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Health and Safety Impacts of Solar Photovoltaics v

The increasing presence of utility-scale solar photovoltaic (PV) systems @‘nes @) as

solar farms) is a rather new development in North Carolina’s landscape. D new {nd pknown
nature of this technology, it is natural for communities near such develop @
1¢%0la

0 be AOpctftd about
health and safety impacts. Unfortunately, the quick emergence of utilitygfca r vated fertile
grounds for myths and half-truths about the health impacts of this log iCY can lead to

unnecessary fear and conflict. % .
Photovoltaic (PV) technologies and solar inverters are % n tg poscwny significant health

dangers to their neighbors. The most important dangers poged arggficre ighway traffic during the
relative short construction period and dangers posed to trespa congeet Wl high voltage equipment.
This latter risk is mitigated by signage and the security% s thgt lgdus)ry uses to deter trespassing.

As will be discussed in more detail below, risks of siye=o ¢ much less than for most other
ic
)

industrial uses because PV technologies employ few tRic ghemi ose used are used in very small
quantities. Due to the reduction in the pollution ssil red electric generators, the overall
impact of solar development on human health igQ helmingl tive. This pollution reduction results

from a partial replacement of fossil-fuel fired @ ption b ission-free PV-generated electricity, which
reduces harmful sulfur dioxide (SO»), nitq Aes ( d fine particulate matter (PM> s). Analysis

from the National Renewable Energy LaBggfitory an rence Berkeley National Laboratory, both
affiliates of the U.S. Department of Eg#rgy, etimate Ith-related air quality benefits to the southeast
region from solar PV generators to b@h 8.0¢ watt-hour of solar generation. ! This is in addition
to the value of the electricity an ts th ir quality benefits of solar are worth more than the
electricity itself.

Even though we h rece @rge-scale installation of PV technologies, the technology
and its potential impac ve been stdyfd gince the 1950s. A combination of this solar-specific research
and general scientifigrgsear®h ha e scientific community having a good understanding of the

science behind pot
literature and k
solar PV tec
activities su
electricit

IS paper rzses the potential health and safety impacts of solar PV development in North
C organt the following four categories:
(HH aterials
)

omagnetic Fields (EMF)
( ic Shock and Arc Flash

Ith ant ety impacts of solar energy. This paper utilizes the latest scientific
of sofar praltices in N.C. to address the health and safety risks associated with
Thes are extremely small, far less than those associated with common
drivin ca®y and vastly outweighed by health benefits of the generation of clean




One of the more common concerns towards solar is that the panels (referred to as “modules”
the solar industry) consist of toxic materials that endanger public health. However, as shown in this

1. Hazardous Materials %Q

endanger public health. To understand potential toxic hazards coming from a s
understand system installation, materials used, the panel end-of-life protocols, a
section will examine these aspects of a solar farm and the potential for toxicy
subsections:

(1.2) Project Installation/Construction C) 2
(1.2) System Components .
1.2.1 Solar Panels: Construction and Durability %
1.2.2 Photovoltaic technologies Q
(a) Crystalline Silicon %
(b) Cadmium Telluride (CdTe)
(c) CIS/CIGS < )

1.2.4 Non-panel System Components

(1.3) Operations and Maintenance %
1.1 Project Installation/ConsQQ-

1.2.3 Panel End of Life Management C)V

The system installation, or cgfisgruction, prodgsSMloes not require toxic chemicals or processes.
The site is mechanically cleared o e veget ~¥nces are constructed, and the land is surveyed to
layout exact installation location ches @rground wiring are dug and support posts are driven
into the ground. The solar pagels and aluminum support structures and wired together.
Inverter pads are installed, ans an invertg ansformer are installed on each pad. Once everything is
connected, the system is jestedngnd o N turned on.
N

; Figure 1: Utility-scale solar facility (5 MWc) located in Catawba County. Source: Strata Solar



1.2 System Components

1.2.1 Solar Panels: Construction and Durability

technologies used in PV panels at utility-scale solar facilities, silicon, and thin fil

<’

Solar PV panels typically consist of glass, polymer, aluminum, copper, and semiconduc
materials that can be recovered and recycled at the end of their useful life. > Today there are t
| in

. As of 2016,
film used in North Carolina solar facilities are cadmium telluride (CdTe) panels fro US ma@rer
ar Frgfitle IGS
panels. Crystalline silicon technology consists of silicon wafers which are (3 cell wembled
into panels, thin film technologies consist of thin layers of semiconductogm Q‘L@ﬂto glass,

polymer or metal substrates. While there are differences in the compone ing processes
of these two types of solar technologies, many aspects of their PV panchwe#hstruagon e very similar.
Specifics about each type of PV chemistry as it relates to toxicity a ®d in eons a, b, and ¢ in
section 1.2.2; on crystalline silicon, cadmium telluride, and CIS/ ective he rest of this section
applies equally to both silicon and thin film panels. %
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To provide %!of co on-free operation, PV cells in PV panels are encapsulated from air
0 layxs of prastic. The encapsulation layers are protected on the top with a
e

ackside with a polymer sheet. Frameless modules include a
ar of the panel, which may also be tempered. The plastic ethylene-vinyl
acetate (B R monlyNgovides the cell encapsulation. For decades, this same material has been used
between Q of tem lass to give car windshields and hurricane windows their great strength. In
indshield cracks but stays intact, the EVA layers in PV panels keep broken




4 ’ >
~&/ P,
/ b
v . e 7 I‘ ’

— L Y ’ : oMY 037 028
Figure 4: The mangled PV panels in this picture illustrate thgny Vf brolgingONE panels; the glass cracks but the panel is

still in one piece. Image Source: http://img.alibaRgom/photq @ 9576/broken_solar _panel. jpg

PV panels constructed with the sa om s modern panels have been installed
across the globe for well over thirty year e long- AWfability and performance demonstrated

over these decades, as well as the resujts of ¥gcelera fofime testing, helped lead to an industry-
standard 25-year power production Wagnty for els. These power warranties warrant a PV panel
N amep !lE production after 25 years of use. A recent SolarCity

and DNV GL study reported that qual X panels should be expected to reliably and
efficiently produce power forghirty=tive

Local building cgfes requiire res, including ground mounted solar arrays, to be
engineered to withstagd an®ipate eeds, as defined by the local wind speed requirements. Many
racking products arg @ aable in engineered for wind speeds of up to 150 miles per hour, which

—_

ndWeed requirement anywhere in North Carolina. The strength of PV
ted during Hurricane Sandy in 2012 and again during Hurricane

ne Sandy, the many large-scale solar facilities in New Jersey and New
inor damage.’ In the fall of 2016, the US and Caribbean experienced
ial rains from Hurricane Matthew, yet one leading solar tracker

In th%mf a catastrophic event capable of damaging solar equipment, such as a tornado, the
i t

system w, certainly have property insurance that will cover the cost to cleanup and repair the
project ATNLig#he best interest of the system owner to protect their investment against such risks. It is
also i ir thterest to get the project repaired and producing full power as soon as possible. Therefore,



