29. The closest that a solar panel can be located to a noise sensitive receptor

should be 265 feet. 

30. The closest that the substation transformer can be located to a noise

sensitive receptor should be 1,600 feet. 

31. AEUG Fleming should implement the Customer Resolution Program set

forth in its Response to Siting Board Staff’s Post-Hearing Requests for Information, 

Item 8.  AEUG Fleming should also submit annually a status report associated with its 

Customer Resolution Program, providing, among other things, the individual complaints, 

how AEUG Fleming addressed those complaints, and the ultimate resolution of those 

complaints identifying whether or not the resolution was to the complainant’s satisfaction. 

32. If the pile driving activity occurs within 1,500 feet of a noise sensitive

receptor, AEUG Fleming should implement a construction method that will suppress the 

noise generated during the pile driving process (i.e., semi-tractor and canvas method; 

sound blankets on fencing surrounding the solar site; or any other comparable method). 

33. As applicable to individual lease agreements, AEUG Fleming, its

successors, or assigns will abide by the specific land restoration commitments agreed to 

by individual property owners, as described in each signed lease agreement.  

34. AEUG Fleming should develop an explicit or formal decommissioning plan

to carry out the land restoration requirements set forth in the various lease agreements.  
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This plan shall be filed with the Siting Board or its successors.  This plan should commit 

AEUG Fleming to removing all facility components from the project site and Fleming 

County at the cessation of operations.  

35. AEUG Fleming should also be required to file a bond equal to the amount

necessary to effectuate the explicit or formal decommissioning plan naming Fleming 

County as a third-party beneficiary so that Fleming County will have the authority to draw 

upon the bond to effectuate the decommissioning plan.  The bond amount should be 

reviewed every five years at AEUG Fleming’s expense to determine and update the cost 

of removal amount.   
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APPENDIX B 

APPENDIX TO AN ORDER OF THE KENTUCKY STATE BOARD ON 
ELECTRIC GENERATION AND TRANSMISSION SITING IN CASE NO. 
2020-00206  DATED MAY 24 2021 
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LAND USE CONSIDERATIONS 
FOR LARGE-SCALE SOLAR

This SolSmart Issue Brief was written by the Electric Power 
Research Institute (EPRI) and edited by The Solar Foundation

Setting the Stage

Energy development is the largest driver of land-use 
and land-cover change in the United States.1 Today, 
one of the leading forms of this new development 

is large-scale solar photovoltaic (PV) plants. These utility-
scale solar farms are being installed around the world on a 
variety of terrestrial surfaces, including grasslands, deserts, 
farms, rooftops, and even bodies of water. 

As with other forms of energy generation, land selection 
is a key aspect of the solar development process. It is 
guided by a number of considerations — for example, 
ownership and current use, constructability, grid access, 
and permitting — that will ultimately impact a project’s 
design and economics. For municipalities and county 
governments, providing jurisdictional guidance to the solar 
development community can help influence associated 
land selection and use decisions in ways that offer local 
benefits and encourage environmental stewardship.

Land use considerations for ground-mounted solar projects 
include habitat degradation, biodiversity loss, water quality, 
and soil erosion. Another important consideration is public 
acceptance, since a project often hinges on converting 

November 2020

Cumulative installed capacity for large-scale solar 
PV is expected to grow from 58 GW today to 
144 GW by 2030.2 Given the land requirements 
of typical large-scale PV systems — which range 
between 4.2 and 6.1 acres per MWac of installed 
capacity, depending on technology type — total 
land requirements for siting this anticipated 
capacity are expected to range between 
604,800 and 878,400 acres (945 to 1372.5 mi2), 
approximately the size of Rhode Island.3 

prime farmland and natural areas to power production. 
Stormwater and vegetation management strategies can 
help address these issues and make large-scale solar 
projects a win-win for communities, solar developers, and 
the environment. 

Community-based Stormwater Strategies and Vegetation Management 
for Sustainable Solar PV Development

Expected Land Requirements for PV 
in the U.S.
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The process of constructing large-scale PV plants often 
involves substantially modifying the native land above and 
below the surface, which can interrupt ecosystems and 
alter the dynamics of local hydrology and stormwater flow 
patterns. After solar facilities are installed, new vegetation 
can be costly to establish and maintain, particularly if sites 
must be frequently mowed. Stormwater runoff can damage 
local ecosystems and PV plant equipment, resulting in 
costly groundwork and repairs. Incorporating vegetation 
management strategies using appropriate regional native 
seed mixes can help restore ground cover and avoid soil 
erosion issues.*

This SolSmart issue brief is intended to educate local 
governments and community stakeholders interested in 
supporting solar development. Topics covered include:

1. Key challenges posed by stormwater runoff and 
mitigation measures that can be incorporated into 
project development processes.

2. Vegetation management concepts and their tactical 
application, including an Integrated Vegetation 
Management (IVM) strategy.

Together, these strategies can help communities and local 
governments develop policies and guidelines on large-scale 
solar that can realize both environmental and economic 
benefits.

Solar-Stormwater Management
As with other kinds of development, large-scale solar 
power projects can exacerbate soil and water quality 
issues by increasing the frequency and magnitude of peak 
flows during heavy precipitation events. Specifically, solar 
PV arrays and support structures, concrete inverter pads, 
paved or gravel access roads, compacted soil surfaces, and 
other infrastructure can contribute to increased overland 
water flow, decreased soil absorption, and concentration 
of runoff. If not properly managed, this runoff can lead to 
soil erosion and downstream sedimentation. Fortunately, 
however, there are many PV plant design alternatives and 
stormwater management practices that can be employed 
to mitigate these risks. 

Stormwater management strategies for large solar projects 
typically focus on controlling sedimentation during and 
after construction and mitigating excess runoff. County-
level soil and water conservation districts, which are part 
of USDA’s Natural Resources Conservation Services, can 
provide developers with detailed soil survey maps for 
proposed solar project sites to help them identify and 

assess erosion and sedimentation risks. Once a project 
site is selected, understanding the soil type and other site 
characteristics can help guide selection of appropriate 
seed mixes to quickly re-establish robust vegetation ground 
cover. 

Stormwater Regulations & 
Permitting 
Stormwater runoff is regulated by multiple government 
agencies at the federal, state, and local levels and requires 
coordination with multiple permitting agencies. Permitting 
requirements can vary significantly depending on the 
proposed project location and the authority having 
jurisdiction (AHJ). 

At the federal level, stormwater is regulated through the 
U.S. Environmental Protection Agency’s (EPA’s) Clean 
Water Act under Section 402(p). This section provides 
a framework for regulating stormwater runoff during a 

*Native plants typically have deep root systems that reduce water runoff, decrease soil erosion, increase soil filtration, and make plants more draught 
tolerant than ground covers like turf grass. Native species also typically require less maintenance if established properly. Low-growing native species 
that do not require mowing are of particular interest for use at solar power plants.

Solar facilities — and the lands they operate on 
— offer unique opportunities for communities 
to demonstrate environmental stewardship and 
realize economic benefits. Local governments 
can encourage solar development with effective 
guidance and policies governing solar land 
use decisions, including those concerning 
stormwater and vegetation management 
strategies. The national SolSmart program, 
funded by the U.S. Department of Energy Solar 
Energy Technologies Office, provides no-cost 
technical assistance to help local governments 
adopt best practices on solar development. 
These localities can join over 380 communities 
nationwide that have received SolSmart 
designation for making it faster, easier, and more 
affordable to go solar. 

Any municipality or county in the United 
States is eligible to receive this no-cost 
technical assistance. Visit SolSmart.org for 
more information about how the SolSmart 
program can help communities meet their solar 
objectives, or contact us at info@solsmart.org to 
learn more. 

Achieving SolSmart Designation for 
Large-Scale Solar
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project’s construction phase by requiring a Construction 
General Permit under the National Pollution Discharge 
Elimination System (NPDES) program, or through another 
EPA-authorized state program for all projects that 
disturb more than one acre of land. Coverage under all 
general permits, regardless of administering authority, 
is granted after several requirements are met, including 
the development and approval of a Stormwater Pollution 
Prevention Plan. Figure 1 depicts the major steps involved 
for developers to obtain an NPDES permit, culminating in a 
notice of intent.

Under the statute, most states have received EPA 
authorization to administer all or portions of the federal 
NPDES program, but interested local governments have 
the opportunity to implement the NPDES program or enact 
stormwater control requirements of their own, including 
post-construction stormwater quantity and quality. 
Normally, these are established through municipal planning 
and zoning boards, but other government entities, such 
as regional water control boards, can also implement 
new plant design, construction, and operation provisions 
to regulate stormwater discharge. The EPA encourages 
municipal stormwater managers to work with their regional 
EPA office to achieve designation as a qualifying local 
program.4 

Even aside from any local requirements, stormwater 
management provisions vary considerably by state, 
depending on state-level regulations, legislation, and local 
government zoning codes and ordinances. In states that 
have undergone rapid solar growth in recent years, local 
government planning and development agencies typically 
have final approval authority for construction permits (i.e., 

condition use permits or special use permits), but some 
states require more robust environmental review for major 
projects than others.5 

For example, California and New York each require 
environmental review processes for larger project sites 
(disturbing one acre or more of land) that closely resemble 
the terms of the federal National Energy Policy Act (NEPA), 
which imposes substantial consulting, engineering, and 
legal due diligence before construction permits are 
approved. Decision making authority for permits in most 
other states, including Arizona, North Carolina, and Texas, 
is largely delegated to local government agencies with 
minimal state-level requirements except for water and air 
quality permits required under the Clean Water Act and 
Clean Air Act.

Some notable differences across state jurisdictions include 
solar-specific provisions and the designation of solar 
panels as “impervious” or “pervious” surfaces. Many state 
definitions of impervious surfaces include phrases such 
as, “a surface composed of any material that significantly 
impedes or prevents natural infiltration of water into 
soil.” (For a summary of state stormwater standards, see 
https://www3.epa.gov/npdes/pubs/sw_state_summary_
standards.pdf.) Vegetated land beneath solar arrays can 
absorb stormwater, and some states, including California, 
Maryland, New Jersey, Virginia, and North Carolina, 
consider this area to be pervious.6 Ground covers such 
as gravel, on the other hand, may impact the natural 
infiltration processes and therefore trigger additional 
stormwater mitigation requirements. Table 1 summarizes 
stormwater policies in 11 states. 

Maryland, Minnesota, and North Carolina have each 
drafted stormwater management regulations and 
guidance documents that are specifically tailored to the 
construction of large-scale solar projects. Common design 
considerations include:

• Ensuring that there is an adequate permeable space 
between rows of solar panels so that runoff from the 
panels remains hydrologically disconnected. 

• Selecting a construction site with a slope of less 
than 5%, or terracing the site to maintain sheet flow 
conditions. 

• Minimizing site compaction during construction or 
tilling and amending soil following construction to 
maintain the natural infiltration capacity of the soils.

• Limiting the vertical distance between the ground 
and the panel drip edge to limit soil erosion.

• Establishing native groundcover that will help 
prevent erosion, promote infiltration, and support 
ecological function.

Major Steps to Develop & Issue an NPDES 
General Permit

  1. Identify need and collect data 

  2. Develop Permit Fact Sheet

• Effluent Limitations
• Monitoring Requirements
• Special Conditions
• Standard Conditions

  3. Public Notice & Review Comments

  4. Complete EPA review of CWA Section 401 certification process

  5. Prepare Administrative Record

  6. Issue Final Permit

Figure 1. Steps to Obtain an NPDES Permit
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Best Management Practices (BMPs) 
for Stormwater Management 
Many state environmental agencies have produced 
stormwater and erosion/sedimentation control guidelines 
and handbooks that describe best practices for complying 
with stormwater permitting regulations, as well as 
requirements for a variety of construction projects—

In addition to enacting stormwater regulations and guidelines, Minnesota implemented voluntary pollinator-
friendly development guidelines in 2013 that emphasize the use of native low-growth flowering plant species 
to support robust pollinator habitats that benefit nearby agricultural lands. In addition, the state found these 
site management practices could reduce stormwater runoff and erosion. In 2016, these beneficial habitat 
guidelines were formally enacted by the Minnesota state legislature for solar sites greater than 40 kW.  The 
Minnesota Board of Water and Soil Resources created a one-page pollinator habitat assessment scorecard for 
solar companies and local governments seeking a pollinator-friendly designation. Illinois, Maryland, Michigan, 
Vermont, and other states now have similar pollinator-friendly solar scorecards, and several states, including 
Ohio and Virginia, have similar scorecards to support county-level ordinances and procurement.

Pollinator-friendly guidelines are also an option at the local level. Stearns County, Minnesota (SolSmart Silver) 
was the first county to require that all solar projects be certified as pollinator habitat. The county arrived at 
this decision through a stakeholder workgroup that was tasked with proposing changes to the county’s 2010 
solar ordinance in light of solar market dynamics, applicable regulations, and community member concerns. 
Pollinators are critical to Stearns Country’s agricultural industry. The revised solar ordinance is intended to 
benefit local farms and ecosystems through establishment of native vegetation that provides pollinator habitat 
and enhanced stormwater protection.7 

State State Level Stormwater 
Management Policy

Solar PV Specific 
Stormwater Policy

Solar Panel Designation for 
Stormwater Design

Arizona Not Specified

California Pervious

Florida Site Specific

Georgia Impervious

Massachusetts Site Specific

Maryland Pervious

Minnesota Impervious

New Jersey Pervious

North Carolina Pervious

Texas Not Specified

Virginia Pervious

Table 1. Summary of State-Level Stormwater Policies

Guidelines and Ordinances for Pollinator-friendly Solar Development

including large solar facilities. BMPs that are applied during 
the construction phase of a project are designed to control 
the erosion and resulting sedimentation that can occur 
when natural land surfaces are disturbed. These BMPs 
include use of mats that are placed over exposed soil, silt 
fences, stone filters, and drainage swales, among other 
common methods. Each BMP reduces surface erosion and/
or promotes the settlement of sediment particles that have 
been dislodged. 

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔
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New York – In New York State, standardized permitting programs and ordinances have been enacted to 
streamline the solar permitting process and reduce permitting costs. These activities are a response to 
moratoriums by nearly 90 towns and villages on large solar project development that were ratified in 2016. 
Each county and municipality has the authority to approve new construction projects under a so-called “home-
rule state” structure that requires cooperation between state and local government on land use issues.8 Large, 
ground-mounted projects that include stormwater management plans face more regulatory scrutiny under 
major site plan applications, due to the potentially high land disturbance and increased impervious surface. Such 
projects must comply with the State Environmental Quality Review Act (SEQRA) and may require heightened 
land use review by local government planning and zoning bodies. 

For projects that involve a site plan application, or special use permit, the local planning board or zoning board 
of appeals can require project developers 
to submit an initial Environmental 
Assessment and also a full environmental 
impact statement (EIS) if a project will have 
a significant impact on the environment. 
The local legislative body may be involved 
if the project needs rezoning. It may also 
be involved if it has granted itself the 
authority to review particular applications. 
Pre-application negotiation meetings 
between local government staff and solar 
project developers are advised to address 
any problems that would require the 
completion of a full EIS under SEQRA. The 
lead agency carries the responsibility to 
determine the significance of any impacts 
to the SEQRA process.

In 2019, the New York State Department of Environmental Conservation amended SEQRA to exempt solar 
PV projects up to 25 acres that are built on certain types of sites — such as closed landfills, brownfield sites, 
inactive hazardous waste disposal sites, wastewater treatment facilities, and sites zoned for industrial use — 
from the full environmental review process.9 

North Carolina – In addition to meeting relevant federal requirements, solar project developers in North Carolina 
must apply for a Certificate of Public Convenience and Necessity to the North Carolina Utilities Commission. 
The application then goes through an environmental review by the North Carolina State Clearinghouse, where 
regulatory agencies have an opportunity to comment on project proposals. Successful proposals are then 
reviewed by county/municipal government bodies for compliance with relevant local ordinances or zoning 
restrictions.10 

After passing the state-level environmental review process, solar project developers must obtain special use 
permits (also called conditional use permits) that typically require a quasi-judicial hearing where the application 
must be found to meet several general standards and any special conditions. Most North Carolina jurisdictions 
use the following four general standards: 1) Does not materially endanger the public health or safety; 2) Meets 
all required conditions and specifications; 3) Would not substantially injure the value of adjoining property or be 
a public necessity; and 4) Will be in harmony with the area in which it is located and be in general conformity 
with the county or municipality comprehensive plan.11 

While each county and municipal government may adopt their own unique zoning and permitting ordinances, 
the North Carolina Sustainable Energy Association and North Carolina Clean Energy Technology Center have 

A Snapshot on Solar Permitting in New York, North Carolina, and Texas

Photo by GreG Johnstone, nreL, 000580_172630_517891_4578
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Requirements for post-construction stormwater 
management vary by location, but they typically include 
BMPs designed to reduce erosion, lessen off-site sediment 
transport, and mitigate any alteration of the natural volume 
and timing of runoff. These BMPs include site grading and 
terracing to reduce runoff flow velocity, soil stabilization 
through effective re-vegetation, constructed and natural 
depressions to promote stormwater infiltration, vegetated 
swales (with or without check dams), and retention ponds. 
Aligning re-vegetation activities with the growing season is 
encouraged to establish groundcover.

Perhaps the most effective approach for minimizing 
adverse stormwater impacts is to prevent stormwater 
concentration from occurring in 
the first place, which can lead to 
reduced construction, operation, 
and maintenance expenses. This 
can be accomplished by selecting 
project sites with low potential for 
stormwater damage. Communities 
can encourage developers to 
analyze a range of environmental 
variables that can be used to 
estimate potential stormwater 
volume. Mean annual precipitation 
and soil erodibility are two examples 
of datasets that can be used to 
inform site selection decisions 
during the planning and design 

phase of project development. Local government planning 
and zoning bodies can also require that specific metrics be 
met through special use permits or other mechanisms to 
deter development in areas prone to erosion. Choosing a 
site with low annual precipitation and/or low soil erodibility 
minimizes the potential for adverse stormwater impacts. 
Figure 2 provides a broad view of the likelihood of soil 
erodibility across the continental U.S., though there are 
variations in stormwater risk among potential solar sites at 
the local level.

developed a model solar ordinance to standardize requirements for solar project developers. The model solar 
ordinance is a template designed to be adapted and then adopted by jurisdictions across the state, and to serve 
as the basis for local development ordinances that provide guidance and flexibility. It provides different levels of 
permitting requirements for three types of solar projects, such as ground-mounted systems no larger than 10 
acres in commercial/business districts, and of any size in industrial districts. The North Carolina Department of 
Environmental Quality has facilitated this process by developing a Stormwater Permitting Interactive Map that 
illustrates the status of, and administering authority for, stormwater management at the local level.

Texas – At the state level, the Texas Commission on Environmental Quality (TCEQ) has jurisdiction over numerous 
aspects of a project’s construction and operation including stormwater discharge permits for construction 
activities. Large-scale solar projects are typically not a category defined in local zoning regulations; therefore, 
the project developer must obtain a Conditional Use Permit (CUP). Depending on the local AHJ, strict zoning 
and ordinance requirements could make the cost of developing a project on the land prohibitively expensive for 
site consideration. In some cases, a project developer can initiate a process to re-zone the land with the AHJ. 
While counties have the authority to adopt zoning regulations for unincorporated areas, it is customary to obtain 
a letter from a county judge or attorney stating that there are no applicable zoning regulations. This provides 
transparency to developers about any zoning requirements and expectations from the county. Though Texas 
lacks local zoning regulations in its unincorporated areas, environmental studies can still be completed as part of 
legal and financial due diligence. Most utility-scale solar projects have not been built close enough to city limits 
to trigger municipal zoning or extra-territorial jurisdiction.

Figure 2. Soil Erodibility in the Contiguous U.S.
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Stormwater Management Guidance 
for Communities
A growing number of municipal governments are adopting 
“model solar ordinances” designed to streamline the 
permitting approval process for residential and small 
commercial projects. However, utility-scale solar projects 
carry substantial land use requirements that may require 
zoning changes and non-trivial mitigation measures 
for stormwater management and other environmental 
impacts. The level of support for zoning and permitting 
at the local level often dictates the development of large-
scale solar projects. 

Communities can consider becoming engaged in 
stormwater control both to the extent they are interested 
and have the ability to participate. For large-scale solar 
projects that encompass one or more acres, engagement 
can range from implementing the NPDES program, to 
developing local ordinances or zoning restrictions that 
address large-scale PV-specific stormwater requirements, 
to revising existing zoning codes that may (intentionally 
or unintentionally) restrict solar development in low 
stormwater-risk areas, to cross-training inspection and 
permitting staff on how to identify potential stormwater 
issues. 

Several ways that communities can minimize stormwater 
risk through ordinances or zoning for new large-scale solar 
facilities and BMPs include:

• Site selection. Local government planning and zoning 
bodies can require that specific metrics be met 
through special use permits or other mechanisms 
to deter development in areas prone to erosion. 
Selecting land with existing stormwater management 
systems in place minimizes ground disturbance and 
is a best practice for solar project development. The 
lead agency typically conducts a pre-application 
negotiation meeting with project developers to 
identify and, if possible, remove any significant 
environmental impacts that would otherwise trigger 
further environmental compliance requirements — 
for example, the completion of a full EIS in New York 
under SEQRA.

• Plant design. Local stormwater management 
regulations can be crafted to include design 
requirements that reduce erosion risk, such as array 
spacing and height, site topography, soil infiltration 
capacity, and groundcover.

• Permitting process. Local governments can work with 
state AHJs to standardize stormwater requirements 
for large-scale solar project development, which 
helps to streamline the permitting process. It 
also enables greater transparency for community 
members and solar installers about stormwater 
risks. Further, they can cross-train inspection and 
permitting staff on solar PV and how to identify 
potential stormwater issues.

• Best management practices. Local governments can 
work with state AHJs to identify and promote BMPs 
that enable responsible and informed PV project 
development and operation. For very large solar sites 
that may have substantial runoff, this may include 
the use of mats, stone filters, and drainage swales 
to avoid or contain runoff and native vegetation to 
improve soil absorption.

Vegetation Management at Solar 
Development Sites
Vegetation management comprises a set of activities that 
aim to control the growth of undesirable flora around 
power plants. The general goal of vegetation management 
is to prevent vegetation from negatively impacting the 
technical performance, operational safety, and regulatory 
compliance of these assets. Typical ground covers used 
at ground-mounted PV facilities include bare earth, rock 
or sand, and various types of vegetation, such as grasses 
and grass-like species including forbs and sedges. If left 

Photo by Lucia bourGeois, nreL, 000304_169550_514286_4578
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unmanaged, other plants such as shrubs and trees can 
take root. Informed vegetation selection and management 
practices can avoid costly stormwater and maintenance 
expenses throughout a solar project’s lifetime, while 
providing benefits to local ecosystems and the surrounding 
community, such as pollinator habitat (see sidebar, 
Guidelines and Ordinances for Pollinator-friendly Solar 
Development (p4)).

