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Comment Letter 155

Hingtgen, Robert J

FW. Fire protecsion

Subject:
Attachments: RFFirefighterTactcsSolarPowerRevised pdf

From: Douglas Skains [malto.dwskains@sbogiotal.net]

Sent: Tuescay, Fedeuary 11, 2014 10:49 AM

To: Mingtgen, Robert )

Cc: Jacob, Dianne; Donna Tisdale; paulabryrd 46 Evahoo com; edxZivvesticates Snbounl.com; Patrick Brown
Subject: Fire protection

As 3 Captain with the El Centro Fire Department for 30 Years, | can tell you that the Fire
Departments in the areas of theses projects do not have the resources, response times and training
levels that will provide for 3 level of protection needed for emergency service and fire protection.
From experience, it can &t take up to 30 min for a response time in this area. 1 provided C-spine pro
cations for a patient who ran his car off the freeway bridge on to  Ribblonwood just down from the
Boulevard Fire Station.

We do not have the resources to provide services for large scale solar projects. Water, roads Fire
protection and emergency services,

3.1.4-5 Draft Fire Protection Plan for the Tierra del Sol Solar Farm Project
3.1.4-6 Draft Fre Protection Plan for the Rugged Solar Farm Project
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Response to Comment Letter 155

Wayne Skains
February 11, 2014

The County of San Diego (County) acknowledges the
commenter’s concern with emergency service and fire
protection resources in the vicinity of the Proposed
Project. The Draft Program Environmental Impact
Report (DPEIR) is based on extensive analysis
conducted in coordination with the fire agencies,
including San Diego County Fire Authority (SDCFA),
California Department of Forestry and Fire Protection,
and San Diego Rural Fire Protection District, and is
consistent with industry standards and procedures. An
emergency services capabilities assessment and
cumulative impact mitigation report was prepared for
the Proposed Project (see Appendix 3.1.7-1 of the
DPEIR). Fire protection and emergency services are
evaluated in Section 3.1.7.3.1 of the DPEIR. To
reduce the risk of fire on the site and improve the
effectiveness of an emergency response should a fire
occur on site, site-specific Fire Protection Plans
(FPPs) for the Tierra del Sol solar farm (Appendix
3.1.4-5 of the DPEIR) and the Rugged solar farm
(Appendix 3.1.4-6 of the DPEIR) have been prepared,
will be approved, and will be implemented. The FPPs
were prepared by a County-approved California
Environmental Quality Act consultant in accordance
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Attachment
Comment |55-2

155-2

with the County’s Guidelines for Determining
Significance and Report Format and Content
Requirements: Wildland Fire and Fire Protection,
dated August 31, 2010. As per project design feature
PDF-HZ-3, similar site-specific FPPs will be prepared
and approved by the SDCFA for the LanEast and
LanWest solar farms prior to approval of a Major Use
Permit for those sites. Additionally, it should be noted
that the Proposed Project would enter into a fire and
emergency protection services agreement with the San
Diego County Fire Authority prior to approval of a
Major Use Permit to make a fair share contribution to
fund the provision of appropriate fire and emergency
medical services (see PDF-PS-1 in Section 3.1.7.3.1 of
the DPEIR). Pursuant to PDF-PS-1, the Proposed
Project would contribute an initial Paramedic staff and
startup equipment kit (total cost of $60,000) and
annual funding for one Paramedic staft firefighter.

The availability of other resources in the Proposed
Project area, including roads and water, is evaluated in
Section 3.1.8, Traffic, and Section 3.1.9, Utilities,
respectively, and was found to be adequate.

This comment is an attachment that includes a final
report related to fire fighter safety and emergency
response titled Fire Fighter Safety and Emergency
Response for Solar Power Systems (October 2013).
As stated on page 13 of the referenced report, “the
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scope of this report includes all thermal systems and
photovoltaic systems that are directly supporting the
energy use of a structure” and the report “does not
intend to include independent solar power generation
facilities”. As such, the report is not intended to be
applicable to power generation facilities such as those
included in the Proposed Project.

References

County of San Diego. 2010. Guidelines for Determining
Significance and Report Format and Content
Requirements: Wildland Fire and Fire Protection. March
19, 2007; last updated August 31, 2010. County of San
Diego, Land Use and Environment Group, Department of
Planning and Land Use, Department of Public Works.
http://www.sdcounty.ca.gov/pds/docs/Fire-Guidelines.pdf.
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FOREWORD

Today's emergency responders face unexpected challenges as new uses of alternative energy
increase. These renewable power sources save on the use of conventional fuels such as
petroleum and other fossil fuels, but they also introduce unfamiliar hazards that require new
fire fighting strategies and procedures.

Amang these alternative energy uses are buildings equipped with solar power systems, which
can present a variety of significant hazards should a fire occur, This study focuses on structural
fire fighting in buildings and structures involving solar power systems utilizing solar panels that
generate thermal and/or electrical energy, with a particular focus on solar photovoltaic panels
used for electric power generation.

The safety of fire fighters and other emergency first responder personnel depends on
understanding and properly handling these hazards through adequate training and preparation.
The goal of this project has been to assemble and widely disseminate core principle and best
practice information for fire fighters, fire ground incident c ders, and other emergency
first responders to assist in their decision making process at gencies involving solar power
systems on buildings. Methods used include collecting information and data from a wide range
of credible sources, along with a one-day workshop of applicable subject matter experts that
have provided their review and evaluation on the topic.

