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Health and Safety Impacts of Solar Photovoltaics 

 
The increasing presence of utility-scale solar photovoltaic (PV) systems (sometimes referred to as 

solar farms) is a rather new development in North Carolina’s landscape. Due to the new and unknown 
nature of this technology, it is natural for communities near such developments to be concerned about 
health and safety impacts. Unfortunately, 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 

dangers to their neighbors. The most important dangers 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-fuel-fired electric generators, the overall 
impact of solar development on human health is overwhelmingly 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 oxides (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 quality benefits to the southeast 
region from solar PV generators to be worth 8.0 ¢ per kilowatt-hour of solar generation.0F

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 technology 

and its potential impacts have been studied since the 1950s. A combination of this solar-specific research 
and general scientific research has led to the scientific community having a good understanding of the 
science behind potential health and safety impacts of solar energy. This paper utilizes the latest scientific 
literature and knowledge of solar practices in N.C. to address the health and safety risks associated with 
solar PV technology. These risks are extremely small, far less than those associated with common 
activities such as driving a car, and vastly outweighed by health benefits 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 categories:  
(1) Hazardous Materials 
(2) Electromagnetic Fields (EMF) 
(3) Electric Shock and Arc Flash 
(4) Fire Safety 
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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 endanger 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 potential 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 impacts 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 bolted 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.   

  
Figure 1: Utility-scale solar facility (5 MWAC) located in Catawba County. Source: Strata Solar 
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1.2 System Components 
 
1.2.1 Solar Panels: Construction and Durability 

 
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. 1F

2  Today there are two PV 
technologies used in PV panels at utility-scale solar facilities, 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 consists 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 solar 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. 
 

 
Figure 2: Components of crystalline silicon panels. 
The vast majority of silicon panels consist of a glass 

sheet on the topside with an aluminum frame providing 
structural support.  Image Source: 

www.riteksolar.com.tw 

 
Figure 3: Layers of a common frameless thin-film 

panel (CdTe). Many thin film panels are frameless, 
including the most common thin-film panels, First 

Solar’s CdTe. Frameless panels have protective glass 
on both the front and back of the panel. Layer 

thicknesses not to scale.  Image Source: 
www.homepower.com 

 

 
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 panel, which may also be tempered. The plastic ethylene-vinyl 
acetate (EVA) commonly provides the cell encapsulation. For decades, this same material has been used 
between layers of tempered glass to give car windshields and hurricane windows 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/photo/115259576/broken_solar_panel.jpg 

 
 PV panels constructed with the same basic components as modern panels have been installed 
across the globe for well over thirty years.2F

3 The long-term durability and performance demonstrated 
over these decades, as well as the results of accelerated lifetime testing, helped lead to an industry-
standard 25-year power production warranty for PV panels. These power warranties warrant a PV panel 
to produce at least 80% of their original 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.3F

4   
  
 Local building codes require all structures, including ground mounted solar arrays, to be 
engineered to withstand anticipated wind speeds, as defined by the local wind speed requirements. Many 
racking products are available in versions engineered for wind speeds of up to 150 miles per hour, which 
is significantly higher than the wind speed requirement anywhere in North Carolina. The strength of PV 
mounting structures were demonstrated during Hurricane Sandy in 2012 and again during Hurricane 
Matthew in 2016. During Hurricane Sandy, the many large-scale solar facilities in New Jersey and New 
York at that time suffered only minor damage.4F

5 In the fall of 2016, the US and Caribbean experienced 
destructive winds and torrential rains from Hurricane Matthew, yet one leading solar tracker 
manufacturer reported that their numerous systems in the impacted area received zero damage from 
wind or flooding.5 F

6 
 

In the event of a catastrophic event capable of damaging solar equipment, such as a tornado, the 
system will almost certainly have property insurance that will cover the cost to cleanup and repair the 
project. It is in the best interest of the system owner 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 
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reasons, adequate insurance coverage 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 silicon-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 panels. Tier I panels are from well-respected manufacturers that have a good 
chance of being able to honor warranty claims. Tier I panels are understood to be of high quality, with 
predictable performance, durability, and content. Well over 80% (by weight) of the content of a PV panel 
is the tempered 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 together, 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 
boron 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.6F

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 copper tabs from the back of one cell 
to the front of the next cell. Traditionally a tin-based solder containing some lead (Pb) is used, but some 
manufacturers have switched to lead-free solder. The glass frit and/or the solder may contain trace amounts 
of other metals, potentially including some with human 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 negative 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. 

 
As with many electronic industries, the solder in silicon PV panels has historically been a lead-

based solder, often 36% lead, due to the superior properties 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 responsibility of photovoltaic panel manufacturers, fourteen companies (increased 
from twelve companies in 2014) manufacture PV panels certified to meet the European Restriction of 
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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 manufactured goods.7F

8 The Restriction of Hazardous 
Substances (RoHS) standard requires that the maximum concentration found in any homogenous 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.8 F

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.9F

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 environmental 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 sustainable and economically viable.” 

 
The use of lead is common in our modern economy. 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 encapsulate the pounds of 
lead contained in each typical automotive battery. This puts the lead in batteries at great risk of leaching 
into the environment. Estimates 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.10F

11 At 13 
g/panel11F

12, each panel contains one-half of the lead in a typical 12-gauge shotgun shell.12F This amount 
equates to roughly 1/750th of the lead in a single car battery. In a panel, it is all durably encapsulated from 
air or water for the full life of the panel.13F

14 
 
As indicated by their 20 to 30-year power warranty, 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 output 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 lifetime. In extreme experiments, researchers have 
shown that lead can leach from crushed or pulverized panels.14F

15, 
15F

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.16F

17, 
17F

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 exposure 
for the operating lifetime of the solar panel and thus not at risk of release into the environment.  

 
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 significantly reducing 
the public’s exposure to cadmium by reducing coal emissions. As of mid-2016, a few hundred MWs of 
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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 environmental impacts from the use of this PV technology 

are related to the concern that these panels contain cadmium, a toxic heavy metal. However, scientific 
studies have shown that cadmium telluride differs from cadmium due to its high chemical and thermal 
stability.18F

19 Research has shown that the tiny amount of cadmium in these panels does not pose a health or 
safety risk.19F

20 Further, there are very compelling reasons to welcome its adoption due to reductions in 
unhealthy pollution associated with burning coal. Every GWh of electricity generated by burning coal 
produces about 4 grams of cadmium air emissions.20F

21 Even though North Carolina produces a significant 
fraction of our electricity 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.21F

22, 
22F

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, 23F

24 which has 1/100th the toxicity of free cadmium.24F

25
25F  

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.26F

27 
 
It is important to understand the source of the cadmium 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, cemented and buried, or disposed of.27F

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.28F

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 (together 
>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,29F

30 similar to the process used to recycle CdTe 
panels. Like many silicon-based panels, CdTe panels are reported (as far back ask 199830F

31) to pass the 
EPA’s Toxic Characteristic Leaching Procedure (TCLP) test, which tests the potential for crushed panels 
in a landfill to leach hazardous substances into groundwater.31F

32 Passing this test means that they are 
classified as non-hazardous waste and can be deposited in landfills.32F

33,
33F

34 For more information about PV 
panel end-of-life, see the Panel Disposal section. 
 

There is also concern of environmental impact resulting from potential catastrophic events 
involving CdTe PV panels. An analysis of worst-case scenarios for environmental impact from CdTe PV 
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.”34F

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 
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much less conducive (larger module pieces, less acidity) to leaching than the conditions of the EPA’s 
TCLP test used to simulate landfill conditions, which CdTe panels pass.35F

36 
 
First Solar, a U.S. company, and the only significant supplier of CdTe panels, has a robust panel 

take-back and recycling program that has been operating commercially since 2005.36F

37 The company states 
that it is “committed to providing a commercially attractive recycling solution for photovoltaic (PV) power 
plant and module owners to help them meet their module (end of life) EOL obligation simply, cost-
effectively and responsibly.” First Solar global recycling services to their customers 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 affordable source of raw materials needed for new 
panels 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, often referred to as CIGS, is the second most 
common 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).37F

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 panels 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.38F

39 Recently, a CIGS manufacturer based in Japan, Solar 
Frontier, has achieved some market success with a rigid, glass-faced CIGS module that competes with 
silicon panels. Solar Frontier produces the majority of CIS panels on the market today.39F

40 Notably, these 
panels are RoHS compliant,40F

41 thus meeting the rigorous toxicity standard adopted by the European Union 
even thought this directive exempts PV panels. The authors are unaware of any completed 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 

subsection. To put the volume of PV waste into perspective, 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.41F

42 In the U.S., end-of-life disposal of solar 
products is governed by the Federal Resource Conservation and Recovery Act (RCRA), as well as state 
policies in some situations. RCRA separates waste into hazardous (not accepted at ordinary landfill) and 
solid waste (generally accepted at ordinary landfill) based on a series of rules. According 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 disposal and determine the risk of 
hazardous substances leaching out of the landfill.42F

43,
43F

44,
44F

45 Multiple sources report that most modern PV 
panels (both crystalline silicon and cadmium telluride) pass the TCLP test.45F

46,
46F

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.47F

48, 

48F

49 
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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 substances 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 provide overly 
conservative estimates of leaching for field-damaged panels.49F

50 Additionally, research in Japan has found 
no detectable Cd leaching from cracked CdTe panels when exposed to simulated acid rain.50F

51 
 
Although modern panels can generally be landfilled, they can also be recycled. Even though recent 

waste volume has not been adequate to support significant PV-specific recycling infrastructure, 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 
reported 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 

recycling firms. In early 2017, a PV developer reported 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 aluminum frame for 
local recycling and removing the wire leads for local copper recycling. The remainder of the panel is sent 
to a facility for processing the non-metallic portions of crushed vehicles, referred to as “fluff” in the 
recycling industry.51F

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-specific 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 produced 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.52F

53 PV-specific panel recycling 
technologies have been researched and implemented 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. 53F

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 partnership 
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 directive, a 
program for waste electrical and electronic equipment.54F

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 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 2015.55F

56  
  
In 2012, the WEEE Directive added the end-of-life collection and recycling of PV panels to its 

scope.56F

57 This directive is based on the principle of extended-producer-responsibility. It has a global impact 
because 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 program with the guidance and support of many 
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leading PV panel producers.57F

58 The program will aggregate the services offered by recycling vendors and 
PV manufacturers, which will make it easier for consumers to select a cost-effective and environmentally 
responsible 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 
network 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 section has shown that the positive health impacts of 
reduced emissions from fossil fuel combustion from PV systems more than outweighs any potential risk. 
Testing shows that silicon and CdTe panels 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 facility generally exceeds 
general contractor estimates for the cost to remove the entire PV system.58F

59, 
59F

60, 60F

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 investigates any potential public health and safety concerns. 
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 racking is 
galvanized steel and the remaining above-ground racking components are either galvanized steel or 
aluminum, which are both extremely common and benign building materials. The inverters that make the 
solar generated electricity ready to send to the grid have weather-proof steel enclosures that protect the 
working components from the elements. The only fluids that they might contain are associated with their 
cooling systems, which are not unlike the cooling system in a computer. Many inverters today are RoHS 
compliant.  

 
The electrical transformers (to boost the inverter output voltage to the voltage of the utility 

connection point) do contain a liquid cooling oil. However, the fluid used for that function is either a non-
toxic 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 
mineral oils. Significant health hazards are associated 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. 

 
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 technologies continue to improve and prices continue to decline 
we are likely to start seeing some batteries at solar facilities. Lithium ion batteries currently dominate the 
world utility-scale battery market, which are not very toxic. No non-panel system components were found 
to pose any health or environmental dangers. 
 
1.4 Operations and Maintenance – Panel Washing and Vegetation 
Control 
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 Throughout the eastern U.S., the climate provides frequent and heavy enough rain to keep panels 
adequately clean. This dependable weather pattern 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’ lifetime; however, nothing more than soap and water are required 
for this activity.  

 
The maintenance of ground-mounted PV facilities requires that vegetation be kept low, both for 

aesthetics and to avoid shading of the PV panels. Several approaches are used to maintain vegetation at 
NC solar facilities, including planting of limited-height species, mowing, weed-eating, herbicides, and 
grazing livestock (sheep). The following descriptions of vegetation maintenance practices are based on 
interviews with several solar developers 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 primarily by mowing. Each row of panels has a single row of 
supports, allowing sickle mowers to mow under the panels. The sites usually require mowing about once 
a month during the growing season. 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.61F

62  
 
In addition to mowing and weed eating, solar facilities 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 restricted use 
herbicides commonly used in commercial 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 interviewed 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 applicator 
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 facilities in N.C. 
generally use significantly less herbicides per acre than most commercial agriculture or lawn 
maintenance services.  

 
 

2. Electromagnetic Fields (EMF) 
 

PV systems do not emit any material during their operation; however, they do generate 
electromagnetic fields (EMF), sometimes referred to as radiation. EMF produced by electricity is non-
ionizing radiation, meaning the radiation has enough energy to move atoms in a molecule around 
(experienced 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 
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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.62F

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 (milligauss)). µT and mG are both units used to measure 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).63F

64 These epidemiological studies, 
which found an association but not a causal relationship, led the World Health Organization’s International 
Agency for Research on Cancer (IARC) to classify ELF magnetic fields as “possibly carcinogenic to 
humans”. Coffee also has this classification. 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 connection to increased cases of childhood leukemia. 
In 1997, the National Academies of Science were directed by Congress to examine this concern and 
concluded: 

 
“Based on a comprehensive evaluation of published studies relating to the effects of 
power-frequency electric and magnetic fields on cells, tissues, 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 evidence shows that exposures to residential electric and 
magnetic fields produce cancer, adverse neurobehavioral effects, or reproductive and 
developmental effects.”64F

65 
 
There are two aspects to electromagnetic fields, an electric field and a magnetic field. The electric 

field is generated by voltage and the magnetic field is generated by electric current, i.e., moving electrons. 
A task group of scientific experts convened by the World Health Organization (WHO) in 2005 concluded 
that there were no substantive health issues related to electric fields (0 to 100,000 Hz) at levels generally 
encountered by members of the public.65F

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 section 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 electric generation and weaken quickly with distance from the source. 