Maintenance Considerations
Over time, live and decayed vegetation can build up 
within and around a PV plant. As a result, safe access and 
egress around critical work areas can be impeded, system 
performance can be reduced, and risk of fire damage can 
be increased. Generally, it is in the interest of the project 
owner or operator to ensure accessibility for maintenance 
and avoid performance and safety issues. However, it is 
good practice for local governments to periodically revise 
local permitting requirements to include the most up-to-
date codes. In some cases, if solar facilities are not being 
properly maintained or have high risk of fire, the AHJ could 
use a special use permit to enforce proper vegetation 
management or implement other safety measures.

• Accessibility. Personnel safety is the most important 
factor when conducting maintenance work at 
a solar facility. Unmanaged vegetation can limit 
maintenance technician access and egress to 
combiner boxes, string inverters, electrical switches, 
and other electrical enclosures. Solar developers 
must take care to maintain working clearances 
specified in Article 110 of the National Electric 
Code. 

• PV System Performance. Shading of PV modules 
poses both performance and safety risks. Bypass 
diodes are designed to protect modules from 
overheating when shaded and minimize the 
impact of the shaded module(s) on overall array 
performance (see Figure 3). Shading one cell of 
a single PV module can activate a bypass diode 
and reduce the power output of the module by 
approximately 30%. When multiple PV modules are 
wired together in series, shading just 20% of a single 
PV module can reduce the power output of the 
string by the full power rating of the partially shaded 
module.12 At large-scale PV plants, PV modules are 
often installed in a portrait orientation such that 
when vegetation grows tall enough to cause irregular 
shading across the entire bottom edge, all bypass 

diodes are activated, potentially reducing the power 
output of the array to nearly zero. Over time, failed 
bypass diodes can lead to hot spots, which pose 
safety concerns. 

Additionally, vegetation can interfere with single-axis 
tracking structures which incorporate mechanical 
components such as motors, drive arms, and pulley 
systems to change the orientation of the PV array 
and follow the sun throughout the day. Power and 
control equipment to support the trackers is typically 
installed under the PV arrays throughout the plant. 
Vegetation should be managed so that leaves and 
stems do not become entangled within the system 
and cause premature failures or dislocation of 
components. 

• Fire Risk. Overgrown vegetation around equipment 
and surrounding areas can increase risk of fire in 
the event of an arc flash incident and increase the 
risk of equipment damage in the event of a fire.† 
Removing dry vegetation below arrays can both help 
prevent fire events entirely and minimize fire-related 
damage.

Regionality
Regional climate, local weather, equipment design and 
configuration, and vegetation type affect vegetation growth 
and maintenance strategies. In regions with high levels 
of rainfall and sunlight, frequent mowing and continual 
monitoring and control may be required.‡ 

PV facilities in arid regions receiving less than 10 inches 
of rainfall each year often utilize a “zero-vegetation” 
approach. Ground cover is composed of existing sand, 

Figure 3. Current Flows of Normal, Fully Bypassed, and 
Partially Bypassed PV Modules

Normal Fully Bypassed Partially Bypassed

† An arc flash is a rapid release of light and heat from a high-power electrical system that is produced as part of an electrical explosion or discharge 
known as an arc fault. It is caused by such events as unintentional shorting or equipment malfunction.

‡ PV facility managers across the Southeastern U.S. have noted the need for as many as 12 annual mowing events for vegetated solar facilities in their 
region, while facility managers in northern states, with similar precipitation levels, have reported as few as three mowing events per year.
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gravel, or other construction aggregates, and vegetation 
growth is often sporadic and scattered. In these areas, 
herbicides are often preferred over mowing or trimming 
to prevent projectiles from damaging equipment and 
personnel. No-growth strategies have been justified at 
some PV plants to protect workers from venomous snakes 
and terrain undulations, which can limit line of sight to 
potential hazards. Allowances for use of herbicides in these 
locations can be considered by local AHJs and addressed in 
local ordinances and permitting requirements. The lack of 
vegetation coupled with heavy rains during the Southwest 
monsoon season (July-August) can cause major stormwater 
and erosion control challenges. 

Solar equipment designs and plant configurations can 
impact the propensity of vegetation growth and the ability 
to manage it. For facilities with low-angle, fixed-tilt racking 
structures, the spacing between rows of PV modules 
can be as little as 6-8 feet, creating access challenges for 
mowing equipment and increasing the risk of equipment 
damage. Some single-axis trackers have mechanical 
components that are installed perpendicular to the rows of 
PV modules, preventing mowing equipment from making 
a single pass down the row and requiring the equipment 
operator to “reverse out” before accessing the next row. 
Cable trays, above-ground conduits, and wire management 
solutions that span across rows create similar access issues 
that reduce mowing efficiency. Meanwhile, increasing 
deployment of transparent bifacial PV modules is poised 
to introduce vegetation management challenges caused 
by more light passing through the modules to the area 
beneath the array. Local communities can encourage use of 
hardware and plant configurations that support vegetation 
management goals through local ordinances and special 
use permits if desired.

Vegetation management strategies also depend on 
vegetation type. Engineering drawings submitted for 
construction permits typically specify a site’s vegetation. 
To reduce upfront costs, the civil design of PV plants, 
including seed mix and seeding rate specifications, are 
often based on temporary and permanent ground cover 
recommendations provided by state or federal agencies 
that issue stormwater management permits. But these 
seeding recommendations do not tend to consider the 
type of land use or equipment configuration of a PV plant, 
and can lead to the selection of tall-growing plants that 
require long-term mowing maintenance. State agencies, 
such as the North Carolina Department of Environmental 
Quality, offer guidelines with minimum requirements for 
revegetating construction sites of all types. Local AHJs 
could pursue local ordinances to require seeding plans 
specific to solar facilities to reduce fire risk or address other 
vegetation management concerns.

Vegetation Control Methods
There are several methods for controlling vegetation at 
PV plants. Common approaches include physical controls 
such as mechanical mowing or manual trimming, chemical 
controls in the form of selective and non-selective 
herbicide applications, and biological controls such as 
livestock grazing and weed seed predation — a method 
that introduces birds, insects, or rodents to consume or 
damage the seeds of unwanted weeds. 

Determining the appropriate timing of vegetation 
management activities is an important consideration for 
solar developers. Time-based vegetation management 
plans are common, but these plans may unintentionally 
promote over- or under-management of vegetation that 
can lead to additional maintenance costs or lost power 
generation, respectively. As the pressure to reduce 
operating costs at solar facilities grows, active monitoring 
of vegetation — routine inspection of areas within a solar 
plant where vegetation is managed using repeatable 
methods to detect the presence of weeds, their quantity, 
and damage to plant equipment — is increasing in 
importance.13 Active monitoring assesses the need for 
action by first identifying problematic vegetation, then 
determining the likelihood of negative impacts, and finally 
developing the best management strategy for the site.14 

Local governments can require timelines for establishing 
specified vegetation measures to address stormwater 
and erosion risks and restore habitat, while considering 
seasonal or other constraints. For example, it may not be 
possible to establish groundcover during winter months in 
northern climates. The timing of maintenance could also 
be addressed through requirements at the local level to 
support habitat development. For example, mowing while 
vegetation is in bloom could negatively impact pollinator 
species.

Photo by MerriLL sMith, nreL, 000077_153180_492606_4578
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An Integrated Vegetation Management (IVM) strategy for 
solar facilities implements science-based, species-specific 
management and combines multiple practices to increase 
the effectiveness of undesirable vegetation suppression. 
IVM principles, which have evolved since the 1990s, are 
based on well-established Integrated Pest Management 
(IPM) practices developed for the agricultural industry.§ 

In IVM strategies for solar facilities, the pests are weeds 
and undesirable vegetation. IVM programs aim to 
implement strategies that deliver exceptional technical 
and economic performance, improve environmental 
sustainability and biodiversity conservation, and support 
positive community perceptions of clean solar power 
generation facilities. Vegetation establishment is addressed 
in stormwater and erosion control permits, which 
typically require roughly 80% groundcover. In some cases, 
local agencies are involved in managing the permit and 
inspection process for such permits. While not common, 
submission of an IVM or IPM plan could be a permitting 
requirement. 

IVM makes use of a wide variety of control methods and 
promotes limiting the use of broad-spectrum herbicides by 
first employing other control methods and using selective 
herbicides in a targeted manner.15 An IVM strategy may 

involve controls, such as seeding with low mature-height 
vegetation, and modifying soil inputs and PV array spacing. 
It may also include using certified seed mixes, intentionally 
removing undesirable vegetation from the site, and aligning 
planting of permanent seed mixes with favorable weather.

To encourage sustainable vegetation management 
practices at local solar plants, communities may consider 
promoting the use of IVM strategies by solar project 
owners. This could potentially be achieved through a 
special use permit or other local ordinance. Table 2 lists key 
features of successful solar IVM programs.

Co-Located Solar and Agriculture
Solar development is sometimes viewed as competing with 
agriculture and conservation, creating potential conflicts 
over land use. However, opportunities are emerging to 
develop solar facilities that co-locate solar energy and 
agriculture, including integration of pollinators (e.g., 
beekeeping), livestock grazing, or crops. While still a 
relatively new area, “agrivoltaics” can potentially mitigate 
land competition by providing business opportunities 
to small local producers. Such sites may also support 
conservation goals, such as protection of habitat, 

Program Feature Components

Planning • Specification of ideal vegetation in engineering phase
• Assessment of current site conditions and creation of site-specific plans
• Involvement of experienced vegetation subject matter experts
• Clear understanding of which vegetation is supposed to be established

Sustained 
Monitoring

• Implementation of remote monitoring or imaging to identify when management and 
control is needed

• Plan for documenting vegetation establishment successes and failures

Incorporation of 
Appropriate Tools 
& Techniques

• Avoidance of broad-spectrum herbicides when possible
• Employment of cultural, biological, and physical controls

Periodic 
Adjustment 
of Vegetation 
Management Plan

• Expected modification of plans based on monitored failures and successes
• Creation of knowledge feedback loop to inform design/engineering phase

Table 2. Key IVM Program Components 

§ IPM is the practice of preventing or suppressing ecologically and economically damaging pest populations using a strategy that combines multiple 
control tactics. The goal of IPM is to implement science-based pest management that considers pest biology, environmental data, and technology to 
suppress damaging pest populations in a way that minimizes costs as well as risks to people, the environment, and property.
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biodiversity, water quality, and soil erosion. Community 
zoning ordinances can help to encourage developers to 
pursue solar projects that incorporate agriculture.

Vegetation Management Guidance 
for Communities
Local government planning and zoning bodies can 
pursue local ordinances or special use permits to specify 
vegetation management approaches and practices; 
however, this is not common practice today. For 
municipally-owned plants, local governments can take 
a more active role in dictating vegetation management 
approaches that recognize climate and weather patterns, 
local vegetation types, PV plant configurations, and 
the tradeoffs of time-based maintenance versus active 
monitoring activities. Moreover, physical, chemical, 
and biological controls can be designated that balance 
upfront and ongoing investments with hard and soft 
benefits. Communities can encourage sensible vegetation 
management practices in several ways:

• Revised permitting requirements. With each electric 
code change, permitting requirements should be 
updated to support compliance with the latest safety 
requirements. 

• Plant design. While not common, in some instances 
it may be appropriate to require or encourage use 
of equipment and plant configurations that support 
local vegetation management and safety goals. For 
example, the array height or wire management 
method could be specified during project 
development to reduce wildfire risk.

• Vegetation type. Local governments can require 
appropriate regional native seed mixes that help 
restore ground cover and avoid soil erosion issues. 
Native vegetation also provides pollinator habitat 
and other ecosystem services. State voluntary 
scorecards are the most common method for 
encouraging use of native seed mixes. 

• Agrivoltaics. While a relatively new concept, 
agrivoltaic plants that incorporate crops, livestock 
grazing, or pollinators can be encouraged through 
zoning modifications.

• Integrated Vegetation Management. While not 
common, communities could require use of IVM 
or IPM at solar plants to specify vegetation control 
methods. Region- and site-specific circumstances 
should be given consideration. For example, it 
may not be practical in arid climates to establish 
vegetation or there may be risks to site personnel.

A properly implemented solar IVM program 
can furnish communities (and plant owners) 
with several economic and environmental 
benefits that bolster the approach’s 
attractiveness. To wit: 

• Appropriately selected and established 
native wildflower seed mixes can improve 
a site’s visual aesthetics, provide critical 
habitat — including pollinators — for vital 
insects and foraging animals, and provide 
ecosystem services like crop pollination in 
areas surrounding the solar facility. 

• Applying IVM techniques can reduce the 
overall cost of electricity generation through 
enhanced plant performance and avoidance 
of unnecessary maintenance for stormwater 
management and mowing. It can also reduce 
fire risk, improve safety for site workers, and 
minimize damage to equipment. 

• IVM concepts can promote rich educational 
opportunities at the nexus of technology 
and the environment. Combining agriculture 
within solar facilities can offer additional 
revenue streams that help offset operating 
costs while increasing the economic 
productivity of the land.16 

Realizing Opportunities 
through Integrated Vegetation 

Management at Solar Sites
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Recommended Resources
• Solmart, Solar Energy: SolSmart’s Toolkit for Local Governments

SolSmart has published a comprehensive online roadmap for local governments seeking 
to expand solar development. It includes sections on stakeholder engagement; planning, 
zoning, and development; codes, permitting and inspection; and much more.

• SolSmart webinar, “Planning and Zoning Best Practices for Large-Scale Solar”

This recorded webinar covers ways to provide maximum siting options for ground mount 
solar projects while preserving your community’s character and historic resources. Learn 
about the development standards that can be used to ensure large-scale development 
creates agricultural, vegetative, environmental, and water quality co-benefits. 

• SolSmart webinar, “Best Practices in Solar Planning and Zoning”

This recorded webinar addresses best practices for including solar in 
land use plans and your community’s zoning ordinance.

• Megan Day, “Are You Solar Ready? Seven steps to successfully manage 
large-scale solar development,” Planning, March 2020

An overview of how local governments can lay the groundwork for large-scale solar development, 
including how communities can integrate solar energy into their planning and zoning 
processes; lay out a path forward for solar PV projects; and respond to public concerns.

https://solsmart.org/solar-energy-a-toolkit-for-local-governments/
https://leanenergyus.org
https://solsmart.org/resources/solsmart-webinar-planning-zoning-best-practices-for-large-scale-solar/
https://solsmart.org/resources/best-practices-in-solar-planning-and-zoning-webinar/
https://www.planning.org/planning/2020/mar/are-you-solar-ready/
https://www.planning.org/planning/2020/mar/are-you-solar-ready/
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Solar Farms and Property Values 
 

Solar farms do not decrease property values   
Recent studies of the effect solar farms have on property values show that there is no discernable 
impact to property values when solar farms are located near residential, agricultural or industrial 
properties.1, 2 Detailed property valuation studies in North Carolina,3 Illinois, and Indiana,4 including 
interviews and surveys of real estate agents and county assessors, have all found no effect on property 
values from utility-scale solar farms. 

These findings are similar to those of property values and wind farms. Lawrence Berkley National 
Laboratory conducted a study of more than 50,000 home sales proximate to 67 wind facilities in 27 
counties across nine U.S. states.5 The researchers found no measurable impact of proximity to wind 
turbines on home sales.  

Moreover, studies have found that there are substantial benefits flowing to the communities where 
solar farms locate. A report by the University of North Carolina examined the economic impact of more 
than 100 solar projects in over 50 counties, finding that solar farms have increased the tax revenue from 
agricultural property by between 1,000 and 10,000 percent.6 

 

 

 

 

 

 

 

 

                                                           
1 CohnReznick, LLP. May 2018. “Property Value Impact Study.” http://www.co.kendall.il.us/wp-content/uploads/Attachment-
29-Property-Value-Study.pdf. 
2 Kirkland Appraisals, LLC. April 2018, “Flatwood Solar Impact Study.” 
http://www.chathamnc.org/home/showdocument?id=39355. 
3 Ibid. 
4 CohnReznick, LLP. May 2018. “Property Value Impact Study.” http://www.co.kendall.il.us/wp-content/uploads/Attachment-
29-Property-Value-Study.pdf. 
5 Hoen, B. et al. 2013. “A Spatial Hedonic Analysis of the Effects of Wind Energy Facilities on Surrounding Property Values in the 
United States.” Lawrence Berkeley National Laboratory, LBNL-6362E. http://emp.lbl.gov/sites/all/files/lbnl-6362e.pdf. 
6 Davidson, A. et al. 2015. “Analyzing the Impact of Utility-scale Solar Installations on Local Government Revenue in Counties 
Across North Carolina.” University of North Carolina, ENEC 698 Capstone Project. 
https://ie.unc.edu/files/2015/12/capstone_ENEC698Fall15FinalPaper.pdf. 
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A Connecticut proposal exemplifies residents’ common
complaints over solar developments in their
neighborhoods. 

Proposals for large solar facilities routinely come under scrutiny for their potential to cause
erosion and runoff, but for property owners who live nearby, concerns about the impact on
their home values often loom just as large. 

An application (https://portal.ct.gov/-/media/CSC/3_Petitions-medialibrary/Petitions_MediaLibrary

/MediaPetitionNos1401-1410/PE1410/PetitionerSubmissions/petition/02-Greenskies-Clean-Energy-LLC-Petition-for-

a-Declaratory-Ruling---Elmridge-Rd--Stonington.pdf) before the Connecticut Siting Council to build a
3-megawatt solar facility in Stonington is a case in point. Greenskies Clean Energy, a North
Haven-based solar developer, wants to build the facility on a portion of the Elmridge Golf
Course. The course’s owners have said (https://www.facebook.com/ElmridgeGolfCourse/posts

/3207908815908063?__tn__=K-R) they plan to reconfigure the course down from 27 holes to 18 due to
a decline in use.  

At least three neighbors have let Greenskies know that they are concerned about the visibility
of the project and “the possibility of depreciating property values,” according to the
application. And one neighbor, Douglas Hanson, who owns a four-bedroom home on property
abutting the proposed site, has requested (https://portal.ct.gov/-/media/CSC/3_Petitions-medialibrary

/Petitions_MediaLibrary/MediaPetitionNos1401-1410/PE1410/HansonSubmissions/PE1410-20200702-Hanson-Party-

Status-Request.pdf) party status in the proceeding because of the “substantial adverse impact” the

SOLAR

Homeowners often oppose nearby
solar. But do projects really hurt
property values?
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project could have on his home value. 

Such concerns are the norm when any major new development is proposed in a
neighborhood. When it comes to solar farms, there is little data to support the assumption
that merely being close to one drags down home values. 

There is, however, considerable data that suggests solar farms have little to no impact on
nearby property values. But because those findings come from appraisers hired by solar
developers to provide reports or testimony for regulatory proceedings, some question their
thoroughness. 

Jeff Hintzke, Greenskies’ vice president for policy and new markets, said the company has not
commissioned any appraisal reports on property value impacts. But of the ones he’s reviewed,
“the general conclusion is that, unless you might be right next door to a project and there are
no mitigation efforts, like fencing or vegetation, there seems to be no impact when they look at
actual resale values.”

The only widely circulated independent study of the issue appears to be a 2018 survey
(https://emp.lbl.gov/sites/default/files/property-value_impacts_near_utility-scale_solar_installations.pdf) of home
appraisers conducted by researchers at the LBJ School of Public Affairs at the University of
Texas.

The majority of respondents said it was their opinion that proximity to a solar installation had
either no impact (66%) or a positive impact (11%) on home values. Those respondents who
hadn’t actually ever appraised a home near a solar facility were more likely to assign a negative
impact than those with experience in such appraisals, the survey found.

The appraisers tended to associate higher panels, larger installations and new power lines
with a negative impact, and viewed screening with trees or hedges and reduced traffic flow as
positives.

Richard Klein runs Community and Environmental Defense Services, a Maryland-based firm
that advises residents seeking help in fighting various kinds of development around the
country. In his discussions with people opposing solar farms, Klein has found that their core
concerns are almost always how it will look and the impact on their property values.

“In just about all cases, the concern can usually be resolved with decent visual shielding —
arborvitae or cedar that will grow tall enough to block the sightline from peoples’ homes,”
Klein said. 

As to whether that also eliminates any negative impact on home values, Klein said there’s just
not enough “hard data” to say for sure. 

“Somebody needs to independently fund an appraisal group” to compare sales prices of homes
close to solar farms with similar homes farther away, he said. Ideally such a study would
identify factors that tend to have a negative impact, and recommend solutions for those issues,
he said. 

Klein said he questions the validity of the sales comparison studies conducted by appraisers
on behalf of project applicants. 

“You can find holes in them,” he said. 

Kern G. Slucter, a principal in the Gannon Group appraisal firm in Michigan, said he finds the
insinuation that an appraiser would tailor their findings to suit a developer’s interests
“insulting.”

“Ethically and legally … I am bound to be unbiased,” said Slucter, who has worked in the
profession for more than 30 years and also teaches ethics. “It doesn’t matter who’s writing the
check. By and large, the appraisers out there take their role pretty seriously.” 

Slucter said he’s prepared two studies on solar farms and their impact on market values. He
looked at home sales “reasonably proximate” to solar farm sites, then compared those to the
sale prices of several similar homes farther away. 
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“You try to get apples to apples as much as you can,” he said. “I found that the impact on value
was negligible. I’m talking about less than a half of a percent.”

Marketing a very high-end home next to a solar farm might be “a bit of a struggle,” but in the
median price range, “I’m going to suggest to you that people have greater priorities,” like the
number of bathrooms or the size of the yard, Slucter said. 

Rich Kirkland, owner of Kirkland Appraisals, in Raleigh, North Carolina, has prepared
appraisal reports for solar developers for nine years. He’s looked at solar farms of varying sizes
in 17 states, and compiled data on 84 “matched pairs,” meaning sales of homes abutting solar
farms matched with similar homes farther away. 

The difference in per-square-foot sale prices for 70 of those comparisons was between -5% and
5%, a range he views as statistically insignificant. 

“When you take all 84 and average them out, it works out to a difference of 1%, which really
suggests no impact,” he said. 

Asked whether a solar developer had ever declined to use his findings because they weren’t
favorable, Kirkland said no. However, he said he has refused requests for his expert testimony
in proceedings concerning projects he felt were being built too close to homes to not have an
impact.

Renée Healion, an appraiser who works throughout eastern Connecticut, said it’s certainly
possible that a home that suddenly has a utility access road running by it would suffer a
reduced value as the result of a solar farm. But otherwise, the next round of buyers for a
property near a solar farm is not likely to feel the same “sense of loss” about the change as the
existing owner.

And further down the road, when the installation’s useful life comes to an end, “the next
development of that parcel could upset people who had grown accustomed to a quiet solar
farm,” Healion said. 
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The increasing presence of utility-scale solar pho-
tovoltaic (PV) systems (sometimes referred to as
solar farms) is a rather new development in North 
Carolina’s landscape. Due to the new and un-
known nature of this technology, it is natural for 
communities near such developments to be con-
cerned about health and safety impacts. Unfortu-
nately, the quick emergence of utility-scale solar 
has cultivated fertile grounds for myths and half-
truths about the health impacts of this technology, 
which can lead to unnecessary fear and conflict.