The Research Foundation expresses gratitude to the members of the Project Technical Panel,
workshop participants, and all others who contributed to this research effort. Special thanks
are expressed to the US, Department of Homeland Security, AFG Fire Prevention & Safety
Grants, for providing the funding for this project through the National Fire Protection
Association,

The content, opinions and conclusions contained in this report are solely those of the authors.

Note: This report was revised in October of 2013. Changes other than editorial are indicated by
a vertical rule beside the paragraph, table or figure in which the change occurred. These rules
are Included as an aid to the user in identifying changes from the previous edition. This report
was issued in May 2010 and revised in October 2013, Changes have been made to the
information on page 57 to address the hazards of PV at nighttime. The information described
on page 57 for the electrical energy hazards of a PV system from other than sunlight (eg.,
mobile lighting plant) were taken from citation 137 when this FPRF report was prepared in May
2010, which was the best information available at that time. Since then a subsequent separate
study from Underwriters Laboratories has further clarified through empirical tests that a hazard
may exist from non-sunlight sources, i.e., at nighttime. This UL report is “Firefighter Safety and
Photovoltaic Systems” and was issued In November 2011, and is available through the UL
website.
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EXECUTIVE SUMMARY

As the use of alternative energy proliferates, the fire service has identified a number of areas of
concern with hazard mitigation and emergency response. This includes solar power systems,
which are introducing new and unexpected hazards to fire fighters and other emergency
responders.

The goal of this report is 1o assemble and disseminate best practice information for fire fighters
and fireground incident commanders to assist in their decision making process for handiing fire
incich in bulldings equipped with solar power systems or in the systems themselves.
Specifically, this study focuses on structural fire fighting in buildings and structures involving
solar power systems utilizing solar panels that generate thermal and/or electrical energy, with a
particular focus on solar photovoltaic panels used for electric power generation. The project
deliverables will be in the form of a written report, which will include best practices that can
serve as the basis for 'g program develop by others.

The delverables for this project ively review the available bases f lon, identify

the fundamental principles and key details invoiving fire/rescue tactics and strategy, provide a

summary of core basics, and address and clarify related Issues such as training needs, areas
ding further r h, revisions to codes/standards, and other applicable topics.

A companion study to this report focuses on electric and hybrid electric vehicles rather than
solar power systems ("Fire Fighter Sofety and Emergency Response for Electric Drive and Mybrid
Eleanc Vzmdes' FP") Ths has taken an identical approach and focuses on assembling and

g best £ ion for fire fighters and fireground incident commanders to
assist in thelr ish e This panion report addresses emergency events
involving electric drive and hybﬂd electric vehicles, both near or within structures (eg.,
residential garage).

This overall initiative (consisting of the reports Solor Power Systems and Electric Drive ond
Hybrid Electric Vehicles) Is fvnded through a US, Department of Homeland Security (OHS)
Federal Emergency Manag! Agency (FEMA) Assi to Firefighters Grant (AFG).

- Page3of 93 —
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1. INTRODUCTION AND BACKGROUND

Amongst the new challenges facing the US. fire service is the changing nature of emergency
response to incidents where alternative energy sources are in use. The term alternative energy
describes any of the various renewable power sources that can be used in place of conventional
fuels such as petroleum and other fossil fuels.'

The fire service has identified a number of areas of particular concern with respect to hazard

mitigation and emergency respx In these As the use of alterative enev'v
prolferates, it introduces new and pected hazards that conf) and challeng: P s
in an emergency.

Some fire service organizations are in the process of developing r ded

response procedures and best practices on a local or regional basis; in other jurisdictions, bulc
information on the hazard and appropriate response is lacking or not currently avallable. This
project will take a comprehensive national look at the needs of the fire service for credible
information and best practices in order to address these topics for first responders and provide
an overall coordinated perspective on this topic,

The goal of this report is to assemble and disseminate best practice information for fire fighters
and fireground incident commanders to assist in their decision making process for handling fire
incids in builds quipped with solar power systems or in the systems themsebves.
Specifically, this studv focuses on structural fire fighting in buildings and structures involving
solar power systems utilizing solar panels that generate thermal and/or electrical energy, with a
particular focus on solar photovoltalc panels used for electric power generation (see Figure 1-1
for an example of a solar power system on a typical residential occupancy).

While this report adds issues of on solar power sy 2 i
report addresses electric drive and hybrid electric vehicles, and it spedﬁuw oddresses those
emergency events involving electric drive and hybrid electric vehicles either near or within
structures (e.g., residential garage). The project deliverables will be in the form of a written
report, which will include best practices that can serve as the basis for the development of
training programs by others.

This report will focus on solar power systems through the following specific tasks:
(1) Colleet and tyze appl scientific studies, case study reports, and avallable
operational and training guidance from various sources;
(2) Synthesize this information In the form of best practice guidance for emergency
response;
(3) Make the project deliverables broadly available to the fire service through on-line and
print methods, and generate awareness of its accessibility; and

- Page9of93 .
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(4) Determine i standardization of safety peactices is feasible and i so disseminate
Information to those ived, including submittal of possible revisions to applicable
codes and standards.