 
The direct current (DC) electricity produced by PV panels produce stationary (0 Hz) electric and 

magnetic fields. Because of minimal concern about potential risks of stationary fields, little scientific 
research has examined stationary fields’ impact on human health.66F

67 In even the largest PV facilities, the 
DC voltages and currents are not very high. One can illustrate the weakness of the EMF generated by a 
PV panel by placing a compass on an operating solar panel and observing that the needle 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) electricity matching the 60 Hz frequency of the grid. 
Therefore, the inverters and the wires delivering this power to the grid are producing non-stationary 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 
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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 exposure 
depends upon the sources they encounter, how close they are to them, and the amount of time they spend 
there.67F

68 As stated above, the average 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 exposure to EMF from electrical devices 
and wiring.68F

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 microwave oven the field is about 50 mG.69F

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 substations containing high voltages and currents are considered “generally 
negligible”.70F

71, 71F

72   
 
The strength of ELF-EMF present at the perimeter of a solar facility or near a PV system in a 

commercial or residential building is significantly lower than the typical American’s average EMF 
exposure.72F

73,
73F

74 Researchers in Massachusetts measured magnetic 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.74F

75 Even when measured within a few feet of the utility-scale inverter, the ELF 
magnetic fields were well below the International Commission on Non-Ionizing Radiation Protection’s 
recommended magnetic field level exposure limit for the general public of 2,000 mG.75F

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 inverter’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.76F

77 Manufacturers of potentially affected implanted devices often provide advice on 
electromagnetic interference that includes avoiding letting the implanted device get too close to certain 
sources of fields such as some household appliances, some walkie-talkies, and similar transmitting 
devices.  Some manufacturers’ literature does not mention high-voltage power 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.77F

78 
 
 

3. Electric Shock and Arc Flash Hazards 
 

There is a real danger of electric shock to anyone 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.78F

79 Another electrical hazard is an arc flash, which is an explosion of energy 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 serious injury or death. Properly trained and equipped technicians 
and electricians know how to safely install, test, and repair PV systems, but there is always some risk of 
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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 injury or death due to electric 
shock and arc flash, The National Electric Code (NEC) requires appropriate levels of warning signs on all 
electrical components 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.  However, 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), plastic 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 

energy from an electrical fault can ignite a PV panel.79F

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.80F

81 While it is possible for electrical 
faults in PV systems on homes or commercial buildings to start a fire, this is extremely rare.81F

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 superheated 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 

latest National Electric Code has added requirements that make it easier for first responders to safely and 
effectively turn off a PV system. Concern for firefighting a building with PV can be reduced 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 Fighters (IAFF) and International Renewable Energy Council 

(IREC) partnered to create an online training course that is far beyond the PowerPoint click-and-
view model. The self-paced online course, “Solar PV Safety for Fire Fighters,” features rich video 
content 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 Laboratory 

http://www.iaff.org/pvsafetytraining
http://www.ncdoi.com/OSFM/Engineering_and_Codes/Courses/Photovoltaic%20Systems%20and%20the%20Fire%20Code%20CS2597%20-%20One(1)%20Credit%20Hour%20Fire%20or%20Electrical/presentation.html
http://ulfirefightersafety.com/projects_blog/ul-firefighter-safety-research-institute-launches-vertical-ventilation-and-suppression-online-training/
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• 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 Solar 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: Matthew Paiss, Cooperative Research Network  

 
 
Summary 
 

The purpose of this paper is to address and alleviate 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) Electromagnetic Fields, (3) Electric Shock and Arc Flash, and 
(4) Fire. In each of these sections, the negative 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.  
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700 Universe Boulevard, Juno Beach, Florida 33408 

Why Johnson County? 

• Proximity to a large customer load (Kansas City area) avoids transmission system congestion and 
reduces energy loss. More congestion has developed in Western Kansas due to growth of assets 
commissioned and being added to the grid.  

• Proximity to an existing point of interconnection to the transmission grid. The West Gardner 345kV 
Substation is located less than 3 miles from our project boundary. This could potential allow for 
lower network upgrade costs.  

• Interested landowners. We’ve currently signed over 2000 acres of land with multiple landowners.  
• Marketing / Customer demand  

• Commercial & Industrial customers ideally desire projects closer to where they may have 
facilities 

• Positioning for potential generator replacement opportunities. Evergy’s IRP goal of acquiring 
700MW of solar by 2024 and 500MWs each year from 2028 through 2032. 

 

NEER Project Comparisons to West Gardner 

Operational Projects 

NextEra Energy Resources operates 33 utility-scale solar projects in the US. 13 projects are 100MW or greater 

and the average capacity is 180MW. The most comparable project is Wilmot Solar in Arizona. 

 

Analysis of projects currently in our development pipeline may provide a better indicator of the potential of 

projects that will be built in communities comparable to West Gardner Solar. NEER currently has close to 100 

utility scale projects that are 100MW or greater currently in the active development pipeline. Average capacity 

across all is 240MW and projects range from 100-1000MW.  

Top development projects comparable to West Gardner are listed below: 

 

Project Stage State Details MW

Wilmot Solar Operational AZ

8 miles from Tucson, AZ; 3 miles from Tucson 

International AP; 1.5 miles from Summit, AZ; 6 miles to 

Davis Monthan Air Force Base; 3.5 miles to Sahaurita, 

AZ 100.0

Project Stage State Details MW

West Gardner Solar Pipeline KS

30 miles SW of Kansas City; 3 miles NW of Edgerton; 7 

miles W of Gardner; 11 miles W of Olathe; 11 miles SW of 

DeSoto 320

Liberty Grand Solar Pipeline TX

15 miles NE of Houston, TX; 5 miles N of Huffman, TX; 5 miles 

SE of Roman Forest, TX; 5 miles NE of Huffman 250

Appleseed Solar Pipeline IN

40 miles north of Indianapolis; 4 miles SE of Logansport; 1.5 

miles N of Walton; 8 miles SW of Peru 200

Dodge Flat Solar Pipeline NV

20 miles NE of Reno/Sparks, NV; 3.5 miles NW of Fernley, NV; 

3 miles NW of Wadsworth, NV 400

Neptune Solar + Storage Pipeline CO

9 miles E of Pueblo, CO; 3 miles E of Pueblo Memorial Airport; 

35 miles SE of Colorado Springs; 20 miles SE of Fort Carson 250

Bayou Cove Solar Pipeline LA

30 miles W of Lafayette, LA; 5 miles N of Jennings; 3 miles W 

of Iota 300

St. Landry Solar Pipeline LA

40 miles W of Baton Rogue; 2 miles S of Port Barre; 2 miles N 

of Leonville; 5 miles E of Opelousas 150
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Based in Juno Beach, Florida, NextEra Energy Resources, LLC, 
is the competitive energy subsidiary of NextEra Energy, Inc., a 
Fortune 200 company and a leading clean energy provider with 
consolidated revenues of $18 billion in 2020.

NextEra Energy Resources is primarily a wholesale power 
generator, operating power plants and selling the output to 
utilities, retail electricity providers, power cooperatives, municipal 
electric providers and large industrial companies.

Nationally recognized as a leading clean energy provider, NextEra 
Energy Resources has a portfolio of facilities, totaling more than 
23,900 net megawatts (MW) of generating capacity in the U.S. 
and Canada. In 2020, nearly all of the electricity we generated 
was derived from clean or renewable resources, including wind, 
solar, natural gas and nuclear energy.

NextEra Energy Resources’ operations are diversified not 
only by fuel sources, but by geographic regions. This helps us 
manage our power generation business more efficiently and 
economically, especially in today’s volatile energy markets.

Our Business Operations

NextEra Energy Resources  
Generation Facilities in Operation
(As of 12/31/20)
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NextEra Energy Resources has established a strong reputation based on outstanding performance at every level. We continue to 
solidify our position as one of the nation’s leading energy providers by focusing on:

Development, construction  
and operation
NextEra Energy Resources is a world leader in the 
development, construction and operation of solar and wind 
energy centers. Standardized processes, best practices and 
superior execution have earned us the top position in the field.

We are also experienced in other areas of power generation, 
including nuclear energy and fossil fuels. Given our experience 
in these areas, NextEra Energy Resources is uniquely suited to 
continue developing and acquiring power plants to meet the 
nation’s growing energy needs.

Transmission facilities
Power plants are only part of the energy equation. As 
additional power generation facilities become operational, we 
need to move this power from the generation sites to where it 
is needed. To do that, the electric transmission system must 
be improved, and NextEra Energy Resources is doing its part. 
Although we own transmission lines across the country, we are 
pursuing additional large-scale opportunities to develop, build 
and operate new transmission facilities through an affiliate 
company, NextEra Energy Transmission.

Renewable energy expertise  
at NextEra Analytics 

NextEra Analytics, one of our subsidiaries based in St. Paul, 
Minnesota, provides renewable energy consulting services, 
using industry-leading scientific analysis for planning, siting 
and forecasting renewable energy projects. Besides being the 
lead wind, solar and energy storage advisor to NextEra Energy 
Resources, NextEra Analytics also serves the renewable 
energy and electric utility industries throughout North America 
and around the world. The company employs meteorologists, 
computing experts and other industry specialists.

Energy marketing
NextEra Energy Marketing (NEM), LLC, a subsidiary of 
NextEra Energy Resources, is one of the top 10 marketers of 
power in the nation. NEM buys and sells wholesale energy 
commodities, such as natural gas, oil and electricity; manages 
all the fuel needs of NextEra Energy Resources’ power 
generation fleet; and markets the output to customers across 
the country.

Renewable energy market
NEM markets the largest renewable energy portfolio in the 
country. NEM provides custom renewable energy solutions 
for customers with specific needs, from meeting regulatory 
mandates associated with a renewable portfolio standard, 

to working with businesses to meet their goals on renewable 
energy generation or carbon emissions management.

Distributed generation
Our distributed generation (DG) team tailors solar solutions 
that enable customers to generate clean, reliable energy from 
their rooftops, parking structures and open land. DG develops, 
builds, finances and operates the systems for commercial, 
institutional, utility and public power customers, helping 
them to control costs and make a meaningful impact on their 
renewable energy goals.

Retail energy
NextEra Energy Resources entered the retail market in 2005. 
NextEra Energy Services and Gexa Energy serve customers in 
numerous U.S. retail markets and manage the related billing, 
customer service, collections and remittance services to 
residential and commercial customers.

Energy storage
Our team of specialists has spent years researching energy 
storage technologies. Today, we have approximately 160 MW 
of operational energy storage and a pipeline of development 
projects across the U.S. and Canada. With our best-in-class 
development skills, we are a leader in the energy storage 
market.

Provider of Energy Services

In 2020, the City of Minnetonka and Cargill, Inc. officially opened 
Hartmann Community Solar with NextEra Energy Resources’ 
distributed generation team in St. Cloud, Minnesota. Community 
solar programs allow customers to support the growth of renewable 
energy while reducing their bills by purchasing clean, reliable power.
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Long before clean energy became a popular choice in the  
U.S., NextEra Energy Resources has been leading the way in 
using clean fuels to produce electricity that is environmentally 
friendly. 

Our renewable or clean energy mix includes:

Solar

NextEra Energy Resources is a leading generator of solar 
energy. The company operates dozens of universal and small-
scale solar projects in 27 states across the U.S., generating 
approximately 3,160 MW.

In the coming years, NextEra Energy Resources plans to 
continue the expansion of its solar business.

Wind
NextEra Energy Resources remains the world's largest 
generator of U.S. wind-generating facilities. We have 136 wind 
facilities in operation in North America capable of producing 
more than 16,000 MW of electricity.

NextEra Energy Resources’ wind facilities have enabled our 
customers, who have purchased renewable attributes, to 
reduce emissions that would have otherwise been released into 
the atmosphere from other sources of power generation. 

Natural gas
We have incorporated the cleanest-burning fossil fuel into 
our portfolio with natural gas-fired facilities. We often install 
combined-cycle technology that uses waste heat to drive an 
additional power generator for increased energy efficiency  
and lower emissions than conventional fossil-fueled units.  
This type of plant is about 30% more efficient than a traditional 
steam plant.

Nuclear energy
NextEra Energy Resources also incorporates clean nuclear 
energy into the fuel mix through Seabrook Station in New 
Hampshire and Point Beach Nuclear Plant in Wisconsin. 
Nuclear power plants produce virtually no air emissions during 
operation, representing a responsible energy choice for the 
future as climate change concerns intensify. Both of NextEra 
Energy Resources' nuclear power plants have achieved the 
highest exemplary ratings and are focused on safe, reliable 
operation.

Investment in Energy Infrastructure

The Sanford Airport Solar Energy Center is capable of generating up to 49 MW of solar energy. It is Maine’s largest universal solar energy project as 
well as the biggest airport solar array in the U.S.
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Solar energy benefits
Solar plants operate when energy consumption needs are at 
their highest, effectively matching energy supply and demand. 
Solar energy is cost effective. The cost of large, universal solar 
installations has dropped significantly in recent years due to 
advances in technology and design of solar panels. It has 
reached parity with natural gas in certain markets.

The other benefits of NextEra Energy Resources’ photovoltaic 
(PV) solar portfolio are considerable, including:

 » Creates no greenhouse gases or other air pollutants.

 » Uses no water resources to generate electricity.

 » Provides a renewable fuel supply.

 » Creates no waste byproducts for disposal.

 » Results in no hazardous cleanup at the end of a project’s 
productive life.

 » Operates quietly.

Our solar expertise
NextEra Energy Resources entered the solar generation 
business in 1989 through its interest in Solar Electric Generating 
System (SEGS), one of seven solar thermal projects sited in 
Kramer Junction and Harper Lake, California.

Since then, the company has significantly expanded its solar 
development to approximately 3,160 MW of universal and small-
scale operating assets.

Vital landowner relationships

PV solar facilities require a large area for development. Our 
general rule of thumb is that each MW of power will require five 
to eight acres of land to support the solar equipment, as well as 
easements for power line infrastructure. For example, a 20-MW 
facility will require about 100 to 160 acres.

We generally aim to site a project as close as possible to 
existing electrical transmission or distribution infrastructure. We 
try to avoid too much land variation, extreme terrain and trees 
when siting a project because such characteristics can cause 
shading, reducing the project’s electrical production.

A solar PV project only requires water during construction  
for dust control, as well as infrequent panel cleaning  
during operations.

If an area is promising after our initial assessment, NextEra 
Energy Resources will enter into a purchase or lease option 
agreement with landowners, which provides additional time for 
further evaluation of the property. 