Photovoltaic (PV) technologies and solar inverters 
are not known to pose any significant health dan-
gers to their neighbors. The most important dan-
gers posed are increased highway traffic during 
the relative short construction period and dangers 
posed to trespassers of contact with high voltage 
equipment. This latter risk is mitigated by signage 
and the security measures that industry uses to 
deter trespassing. As will be discussed in more 
detail below, risks of site contamination are much 
less than for most other industrial uses because 
PV technologies employ few toxic chemicals and 
those used are used in very small quantities. Due 
to the reduction in the pollution from fossil-fu-
el-fired electric generators, the overall impact of 
solar development on human health is overwhelm-
ingly positive. This pollution reduction results from 
a partial replacement of fossil-fuel fired generation 
by emission-free PV-generated electricity, which 
reduces harmful sulfur dioxide (SO2), nitrogen ox-
ides (NOx), and fine particulate matter (PM2.5). 
Analysis from the National Renewable Energy 
Laboratory and the Lawrence Berkeley National 
Laboratory, both affiliates of the U.S. Department 
of Energy, estimates the health-related air quali-
ty benefits to the southeast region from solar PV 
generators to be worth 8.0 ¢ per kilowatt-hour of 
solar generation.1

This is in addition to the value of the electricity and 
suggests that the air quality benefits of solar are 
worth more than the electricity itself.

Even though we have only recently seen large-
scale installation of PV technologies, the technol-
ogy and its potential impacts have been studied 
since the 1950s. A combination of this solar-spe-
cific research and general scientific research has 
led to the scientific community having a good un-
derstanding of the science behind potential health 
and safety impacts of solar energy. This paper uti-
lizes the latest scientific literature and knowledge 
of solar practices in N.C. to address the health 
and safety risks associated with solar PV technol-
ogy. These risks are extremely small, far less than 
those associated with common activities such as 
driving a car, and vastly outweighed by health ben-
efits of the generation of clean electricity.

This paper addresses the potential health and 
safety impacts of solar PV development in North
Carolina, organized into the following four catego-
ries:
(1) Hazardous Materials
(2) Electromagnetic Fields (EMF)
(3) Electric Shock and Arc Flash
(4) Fire Safety

1 • Hazardous Materials
One of the more common concerns towards solar 
is that the panels (referred to as “modules” in the 
solar industry) consist of toxic materials that en-
danger public health. However, as shown in this 
section, solar energy systems may contain small 
amounts of toxic materials, but these materials do 
not endanger public health. To understand poten-
tial toxic hazards coming from a solar project, one



must understand system installation, materials 
used, the panel end-of-life protocols, and system 
operation. This section will examine these aspects 
of a solar farm and the potential for toxicity im-
pacts in the following subsections:

(1.2) Project Installation/Construction
(1.2) System Components

1.2.1 Solar Panels: Construction and Durability
1.2.2 Photovoltaic technologies

(a) Crystalline Silicon
(b) Cadmium Telluride (CdTe)
(c) CIS/CIGS

1.2.3 Panel End of Life Management
1.2.4 Non-panel System Components

(1.3) Operations and Maintenance

1.1 Project Installation/
Construction
The system installation, or construction, process 
does not require toxic chemicals or processes. The 
site is mechanically cleared of large vegetation, 
fences are constructed, and the land is surveyed 
to layout exact installation locations. Trenches for 
underground wiring are dug and support posts are 
driven into the ground. The solar panels are bolt-
ed to steel and aluminum support structures and 
wired together. Inverter pads are installed, and 
an inverter and transformer are installed on each 
pad. Once everything is connected, the system is 
tested, and only then turned on.
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Figure 1: Utility-scale solar facility (5 MWAC) located in Catawba County. Source: Strata Solar



Solar PV panels typically consist of glass, polymer, 
aluminum, copper, and semiconductor materials 
that can be recovered and recycled at the end of 
their useful life.2 Today there are two PV technol-
ogies used in PV panels at utility-scale solar facil-
ities, silicon, and thin film. As of 2016, all thin film 
used in North Carolina solar facilities are cadmium 
telluride (CdTe) panels from the US manufacturer 
First Solar, but there are other thin film PV panels 
available on the market, such as Solar Frontier’s 
CIGS panels. Crystalline silicon technology con-
sists of silicon wafers which are made into cells 

and assembled into panels, thin film technologies 
consist of thin layers of semiconductor material 
deposited onto glass, polymer or metal substrates. 
While there are differences in the components and 
manufacturing processes of these two types of so-
lar technologies, many aspects of their PV panel 
construction are very similar. Specifics about each 
type of PV chemistry as it relates to toxicity are 
covered in subsections a, b, and c in section 1.2.2; 
on crystalline silicon, cadmium telluride, and CIS/
CIGS respectively. The rest of this section applies 
equally to both silicon and thin film panels.

1.2 • System Components
1.2.1 Solar Panels: Construction and Durability
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To provide decades of corrosion-free operation, 
PV cells in PV panels are encapsulated from air 
and moisture between two layers of plastic. The 
encapsulation layers are protected on the top with 
a layer of tempered glass and on the backside 
with a polymer sheet. Frameless modules include 
a protective layer of glass on the rear of the pan-
el, which may also be tempered. The plastic eth-
ylene-vinyl acetate (EVA) commonly provides the 

cell encapsulation. For decades, this same mate-
rial has been used between layers of tempered 
glass to give car windshields and hurricane win-
dows their great strength. In the same way that 
a car windshield cracks but stays intact, the EVA 
layers in PV panels keep broken panels intact 
(see Figure 4). Thus, a damaged module does not 
generally create small pieces of debris; instead, it 
largely remains together as one piece.
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Figure 4: The mangled PV panels in this picture illustrate the nature of broken solar panels; 
the glass cracks but the panel is still in one piece. Image Source: http://img.alibaba.com/pho-
to/115259576/broken_solar_panel.jpg

PV panels constructed with the same basic com-
ponents as modern panels have been installed 
across the globe for well over thirty years.3 The 
long-term durability and performance demonstrat-
ed over these decades, as well as the results of 
accelerated lifetime testing, helped lead to an in-
dustrystandard 25-year power production warran-
ty for PV panels. These power warranties warrant 
a PV panel to produce at least 80% of their origi-
nal nameplate production after 25 years of use. A 
recent SolarCity and DNV GL study reported that 
today’s quality PV panels should be expected to 
reliably and efficiently produce power for thirty-five 
years.4

Local building codes require all structures, includ-
ing ground mounted solar arrays, to be engineered 
to withstand anticipated wind speeds, as defined 
by the local wind speed requirements. Many rack-

ing products are available in versions engineered 
for wind speeds of up to 150 miles per hour, which
is significantly higher than the wind speed require-
ment anywhere in North Carolina. The strength of 
PV mounting structures were demonstrated during 
Hurricane Sandy in 2012 and again during Hurri-
cane Matthew in 2016. During Hurricane Sandy, 
the many large-scale solar facilities in New Jer-
sey and New York at that time suffered only minor 
damage.5 In the fall of 2016, the US and Carib-
bean experienced destructive winds and torrential 
rains from Hurricane Matthew, yet one leading so-
lar tracker manufacturer reported that their numer-
ous systems in the impacted area received zero 
damage from wind or flooding.6

In the event of a catastrophic event capable of dam-
aging solar equipment, such as a tornado, the sys-
tem will almost certainly have property insurance
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that will cover the cost to cleanup and repair the 
project. It is in the best interest of the system own-
er to protect their investment against such risks. It 
is also in their interest to get the project repaired 
and producing full power as soon as possible. 
Therefore, the investment in adequate insurance 
is a wise business practice for the system owner. 
For the same reasons, adequate insurance cover-
age is also generally a requirement of the bank or 
firm providing financing for the project.

1.2.2 Photovoltaic (PV) 
Technologies
a. Crystalline Silicon

This subsection explores the toxicity of sili-
con-based PV panels and concludes that they do 
not pose a material risk of toxicity to public health 
and safety. Modern crystalline silicon PV panels, 
which account for over 90% of solar PV panels 
installed today, are, more or less, a commodity 
product. The overwhelming majority of panels 
installed in North Carolina are crystalline silicon 
panels that are informally classified as Tier I pan-
els. Tier I panels are from well-respected manu-
facturers that have a good chance of being able 
to honor warranty claims. Tier I panels are under-
stood to be of high quality, with predictable perfor-
mance, durability, and content. Well over 80% (by 
weight) of the content of a PV panel is the tem-
pered glass front and the aluminum frame, both of 
which are common building materials. Most of the 
remaining portion are common plastics, including 
polyethylene terephthalate in the backsheet, EVA 
encapsulation of the PV cells, polyphenyl ether in 
the junction box, and polyethylene insulation on 
the wire leads. The active, working components 
of the system are the silicon photovoltaic cells, 
the small electrical leads connecting them togeth-
er, and to the wires coming out of the back of the 
panel. The electricity generating and conducting 
components makeup less than 5% of the weight 

of most panels. The PV cell itself is nearly 100% 
silicon, and silicon is the second most common 
element in the Earth’s crust. The silicon for PV 
cells is obtained by high-temperature processing 
of quartz sand (SiO2) that removes its oxygen 
molecules. The refined silicon is converted to a 
PV cell by adding extremely small amounts of bo-
ron and phosphorus, both of which are common 
and of very low toxicity.

The other minor components of the PV cell are 
also generally benign; however, some contain 
lead, which is a human toxicant that is particularly 
harmful to young children. The minor components 
include an extremely thin antireflective coating 
(silicon nitride or titanium dioxide), a thin layer of 
aluminum on the rear, and thin strips of silver alloy 
that are screen-printed on the front and rear of cell.7 
In order for the front and rear electrodes to make 
effective electrical contact with the proper layer of 
the PV cell, other materials (called glass frit) are 
mixed with the silver alloy and then heated to etch 
the metals into the cell. This glass frit historically 
contains a small amount of lead (Pb) in the form of 
lead oxide. The 60 or 72 PV cells in a PV panel are 
connected by soldering thin solder-covered cop-
per tabs from the back of one cell to the front of the 
next cell. Traditionally a tin-based solder contain-
ing some lead (Pb) is used, but some manufactur-
ers have switched to lead-free solder. The glass 
frit and/or the solder may contain trace amounts of 
other metals, potentially including some with hu-
man toxicity such as cadmium. However, testing 
to simulate the potential for leaching from broken 
panels, which is discussed in more detail below, 
did not find a potential toxicity threat from these 
trace elements. Therefore, the tiny amount of lead 
in the grass frit and the solder is the only part of 
silicon PV panels with a potential to create a neg-
ative health impact. However, as described below, 
the very limited amount of lead involved and its 
strong physical and chemical attachment to other 
components of the PV panel means that even in 
worst-case scenarios the health hazard it poses is 
insignificant.
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As with many electronic industries, the solder in sil-
icon PV panels has historically been a leadbased 
solder, often 36% lead, due to the superior prop-
erties of such solder. However, recent advances 
in lead-free solders have spurred a trend among 
PV panel manufacturers to reduce or remove the 
lead in their panels. According to the 2015 Solar 
Scorecard from the Silicon Valley Toxics Coalition, 
a group that tracks environmental responsibili-
ty of photovoltaic panel manufacturers, fourteen 
companies (increased from twelve companies in 
2014) manufacture PV panels certified to meet the 
European Restriction of Hazardous Substances 
(RoHS) standard. This means that the amount of 
cadmium and lead in the panels they manufacture 
fall below the RoHS thresholds, which are set by 
the European Union and serve as the world’s de 
facto standard for hazardous substances in man-
ufactured goods.8 The Restriction of Hazardous 
Substances (RoHS) standard requires that the 
maximum concentration found in any homog-
enous material in a produce is less than 0.01% 
cadmium and less than 0.10% lead, therefore, any 
solder can be no more than 0.10% lead.9

While some manufacturers are producing PV 
panels that meet the RoHS standard, there is no 
requirement that they do so because the RoHS 
Directive explicitly states that the directive does 
not apply to photovoltaic panels.10 The justification 
for this is provided in item 17 of the current RoHS 
Directive: “The development of renewable forms 
of energy is one of the Union’s key objectives, 
and the contribution made by renewable energy 
sources to environmental and climate objectives 
is crucial. Directive 2009/28/EC of the European 
Parliament and of the Council of 23 April 2009 on 
the promotion of the use of energy from renewable 
sources (4) recalls that there should be coherence 
between those objectives and other Union envi-
ronmental legislation. Consequently, this Directive 
should not prevent the development of renewable 
energy technologies that have no negative impact 
on health and the environment and that are sus-
tainable and economically viable.”

The use of lead is common in our modern econo-
my. However, only about 0.5% of the annual lead 
consumption in the U.S. is for electronic solder for 
all uses; PV solder makes up only a tiny portion 
of this 0.5%. Close to 90% of lead consumption 
in the US is in batteries, which do not encapsu-
late the pounds of lead contained in each typical 
automotive battery. This puts the lead in batteries 
at great risk of leaching into the environment. Es-
timates for the lead in a single PV panel with lead-
based solder range from 1.6 to 24 grams of lead, 
with 13g (less than half of an ounce) per panel 
seen most often in the literature.11 At 13 g/panel12, 
each panel contains one-half of the lead in a typi-
cal 12-gauge shotgun shell. This amount equates 
to roughly 1/750th of the lead in a single car bat-
tery. In a panel, it is all durably encapsulated from 
air or water for the full life of the panel.14

As indicated by their 20 to 30-year power warran-
ty, PV modules are designed for a long service life, 
generally over 25 years. For a panel to comply with 
its 25-year power warranty, its internal components, 
including lead, must be sealed from any moisture. 
Otherwise, they would corrode and the panel’s out-
put would fall below power warranty levels. Thus, 
the lead in operating PV modules is not at risk of 
release to the environment during their service life-
time. In extreme experiments, researchers have 
shown that lead can leach from crushed or pulver-
ized panels.15, 16 However, more real-world tests 
designed to represent typical trash compaction that 
are used to classify waste as hazardous or non-
hazardous show no danger from leaching.17,18 For 
more information about PV panel end-of-life, see 
the Panel Disposal section.

As illustrated throughout this section, silicon-based 
PV panels do not pose a material threat to public 
health and safety. The only aspect of the panels 
with potential toxicity concerns is the very small 
amount of lead in some panels. However, any lead 
in a panel is well sealed from environmental expo-
sure for the operating lifetime of the solar panel and 
thus not at risk of release into the environment.
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b. Cadmium Telluride (CdTe) PV Panels

This subsection examines the components of a 
cadmium telluride (CdTe) PV panel. Research 
demonstrates that they pose negligible toxicity 
risk to public health and safety while significant-
ly reducing the public’s exposure to cadmium by 
reducing coal emissions. As of mid-2016, a few 
hundred MWs of cadmium telluride (CdTe) panels, 
all manufactured by the U.S. company First Solar, 
have been installed in North Carolina.

Questions about the potential health and environ-
mental impacts from the use of this PV technology 
are related to the concern that these panels con-
tain cadmium, a toxic heavy metal. However, sci-
entific studies have shown that cadmium telluride 
differs from cadmium due to its high chemical and 
thermal stability.19 Research has shown that the 
tiny amount of cadmium in these panels does not 
pose a health or safety risk.20 Further, there are 
very compelling reasons to welcome its adoption 
due to reductions in unhealthy pollution associat-
ed with burning coal. Every GWh of electricity gen-
erated by burning coal produces about 4 grams of 
cadmium air emissions.21 Even though North Car-
olina produces a significant fraction of our elec-
tricity from coal, electricity from solar offsets much 
more natural gas than coal due to natural gas 
plants being able to adjust their rate of production 
more easily and quickly. If solar electricity offsets 
90% natural gas and 10% coal, each 5-megawatt 
(5 MWAC, which is generally 7 MWDC) CdTe solar 
facility in North Carolina keeps about 157 grams, 
or about a third of a pound, of cadmium out of our 
environment.22, 23

Cadmium is toxic, but all the approximately 7 
grams of cadmium in one CdTe panel is in the 
form of a chemical compound cadmium telluride,24 
which has 1/100th the toxicity of free cadmium.25 
Cadmium telluride is a very stable compound that 
is non-volatile and non-soluble in water. Even in 
the case of a fire, research shows that less than 
0.1% of the cadmium is released when a CdTe 

panel is exposed to fire. The fire melts the glass 
and encapsulates over 99.9% of the cadmium in 
the molten glass.27

It is important to understand the source of the cad-
mium used to manufacture CdTe PV panels. The 
cadmium is a byproduct of zinc and lead refining. 
The element is collected from emissions and waste 
streams during the production of these metals and 
combined with tellurium to create the CdTe used 
in PV panels. If the cadmium were not collected 
for use in the PV panels or other products, it would 
otherwise either be stockpiled for future use, ce-
mented and buried, or disposed of.28 Nearly all the 
cadmium in old or broken panels can be recycled 
which can eventually serve as the primary source 
of cadmium for new PV panels.29

Similar to silicon-based PV panels, CdTe panels 
are constructed of a tempered glass front, one 
instead of two clear plastic encapsulation layers, 
and a rear heat strengthened glass backing (to-
gether >98% by weight). The final product is built 
to withstand exposure to the elements without 
significant damage for over 25 years. While not 
representative of damage that may occur in the 
field or even at a landfill, laboratory evidence has 
illustrated that when panels are ground into a fine 
powder, very acidic water is able to leach portions 
of the cadmium and tellurium,30 similar to the pro-
cess used to recycle CdTe panels. Like many sil-
icon-based panels, CdTe panels are reported (as 
far back ask 199831 to pass the EPA’s Toxic Char-
acteristic Leaching Procedure (TCLP) test, which 
tests the potential for crushed panels in a landfill to 
leach hazardous substances into groundwater.32 
Passing this test means that they are classified 
as non-hazardous waste and can be deposited in 
landfills.33,34 For more information about PV panel 
end-of-life, see the Panel Disposal section.

There is also concern of environmental impact re-
sulting from potential catastrophic events involv-
ing CdTe PV panels. An analysis of worst-case 
scenarios for environmental impact from CdTe PV
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panels, including earthquakes, fires, and floods, 
was conducted by the University of Tokyo in 2013. 
After reviewing the extensive international body 
of research on CdTe PV technology, their report 
concluded, “Even in the worst-case scenarios, it is 
unlikely that the Cd concentrations in air and sea 
water will exceed the environmental regulation 
values.”35 In a worst-case scenario of damaged 
panels abandoned on the ground, insignificant 
amounts of cadmium will leach from the panels. 
This is because this scenario is much less condu-
cive (larger module pieces, less acidity) to leach-
ing than the conditions of the EPA’s TCLP test 
used to simulate landfill conditions, which CdTe 
panels pass.36

First Solar, a U.S. company, and the only signifi-
cant supplier of CdTe panels, has a robust panel 
take-back and recycling program that has been 
operating commercially since 2005.37 The compa-
ny states that it is “committed to providing a com-
mercially attractive recycling solution for photovol-
taic (PV) power plant and module owners to help 
them meet their module (end of life) EOL obliga-
tion simply, costeffectively and responsibly.” First 
Solar global recycling services to their custom-
ers to collect and recycle panels once they reach 
the end of productive life whether due to age or 
damage. These recycling service agreements are 
structured to be financially attractive to both First 
Solar and the solar panel owner. For First Solar, 
the contract provides the company with an afford-
able source of raw materials needed for new pan-
els and presumably a diminished risk of undesired 
release of Cd. The contract also benefits the solar 
panel owner by allowing them to avoid tipping fees 
at a waste disposal site. The legal contract helps 
provide peace of mind by ensuring compliance by 
both parties when considering the continuing trend 
of rising disposal costs and increasing regulatory 
requirements.

c. CIS/CIGS and other PV technologies

Copper indium gallium selenide PV technology, of-

ten referred to as CIGS, is the second most com-
mon type of thin-film PV panel but a distant second 
behind CdTe. CIGS cells are composed of a thin 
layer of copper, indium, gallium, and selenium on 
a glass or plastic backing. None of these elements 
are very toxic, although selenium is a regulated 
metal under the Federal Resource Conservation 
and Recovery Act (RCRA).38 The cells often also 
have an extremely thin layer of cadmium sulfide 
that contains a tiny amount of cadmium, which is 
toxic. The promise of high efficiency CIGS pan-
els drove heavy investment in this technology in 
the past. However, researchers have struggled 
to transfer high efficiency success in the lab to 
low-cost full-scale panels in the field.39 Recently, 
a CIGS manufacturer based in Japan, Solar Fron-
tier, has achieved some market success with a rig-
id, glass-faced CIGS module that competes with 
silicon panels. Solar Frontier produces the major-
ity of CIS panels on the market today.40 Notably, 
these panels are RoHS compliant,41 thus meeting 
the rigorous toxicity standard adopted by the Eu-
ropean Union even thought this directive exempts 
PV panels. The authors are unaware of any com-
pleted or proposed utility-scale system in North 
Carolina using CIS/CIGS panels.

1.2.3 Panel End-of-Life 
Management
Concerns about the volume, disposal, toxicity, and 
recycling of PV panels are addressed in this sub-
section. To put the volume of PV waste into per-
spective, consider that by 2050, when PV systems 
installed in 2020 will reach the end of their lives, it 
is estimated that the global annual PV panel waste 
tonnage will be 10% of the 2014 global e-waste 
tonnage.42 In the U.S., end-of-life disposal of so-
lar products is governed by the Federal Resource 
Conservation and Recovery Act (RCRA), as well 
as state policies in some situations. RCRA sepa-
rates waste into hazardous (not accepted at ordi-
nary landfill) and solid waste (generally accepted



May 2017 | Version 1 11

at ordinary landfill) based on a series of rules. Ac-
cording to RCRA, the way to determine if a PV 
panel is classified as hazardous waste is the Toxic 
Characteristic Leaching Procedure (TCLP) test. 
This EPA test is designed to simulate landfill dis-
posal and determine the risk of hazardous sub-
stances leaching out of the landfill.43,44,45 Multiple 
sources report that most modern PV panels (both 
crystalline silicon and cadmium telluride) pass the 
TCLP test.46,47 Some studies found that
some older (1990s) crystalline silicon panels, and 
perhaps some newer crystalline silicon panels 
(specifics are not given about vintage of panels 
tested), do not pass the lead (Pb) leachate limits 
in the TCLP test.48,49

The test begins with the crushing of a panel into 
centimeter-sized pieces. The pieces are then 
mixed in an acid bath. After tumbling for eighteen 
hours, the fluid is tested for forty hazardous sub-
stances that all must be below specific threshold 
levels to pass the test. Research comparing TCLP 
conditions to conditions of damaged panels in the 
field found that simulated landfill conditions pro-
vide overly conservative estimates of leaching for 
field-damaged panels.50 Additionally, research in 
Japan has found no detectable Cd leaching from 
cracked CdTe panels when exposed to simulated 
acid rain.51

Although modern panels can generally be land-
filled, they can also be recycled. Even though 
recent waste volume has not been adequate 
to support significant PV-specific recycling in-
frastructure, the existing recycling industry in 
North Carolina reports that it recycles much of 
the current small volume of broken PV panels. In 
an informal survey conducted by the NC Clean 
Energy Technology Center survey in early 2016, 
seven of the eight large active North Carolina 
utility-scale solar developers surveyed report-
ed that they send damaged panels back to the 
manufacturer and/or to a local recycler. Only one 
developer reported sending damaged panels to 
the landfill.