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 %Q

a. Crystalline Silicon

This subsection explores the toxicity of silicon-based PV panels and concNNgs that t ot

pose a material risk of toxicity to public health and safety. Modern crystalline ‘RgeQy PV pefelSNwvhich
account for over 90% of solar PV panels installed today, are, more or lessgfa O dit Q)?ct. The
ilico nelS that are

overwhelming majority of panels installed in North Carolina are crys .

informally classified as Tier I panels. Tier I panels are from well-respecte@u acturs at have a good
chance of being able to honor warranty claims. Tier I panels are unders to baof h quality, with
predictable performance, durability, and content. Well over 80% (b wclt) of t of a PV panel

is the tempered glass front and the aluminum frame, both of whi ¢ ghmmon ding materials. Most
of the remaining portion are common plastics, including polyeth erephyhalate ™h the backsheet, EVA
encapsulation of the PV cells, polyphenyl ether in the juncig > and %ylene insulation on the
wire leads. The active, working components of the system the silg€on tovoltaic cells, the small

electrical leads connecting them together, and to the Wwges g¥ming oW, of the back of the panel. The
electricity generating and conducting components ma}feup tha% the weight of most panels. The
m

d on element in the Earth's crust.

The silicon for PV cells is obtained by high-temp, { proces @ f quartz sand (S10;) that removes its
oxygen molecules. The refined silicon is conyeg®o a PV ce[™# adding extremely small amounts of

boron and phosphorus, both of which are co @ and oow toxicity.

The other minor components of theNV cell a nerally benign; however, some contain lead,
which is a human toxicant that is pagfcylarly harmfi\toWoung children. The minor components include
an extremely thin antireflective cog (silicong r titanium dioxide), a thin layer of aluminum on
the rear, and thin strips of silvert at arg @ -printed on the front and rear of cell.” In order for
the front and rear electrodes tg mMga#tectiqSNa#fical contact with the proper layer of the PV cell, other
materials (called glass frit) arqmixed witg Yver alloy and then heated to etch the metals into the cell.

cells in a PV panel are €ongected b
to the front of the n@ radi @ a tin-based solder containing some lead (Pb) is used, but some
manufacturers hay, ched to lea¥{ree solder. The glass frit and/or the solder may contain trace amounts
of other metals,@\ lly indluding some with human toxicity such as cadmium. However, testing to

for |

simulate the rom broken panels, which is discussed in more detail below, did not
find a poten oxicity m these trace elements. Therefore, the tiny amount of lead in the grass
fritand t is the o art of silicon PV panels with a potential to create a negative health impact.
Howeygr) escr'b;%w, the very limited amount of lead involved and its strong physical and
che achme ther components of the PV panel means that even in worst-case scenarios the
h ard it js insignificant.

Asgni any electronic industries, the solder in silicon PV panels has historically been a lead-
based s @en 36% lead, due to the superior properties of such solder. However, recent advances in
lead-& rs have spurred a trend among PV panel manufacturers to reduce or remove the lead in their
panels. ording to the 2015 Solar Scorecard from the Silicon Valley Toxics Coalition, a group that
t a%ironmemtal responsibility of photovoltaic panel manufacturers, fourteen companies (increased

T welve companies in 2014) manufacture PV panels certified to meet the European Restriction of



Hazardous Substances (RoHS) standard. This means that the amount of cadmium and lead in the panels

they manufacture fall below the RoHS thresholds, which are set by the European Union and serve as the
world’s de facto standard for hazardous substances in manufactured goods.® 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 mgfe

than 0.10% lead.’

While some manufacturers are producing PV panels that meet the RoHS@gtandard, thergn Zo
é% e

requirement that they do so because the RoHS Directive explicitly states that th do t apply
to photovoltaic panels.'® The justification for this is provided in item 17 of tha t Ro@ ctive:
“The development of renewable forms of energy is one of the Union’s key ob @ Ps, an ibution
made by renewable energy sources to environmental and climate Chwe€s s » Directive

2009/28/EC of the European Parliament and of the Council of 23 April 2Q09 §n the pr
of energy from renewable sources (4) recalls that there should be co ence etw
other Union environmental legislation. Consequently, this Directi 1d no
of renewable energy technologies that have no negative impac th apd th
are sustainable and economically viable.”

The use of lead is common in our modern econo%gever, @out 0.5% of the annual lead

consumption in the U.S. is for electronic solder for all up only a tiny portion of this
0.5%. Close to 90% of lead consumption in the US is§n bakeries, 0 not encapsulate the pounds of

ts thef lcal 1Y batteries at great risk of leaching
into the environment. Estimates for the lead in a le PV paneN\gy lead-based solder range from 1.6 to
24 grams of lead, with 13g (less than half of g ergmel seen most often in the literature.'! At 13
g/panel 12, each panel contains one-half g d in al 12-gauge shotgun shell. This amount
equates to roughly 1/750" of the lead in 2§jg@le car bgficypy. M a panel, it is all durably encapsulated from

air or water for the full life of the pang. A

erarranty, PV modules are designed for a long service
% ply with its 25-year power warranty, its internal
ust be sealed any moisture. Otherwise, they would corrode and the

y levels. Thus, the lead in operating PV modules is not at
service lifetime. In extreme experiments, researchers have

ion of the use
objectives and
ent the development
nvironment and that

As indicated by their 20 ¢
life, generally over 25 years.
components, including lead,
panel’s output would fall
risk of release to the enylgonment duig
shown that lead canggac

om
designed to repres scal tr@paction that are used to classify waste as hazardous or non-
hazardous show g0 galger frogn lead®ing. '” '® For more information about PV panel end-of-life, see the
Panel Disposa o %
Agp ted th%@t this section, silicon-based PV panels do not pose a material threat to
public h d safi only aspect of the panels with potential toxicity concerns is the very small

amo in s@geanels. However, any lead in a panel is well sealed from environmental exposure
for peratingghte of the solar panel and thus not at risk of release into the environment.
Ca elluride (CdTe) PV Panels

spfosection examines the components of a cadmium telluride (CdTe) PV panel. Research
demafisMgtes that they pose negligible toxicity risk to public health and safety while significantly reducing
thﬂvm’s exposure to cadmium by reducing coal emissions. As of mid-2016, a few hundred MWs of



cadmium telluride (CdTe) panels, all manufactured by the U.S. company First Solar, have been installed
in North Carolina.