Landowners receive option payments based upon the final 
agreed dollar-per-acre value of the property. Throughout the 
option period, landowners are able to continue to conduct 
business as usual on their land. Landowners are not the only 
beneficiaries. Their decision to help develop a solar project in 
their community brings additional jobs to the area, increased tax 
revenue and our purchases of local goods and services.

Solar and storage

When paired with an energy storage system, solar offers 
an attractive combination. Together, solar and storage can 
improve the operation of the electrical grid, reduce the need 
for supplementary generation and provide additional options to 
meet peak energy demands. Adding energy storage to a solar 
project is a cost-effective way to meet renewable energy goals, 
benefit from tax incentives and take advantage of competitive 
energy storage costs.

Bringing Solar Energy to Market

Environmental stewardship

» NextEra Energy Resources works closely with 
federal, state and local environmental organizations.

» Environmental assessments determine suitability of 
prospective solar sites.

» Land and wildlife are respected and protected 
during construction and operations.

» Land is restored after construction.

Wilmot Energy Center in Arizona is NextEra Energy Resources’ 
largest project to combine solar and storage, including 100 MW of 
solar energy and 30 MW of battery energy storage.
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Extensive Construction Experience

As sunlight hits the solar panels, the photovoltaic energy is converted into direct current electricity (DC). The direct current flows from the 
panels through inverters and is converted into alternating current (AC). Finally, the electricity travels through transformers, and the voltage is 
boosted for delivery onto the transmission lines, so the local electric utility can distribute the electricity to homes and businesses. 

How a photovoltaic solar plant works

Siting a solar project
Siting a solar project is challenging work and includes finding 
the right combination of solar conditions, power transmission 
lines and land. In addition to working with landowners to 
familiarize them with the process and what to expect, our 
developers are busy on a wide range of issues related to 
developing a solar site, including:

 » Meeting with and providing information to local officials on 
project progress.

 » Conducting environmental assessments.

 » Completing historical and archaeological reviews.

 » Arranging to connect to the local power grid.

 » Securing customers for the site’s generated electricity.

 » Attending public meetings to gain approval  
for construction. 

 » Permitting and land use zoning, as applicable.

 » Procuring equipment.

Construction is carefully planned
NextEra Energy Resources’ construction team is experienced 
in building solar PV plants. When all approvals are in place 
and landowners have signed their contracts, construction can 
begin. Our construction managers and engineers oversee and 
are responsible for all work and all contractors at a construction  
site. They, and often their families, live in the community  
during construction.

Hundreds of contractors can be involved in a typical solar 
construction project. Our goal is to hire as many workers from 
the area as possible, including heavy equipment operators, 
electricians, laborers, security and others.

Construction typically takes between six and 12 months. Our 
construction manager and staff stay in close contact not only 
with landowners, but also with local government, to keep 
interested parties apprised of progress and to ensure adherence 
to all local building code requirements.

Some of the major steps involved include:

 » Erecting a fence for safety.

 » Laying high-quality gravel roads to accommodate 
heavy equipment.

 » Constructing a substation, and possibly an operations  
and maintenance building.

 » Installing the solar arrays, which are typically about  
six to eight feet tall and are erected on steel posts  
driven into the ground.

 » Testing and commissioning the completed arrays.

When construction is complete and the plant has begun 
commercial operation, the site is turned over to our operations 
staff who operate and maintain the solar plant. 
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Highlights of solar operations

 » We have approximately 40 universal-scale 
solar projects with ownership interests, along 
with dozens of small-scale solar projects, 
with a total net-generating capacity of more 
than 3,160 MW of solar generation.

 » More projects are in the development pipeline 
for future construction and operation.

 » Solar PV generation does not use water for 
power generation.

 » Solar PV generation is emissions free.

A diversified portfolio
Total net MW1: 21,9832 (As of 12/31/20)

1) Includes MW associated with noncontrolling interests related to NextEra Energy Partners, LP.
2) This figure reflects MW associated with long-term contracted generation.
3) Primarily natural gas.

Generating Homegrown Solar Energy

NextEra Energy Resources is a leader in solar energy. Lower solar panel costs have greatly improved the economics of solar power and the  
benefits are significant. For local communities, it means clean, homegrown energy that also provides much-needed tax income to rural communities , 
including schools, libraries and other public services, benefiting the entire community. 

Chicot Solar Energy Center generates 100 MW of solar energy in Arkansas. Chicot is NextEra Energy Resources’ second project in the state. Stuttgart Solar Energy 
Center produces 81 MW of solar energy for the Razorback State. A third solar project is in development.

3
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Q: Do solar panels contribute to PFAS contamination?
Multiple states have raised concerns about PFAS contamination from solar farms, 
largely citing academic research on how PFAS could potentially be used in 
photovoltaic (PV) solar panels.1 The fact is that PFAS is not customarily used in 
solar panels because safer, effective alternatives have already been developed and 
commercialized. Moreover, no studies have shown the presence or leaching of PFAS 
from PV panels—either while they are in active use or at the end of their life (e.g., in  
a landfill). 

 
Anatomy of a solar panel 
These three parts of a solar panel cause confusion about the presence of PFAS.

Self-Cleaning Coat

A self-cleaning coating on the top of a solar panel helps reduce dust, pollen, and snow 
adhesion, extending both the power output and the lifetime of the panel.2 Multiple 
self-cleaning coating options are available on the market, many of which make use 
of non-hazardous silicon-based chemistry.3 Confusion comes from the fact that some 
other commercialized self-cleaning coating options do make use of PFAS-based 
chemicals, although even those do not degrade under normal use.

Adhesives 

PV panels are sealed from the elements to maximize power output and lifetime. While 
PFAS chemicals are found in certain adhesives, such as carpentry glues, they are not 
typically used in sealant adhesives for solar panels.4 Instead, solar adhesives are based 
on silicone polymers, which are well known for their lack of negative health impacts 
and remarkable stability.5

Substrate 

PV modules are housed in a weather-resistant substrate that offers additional 
protection from the elements. Thin-film PV units use glass as the substrate, while 
crystalline silicon PV units use a polymer substrate, which has led to the rumors of 
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potential PFAS use in solar panels. The most common polymer used in silicon PV units 
is Tedlar, a weather resistant polymer that is not a PFAS compound itself and makes 
no use of PFAS during its manufacturing process.6 Far more common materials, like 
those used in construction projects and weather resistant fabrics, present a higher 
risk of PFAS exposure than PV. In fact, a recent study found that these more common 
materials release PFAS under conditions where solar panels do not, indicating that 
PFAS exposure risk may be higher sitting on outdoor furniture, for example, than living 
next to a solar farm.7  

What is PFAS anyway?
Per/Poly Fluoro-Alkyl Substances, PFAS for short, are a class of chemical compounds. 
PFAS are used in several industries for their unique properties, notably their ability to 
create coatings that are highly water repellent. 

PFAS are extremely persistent within the environment, not breaking down over time. 
Certain PFAS compounds have been linked to human health issues–notably low infant 
birth weights, increased risk of certain cancers, and thyroid issues. As a result of their 
persistence and toxicity, those PFAS compounds that pose a significant risk have been 
banned from use and production, and subsequently replaced with safer alternatives. 

It’s important to note that not all PFAS compounds are dangerous.  Some PFAS 
compounds, such as Teflon, are much more stable and present no risk to human  
health under normal conditions of use.8
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Background	  

Encouraging	  increased	  use	  of	  solar	  photovoltaic	  (PV)	  technology,	  which	  converts	  sunlight	  directly	  into	  
electricity,	  is	  a	  key	  priority	  for	  state	  clean	  energy	  efforts.	  The	  environmental	  benefits	  of	  solar	  PV	  abound.	  
Unlike	  conventional	  fossil	  fuel	  power	  generation	  (such	  as	  coal,	  gas	  and	  oil),	  generating	  electricity	  with	  
ground-‐mounted	  solar	  PV	  involves	  no	  moving	  parts,	  uses	  no	  water,	  and	  produces	  no	  direct	  emissions	  of	  
climate-‐warming	  greenhouse	  gases.	  

Solar	  PV	  environmental	  and	  energy	  benefits,	  combined	  with	  strong	  incentives	  available	  for	  solar	  
projects,	  have	  significantly	  increased	  the	  use	  of	  this	  technology	  recently.	  The	  Commonwealth’s	  vibrant	  
solar	  industry	  has	  a	  variety	  of	  ownership	  and	  financing	  options	  for	  Massachusetts	  residents	  and	  
businesses	  looking	  to	  install	  solar	  PV	  systems.	  Purchasing	  a	  solar	  PV	  system	  generally	  involves	  upfront	  
installation	  and	  equipment	  costs,	  but	  there	  are	  significant	  upfront	  and	  production-‐based	  incentives1.	  

As	  the	  Massachusetts	  clean	  energy	  sector	  grows,	  the	  Baker	  Administration	  is	  working	  to	  ensure	  that	  
solar	  PV	  and	  other	  clean	  energy	  technologies	  are	  sited	  in	  a	  way	  that	  is	  most	  protective	  of	  human	  health	  
and	  the	  environment,	  and	  minimizes	  impacts	  on	  scenic,	  natural,	  and	  historic	  resources.	  	  

Purpose	  of	  Guide	  
	  
This	  guide	  is	  intended	  to	  help	  local	  decision-‐makers	  and	  community	  members	  answer	  common	  
questions	  about	  ground-‐mounted	  solar	  PV	  development.	  Ground-‐mounted	  solar	  PV	  has	  many	  proven	  
advantages	  and	  there	  has	  been	  a	  steady	  growth	  of	  well	  received	  projects	  in	  the	  Commonwealth.	  	  
However,	  these	  systems	  are	  still	  relatively	  new	  and	  unfamiliar	  additions	  to	  our	  physical	  landscape.	  	  

This	  guide	  focuses	  on	  questions	  that	  have	  been	  raised	  concerning	  the	  installation	  and	  operation	  of	  
ground-‐mounted	  solar	  PV	  projects.	  	  It	  provides	  summaries	  and	  links	  to	  existing	  research	  and	  studies	  that	  
can	  help	  understand	  solar	  PV	  technology	  in	  general	  and	  ground-‐mounted	  solar	  in	  particular.	  

Solar	  PV	  panels	  can	  and	  are	  of	  course	  also	  installed	  on	  buildings2,	  car	  ports	  or	  light	  poles.	  	  This	  guide	  
focuses	  on	  ground-‐mounted	  systems	  since	  most	  questions	  relate	  to	  this	  type	  of	  solar	  installation.	  

Developed	  through	  the	  partnership	  of	  the	  Massachusetts	  Department	  of	  Energy	  Resources	  (DOER),	  the	  
Massachusetts	  Department	  of	  Environmental	  Protection	  (MassDEP),	  and	  the	  Massachusetts	  Clean	  
Energy	  Center	  (MassCEC),	  this	  guide	  draws	  from	  existing	  recent	  literature	  in	  the	  United	  States	  and	  
abroad	  and	  is	  not	  the	  result	  of	  new	  original	  scientific	  studies.	  The	  text	  was	  reviewed	  by	  the	  National	  
Renewable	  Energy	  Laboratory	  (NREL).	  

As	  more	  or	  new	  information	  becomes	  available,	  the	  guide	  will	  be	  updated	  and	  expanded	  accordingly.	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  For	  a	  comprehensive	  overview,	  start	  at	  http://masscec.com/index.cfm/page/Solar-‐PV/pid/12584	  
2	  For	  an	  overview	  of	  the	  multiple	  options	  for	  siting	  PV	  and	  buildings	  in	  the	  same	  footprint,	  see	  the	  Solar	  Ready	  
Buildings	  Planning	  Guide,	  NREL,	  2009.	  
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Solar	  PV	  Projects	  Are	  Sited	  Locally	  

The	  siting	  authority	  for	  solar	  PV	  projects	  resides	  at	  the	  local	  -‐	  not	  the	  state	  -‐	  level.	  One	  purpose	  of	  this	  
guide	  is	  to	  inform	  and	  facilitate	  local	  efforts	  to	  expand	  clean	  energy	  generation	  in	  a	  sustainable	  way,	  and	  
provide	  a	  consolidated	  source	  of	  existing	  research	  and	  information	  that	  addresses	  common	  questions	  
faced	  by	  communities.	  

As	  part	  of	  the	  Green	  Communities	  Act	  of	  2008,	  DOER	  and	  the	  Massachusetts	  Executive	  Office	  of	  Energy	  
and	  Environmental	  Affairs	  (EOEEA)	  developed	  a	  model	  zoning	  by-‐law/ordinance	  called	  “as-‐of-‐right	  
siting”	  that	  does	  not	  require	  a	  special	  permit.	  	  It	  is	  designed	  to	  help	  communities	  considering	  adoption	  
of	  zoning	  for	  siting	  of	  large-‐scale	  solar.	  This	  model	  zoning	  by-‐law/ordinance	  provides	  standards	  for	  the	  
placement,	  design,	  construction,	  operation,	  monitoring,	  modification	  and	  removal	  of	  new	  large-‐scale	  
ground-‐mounted	  solar	  PV	  installations.	  The	  latest	  version	  of	  the	  model	  by-‐law	  was	  published	  in	  
December	  20143.	  	  It	  provides	  useful	  information	  that	  will	  not	  be	  repeated	  extensively	  in	  this	  guide.	  	  	  

Consider	  Impacts	  of	  Other	  Possible	  Developments	  at	  Site	  

Use	  of	  land	  for	  the	  purpose	  of	  solar	  photovoltaic	  power	  generation	  should	  be	  compatible	  with	  most	  
other	  types	  of	  land	  usage.	  	  However,	  DOER	  strongly	  discourages	  designating	  locations	  that	  require	  
significant	  tree	  cutting	  because	  of	  the	  important	  water	  management,	  cooling	  and	  climate	  benefits	  trees	  
provide.	  	  DOER	  encourages	  designating	  locations	  in	  industrial	  and	  commercial	  districts,	  or	  on	  vacant,	  
disturbed	  land.	  

When	  assessing	  the	  impact	  of	  new	  ground-‐mounted	  solar	  arrays,	  communities	  and	  other	  stakeholders	  
should	  carefully	  consider	  other	  types	  of	  development	  that	  might	  take	  place	  in	  a	  particular	  location	  if	  
there	  was	  no	  solar	  installation.	  	  Stakeholders	  should	  bear	  in	  mind	  the	  higher	  or	  lower	  impacts	  that	  those	  
alternatives	  might	  have	  in	  terms	  of	  noise,	  air	  pollution	  or	  landscape.	  	  These	  alternative	  impacts	  fall	  
outside	  the	  scope	  of	  this	  guide,	  but	  are	  relevant	  when	  looking	  at	  individual	  projects.	  