The developers reported at that time that they are 
usually paid a small amount per panel by local re-
cycling firms. In early 2017, a PV developer re-
ported that a local recycler was charging a small 
fee per panel to recycle damaged PV panels. The 
local recycling firm known to authors to accept PV 
panels described their current PV panel recycling 
practice as of early 2016 as removing the alumi-
num frame for local recycling and removing the 
wire leads for local copper recycling. The remain-
der of the panel is sent to a facility for processing 
the non-metallic portions of crushed vehicles, re-
ferred to as “fluff” in the recycling industry.52 This 
processing within existing general recycling plants 
allows for significant material recovery of major 
components, including glass which is 80% of the 
module weight, but at lower yields than PV-spe-
cific recycling plants. Notably almost half of the 
material value in a PV panel is in the few grams 
of silver contained in almost every PV panel pro-
duced today. In the long-term, dedicated PV panel 
recycling plants can increase treatment capacities 
and maximize revenues resulting in better output 
quality and the ability to recover a greater fraction 
of the useful materials.53 PV-specific panel recy-
cling technologies have been researched and im-
plemented to some extent for the past decade, and 
have been shown to be able to recover over 95% 
of PV material (semiconductor) and over 90% of 
the glass in a PV panel.54

A look at global PV recycling trends hints at the 
future possibilities of the practice in our country. 
Europe installed MW-scale volumes of PV years 
before the U.S. In 2007, a public-private partner-
ship between the European Union and the solar 
industry set up a voluntary collection and recycling 
system called PV CYCLE. This arrangement was 
later made mandatory under the EU’s WEEE di-
rective, a program for waste electrical and elec-
tronic equipment.55 Its member companies (PV 
panel producers) fully finance the association. 
This makes it possible for end-users to return the 
member companies’ defective panels for recycling 
at any of the over 300 collection points around
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Europe without added costs. Additionally, PV 
CYCLE will pick up batches of 40 or more used 
panels at no cost to the user. This arrangement 
has been very successful, collecting and recycling 
over 13,000 tons by the end of 2015.56

In 2012, the WEEE Directive added the end-of-life 
collection and recycling of PV panels to its scope.57 
This directive is based on the principle of extend-
ed-producer-responsibility. It has a global impact be-
cause producers that want to sell into the EU market 
are legally responsible for end-of-life management. 
Starting in 2018, this directive targets that 85% of PV 
products “put in the market” in Europe are recovered 
and 80% is prepared for reuse and recycling. 

The success of the PV panel collection and recycling 
practices in Europe provides promise for the future 
of recycling in the U.S. In mid-2016, the US Solar 
Energy Industry Association (SEIA) announced that 
they are starting a national solar panel recycling pro-
gram with the guidance and support of many leading 
PV panel producers.58 The program will aggregate 
the services offered by recycling vendors and PV 
manufacturers, which will make it easier for consum-
ers to select a cost-effective and environmentally re-
sponsible end-of-life management solution for their 
PV products. According to SEIA, they are planning 
the program in an effort to make the entire industry 
landfill-free. In addition to the national recycling net-
work program, the program will provide a portal for 
system owners and consumers with information on 
how to responsibly recycle their PV systems.

While a cautious approach toward the potential 
for negative environmental and/or health impacts 
from retired PV panels is fully warranted, this sec-
tion has shown that the positive health impacts 
of reduced emissions from fossil fuel combustion 
from PV systems more than outweighs any poten-
tial risk. Testing shows that silicon and CdTe pan-
els are both safe to dispose of in landfills, and are 
also safe in worst case conditions of abandonment 
or damage in a disaster. Additionally, analysis by 
local engineers has found that the current salvage 

value of the equipment in a utility scale PV facili-
ty generally exceeds general contractor estimates 
for the cost to remove the entire PV system.59,60,61

1.2.4 Non-Panel  
System Components 
(racking, wiring, inverter, transformer)

While previous toxicity subsections discussed PV 
panels, this subsection describes the non-panel 
components of utility-scale PV systems and inves-
tigates any potential public health and safety con-
cerns. The most significant non-panel component 
of a ground-mounted PV system is the mounting 
structure of the rows of panels, commonly referred 
to as “racking”. The vertical post portion of the rack-
ing is galvanized steel and the remaining above-
ground racking components are either galvanized 
steel or aluminum, which are both extremely com-
mon and benign building materials. The inverters 
that make the solar generated electricity ready to 
send to the grid have weather-proof steel enclo-
sures that protect the working components from 
the elements. The only fluids that they might con-
tain are associated with their cooling systems, 
which are not unlike the cooling system in a com-
puter. Many inverters today are RoHS compliant. 

The electrical transformers (to boost the inverter 
output voltage to the voltage of the utility connec-
tion point) do contain a liquid cooling oil. However, 
the fluid used for that function is either a nontoxic 
mineral oil or a biodegradable non-toxic vegetable 
oil, such as BIOTEMP from ABB. These vegetable 
transformer oils have the additional advantage of 
being much less flammable than traditional min-
eral oils. Significant health hazards are associ-
ated with old transformers containing cooling oil 
with toxic PCBs. Transfers with PCB-containing oil 
were common before PCBs were outlawed in the 
U.S. in 1979. PCBs still exist in older transformers 
in the field across the country.
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Other than a few utility research sites, there are no 
batteries on- or off-site associated with utility-scale 
solar energy facilities in North Carolina, avoiding 
any potential health or safety concerns related to 
battery technologies. However, as battery technol-
ogies continue to improve and prices continue to 
decline we are likely to start seeing some batter-
ies at solar facilities. Lithium ion batteries current-
ly dominate the world utility-scale battery market, 
which are not very toxic. No non-panel system 
components were found to pose any health or en-
vironmental dangers.

1.4 Operations  
and Maintenance –  
Panel Washing and  
Vegetation Control
Throughout the eastern U.S., the climate provides 
frequent and heavy enough rain to keep panels 
adequately clean. This dependable weather pat-
tern eliminates the need to wash the panels on a 
regular basis. Some system owners may choose 
to wash panels as often as once a year to increase 
production, but most in N.C. do not regularly wash 
any PV panels. Dirt build up over time may justify 
panel washing a few times over the panels’ life-
time; however, nothing more than soap and water 
are required for this activity.

The maintenance of ground-mounted PV facili-
ties requires that vegetation be kept low, both for 
aesthetics and to avoid shading of the PV panels. 
Several approaches are used to maintain vegeta-
tion at NC solar facilities, including planting of lim-
ited-height species, mowing, weed-eating, herbi-
cides, and grazing livestock (sheep). The following 
descriptions of vegetation maintenance practices 
are based on interviews with several solar devel-
opers as well as with three maintenance firms that 
together are contracted to maintain well over 100 

of the solar facilities in N.C. The majority of solar 
facilities in North Carolina maintain vegetation pri-
marily by mowing. Each row of panels has a single 
row of supports, allowing sickle mowers to mow 
under the panels. The sites usually require mow-
ing about once a month during the growing sea-
son. Some sites employ sheep to graze the site, 
which greatly reduces the human effort required to 
maintain the vegetation and produces high quality 
lamb meat.62

In addition to mowing and weed eating, solar fa-
cilities often use some herbicides. Solar facilities 
generally do not spray herbicides over the entire 
acreage; rather they apply them only in strategic 
locations such as at the base of the perimeter 
fence, around exterior vegetative buffer, on interior 
dirt roads, and near the panel support posts. Also 
unlike many row crop operations, solar facilities 
generally use only general use herbicides, which 
are available over the counter, as opposed to re-
stricted use herbicides commonly used in com-
mercial agriculture that require a special restricted 
use license. The herbicides used at solar facilities 
are primarily 2-4-D and glyphosate (Round-up®), 
which are two of the most common herbicides 
used in lawns, parks, and agriculture across the 
country. One maintenance firm that was inter-
viewed sprays the grass with a class of herbicide 
known as a growth regulator in order to slow the 
growth of grass so that mowing is only required 
twice a year. Growth regulators are commonly 
used on highway roadsides and golf courses for 
the same purpose. A commercial pesticide appli-
cator license is required for anyone other than the 
landowner to apply herbicides, which helps ensure 
that all applicators are adequately educated about 
proper herbicide use and application. The license 
must be renewed annually and requires passing 
of a certification exam appropriate to the area in 
which the applicator wishes to work. Based on the 
limited data available, it appears that solar facili-
ties in N.C. generally use significantly less herbi-
cides per acre than most commercial agriculture 
or lawn maintenance services.
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2. Electromagnetic 
Fields (EMF)
PV systems do not emit any material during their 
operation; however, they do generate electromag-
netic fields (EMF), sometimes referred to as radi-
ation. EMF produced by electricity is non-ionizing 
radiation, meaning the radiation has enough en-
ergy to move atoms in a molecule around (experi-
enced as heat), but not enough energy to remove 
electrons from an atom or molecule (ionize) or to 
damage DNA. As shown below, modern humans 
are all exposed to EMF throughout our daily lives 
without negative health impact. Someone outside 
of the fenced perimeter of a solar facility is not 
exposed to significant EMF from the solar facility. 
Therefore, there is no negative health impact from 
the EMF produced in a solar farm. The following 
paragraphs provide some additional background 
and detail to support this conclusion.

Since the 1970s, some have expressed concern 
over potential health consequences of EMF from 
electricity, but no studies have ever shown this 
EMF to cause health problems.63 These concerns 
are based on some epidemiological studies that 
found a slight increase in childhood leukemia 
associated with average exposure to residential 
power-frequency magnetic fields above 0.3 to 0.4 
µT (microteslas) (equal to 3.0 to 4.0 mG (milli-
gauss)). µT and mG are both units used to mea-
sure magnetic field strength. For comparison, the 
average exposure for people in the U.S. is one 
mG or 0.1 µT, with about 1% of the population 
with an average exposure in excess of 0.4 µT (or 
4 mG).64 These epidemiological studies, which 
found an association but not a causal relation-
ship, led the World Health Organization’s Interna-
tional Agency for Research on Cancer (IARC) to 
classify ELF magnetic fields as “possibly carcino-
genic to humans”. Coffee also has this classifi-
cation. This classification means there is limited 
evidence but not enough evidence to designate 

as either a “probable carcinogen” or “human 
carcinogen”. Overall, there is very little concern 
that ELF EMF damages public health. The only 
concern that does exist is for long-term exposure 
above 0.4 µT (4 mG) that may have some con-
nection to increased cases of childhood leuke-
mia. In 1997, the National Academies of Science 
were directed by Congress to examine this con-
cern and concluded:

“Based on a comprehensive evaluation of pub-
lished studies relating to the effects of power-fre-
quency electric and magnetic fields on cells, tis-
sues, and organisms (including humans), the 
conclusion of the committee is that the current 
body of evidence does not show that exposure 
to these fields presents a human-health hazard. 
Specifically, no conclusive and consistent evi-
dence shows that exposures to residential electric 
and magnetic fields produce cancer, adverse neu-
robehavioral effects, or reproductive and develop-
mental effects.”65

There are two aspects to electromagnetic fields, 
an electric field and a magnetic field. The elec-
tric field is generated by voltage and the mag-
netic field is generated by electric current, i.e., 
moving electrons. A task group of scientific ex-
perts convened by the World Health Organiza-
tion (WHO) in 2005 concluded that there were no 
substantive health issues related to electric fields 
(0 to 100,000 Hz) at levels generally encoun-
tered by members of the public.66 The relatively 
low voltages in a solar facility and the fact that 
electric fields are easily shielded (i.e., blocked) 
by common materials, such as plastic, metal, or 
soil means that there is no concern of negative 
health impacts from the electric fields generated 
by a solar facility. Thus, the remainder of this sec-
tion addresses magnetic fields. Magnetic fields 
are not shielded by most common materials and 
thus can easily pass through them. Both types of 
fields are strongest close to the source of elec-
tric generation and weaken quickly with distance 
from the source.
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The direct current (DC) electricity produced by PV 
panels produce stationary (0 Hz) electric and mag-
netic fields. Because of minimal concern about po-
tential risks of stationary fields, little scientific re-
search has examined stationary fields’ impact on 
human health.67 In even the largest PV facilities, 
the DC voltages and currents are not very high. 
One can illustrate the weakness of the EMF gen-
erated by a PV panel by placing a compass on an 
operating solar panel and observing that the nee-
dle still points north.

While the electricity throughout the majority of a 
solar site is DC electricity, the inverters convert 
this DC electricity to alternating current (AC) elec-
tricity matching the 60 Hz frequency of the grid. 
Therefore, the inverters and the wires delivering 
this power to the grid are producing non-station-
ary EMF, known as extremely low frequency (ELF) 
EMF, normally oscillating with a frequency of 60 
Hz. This frequency is at the low-energy end of the 
electromagnetic spectrum. Therefore, it has less 
energy than other commonly encountered types 
of non-ionizing radiation like radio waves, infrared 
radiation, and visible light.

The wide use of electricity results in background 
levels of ELF EMFs in nearly all locations where 
people spend time – homes, workplaces, schools, 
cars, the supermarket, etc. A person’s average ex-
posure depends upon the sources they encounter, 
how close they are to them, and the amount of 
time they spend there.68 As stated above, the av-
erage exposure to magnetic fields in the U.S. is 
estimated to be around one mG or 0.1 µT, but can 
vary considerably depending on a person’s expo-
sure to EMF from electrical devices and wiring.69 
At times we are often exposed to much higher ELF 
magnetic fields, for example when standing three 
feet from a refrigerator the ELF magnetic field is 
6 mG and when standing three feet from a micro-
wave oven the field is about 50 mG.70 The strength 
of these fields diminish quickly with distance from 
the source, but when surrounded by electricity in 
our homes and other buildings moving away from 

one source moves you closer to another. However, 
unless you are inside of the fence at a utility-scale 
solar facility or electrical substation it is impossible 
to get very close to the EMF sources. Because 
of this, EMF levels at the fence of electrical sub-
stations containing high voltages and currents are 
considered “generally negligible”.71,72

The strength of ELF-EMF present at the perimeter 
of a solar facility or near a PV system in a commer-
cial or residential building is significantly lower than 
the typical American’s average EMF exposure.73,74 
Researchers in Massachusetts measured mag-
netic fields at PV projects and found the magnetic 
fields dropped to very low levels of 0.5 mG or less, 
and in many cases to less than background levels 
(0.2 mG), at distances of no more than nine feet 
from the residential inverters and 150 feet from 
the utility-scale inverters.75 Even when measured 
within a few feet of the utility-scale inverter, the 
ELF magnetic fields were well below the Interna-
tional Commission on Non-Ionizing Radiation Pro-
tection’s recommended magnetic field level ex-
posure limit for the general public of 2,000 mG.76 
It is typical that utility scale designs locate large 
inverters central to the PV panels that feed them 
because this minimizes the length of wire required 
and shields neighbors from the sound of the in-
verter’s cooling fans. Thus, it is rare for a large 
PV inverter to be within 150 feet of the project’s 
security fence.

Anyone relying on a medical device such as 
pacemaker or other implanted device to maintain 
proper heart rhythm may have concern about the 
potential for a solar project to interfere with the 
operation of his or her device. However, there is 
no reason for concern because the EMF outside 
of the solar facility’s fence is less than 1/1000 of 
the level at which manufacturers test for ELF EMF 
interference, which is 1,000 mG.77 Manufacturers 
of potentially affected implanted devices often pro-
vide advice on electromagnetic interference that 
includes avoiding letting the implanted device get 
too close to certain sources of fields such as some
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household appliances, some walkie-talkies, and 
similar transmitting devices. Some manufactur-
ers’ literature does not mention high-voltage pow-
er lines, some say that exposure in public areas 
should not give interference, and some advise not 
spending extended periods of time close to power 
lines.78

3. Electric Shock and 
Arc Flash Hazards
There is a real danger of electric shock to any-
one entering any of the electrical cabinets such as 
combiner boxes, disconnect switches, inverters, 
or transformers; or otherwise coming in contact 
with voltages over 50 Volts.79 Another electrical 
hazard is an arc flash, which is an explosion of en-
ergy that can occur in a short circuit situation. This 
explosive release of energy causes a flash of heat 
and a shockwave, both of which can cause seri-
ous injury or death. Properly trained and equipped 
technicians and electricians know how to safely 
install, test, and repair PV systems, but there is al-
ways some risk of injury when hazardous voltages 
and/or currents are present. Untrained individuals 
should not attempt to inspect, test, or repair any 
aspect of a PV system due to the potential for inju-
ry or death due to electric shock and arc flash, The 
National Electric Code (NEC) requires appropriate 
levels of warning signs on all electrical compo-
nents based on the level of danger determined by 
the voltages and current potentials. The national 
electric code also requires the site to be secured 
from unauthorized visitors with either a six-foot 
chain link fence with three strands of barbed wire 
or an eight-foot fence, both with adequate hazard 
warning signs.

4. Fire Safety
The possibility of fires resulting from or intensified 
by PV systems may trigger concern among the 

general public as well as among firefighters. How-
ever, concern over solar fire hazards should be 
limited because only a small portion of materials in 
the panels are flammable, and those components 
cannot self-support a significant fire. Flammable 
components of PV panels include the thin layers 
of polymer encapsulates surrounding the PV cells, 
polymer backsheets (framed panels only), plas-
tic junction boxes on rear of panel, and insulation 
on wiring. The rest of the panel is composed of 
non-flammable components, notably including 
one or two layers of protective glass that make up 
over three quarters of the panel’s weight.

Heat from a small flame is not adequate to ignite a 
PV panel, but heat from a more intense fire or en-
ergy from an electrical fault can ignite a PV panel.80 
One real-world example of this occurred during 
July 2015 in an arid area of California. Three acres 
of grass under a thin film PV facility burned without 
igniting the panels mounted on fixed-tilt racks just 
above the grass.81 While it is possible for electri-
cal faults in PV systems on homes or commercial 
buildings to start a fire, this is extremely rare.82 
Improving understanding of the PV-specific risks, 
safer system designs, and updated fire-related 
codes and standards will continue to reduce the 
risk of fire caused by PV systems.

PV systems on buildings can affect firefighters 
in two primary ways, 1) impact their methods of 
fighting the fire, and 2) pose safety hazard to the 
firefighters. One of the most important techniques 
that firefighters use to suppress fire is ventilation 
of a building’s roof. This technique allows super-
heated toxic gases to quickly exit the building. By 
doing so, the firefighters gain easier and safer 
access to the building, Ventilation of the roof also 
makes the challenge of putting out the fire easier. 
However, the placement of rooftop PV panels may 
interfere with ventilating the roof by limiting access 
to desired venting locations.

New solar-specific building code requirements 
are working to minimize these concerns. Also, the
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latest National Electric Code has added require-
ments that make it easier for first responders to 
safely and effectively turn off a PV system. Con-
cern for firefighting a building with PV can be re-
duced with proper fire fighter training, system 
design, and installation. Numerous organizations 
have studied fire fighter safety related to PV. Many 
organizations have published valuable guides and 
training programs. Some notable examples are 
listed below.

• The International Association of Fire Fight-
ers (IAFF) and International Renewable 
Energy Council (IREC) partnered to create 
an online training course that is far beyond 
the PowerPoint click-andview model. The 
self-paced online course, “Solar PV Safety 
for Fire Fighters,” features rich video con-
tent and simulated environments so fire 
fighters can practice the knowledge they’ve 
learned. www.iaff.org/pvsafetytraining

• Photovoltaic Systems and the Fire Code: 
Office of NC Fire Marshal

• Fire Service Training, Underwriter’s Labo-
ratory

• Firefighter Safety and Response for Solar 
Power Systems, National Fire Protection 
Research Foundation

• Bridging the Gap: Fire Safety & Green 
Buildings, National Association of State Fire 
Marshalls

• Guidelines for Fire Safety Elements of So-
lar Photovoltaic Systems, Orange County 
Fire Chiefs Association

• Solar Photovoltaic Installation Guidelines, 
California Department of Forestry & Fire 
Protection, Office of the State Fire Marshall

• PV Safety & Firefighting, Matthew Paiss, 
Homepower Magazine

• PV Safety and Code Development: Mat-
thew Paiss, Cooperative Research Network

Summary
The purpose of this paper is to address and al-
leviate concerns of public health and safety for 
utility-scale solar PV projects. Concerns of public 
health and safety were divided and discussed in 
the four following sections: (1) Toxicity, (2) Electro-
magnetic Fields, (3) Electric Shock and Arc Flash, 
and (4) Fire. In each of these sections, the nega-
tive health and safety impacts of utility-scale PV 
development were shown to be negligible, while 
the public health and safety benefits of installing 
these facilities are significant and far outweigh any 
negative impacts.

1 Wiser, Ryan, Trieu Mai, Dev Millstein, Jordan 
Macknick, Alberta Carpenter, Stuart Cohen, Wesley 
Cole, Bethany Frew, and Garvin A. Heath. 2016. On 
the Path to SunShot: The Environmental and Public 
Health Benefits of Achieving High Penetrations of 
Solar Energy in the United States. Golden, CO: Na-
tional Renewable Energy Laboratory. Accessed March 
2017, www.nrel.gov/docs/fy16osti/65628.pdf
2 IRENA and IEA-PVPS (2016), “End-of-Life Man-
agement: Solar Photovoltaic Panels,” International 
Renewable Energy Agency and International Energy 
Agency Photovoltaic Power Systems. 
3 National Renewable Energy Laboratory, Overview 
of Field Experience – Degradation Rates & Lifetimes. 
September 14, 2015. Solar Power International Con-
ference. Accessed March 2017, 
www.nrel.gov/docs/fy15osti/65040.pdf 
4 Miesel et al. SolarCity Photovoltaic Modules with 35 
Year Useful Life. June 2016. Accessed March 2017.
http://www.solarcity.com/newsroom/reports/solarci-
ty-photovoltaic-modules-35-year-useful-life 
5 David Unger. Are Renewables Stormproof? Hur-
ricane Sandy Tests Solar, Wind. November 2012. 
Accessed March 2017.  
http://www.csmonitor.com/Environment/Energy-Voic-
es/2012/1119/Are-renewables-stormproof-Hurri-
cane-Sandy-tests-solarwind & http://www.csmonitor.
com/Environment/Energy-Voices/2012/1119/Are-re-
newables-stormproof-Hurricane-Sandytests-solar-wind 
6 NEXTracker and 365 Pronto, Tracking Your Solar 
Investment: Best Practices for Solar Tracker O&M. 