Questions about the potential health and environmental impacts from the use of this PV technology %
are related to the concern that these panels contain cadmium, a toxic heavy metal. However, scientiffc

studies have shown that cadmium telluride differs from cadmium due to its high chemical and therm

stability. '’ Research has shown that the tiny amount of cadmium in these panels does not pose a hea?h

safety risk.?? Further, there are very compelling reasons to welcome its adoptio in
unhealthy pollution associated with burning coal. Every GWh of electricity g

produces about 4 grams of cadmium air emissions.?' Even though North C
.. -

fraction of our electricity from coal, electricity from solar offsets much mord Yal ga
natural gas plants being able to adjust their rate of production more easil kly. %Iclectricity
offsets 90% natural gas and 10% coal, each 5-megawatt (5 MWac, Wh@genera Wpc) CdTe
solar facility in North Carolina keeps about 157 grams, or about a thjgd of a poun um out of our
environment, 2% 23 % ¢

Cadmium is toxic, but all the approximately 7 grams of (@ in ope ¢ panel is in the form
of a chemical compound cadmium telluride, * which has % thedlogicity of free cadmium.?
Cadmium telluride is a very stable compound that is non-v?‘and - le in water. Even in the

ist

case of a fire, research shows that less than 0.1% of the cadmiuiy is releaged vihen a CdTe panel is exposed
to fire. The fire melts the glass and encapsulates over

It is important to understand the source of th um @ panufacture CdTe PV panels. The
cadmium is a byproduct of zinc and lead refini ht eleme ollected from emissions and waste
streams during the production of these metal nggmgith tellurium to create the CdTe used in PV

panels. If the cadmium were not collected n th @ els or other products, it would otherwise
either be stockpiled for future use, ceme nd burj r Msposed of. 2® Nearly all the cadmium in old

or broken panels can be recycled W}&can Venﬁ e as the primary source of cadmium for new

the ca in the molten glass. ?’

PV panels. *’

Similar to silicon-based els, @ anels are constructed of a tempered glass front, one
instead of two clear plastic qncapsulation IAMgs, and a rear heat strengthened glass backing (together
>98% by weight). The fi 1 withstand exposure to the elements without significant
damage for over 25 yeglh, While noiegtesentative of damage that may occur in the field or even at a
landfill, laboratory ey as i!%r that when panels are ground into a fine powder, very acidic

water is able to leac ium and tellurium, ** similar to the process used to recycle CdTe
panels. Like ma jIM¢gn-basgd pamels, CdTe panels are reported (as far back ask 19983!) to pass the
EPA’s Toxic Chnctgfistic g Procedure (TCLP) test, which tests the potential for crushed panels
in a landfill @ bach hazMJoMN, substances into groundwater.®? Passing this test means that they are
classified pmgIghazard te and can be deposited in landfills.**3* For more information about PV
panel ene, see 1 Disposal section.

%ﬁe 1 ncern of environmental impact resulting from potential catastrophic events
1 ing Cd nels. An analysis of worst-case scenarios for environmental impact from CdTe PV
pames, inch@!ﬂhhquakes, fires, and floods, was conducted by the University of Tokyo in 2013. After
reviewin eMensive international body of research on CdTe PV technology, their report concluded,
“Even < rst-case scenarios, it is unlikely that the Cd concentrations in air and sea water will exceed

the efvINQumental regulation values.”*> In a worst-case scenario of damaged panels abandoned on the
grvgnsigniﬁcant amounts of cadmium will leach from the panels. This is because this scenario is



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. *®

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 2005.3” The company stagfs

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 simpl

effectively and responsibly.” First Solar global recycling services to their custom§ollect and
h s

panels once they reach the end of productive life whether due to age or damage
agreements are structured to be financially attractive to both First Solar an
First Solar, the contract provides the company with an affordable source of

terial for new

t als@ﬁts the solar

panel owner by allowing them to avoid tipping fees at a waste disposy sigp. The | ontract helps

provide peace of mind by ensuring compliance by both parties whe ons] erin ogtinuing trend of
rising disposal costs and increasing regulatory requirements.

panels and presumably a diminished risk of undesired release of Cd. Th@

c. CIS/CIGS and other PV technologies %

Copper indium gallium selenide PV technology, ofteN\referreq to & CIGS, is the second most

common type of thin-film PV panel but a distant seco W CdTe? cells are composed of a thin
layer of copper, indium, gallium, and selenium on a fass Pr plasti ng. None of these elements are

N Fed @ e¥ource Conservation and Recovery

Act (RCRA).*® The cells often also have an ext/¢€ly Yhin lay&giadmium sulfide that contains a tiny
. igh iency CIGS panels drove heavy investment

in this technology in the past. However, r o @led to transfer high efficiency success in
the lab to low-cost full-scale panels in t@. ” Refeply ™ CIGS manufacturer based in Japan, Solar
Frontier, has achieved some market gcces ith aE ass-faced CIGS module that competes with

=

silicon panels. Solar Frontier produ € majora CIS panels on the market today. *’ Notably, these
panels are RoHS compliant,*! thyMNag th ous toxicity standard adopted by the European Union
even thought this directive exe @ pa authors are unaware of any completed or proposed
utility-scale system in North Qarolina using

1.2.3 Panel End-ofAjfe Man

Concerns a@&volur@ﬁosal, toxicity, and recycling of PV panels are addressed in this
subsection. To e olumq of PWwaste into perspective, consider that by 2050, when PV systems

installed in 202QMeach of their lives, it is estimated that the global annual PV panel waste
tonnage wil @ 10% of MY 2N4 global e-waste tonnage.** In the U.S., end-of-life disposal of solar

products Mned by ederal Resource Conservation and Recovery Act (RCRA), as well as state
policies 1 e situa CRA separates waste into hazardous (not accepted at ordinary landfill) and
soli ner. cepted at ordinary landfill) based on a series of rules. According to RCRA, the
w eterm i V panel is classified as hazardous waste is the Toxic Characteristic Leaching

dure (T )Wst. This EPA test is designed to simulate landfill disposal and determine the risk of
haz¥dous Nees leaching out of the landfill. **** 4 Multiple sources report that most modern PV
panels ( alline silicon and cadmium telluride) pass the TCLP test.***” Some studies found that

some gfle 0s) crystalline silicon panels, and perhaps some newer crystalline silicon panels (specifics
are n8t n about vintage of panels tested), do not pass the lead (Pb) leachate limits in the TCLP test. *®



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.>® Additionally, research in Japan has fou,
no detectable Cd leaching from cracked CdTe panels when exposed to simulated acid rain. >!

Even thoug Zt
\ re, the
% e of

survey
surveyed
er. Only one

Although modern panels can generally be landfilled, they can also be recycl
waste volume has not been adequate to support significant PV-specific recygli
existing recycling industry in North Carolina reports that it recycles much of jag
broken PV panels. In an informal survey conducted by the NC Clean Ener
in early 2016, seven of the eight large active North Carolina utility—@a ar de

to

reported that they send damaged panels back to the manufacturer and local
developer reported sending damaged panels to the landfill.
0P

.