The first of these tasks s key, which is to collect and analyze all applicable scientific studies,
training guidance, case study reports and loss data, and available emergency response guidance
relating to solar power systems. This task includes an interactive one-day workshop involving
experts on fire service and other subject matter.,

The goal of the one-day workshop was to identify, review, and assemble best practice
Information for tactical and strategic decision making by fire fighters and fireground incident
commanders, to assist In their decision making process when responding to fire and/or rescue
emergency events involving solar power systems. The workshop will focus on the following
objectives:
¢ Collectively review the available baseline information provided to participants prior to
the workshop;
o identify the fundamental principles and key details involving fire/rescue tactics and
strategy, and provide a summary of core basics; and
*  Address and clarify related issues such as training needs, areas needing further research,
to codes/standards, and other topics applicable to the overall workshop goal

Figure 1-1: Example of Home with a Photovoltaic Solar Power System in Milton, MA
{Phato courtesy of NREL Mhotographic isdormation Exchange)

= Page 10 of 53 ~
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2. OVERVIEW OF SOLAR POWER SYSTEMS

Technology offers great advantages that generally make our world a better place. Yet when it
fails it can duce new and I challenges for emergency responders. As solar power
systems proliferate, fire fighters and other emergency first responders need to be prepared 1o
handie the hazards they present

This section provides the baseline information necessary to understand and adequately address
the technology used for solar power systems. This includes some brief historical information on

the develop of the technology, clardication of the basic solar panel types currently
ilable and marketplace trends, o jon of available loss inf jon, and a y of
applicable information resources,

U of Technology for Harnessing Energy from the Sun

Life on planet Earth is fully dependent on the incredible energy of the Sun. As mankind has
intellectually evolved, he has learned to directly harmess this energy for practical everyday uses.
Today, solar power has come into the mainstream and today is a practical and increasingly
common alternative power source 1o conventional fossil fuels,

The three basics means of capturing the sun’s energy are: passive solar (Le,, capturing the Sun's
energy in building design and construction); solar thermal (Le., sunlight converted to heat); and
phatovoltaics (sunlight converted to electricity).’ These basic methods for hamessing solar
energy are Mlustrated in Figure 2-1. Generally, the evolution of the technology for harnessing
the sun's energy occurred first with passive solar many centuries ago. In the last several
centuries this has given way to the development of solar thermal technology and in more
recent decades by ph itaic techr | adk

— Page 110£93 -
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Mankind has been harnessing the energy of the sun for thousands of years. Since as early as
the 7th century BC, bullding construction and structural postioning were done 30 a5 to take
advantage of maximizing solar heating potential. Comman technigues of construction included
the use of south-facing windows to capture the sun’s warmth.” Today, perhaps the most
obvious direct application of passive solar concepts is with greenhouses used for agricultural or
horticultural purposes.

The scientific advances of the kst two and one half centuries have propelied solar technology
Into mainstream everyday appications. The concept of capturing the sun's thermal energy is
credited to Swiss naturalist Horace de Saussure, who during the 1760s created a hotbox that
effectively captured heat within multiple insulated boxes with plate glass windows.*

."‘ ' W -
Figure 2-2: Rooftop Installation of Solar Thermal and PV Systems in Atlanta, GA
(Mhoto courtesy of NRIL Photographic Information Exchange)

A century and a half later in the 1800s this appiication was expanded to metal water tanks
painted black that would heat water when exposed to sunlight on rooftops. In 1891 Clarence
Kemp of Baltimore received a patent for the first commercial solar water heater that was
successfully marketed under the name Climax. This represented the world’s fiest modern solar
power system.”

Today, the use of solar panels for heating water are common in cenain countries such as
Australia, Israel, and Japan, and for certain application such as heating swimming pool water in
the United States and elsewhere, Figure 2-2 shows 3 combination solar thermal system [on
left) and photovoltaic system (on right) at the Georgia Tech Aquatic Center in Atlanta, Georgia.
As shown in the Slustration, the two types of systems have similar outward visual features, and

—Page 12093 —
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it may not be | diately obvious to gency ders which type of system they are
handling.

Whille solar thermal power !«Molo(v ms under develoomem. 50 100 was solar electric power
technology. In 1839, French sci ed a way to light into
an ek«rk cunent wn( an eletuolvte cell made up of copper oxide electrodes in an electrically

The p ductivity of the el ! was discovered by
Willoughby Senith in 1873, md 10 years later American lmntoc Charles Fritts Is credited with
the design of the first practical solar cell using selenium wafers.”

The conversion of sunlight into electrical energy remained a scientific curiosity untdd the
development of a crystal siicon cell. in the early 19405, Russeldl Ohl at Bell Telephone
Laboratories received a series of for th lectric-lype devikes using high purity fused
silicon that paved the way for the development of the modern solar cell.” In 1954, a Bell
Laboratories team led by Daryl Chapin, Calvin Fuller, and Gerald Pearson created a crystal
siticon cell that had good mmlon efficlency (“6% light- wdecmdtv) This resulted in the
first ¢ ial uses of phy s in 1955 at ty K P 5, and in
the first launched in 1958."

Ph itaics soon established itself as the power source of choice for satellites in space, and it
has held this role ever since, Thel\iﬁ(oslof(hunywudmohcyhuu»dnvdmpwd
over the years with increasing ady in technology upd: Today, ph s,
commonly known as “PV", has fiemly established itself as one of the premier methods of
sustainable energy and as a realistic alternative to conventional fossil fuels,*

Types of Solar Power Systems.