May 2017 | Version 1 18

Accessed March 2017. 
www.nextracker.com/content/uploads/2017/03/NEX-
Tracker_OandM-WhitePaper_FINAL_March-2017.pdf 
7 Christiana Honsberg, Stuart Bowden. Overview of 
Screen Printed Solar Cells. Accessed January 2017. 
www.pveducation.org/pvcdrom/manufacturing/
screen-printed 
8 Silicon Valley Toxics Coalition. 2015 Solar Score-
card. Accessed August 2016. 
www.solarscorecard.com/2015/2015-SVTC-Solar-
Scorecard.pdf 
9 European Commission. Recast of Reduction of 
Hazardous Substances (RoHS) Directive. September 
2016. Accessed August 2016. 
http://ec.europa.eu/environment/waste/rohs_eee/in-
dex_en.htm
10 Official Journal of the European Union, DIREC-
TIVE 2011/65/EU OF THE EUROPEAN PARLIA-
MENT AND OF THE COUNCIL of 8 June 2011 on the 
restriction of the use of certain hazardous substances 
in electrical and electronic equipment. June 2011. 
Accessed May 2017. 
http://eur-lex.europa.eu/legalcontent/EN/TXT/PD-
F/?uri=CELEX:32011L0065&from=en
11 Giancarlo Giacchetta, Mariella Leporini, Barbara 
Marchetti. Evaluation of the Environmental Benefits of 
New High Value Process for the Management of the 
End of Life of Thin Film Photovoltaic Modules. July 
2013. Accessed August 2016. 
www.researchgate.net/publication/257408804_Evalu-
ation_of_the_environmental_benefits_of_new_high_
value_process_for_the_management_of_the_end_
of_life_of_thin_film_photovoltaic_modules
12 European Commission. Study on Photovoltaic 
Panels Supplementing The Impact Assessment for a 
Recast of the Weee Directive. April 2011. Accessed 
August 2016. 
http://ec.europa.eu/environment/waste/weee/pdf/
Study%20on%20PVs%20Bio%20final.pdf
14 The amount of lead in a typical car battery is 21.4 
pounds. Waste 360. Chaz Miller. Lead Acid Batteries. 
March 2006. Accessed August 2016. 
http://waste360.com/mag/waste_leadacid_batteries_3
15 Okkenhaug G. Leaching from CdTe PV module 
material results from batch, column and availability 
tests. Norwegian Geotechnical Institute, NGI report 
No. 20092155-00-6-R; 2010 
16 International Journal of Advanced Applied Physics 
Research. Renate Zapf-Gottwick1, et al. Leaching 

Hazardous Substances out of Photovoltaic Modules. 
January 2015. Accessed January 2016. 
www.cosmosscholars.com/phms/index.php/ijaapr/arti-
cle/download/485/298
17 ibid 
18 Parikhit Sinha, et al. Evaluation of Potential Health 
and Environmental Impacts from End-Of-Life Disposal 
of Photovoltaics, Photovoltaics, 2014. Accessed May 
2016
19 Bonnet, D. and P. Meyers. 1998. Cadmium-tellu-
ride—Material for thin film solar cells. J. Mater. Res., 
Vol. 13, No. 10, pp. 2740-2753 
20 V. Fthenakis, K. Zweibel. CdTe PV: Real and Per-
ceived EHS Risks. National Center ofr Photovoltaics 
and Solar Program Review Meeting, March 24-26, 
2003. www.nrel.gov/docs/fy03osti/33561.pdf. Ac-
cessed May 2017 
21 International Energy Agency Photovoltaic Power 
Systems Programme. Life Cycle Inventories and Life 
Cycle Assessments of Photovoltaic Systems. March 
2015. Accessed August 2016. 
http://iea-pvps.org/index.php?id=315 
22 Data not available on fraction of various genera-
tion sources offset by solar generation in NC, but this 
is believed to be a reasonable rough estimate. The 
SunShot report entitled The Environmental and Public 
Health Benefits of Achieving High Penetrations of 
Solar Energy in the United States analysis contributes 
significant (% not provided) offsetting of coal-fired 
generation by solar PV energy in the southeast. 
23 7 MWDC * 1.5 GWh/MWDC * 25 years * 0.93 
degradation factor * (0.1 *4.65 grams/GWh + 0.9*0.2 
grams/GWh) 
24 Vasilis Fthenakis. CdTe PV: Facts and Handy 
Comparisons. January 2003. Accessed March 2017. 
https://www.bnl.gov/pv/files/pdf/art_165.pdf
25 Kaczmar, S., Evaluating the Read-Across Ap-
proach on CdTe Toxicity for CdTe Photovoltaics, 
SETAC North America 32nd Annual Meeting, Boston, 
MA, November 2011. Available at: 
ftp://ftp.co.imperial.ca.us/icpds/eir/campo-verdesolar/
final/evaluating-toxicity.pdf, Accessed May 2017 
27 V. M. Fthenakis et al, Emissions and Encapsula-
tion of Cadmium in CdTe PV Modules During Fires 
Renewable Progress in Photovoltaics: Research and 
Application: Res. Appl. 2005; 13:1–11, Accessed 
March 2017, www.bnl.gov/pv/files/pdf/abs_179.pdf
28 Fthenakis V.M., Life Cycle Impact Analysis of Cad-
mium in CdTe Photovoltaic Production, Renewable 



May 2017 | Version 1 19

and Sustainable Energy Reviews, 8, 303-334, 2004. 
www.clca.columbia.edu/papers/Life_Cycle_Impact_
Analysis_Cadmium_CdTe_Photovoltaic_production.
pdf, Accessed May 2017 
29 International Renewable Energy Agency. Stepha-
nie Weckend, Andreas Wade, Garvin Heath. End of 
Life Management: Solar Photovoltaic Panels. June 
2016. Accessed November 2016. 
30 International Journal of Advanced Applied Physics 
Research. Renate Zapf-Gottwick1, et al. Leaching 
Hazardous Substances out of Photovoltaic Modules. 
January 2015. Accessed January 2016. 
www.cosmosscholars.com/phms/index.php/ijaapr/arti-
cle/download/485/298
31 Cunningham D., Discussion about TCLP protocols, 
Photovoltaics and the Environment Workshop, July 
23-24, 1998, Brookhaven National Laboratory, BNL-
52557 
32 Parikhit Sinha, et al. Evaluation of Potential Health 
and Environmental Impacts from End-Of-Life Disposal 
of Photovoltaics, Photovoltaics, 2014. Accessed May 
2016
33 Practical Handbook of Photovoltaics: Fundamen-
tals and Applications. T. Markvart and L. Castaner. 
Chapter VII-2: Overview of Potential Hazards. Decem-
ber 2003. Accessed August 2016. 
https://www.bnl.gov/pv/files/pdf/art_170.pdf 
34 Norwegian Geotechnical Institute. Environmental 
Risks Regarding the Use and End-of-Life Disposal of 
CdTe PV Modules. April 2010. Accessed August 2016. 
https://www.dtsc.ca.gov/LawsRegsPolicies/upload/
Norwegian-Geotechnical-InstituteStudy.pdf
35 First Solar. Dr. Yasunari Matsuno. December 
2013. August 2016. Environmental Risk Assessment 
of CdTe PV Systems to be considered under Cata-
strophic Events in Japan. 
http://www.firstsolar.com/-/media/Documents/Sus-
tainability/PeerReviews/Japan_Peer-Review_Matsu-
no_CdTe-PV-Tsunami.ashx 
36 First Solar. Parikhit Sinha, Andreas Wade. As-
sessment of Leaching Tests for Evaluating Potential 
Environmental Impacts of PV Module Field Breakage. 
2015 IEEE 
37 See p. 22 of First Solar, Sustainability Report. 
Available at: 
www.firstsolar.com/-/media/FirstSolar/Sustainabili-
ty-Documents/03801_FirstSolar_SustainabilityRe-
port_08MAR16_Web.ashx, Accessed May 2017
38 40 CFR §261.24. Toxicity Characteristic. May 

2017. Accessed May 2017. 
https://www.ecfr.gov/cgi-bin/textidx-
?node=se40.26.261_124&rgn=div8
39 Office of Energy Efficiency & Renewable Energy. 
Copper Indium Gallium Diselenide. Accessed March 
2017. 
https://www.energy.gov/eere/sunshot/copper-indi-
um-gallium-diselenide 
40 Mathias Maehlum. Best Thin Film Solar Panels – 
Amorphous, Cadmium Telluride or CIGS? April 2015. 
Accessed March 2017. 
http://energyinformative.org/best-thin-film-solar-pan-
els-amorphous-cadmium-telluride-cigs/ 
41 RoHS tested certificate for Solar Frontier PV mod-
ules. TUVRheinland, signed 11.11.2013 
42 International Renewable Energy Agency. Stepha-
nie Weckend, Andreas Wade, Garvin Heath. End of 
Life Management: Solar Photovoltaic Panels. June 
2016. Accessed November 2016. 
http://www.irena.org/DocumentDownloads/Publica-
tions/IRENA_IEAPVPS_End-of-Life_Solar_PV_Pan-
els_2016.pdf 
43 40 C.F.R. §261.10. Identifying the Characteris-
tics of Hazardous Waste and for Listing Hazardous 
Waste. November 2016. Accessed November 2016 
http://www.ecfr.gov/cgi-bin/textidx?SID=ce0006d-
66da40146b490084ca2816143&mc=true&node=pt40.
26.261&rgn=div5#sp40.28.261.b
44 40 C.F.R. §261.24 Toxicity Characteristic. Novem-
ber 2016. Accessed November 2016. 
http://www.ecfr.gov/cgi-bin/textidx?SID=ce0006d-
66da40146b490084ca2816143&mc=true&node=pt40.
26.261&rgn=div5#se40.28.261_124
45 International Renewable Energy Agency. Stepha-
nie Weckend, Andreas Wade, Garvin Heath. End of 
Life Management: Solar Photovoltaic Panels. June 
2016. Accessed November 2016. 
http://www.irena.org/DocumentDownloads/Publica-
tions/IRENA_IEAPVPS_End-of-Life_Solar_PV_Pan-
els_2016.pdf
46 TLCP test results from third-party laboratories for 
REC, Jinko, and Canadian Solar silicon-based pan-
els. Provided by PV panel manufacturers directly or 
indirectly to authors 
47 Sinovoltaics, Introduction to Solar Panel Recycling, 
March 2014. Accessed October 2016. 
http://sinovoltaics.com/solarbasics/introduction-to-so-
lar-panel-recycling/ 
48 Brookhaven National Laboratory. Vasilis Fthenakis, 



May 2017 | Version 1 20

Regulations on Photovoltaic Module Disposal and 
Recycling. January 29, 2001.
49 Parikhit Sinha, et al. Evaluation of Potential Health 
and Environmental Impacts from End-Of-Life Disposal 
of Photovoltaics, Photovoltaics, 2014.
50 First Solar. Parikhit Sinha, Andreas Wade. As-
sessment of Leaching Tests for Evaluating Potential 
Environmental Impacts of PV Module Field Breakage. 
October 2015. Accessed August 2016. 
http://www.firstsolar.com/-/media/Documents/Sus-
tainability/PVSC42-Manuscript-20150912--Assess-
ment-of-Leaching-Tests-for-Evaluating-PotentialEnvi-
ronmental-Impa.ashx 
51 First Solar. Dr. Yasunari Matsuno. December 2013. 
Environmental Risk Assessment of CdTe PV Systems 
to be considered under Catastrophic Events in Japan. 
http://www.firstsolar.com/-/media/Documents/Sus-
tainability/PeerReviews/Japan_Peer-Review_Matsu-
no_CdTe-PV-Tsunami.ashx 
52 Phone interview, February 3, 2016, TT&E Iron & 
Metal, Garner, NC www.ncscrapmetal.com
53 Wen-His Huang, et al. Strategy and Technology To 
Recycle Water-silicon Solar Modules. Solar Energy, 
Volume 144, March 2017, Pages 22-31 
54 International Renewable Energy Agency. Stepha-
nie Weckend, Andreas Wade, Garvin Heath. End of 
Life Management: Solar Photovoltaic Panels. June 
2016. Accessed November 2016. 
http://www.irena.org/DocumentDownloads/Publica-
tions/IRENA_IEAPVPS_End-of-Life_Solar_PV_Pan-
els_2016.pdf
55 Official Journal of the European Union. Directive 
2012/19/EU of the European Parliament and of the 
Council of 4 July 2012 on Waste Electrical and Elec-
tronic Equipment. July 2012. Accessed November 
2016. 
http://eurlex.europa.eu/legal-content/EN/TXT/?uri=cel-
ex%3A32012L0019 
56 PV CYCLE. Annual Report 2015. Accessed No-
vember 2016. 
https://pvcyclepublications.cld.bz/Annual-Report-PV-
CYCLE-2015/6-7 
57 Official Journal of the European Union. Directive 
2012/19/EU of the European Parliament and of the 
Council of 4 July 2012 on Waste Electrical and Elec-
tronic Equipment. July 2012. Accessed November 
2016. 
http://eurlex.europa.eu/legal-content/EN/TXT/?uri=cel-
ex%3A32012L0019 

58 SEIA National PV Recycling Program: 
www.seia.org/seia-national-pv-recycling-program 
59 RBI Solar, Decommissioning Plan submitted to 
Catawba County associated with permitting of a 5MW 
solar project in June 2016. Accessed April 2017. 
www.catawbacountync.gov/Planning/Projects/Rezon-
ings/RZ2015-05_DecommissioningPlan.pdf 
60 Birdseye Renewables, Decommissioning Plan sub-
mitted to Catawba County associated with permitting 
of a 5MW solar project in May 2015. Accessed April 
2017. 
www.catawbacountync.gov/Planning/Projects/Rezon-
ings/RZ2015-04_DecommissioningPlan.pdf
61 Cypress Creek Renewables, Decommissioning 
Plan submitted to Catawba County associated with 
permitting of a 5MW solar project in September 2016. 
Accessed April 2017. 
www.catawbacountync.gov/Planning/Projects/Rezon-
ings/RZ2016-06decommission.pdf
62 Sun Raised Farms: 
http://sunraisedfarms.com/index.html 
63 National Institute of Environmental Health Scienc-
es and National Institutes of Health, EMF: Electric 
and Magnetic Fields Associated with Electric Power: 
Questions and Answers, June 2002
64 World Health Organization. Electromagnetic Fields 
and Public Health: Exposure to Extremely Low Fre-
quency Fields. June 2007. Accessed August 2016. 
http://www.who.int/peh-emf/publications/facts/fs322/
en/ 
65 Committee on the Possible Effects of Electro-
magnetic Fields on Biologic Systems, National Re-
search Council, Possible Health Effects of Exposure 
to Residential Electric and Magnetic Fields, ISBN: 
0-309-55671-6, 384 pages, 6 x 9, (1997) This PDF is 
available from the National Academies Press at: 
http://www.nap.edu/catalog/5155.html
66 World Health Organization. Electromagnetic Fields 
and Public Health: Exposure to Extremely Low Fre-
quency Fields. June 2007. Accessed August 2016. 
http://www.who.int/peh-emf/publications/facts/fs322/en/ 
67 World Health Organization. Electromagnetic Fields 
and Public Health: Static Electric and Magnetic Fields. 
March 2006. Accessed August 2016. 
http://www.who.int/peh-emf/publications/facts/fs299/
en/ 
68 Asher Sheppard, Health Issues Related to the 
Static and Power-Frequency Electric and Magnetic 
Fields (EMFs) of the Soitec Solar Energy Farms, April 



May 2017 | Version 1 21

30, 2014. Accessed March 2017: 
www.sandiegocounty.gov/content/dam/sdc/pds/ceqa/
Soitec-Documents/Final-EIR-Files/Appendix_9.0-1_
EMF.pdf 
69 Massachusetts Clean Energy Center. Study of 
Acoustic and EMF Levels from Solar Photovoltaic 
Projects. December 2012. Accessed August 2016.
70 Duke Energy Corporation. Frequently Asked 
Questions: Electric and Magnetic Fields. Accessed 
August 2016. 
https://www.duke-energy.com/about-energy/frequent-
ly_asked_questions.asp 
71 National Institute of Environmental Health Sci-
ences, Electric and Magnetic Fields Associate with 
the use of Electric Power: Questions and Answers, 
2002. Accessed November 2016 
www.niehs.nih.gov/health/materials/electric_and_
magnetic_fields 
72 Duke Energy Corporation. Frequently Asked 
Questions: Electric and Magnetic Fields. Accessed 
August 2016. 
https://www.duke-energy.com/about-energy/frequent-
ly_asked_questions.asp 
73 R.A. Tell et al, Electromagnetic Fields Associated 
with Commercial Solar Photovoltaic Electric Power 
Generating Facilities, Journal of Occupational and 
Environmental Hygiene, Volume 12, 2015,- Issue 11. 
Abstract Accessed March 2016: 
http://www.tandfonline.com/doi/full/10.1080/1545962
4.2015.1047021
74 Massachusetts Department of Energy Resources, 

Massachusetts Department of Environmental Pro-
tection, and Massachusetts Clean Energy Center. 
Questions & Answers: Ground-Mounted Solar Photo-
voltaic Systems. June 2015. Accessed August 2016. 
http://www.mass.gov/eea/docs/doer/renewables/so-
lar/solar-pv-guide.pdf 
75 Ibid. 
76 Ibid. 
77 EMFs and medical devices, Accessed March 
2017. 
www.emfs.info/effects/medical-devices/ 
78 ibid. 
79 Damon McCluer. Electrical Construction & Main-
tenance: NFPA 70E’s Approach to Considering DC 
Hazards. September 2013. Accessed October 2016.
http://ecmweb.com/safety/nfpa-70e-s-approach-con-
sidering-dc-hazards
80 Hong-Yun Yang, et. al. Experimental Studies on 
the Flammability and Fire Hazards of Photovoltaic 
Modules, Materials. July 2015. Accessed August 
2016. 
http://www.mdpi.com/1996-1944/8/7/4210/pdf
81 Matt Fountain. The Tribune. Fire breaks out at To-
paz Solar Farm. July 2015. Accessed August 2016.
www.sanluisobispo.com/news/local/article39055539.
html
82 Cooperative Research Network. Matthew Paiss. 
Tech Surveillance: PV Safety & Code Developments. 
October 2014. Accessed August 2016. 
http://www.nreca.coop/wp-content/uploads/2013/06/
ts_pv_fire_safety_oct_2014.pdf



278.704   Merchant electric generating facility -- Construction certificate -- Location 

of exhaust stack -- Setback requirement -- Public meeting concerning property 

acquisition -- Exception. 

(1) No person shall commence to construct a merchant electric generating facility until 

that person has applied for and obtained a construction certificate for the facility 

from the board. The construction certificate shall be valid for a period of two (2) 

years after the issuance date of the last permit required to be obtained from the 

Energy and Environment Cabinet after which the certificate shall be void. The 

certificate shall be conditioned upon the applicant obtaining necessary air, water, 

and waste permits. If an applicant has not obtained all necessary permits and has not 

commenced to construct prior to the expiration date of the certificate, the applicant 

shall be required to obtain a valid certificate from the board. 

(2) Except as provided in subsections (3), (4), and (5) of this section, no construction 

certificate shall be issued to construct a merchant electric generating facility unless 

the exhaust stack of the proposed facility and any wind turbine is at least one 

thousand (1,000) feet from the property boundary of any adjoining property owner 

and all proposed structures or facilities used for generation of electricity are two 

thousand (2,000) feet from any residential neighborhood, school, hospital, or 

nursing home facility. For purposes of applications for site compatibility certificates 

pursuant to KRS 278.216, only the exhaust stack of the proposed facility to be 

actually used for coal or gas-fired generation or, beginning with applications for site 

compatibility certificates filed on or after January 1, 2015, the proposed structure or 

facility to be actually used for solar or wind generation shall be required to be at 

least one thousand (1,000) feet from the property boundary of any adjoining 

property owner and two thousand (2,000) feet from any residential neighborhood, 

school, hospital, or nursing home facility. 

(3) If the merchant electric generating facility is proposed to be located in a county or a 

municipality with planning and zoning, then setback requirements from a property 

boundary, residential neighborhood, school, hospital, or nursing home facility may 

be established by the planning and zoning commission. Any setback established by 

a planning and zoning commission for a facility in an area over which it has 

jurisdiction shall: 

(a) Have primacy over the setback requirement in subsections (2) and (5) of this 

section; and 

(b) Not be subject to modification or waiver by the board through a request for 

deviation by the applicant, as provided in subsection (4) of this section. 

(4) The board may grant a deviation from the requirements of subsection (2) of this 

section on a finding that the proposed facility is designed to and, as located, would 

meet the goals of KRS 224.10-280, 278.010, 278.212, 278.214, 278.216, 278.218, 

and 278.700 to 278.716 at a distance closer than those provided in subsection (2) of 

this section. 

(5) If the merchant electric generating facility is proposed to be located on a site of a 

former coal processing plant in the Commonwealth where the electric generating 

facility will utilize on-site waste coal as a fuel source, then the one thousand (1,000) 



foot property boundary requirement in subsection (2) of this section shall not be 

applicable; however, the applicant shall be required to meet any other setback 

requirements contained in subsection (2) of this section. 

(6) If requested, a merchant electric generating entity considering construction of a 

facility for the generation of electricity or a person acting on behalf of such an entity 

shall hold a public meeting in any county where acquisition of real estate or any 

interest in real estate is being considered for the facility. A request for such a 

meeting may be made by the commission, or by any city or county governmental 

entity, including a board of commissioners, planning and zoning, fiscal court, 

mayor, or county judge/executive. The meeting shall be held not more than thirty 

(30) days from the date of the request. 

(7) The purpose of the meeting under subsection (6) of this section is to fully inform 

landowners and other interested parties of the full extent of the project being 

considered, including the project time line. One (1) or more representatives of the 

entity with full knowledge of all aspects of the project shall be present and shall 

answer questions from the public. 

(8) Notice of the time, subject, and location of the meeting under subsection (6) of this 

section shall be posted in both a local newspaper, if any, and a newspaper of general 

circulation in the county. Notice shall also be placed on the Web sites of the 

unregulated entity, and any local governmental unit. Owners of real estate known to 

be included in the project and any person whose property adjoins at any point any 

property to be included in the project shall be notified personally by mail. All 

notices must be mailed or posted at least two (2) weeks prior to the meeting. 

(9) The merchant electric generating entity or a person acting on behalf of a merchant 

electric generating entity shall, on or before the date of the public meeting held 

under subsection (6) of this section, provide notice of all research, testing, or any 

other activities being planned or considered to: 

(a) The Energy and Environment Cabinet; 

(b) The Public Service Commission; 

(c) The Transportation Cabinet; 

(d) The Attorney General; and 

(e) The Office of the Governor. 

(10) A person that, on or before April 10, 2014, has started acquiring interests in real 

estate for a project as described in subsection (6) of this section shall hold a meeting 

that complies with this section within thirty (30) days of April 10, 2014. 

(11) Subsections (6) to (10) of this section shall not apply to any facility or project that 

has already received a certificate of construction from the board. 

Effective: April 10, 2014 

History: Amended 2014 Ky. Acts ch. 88, sec. 2, effective April 10, 2014. -- Amended 

2010 Ky. Acts ch. 24, sec. 606, effective July 15, 2010. -- Created 2002 Ky. Acts ch. 

365, sec. 3, effective April 24, 2002. 
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Mason County, Kentucky Population 2021
Mason County, Kentucky's estimated population is 17,050 with a growth rate of -0.06% in the past
year according to the most recent United States census data. Mason County, Kentucky is the 69th
largest county in Kentucky. The 2010 Population was 17,505 and has seen a growth of -2.60% since
this time.