The developers reported at that time that they are usua sma]l am®gnt per panel by local
recycling firms. In early 2017, a PV developer reported that a | cycl s charging a small fee per
panel to recycle damaged PV panels. The local recycling ow rs to accept PV panels
described their current PV panel recycling practice as of carlyR016 as gmoying the aluminum frame for
local recycling and removing the wire leads for local ¢g#p ycling® emainder of the panel is sent
to a facility for processing the non-metallic portio rushed s, referred to as “fluff” in the

recycling industry.>? This processing within exis nera @ ing plants allows for significant
asS which NgQ¥o of the module weight, but at lower

material recovery of major components, includin
gingf the material value in a PV panel is in the
Noduped today. In the long-term, dedicated PV

yields than PV-specific recycling plants. No

few grams of silver contained in almost e

panel recycling plants can increase treat capaciti aximize revenues resulting in better output
quality and the ability to recover a grgater ffwction eful materials. > PV-specific panel recycling
technologies have been researched mpleme some extent for the past decade, and have been
shown to be able to recover over PV %! (Semiconductor) and over 90% of the glass in a PV
panel. > 6 "®

A look at global PV rqgycling trends

S at the future possibilities of the practice in our country.
rs before the U.S. In 2007, a public-private partnership
dustry set up a voluntary collection and recycling system
called PV CYCLE. s later made mandatory under the EU’s WEEE directive, a

ange,
program for waste 4@ vor | and%nic equipment. > Its member companies (PV panel producers)
fully finance th omation. l'his Makes it possible for end-users to return the member companies’
defective pane rgfyclin of the over 300 collection points around Europe without added costs.
C

Additionallys LQR ick up batches of 40 or more used panels at no cost to the user. This

between the European [Qion and the@s

essful, collecting and recycling over 13,000 tons by the end of 2015.3¢

sc 1s di ased on the principle of extended-producer-responsibility. It has a global impact

se prod want to sell into the EU market are legally responsible for end-of-life management.
Stasgng in % directive targets that 85% of PV products “put in the market” in Europe are recovered
and 80% g€ grepwred for reuse and recycling.

& success of the PV panel collection and recycling practices in Europe provides promise for the
futvu.recycling in the U.S. In mid-2016, the US Solar Energy Industry Association (SEIA) announced

arrangemQ een ve
, th %E Directive added the end-of-life collection and recycling of PV panels to its
S

th\at ey are starting a national solar panel recycling program with the guidance and support of many



leading PV panel producers.>® 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 recyclin %
network program, the program will provide a portal for system owners and consumers with informati

on how to responsibly recycle their PV systems.

While a cautious approach toward the potential for negative environmenta
from retired PV panels is fully warranted, this section has shown that the pgg
reduced emissions from fossil fuel combustion from PV systems more than g \
Testing shows that silicon and CdTe panels are both safe to dispose of in 1 ,
worst case conditions of abandonment or damage in a disaster. Additio , Al ysis Qﬂ engineers
has found that the current salvage value of the equipment in a utility sc‘% facilit rally exceeds

general contractor estimates for the cost to remove the entire PV sy% o1

’ Z

system is the mounting structure of
the rows of panels, commonly referred to cking’ e vertical post portion of the racking is
galvanized steel and the remaining abo Qmponents are either galvanized steel or
aluminum, which are both extremely conqr buYlding materials. The inverters that make the
solar generated electricity ready to sgfd to eather-proof steel enclosures that protect the
working components from the elem«The onl \s that they might contain are associated with their

cooling systems, which are not
compliant.

The electrical tra ers (t @e inverter output voltage to the voltage of the utility
connection point) do coyMn a liquid @ oil. However, the fluid used for that function is either a non-

toxic mineral oil or iod®grad. -toxic vegetable oil, such as BIOTEMP from ABB. These
vegetable transfom%’have t ional advantage of being much less flammable than traditional
mineral oils. Siggifjpat® healtl§ hazar¥s are associated with old transformers containing cooling oil with
toxic PCBs. T rfwith taining oil were common before PCBs were outlawed in the U.S. in

1979. PCBs exist in

an a fi y research sites, there are no batteries on- or off-site associated with utility-
folr cnergy fRwY{es in North Carolina, avoiding any potential health or safety concerns related to
: ever, as battery technologies continue to improve and prices continue to decline
eeing some batteries at solar facilities. Lithium ion batteries currently dominate the
¢ Dattery market, which are not very toxic. No non-panel system components were found
or environmental dangers.

r tnsformers in the field across the country.

o
&



Throughout the eastern U.S., the climate provides frequent and heavy enough rain to keep panels Q
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 requiggd
for this activity. §~

The maintenance of ground-mounted PV facilities requires that vegetati cpt oy bWy for
aesthetics and to avoid shading of the PV panels. Several approaches are usetoN1®dntain @ion at
NC solar facilities, including planting of limited-height species, mowing, we @ ing, icides, and
grazing livestock (sheep). The following descriptions of vegetation mainfenagce pracigdare based on
interviews with several solar developers as well as with three maintenan s thgg togyther are
contracted to maintain well over 100 of the solar facilities in N.C. apority cilities in
North Carolina maintain vegetation primarily by mowing. Each mnels }Qingle row of
supports, allowing sickle mowers to mow under the panels. Th suallyrequir® mowing about once
a month during the growing season. Some sites employ she e the Q. which greatly reduces the
human effort required to maintain the vegetation and produceNdigh quagfity meat. 5

C

In addition to mowing and weed eating, solar @YSO’& me herbicides. Solar facilities
generally do not spray herbicides over the entire a AatheM MWply them only in strategic
locations such as at the base of the perimeter fe%nd extegetative buffer, on interior dirt

SWany Law crop operations, solar facilities generally
% : overunter, as opposed to restricted use
af,rowgfire a special restricted use license. The
hosate (Round-up®), which are two of the

ictMture across the country. One maintenance firm
bicide known as a growth regulator in order to

€ same purpose. A commercial pesticide applicator
owner to apply herbicides, which helps ensure that all
er herbicide use and application. The license must be
ertification exam appropriate to the area in which the
imited data available, it appears that solar facilities in N.C.

generally use sigpdfic jdes per acre than most commercial agriculture or lawn
maintenance serfygfs. A l
2. E @m

?ﬁc Fields (EMF)

W sy, not emit any material during their operation; however, they do generate
cidgromag s (EMF), sometimes referred to as radiation. EMF produced by electricity is non-
ionizing Al , meaning the radiation has enough energy to move atoms in a molecule around
(experi heat), but not enough energy to remove electrons from an atom or molecule (ionize) or to
dam . As shown below, modern humans are all exposed to EMF throughout our daily lives

witQout n¥ative health impact. Someone outside of the fenced perimeter of a solar facility is not exposed
syAilrcant EMF from the solar facility. Therefore, there is no negative health impact from the EMF



produced in a solar farm. The following paragraphs provide some additional background and detail to
support this conclusion.