From a consumer’s standpoint, the fire service has an interest in all methods of harnessing solar
energy when it comes to their own fire stations and related facilities. However, from the
standpoint of fireground operations at a structural fire, their focus on the topic of solar power
is, for all practical puvvoses entirely on solar panels for thermal systems (direct heating) and

h taic’s (g ity). Accordingly, these two basic methods are the primary
ﬁxus of this report, as -iuwued in Figure 2-3, types of solar power systems of interest to the
fire service.

Fire fighters engaged in fireground operations at a structural fire are most likely 1o encounter
solar panels on the roof of the structure, ﬂmleunoMthvmamoﬂupmdlo
sunlight. The scope of this report includes all th i sy and p Y that
are directly supporting the energy use of a particular structure. In such a case the solar panels
may be located on the structure (i.e., roof) or be immediately adjacent and directly supposting
the buiding’s energy use. This study does not Intend to indude independent solar power
generating facilities. An example would be a large array of ground-mounted solar panels that

-~ Page 130 93 —
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are directing their combined electrical energy into the power grid for collective consumption by
the community,

Thermal sy are g lly less P d than ph itai The basic D
used by a thermal system s to use sunlight to directly heat a fluid that is used to transfer the
thermal energy.” Often the fluid is water, and on & structure this may of may not be
connected to an internal storage tank such as a conventional hot water heater. Fluids other
than water may be used in certain cosed-loop systems to avold freezing and enhance the
fluid's heat transfer characteristics.™

Figure 2-3: Types of Solar Power Systems of Interest to the Fire Service

Thermal systems are often further & 5 either passive th | or active thermal
depending on whether or not they have a pump that actively circulates the fluid. A

lication of a | system Is to heat g POOS, primarily b the fluid
(swimming pool water) and pump (swimming pool filtration system) are already readily
avallable. The four primary classifications of solar pool collector designs are: plastic panels,
rubber mats, metal panels, and plastic pipe systems.”’ The overall risk from thermal systems

presented to fire fighters involved with fireground op is generally dered to be low.
Marketplace Trends
Solar power Is an imp source of inable alt energy. The benefits of hamessing

solar energy often outweigh the barriers, which most often is the initial installation cost. Most
of the common solar energy applications available today are highly rellable, require little

have | operational costs, are sustainable with limited environmental
impact, reduce our depend: on foreign energy 5, and provide a flexible and
e Page 14 0f 93 -
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adaptable supply of power.™ Figure 2-4 illustrates a typical residential solar power installation
located in Maine.

Figure 2-4: Typical Residential Installation of a Solar Power System
(Pheto courtesy of NREL Phecographic Information Exchange)

The overall health of the solar power industry is strong. Worldwide solar heating capacity
increased by 15 percent from 2007 to 2008, and for the first time ever more renewable energy
than conventional power capacity was added in both United States and the European Union.™
In the United States photovoltaics show strong promise for supporting our future electrical
energy needs. Since early 2000 the production of photovoltaics had been doubling every two
years until 2008 when it doubled in just one year,™

The solar power marketplace in the US. has experienced significant growth over the most
recent decade. This is due to strong consumer demand, rising energy prices from conventional
energy sources, and financial incentives from the federal government, states and utilities.
These factors have resulted in the installed cost of consumer-sited PV systems declining
substantially since 1998,

The PV market is dominant in a small number of states led by Cakifornia, but this is expanding as
installations doubled in more than eleven states during 2008. The top states in 2008 based on
Installed megawatt (MW] capacity of PV installations were: (1) California - 178.7; (2) New Jersey
=22.5; (3) Colorado - 21.7; (4) Nevada - 14.9; (5) Hawaii - 8.6; (6) New York ~ 7.0; (7) Arizona -
6.4; (8) Connecticut - 5.3; (9) Oregon - 4.8; and (10) North Carolina < 4.0. The remaining states
accounted for a cumulative capacity of 15.9 MW,

Over 62,000 installations were completed in 2008, and the industry experienced a growth of 78

percent in 2008 with more than 5.4 gigawatts (GW) of capacity in shipments.'® Similarly, the
average size of PV system installations also Increased during this time frame. Examples
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occurring i 2008 include a 12.6-MW Instaliation in Nevada and a 3-MW installation in
Pennsylvania, which together ace d for 5% of the annual instalied capacity that year.™ An
le of a large © clal i located in Boston, MA is shown in Figure 2-5.

Fgure 2-5; Example of a Large Solar Power Commercial Installation
(Photo courtesy of NREL Photographic Information Exchange)

Each year in the last decade the manufacture and shipment of companents for solar thermal
and photovoltaic solar power systems has increased at a noteworthy rate. For solar thermal,
Table 2-1 illustrates solar thermal collector shipments each year from 1998 to 2007,
demonstrating the vibrant overall health of the solar thermal industry in the United States.™
Similarly, the annual US, shipment of photovoltaic cells and modules remains strong and has
Increased sharply from 1998 through 2007. The increase In annual shipments of photovoltaic
cells and modules in peak kilowatts over this time period is lustrated in Table2-2. At this time
Indications point to this growth continuing.