2021 17,050 -10 -0.06%

2020 17,060 -10 -0.06%

2019 17,070 -10 -0.06%

2018 17,080 -112 -0.65%

2017 17,192 25 0.15%

2016 17,167 117 0.69%

2015 17,050 -83 -0.48%

2014 17,133 -190 -1.10%

2013 17,323 -137 -0.78%

2012 17,460 -86 -0.49%

2011 17,546 41 0.23%

2010 17,505 839 5.03%

1990 16,666 -1,099 -6.19%

1980 17,765 492 2.85%

1970 17,273 -1,181 -6.40%

1960 18,454 -32 -0.17%

1950 18,486 -580 -3.04%

Note: 2020 and 2021 data is projected

Year Population Growth Growth Rate

2021 Growth Rate -0.06%

County Website Mason County

State Kentucky

Founded 1788

County Seat Maysville

Lat./Long. (39.000, -84.000)

2010 Population 17,505

Growth Since 2010 -2.60%
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1940 19,066 204 1.08%

1930 18,862 1,102 6.20%

1920 17,760 -851 -4.57%

1910 18,611 -1,835 -8.97%

1900 20,446 -327 -1.57%

1890 20,773 304 1.49%

1880 20,469 2,343 12.93%

1870 18,126 -96 -0.53%

1860 18,222 -122 -0.67%

1850 18,344 2,625 16.70%

1840 15,719 -480 -2.96%

1830 16,199 2,611 19.22%

1820 13,588 1,129 9.06%

1810 12,459 277 2.27%

1800 12,182 9,453 346.39%

1790 2,729 0.00%
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Ordinance Direction Use Feet Setback Distance from a How Measured

150
neighboring buildings permitted for full-time 

occupancy (Residential, School , Religious 
Commenercial Building)

Outer Panel to the closest buildings 
permitted for full-time occupancy

 50  Roads Outer Panel to Property Line

50 Solar Energy Property line Outer Panel to Property Line

MMC Land Use 2021 Draft
?????? 10 Catagories

from the nearest edge of an SES 
structure to the property line 

50 Residential or Ag Property Line
100  Roads
50 Property Line
30  Commerical or Industria Property Line

Henderson Couty Solar Ordanice 25 property line Equipment to property line

Madison Couty Solar Ordanice Controlled by the KY PSC 
Siteing Board 

50 road right of way Equipment to property line
100 AG property

250 Residential, Churches, Schools, Cemetery 
Property

Equipment to property line

Illinois Model Solar Ordinance
Depends on disstrict Same as setback for buildings or structures in the 

district in which the system is located, 
150 State Road Centerline
100 other Road Centerline
150 residences

New York State Model Solar 
Zoning Ordinance setback	requirements	of	the	under-	lying	zoning	district.	

30 foot max all but low density residential

50 low density residential

Outer Panel to Property Line

Outer Panel to Property LineKY Model Solar Ordinance

all Solar
Simpson County Solar Ordinance

CWM Proposal

Template Solar Energy 
Development Ordinance for 

North Carolina

MMC Land Use 2020 Draft



Current 2020 MMC Land Use 
Front R1-A 25

R1-B 20
R1-C 15
R1-D 12

R2 Two-Family (duplex) 
Residential 

20

R3 Multi-Family Residential 20
R4-A 15
R4-B 10
TH-1 Townhouses 20
MH Manufactured Home 15
P-1 Professional Office 50
B-1 General Business 20
B-2 Highway Business 50
B-3 Neighborhood Business 25
D-1 Downtown Business none
I-1A 200
I-1B 100
I-2A 200
I-2B 150
A-1 Agricultural Transition 50
A-2 Agricultural 100

C Communities 40
I-3 Rural Industrial 100

RR-1 50
RR-2 100

Side Yard R1-A 15
R1-B 12
R1-C 10
R1-D 3

from the nearest edge of
structure to the property line

Single-Family 
Residential 

Oldtown Residential

Light Industrial 

Rural Residential 

Heavy Industrial

Single-Family 
Residential 



R2
Two-Family (duplex) 

Residential
10

R3 Multi-Family Residential 10
R4-A 10
R4-B 3
TH-1 Townhouses 10
MH Manufactured Home 10
P-1 Professional Office 15
B-1 General Business 10
B-2 Highway Business 25
B-3 Neighborhood Business 15
D-1 Downtown Business none
I-1A 50
I-1B 20
I-2A 50
I-2B 15
A-1 Agricultural Transition 25
A-2 Agricultural 50

C Communities 20
I-3 Rural Industrial 50

RR-1 25
RR-2 50

Rear Yard R1-A 20
R1-B 15
R1-C 10
R1-D 10

R2
Two-Family (duplex) 

Residential
10

R3 Multi-Family Residential 15
R4-A 10
R4-B 5
TH-1 Townhouses 10

from the nearest edge of 
structure to the property line 

Oldtown Residential

Light Industrial 

Heavy Industrial

Rural Residential 

Single-Family 
Residential 

Oldtown Residential



MH Manufactured Home 10
P-1 Professional Office 20
B-1 General Business 20
B-2 Highway Business 30
B-3 Neighborhood Business 20
D-1 Downtown Business none
I-1A 50
I-1B 20
I-2A 50
I-2B 20
A-1 Agricultural Transition 30
A-2 Agricultural 30

C Communities 20
I-3 Rural Industrial 50

RR-1 30
RR-2 50

from the nearest edge of
structure to the property line

Light Industrial 

Heavy Industrial

Rural Residential 
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KENTUCKY MODEL SOLAR ZONING ORDINANCE 2.2 

SEPTEMBER 20201 

 

 In response to the increasing interest in the development of solar energy resources in 
Kentucky, the Kentucky Resources Council has developed this Model Solar Zoning Ordinance to 
assist localities in adopting provisions to regulate the siting of solar energy facilities in their 
communities. This Model Solar Zoning Ordinance is based upon a review of best practices from 
across the United States and is tailored to meet the unique needs of Kentucky, with the goals of 
encouraging appropriate siting of solar facilities and protection of the correlative rights of 
landowners to the use and enjoyment of their lands.  All counties in Kentucky are unique, and 
planning and zoning should be tailored to meet and guide current development and future 
aspirations of the county residents.  The ordinance offers a “menu” of options in certain areas, to 
allow local officials in conjunction with county residents, to select the options that best meet 
their needs.  Explanatory text is provided in footnotes. 
  
 

HOW TO USE THIS ORDINANCE 
 

 This Ordinance provides the framework for the regulation of land uses involving the 
construction and operation of solar facilities.  It is intended to provide suggestions for 
consideration by communities, Planning and Zoning Commissions, and County governments as 
revisions are made to Comprehensive Plans and zoning ordinances, and may need to be modified 
or adapted to conform to the framework of local planning and zoning ordinances. 
 
 
 
 

 
1 This model ordinance is developed by the Kentucky Resources Council for general use and consideration by the 
public and by local planning and zoning agencies.  It is not intended to provide legal advice. 
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MODEL SOLAR ZONING ORDINANCE 
 

Section 1. Purpose 
 
The purpose of this ordinance is to facilitate the siting, development, construction, installation, 
and decommissioning of solar energy systems (SESs) in [city/county] in a predictable manner 
that promotes and protects the safety, health, and welfare of the community. This ordinance 
encourages the appropriate siting of SESs to bolster local economic development and job 
creation, diversify the state’s energy portfolio, strengthen energy and grid security, and reduce 
other environmental impacts. The appropriate siting of SESs considers, avoids to the extent 
possible, and mitigates any adverse impacts to wildlife, productive and nationally important 
agricultural lands, forests, endangered species habitat, and historic, natural, and other sensitive 
lands.  The appropriate siting of SESs also establishes standards and requirements to assure that 
the use and enjoyment of lands located adjacent to and in the proximity of SESs are fully 
protected.2 
 
The requirements of this Ordinance are intended to be supplemental to any safety, health, or 
environmental requirements of federal, state, or local laws, and regulations. 
 
Section 2. Definitions 
 
Solar Energy System (SES) means a device, including its components and subsystems, that 
collects solar energy for electricity generation, consumption, or transmission, or for thermal 
applications. SESs are in turn divided into three types depending on how the system is 
incorporated into the existing land use: 
 

Integrated Solar Energy System means an SES where the solar materials are incorporated 
into the building materials, such that the building and solar system are reasonably 
indistinguishable, or where the solar materials are used in place of traditional building 
components, such that the SES is structurally an integral part of the house, building, or 
other structure. An Integrated SES may be incorporated into, among other things, a 
building façade, skylight, shingles, canopy, light, or parking meter. 

 
Rooftop Solar Energy System means an SES that is structurally mounted to the roof of a 
house, building, or other structure and does not qualify as an Integrated SES. 

 

 
2 A community may wish to incorporate into the solar zoning ordinance, a preference for siting of large ground 
mounted solar arrays on brownfield properties.  EPA’s initiative RE-Powering American’s Land: Siting  Renewable 
Energy on Potentially Contaminated Lands, Landfills, and Mine Sites, has tools and resources to help: 
https://www.epa.gov/re-powering.  Developing solar on brownfields may involve additional challenges in 
financing, permitting, and remediation, but may also offer incentives to assist in defraying those costs.  
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Ground Mounted Solar Energy System means an SES that is structurally mounted to the 
ground and does not qualify as an Integrated SES. Ground Mounted SESs are 
subcategorized as follows: 

 
• Small Scale Ground Mounted Energy System (Small Scale SES) which is a 

Ground Mounted SES with a Footprint of less than 2,500 square feet 
 

• Intermediate Scale Ground Mounted Energy System (Intermediate Scale SES) 
which is  a Ground Mounted SES with a Footprint of between 2,501 square feet 
and ten (10) acres. 

 
• Large Scale Ground Mounted Solar Energy System (Large Scale SES) means a 

Ground Mounted SES with a Footprint of more than ten (10) acres. 
 
Exempt Solar Energy System (Exempt SES) means a SES that is a facility of a municipally owned 
electric system or public utility regulated by the Kentucky Public Service Commission or Federal 
Energy Regulatory Commission, which is exempt from planning and zoning requirements under 
KRS 100.324. 
 
Farmland of Statewide Importance means a map unit identified by the Natural Resources 
Conservation Service as including soils that nearly meet the requirements for prime farmland and 
that economically produce high yields of crops when treated and managed according to 
acceptable farming methods. 
 
Footprint of the SES is calculated by drawing a perimeter around the outermost SES panels and 
any equipment necessary for the equipment to function, such as transformers and inverters. The 
footprint does not include perimeter fencing or visual buffers, nor transmission lines or portions 
thereof that are required to connect the SES to a utility or customer outside the SES perimeter. 
 
Prime Farmland means a map unit identified by the Natural Resources Conservation Service of 
the United States Department of Agriculture as having the best combination of physical and 
chemical characteristics for producing food, feed, forage, fiber, and oilseed crops and is available 
for these uses. 
 
Siting Board Regulated SES means a SES that constitutes a “merchant electric siting facility” 
under KRS 278.700(2), the construction and siting of which is subject to review and approval of 
the Kentucky State Board on Electric Generation and Transmission Siting. A merchant electric 
siting facility is an electricity generating facility or facilities that, together with all associated 
structures and facilities are capable of operating at an aggregate capacity of ten megawatts (10 
MW) or more and sell the electricity produced in the wholesale market, at rates and charges not 
regulated by the Kentucky Public Service Commission. 
 
Section 3. Applicability 
 
(a) This ordinance applies to the siting, construction, installation, and decommissioning of any 
new SES within the jurisdiction of [the city/county] after the effective date of this ordinance. 
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(b) An SES in operation, or which has begun physical construction prior to adoption of this 
ordinance, shall be considered to have legal nonconforming status in accordance with KRS 
100.253. 
 
(c) The following are not subject to this ordinance: 
 

1. Modification to an existing SES that alone or in combination increases the total SES 
Footprint by no more than 5% of the original Footprint. 
 
2. Routine maintenance and repair, including replacement of solar panels, not increasing 
the SES Footprint. 

 
(d) Any Exempt SES shall provide the Planning Commission, Board of Adjustment or other 
authority having jurisdiction, and Fiscal Court with information concerning service facilities 
which have been located on and relocated on private property in accordance with KRS 
100.324(3). 3  
 
(e) An SES shall comply with all applicable federal, state, and local laws, regulations, and 
permitting and other requirements, and applicable building, fire, electrical, and plumbing codes.  
 
Section 4. Conditional Use Permit Requirements and Allowed Uses4 
 
P: The SES is a use that is allowed in the district without the necessity of obtaining a zoning 
permit or prior planning approval, provided that the applicable requirements below are met. A 
variance from any of the standards applicable to a SES may be obtained through the Board of 
Adjustment or other authority having jurisdiction. 
 
CUP: Conditional Use Permit required. The SES is allowed in the district subject to the 
requirements set forth below and only if the applicant first obtains a Conditional Use Permit in 
accordance with the [city/county] zoning code. 
 
Accessory Use Residential  Commercial Industrial Agricultural 
Integrated SES P P P P 
Rooftop SES P P P P 
Ground 
Mounted SES 

    

 
3  The SES facilities of a municipally owned electric system or public utility regulated by the Kentucky Public Service 
Commission or Federal Energy Regulatory Commission, are exempt from planning and zoning requirements under 
KRS 100.324.  The statute does allow planning units to request information on their facilities.  This provision 
eliminates the need to ask on a case-by-case basis, making a standing request to such entities for that information. 
4 Some communities may decide not to adopt any standards for rooftop or small ground mounted SESs, and to 
limit the focus of planning and zoning to larger ground mounted SESs.  The standards are offered to provide 
guidance and to minimize conflict among neighbors, by prescribing some minimal standards for rooftop and small 
ground mounted SESs without requiring any zoning approval or prior authorization unless a variance is sought 
from the standards on a case-by-case basis. 
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Small Scale* P P P P 
Intermediate 
Scale 

CUP P P CUP 

Large Scale CUP CUP CUP CUP 
     
Primary Use Residential Commercial  Industrial Agricultural 
Integrated SES - - - - 
Rooftop SES - - - - 
Ground 
Mounted SES 

    

Small Scale P P P P 
Intermediate  
Scale 

CUP P P CUP 

Large Scale CUP CUP CUP CUP 
 
* A Small-Scale Ground Mounted SES qualifies as an accessory use only if its area is less 
than 50% of the footprint of the primary structure.  
 
Section 5. General Requirements Applicable to Integrated and Rooftop Solar Energy 
Systems 
 

(a) Solar Access. Consistent with KRS 381.200(2), a property owner may obtain a solar 
easement from another property owner for the purpose of ensuring adequate exposure to 
sunlight for an Integrated or Rooftop SES.  Such easement shall be recorded. 

 
(b) Tree Removal. The removal of trees or natural vegetation for an Integrated or Rooftop 

SES shall be limited to the extent practicable and shall comply with all the requirements 
of the [city/county] zoning code regarding tree removal, and any applicable state or 
federal requirements. 

 
(c) Height Restrictions. A rooftop SES shall conform to any height restrictions for roof-
mounted mechanical devices or equipment for the applicable zoning district and may exceed 
the maximum permitted height for the structure type by no more than five (5) feet. A rooftop 
SES shall be positioned on the roof so as not to extend above or beyond the edge of any 
ridge, hip, valley, or eave, provided that where it is mounted on a sloped roof, the SES shall 
not vertically exceed the highest point of the roof to which it is attached by more than five (5) 
feet. 
 
(d)  Lighting.  Integrated and Rooftop SESs shall not be illuminated and shall be designed 
and installed to prevent off-site glare. 
 
(e)  Historic Preservation.  Where an integrated or rooftop SES is proposed to be installed on 
a property located within an historic district or which is listed on or eligible for listing on the 
National Register of Historic Places, the proposed installation shall be coordinated with any 
review required by the zoning ordinance for exterior renovations or additions to such 
structures. 
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Section 6. General Requirements Applicable to Ground Mounted SESs 

 
(a) Solar Access. Consistent with KRS 381.200(2), a property owner may obtain a solar 

easement from another property owner for the purpose of ensuring adequate exposure to 
sunlight for a Ground Mounted SES.  Such easement shall be recorded. 

 
(b) Tree Removal. The removal of trees or natural vegetation for a Ground Mounted SES 

shall comply with all the requirements of the [city/county] zoning code regarding tree 
removal and mitigation, and any applicable state or federal requirements. 
 

(c) Lighting. Lighting of a Ground Mounted SES shall be limited to the minimum necessary 
for safe operation, and shall be directed downward, incorporate full cut-off features, and 
incorporate motion sensors where feasible.  Lighting shall be designed to avoid light trespass. 
Nothing in this Ordinance is intended to preclude installation of lighting required by the 
Federal Aviation Administration. 

 
(d) Height Requirements for Ground Mounted SES. A Ground Mounted SES shall not 
exceed twenty (20) feet in height as measured from the highest natural grade below each 
solar panel without approval by the Board of Adjustment or other authority having 
jurisdiction. The height restriction excludes utility poles, storage batteries, substation 
structures, and antennas constructed for the project. A Ground Mounted SES may exceed 
twenty (20) feet in height upon a finding that the SES would be more productive, use less 
land, or provide other environmental, economic, or other benefits if the height limitation is 
increased.  

 
(e) Siting Restrictions for Ground Mounted SES 

  
1. An Intermediate or Large Scale Ground Mounted SES, measured from the closer 

of the outer edge of the nearest panel or perimeter fencing, shall be located at least 
fifty (50) feet from the property line of any property zoned for residential or 
agricultural use, at least thirty (30) feet from the property line of any property 
zoned for commercial, business, industrial, office, or institutional use, and at least 
fifty (50) feet from the centerline of any public road. 

 
2.   An Intermediate or Large Scale Ground Mounted SES, measured from the closer 

of the outer edge of the nearest panel or perimeter fencing, shall be located no 
closer than one hundred (100) feet from a residence located on a property other 
than that on which the Ground Mounted SES is to be installed.  
 

3.  These setback provisions above can be waived in writing by the adjacent property 
     owner to whom the property line or residence setback is applicable. 

 
4.  Setbacks are not required where the property line is shared by two or more 
     participating landowners. 
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5.  Setback requirements may be reduced by 25% where effective existing or 
     proposed visual screening is determined to exist by the Board of Adjustment or 
     other authority having jurisdiction.56 

 
6.  Setback requirements may be expanded by a Board of Adjustment or other 
     authority having jurisdiction, as a condition of approval of a Conditional Use 
     Permit, where deemed necessary to assure effective screening. 

 
(f) Screening. Ground Mounted SESs shall be effectively screened from properties zoned for 
residential use other than that on which the SES is to be constructed. 

  
1. Ground Mounted SESs approved as a conditional use shall have or install a visual 

buffer of natural vegetation, plantings, earth berms, and/or fencing that will 
provide an effective visual and lighting screen between the SES and properties 
zoned for residential use, unless waived by the Board of Adjustment or other 
authority having jurisdiction. Existing buffers along an SES perimeter shall be 
preserved when reasonably practicable. 

 
(g)  Protection of Farmland And Revegetation Of Disturbed Areas 

 
1.  Compaction of soil associated with the location of roads and installation staging 
areas for Intermediate and Large Scale Ground Mounted SES on land zoned for 
agricultural use shall be minimized to the extent possible. Compaction of soil 
associated with the location of roads and installation staging areas for all Ground 
Mounted SES on land zoned for agricultural use that are classified either as prime 
farmland or farmland of statewide importance shall be avoided to the extent possible, 
and the soils shall be de-compacted as part of the decommissioning process.7 

 
2.  Upon completion of construction and installation of the Ground Mounted SES, all 
temporary roads constructed by the applicant shall be removed, and all disturbed 

 
5 The phrase “or other authority having jurisdiction” is intended to cover those instances where an entity other 
than the Board of Adjustment or other authority having jurisdiction is empowered to grant waivers or CUPs. 
6 A community may want to consider whether the screening requirement could be waived by the owner of the 
adjoining property, or whether such a waiver would be a factor but not the only factor in a Board of Adjustment or 
other authority having jurisdiction, deciding to waive some or all of the screening requirement. 
7  Other alternatives may be employed to address siting on prime farmland or farmland with statewide 
importance, in order to avoid damage to productive farmland.  Those include, at one end of the spectrum, a flat 
prohibition of compaction of such soils, which would cause the arrays to be located on less productive or more 
marginal agricultural land.  Alternatively, “smart solar siting” such as that advocated by the American Farmland 
Trust (AFT), can be employed to guide solar development onto land where it has the least impact on agriculture 
and the environment, and to use innovative design and construction to make solar energy compatible with 
continued farming. AFT’s Smart Solar Siting project tackles these issues and provide new resources for 
communities, organizations, landowners, and farmers to achieve the dual goals of expanding solar energy 
generation and protecting farmland. 
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areas shall be graded and reseeded with native vegetation8 in order to establish an 
effective ground cover and to minimize erosion and sedimentation. 

 
(h)  Signage.  A Ground Mounted SES may include such signage as is required by law to 
provide safety information, and other signage as may be allowed under this Ordinance. 
 
(i)  Decommissioning. Other than as specifically approved by the Board of Adjustment or 
other authority having jurisdiction upon application and notice, decommissioning shall begin 
no later than twelve (12) months after a Ground Mounted SES has ceased to generate 
electricity or thermal energy: 

 
1.  If the Ground Mounted SES was a permitted use without a conditional use permit, 
all structures and facilities associated with the SES shall be removed within six (6) 
months of the beginning of decommissioning. All materials shall be recycled or 
otherwise reused to the extent reasonably practicable and the disturbed areas shall be 
reclaimed, revegetated, and restored consistent with the zoning classification of the 
property. 

 
2.  If the Ground Mounted SES was allowed under a conditional use permit, the SES 
shall be decommissioned according to the decommissioning plan approved in the 
Conditional Use Permit. 

 
Section 7.  Conditional Use Permit Application Requirements 

 
(a) Applications for an SES requiring a conditional use permit shall include the following 
information: 

 
1.  Name, address, telephone number, and email address (if available) of the 
applicant, the project owner, and the project operator. 

 
2.  The address of the property on which the SES will be located and the property 
owner’s name, address, telephone number, and email address if available. 

 
3.  Documentation, such as a deed, lease, or other agreement with the landowner, 
demonstrating the applicant’s right to use and control the property. 

 
8 The use of the phrase “native vegetation” with respect to erosion and sediment control, is not intended to 
preclude the use of beneficial species incorporated into a project in order to create pollinator habitat.  The use of 
invasive or nuisance species should be prohibited. Information on invasive species is available from the Office of 
Nature Preserves https://eec.ky.gov/Nature-Preserves/conserving_natural_areas/Pages/Habitat_Mgmt.aspx 
  Minimizing the time from site disturbance until establishment of an effective ground cover, is the essence of good 
reclamation.  There are companies that have developed seed mixes of Kentucky-native species intended 
specifically to assist in erosion control and soil stabilization.  Cf  Roundstone Native Seed, LLC. 
https://roundstoneseed.com/17-erosion-control-mixes.  The Kentucky Native Plant Society maintains a list of 
Kentucky native plant nurseries.  https://www.knps.org/native-plant-nurseries/ 
  For communities, landowners, and project proponents seeking to incorporate the creation or enhancement of 
pollinator habitat into project buffer areas, refer to Kentucky Pollinator Protection Plan. 
https://www.kyagr.com/statevet/documents/OSV_Bee_KY-Pollinator-Pro-Plan.pdf 
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4.  A topographic map that depicts vegetative cover, watersheds, floodplains, and 
other geographic information about the property and surrounding area. 