Since the 1970s, some have expressed concern over potential health consequences of EMF from %
electricity, but no studies have ever shown this EMF to cause health problems. %> These concerns are ba

on some epidemiological studies that found a slight increase in childhood leukemia associated wi

average exposure to residential power-frequency magnetic fields above 0.3 to 0.4 puT (microteslas) (

to 3.0 to 4.0 mG (milligauss)). T and mG are both units used to measure magnegg field streng T
comparison, the average exposure for people in the U.S. is one mG or 0.1 (™ abou of the
a dies,

ic

ational

%ﬂogenic to

humans”. Coffee also has this classification. This classification means &gere)s limitedhgWdence but not
enough evidence to designate as either a “probable carcinogen” or “lgman carcingIng’’.Jverall, there is
very little concern that ELF EMF damages public health. The only ’
exposure above 0.4 uT (4 mG) that may have some connection

sed gases & childhood leukemia.
In 1997, the National Academies of Science were directed b ogexamine this concern and
concluded: ?&
“Based on a comprehensive evaluation of p udies Qg to the effects of
power-frequency electric and magnetic fields @n cls, tiss organisms (including
humans), the conclusion of the committee 1 ec b dy of evidence does not
show that exposure to these fields prestggs avhuman¥ggalh hazard. Specifically, no

conclusive and consistent evidence @ hat sures to residential electric and
magnetic fields produce cancer, a gAcuro @ral effects, or reproductive and
developmental effects.”

There are two aspects to ele agnetic RAan electric field and a magnetic field. The electric

field is generated by voltage and gfEaWetic generated by electric current, i.e., moving electrons.
A task group of scientific expert % tned J 'orld Health Organization (WHO) in 2005 concluded
that there were no substantivd health 1ssues 1§

encountered by members public S e¥elatively low voltages in a solar facility and the fact that
electric fields are easily &1&: 1.e. ¥) by common materials, such as plastic, metal, or soil means
that there is no concggg of Megativ, impacts from the electric fields generated by a solar facility.
Thus, the remainde% secti sses magnetic fields. Magnetic fields are not shielded by most
common materig}f 3 us CJ easi¥y pass through them. Both types of fields are strongest close to the

aken quickly with distance from the source.

Themly current electricity produced by PV panels produce stationary (0 Hz) electric and
magneti . minimal concern about potential risks of stationary fields, little scientific
resea, ST i ationary fields” impact on human health. %’ In even the largest PV facilities, the
D ng?s an s are not very high. One can illustrate the weakness of the EMF generated by a
IQHC by Q. compass on an operating solar panel and observing that the needle still points north.

g tte electricity throughout the majority of a solar site is DC electricity, the inverters convert
this D@ € city to alternating current (AC) electricity matching the 60 Hz frequency of the grid.
TherdtoN the inverters and the wires delivering this power to the grid are producing non-stationary EMF,

kn s extremely low frequency (ELF) EMF, normally oscillating with a frequency of 60 Hz. This
ancy is at the low-energy end of the electromagnetic spectrum. Therefore, it has less energy than



other commonly encountered types of non-ionizing radiation like radio waves, infrared radiation, and
visible light.

The wide use of electricity results in background levels of ELF EMFs in nearly all locations where %
people spend time — homes, workplaces, schools, cars, the supermarket, etc. A person’s average exposyfe

depends upon the sources they encounter, how close they are to them, and the amount of time they gpen

there. ®® As stated above, the average exposure to magnetic fields in the U.S. is estimated to be aroun%

mG or 0.1 uT, but can vary considerably depending on a person’s exposure to EMF i\ &
and wiring. ® At times we are often exposed to much higher ELF magnetic
standing three feet from a refrigerator the ELF magnetic field is 6 mG and wheia\N
a microwave oven the field is about 50 mG."® The strength of these fields di @

quic 1stance
from the source, but when surrounded by electricity in our homes and othe®b¥eings way from
one source moves you closer to another. However, unless you are inside & the}fence at sty-scale solar

om electrical

facility or electrical substation it is impossible to get very close to th MF’source caglse of this, EMF
levels at the fence of electrical substations containing high voltages rrent @ onsidered “generally

negligible”.”! 72 %
The strength of ELF-EMF present at the perimeter lar @near a PV system in a

commercial or residential building is significantly lowyer th{n the tgpica) American’s average EMF
exposure. >’ Researchers in Massachusetts measur Wetic PV projects and found the
magnetic fields dropped to very low levels of 0.5 m(Ror 1&s, and cases to less than background
levels (0.2 mG), at distances of no more than nine @ ial inverters and 150 feet from the
utility-scale inverters.”> Even when measured Wi LG the utility-scale inverter, the ELF
magnetic fields were well below the Internag wogn on Non-lonizing Radiation Protection’s

. il public of 2,000 mG."® It is typical that
fnels that feed them because this minimizes

utility scale designs locate large inverter

the length of wire required and shieldgpneigio
rare for a large PV inverter to be wiQSO feet roject’s security fence.

Anyone relying on a meevic s pacemaker or other implanted device to maintain
proper heart rhythm may haveconcern about otential for a solar project to interfere with the operation
of his or her device. Howe ereisn for concern because the EMF outside of the solar facility’s
fence is less than 1/10 f the levela h manufacturers test for ELF EMF interference, which is

1,000 mG.”” Manugagtur of flly affected implanted devices often provide advice on
electromagnetic int that s avoiding letting the implanted device get too close to certain
S's

sources of fieldgfs orge ho®sehold appliances, some walkie-talkies, and similar transmitting
devices. Somg actung $mmliberature does not mention high-voltage power lines, some say that
c area

exposure in ¢@ S ot give interference, and some advise not spending extended periods of
time clos Sy cr lined)
3 ctri k and Arc Flash Hazards

e

T Qa real danger of electric shock to anyone entering any of the electrical cabinets such as
combin %, disconnect switches, inverters, or transformers; or otherwise coming in contact with
VOI‘[&& 0 Volts.” Another electrical hazard is an arc flash, which is an explosion of energy that
can_occuMNin a short circuit situation. This explosive release of energy causes a flash of heat and a
S :)?e, both of which can cause serious injury or death. Properly trained and equipped technicians

ctricians know how to safely install, test, and repair PV systems, but there is always some risk of



injury when hazardous voltages and/or currents are present. Untrained individuals should not attempt to
inspect, test, or repair any aspect of a PV system due to the potential for 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-fqt

chain link fence with three strands of barbed wire or an eight-foot fence, both with adequate haza
warning signs.