Impoet Shipments

(1000 Sq Ft)
1998
1993 2,352 = 537 T T M.
| S900__ 2201 . TR R ¢ [ P RN TR
2001 3,502 830 11,189 26
2002 3,068 659 | 11,663 27
2003 2,986 518 11444 26
| 2008 | 3723 813 4 14114 24
2005 4,546 1,361 | 16,041 ‘ 25
2006 421 1211 | 20,744 | L)
2000 | 3891 1376 | 15083 | 6
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Table 2-2: Photovoltaic Cell/Module Shi ts Annually from 1998 to 2007™

2 1,931 35,493 50,562 21
4,784 55,585 N 19

8,821 68382 1
10,204 61,35 19
7.297 66,778 19
2003 9,731 60,693 20
) 47,703 102,770 181,116 139
2005 90,981 92.451 226,916 29
2006 | 173977 130,757 337,268 41
2000 | 238018 237.209 517,684 46

The largest barrier to the proliferation of PV technology s its initial cost, and reducing this cost
will further promote its widespread use. This obstacle hlms directly on the manufacturing

process used to create the solar cells and related technology ponents. research is
under way that is focusing on improved p to bly facture PV solar cells,
mclnthemuvemllus icipated that the affordability of PV solar systems will
Omm

The attractiveness of solar power is of course dependent on the available sunlight. # A
the cost of purchasing electricity tends 10 be a greater marketplace influence, which is why
some of the states with less than ideal optimum sunlight rank high on the list of states with the
most | for le, New Jersey, New York, Connecticut, Oregon, and North
Carolina all ranked In the top ten among states with the most installed MW capacity in 2008,
despite ranking lower in terms of annual total sunshine. Further, certain states (e.g. California)
and certain regions within states have aggressive legislation and active incentive programs
promoting the use of solar and other sustainable forms of alternative energy. Therefore, fire
fighters should not as they won't er a solar power system simply because their
Jurisdiction Is in an area of the U.S. lacking a reputation for abundant sunshine,

An example of a proactive state activity is the “California Solar Initiative Program”, which

s signifi nbau s through dp g public utilities to promote
v.heuseol:oiuener(v Table 2-3 illustrates the growth of solar energy systems in Calfornia
from 1981 through 2008, and the impact of two major legislative initiatives to promote its use
that were initiated in 1998 and 2007, respectively, In 2010, anmmtedooopcramolal
NIW in Calfornia have some type of solar power system.”™ The program started in 1998

d on ives for stimulating utilities to broaden thewr use of solar energy, while the
independent ZWWWIN addresses consumer-based incentives.
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Table 2-3: California Grid-Connected Photovoltaic Systems 1981-2008"

1981 37 £.3908 = 4,193
: § kN 1996 5,046
86 1997 5,465
1984 1,231 % - 6,263
1285 7,228
2217 i 8929
1987 2,217 : 15,180
2,221 2002 25,820
1989 2,280 : 58,460
1550 2,295 o 95,984
2312 7 139,516
1992 2,801 198,257
4,064 g 279,463
1998 4,606 449216

Al corners of planet Earth have some number of sunny days, and thus this technology can be
found virtually everywhere. The remoteness and ease of access to an area also provide a
strong motivation for using solar power, and it is ideal where delivery of conventional fuels is
very difficult, For this reason solar power has been the energy source of choice for the space
exploration program, as well as isolated, difficult to access sites such as telephone repeater
stations on mountain-tops and other remote locations.

As solar power technology is enhanced, it will reduce the complexities of installation and make
system installation more readily available in the broad consumer marketplace. This raises the

questions regarding non-OEM-type (OEM: Original Eguip Manufacturer) install by
unregulated consumers (Le, purchase of self-install kits from a local hardware store).
Additional ring by safety profe may ulth ly be req ‘loaswnulem
proper installati for P and y first ders. U dated private

install raise that are M nef.euuiy within the pvesem regulatory
lnfnmunm {e.g., via bullding and/or eiecmul permits). Further attention to this issue will
likedy be required as these self: lled sy more

The convenience of an energy source that minimizes the need for replenishment is highly
attractive.  For example, solar power has already replaced small batteries in various
convenience items such as hes and calculators, thus greatly extending their lifespan
without the need to replenish the power source (i.e., battery). Another example includes new
motor vehicles that are dering solar energy coll s to supple their electrical power

system. ™
Use of solar power for gency preparedness and k. 8 Is an ob application
of alt ive energy independent of the electrical power grid. Numerous initiatives are

underway to supplement disaster critical support functions. One example is an Initistive to
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establish a PV back-up power supply in the City of Boston for evacuation routes out of the city
for critical traffic controls, gas station pumps, emergency evacuation repeaters, etc

Figure 2-6: Example of PV Systems Mounted on Fire Apparatus™
(Photo courtesy of San Rafael Fire Department)

The of vehicle d solar panels already exists within the fire service. In
particular, an approach gaining traction in California is the instal of fire apparatus PV
systems to address fire apparatus deployment over long periods of time (e.g., a wildfire
event).” This provides them with a dependabdle electrical power supply for radio operation and
other critical electrical equipment, and supplements the energy provided from conventional
fuels that need periodic replenishment. Figure 2-6 Bustrates PV panels mounted on the roof of
fire apparatus in San Rafael, California.”