 
5.  A conceptual description of the project, including the maximum number of 
modules, mounting type (fixed-tilt or tracking), system height, system capacity, 
total land area covered by the system, and information about all associated 
structures or facilities such as transformers, substations, feeder lines, and battery 
storage. 

 
6.  A conceptual site plan including property lines, zoning classification of the 
property and all adjacent properties, existing buildings and proposed structures, 
the proposed location of the solar equipment, transmission lines, any associated 
structures and facilities, and substations.  The conceptual site plan shall also 
identify existing and proposed temporary or permanent roads, drives, and parking, 
fencing or other methods to ensure public safety, and a visual buffer plan 
demonstrating how proposed visual buffers will effectively screen the proposed 
SES from adjacent properties zoned for residential use.   

 
7. A map from the Natural Resources Conservation Service identifying prime 
farmland and farmland of statewide importance (if in a district zoned as 
agricultural), documentation from the U.S. Fish and Wildlife Service regarding 
the presence any identified critical habitat for rare or endangered federal or state 
species.  The application shall also contain a Federal Emergency Management 
Agency map delineating floodplains, shall include evidence of any water quality 
or stormwater permit needed for the project,9 and shall contain a letter from the 
State Historic Preservation Office regarding known archaeological or cultural 
resources listed or eligible for listing on the National Register. 

 
8.  Information demonstrating that approval of the SES will not result in any 
disproportionate individual or cumulative environmental burden on low-income 
communities or communities of color. 

 
9.  A decommissioning plan10 prepared by a registered professional engineer, and 
updated every seven (7) years, containing the following: 

 
a.  The anticipated life of the project and defined conditions upon which 
decommissioning will be initiated; 

 
9  The “evidence” contemplated by the ordinance could be a copy of the water quality or stormwater permit 
obtained from the appropriate state agency, or documentation that the agency has indicated that such a permit is 
not required;  or could be a notation that such a permit is required and will be applied for prior to any disturbance 
of the land associated with the project.  Depending on several factors, the developer of a Ground Mounted SES 
may apply for such environmental permits before or after the zoning process. 
10 Pre-funding the decommissioning of solar arrays is intended to avoid future problems with solar arrays that have 
exceeded their useful life and need to be decommissioned.  The prospect of significant volumes of e-waste is a 
legitimate matter of concern that is avoided with proper planning during the permitting process. 
https://grist.org/energy/solar-panels-are-starting-to-die-what-will-we-do-with-the-megatons-of-toxic-trash/ 
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b.  The estimated decommissioning cost, including removal of the SES 
and related foundations, pads, underground collector lines and roads, and 
the salvage value of any equipment in current dollars and the calculations 
supporting the decommissioning estimate.  The estimated salvage value of 
the material using current, publicly available material indices and/or firm 
quotes from a decommissioning or recycling company experienced in the 
decommissioning of SES, shall be provided. The Board of Adjustment or 
other authority having jurisdiction shall consider the salvage value 
identified in computing the amount, if any, of financial assurance required 
under subsection e.   
c.  The manner in which the project will be decommissioned, including 
provision and a timetable for the removal of all structures and foundations, 
and for the revegetation and restoration of the property to its original 
condition or a condition compatible with the zoning of the parcel(s); 
d.  The party responsible for decommissioning; 
e.  A performance bond, letter of credit, or other financial assurance 
payable to [Board of Adjustment or applicable governmental unit], 
sufficient to cover the net costs identified in subsection 9b and to assure 
that decommissioning of the site can be achieved by a third party in the 
event that a permittee defaults in that obligation, which financial assurance 
shall be provided prior to commencement of construction; 
f.  A copy of any lease containing specific agreements regarding 
decommissioning with the landowner; 

 
10.  Proof of adequate casualty and liability insurance covering installation and 
operation of the SES; 
 
11.  A description of the measures that will be taken to minimize erosion and 
sedimentation, and to promptly stabilize and revegetate disturbed areas with 
native vegetation.11 

 
12. Where the applicant for a Conditional Use Permit is also seeking a 
construction certification pursuant to KRS 278.700 – 278.716, the applicant may 
submit a copy of a complete state siting board application and site assessment 

 
11 The use of the phrase “native vegetation” with respect to erosion and sediment control, is not intended to 
preclude the use of beneficial species incorporated into a project in order to create pollinator habitat.  The use of 
invasive or nuisance species should be prohibited.  The Kentucky Department of Fish and Wildlife Resources 
maintains lists of such species. 
  Minimizing the time from initial site disturbance until establishment of an effective ground cover, is the essence 
of good reclamation.  There are companies that have developed seed mixes of Kentucky-native species intended 
specifically to assist in erosion control and soil stabilization.  Cf  Roundstone Native Seed, LLC, Upton, Kentucky 
https://roundstoneseed.com/17-erosion-control-mixes.  The Kentucky Native Plant Society maintains a list of 
Kentucky native plant nurseries.  https://www.knps.org/native-plant-nurseries/ 
  For communities, landowners, and project proponents seeking to incorporate the creation or enhancement of 
pollinator habitat into project buffer areas, refer to Kentucky Pollinator Protection Plan. 
https://www.kyagr.com/statevet/documents/OSV_Bee_KY-Pollinator-Pro-Plan.pdf 
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report meeting the requirements of KRS 278.706 and 278.7008 in lieu of the 
above requirements of Section 7(a)1-7. 

 
 (b)  A conditional use permit issued by a Board of Adjustment or other authority having 
jurisdiction shall include, at a minimum, all applicable requirements of Sections 6 and 7 of this 
Ordinance, and any additional conditions deemed by the Board necessary or appropriate pursuant 
to KRS 100.237 to allow the proper integration of the proposed SES into the zone and location in 
which it is proposed. 
 
Section 8. Public Notice and Public Comment 
 
Public notice of an application for a Conditional Use Permit for a Ground-Mounted SES shall 
conform to the public notice requirements generally applicable to conditional use permit 
applications.  The public notice and hearing requirements of this Chapter shall be in addition to 
and independent of any local hearing conducted pursuant to KRS 278.712. 



Solar farms are easy to screen from sight, 
minimizing visual impacts to neighbors

The image on the left shows a typical solar PV array at 100’ from the viewer.  The image on the right shows that 
same facility screened with 2 rows of evergreen shrubs at a 6’ maturity 



Solar farm visual impacts decrease 
significantly with distance

The image on the left shows a typical solar PV array at 100’ from the viewer.  The image on the right shows that 
same facility at a 300’ distance. 



Vegetative screening on solar farms is 
particularly effective at a distance

The image on the left shows a typical solar PV array at 300’ from the viewer.  The image on the right shows that 
same facility with 2 rows of evergreen shrubs at a 6’ maturity 



Solar with screening has a much smaller 
viewshed impact than certain by-right uses

The image on the left shows a typical solar PV array at 300’ from the viewer.  The image on the right shows poultry 
houses at 300’ from the viewer.  Both utilize 2 rows of evergreen shrubs at a 6’ maturity as a vegetative screen. 

Viewshed impact of solar farm vs. poultry houses at 300’



Solar with screening has a much smaller 
viewshed impact than certain by-right uses

The image on the left shows a typical solar PV array at 300’ from the viewer.  The image on the right shows commercial 
greenhouses at 300’ from the viewer.  Both utilize 2 rows of evergreen shrubs at a 6’ maturity as a vegetative screen. 

Viewshed impact of solar farm vs. commercial greenhouses at 300’



1  

MASON COUNTY SOLAR ENERGY SYSTEMS ZONING ORDINANCE 
 

December 2020 

___________________________________________________________________________________ 

 

Section 1. Purpose 

 

The purpose of this ordinance is to facilitate the siting, development, construction, installation, 

and decommissioning of solar energy systems (SESs) in Maysville/Mason County in a 

predictable manner that promotes and protects the safety, health, and welfare of the community. 

This ordinance encourages the appropriate siting of SESs to bolster local economic 

development and job creation, diversify the state’s energy portfolio, strengthen energy and grid 

security, and reduce other environmental impacts. The appropriate siting of SESs considers, 

avoids to the extent possible, and mitigates any adverse impacts to wildlife, productive and 

nationally important agricultural lands, forests, endangered species habitat, and historic, natural, 

and other sensitive lands. The appropriate siting of SESs also establishes standards and 

requirements to assure that the use and enjoyment of lands located adjacent to and in the 

proximity of SESs are fully protected. 

 

The requirements of this Ordinance are intended to be supplemental to any safety, health, or 

environmental requirements of federal, state, or local laws, and regulations. 
 

Section 2. Definitions 

 

Solar Energy System (SES) means a device, including its components and subsystems, that 

collects solar energy for electricity generation, consumption, or transmission, or for thermal 

applications. SESs are in turn divided into three types depending on how the system is 

incorporated into the existing land use: 

 
Integrated Solar Energy System means an SES where the solar materials are 

incorporated into the building materials, such that the building and solar system are 

reasonably indistinguishable, or where the solar materials are used in place of traditional 

building components, such that the SES is structurally an integral part of the house, 

building, or other structure. An Integrated SES may be incorporated into, among other 

things, a building façade, skylight, shingles, canopy, light, or parking meter. 

 

Rooftop Solar Energy System means an SES that is structurally mounted to the roof of a 

house, building, or other structure and does not qualify as an Integrated SES. 

 

Ground Mounted Solar Energy System means an SES that is structurally mounted to the 

ground and does not qualify as an Integrated SES. Ground Mounted SESs are 

subcategorized as follows: 

 

• Small Scale Ground Mounted Energy System (Small Scale SES) which is a 

Ground Mounted SES with a Footprint of less than 2,500 square feet 

 

• Intermediate Scale Ground Mounted Energy System (Intermediate Scale SES) 

which is a Ground Mounted SES with a Footprint of between 2,501 square feet 

and ten (10) acres. 
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• Large Scale Ground Mounted Solar Energy System (Large Scale SES) means a 

Ground Mounted SES with a Footprint of more than ten (10) acres. 

 

Exempt Solar Energy System (Exempt SES) means a SES that is a facility of a municipally 

owned electric system or public utility regulated by the Kentucky Public Service Commission or 

Federal Energy Regulatory Commission, which is exempt from planning and zoning 

requirements under KRS 100.324. 

 

Footprint of the SES is calculated by drawing a perimeter around the outermost SES panels and 

any equipment necessary for the equipment to function, such as transformers and inverters. The 

footprint does not include perimeter fencing or visual buffers, nor transmission lines or portions 

thereof that are required to connect the SES to a utility or customer outside the SES perimeter. 

 
Siting Board Regulated SES means a SES that constitutes a “merchant electric siting facility” 

under KRS 278.700(2), the construction and siting of which is subject to review and approval of 

the Kentucky State Board on Electric Generation and Transmission Siting. A merchant electric 

siting facility is an electricity generating facility or facilities that, together with all associated 

structures and facilities are capable of operating at an aggregate capacity of ten megawatts (10 

MW) or more and sell the electricity produced in the wholesale market, at rates and charges not 

regulated by the Kentucky Public Service Commission. 

 

3. Applicability 

(a) This ordinance applies to the siting, construction, installation, and decommissioning of any 

new SES within the jurisdiction of Maysville/Mason County after the effective date of this 

ordinance. 

 

(b) An SES in operation, or which has begun physical construction prior to adoption of this 

ordinance, shall be considered to have legal nonconforming status in accordance with KRS 

100.253. 

 

(c) The following are not subject to this ordinance: 

 

i. Modification to an existing SES that alone or in combination increases the total SES 

Footprint by no more than 5% of the original Footprint. 

 

ii. Routine maintenance and repair, including replacement of solar panels, not increasing 

the SES Footprint. 

 

(d) Any Exempt SES shall provide the Mason County Joint Planning Commission, the 

appropriate Board of Adjustment, the City of Maysville Board of Commissioners, and the 

Mason County Fiscal Court with information concerning service facilities which have been 

located on and relocated on private property in accordance with KRS 100.324(3). 

 

(e) An SES shall comply with all applicable federal, state, and local laws, regulations, and 

permitting and other requirements, and applicable building, fire, electrical, and plumbing codes. 
 

4. Conditional Use Permit Requirements and Allowed Uses 
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Refer to Section 406.62 Allowable Land Uses for guidance on where SESs are permitted, conditional, 

and prohibited land uses.  Permitted uses are allowed in a district without the necessity of obtaining a 

zoning permit or prior planning approval, provided that the applicable requirements below are met.  

Conditional uses are those subject to the requirements set forth below and only if the applicant first 

obtains a conditional use permit in accordance with the Maysville/Mason County Land Use 

Management Ordinance.  Small/Intermediate/Larger Scale SES will be considered an accessory use if a 

primary use and/or existing structure is present on the property.  Accessory uses are limited to no more 

than 25% of the yard area.  

 

Industrial / Manufacturing 
R-
1 

R-
2 

R-
3 

R-
4 

TH-
1 

B-
1 

B-
2 

B-
3 

D-
1 

P-
1 

A-
1 

A-
2 I-1 

I-
2 MH C 

RR-
1 

RR-
2 

I-
3 

                                        

Solar Energy System                                       

Integrated P P P P P P P P P* P P P P P P P P P P 

Rooftop P P P P P P P P P* P P P P P P P P P P 

Small Scale C C C C X C C C X C C C P P C C C C P 

Intermediate Scale X X X X X X X X X X X C P P X X X X P 

Large Scale X X X X X X X X X X X C P P X X X X P 

 
*Integrated/Rooftop SES proposed to be within either historic district may require a Certificate of Appropriateness. 

 

5. General Requirements Applicable to Integrated and Rooftop Solar Energy Systems 

 

(a) Solar Access. Consistent with KRS 381.200(2), a property owner may obtain a solar 

easement from another property owner for the purpose of ensuring adequate exposure to 

sunlight for an Integrated or Rooftop SES. Such easements shall be recorded. 

 

(b) Tree Removal. The removal of trees or natural vegetation for an Integrated or Rooftop 

SES shall be limited to the extent practicable and shall comply with all the requirements 

of the Maysville/Mason County Land Use Management Ordinance regarding tree 

removal. 

 

(c) Height Restrictions. Height limitations shall not apply to Rooftop SESs, provided that 

any features extending beyond zoning district height restrictions are limited to that height 

necessary for their proper functioning. 

 

(d) Lighting. Integrated and Rooftop SESs shall not be illuminated and shall be designed 

and installed to prevent off-site glare.  SESs shall be subject to light trespass regulations. 

 

(e) Historic Preservation. Where an integrated or rooftop SES is proposed to be installed 

on a property located within either historic district, the proposed installation may require a 

Certificate of Appropriateness issued by the Maysville/Washington Board of Architectural 

Review. 

 

6. General Requirements Applicable to Ground Mounted SESs 

 

(a) Solar Access. Consistent with KRS 381.200(2), a property owner may obtain a solar 

easement from another property owner for the purpose of ensuring adequate exposure to 

sunlight for a Ground Mounted SES. Such easement shall be recorded. 
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(b) Tree Removal. The removal of trees or natural vegetation for a Ground Mounted SES 

shall comply with all the requirements of the Maysville/Mason County Land Use 

Management Ordinance regarding tree removal and mitigation. 

 

(c) Lighting. Lighting of a Ground Mounted SES shall be limited to the minimum necessary 

for safe operation, and shall be directed downward, incorporate full cut-off features, and 

incorporate motion sensors where feasible. Lighting shall be designed to avoid light trespass 

and shall be subject to light trespass regulations. 

 

(d) Height Requirements for Ground Mounted SES. A Ground Mounted SES shall not 

exceed twenty (20) feet in height as measured from the highest natural grade below each solar 

panel without approval by the appropriate Board of Adjustment. The height restriction 

excludes utility poles, storage batteries, and antennas constructed for the project, provided 

any features extending beyond twenty (20) feet in height are limited to that height necessary 

for their proper functioning. A Ground Mounted SES may exceed twenty (20) feet in height 

upon a finding that the SES would be more productive, use less land, or provide other 

environmental, economic, or other benefits if the height limitation is increased. 

 

(e) Siting Restrictions for Ground Mounted SES 
 

a. An Intermediate or Large Scale Ground Mounted SES, measured from the closer 

of the outer edge of the nearest panel or perimeter fencing, shall be located at least 

fifty (50) feet from the property line of any adjacent property, and one hundred 

(100) feet from a property line shared by a public road. 

 

b. Setbacks are not required where the property line is shared by two or more 

participating landowners. 

 

c. Setback requirements may be reduced with dimensional variances issued by the 

appropriate Board of Adjustment.  Applications for dimensional variances must 

adhere to all requirements set forth in KRS Chapter 100.243 and Section 404 of the 

Maysville/Mason County Land Use Management Ordinance. 

 

d. Setback requirements may be expanded by the appropriate Board of Adjustment, 

as a condition of approval of a Conditional Use Permit, where deemed necessary to 

assure effective screening. 

 

(f) Screening. Ground Mounted SESs shall be effectively screened from neighboring 

properties other than that on which the SES is to be constructed. 

 

a. Ground Mounted SESs approved as a conditional use shall have or install a visual 

buffer of natural vegetation, plantings, earth berms, and/or fencing that provides an 

effective visual and lighting screen between the SES and neighboring properties. 

Existing buffers along an SES perimeter shall be preserved when reasonably 

practicable. 

 
(g) Signage. A Ground Mounted SES may include such signage as is required by law to 

provide safety information, and other signage as may be allowed under this Ordinance 

and the Maysville/Mason County Land Use Management Ordinance. 
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(h) Decommissioning. Other than as specifically approved by the appropriate Board of 

Adjustment upon application and notice, decommissioning shall begin no later than twelve 

(12) months after a Ground Mounted SES has ceased to generate electricity or thermal 

energy: 

 

a. If the Ground Mounted SES was a permitted use without a conditional use permit, 

all structures and facilities associated with the SES shall be removed within six (6) 

months of the beginning of decommissioning. All materials shall be recycled or 

otherwise reused to the extent reasonably practicable and the disturbed areas shall be 

reclaimed, revegetated, and restored consistent with the zoning classification of the 

property.  Removal entails either complete removal of all foundations and below-

grade equipment or removal to a depth of no less than five feet below-grade. 

 

b. If the Ground Mounted SES was allowed under a conditional use permit, the SES 

shall be decommissioned according to the decommissioning plan approved in the 

Conditional Use Permit. 

 

c. A performance bond shall be secured and provided to cover the costs for local 

municipalities or a designated party or parties to remove the SES facility in the case 

of bankruptcy of the owner of the facility.  The bond shall be refunded once 

decommissioning and removal of equipment consistent with this Ordinance is 

completed. 

 

(i) Conditional Use Permit Application Requirements 

 

(1) Applications for an SES requiring a conditional use permit shall include the following 

information: 

 
a. Name, address, telephone number, and email address (if available) of the applicant, 

the project owner, and the project operator. 

 

b. The address of the property on which the SES will be located and the property 

owner’s name, address, telephone number, and email address if available. 

 

c. Documentation, such as a deed, lease, or other agreement with the landowner, 

demonstrating the applicant’s right to use and control the property. 

 

d. A topographic map that depicts vegetative cover, watersheds, floodplains, and other 

geographic information about the property and surrounding area. 

 

e. A conceptual description of the project, including the maximum number of 

modules, mounting type (fixed-tilt or tracking), system height, system capacity, total 

land area covered by the system, and information about all associated structures or 

facilities such as transformers, substations, feeder lines, and battery storage.  Plans 

for possible expansion of the facility must be declared at the conditional use permit 

application public hearing; if no expansion plans are presented in the public hearing, 

no subsequent expansions of the facility are permitted without the application and 

granting of subsequent conditional use permits. 
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f. A conceptual site plan including property lines, zoning classification of the property 

and all adjacent properties, existing buildings and proposed structures, the proposed 

location of the solar equipment, transmission lines, any associated structures and 

facilities, and substations. The conceptual site plan shall also identify existing and 

proposed temporary or permanent roads, drives, and parking, fencing or other methods 

to ensure public safety, and a visual buffer plan demonstrating how proposed visual 

buffers will effectively screen the proposed SES from neighboring properties. 

 

g. Information demonstrating that approval of the SES will not result in any 

disproportionate individual or cumulative environmental burden on low-income 

communities or communities of color. 

h. A decommissioning plan prepared by a registered professional engineer, and 

updated every five (5) years, containing the following: 
 

1. The anticipated life of the project and defined conditions upon which 

decommissioning will be initiated; 

2. The estimated decommissioning cost, including removal of the SES and related 

foundations, pads, underground collector lines and roads, and the salvage value of 

any equipment in current dollars and the calculations supporting the 

decommissioning estimate. The estimated salvage value of the material using 

current, publicly available material indices and/or firm quotes from a 

decommissioning or recycling company experienced in the decommissioning of 

SES, shall be provided, and the relevant Board of Adjustment shall consider the 

salvage value identified in subsection h(2) in computing the amount, if any, of 

financial assurance required under subsection h(5). 

3. The manner in which the project will be decommissioned, including provision 

and a timetable for the removal of all structures and foundations, and for the 

revegetation and restoration of the property to its original condition or a condition 

compatible with the zoning of the parcel(s); 

4. The party or parties responsible for decommissioning; 

5. A performance bond, letter of credit, or other financial assurance payable to 

either the City of Maysville or the Mason County Fiscal Court sufficient to cover 

the net costs identified in subsection h(2) and to assure that decommissioning of 

the site can be achieved by a third party in the event that a permittee defaults in 

that obligation; 

6. A copy of any lease containing specific agreements regarding decommissioning 

with the landowner. 

 

i. Proof of adequate casualty and liability insurance covering installation and operation of 

the SES; 

j. An environmental impact study of the proposed SES facility, including its potential 

effects on local vegetation and wildlife, if any, as well as its potential effects on adjoining 

properties and public roads with respect to water runoff and drainage, and including a 

description of the measures that will be taken to minimize erosion and sedimentation, and 

to promptly stabilize and revegetate disturbed areas with native vegetation. 
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k. Where the applicant for a Conditional Use Permit is also seeking a construction 

certification pursuant to KRS 278.700 – 278.716, the applicant may submit a copy of a 

complete state siting board application and site assessment report meeting the 

requirements of KRS 278.706 and 278.7008 in lieu of the above requirements of Section 

6 a-g. 

(2) A conditional use permit issued by the appropriate Board of Adjustment shall include, at 

a minimum, all requirements of Section 6 of this Ordinance, and any additional conditions 

deemed by the Board necessary or appropriate pursuant to KRS 100.237 to allow the proper 

integration of the proposed SES into the zone and location in which it is proposed. 

 

7. Public Notice and Public Comment 

 

Public notice of an application for a Conditional Use Permit for a Ground-Mounted SES shall 

conform to the public notice requirements generally applicable to conditional use permit 

applications. The public notice and hearing requirements of this Chapter shall be in addition to 

and independent of any local hearing conducted pursuant to KRS 278.712 
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Relationship of local zoning and planning to Kentucky State Board On 

Electric Generation And Transmission Siting1
 

With the recent increase in interest in siting utility-scale solar arrays in 

Kentucky, many communities with planning and zoning are considering 

adoption of specific provisions in zoning codes to address siting of solar arrays. 