4. Fire Safety @ c\)z\
The possibility of fires resulting from or intensified by PV syste Qriggﬁwm among

the general public as well as among firefighters. However, concern ofer s§lar fir ds should be
limited because only a small portion of materials in the panels are fla le, thse components
cannot self-support a significant fire. Flammable components of %ﬂels 1 e thin layers of
polymer encapsulates surrounding the PV cells, polymer backsh ed pan&only), plastic junction
boxes on rear of panel, and insulation on wiring. The rest of el isgomposed of non-flammable
components, notably including one or two layers of protectv that e gp over three quarters of

the panel’s weight. < ,

Heat from a small flame is not adequate to ig@ pan: eat from a more intense fire or
energy from an electrical fault can ignite a PV parXaMe reg®wN¢l example of this occurred during
July 2015 in an arid area of California. Three ac%rass unhin film PV facility burned without
igniting the panels mounted on fixed-tilt raclg= bo rass.
faults in PV systems on homes or commercjg
understanding of the PV-specific risks, s @
will continue to reduce the risk of fire caus®§

g 81 While it is possible for electrical

ve the
ings @ a fire, this is extremely rare. % Improving
¥m d Nfd updated fire-related codes and standards

PV systems on buildings o in two primary ways, 1) impact their methods of
fighting the fire, and 2) pose saf@zard to { efighters. One of the most important techniques that
i atior§ pf1lding’s roof. This technique allows superheated toxic

firefighters use to suppress fiig is ]

gases to quickly exit the bujldgg. By doieeQ\t¥e firefighters gain easier and safer access to the building,
ma Mge of putting out the fire easier. However, the placement of

rooftop PV panels may4nihere Wii tyfting the roof by limiting access to desired venting locations.

uilding ¥Qde requirements are working to minimize these concerns. Also, the
ode higs added requirements that make it easier for first responders to safely and
S oncern for firefighting a building with PV can be reduced with proper

1gn, and installation. Numerous organizations have studied fire fighter
rganizations have published valuable guides and training programs. Some
elow.

ed to create an online training course that is far beyond the PowerPoint click-and-
. The self-paced online course, “Solar PV Safety for Fire Fighters,” features rich video

vie
c %d simulated environments so fire fighters can practice the knowledge they’ve learned.
&W.l f.org/pvsafetytraining

0

tovoltaic Systems and the Fire Code: Office of NC Fire Marshal
ire 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/

e 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 %3

e Guidelines for Fire Safety Elements of Solar Photovoltaic Systems, Orange County Fire Chiefs
Association

e Solar Photovoltaic Installation Guidelines, California Department of Forestry & Fire Protectiv

Office of the State Fire Marshall
e PV Safety & Firefighting, Matthew Paiss, Homepower Magazine
e PV Safety and Code Development: Matthew Paiss, Cooperative Resear rk { )
Summary QQ
The purpose of this paper is to address and alleviate con ealth and safety for

and discussed in the
four following sections: (1) Toxicity, (2) Electromagnetic FieN{s, (3) EEctri ock and Arc Flash, and
i tility-scale PV
development were shown to be negligible, while the gubli ty benefits of installing these

facilities are significant and far outweigh any nega

Penetrations of Solar Energy in the United States. Renewable Energy Laboratory. Accessed March

! Wiser, Ryan, Trieu Mai, Dev Millstein, Jordan leen r, Stuart Cohen, Wesley Cole, Bethany Frew,

and Garvin A. Heath. 2016. On the Path to SunS e EnvirogfneptaNgid Public Health Benefits of Achieving High
en, CO 0

2017, www.nrel.gov/docs/fy160sti/65628.p

2 IRENA and IEA-PVPS (2016), “End-of-L anagement: Photovoltaic Panels,” International Renewable Energy

Agency and International Energy Agengfy PINjoWoltaic NSystems.
3 National Renewable Energy Laborato w j % xperience — Degradation Rates & Lifetimes. September 14,
2015. Solar Power International Cogferen®®: Accesse\\arch 2017, www.nrel.gov/docs/fy150sti/65040.pdf

4 Miesel et al. SolarCity Photovoltak Modules w83 Xelr Useful Life. June 2016. Accessed March 2017.

http://www.solarcity.com/m& orts/sgllargitzghotovoltaic-modules-35-year-useful-life
vir

5 David Unger. Are Renewa tormproof: rigane Sandy Tests Solar, Wind. November 2012. Accessed March 2017.
http://www.csmonitor.coys ment), g ices/2012/1119/Are-renewables-stormproof-Hurricane-Sandy-tests-solar-
wind & http://www.csfopfemeom/En t/Energy-Voices/2012/1119/Are-renewables-stormproof-Hurricane-Sandy-
tests-solar-wind
¢ NEXTracker and rogto, TrgcRng Your Solar Investment: Best Practices for Solar Tracker O&M. Accessed March

\ - 0ads/2017/03/NEXTracker OandM-WhitePaper FINAL March-2017.pdf

2017. www.nex e co
7 Christiana Hd g, Stuart Jfovlen YOverview of Screen Printed Solar Cells. Accessed January 2017.
www.pved 0 Wyg/pvcdrot@ianufacturing/screen-printed

8 Silicon xics C )
SVTC #MRarSefrccar

st of Reduction of Hazardous Substances (RoHS) Directive. September 2016. Accessed August
vironment/waste/rohs_eee/index_en.htm
uropean Union, DIRECTIVE 2011/65/EU OF THE EUROPEAN PARLIAMENT AND OF THE
11 on the restriction of the use of certain hazardous substances in electrical and electronic
1. Accessed May 2017. http://eur-lex.europa.eu/legal-
F/?uri=CELEX:32011L0065&from=en
chetta, Mariella Leporini, Barbara Marchetti. Evaluation of the Environmental Benefits of New High Value
Pro&lessfor e Management of the End of Life of Thin Film Photovoltaic Modules. July 2013. Accessed August 2016.

2015 Solar Scorecard. Accessed August 2016. www.solarscorecard.com/2015/2015-

chgate.net/publication/257408804 Evaluation of the environmental benefits of new high value process for
t nagement of the end of life of thin film photovoltaic_modules


http://www.nfpa.org/research/fire-protection-research-foundation/reports-and-proceedings/for-emergency-responders/fireground-operations/fire-fighter-safety-and-response-for-solar-power-systems
http://www.firemarshals.org/greenbuilding/bridgingthegap.html
http://www.ocfa.org/_uploads/pdf/PhotovoltaicGuideline.pdf
http://gov.ca.gov/docs/ec/CalFIRE_Solar_PV_guideline.pdf
http://www.homepower.com/articles/solar-electricity/equipment-products/pv-safety-and-firefighting
http://www.nreca.coop/wp-content/uploads/2013/06/ts_pv_fire_safety_oct_2014.pdf

12 European Commission. Study on Photovoltaic Panels Supplementing The Impact Assessment for a Recast of the Weee

Directive. April 2011. Accessed August 2016. Q
http://ec.europa.eu/environment/waste/weee/pdf/Study%200n%20PVs%20Bi0%20final.pdf
14 The amount of lead in a typical car battery is 21.4 pounds. Waste 360. Chaz Miller. Lead Acid Batteries. March 2006.