Figure 2-7: Example of Fire Station with a Photovoltaic Solar Power System in Missoula, MT
(Photo courtesy of NREL Photographic Information Exchange)

In addition to vehicle-mounted systems, fire stations are an integral part of almost all

communities, and these civic structures are possible candidates for solar power system

applications, Multiple examples exist over the last several decades of fire departments that

have effectively installed solar power systems on their fire stations.”*™ Figure 2-7 illustrates an
ple of a PV install y at Station Number 4 in M la, Montana,
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Fire service facilities in remote areas utilize solar power systems more by necessity than for cost
savings or similar reasons. This is not unusual for installations in the urban/wildland interface
where commercial electric power from the local utility Is simply not available, Figure 2-8
illustrates a PV installation on the Hawley Lookout Tower, which is operated by the U. S. Forest
Service and located in the Boise National Forest in Idaho

by
Figure 2-8: Example of PV System at a Remote Fire Lookout Tower in Idaho
[Photo courtesy of NREL Photographic Information Exchangs)

The value of solar power systems as a source of sustainable energy s clear. While the fire
service is obviously interested in clarifying fireground operations for structures equipped with
solar panels, they also have a genuine interest in this technology as a general consumer.

‘ Loss Mistory and Data

Statistical data indicates that on average 40,270 fire fighters were injured during fireground
operations in the United States annually from 2003 through 2006, Of these injuries, there were
on average 215 fire fighters engaged in fireground operation at a building fire whose injuries
were due to “electric shock.” Further, 50 of these annual injuries were considered moderate or
severe injuries. Statistical data from present data collection efforts does not address whether
or not photovoltaic power systems were involved with any of these occurrences.

The danger of electric shock on the fireground is a real hazard for fire fighters. Exemplifying
this hazard Is a report containing thirty-two specific incidents from the Fire Fighter Near Miss
Database for the calendar years 2005 and 2006." These incident reports provide anecdotal
information on actual incidents involving fire fighters exposed to electric shock. While these
are useful case studies, the level of detadl In these reports does not always include the type or
source of the specific electrical equipment nvolved, and none of these reports mentions the
involvement of a solar power system,
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To facilitate a review of loss information, structural fires involving solar power systems can be
one of three basic types depending on the point of ignition. These are: (1) an external exposure
fire 10 a buliding equipped with a solar power system; {2} a fire originating within a structure
from other than the solar system; or (3) a fire originating in the solar power system as the point
of ignition,

Detailed loss information to support each of these scenarios Is lacking due to the relative
newness of this technology. Traditional fire loss statistics such as NFIRS (National Fire Incident
Rmomru Sntcm) Mndl«l by the US. Fire Admlmtnﬂon and FIDO (Fire Incident Data
bvlhe"' i Fire P iation, do not provide the
mosuryltwlolaullto"- h the relatively recent technologies of solar power
systems. A preliminary scan of the NFIRS data yields 44 incidents that invoive "solar” in some
, but a cdetalled review ind that most are not applicable and involve fires that
started with sunlight through glass, landscape lighting, are non-structural fires such as vehicles,
wvegetation, rubbish, etc. Further, proprietary information may exist with certain insurance

companies and similar loss control org but this is typically f d on their specific
s and 5P data are not known to be readily available,

n Y. data involving solar power systems Is not readily avallable to provide

quantifisble data lysis of these sy We do, h , have quantifiable data on the

number of structure fires in the United States each year, For example, in 2007 there were
530,500 structure fires resulting in 3,000 deaths, 15,350 injuries, and $10.6 billion in direct
property loss. Of these fires, one- and two-family homes accounted for 399,000 fires, 2,865
deaths, 13,600 injuries, and $7.4 billion in direct property 1055.% While the actual percentage of
overall bulldings with solar power sy and those involved with fire ins a quantifiably
mystery, we have a general expectation of how the data will likely trend in the future. As solar
power systems continue to proliferate, the Muelihood of fire fighters encountering them at a
structural fire will similasly increase.

Fire service emergencies will more likely be resp ' 10 smaller installats by found
on residences and similar occupancies since they comprlsc most of today’s lnslaluions
H , large ial sy will be equally noteworthy since even though they will be

much less freq v (due to fewer overall installations), they present unique fire
fighting challenges that will require special tactical and strategic considerations,

Several Individual fire reports of specific events are able to supplement our understanding of
fires invohing solar power systems. Comparatively, there are very few incidents of fires
originating with or directly involving solar power systems. This implies that the solar power
industry has a relatively good record when it comes to their equipment and components
contributing to the source of ignition. The following seven reported incidents provide
information on distinctly different fire emergency scenarios.
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The first of these incid involved a resk structure fire in Colorado during May 1980.
This involved a solar thermal system on a new unoccupied home with a small fire starting in a
solar module due to faulty insulation materials. The fire resulted in mi | damage, but it did
raise concern about this particular module design and its ability to properly endure the

pated heat and her conditions.” ™ This fire occurred in 1980 and in the three
decades since, signifs ch have been made with the components and materlals in this
type of application.

Figure 2.9: Type of Arrays Involved in May 2008 CA Incident®
(Phona courmesy of Matt Paiss, San fose CA)

The second incident involved ph ic panels in May 2008 on a structuse at the University
of San Francisco. Flmnl9prmﬁdosmnlustnﬁondlhnwdamwmdm1mmn
which was a relativel i1, and had the potential for significant fire spread.