	  

	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  http://www.mass.gov/eea/docs/doer/green-‐communities/grant-‐program/model-‐solar-‐zoning.pdf	  	  
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Hazardous	  Materials	  

The	  Question:	  What,	  if	  any,	  health	  risks	  do	  chemicals	  used	  to	  manufacture	  solar	  panels	  and	  other	  
devices	  used	  in	  solar	  PV	  arrays	  pose	  if	  they	  are	  released	  into	  the	  environment?	  
	  
Bottom	  Line:	  Because	  PV	  panel	  materials	  are	  enclosed,	  and	  don’t	  mix	  with	  water	  or	  vaporize	  into	  the	  
air,	  there	  is	  little,	  if	  any,	  risk	  of	  chemical	  releases	  to	  the	  environment	  during	  normal	  use.	  The	  most	  
common	  type	  of	  PV	  panel	  is	  made	  of	  tempered	  glass,	  which	  is	  quite	  strong.	  	  They	  pass	  hail	  tests,	  and	  are	  
regularly	  installed	  in	  Arctic	  and	  Antarctic	  conditions.	  	  Only	  in	  the	  unlikely	  event	  of	  a	  sufficiently	  hot	  fire	  is	  
there	  a	  slight	  chance	  that	  chemicals	  could	  be	  released.	  This	  is	  unlikely	  because	  most	  residential	  fires	  are	  
not	  hot	  enough	  to	  melt	  PV	  components	  and	  PV	  systems	  must	  conform	  to	  state	  and	  federal	  fire	  safety,	  
electrical	  and	  building	  codes.	  	  

Transformers	  used	  at	  PV	  installations,	  that	  are	  similar	  to	  the	  ones	  used	  throughout	  the	  electricity	  
distribution	  system	  in	  cities	  and	  towns,	  have	  the	  potential	  to	  release	  chemicals	  if	  they	  leak	  or	  catch	  fire.	  
Transformer	  coolants	  containing	  halogens	  have	  some	  potential	  for	  toxic	  releases	  to	  the	  air	  if	  combusted.	  
However,	  modern	  transformers	  typically	  use	  non-‐toxic	  coolants,	  such	  as	  mineral	  oils.	  Potential	  releases	  
from	  transformers	  using	  these	  coolants	  at	  PV	  installations	  are	  not	  expected	  to	  present	  a	  risk	  to	  human	  
health.	  	  

More	  Information:	  	  Ground-‐mounted	  PV	  solar	  arrays	  are	  typically	  made	  up	  of	  panels	  of	  silicon	  solar	  cells	  
covered	  by	  a	  thin	  layer	  of	  protective	  glass,	  which	  is	  attached	  to	  an	  inert	  solid	  underlying	  substance	  (or	  
“substrate”).	  While	  the	  vast	  majority	  of	  PV	  panels	  currently	  in	  use	  are	  made	  of	  silicon,	  certain	  types	  of	  
solar	  cells	  may	  contain	  cadmium	  telluride	  (CdTe),	  copper	  indium	  diselenide	  (CIS),	  and	  gallium	  arsenide	  
(GaAs).	  

All	  solar	  panel	  materials,	  including	  the	  chemicals	  noted	  above,	  are	  contained	  in	  a	  solid	  matrix,	  insoluble	  
and	  non-‐volatile	  at	  ambient	  conditions,	  and	  enclosed.	  Therefore,	  releases	  to	  the	  ground	  from	  leaching,	  
to	  the	  air	  from	  volatilization	  during	  use,	  or	  from	  panel	  breakage,	  are	  not	  a	  concern.	  Particulate	  
emissions	  could	  only	  occur	  if	  the	  materials	  were	  ground	  to	  a	  fine	  dust,	  but	  there	  is	  no	  realistic	  scenario	  
for	  this.	  Panels	  exposed	  to	  extremely	  high	  heat	  could	  emit	  vapors	  and	  particulates	  from	  PV	  panel	  
components	  to	  the	  air.	  However,	  researchers	  have	  concluded	  that	  the	  potential	  for	  emissions	  derived	  
from	  PV	  components	  during	  typical	  fires	  is	  limited	  given	  the	  relatively	  short-‐duration	  of	  most	  fires	  and	  
the	  high	  melting	  point	  (>1000	  degrees	  Celsius)	  of	  PV	  materials	  compared	  to	  the	  roof	  level	  temperatures	  
typically	  observed	  during	  residential	  fires	  (800-‐900	  degrees	  Celsius).	  In	  the	  rare	  instance	  where	  a	  solar	  
panel	  might	  be	  subject	  to	  higher	  temperatures,	  the	  silicon	  and	  other	  chemicals	  that	  comprise	  the	  solar	  
panel	  would	  likely	  bind	  to	  the	  glass	  that	  covers	  the	  PV	  cells	  and	  be	  retained	  there.	  	  
	  
Release	  of	  any	  toxic	  materials	  from	  solid	  state	  inverters	  is	  also	  unlikely	  provided	  appropriate	  electrical	  
and	  installation	  requirements	  are	  followed.	  	  For	  more	  information	  on	  public	  safety	  and	  fire,	  see	  the	  
Public	  Safety	  section	  of	  this	  document.	  

We	  should	  also	  note	  that	  usually	  the	  rain	  is	  sufficient	  to	  keep	  the	  panels	  clean,	  so	  no	  extra	  cleaning	  in	  
which	  cleaning	  products	  might	  be	  used,	  is	  necessary.	  
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End-‐of-‐Life/Decommissioning	  

Question:	  How	  do	  I	  manage	  solar	  panels	  after	  they	  are	  decommissioned	  and	  no	  longer	  in	  use?	  	  Can	  they	  
be	  recycled	  and	  do	  hazardous	  waste	  disposal	  requirements	  apply?	  

Bottom	  Line:	  As	  more	  solar	  panels	  are	  decommissioned	  interest	  in	  recycling	  the	  panels	  has	  increased	  in	  
Europe	  and	  the	  U.S.	  	  Massachusetts	  regulations	  ensure	  proper	  disposal	  and	  recycling	  of	  panels	  if	  they	  
have	  components	  that	  constitute	  solid	  or	  hazardous	  waste	  under	  state	  regulations.	  

More	  information:	  The	  average	  life	  of	  solar	  PV	  panels	  can	  be	  20-‐30	  years	  (or	  longer)	  after	  initial	  
installation.	  PV	  cells	  typically	  lose	  about	  0.5%	  of	  their	  energy	  production	  capacity	  per	  year.	  At	  the	  time	  
of	  decommissioning,	  panels	  may	  be	  reused,	  recycled	  or	  disposed.	  Since	  widespread	  use	  of	  solar	  PV	  is	  
recent	  in	  Massachusetts,	  only	  a	  small	  percentage	  of	  solar	  panels	  in	  use	  in	  the	  state	  have	  had	  to	  be	  
replaced	  due	  to	  damage	  or	  reached	  the	  end	  of	  their	  useful	  lifetime.	  A	  significant	  increase	  in	  the	  amount	  
of	  end-‐of-‐life	  PV	  modules	  is	  expected	  over	  the	  next	  few	  decades.	  

When	  solar	  panels	  are	  decommissioned	  and	  discarded,	  state	  rules	  require	  that	  panel	  disposal	  be	  
“properly	  managed”	  pursuant	  to	  the	  Massachusetts	  hazardous	  waste	  regulations,	  310	  CMR	  30.000.	  
There	  are	  many	  different	  types	  of	  solar	  panels	  used	  in	  ground-‐mounted	  or	  roof	  mounted	  solar	  PV	  
systems;	  some	  of	  these	  panels	  have	  components	  that	  may	  require	  special	  hazardous	  waste	  disposal	  or	  
recycling.	  Solar	  module	  manufacturers	  typically	  provide	  a	  list	  of	  materials	  used	  in	  the	  manufacturing	  of	  
their	  product,	  which	  may	  be	  used	  to	  determine	  the	  proper	  disposal	  requirements	  at	  the	  time	  of	  
decommissioning.	  	  Under	  the	  hazardous	  waste	  regulations,	  the	  burden	  is	  on	  the	  generator	  of	  the	  panels	  
to	  determine	  if	  the	  waste	  being	  generated	  (the	  solar	  panels)	  is	  hazardous	  or	  not.	  	  This	  determination	  can	  
be	  made	  using	  “knowledge”	  (i.e.	  an	  MSDS	  sheet	  listing	  the	  materials	  used	  in	  manufacture	  of	  the	  panels)	  
or	  testing	  (i.e.	  the	  Toxicity	  Characteristic	  Leaching	  Procedure	  –	  TCLP).	  	  	  

If	  a	  panel	  is	  tested	  and	  passes	  TCLP	  then	  it	  is	  regulated	  as	  a	  solid	  waste;	  if	  it	  fails	  TCLP	  then	  it	  is	  regulated	  
as	  a	  hazardous	  waste.	  

However,	  if	  the	  solar	  panel	  is	  determined	  to	  be	  hazardous	  due	  solely	  to	  the	  presence	  of	  metal-‐bearing	  
circuit	  boards,	  the	  panels	  may	  be	  conditionally	  exempt	  from	  the	  hazardous	  waste	  regulations	  if	  destined	  
for	  recycling.	  	  	  See	  310	  CMR	  30.202(5)(d)-‐(e)	  in	  the	  Mass.	  Hazardous	  Waste	  Regulations.4	  

People	  who	  lease	  land	  for	  solar	  projects	  are	  encouraged	  to	  include	  end-‐of-‐life	  panel	  management	  as	  
part	  of	  the	  lease.	  In	  cases	  where	  panels	  are	  purchased,	  owners	  need	  to	  determine	  whether	  the	  end-‐of	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  (5)	  The	  following	  materials	  are	  not	  subject	  to	  310	  CMR	  30.200,	  or	  any	  other	  provision	  of	  310	  
CMR	  30.000:	  	  

(d)	  Whole	  used	  circuit	  boards	  being	  recycled	  provided	  they	  are	  free	  of	  mercury	  switches,	  
mercury	  relays,	  nickel-‐cadmium	  batteries,	  or	  lithium	  batteries.	  
(e)	  Shredded	  circuit	  boards	  being	  recycled	  provided	  that	  they	  are:	  

1.	  managed	  in	  containers	  sufficient	  to	  prevent	  a	  release	  to	  the	  environment	  prior	  to	  
recovery;	  and,	  
2.	  free	  of	  mercury	  switches,	  mercury	  relays	  and	  nickel-‐cadmium	  batteries	  and	  lithium	  
batteries.	  	  



8	  
	  

life	  panels	  are	  a	  solid	  or	  hazardous	  waste	  and	  dispose	  or	  recycle	  the	  panels	  appropriately.	  	  
Massachusetts	  regulations	  require	  testing	  of	  waste	  before	  disposal.	  

	  
Because	  of	  the	  various	  materials	  used	  to	  produce	  solar	  panels	  (such	  as	  metal	  and	  glass),	  interest	  in	  
recycling	  of	  solar	  modules	  has	  grown.	  Throughout	  Europe,	  a	  not-‐for-‐profit	  association	  (PV	  Cycle)	  is	  
managing	  a	  voluntary	  collection	  and	  recycling	  program	  for	  end-‐of-‐life	  PV	  modules.	  The	  American	  
photovoltaic	  industry	  is	  not	  required	  by	  state	  or	  federal	  regulation	  to	  recycle	  its	  products,	  but	  several	  
solar	  companies	  are	  starting	  to	  recycle	  on	  a	  voluntary	  basis.	  Some	  manufacturers	  are	  offering	  end-‐of-‐life	  
recycling	  options	  and	  independent	  companies	  looking	  to	  recycle	  solar	  modules	  are	  growing.	  This	  allows	  
for	  the	  recycling	  of	  the	  PV	  panels	  and	  prevents	  issues	  with	  the	  hazardous	  materials.	  Currently,	  the	  
California	  Department	  of	  Toxic	  Substances	  Control	  is	  considering	  standards	  for	  the	  management	  of	  solar	  
PV	  panels	  at	  the	  end	  of	  their	  use.	  

DOER’s	  model	  zoning	  provides	  language	  on	  requirements	  for	  abandonment	  and	  decommissioning	  of	  
solar	  panels	  for	  use	  by	  local	  officials	  considering	  local	  approvals	  for	  these	  projects.	  

Resources	  
	  
End-‐of-‐life	  PV:	  then	  what?	  -‐	  Recycling	  solar	  PV	  panels	  
http://www.renewableenergyfocus.com/view/3005/end-‐of-‐life-‐pv-‐then-‐what-‐recycling-‐solar-‐pv-‐panels/	  
	  
MassDEP	  Hazardous	  Waste	  Regulations	  310	  CMR	  30.000	  
http://www.mass.gov/eea/agencies/massdep/recycle/regulations/310-‐cmr-‐30-‐000.html	  
	  
PV	  Cycle,	  Europe:	  http://www.pvcycle.org/	  
	  
California	  Department	  of	  Toxic	  Substances	  Control,	  Proposed	  Standards	  for	  the	  Management	  of	  
Hazardous	  Waste	  Solar	  Modules,	  
http://www.dtsc.ca.gov/LawsRegsPolicies/Regs/Reg_Exempt_HW_Solar_Panels.cfm	  

	   	  



9	  
	  

Ambient	  Temperature	  (“Heat	  Island”)	  	  

The	  Question:	  Does	  the	  presence	  of	  ground-‐mounted	  solar	  PV	  arrays	  cause	  higher	  ambient	  
temperatures	  in	  the	  surrounding	  neighborhood	  (i.e.,	  the	  “heat	  island”	  effect)?	  

Bottom	  Line:	  All	  available	  evidence	  indicates	  that	  there	  is	  no	  solar	  “heat	  island”	  effect	  caused	  by	  the	  
functioning	  of	  solar	  arrays.	  Cutting	  shade	  trees	  for	  solar	  PV	  might	  increase	  the	  need	  for	  cooling	  if	  those	  
trees	  were	  shading	  buildings.	  This	  is	  primarily	  a	  concern	  in	  town	  centers	  and	  residential	  areas	  (locations	  
where	  large	  ground-‐mounted	  PV	  is	  not	  encouraged)	  and	  is	  a	  potential	  impact	  of	  any	  development	  
activity	  that	  requires	  tree-‐cutting.	  