Accessed August 2016. http://waste360.com/mag/waste leadacid batteries 3

15 Okkenhaug G. Leaching from CdTe PV module material results from batch, column and availability tests. Norwegia

Geotechnical Institute, NGI report No. 20092155-00-6-R; 2010

16 International Journal of Advanced Applied Physics Research. Renate Zapf-Gottwickl, et al. Leagging Hazardous

Substances out of Photovoltaic Modules. January 2015. Accessed January 2016.
www.cosmosscholars.com/phms/index.php/ijaapr/article/download/485/298

17 ibid

18 Parikhit Sinha, et al. Evaluation of Potential Health and Environmental Impacts from Ene Disp,

Photovoltaics, Photovoltaics, 2014. Accessed May 2016

19 Bonnet, D. and P. Meyers. 1998. Cadmium-telluride—Material for thin film solar ce@later. R¢ 13, No. 10, pp.

2740-2753

20y, Fthenakis, K. Zweibel. CdTe PV: Real and Perceived EHS Risks. National ter o Phot 2 d Solar Program

Review Meeting, March 24-26, 2003. www.nrel.gov/docs/fy030sti/3350 %A1 ccesse@ 2017

2! International Energy Agency Photovoltaic Power Systems Programme. Lj nventgyies an®Life Cycle Assessments

of Photovoltaic Systems. March 2015. Accessed August 2016. http://iea- -org/ghdex.plgp? =315

22 Data not available on fraction of various generation sources offset by "
reasonable rough estimate. The SunShot report entitled The Environmenta¥and Publif Hea
Penetrations of Solar Energy in the United States analysis contribut i
generation by solar PV energy in the southeast.

37 MWpc * 1.5 GWh/MWpc * 25 years * 0.93 degradation fa
24 Vasilis Fthenakis. CdTe PV: Facts and Handy Comparisons\

https://www.bnl.gov/pv/files/pdf/art 165.pdf
25 Kaczmar, S., Evaluating the Read-Across Approac Toxicigator Cdle Photovoltaics, SETAC North America

enefits of Achieving High
ided) offsetting of coal-fired

r* (). . ms/GWh + 0.9%0.2 grams/GWh)

32nd Annual Meeting, Boston, MA, November 2011 Fple at: {://{tco.imperial.ca.us/icpds/eir/campo-verde-
solar/final/evaluating-toxicity.pdf, Accessed May

27V, M. Fthenakis et al, Emissions and Encapsu of Cadmi ‘
Photovoltaics: Research and Application: Reg Appl. W05; 13! Ycessed March 2017,
www.bnl.gov/pv/files/pdf/abs_179.pdf

28 Fthenakis V.M., Life Cycle Impact Angamis ML admiygm

Energy Reviews, 8, 303-334, 2004.

www.clca.columbia.edu/papess/L AL ycle ’ Analysis Cadmium_CdTe Photovoltaic_productio

n.pdf, Accessed May 2017
2 International Renewable Engrgy cy. Stgbhamg Weckend, Andreas Wade, Garvin Heath. End of Life Management:
Solar Photovoltaic Panels. Qﬁ Acce ogember 2016.

Substances out of Photq @ sl Oclule 2015. Accessed January 2016.
www.cosmosscholar; Wghms/indgx.phpNgapr/article/download/485/298
31 Cunningham D., & ;

Brookhaven Natj rator 557
32 Parikhit Sin 1. Evalu f Potential Health and Environmental Impacts from End-Of-Life Disposal of
Photovoltai QONvoltaics, ccessed May 2016

33 Practicaok of oMaics: Fundamentals and Applications. T. Markvart and L. Castaner. Chapter VII-2:
0vervz Raif/itial gz . December 2003. Accessed August 2016. https://www.bnl.gov/pv/files/pdf/art _170.pdf

30 International Journal ofegdvan Ar% s Research. Renate Zapf-Gottwick]1, et al. Leaching Hazardous

3 Noved eotechn titute. Environmental Risks Regarding the Use and End-of-Life Disposal of CdTe PV Modules.

1@ Q. Access st 2016. https://www.dtsc.ca.gov/LawsRegsPolicies/upload/Norwegian-Geotechnical-Institute-
Ipdf

35

Solar. %ari Matsuno. December 2013. August 2016. Environmental Risk Assessment of CdTe PV Systems to
be consider, Catastrophic Events in Japan. http://www firstsolar.com/-/media/Documents/Sustainability/Peer-
Reviews | Pgr-Review Matsuno CdTe-PV-Tsunami.ashx

36 Firs 1khit Sinha, Andreas Wade. Assessment of Leaching Tests for Evaluating Potential Environmental Impacts
of PV Mo Field Breakage. 2015 IEEE

37 S? of First Solar, Sustainability Report. Available at: www.firstsolar.com/-/media/First-

aSustainability-Documents/03801 FirstSolar SustainabilityReport 08MAR16 Web.ashx, Accessed
017



38 40 CFR §261.24. Toxicity Characteristic. May 2017. Accessed May 2017. https://www.ecfr.gov/cgi-bin/text-

idx?node=se40.26.261 124&rgn=div8 Q
3 Office of Energy Efficiency & Renewable Energy. Copper Indium Gallium Diselenide. Accessed March 2017.
https://www.energy.gov/eere/sunshot/copper-indium-gallium-diselenide

40 Mathias Maehlum. Best Thin Film Solar Panels — Amorphous, Cadmium Telluride or CIGS? April 2015. Accessed Mam%

2017. http://energyinformative.org/best-thin-film-solar-panels-amorphous-cadmium-telluride-cigs/
41 RoHS tested certificate for Solar Frontier PV modules. TUVRheinland, signed 11.11.2013

42 International Renewable Energy Agency. Stephanie Weckend, Andreas Wade, Garvin Heath. Engyf Life Manage

Solar Photovoltaic Panels. June 2016. Accessed November 2016.

idx?SID=ce0006d66da40146b490084ca2816143 &mc=true&node=pt40.26.261 &rgn=di
4 International Renewable Energy Agency. Stephanie Weckend, Andreas Wade }
Solar Photovoltaic Panels. June 2016. Accessed November 2016.
http://www.irena.org/DocumentDownloads/Publications/IRENA IEAPVP

46 TLCP test results from third-party laboratories for REC, Jinko, and Canad1 ar sili

panel manufacturers directly or indirectly to authors

47 Sinovoltaics, Introduction to Solar Panel Recycling, March 2014. AcceNed Octobdf 2014 Mitp://sinovoltaics.com/solar-
basics/introduction-to-solar-panel-recycling/ V

Photovoltaics, Photovoltaics, 2014.