However, the bulldlu engineers on site were certified to handle high voltage, and the local
electrical utility crew also arrived early in the event, and they took multiple steps to isolate
energized conductors and power down the system, allowing responding fire fighters to
extinguish the fire in one of the combiner boxes using portable extinguishers and a blanket of
foam. Property damage was kept to the components of the solar power system involved in the
fire, with | damage to the host bullding.**

The third fire of interest occurred in February 2009 at a California residence equipped with a
newly installed photovoltaic system. The system was tied to the grid and was installed under
cloudy conditions, and tumed on prior to receiving a final electrical inspection. The system

ined In an underp d mode of ) for an ded stretch of rainy days. Ten
days after the installation when exposed to full sunlight conditions, the system caught fire due
to an electrical malfunction. Damage was limited 10 the roof-1op system components,

A fourth fire occurred in a PV solar module instalied on the roof of a home in California during
March 2009, Unlike the residential fire in Colorado that involved a solar thermal system, this
fire involved electrical arcing with a photovoltaic module that initiated the fire. This fire
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resulted in minimal damage to the residence, but portions of the solar system required
replacement. ™

The fifth fire occurred in Caldornia during April 2009 and invoived a large PV solar array
comprised of 166 strings of 11 modules each on the roof of a department store.”’ Figure 2.10
illustrates the solar power system involved in this event.

Figure 2-10: Solar Power tm involved in April 2009 CA Incident**

A diagram of the rooftop installation s shown In Figure 2-11, and this llustrates how “strings of
arrays” in terms of the physical configuration are not necessarily consistent with the “strings of
clectrically connected arrays.” Explained in another way, the separate strings of 11 modules
each is based on their electrical imterconnections, and these do not directly equate to physical
strings of 11 modules in a single indnidual row. This can cause confusion as emergency
responders attempt 1o work with electrical system experts 1o isolate the system,

Figure 2-11: Diagram of Rooftop System in Apeil 2009 CA Incidemt™
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Two separate electrical fires broke out remaote from each other, and were caused by electrical
arcing. One of these fires consumed a complete string of solar modules. The resulting two-
alarm fire was confined to the solar modules and was kept from penetrating the store’s roofing
materials. The arcing occurred when metal edectrical conduits separated at their couplngs due
to significant contraction and expansion from sunlight, which exposed wiring that ultimately
shorted. Figure 2-12 lllustrates one of the arrays damaged by fire.

' N -
Figure 2-12: Fire-Damaged Array in April 2009 CA Incident™

The fire department was challenged by the lack of accessible means to readily isolate the
modules on fire, This fire occurred on a beight sunny day, and the modules continued to
generate electricity throughout the event with no means available to isolate them or de-power
them. The electrical energy generated at the time of the fire by the system was appreciable
and dangerous, and fortunately no injuries occurred.  Although the Installation met the
requirements of the applicable electrical code, this event indicates a need to revise code
requirements to provide emergency responders with appropriate measures to readily isolate
solar modules.

A shah fire incident occurred in March 2010 and involved a PV system at a residential
occupancy in Maryland.*” First arriving units reported that they had smoke and fire venting
through the roof, but they soon realized the fire was confined only to the rooftop solar panels,
after finding no smoke or fire within the structure. The fire was effectively controlled with a
hose stream from the ground.  Indications are that leaves and similar debris around and
underneath the solar panels contributed to the fire's Ignition, Fgure 2-13 prowides an
Mustration of the fire scene.
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3 |
Figure 2-13: Residential PV Fire in March 2010 MD Incident

The seventh fire occurred in 3 photovoltaic solar power system located on a residential
occupancy in Southern California during April 2010, This fire was the result of an electrical fault
within the inverter unit, and It resulted in an estimated $4,000 in damage and no injuries.”
Despite relatively minimal damage, the event gained attention due to the challenge to the fire
department to fully extinguish the fire while they attempted to safely remove electrical power
that was generated by sunlight powering the photovoitaic panels. The fire department kept the
small fire effectively contained within the inverter unit for several hours, and eventually fully
extinguished the fire after locating and obtaining the assistance of a properly credentialed and
equipped electrician to assist with removing the electrical power.

One Issue not yet addressed and included in the identified loss data, is the potential future
impact of solar power systems on the spread of wildland/urban interface fires. In recent
decades these large-scale fires have increased in frequency and their loss magnitude has been
enormous, dwarfing other traditional fire events. Some of these incidents have involved vast
areas of vegetation and included the loss of hundreds of structures.

Concern exists on the ability of structures 1o with d the onslaught of & wildland fire in these
interface areas, which is y to the requé its of NFPA 1144, Stondard for Reducing
Structure Ignition Hozords from Wildiond Fire that was oniginally issued in 1935.% The ability of
2 structure to resist an encroaching wildfire (including flying brands) is a critical defense for the
wildland/urban interface fires, and how solar panels resist or fail to resist the fire attack is
important. At this time, however, no data has been compiled nor any specific known losses
recorded that Indicate the impact of rooftop solar power systems for wildland/urban interface
events.
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More specifically it is unknown how rooftop solar panels perform when exposed to radiant heat
umwmammmmmm Fire protection professionals have for many
decades fought 1o prohibit buildi Jon that uses certain types of roofing materials
(eg.uolnmmm)mmmumwhmmmmmsmhd
to roofing material standards to protect from exposure fires such as ASTM € 108, Stondord Test
Methods for Fire Tests of Roof Coverings.>!

Certain remain d about the perf h of roofs eq

with solar power systems and their ability to withstand external fire exposure. One recent
research project through Underwriters Laboratorses has further explored this topic, but this
work s still in progress and the results are currertly pending.

Information Resources

Solar power system installations have steadily grown in numbers in the first full decade of the
215t century. Factors contributing to this growth incdhude strong consumer demand, rising
energy prices from conventional energy sources, and financlal incentives from the federal

government, states, and utilities.™ This has resulted in the devek of ple resources
ilable from g entities, independ bership and other similar
broad-based organizations.