In developing the recommendations for model solar zoning ordinances, 

coordination of review of solar arrays that are subject to the Kentucky State 

Board On Electric Generation And Transmission Siting (“Siting Board”) with local 

zoning ordinances and review, is crucial. This briefing paper explores that 

relationship and offers some suggestions for communities considering adopting 

solar zoning ordinances. 

Before beginning that exploration, there are two preliminary points 

regarding the scope of zoning and planning and solar arrays. First, if the solar 

array is being proposed by a utility regulated by the Public Service Commission, 

or a municipal utility, the solar project is exempt from local planning and zoning 

requirements under KRS 100.324: 

100.324 Public utility facilities excepted -- Review of proposed acquisition, 

disposition, or change by commission. 

(1) All other provisions of this chapter to the contrary notwithstanding, 

public utilities operating under the jurisdiction of the Public Service 

Commission, except as specified in KRS 100.987, or the Department of 

Vehicle Regulation or Federal Energy Regulatory Commission, any 

municipally owned electric system, and common carriers by rail shall not 
 

1 This briefing paper is authored by Tom FitzGerald, Director, Kentucky Resources Council, Inc. It is not intended 

to give legal advice, but rather to provide background information to the public and local governments. 
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be required to receive the approval of the planning unit for the location 

or relocation of any of their service facilities. Service facilities include all 

facilities of such utilities and common carriers by rail other than office 

space, garage space, and warehouse space and include office space, 

garage space, and warehouse space when such space is incidental to a 

service facility. The Public Service Commission and the Department of 

Vehicle Regulation shall give notice to the planning commission of any 

planning unit of any hearing which affects locations or relocations of 

service facilities within that planning unit's jurisdiction. 

(2) The nonservice facilities excluded in subsection (1) of this section must 

be in accordance with the zoning regulations. 

(3) Upon the request of the planning commission, the public utilities 

referred to in this section shall provide the planning commission of the 

planning unit affected with information concerning service facilities 

which have been located on and relocated on private property. 

KRS 100.324 (Italics added). 

So, with respect to PSC-regulated utilities (which are co-ops or investor- 

owned utilities) and municipal utilities, (which are not regulated by the PSC but 

are also exempted from planning and zoning under KRS 100.324), a zoning 

ordinance might include a standing request from the planning commission for 

the information mentioned in KRS 100.324(3) with respect to all public utilities 

referred to in that statute. 

Most of the large solar arrays that are anticipated to seek to locate in 

Kentucky in the next few years are classified as “merchant” power plants under 

the state Siting Board statutes. Unlike a utility that generates and/or distributes 

electricity to retail customers, a “merchant” plant generates electricity for sale 

into the wholesale market. For purposes of Kentucky’s Siting Board, a: 

(1) "Merchant electric generating facility" means, except for a qualifying 

facility as defined in subsection (7) of this section, an electricity 

generating facility or facilities that, together with all associated 

structures and facilities: 

(a) Are capable of operating at an aggregate capacity of ten 

megawatts (10MW) or more; and 
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(b) Sell the electricity they produce in the wholesale market, at rates 

and charges not regulated by the Public Service Commission; 
 

KRS 278.700. 

Under KRS 278.700, municipal utilities are not considered “persons” 

subject to the Siting Board review process unless the utility qualifies as a 

merchant electric generating facility by selling the electricity produced at 

wholesale rather than for their customers. The “qualifying facility” exempted 

from the definition of merchant electric generating facility is defined in that 

same statute as: 

(1) "Qualifying facility" means a cogeneration facility as defined in 16 

U.S.C. sec. 796(18)(b) which does not exceed a capacity of one 

hundred fifty megawatts (150MW) that is located on site at a 

manufacturer's plant and that uses steam from the cogeneration 

facility in its manufacturing process, or an industrial energy facility as 

defined in KRS 224.1-010 that does not generate more than one 

hundred fifty megawatts (150MW) for sale and has received all local 

planning and zoning approvals[.] 

Most proposed merchant solar projects are not cogeneration facilities. The 

other category exempted from the Siting Board review process, “an 

industrial energy facility as defined in KRS 224.1-010,” is a narrow 

subset of facilities that “produces transportation fuels, synthetic 

natural gas, chemicals, or electricity through a gasification process 

using coal, coal waste, or biomass resources, and costing in excess of 

seven hundred fifty million dollars ($750,000,000) at the time of 

construction.”  Thus, most proposed utility-scale merchant solar 

projects will be subject to the Siting Board review process. 

Interaction of Zoning And State Siting Process 

I. Introduction 

Most of the merchant solar facilities will be larger than 10 MW in 

aggregate capacity, but some may be smaller. Below 10 MW, the state siting 

statute process does not apply so that any regulation of siting, such as setbacks, 

will have to come from local zoning regulations.  With the typical ground-

mounted solar array covering land at a ratio of 5-10 acres per 1 MW of  
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capacity, regulating the siting, construction, and decommissioning of large 

solar arrays of less-than 10 MW is both appropriate and beneficial. 

For those merchant plants with an aggregate capacity of 10 MW or 

greater, no person can commence construction of a merchant electric 

generating facility until it has received a construction certificate for the facility 

from the Kentucky State Board on Electric Generation and Transmission Siting 

(“Siting Board”). The Board is comprised of 7 members – the 3 PSC 

Commissioners, the Energy and Environment Cabinet Secretary or designee, the 

Secretary of the Cabinet for Economic Development or designee, and two ad- 

hoc appointees appointed by the Governor from one or two counties, 

depending on whether the proposed merchant plant is in one or two counties. If 

only one county, one appointee shall be a resident, and the other, the 

planning commission head or county judge if there is no planning commission. If 

two counties, there is a process for selecting which county official and with 

county resident are ad hoc members. KRS 278.702. 

The term “commence to construct” is defined in KRS 278.700 for purposes 

of the siting statutes as “physical on-site placement, assembly, or installation of 

materials or equipment which will make up part of the ultimate structure of the 

facility. In order to qualify, these activities must take place at the site of the 

proposed facility or must be site-specific. Activities such as site clearing, and 

excavation work will not satisfy the commence to construct requirements[.] 

KRS 278.700(4). 

 KRS 278.718 provides that the state siting board requirements are 
intended to be supplemental to, and not to displace, the authority of local 
governments.  While the threshold for when construction begins so as to 
trigger the siting board jurisdiction over a project, it would be appropriate 
for a zoning regulation to define what are allowed and prohibited activities 
related to actions on a property a proposed solar array.    While site clearing and 
excavation do not trigger the need the construction certificate requirement, 
such activities can cause localized problems such as erosion, loss of tree canopy, 
and other things that zoning may want to limit until local approval is given. 
There is no need that the two processes begin at the same time for purposes of  
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zoning, and it is okay that the state siting process has a different beginning 
point of actual on-site construction rather than site disturbance. 

The relationship of the state Siting Board process to other approvals is 

outlined in KRS 278.704, which requires a construction certificate from the Siting 

Board before “commencing to construct” but allows issuance of that certificate 

before state air, waste, or water permits are obtained (if needed). 

II. Setbacks 

The relationship of the state siting process to zoning begins in KRS 

278.704(2), which provides setbacks as follows: 

• Any exhaust stack or wind turbine must be 1,000 feet from an 

adjoining property boundary 

• All proposed structures or facilities for generation of electricity must be 

2,000 feet from any residential neighborhood, school, hospital, or 

nursing home facility. 

 

These setback requirements can be waived by the Siting Board, as  

explained below.  

 

There is no setback for merchant solar facilities requiring a certain 

distance from either property boundaries or existing structures on other  

properties. 

 

KRS 278.704(3) provides that if the merchant plant is proposed to be located in a 

city or county with planning and zoning, the setback requirements from the 

property boundary, residential neighborhood, school, hospital, or nursing home 

facility “may be established by the planning and zoning commission.” Any 

such setback shall “have primacy” over the setback requirements in the siting 

statute and shall not be waivable by the Siting Board, which under KRS 

278.704(4) can waive the 1,000 / 2,000 foot-setbacks in the statute on a finding 

that “the proposed facility is designed to and, as located, would meet the goals 

of KRS 224.10-280, 278.010, 278.212, 278.214, 278.216, 278.218, and 278.700 to 

278.716 at a distance closer than those provided in the statute.” 
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Thus, it is important that any zoning ordinance contain those setbacks deemed 

necessary, in the zoning ordinance, since they will take precedent over the state 

default setbacks and cannot be overridden by the state Siting Board. 

 

 

Notwithstanding the exemption from zoning regulation for utilities, KRS 

278.216 does impose siting requirements on new electric generating units 

proposed by PSC-regulated utilities.  For any such facility with over 10MW 

of capacity, the siting assessment required for merchant plants must be 

provided to the Public Service Commission and a “site compatibility 

certificate” must be obtained from the Commission.  Unlike merchant 

facilities, a waivable setback of 1,000 feet from a property boundary is 

required under KRS 278.704(2) for utility-proposed solar arrays of over 10 

MW. 

 

III.  Public Meetings And Hearings 

Another area where coordination between planning and zoning and the state 

siting process is important is in the opportunity for a public meeting early in 

the process. Many communities, such as Louisville, obligate a person to hold a 

local public meeting before filing an application for a zone change or other 

zoning approvals. 

KRS 278.704(6)-(8) require that, if requested, 

a merchant electric generating entity considering construction of a facility 

for the generation of electricity or a person acting on behalf of such an 

entity shall hold a public meeting in any county where acquisition of 

real estate or any interest in real estate is being considered for the 

facility. A request for such a meeting may be made by the commission, 

or by any city or county governmental entity, including a board of 

commissioners, planning and zoning, fiscal court, mayor, or county 

judge/executive. The meeting shall be held not more than thirty (30) days 

from the date of the request. 
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The purpose of the meeting under subsection (6) of this section is to fully 

inform landowners and other interested parties of the full extent of the 

project being considered, including the project time line. One (1) or 

more representatives of the entity with full knowledge of all aspects of 

the project shall be present and shall answer questions from the public. 

(7) Notice of the time, subject, and location of the meeting under 

subsection (6) of this section shall be posted in both a local 

newspaper, if any, and a newspaper of general circulation in the county. 

Notice shall also be placed on the Web sites of the unregulated  

(8) entity, and any local governmental unit. Owners of real estate known 

to be included in the project and any person whose property adjoins at 

any point any property to be included in the project shall be notified 

personally by mail. All notices must be mailed or posted at least two (2) 

weeks prior to the meeting. 

(9) The merchant electric generating entity or a person acting on behalf 

of a merchant electric generating entity shall, on or before the date of 

the public meeting held under subsection (6) of this section, provide 

notice of all research, testing, or any other activities being planned or 

considered to: 

(a) The Energy and Environment Cabinet; 

(b) The Public Service Commission; 

(c)  The Transportation Cabinet; 

       (d)  The Attorney General; and 

       (e)  The Office of the Governor. 

KRS 278.704(6)-(9). 

A merchant generating facility is thus obligated under KRS 278.704(6) to 
hold a hearing if requested as early in the process as when that facility is 
“considering” acquisition of real estate or any interest in real estate for 
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 the facility.  Since there is no notice requirement  for a merchant facility 
to notify the local officials who can request such a hearing prior to 
acquiring real estate, it would be advisable to include either in the zoning 
ordinance or as a stand-alone ordinance, a standing requirement that 
would require such notice by any merchant generating facility 
“considering acquisition of real estate or an interest in real estate for the 
purpose of construction of a merchant generating facility of 10 MW or 
greater.” 

 

KRS 278.706  requires that a public meeting be held at least ninety (90) days 

prior to submittal of an application for a construction certificate to the 

Siting Board, for the purpose of “informing the public of the project 

being considered and receiving comment on it.  Notice of the meeting 

must be published and individual notice to all adjoining landowners must 

be provided at least two (2) weeks prior to the meeting.    

KRS 278.706 outlines the requirements for a complete application for a 

construction certificate for merchant electric generating facilities. They include: 

(a) The  name, address, and telephone number of the person proposing 

to construct and own the merchant electric generating facility; 

(b) A full description of the proposed site, including a map showing the 

distance of the proposed site from residential neighborhoods, the nearest 

residential structures, schools, and public and private parks that are 

located within a two (2) mile radius of the proposed facility; 

(c) Evidence of public notice that shall include the location of the 

proposed site and a general description of the project, state that the 

proposed construction is subject to approval by the board, and provide 

the telephone number and address of the Public Service Commission. 

Public notice shall be given within thirty (30) days immediately preceding 

the application filing to: 

1. Landowners whose property borders the proposed site; and 

2. The general public in a newspaper of general circulation in the 

county or municipality in which the facility is proposed to be 

located; 

(d) A statement certifying that the proposed plant will be in compliance  
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with all local ordinances and regulations concerning noise control and 

with any local planning and zoning ordinances. The statement shall also 

disclose setback requirements established by the planning and zoning 

commission as provided under KRS 278.704(3); 

(e) If the facility is not proposed to be located on a site of a former coal 

processing plant and the facility will use on-site waste coal as a fuel source 

or in an area where a planning and zoning commission has established a 

setback requirement pursuant to KRS 278.704(3), a statement that the 

exhaust stack of the proposed facility and any wind turbine is at least one 

thousand (1,000) feet from the property boundary of any adjoining 

property owner and all proposed structures or facilities used for 

generation of electricity are two thousand (2,000) feet from any 

residential neighborhood, school, hospital, or nursing home facility, 

unless facilities capable of generating ten megawatts (10MW) or more 

currently exist on the site. If the facility is proposed to be located on a 

site of a former coal processing plant and the facility will use on-site 

waste coal as a fuel source, a statement that the proposed site is 

compatible with the setback requirements provided under KRS 

278.704(5). If the facility is proposed to be located in a jurisdiction that 

has established setback requirements pursuant to KRS 278.704(3), a 

statement that the proposed site is in compliance with those 

established setback requirements; 

(f) A complete report of the applicant's public involvement program 

activities undertaken prior to the filing of the application, including: 

1. The scheduling and conducting of a public meeting in the county 

or counties in which the proposed facility will be constructed at 

least ninety (90) days prior to the filing of an application, for the 

purpose of informing the public of the project being considered 

and receiving comment on it; 

2. Evidence that notice of the time, subject, and location of the 

meeting was published in the newspaper of general circulation in 

the county, and that individual notice was mailed to all owners of 

property adjoining the proposed project at least two (2) weeks prior 

to the meeting; and 

3. Any use of media coverage, direct mailing, fliers, newsletters, 

additional public meetings, establishment of a community advisory 
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group, and any other efforts to obtain local involvement in the 

siting process; 

(g) A summary of the efforts made by the applicant to locate the 

proposed facility on a site where existing electric generating facilities are 

located; 

(h) Proof of service of a copy of the application upon the chief executive 

officer of each county and municipal corporation in which the proposed 

facility is to be located, and upon the chief officer of each public agency 

charged with the duty of planning land use in the jurisdiction in which the 

facility is proposed to be located; 

(i) An analysis of the proposed facility's projected effect on the electricity 

transmission system in Kentucky; 

(j) An analysis of the proposed facility's economic impact on the affected 

region and the state; 

(k) A detailed listing of all violations by it, or any person with an ownership 

interest, of federal or state environmental laws, rules, or administrative 

regulations, whether judicial or administrative, where violations have 

resulted in criminal convictions or civil or administrative fines exceeding 

five thousand dollars ($5,000). The status of any pending action, whether 

judicial or administrative, shall also be submitted; and 

(l) A site assessment report as specified in KRS 278.708. The applicant may 

submit and the board may accept documentation of compliance with the 

National Environmental Policy Act (NEPA) rather than a site assessment 

report. 

(3) Application fees for a construction certificate shall be set by the board 

and deposited into a trust and agency account to the credit of the 

commission. 

(4) Replacement of a merchant electric generating facility with a like 

facility, or the repair, modification, retrofitting, enhancement, or 

reconfiguration of a merchant electric generating facility shall not, for the 

purposes of this section and KRS 224.10-280, 278.704, 278.708, 278.710, 

and 278.712, constitute construction of a merchant electric generating 

facility. 

KRS 278.706. 
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As one can see, there are several places where the state siting process 

does or could intersect with the local planning and zoning process. 

First, the requirement for a public involvement program including a local 

public meeting, could be incorporated into the model ordinance in a manner 

consistent with the state statute, as discussed above. 

Second, the application requires “[a] statement certifying that the 

proposed plant will be in compliance with all local ordinances and regulations 

concerning noise control and with any local planning and zoning ordinances[.]” 

The state law does not plainly state that the merchant plant must seek 

zoning approval before applying for the construction certificate. If the zoning 

ordinance has purely prescriptive requirements that do not require 

individualized project review, such a certification could be given prior to Siting 

Board review. If the local zoning process requires individualized review to set 

conditions, an applicant would have a more difficult time making such a 

certification without first getting zoning approval. 

Clarification in a local zoning ordinance whether local approval is required 

prior to an application for a construction certificate from the state Siting Board 

would eliminate this ambiguity. 

In any event, the application must include a statement disclosing setback 

requirements established by the planning and zoning commission as provided 

under KRS 278.704(3), so it is critical that such setbacks (and any process to vary 

them under certain circumstances, such as written consent of the adjoining 

property owner to closer setbacks) be set out in the zoning ordinance rather 

than being crafted on an individual project-specific basis. 

A major requirement for the application for a construction certificate from 

the state Siting Board is a “site assessment report,” required by KRS 278.706(2)(l) 

and whose contents must include, according to KRS 278.708, the following: 

(a) A description of the proposed facility that shall include a proposed site 

development plan that describes: 

1. Surrounding land uses for residential, commercial, agricultural, 

and recreational purposes; 

2. The legal boundaries of the proposed site; 

3. Proposed access control to the site; 



KENTUCKY RESOURCES COUNCIL | 12  

4. The location of facility buildings, transmission lines, and other 

structures; 

5. Location and use of access ways, internal roads, and railways; 

6. Existing or proposed utilities to service the facility; 

7. Compliance with applicable setback requirements as provided 

under KRS 278.704(2), (3), (4), or (5); and 

8. Evaluation of the noise levels expected to be produced by the 

facility; 

(b) An evaluation of the compatibility of the facility with scenic 

surroundings; 

 

(c) The potential changes in property values and land use resulting 

from the siting, construction, and operation of the proposed 

facility for property owners adjacent to the facility; 

(d) Evaluation of anticipated peak and average noise levels associated 

with the facility's construction and operation at the property boundary; 

and 

(e) The impact of the facility's operation on road and rail traffic to and 

within the facility, including anticipated levels of fugitive dust created by 

the traffic and any anticipated degradation of roads and lands in the 

vicinity of the facility. 

(4) The site assessment report shall also suggest any mitigating measures 

to be implemented by the applicant to minimize or avoid adverse effects 

identified in the site assessment report. 

(5) The board shall have the authority to hire a consultant to review the 

site assessment report and provide recommendations concerning the 

adequacy of the report and proposed mitigation measures. The board 

may direct the consultant to prepare a separate site assessment report. 

Any expenses or fees incurred by the board's hiring of a consultant shall 

be borne by the applicant. 

(6) The applicant shall be given the opportunity to present evidence to 

the board regarding any mitigation measures. As a condition of approval 

for an application to obtain a construction certificate, the board may 
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require the implementation of any mitigation measures that the board 

deems appropriate. 

KRS 278.708. 

The criteria for Siting Board approval of a construction certificate 

application again references compliance with planning and zoning: 

278.710 Granting or denial of construction certificate -- Policy of General 

Assembly -- Transfer of rights and obligation. 

(1) Within one hundred twenty (120) days of receipt of an administratively 

complete application, or within one hundred eighty (180) days of receipt 

of an administratively complete application if a hearing is requested, the 

Board shall, by majority vote, grant or deny a construction certificate, 

either in whole or in part, based upon the following criteria: 

(a) Impact of the facility on scenic surroundings, property values, the 

pattern and type of development of adjacent property, and surrounding 

roads; 

(b) Anticipated noise levels expected as a result of construction and 

operation of the proposed facility; 

(c) The economic impact of the facility upon the affected region and the 

state; 

(d) Whether the facility is proposed for a site upon which existing 

generating facilities, capable of generating ten megawatts (10MW) or 

more of electricity, are currently located; 

(e) Whether the proposed facility will meet all local planning and zoning 

requirements that existed on the date the application was filed; 

(f) Whether the additional load imposed upon the electricity transmission 

system by use of the merchant electric generating facility will adversely 

affect the reliability of service for retail customers of electric utilities 

regulated by the Public Service Commission; 

(g) Except where the facility is subject to a statewide setback established 

by a planning and zoning commission as provided in KRS 278.704(3) and 

except for a facility proposed to be located on a site of a former coal 

processing plant and the facility will use on-site waste coal as a fuel 

source, whether the exhaust stack of the proposed merchant electric 
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generating facility and any wind turbine is at least one thousand (1,000) 

feet from the property boundary of any adjoining property owner and all 

proposed structures or facilities used for generation of electricity are two 

thousand (2,000) feet from any residential neighborhood, school, hospital, 

or nursing home facility, unless a different setback has been requested and 

approved under KRS 278.704(4). If a planning and zoning commission has 

established setback requirements that differ from those under KRS 278.704(2), 

the applicant shall provide evidence of compliance. If the facility is proposed 

to be located on site of a former coal processing plant and the facility will 

use on-site waste coal as a fuel source, the applicant shall provide 

evidence of compliance with the setback requirements provided in KRS 

278.704(5); 

(h) The efficacy of any proposed measures to mitigate adverse impacts 

that are identified pursuant to paragraph (a), (b), (e), or (f) of this 

subsection from the construction or operation of the proposed facility; 

and 

(i) Whether the applicant has a good environmental compliance history. 

(2) When considering an application for a construction certificate for a 

merchant electric generating facility, the board may consider the policy of 

the General Assembly to encourage the use of coal as a principal fuel for 

electricity generation as set forth in KRS 152.210, provided that any 

facility, regardless of fuel choice, shall comply fully with KRS 224.10-280, 

278.212, 278.216, and 278.700 to 278.716. 

(3) A person that has received a construction certificate for a merchant 

electric generating facility shall not transfer rights and obligation under 

the certificate without having first applied for and received a board 

determination that: 

(a) The acquirer has a good environmental compliance history; and 

(b) The acquirer has the financial, technical, and managerial capacity to 

meet the obligations imposed by the terms of the approval or has the 

ability to contract to meet these obligations. 

KRS 278.710 (Italics added). 

The language again suggests that setbacks should be clearly established 

in the zoning regulations rather than being established on a case-by-case basis. 
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The question again arises whether zoning approval must be obtained first, since 

the Siting Board must consider under (e) “Whether the proposed facility will 

meet all local planning and zoning requirements that existed on the date the 

application was filed.” The zoning ordinance should clarify whether project 

review under the zoning ordinance precedes or can follow the state Siting Board 

review. 

Finally, there is an opportunity to request a more formal hearing on an 

application, provided for in KRS 278.712. 
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