More	  Information:	  	  All	  available	  evidence	  indicates	  that	  there	  is	  no	  solar	  “heat	  island”	  effect	  caused	  by	  
the	  functioning	  of	  solar	  arrays.	  	  Solar	  panels	  absorb	  photons	  from	  direct	  sunlight	  and	  convert	  it	  to	  
electricity.	  This	  minimizes	  the	  likelihood	  of	  substantially	  changing	  temperatures	  at	  the	  site	  or	  the	  
surrounding	  neighborhood.	  For	  an	  area	  with	  no	  PV	  system,	  solar	  energy	  impacting	  the	  ground	  is	  either	  
reflected	  or	  absorbed.	  There	  is	  no	  research	  to	  support	  heat	  production	  from	  the	  solar	  panels	  
themselves.	  

Sunpower,	  a	  private	  solar	  manufacturer,	  conducted	  a	  study	  on	  the	  impact	  of	  solar	  PV	  on	  the	  local	  
temperature,	  and	  concluded	  that	  a	  solar	  PV	  array	  can	  absorb	  a	  higher	  percentage	  of	  heat	  than	  a	  
forested	  parcel	  of	  land	  without	  an	  array.	  The	  study	  points	  out	  that	  while	  solar	  PV	  modules	  can	  reach	  
high	  operating	  temperatures	  up	  to	  120	  degrees	  Fahrenheit,	  they	  are	  thin	  and	  lightweight	  and	  therefore	  
do	  not	  store	  a	  large	  amount	  of	  heat.	  Because	  of	  this,	  and	  the	  fact	  that	  panels	  are	  also	  shown	  to	  cool	  to	  
ambient	  air	  temperature	  shortly	  after	  the	  sun	  sets,	  the	  Sunpower	  study	  concludes	  that	  the	  area	  
surrounding	  a	  large-‐scale	  solar	  array	  is	  unlikely	  to	  experience	  a	  net	  heating	  change	  from	  the	  panels.	  

If	  trees	  are	  removed	  that	  were	  previously	  shading	  a	  building,	  that	  building	  could	  get	  warmer	  in	  full	  
sunshine	  than	  when	  the	  trees	  were	  shading	  it.	  	  The	  June	  1,	  2011	  tornado	  that	  ripped	  through	  Western	  
Massachusetts	  created	  an	  opportunity	  to	  empirically	  measure	  the	  effects	  of	  the	  loss	  of	  neighborhood	  
trees	  on	  temperatures	  and	  air	  humidity	  in	  the	  streets.	  A	  report	  by	  the	  U.S.	  Department	  of	  Agriculture	  
Forest	  Service	  concluded	  that	  daily	  mean	  morning	  and	  afternoon	  temperatures	  were	  typically	  greater	  in	  
the	  tornado-‐impacted	  neighborhood	  in	  Springfield,	  Massachusetts	  than	  in	  the	  unaffected	  neighborhood	  
and	  forest	  sites,	  but	  were	  similar	  at	  night.	  Residents	  noted	  increased	  use	  of	  air-‐conditioning	  units	  and	  an	  
overall	  increase	  in	  energy	  costs	  in	  July	  and	  August	  of	  2011.	  

Resources:	  

SUNPOWER,	  Impact	  of	  PV	  Systems	  on	  Local	  Temperature,	  July	  2010	  

USDA	  Forest	  Services	  report:	  http://www.regreenspringfield.com/wp-‐
content/uploads/2011/11/tornado%20climate%20report%203.pdf	  	  
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Electric	  and	  Magnetic	  Fields	  (EMF)	  

The	  Question:	  	  What,	  if	  any,	  health	  risks	  do	  the	  electric	  and	  magnetic	  fields	  (EMF)	  from	  solar	  panels	  and	  
other	  components	  of	  solar	  PV	  arrays	  pose?	  

Bottom	  Line:	  Electric	  and	  magnetic	  fields	  are	  a	  normal	  part	  of	  life	  in	  the	  modern	  world.	  PV	  arrays	  
generate	  EMF	  in	  the	  same	  extremely	  low	  frequency	  (ELF)	  range	  as	  electrical	  appliances	  and	  wiring	  found	  
in	  most	  homes	  and	  buildings.	  The	  average	  daily	  background	  exposure	  to	  magnetic	  fields	  is	  estimated	  to	  
be	  around	  one	  mG	  (milligauss	  –	  the	  unit	  used	  to	  measure	  magnetic	  field	  strength),	  but	  can	  vary	  
considerably	  depending	  on	  a	  person’s	  exposure	  to	  EMF	  from	  household	  electrical	  devices	  and	  wiring.	  
The	  lowest	  exposure	  level	  that	  has	  been	  potentially	  associated	  with	  a	  health	  effect	  is	  three	  mG.	  	  	  
Measurements	  at	  three	  commercial	  PV	  arrays	  in	  Massachusetts	  demonstrated	  that	  their	  contributions	  
to	  off-‐site	  EMF	  exposures	  were	  low	  (less	  than	  0.5	  mG	  at	  the	  site	  boundary),	  which	  is	  consistent	  with	  the	  
drop	  off	  of	  EMF	  strength	  based	  on	  distance	  from	  the	  source.	  	  	  

More	  Information:	  	  Solar	  PV	  panels,	  inverters	  and	  other	  components	  that	  make	  up	  solar	  PV	  arrays	  
produce	  extremely	  low	  frequency	  EMF	  when	  generating	  and	  transmitting	  electricity.	  The	  extremely	  low	  
frequency	  EMF	  from	  PV	  arrays	  is	  the	  same	  as	  the	  EMF	  people	  are	  exposed	  to	  from	  household	  electrical	  
appliances,	  wiring	  in	  buildings,	  and	  power	  transmission	  lines	  (all	  at	  the	  power	  frequency	  of	  60	  hertz).	  
EMF	  produced	  by	  cell	  phones,	  radios	  and	  microwaves	  is	  at	  much	  higher	  frequencies	  (30,000	  hertz	  and	  
above).	  

Electric	  fields	  are	  present	  when	  a	  device	  is	  connected	  to	  a	  power	  source,	  but	  are	  shielded	  or	  blocked	  by	  
common	  materials,	  resulting	  in	  low	  potential	  for	  exposures.	  On	  the	  other	  hand,	  magnetic	  fields,	  which	  
are	  only	  generated	  when	  a	  device	  is	  turned	  on,	  are	  not	  easily	  shielded	  and	  pass	  through	  most	  objects,	  
resulting	  in	  greater	  potential	  for	  exposure.	  Both	  types	  of	  fields	  are	  strongest	  at	  the	  source	  and	  their	  
strength	  decreases	  rapidly	  as	  the	  distance	  from	  the	  source	  increases.	  For	  example,	  the	  magnetic	  field	  
from	  a	  vacuum	  cleaner	  six	  inches	  away	  from	  the	  motor	  is	  300	  mG	  and	  decreases	  to	  two	  mG	  three	  feet	  
away.	  People	  are	  exposed	  to	  EMF	  during	  normal	  use	  of	  electricity	  and	  exposure	  varies	  greatly	  over	  time,	  
depending	  on	  the	  distance	  to	  various	  household	  appliances	  and	  the	  length	  of	  time	  they	  are	  on.	  The	  daily	  
average	  background	  level	  of	  magnetic	  fields	  for	  US	  residents	  is	  one	  mG.	  

EMF	  from	  PV	  Arrays:	  Solar	  PV	  panels	  produce	  low	  levels	  of	  extremely	  low	  frequency	  (ELF)	  EMF,	  with	  
measured	  field	  strengths	  of	  less	  than	  one	  mG	  three	  inches	  from	  the	  panel.	  Solar	  PV	  power	  inverters,	  
transformers	  and	  conduits	  generate	  higher	  levels	  of	  ELF-‐EMF.	  The	  amount	  of	  ELF-‐EMF	  is	  proportional	  to	  
the	  electrical	  capacity	  of	  the	  inverter	  and	  is	  greater	  when	  more	  current	  (electricity)	  is	  flowing	  through	  a	  
power	  line.	  	  	  

In	  a	  study	  of	  two	  PV	  arrays	  (using	  10-‐20	  kW	  invertors)	  in	  Kerman	  and	  Davis,	  California,	  the	  magnetic	  field	  
was	  highest	  at	  the	  inverters	  and	  transformers,	  but	  decreased	  rapidly	  to	  less	  than	  one	  mG	  within	  50	  feet	  
of	  the	  units,	  well	  within	  the	  boundary	  of	  the	  PV	  array	  (Chang	  and	  Jennings	  1994).	  This	  data	  indicates	  
that	  extremely	  low	  frequency	  EMF	  field	  strengths	  at	  residences	  near	  systems	  of	  this	  size	  would	  be	  below	  
the	  typical	  levels	  experienced	  by	  most	  people	  at	  home.	  The	  highest	  extremely	  low	  frequency	  EMF	  (up	  to	  
1,050	  mG)	  was	  found	  next	  to	  an	  inverter	  unit	  at	  the	  point	  of	  entry	  of	  the	  electrical	  conduits.	  Even	  this	  
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value	  is	  less	  than	  the	  extremely	  low	  frequency	  EMF	  reported	  for	  some	  common	  household	  devices	  such	  
as	  an	  electric	  can	  opener	  with	  a	  maximum	  of	  1500	  mG	  at	  6	  inches.	  	  	  

In	  a	  recent	  study	  of	  three	  ground	  mounted	  PV	  arrays	  in	  Massachusetts,	  the	  above	  results	  were	  
confirmed.	  	  The	  PV	  arrays	  had	  a	  capacity	  range	  of	  1	  to	  3.5	  MW.	  	  Magnetic	  field	  levels	  along	  the	  PV	  array	  
site	  boundary	  were	  in	  the	  very	  low	  range	  of	  0.2	  to	  0.4	  mG.	  	  Magnetic	  fields	  at	  3	  to	  7	  feet	  from	  the	  
inverters	  ranged	  from	  500	  to	  150	  mG.	  	  At	  a	  distance	  of	  150	  feet	  from	  the	  inverters,	  these	  fields	  dropped	  
back	  to	  very	  low	  levels	  of	  0.5	  mG	  or	  less,	  and	  in	  many	  cases	  to	  much	  less	  than	  background	  levels	  (0.2	  
mG).	  

Potential	  Health	  Effects:	  	  Four	  research	  studies	  have	  reported	  an	  association	  between	  three	  to	  four	  mG	  
EMF	  exposure	  and	  childhood	  leukemia,	  while	  11	  other	  studies	  have	  not.	  These	  studies	  are	  inconsistent	  
and	  do	  not	  demonstrate	  a	  causal	  link	  that	  would	  trigger	  a	  World	  Health	  Organization	  (WHO)	  designation	  
of	  EMF	  as	  a	  possible	  carcinogen5.	  Studies	  looking	  at	  other	  cancers	  in	  humans	  and	  animals	  have	  not	  
found	  evidence	  of	  a	  link	  to	  residential	  ELF-‐EMF	  exposure.	  	  	  

Reference	  Exposure	  Levels:	  To	  protect	  the	  general	  public	  from	  health	  effects	  from	  short-‐term	  high	  level	  
magnetic	  fields,	  the	  International	  Commission	  on	  Non-‐Ionizing	  Radiation	  Protection	  (ICNIRP,	  2010)	  
advised	  an	  exposure	  limit	  for	  extremely	  low	  frequency	  magnetic	  fields	  at	  2000	  mG.	  ICNIRP	  determined	  
that	  the	  evidence	  on	  the	  impact	  of	  long-‐term	  exposure	  to	  low	  level	  magnetic	  fields	  was	  too	  uncertain	  to	  
use	  to	  set	  a	  guideline.	  Guidelines	  for	  the	  magnetic	  field	  allowed	  at	  the	  edge	  of	  transmission	  line	  right-‐of-‐
ways	  have	  been	  set	  at	  200	  mG	  by	  Florida	  and	  New	  York.	  Exposure	  to	  magnetic	  fields	  greater	  than	  1000	  
mG	  is	  not	  recommended	  for	  people	  with	  pacemakers	  or	  defibrillators	  (ACGIH,	  2001).	  	  

Resources:	  

American	  Conference	  of	  Government	  Industrial	  Hygienist	  (ACGIH).	  2001.	  as	  cited	  in	  NIEHS	  2002.	  

Chang,	  GJ	  and	  Jennings,	  C.	  1994.	  Magnetic	  field	  survey	  at	  PG&E	  photovoltaic	  sites.	  PG&E	  R&D	  Report	  
007.5-‐94-‐6.	  	  	  

Electric	  Power	  Research	  Institute	  (EPRI).	  2012.	  EMF	  and	  your	  health.	  
http://my.epri.com/portal/server.pt?Abstract_id=000000000001023105.	  	  

International	  Commission	  on	  Non-‐Ionizing	  Radiation	  Protection	  (ICNIRP).	  2010.	  ICNIRP	  Guidelines	  for	  
limiting	  exposure	  to	  time-‐varying	  electric	  and	  magnetic	  fields	  (1	  Hz	  –	  100kHz).	  Health	  Physics	  99(6):818-‐
836.	  

National	  Cancer	  Institute	  (NCI).	  2005.	  Magnetic	  Field	  Exposure	  and	  Cancer:	  Questions	  and	  Answers.	  	  U.S.	  
Department	  of	  Health	  and	  Human	  Services,	  National	  Institutes	  of	  Health.	  Available	  
http://www.cancer.gov/cancertopics/factsheet/Risk/magnetic-‐fields,	  accessed	  May	  14,	  2012.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5	  WHO	  has	  designated	  ELF-‐EMF	  as	  a	  possible	  carcinogen.	  The	  use	  of	  the	  label	  “possible	  carcinogen”	  indicates	  that	  
there	  is	  not	  enough	  evidence	  to	  designate	  ELF-‐EMF	  as	  a	  “probable	  carcinogen	  “or	  “human	  carcinogen,”	  the	  two	  
indicators	  of	  higher	  potential	  for	  being	  carcinogenic	  in	  humans.	  
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National	  Institute	  of	  Environmental	  Health	  Science	  (NIEHS)	  2002.	  Electric	  and	  Magnetic	  Fields	  Associated	  
with	  the	  Use	  of	  Electric	  Power:	  Questions	  and	  Answers.	  Available	  
http://www.niehs.nih.gov/health/assets/docs_p_z/results_of_emf_research_emf_questions_answers_b
ooklet.pdf,	  accessed	  May	  11,	  2012.	  