48 Brookhaven National Laboratory. Vasilis Fthenakis, Regulatigfis on tovo@ule Disposal and Recycling. January
29, 2001. < ’

4 Parikhit Sinha, et al. Evaluation of Potential Health and% ntal [nfpactNrdm End-Of-Life Disposal of

30 First Solar. Parikhit Sinha, Andreas Wade. Assessm hi

ing Lgsts for Evaluating Potential Environmental Impacts

of PV Module Field Breakage. October 2015. Access st201¢g @ www.firstsolar.com/-
/media/Documents/Sustainability/PVSC42-Manu - 0912ASNsspfient-of-Leaching-Tests-for-Evaluating-Potential-
Environmental-Impa.ashx

3! First Solar. Dr. Yasunari Matsuno. December 2013NEnvironNge isk Assessment of CdTe PV Systems to be considered
under Catastrophic Events in Japan. http:/ firstsolar. edia/Documents/Sustainability/Peer-

Reviews/Japan Peer-Review Matsuno SRV - T'sunggemg

32 Phone interview, February 3, 2016, i @ on & M{ @ ner, NC www.ncscrapmetal.com/

53 Wen-His Huang, et al. Strategy and TNggdlogy TRES Water-silicon Solar Modules. Solar Energy, Volume 144,
March 2017, Pages 22-31

4 International Renewable Ene ency. Stegph eckend, Andreas Wade, Garvin Heath. End of Life Management:
Solar Photovoltaic Panels. ] @ ber 2016.
C

ons/IRENA _TEAPVPS End-of-Life Solar PV Panels 2016.pdf
1ve 2012/19/EU of the European Parliament and of the Council
onic Equipment. July 2012. Accessed November 2016. http://eur-
Turi=celex%3A32012L0019
sed November 2016. https://pvcyclepublications.cld.bz/Annual-Report-PV-

of 4 July 2012 on Wa,
lex.europa.eu/legal €ongn
5PV CYCLE. Ay

CYCLE2015/4( J

N the Eur%on. Directive 2012/19/EU of the European Parliament and of the Council
icyand Electronic Equipment. July 2012. Accessed November 2016. http://eur-
T/?uri=celex%3A32012L0019

Program: www.seia.org/seia-national-pv-recycling-program

r Decommissioning Plan submitted to Catawba County associated with permitting of a SMW solar
Accessed April 2017. www.catawbacountync.gov/Planning/Projects/Rezonings/RZ2015-

06 ission.pdf
‘QSuNgRaised Farms: http://sunraisedfarms.com/index.html

& Nat¥nal Institute of Environmental Health Sciences and National Institutes of Health, EMF: Electric and Magnetic Fields
ssQ®iated with Electric Power: Questions and Answers, June 2002


https://www.energy.gov/eere
http://www.ecfr.gov/cgi-bin/text-idx?SID=ce0006d66da40146b490084ca2816143&mc=true&node=pt40.26.261&rgn=div5#sp40.28.261.b
http://www.ecfr.gov/cgi-bin/text-idx?SID=ce0006d66da40146b490084ca2816143&mc=true&node=pt40.26.261&rgn=div5#sp40.28.261.b
http://sinovoltaics.com/solar-basics/introduction-to-solar-panel-recycling/
http://sinovoltaics.com/solar-basics/introduction-to-solar-panel-recycling/

4 World Health Organization. Electromagnetic Fields and Public Health: Exposure to Extremely Low Frequency Fields.
June 2007. Accessed August 2016. http://www.who.int/peh-emf/publications/facts/fs322/en/

5 Committee on the Possible Effects of Electromagnetic Fields on Biologic Systems, National Research Council, Possible
Health Effects of Exposure to Residential Electric and Magnetic Fields, ISBN: 0-309-55671-6, 384 pages, 6 x 9, (1997) Thi
PDF is available from the National Academies Press at: http://www.nap.edu/catalog/5155.html

% World Health Organization. Electromagnetic Fields and Public Health: Exposure to Extremely Low Frequency Fields,
June 2007. Accessed August 2016. http://www.who.int/peh-emf/publications/facts/fs322/en/

7 World Health Organization. Electromagnetic Fields and Public Health: Static Electric and Magrgtic Fields. MarcMQOR.
Accessed August 2016. http://www.who.int/peh-emf/publications/facts/fs299/en/

8 Asher Sheppard, Health Issues Related to the Static and Power-Frequency Electric and Magn! s(E ONge
Soitec Solar Energy Farms, April 30, 2014. Accessed March 2017:
www.sandiegocounty.gov/content/dam/sdc/pds/ceqa/Soitec-Documents/Final-EIR-Files/ A9 .0-1 X

% Massachusetts Clean Energy Center. Study of Acoustic and EMF Levels from Solar PC Wit Proj mber 2012.
Accessed August 2016.

"0 Duke Energy Corporation. Frequently Asked Questions: Electric and Magnetic Fields?
https://www.duke-energy.com/about-energy/frequently asked questions.asp P
F Gf 9

essed qqQugusy016.

"I National Institute of Environmental Health Sciences, Electric and Magnetic sociat the use of Electric
Power: Questions and Answers, 2002. Accessed November 2016
www.niehs.nih.gov/health/materials/electric_and magnetic fields

2 Duke Energy Corporation. Frequently Asked Questions: Electric and
https://www.duke-energy.com/about-energy/frequently asked questions.
B R.A. Tell et al, Electromagnetic Fields Associated with Commer® Sol

Facilities, Journal of Occupational and Environmental Hygiene,g#8lu
702
art

http://www.tandfonline.com/doi/full/10.1080/15459624.2015.1

74 Massachusetts Department of Energy Resources, Massachu mg ironmental Protection, and
ouwd-Moun @ r Photovoltaic Systems. June 2015.
ewableg/solar/Sotar-pv-guide.pdf

Photqyo ectric Power Generating
,2015.- e 1 1. Abstract Accessed March 2016:

Field, %d August 2016.
@

Massachusetts Clean Energy Center. Questions & Answe
Accessed August 2016. http://www.mass.gov/eea/docs,
75 Ibid.

76 Tbid. Q
7T EMFs and medical devices, Accessed March Zwa.emf@ cts/medical-devices/
A

78 ibid.
7 Damon McCluer. Electrical Constructio aintenanc% OE’s Approach to Considering DC Hazards. September
2013. Accessed October 2016. http://ec Qn/safetyadpa- s-approach-considering-dc-hazards,
8 Hong-Yun Yang, et. al. Experimenta n the Nbility and Fire Hazards of Photovoltaic Modules, Materials.
i PP-1944/8/7/4210/pdf
81 Matt Fountain. The Tribune. F irxreaks out at To lar Farm. July 2015. Accessed August 2016.

k. Ma

www.sanluisobispo.com/news/ rticle3905 \
82 Cooperative Research Net hew Pgfls Surveillance: PV Safety & Code Developments. October 2014.
Accessed August 2016. http®/ .Nreca.cQo ntent/uploads/2013/06/ts pv_fire safety oct 2014.pdf

QQ. g l.&ﬁNC}E(é:i- I\IIE (ﬁ(!\(liYECIEINIETFE{RGY


https://www.duke-energy.com/about-energy/frequently_asked_questions.asp
https://www.duke-energy.com/about-energy/frequently_asked_questions.asp
http://www.nreca.coop/wp-content/uploads/2013/06/ts_pv_fire_safety_oct_2014.pdf

	Health and Safety Impacts of Solar Photovoltaics
	1.1 Project Installation/Construction
	1.2 System Components
	1.2.1 Solar Panels: Construction and Durability
	1.2.2 Photovoltaic (PV) Technologies
	2. Electromagnetic Fields (EMF)
	4. Fire Safety