National	  Institute	  of	  Environmental	  Health	  Science	  (NIEHS)	  web	  page	  on	  EMF.	  Available	  
http://www.niehs.nih.gov/health/topics/agents/emf/,	  accessed	  May	  11,	  2012.	  

Oregon	  Department	  of	  Transportation	  (Oregon	  DOT).	  Scaling	  public	  concerns	  of	  electromagnetic	  fields	  
produced	  by	  solar	  photovoltaic	  arrays.	  Produced	  by	  Good	  Company	  for	  ODOT	  for	  the	  West	  Linn	  Solar	  
Highway	  Project.	  Available	  www.oregon.gov/ODOT/HWY/OIPP/docs/emfconcerns.pdf.	  

World	  Health	  Organization	  (WHO).	  2007.	  Electromagnetic	  fields	  and	  public	  health:	  Exposure	  to	  
extremely	  low	  frequency	  fields.	  Fact	  sheet	  N°322.	  June	  2007.	  Available	  
http://www.who.int/mediacentre/factsheets/fs322/en/index.html,	  accessed	  May	  16,	  2012.	  This	  fact	  
sheet	  provides	  a	  short	  summary	  of	  the	  in-‐depth	  review	  documented	  in	  the	  WHO	  2007,	  Environmental	  
Health	  Criteria	  238.	  Available	  http://www.who.int/peh-‐emf/publications/elf_ehc/en/index.html.	  
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Property	  Values	  

Question:	  How	  do	  ground-‐mounted	  solar	  PV	  arrays	  adjacent	  to	  residential	  neighborhoods	  influence	  the	  
property	  values	  in	  those	  neighborhoods?	  

Bottom	  Line:	  No	  research	  was	  found	  specific	  to	  ground-‐mounted	  solar	  PV	  and	  property	  values.	  	  
Residential	  property	  value	  research	  on	  roof-‐mounted	  solar	  PV	  and	  wind	  turbines	  illustrates	  no	  evidence	  
of	  devaluation	  of	  homes	  in	  the	  area.	  Municipalities	  that	  adopt	  zoning	  for	  solar	  facilities	  may	  want	  to	  
consider	  encouraging	  project	  developers	  to	  include	  screening	  vegetation	  along	  site	  borders	  to	  minimize	  
visual	  impacts	  on	  surrounding	  neighborhoods.	  

More	  Information:	  A	  review	  of	  literature	  nationwide	  shows	  little	  evidence	  that	  solar	  arrays	  influence	  
nearby	  property	  values.	  An	  analysis	  focused	  on	  roof-‐mounted	  solar	  PV	  done	  by	  the	  U.S.	  Department	  of	  
Energy	  Lawrence	  Berkeley	  National	  Laboratory	  concludes	  that	  household	  solar	  installation	  actually	  
increases	  home	  property	  values.	  This	  research	  analyzes	  a	  large	  dataset	  of	  California	  homes	  that	  sold	  
from	  2000	  through	  mid-‐2009	  with	  PV	  installed.	  Across	  a	  large	  number	  of	  repeat	  sales	  model	  
specifications	  and	  robustness	  tests,	  the	  analysis	  finds	  strong	  evidence	  that	  California	  homes	  with	  PV	  
systems	  have	  sold	  for	  a	  premium	  over	  comparable	  homes	  without	  PV	  systems.	  	  

Resources:	  

An	  Analysis	  of	  the	  Effects	  of	  Residential	  Photovoltaic	  Energy	  Systems	  on	  Home	  Sales	  Prices	  in	  California	  
http://emp.lbl.gov/sites/all/files/lbnl-‐4476e.pdf	  
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Public	  Safety	  (including	  fires)	  

Question:	  What	  public	  safety	  issues	  arise	  from	  people’s	  (including	  children)	  access	  to	  areas	  where	  solar	  
arrays	  are	  installed?	  	  Can	  electrical	  and	  other	  equipment	  associated	  with	  solar	  projects	  cause	  electrical	  
fires?	  

Bottom	  Line:	  Large-‐scale	  ground-‐mounted	  arrays	  are	  typically	  enclosed	  by	  fencing.	  This	  prevents	  
children	  and	  the	  general	  public	  from	  coming	  into	  contact	  with	  the	  installations,	  thus	  preventing	  unsafe	  
situations.	  The	  National	  Electric	  Code	  has	  mandatory	  requirements	  to	  promote	  the	  electrical	  safety	  of	  
solar	  PV	  arrays.	  Emergency	  personnel	  responding	  to	  potential	  emergencies	  at	  a	  solar	  PV	  site	  face	  the	  
most	  risk,	  but	  the	  solar	  industry	  and	  firefighters	  provide	  training	  and	  education	  for	  emergency	  
personnel	  to	  ensure	  that	  the	  proper	  safety	  precautions	  are	  taken.	  	  	  

More	  Information:	  The	  National	  Electric	  Code	  has	  mandatory	  requirements	  for	  the	  electrical	  safety	  of	  
solar	  PV	  arrays.	  	  To	  protect	  against	  intruders,	  Article	  690	  of	  the	  National	  Electric	  Code	  covers	  the	  safety	  
standards	  for	  solar	  PV	  installation	  and	  requires	  that	  conductors	  installed	  as	  part	  of	  solar	  PV	  be	  “not	  
readily	  accessible”.	  With	  a	  large-‐scale	  ground-‐mounted	  array,	  a	  fence	  is	  typically	  installed	  around	  the	  
system	  to	  prevent	  intruders.	  Some	  communities	  have	  solar	  PV	  or	  signage	  by-‐laws	  that	  require	  
identification	  of	  the	  system	  owner	  and	  24-‐hour	  emergency	  contact	  information.	  	  

DOER’s	  Model	  by-‐Law/ordinance	  requires	  owners	  of	  solar	  PV	  facilities	  to	  provide	  a	  copy	  of	  the	  project	  
summary,	  electrical	  schematic,	  and	  site	  plan	  to	  the	  local	  fire	  chief,	  who	  can	  then	  work	  with	  the	  owner	  
and	  local	  emergency	  services	  to	  develop	  an	  emergency	  response	  plan.	  

These	  measures	  can	  be	  combined	  with	  products	  to	  prevent	  theft	  of	  the	  panels.	  	  Some	  are	  very	  low	  cost	  
options	  (fastener	  type)	  while	  there	  are	  other	  options	  that	  are	  more	  expensive	  (alarm	  system	  type)	  but	  
also	  more	  effective.	  	  The	  biggest	  potential	  risk	  associated	  with	  solar	  PV	  systems	  is	  the	  risk	  of	  shock	  or	  
electrocution	  for	  firefighters	  and	  other	  emergency	  responders	  who	  could	  come	  in	  contact	  with	  high	  
voltage	  conductors.	  	  A	  2010	  study	  on	  firefighter	  safety	  and	  emergency	  response	  for	  solar	  PV	  systems	  by	  
the	  Fire	  Protection	  Research	  Foundation,	  based	  in	  Quincy,	  Massachusetts,	  recommended	  steps	  
firefighters	  can	  take	  when	  dealing	  with	  wiring	  and	  other	  components	  that	  may	  be	  energized.	  	  The	  Solar	  
Energy	  Business	  Association	  of	  New	  England	  (SEBANE)	  has	  been	  working	  to	  provide	  training	  and	  
education	  to	  first-‐responders	  to	  identify	  and	  avoid	  potential	  hazards	  when	  responding	  to	  a	  solar	  PV	  fire.	  	  	  

For	  more	  information	  about	  toxics/fires,	  see	  the	  Hazardous	  Materials	  Section.	  

Resources:	  

Moskowitz,	  P.D.	  and	  Fthenakis,	  V.M.,	  Toxic	  Materials	  Released	  from	  Photovoltaic	  Modules	  During	  Fires:	  
Health	  Risks,	  Solar	  Cells,	  29,	  63-‐71,	  1990.	  21.	  	  	  

Solar	  America	  Board	  for	  Codes	  and	  Standards	  
http://www.solarabcs.org/about/publications/reports/blindspot/pdfs/BlindSpot.pdf	  
	  
Fire	  Fighter	  Safety	  and	  Emergency	  Response	  for	  Solar	  Power	  Systems:	  Final	  Report,	  May	  2010.	  	  Prepared	  
by	  The	  Fire	  Protection	  Research	  Foundation	  
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National	  Electric	  Code	  Article	  250:	  Grounding	  and	  Bonding,	  Article	  300:	  Wiring	  Methods,	  Article	  690	  
Solar	  PV	  Systems,	  Article	  705	  Interconnected	  Electric	  Power	  Production	  Sources	  
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Historic	  Preservation	  

The	  Question:	  	  What	  are	  the	  appropriate	  standards	  when	  land	  with	  historical	  or	  archaeological	  
significance	  is	  developed	  for	  large-‐scale	  solar	  PV	  arrays?	  

Bottom	  Line:	  Parties	  undertaking	  solar	  PV	  projects	  with	  state	  or	  federal	  agency	  involvement	  must	  
provide	  the	  Massachusetts	  Historical	  Commission	  (MHC)	  with	  complete	  project	  information	  as	  early	  as	  
possible	  in	  the	  planning	  stage,	  by	  mail	  to	  the	  MHC’s	  office	  (see	  Resources).	  Parties	  should	  also	  contact	  
local	  planning,	  historical	  or	  historic	  district	  commissions	  to	  learn	  about	  any	  required	  local	  approvals.	  	  
Municipalities	  should	  also	  take	  the	  presence	  of	  historic	  resources	  into	  account	  when	  establishing	  zoning	  
regulations	  for	  solar	  energy	  facilities	  in	  order	  to	  avoid	  or	  minimize	  impacts.	  

More	  Information:	  Land	  being	  evaluated	  for	  the	  siting	  of	  large-‐scale	  solar	  PV	  has	  historical	  or	  
archaeological	  significance	  including	  properties	  listed	  in	  the	  National	  or	  State	  Registers	  of	  Historic	  Places	  
and/or	  the	  Inventory	  of	  Historic	  and	  Archaeological	  Assets	  of	  the	  Commonwealth.	  	  	  

Federal	  and	  state	  laws	  require	  that	  any	  new	  construction,	  demolition	  or	  rehabilitation	  projects	  
(including	  new	  construction	  of	  solar	  PV)	  that	  propose	  to	  use	  funding,	  licenses	  or	  permits	  from	  federal	  or	  
state	  government	  agencies	  must	  be	  reviewed	  by	  the	  MHC	  so	  that	  feasible	  alternatives	  are	  developed	  
and	  implemented	  to	  avoid	  or	  mitigate	  any	  adverse	  effects	  to	  historic	  and	  archaeological	  properties.	  
Projects	  receiving	  federal	  funding,	  licenses	  or	  permits	  are	  reviewed	  by	  the	  involved	  federal	  agency	  in	  
consultation	  with	  the	  MHC	  and	  other	  parties	  in	  compliance	  with	  Section	  106	  of	  the	  National	  Historic	  
Preservation	  Act	  of	  1966	  (16	  U.S.C.	  470f)	  and	  the	  implementing	  regulations	  (36	  CFR	  800)	  in	  order	  to	  
reach	  agreement	  to	  resolve	  any	  adverse	  effects.	  Projects	  receiving	  state	  funding,	  licenses	  or	  permits	  
must	  notify	  the	  MHC	  in	  compliance	  with	  M.G.L.	  c.	  9,	  ss.	  26-‐27C	  and	  the	  implementing	  regulations	  950	  
CMR	  71.	  If	  the	  MHC	  determines	  that	  the	  project	  will	  have	  an	  adverse	  effect,	  the	  involved	  state	  agency,	  
the	  project	  proponent,	  the	  local	  historical	  preservation	  agencies,	  and	  other	  interested	  parties	  consult	  to	  
reach	  an	  agreement	  that	  outlines	  measures	  to	  be	  implemented	  to	  avoid,	  minimize,	  or	  mitigate	  adverse	  
effects.	  For	  projects	  with	  both	  federal	  and	  state	  agency	  involvement,	  the	  Section	  106	  process	  is	  used.	  	  

Some	  communities	  have	  local	  preservation	  ordinances	  or	  established	  local	  historic	  districts	  that	  require	  
local	  approval	  for	  new	  construction	  visible	  from	  a	  public	  way.	  Local	  historic	  district	  commissions	  have	  
adopted	  design	  guidelines	  for	  new	  construction	  within	  their	  historic	  districts	  and	  historic	  
neighborhoods.	  	  However,	  these	  guidelines	  must	  account	  for	  Chapter	  40C	  Section	  7	  of	  the	  General	  Laws,	  
which	  requires	  a	  historic	  district	  commission	  to	  consider	  the	  policy	  of	  the	  Commonwealth	  to	  encourage	  
the	  use	  of	  solar	  energy	  systems	  and	  to	  protect	  solar	  access.	  

Resources:	  

Federal	  Agency	  Assisted	  Projects:	  

Section	  106	  review	  information	  and	  the	  federal	  regulations	  36	  CFR	  800	  are	  available	  at	  the	  Advisory	  
Council	  on	  Historic	  Preservation	  (ACHP)	  web	  site:	  www.achp.gov.	  Check	  with	  the	  involved	  federal	  
agency	  for	  how	  they	  propose	  to	  initiate	  the	  MHC	  notification	  required	  by	  36	  CFR	  800.3.	  	  

State	  Agency	  Assisted	  Projects:	  
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Massachusetts	  General	  Laws	  Chapter	  9,	  sections	  26-‐27C	  

MHC	  Regulations	  950	  CMR	  71	  (available	  from	  the	  State	  House	  Bookstore)	  	  	  

MHC	  Review	  &	  Compliance	  FAQs	  http://www.sec.state.ma.us/mhc/mhcrevcom/revcomidx.htm	  

MHC	  Project	  Notification	  Form	  (PNF)	  &	  Guidance	  for	  Completing	  the	  PNF	  and	  required	  attachments	  
(USGS	  locus	  map,	  project	  plans,	  current	  photographs	  keyed	  to	  the	  plan).	  Mail	  or	  deliver	  the	  complete	  
project	  information	  to	  the	  MHC’s	  office:	  	  http://www.sec.state.ma.us/mhc/mhcform/formidx.htm	  

General	  Guidance	  about	  Designing	  Solar	  PV	  Projects	  on	  Historic	  Buildings	  and	  in	  Historic	  Areas:	  
http://www.nrel.gov/docs/fy11osti/51297.pdf	  
	  
	   	  



18	  
	  

Noise	  

Question:	  Do	  the	  inverters,	  transformers	  or	  other	  equipment	  used	  as	  part	  of	  ground-‐mounted	  solar	  PV	  
create	  noise	  that	  will	  impact	  the	  surrounding	  neighborhood?	  

Bottom	  Line:	  Ground-‐mounted	  solar	  PV	  array	  inverters	  and	  transformers	  make	  a	  humming	  noise	  during	  
daytime,	  when	  the	  array	  generates	  electricity.	  	  At	  50	  to	  150	  feet	  from	  the	  boundary	  of	  the	  arrays,	  any	  
sound	  from	  the	  inverters	  is	  inaudible.	  	  Parties	  that	  are	  planning	  and	  designing	  ground-‐mounted	  solar	  PV	  
should	  explore	  options	  to	  minimize	  noise	  impacts	  to	  surrounding	  areas.	  This	  could	  include	  conducting	  
pre-‐construction	  sound	  studies,	  evaluating	  where	  to	  place	  transformers,	  and	  undertaking	  appropriate	  
noise	  mitigation	  measures.	  	  	  

More	  Information:	  Most	  typically,	  the	  source	  of	  noise	  associated	  with	  ground-‐mounted	  solar	  PV	  comes	  
from	  inverters	  and	  transformers.	  There	  also	  may	  be	  some	  minimal	  noise	  from	  switching	  gear	  associated	  
with	  power	  substations.	  	  The	  crackling	  or	  hissing	  sound	  caused	  by	  high-‐voltage	  transmission	  lines	  (the	  
“Corona	  Effect”)	  is	  not	  a	  concern	  in	  the	  case	  of	  solar	  PV,	  which	  uses	  lower	  voltage	  lines.	  

Parties	  siting	  ground-‐mounted	  solar	  PV	  projects	  should	  consult	  equipment	  manufacturers	  to	  obtain	  
information	  about	  sound	  that	  can	  be	  expected	  from	  electrical	  equipment,	  since	  this	  can	  vary.	  For	  
example,	  according	  to	  manufacturer’s	  information,	  a	  SatCon	  Powergate	  Plus	  1	  MW	  Commercial	  Solar	  PV	  
Inverter	  has	  an	  unshielded	  noise	  rating	  of	  65	  decibels	  (dBA)	  at	  five	  feet.	  This	  is	  approximately	  the	  sound	  
equivalent	  of	  having	  a	  normal	  conversation	  with	  someone	  three	  feet	  away.	  Another	  source	  of	  
information	  is	  the	  National	  Electrical	  Manufacturers	  Association	  (NEMA)	  standards,	  which	  will	  provide	  
maximum	  sound	  levels	  from	  various	  equipment	  arrays.	  	  From	  NEMA,	  a	  large	  dry-‐type	  transformer	  
(2001-‐3333	  kVA)	  that	  is	  forced	  air	  cooled	  and	  ventilated	  has	  an	  average	  sound	  level	  of	  71	  dBA,	  which	  is	  
approximately	  the	  sound	  level	  one	  would	  expect	  from	  a	  vacuum	  cleaner	  at	  ten	  feet.	  There	  may	  be	  
several	  such	  units	  on	  a	  substantially	  sized	  PV	  site,	  which	  would	  increase	  the	  sound	  level	  to	  some	  degree.	  	  

Sound	  impacts	  from	  electrical	  equipment	  can	  be	  modeled	  to	  the	  property	  line	  or	  nearest	  sensitive	  
receptor	  (residence).	  Sound	  impacts	  can	  be	  mitigated	  with	  the	  use	  of	  enclosures,	  shielding	  and	  careful	  
placement	  of	  the	  sound-‐generating	  equipment	  on-‐site.	  The	  rule	  of	  thumb	  for	  siting	  noise-‐generating	  
equipment	  is	  that	  the	  sound	  impact	  can	  be	  reduced	  by	  half	  by	  doubling	  the	  distance	  to	  the	  receptor.	  

In	  some	  areas	  both	  in	  the	  US	  and	  Canada,	  sound	  impact	  analysis	  is	  required	  as	  part	  of	  the	  permitting	  
process	  for	  large	  PV	  systems.	  For	  example,	  in	  the	  Province	  of	  Ontario,	  Canada,	  any	  project	  greater	  than	  
12	  MW	  is	  required	  to	  perform	  a	  sound	  impact	  analysis	  (Ontario	  359/09).	  California	  also	  requires	  a	  sound	  
impact	  analysis	  for	  large	  PV	  projects.	  Massachusetts	  currently	  has	  no	  such	  requirement,	  but	  the	  reader	  
should	  note	  that	  ground-‐mounted	  systems	  in	  Massachusetts	  very	  rarely	  go	  over	  6	  MW,	  which	  is	  half	  the	  
size	  of	  the	  12	  MW	  that	  triggers	  a	  sound	  analysis	  in	  Ontario.	  

A	  recent	  study	  measured	  noise	  levels	  at	  set	  distances	  from	  the	  inverters	  and	  from	  the	  outer	  boundary	  of	  
three	  ground-‐mounted	  PV	  arrays	  in	  Massachusetts	  with	  a	  capacity	  range	  of	  1	  to	  3.5	  MW.	  	  Close	  to	  the	  
inverters	  (10	  feet),	  sound	  levels	  varied	  from	  an	  average	  of	  55	  dBA	  to	  65	  dBA.	  	  Sound	  levels	  along	  the	  
fenced	  boundary	  of	  the	  PV	  arrays	  were	  generally	  at	  background	  levels,	  though	  a	  faint	  inverter	  hum	  
could	  be	  heard	  at	  some	  locations.	  	  Any	  sound	  from	  the	  PV	  array	  and	  equipment	  was	  inaudible	  and	  
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sound	  levels	  were	  at	  background	  levels	  at	  setback	  distances	  of	  50	  to	  150	  feet	  from	  the	  boundary.	  	  
Project	  developers	  should	  consult	  with	  local	  planning	  and	  zoning	  officials	  to	  determine	  if	  local	  noise	  
ordinances	  may	  be	  applicable.	  Many	  local	  noise	  ordinances	  establish	  absolute	  limits	  on	  project	  impact	  
noise	  (such	  as	  a	  40	  dBA	  nighttime	  limit).	  In	  these	  communities,	  a	  noise	  impact	  assessment	  may	  be	  
required.	  	  

Resources:	  	  	  

NEMA	  Standards	  Publication	  No.	  TR=1-‐1993(R2000),	  Transformers,	  Regulators	  and	  Reactors	  

Noise	  Assessment:	  Borrego	  1	  Solar	  Project,	  MUP	  3300-‐10-‐26	  Prepared	  by	  Ldn	  Consulting,	  Inc,	  Fallbrook,	  
CA.	  January	  14,	  2011	  

Ontario	  Regulation	  359/09	  Renewable	  Energy	  Approval	  (REA)	  Regulation,	  Ontario	  Ministry	  of	  the	  
Environment,	  Canada	  http://www.ontario.ca/environment-‐and-‐energy/renewable-‐energy-‐approvals	  

Tech	  Environmental,	  Study	  of	  Acoustic	  and	  EMF	  levels	  from	  Solar	  Photovoltaic	  Projects,	  Prepared	  for	  the	  
Massachusetts	  Clean	  Energy	  Center,	  December	  2012,	  
http://images.masscec.com/uploads/attachments/Create%20Basic%20page/Study_of_Acoustic_and_E
MF_Levels_from_Solar_Photovoltaic_Projects.pdf	  
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Water-‐Related	  Impacts	  	  

Question:	  Can	  chemicals	  that	  might	  be	  contained	  in	  solar	  PV	  threaten	  public	  drinking	  water	  systems?	  	  
Will	  flooding	  occur	  in	  cases	  where	  trees	  must	  be	  removed	  in	  order	  to	  install	  the	  solar	  arrays?	  How	  do	  we	  
ensure	  that	  wetland	  resources	  are	  protected?	  

Bottom	  Line:	  Rules	  are	  in	  place	  to	  ensure	  that	  ground-‐mounted	  solar	  arrays	  are	  installed	  in	  a	  ways	  that	  
protect	  public	  water	  supplies,	  wetlands,	  and	  other	  water	  resource	  areas.	  	  All	  solar	  panels	  are	  contained	  
in	  a	  solid	  matrix,	  are	  insoluble	  and	  are	  enclosed.	  	  Therefore,	  releases	  are	  not	  a	  concern.	  

More	  Information:	  	  Because	  trees	  offer	  multiple	  water	  management,	  cooling	  and	  climate	  benefits,	  
clear-‐cutting	  of	  trees	  for	  the	  installation	  of	  ground-‐mounted	  solar	  PV	  is	  discouraged.	  For	  projects	  that	  do	  
propose	  to	  alter	  trees,	  the	  Massachusetts	  Environmental	  Policy	  Act	  (MEPA)	  has	  thresholds	  for	  the	  
proposed	  alteration	  of	  a	  certain	  number	  of	  acres	  of	  land,	  the	  size	  of	  electrical	  facilities,	  and	  other	  criteria	  
that	  trigger	  state	  review	  of	  proposed	  projects.	  	  Clear	  cutting	  of	  trees	  and	  other	  aspects	  of	  proposed	  
projects	  would	  be	  reviewed	  through	  an	  Environmental	  Notification	  Form/Environmental	  Impact	  
Statement	  if	  thresholds	  are	  triggered.	  More	  information	  is	  available	  at:	  	  

MassDEP	  has	  determined	  that	  the	  installation	  of	  solar	  arrays	  can	  be	  compatible	  with	  the	  operation	  and	  
protection	  of	  public	  drinking	  water	  systems.	  This	  includes	  the	  installation	  of	  solar	  arrays	  within	  the	  Zone	  
I,	  which	  is	  a	  400-‐foot	  protective	  radius	  around	  a	  public	  ground	  water	  well.	  Solar	  projects	  proposed	  on	  
lands	  owned	  by	  public	  water	  systems	  outside	  the	  Zone	  I	  may	  be	  approved	  subject	  to	  standard	  best	  
management	  practices,	  such	  as	  the	  proper	  labeling,	  storage,	  use,	  and	  disposal	  of	  products.	  MassDEP	  has	  
a	  guidance/review	  process	  in	  place	  to	  ensure	  that	  the	  installation	  of	  ground-‐mounted	  solar	  PV	  in	  these	  
areas	  protects	  public	  water	  supplies.	  

Installing	  solar	  arrays	  on	  undeveloped	  land	  can	  preserve	  the	  permeable	  nature	  of	  the	  land	  surface	  
provided	  the	  project	  design	  minimizes	  disturbance	  to	  natural	  vegetative	  cover,	  avoids	  concentrated	  
runoff,	  and	  precipitation	  is	  otherwise	  recharged	  into	  the	  ground	  to	  the	  greatest	  extent	  practicable.	  	  
Storm	  water	  flow,	  as	  well	  as	  information	  about	  site-‐specific	  soils	  and	  slope,	  is	  taken	  into	  account	  during	  
the	  design	  and	  installation	  of	  solar	  arrays.	  	  	  	  	  

MassDEP	  discourages	  installation	  of	  ground-‐mounted	  solar	  PV	  systems	  in	  wetland	  areas,	  including	  
riverfront	  locations.	  Solar	  projects	  within	  wetland	  areas	  are	  unlikely	  to	  comply	  with	  the	  performance	  
standards	  in	  the	  Wetlands	  Protection	  Act	  regulations.	  If	  a	  solar	  installation	  is	  proposed	  in	  a	  wetland,	  a	  
riverfront	  area,	  a	  floodplain,	  or	  within	  100	  feet	  of	  certain	  wetlands,	  the	  project	  proponent	  must	  file	  a	  
notice	  of	  intent	  (or	  application	  to	  work	  in	  wetland	  areas)	  with	  the	  local	  Conservation	  Commission,	  which	  
administers	  the	  Wetlands	  Protection	  Act	  at	  the	  municipal	  level.	  Copies	  should	  also	  go	  to	  MassDEP.	  Solar	  
installations	  may	  be	  sited	  near,	  but	  outside	  of	  wetlands,	  in	  a	  manner	  that	  protects	  the	  functions	  of	  
wetlands	  and	  that	  minimizes	  impacts	  from	  associated	  activities	  such	  as	  access	  and	  maintenance.	  	  
Ancillary	  structures	  related	  to	  construction	  of	  a	  solar	  installation	  or	  transmission	  of	  power	  may	  be	  
permitted	  to	  cross	  rivers	  and	  streams	  using	  best	  design	  and	  management	  practices.	  	  
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Resources:	  	  	  

More	  information	  about	  the	  Wetlands	  Protection	  Act	  requirements	  may	  be	  found	  in	  the	  implementing	  
regulations	  at	  310	  CMR	  10.00:	  http://www.mass.gov/eea/agencies/massdep/water/regulations/310-‐
cmr-‐10-‐00-‐wetlands-‐protection-‐act-‐regulations.html	  

MassDEP	  Guidance	  for	  Siting	  Wind	  and	  Solar	  in	  Public	  Water	  Supply	  Land:	  
http://www.mass.gov/eea/agencies/massdep/water/regulations/wind-‐and-‐solar-‐energy-‐project-‐on-‐
public-‐water-‐supply-‐land.html	  

MassDEP	  Chapter	  91	  Guidance	  for	  Renewable	  Energy	  Projects:	  
http://www.mass.gov/eea/agencies/massdep/water/reports/chapter-‐91-‐licensing-‐and-‐renewable-‐
energy.html	  
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Glare	  

Question:	  How	  important	  is	  reflectivity	  and	  potential	  visual	  impacts	  from	  solar	  projects,	  especially	  near	  
airports?	  

Bottom	  Line:	  Solar	  panels	  are	  designed	  to	  reflect	  only	  about	  2	  percent	  of	  incoming	  light,	  so	  issues	  with	  
glare	  from	  PV	  panels	  are	  rare.	  	  Pre-‐construction	  modeling	  can	  ensure	  that	  the	  placement	  of	  solar	  panels	  
prevents	  glare.	  

More	  Information:	  	  Solar	  panels	  are	  designed	  to	  absorb	  solar	  energy	  and	  convert	  it	  into	  electricity.	  Most	  
are	  designed	  with	  anti-‐reflective	  glass	  front	  surfaces	  to	  capture	  and	  retain	  as	  much	  of	  the	  solar	  
spectrum	  as	  possible.	  Solar	  module	  glass	  has	  less	  reflectivity	  than	  water	  or	  window	  glass.	  Typical	  panels	  
are	  designed	  to	  reflect	  only	  about	  2	  percent	  of	  incoming	  sunlight.	  Reflected	  light	  from	  solar	  panels	  will	  
have	  a	  significantly	  lower	  intensity	  than	  glare	  from	  direct	  sunlight.	  	  
	  
An	  analysis	  of	  a	  proposed	  25-‐degree	  fixed-‐tilt	  flat-‐plate	  polycrystalline	  PV	  system	  located	  outside	  of	  Las	  
Vegas,	  Nevada	  showed	  that	  the	  potential	  for	  hazardous	  glare	  from	  flat-‐plate	  PV	  systems	  is	  similar	  to	  
that	  of	  smooth	  water	  and	  not	  expected	  to	  be	  a	  hazard	  to	  air	  navigation.	  

Many	  projects	  throughout	  the	  US	  and	  the	  world	  have	  been	  installed	  near	  airports	  with	  no	  impact	  on	  
flight	  operations.	  United	  Kingdom	  and	  U.S.	  aircraft	  accident	  databases	  contain	  no	  cases	  of	  accidents	  in	  
which	  glare	  caused	  by	  a	  solar	  energy	  facility	  was	  cited	  as	  a	  factor.	  
	  
When	  siting	  solar	  PV	  arrays	  pre-‐construction	  modeling	  can	  ensure	  the	  panels	  are	  placed	  in	  a	  way	  that	  
minimizes	  any	  potential	  glare	  to	  surrounding	  areas.	  	  	  
	  
Resources:	  
	  
Technical	  Guidance	  for	  Evaluating	  Selected	  Solar	  Technologies	  on	  Airports,	  Federal	  Aviation	  
Administration,	  November	  2010	  (currently	  under	  review), 
http://www.faa.gov/airports/environmental/policy_guidance/media/airport_solar_guide.pdf	  

A	  Study	  of	  the	  Hazardous	  Glare	  Potential	  to	  Aviators	  from	  Utility-‐Scale	  Flat-‐Plate	  Photovoltaic	  Systems,	  
Black	  &	  Veatch	  Corporation,	  August	  2011,	  http://www.isrn.com/journals/re/2011/651857/	  

Solar	  Photovoltaic	  Energy	  Facilities,	  Assessment	  of	  Potential	  Impact	  on	  Aviation,	  Spaven	  Consulting,	  
January	  2011:	  http://www.solarchoice.net.au/blog/solar-‐panels-‐near-‐airports-‐glare-‐issue/	  
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Endangered	  Species	  and	  Natural	  Heritage	  

Question:	  Who	  ensures	  that	  rare	  animal	  and	  plant	  species	  and	  their	  habitats	  are	  not	  displaced	  or	  
destroyed	  during	  the	  construction	  of	  ground-‐mounted	  solar	  PV?	  

Bottom	  Line:	  Rules	  are	  in	  place	  to	  ensure	  that	  the	  installation	  of	  ground-‐mounted	  solar	  arrays	  protects	  
state-‐listed	  rare	  species	  and	  animals	  and	  plants.	  	  Project	  proponents	  can	  check	  with	  the	  local	  
Conservation	  Commission	  to	  determine	  if	  the	  footprint	  of	  the	  solar	  PV	  project	  lies	  within	  a	  rare	  species	  
habtat.	  

More	  Information:	  	  The	  Massachusetts	  Natural	  Heritage	  and	  Endangered	  Species	  Program	  (NEHSP)	  was	  
created	  under	  the	  Massachusetts	  Endangered	  Species	  Act	  (MESA)	  and	  is	  responsible	  for	  protecting	  rare	  
animal	  and	  plant	  species	  and	  their	  habitats	  from	  being	  displaced	  or	  destroyed.	  	  Specifically,	  NEHSP	  
reviews	  projects	  proposed	  for:	  

• Priority	  Habitats:	  	  These	  are	  areas	  known	  to	  be	  populated	  by	  state-‐listed	  rare	  species	  of	  animals	  or	  
plants.	  	  Any	  project	  that	  could	  result	  in	  the	  alteration	  of	  more	  than	  two	  acres	  of	  Priority	  Habitat	  is	  
subject	  to	  NHESP	  regulatory	  review.	  	  Projects	  will	  need	  to	  file	  a	  MESA	  Information	  Request	  Form,	  
along	  with	  a	  project	  plan,	  a	  U.S.	  Geological	  Survey	  (USGS)	  topographical	  map	  of	  the	  site,	  and	  a	  $50	  
processing	  fee.	  	  NHESP	  will	  let	  project	  administrators	  know	  within	  30	  days	  if	  the	  filing	  is	  complete,	  
then	  will	  determine	  within	  the	  next	  60	  days	  whether	  the	  project,	  as	  proposed,	  would	  result	  in	  a	  
“take”	  of	  state-‐listed	  rare	  species	  that	  might	  require	  the	  project	  to	  redesign,	  scale	  down,	  or	  abandon	  
its	  plan.	  	  	  

• Estimated	  Habitats:	  	  These	  are	  a	  	  sub-‐set	  of	  Priority	  Habitats	  that	  are	  based	  on	  the	  geographical	  
range	  of	  state-‐listed	  rare	  wildlife	  –	  particularly	  animals	  that	  live	  in	  and	  around	  wetlands.	  	  If	  the	  
project	  is	  proposed	  for	  one	  of	  these	  areas	  and	  the	  local	  Conservation	  Commission	  requires	  filing	  a	  
Notice	  of	  Intent	  (NOI)	  under	  the	  Wetlands	  Protection	  Act,	  the	  project	  will	  need	  to	  submit	  copies	  of	  
the	  NOI,	  project	  plans	  and	  a	  U.S.	  Geological	  Survey	  (USGS)	  topographical	  map	  to	  NHESP.	  	  Within	  30	  
days	  of	  receiving	  this	  information,	  NHESP	  will	  send	  its	  comments	  to	  the	  Conservation	  Commission,	  
with	  copies	  to	  the	  project	  administrator,	  project	  consultants,	  and	  the	  Department	  of	  Environmental	  
Protection	  (MassDEP).	  

Resources:	  
	  
To	  learn	  more	  about	  the	  NHESP	  review	  process	  and	  download	  a	  MESA	  Information	  Request	  Form,	  visit:	  	  
http://www.mass.gov/eea/agencies/dfg/dfw/natural-‐heritage/regulatory-‐review/mass-‐endangered-‐
species-‐act-‐mesa/	  
	  
For	  list	  of	  rare	  animal	  and	  plant	  species	  in	  Massachusetts,	  visit:	  
http://www.mass.gov/eea/agencies/dfg/dfw/natural-‐heritage/species-‐information-‐and-‐
conservation/mesa-‐list/list-‐of-‐rare-‐species-‐in-‐massachusetts.html	  
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The truth about solar energy and the proposed 
West Gardner Solar Project

Myth:
This solar project will significantly impact the 
environment and drive away wildlife.

Reality:
This solar project will work in harmony with 
the environment. It will not impact hunting or 
recreation on neighboring lands and is 
designed to minimize any impact to local 
wildlife. In fact, of all forms of energy 
generation, solar energy has among the 
lowest impacts as it emits no air or water 
pollution, requires no drilling or mining for 
fuel, emits little sound and creates no 
hazardous by-products from the power it 
generates.1

Myth:
Solar panels are dangerous and leach 
chemicals into the ground and pose a risk to 
public health.

Reality:
Modern, photovoltaic (PV) solar panels are 
made of materials typical of those found in 
electronic equipment and are encased, so as 
not to pose a concern for the water supply or 
public health.2 Panels are made of solid 
materials and do not pose a chemical hazard 
to the general public, underlying soil or 
groundwater. In fact, studies have shown 
health-related air quality benefits from solar 
energy are worth even more than the 
electricity itself.3

Myth:
Solar panels are not safely disposed of after 
use.

Reality:

Although modern solar panels can be safely 
disposed of in landfills, they can also be 
recycled. PV solar panel recycling 
technologies have been implemented over the 
past decade and have been shown to recover 
over 95% of semiconductor material and over 
90% of the glass in the panel.4 The industry is 
exploring the most cost-effective ways to 
recycle.

Myth: 
This solar project will impact soil and prime 
farmland in the future.

Reality:

While farmland under solar panels cannot be 
used for crop production during the life of the 
project, letting the soil rest during the project life 
can help the farmland remain productive in the 
future. When this solar project is 
decommissioned and removed, the underlying 
land can be returned to productive agricultural 
use. Solar projects do not impact non-
participating landowners' ongoing farming 
practices. Voluntarily participating in a solar 
project provides area landowners and farmers 
an opportunity to diversify their income and 
harvest what they choose—the sun, crops or 
both.

Myth:
This solar project will exercise eminent domain 
to secure land.
Reality:
Participation in the West Gardner Solar Project 
is strictly voluntary; no taking of private property 
through so-called "eminent domain" actions will 
occur with this solar project. In fact, West 
Gardner Solar neither has, nor will it seek, the 
power to take such steps. We will build the 
project exclusively with landowners who choose 
to participate to enhance their income and 
benefit their community. 

Myth:
This solar project only benefits a few in Johnson 
and Douglas Counties.

Reality:

This project has the potential to bring many 
benefits to Johnson and Douglas counties and 
the regional community, including millions in 
added tax revenue that can be used to support 
essential services such as local schools, first 
responders, roads and other essential services. 
The project will support hundreds of good-
paying construction jobs. Local businesses 
such as hotels and restaurants will see a near-
term boost from construction activity. 
Additionally, other local businesses will be 
eligible for supply and service contracts for 
various work during construction and 
operations.  

www.WestGardnerSolar.com

NextEra Energy Resources has been working in Kansas for two decades. To date, the company has invested 
approximately $2 billion in the state, helping fuel economic growth and moving our country toward energy 
independence. NextEra Energy Resources' subsidiaries currently own and operate nine wind energy centers in 
Kansas, with a proven track record of partnering with local communities across the state.
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Myth:

This solar project will drive down property values in 
the area.

Reality:
There is no evidence to indicate a solar project will  
impact neighboring property values. In fact, a 2021 
study by Cohn-Reznick, a Chicago-based firm that 
specializes in property valuation, looked at home 
sales in proximity to six solar farms in Indiana, 
Illinois, Michigan and Minnesota.8 The study found 
there was no measurable impact on property 
values that were located adjacent to the solar 
projects. Importantly, a solar project brings 
numerous economic benefits to a community, 
including the potential for millions of dollars in 
additional tax revenue which can be used to 
enhance both the quality of life and overall value of 
the community. Solar projects can deliver these 
economic benefits without making additional 
demands or impact on community services.

Myth:
The community will be responsible for 
decommissioning the project.
Reality:
Modern solar projects are designed to operate for 
at least 25-30 years, during which time they are 
carefully managed and maintained. As with every 
project NextEra Energy Resources develops, West 
Gardner Solar will have a fully-funded 
decommissioning plan by a third party engineer; in 
fact, local law ensures that this is the case. The 
West Gardner Solar Project is required to provide a 
decommissioning plan to remove all solar panels 
and return land to its original condition. To ensure 
taxpayers do not have to pay for removing any part 
of a facility, NextEra Energy Resources will post a 
bond to cover the costs of decommissioning.  

Myth:
This solar project will be an eyesore for the 
community.

Reality:
Universal solar projects have similar characteristics 
to a greenhouse or single-story residence. This 
solar project is compatible with the rural character 
of Johnson and Douglas counties and should be 
celebrated as part of the landscape of a regional 
area that wants to be a leader in climate change 
mitigation and to attract environmentally 
sustainable companies.      

Myth:
Solar projects in Kansas will not pay any property 
tax revenue.

Reality:
The West Gardner Solar project is expected to 
generate more than $10 million in new tax revenue 
to Johnson and Douglas Counties over the next 30 
years. Farm equipment generally has a lifetime 
property tax exemption, but solar property only 
benefits from a ten-year exemption regardless of 
the project’s life.9 After the ten-year exemption 
expires, the solar equipment is taxed as personal 
property, which will provide a significant increase in 
property tax revenue for the remainder of the 
project’s life. Also, the project is expected to pay 
taxes as commercial property, which is a much 
higher rate than agricultural property. West 
Gardner Solar will pay this increased tax, which 
can help the counties enhance local roads, schools 
and essential services. 

Myth:
This solar project is only being built because of 
government subsidies.

Reality:

The cost of large, universal solar power 
installations has dropped significantly in recent 
years due to advances in technology and 
design of solar panels, as well as support from 
continued federal tax credits. The levelized 
cost of energy produced from large-scale solar 
projects has dropped by 82% over the past 
decade.6 Today, new renewable energy 
sources are cheaper than the operating costs 
of older, inefficient coal, fossil and nuclear 
generation units.

Myth:
Does the presence of solar arrays cause higher 
ambient temperatures in the surrounding area? 

Reality:

All available evidence indicates that there is no 
solar temperature increase caused by the 
functioning of solar arrays. Solar panels absorb 
photons from direct sunlight and convert it to 
electricity. This minimizes the likelihood of 
substantially changing temperatures at the site 
or the surrounding community.5

Myth:
This project will disrupt water flow and alter the 
water temperature.

Reality:
The construction and operation of the solar site 
will have no impact on the temperature and 
water flow off site. NextEra Energy Resources 
sites and designs solar plants to avoid and 
minimize potential impacts to existing water 
flow and drainage patterns consistent with all 
state and local regulatory requirements. 

Myth:
Solar panels cause glare that could impact 
neighbors or aviation.

Reality:
Photovoltaic panels are constructed with non-
reflective coatings and/or glass. These panels 
are designed specifically to absorb as much 
sunlight as possible in order to maximize 
electrical generation, rather than reflect 
sunlight. Further, the metal supports that form 
the racking system are typically constructed 
using galvanized steel or aluminum. Through 
design and intelligent siting, glint and glare can 
be eliminated or kept to a minimum. 
Additionally, Solar Glare Hazard Analysis Tool, 
developed by the Department of Energy and 
the FAA, to determine glare output throughout 
the year for solar installations.7

•

www.WestGardnerSolar.com
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