A useful resource addressing PV installations is the Open PV Project administered by the
mwmmummmxmnummmuwtwm:
trends as well as specific details on us. p! . * The Open PV
mu-m-mmmmnmmgmw.mmmmm.
community-driven database of PV installstions. It utiizes a comprehensive web-based data

' process focusing on PV listion data for the United States. s goal Is to collect,
organize, and distribute knowledge add: g the & size, cost, and commissioning date
of s US. PV installations.

The Open PV Project utilizes an active dat pp that is inually gath
input from contributing Trend infe sumlﬂthtnumw'ﬂﬂ
administrators bolster the collection efforts by using data from organizations such as large
utilties and state-run The ongoing data process inck
Mmbfmuuwmmmmumdmtumwmmmn

s, and other esti are only and 6o not rep: the actual
cmnwtmtu Figure 2-14 ilustrates information from the Open PV Project located at
Qoenpv.nrel gov. lnlhe!u:uukushopedlmmmnnﬂmmduwammz
track permits and similar information (i.e., through building d and fire depar
muawxocmwwtmwwomnwm.wmhummmmm
focused on this topic.
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Figure 2-14; Example of Information from the “Open PV Project” (at openpv.nrel gov).”

A few local jurisdictions track the solar power systems installations within their domain, and
this provides useful information for emergency responders with their fire emergency pre-
planning efforts. An example of one such jurisdiction is the Building Department in the City of
San Francisco. They provide useful information on the installations located throughout the city,
Including detalled case studies of selected solar power systems. This Information is readily
available on a website (s solarmap org), and Figure 2-15 provides an example of this particular
web-based resource.”” Other cities have similar web-based inventories, such as San Diego,
which is considered to have the most Megawatt capacity among U.S City based jurisdictions.

Figure 2-15: Website Example for Local Solar Power Systems (at gf solarmap org)
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Bustrations are a critical aspect of training programs for emergency responders, and a valuabie
mmoluuMpktumonaw\dewounemmwunmedmpmmhmw
power systems is the NREL PIX (National Renewable Energy Lab y Plcture &

Exchange). This website is k ‘uwmm.smmma
lustrations that can be freely downloaded and used, and also provides a service for obtaining
high resol o If needed

The growth in recent years of solar power Industry has led to multipl
that provide a supporting infrastructure for the use of solar power, Some of these
organizations are focused on Industry lobbying efforts or activities of interest to industry

constituent groups. Their licability to 8 ders may, in some cases, be
lMMMMMWMBMMhW:oM:Mth
of the solar power industry. The following p a y of the key bership and
Qorga odi 'g solar power in the United States:
American Solar EnerRy Sockety (ASES)
The American Solar Energy Sockety (ASES) & a ;-.. gani with N
13,000 energy peok and gr d to advancieg the use of solar
mmmmausmumm ASES the

widespread near-term and long-term use of solar energy, has reglonal chapters in 40 states, and

s the U.S. section of the International Solar Energy Society.”’

The Database of State for R bl IMM“NMMhI’”B
a of multi and non-go that provides a
Wmdndﬂm&lﬁmambutuﬁv ndhdvl

energy and energy efficency. Funded by the US.
desmummmuwcmmmmm
Is admini; d by the I R ble Energy Labd y (NREL) and s an ongoing project
of the North Carolina Solar Center and the Interstate Renewable Energy Council (IREC).™

Intecstate Renewable Enenty Councl (IREC)

The Interstate Renewable Energy Councll (IREC) & a nonprofit organization that addresses

Mmmmmmunmmmmm
"L and best regarding ble energy. IREC was founded in

MMMMMMMRWNMMMerwm

utibty grid, works P

National Benewabie Energy Laboratory (NREL

The R ble Energy Lab y (NREL) Is the mation's primacy laboratory for
renewable energy and energy efficiency resesrch and development. In 1977 NREL began
operating as the Solar Energy Research Institute, Mhl”lleU&
wdwmwuumwwm&

Solar Americs Board of Codes and Standards (Solar ARCs)
The Solar America Board for Codes and Standards (Solar ABCs) is funded by the U.S. Department
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oltn«w 1o help facilitate widespread adoalondufc, reliable, and cost-effective solar
logies, primarily through the devek and di: L of codes

and standards addressing sofar power. Solar ABCs coords d 10 codes and
standards making bodies as a collab effort of affected stakeholders.”

Solar Energy Industries Association (SEIA)
The Solar Energy Iadustries Association (SE1A) was established in 1974 and functions as the

national trade association of solar energy Industry. SEIA lishes its mission by di
Mmmmarmummmmmwmmmwkmm
dehvmm SEIA also ad S 0 sep called the
Solar Energy R ch and Edi Found, tstktr)lhnovmmmnnumh
and @ s ch progs to p solar a5 a and signifi
energy source.”

Solye Enacgy Interngtional (S£1

Solar Energy Maternational (SE1) was founded in 1991 and s a noeprofit educationa!

organization that provides education and training to decision makers, techaiclans and wsers of

Mwmm The SEI mission & to empower people around the world through the
of

and they work P ly with gr and
anummmmmumum.wmam.;
Solar Living lnstitute (SU]
The Solar Living Institute (SU) is a noaprofit od | orgs that p [
Twving throug) d education. SU was founded In 1998 and has its
headquarters in Hopedale, California.**

Other national organizations address solar power and directly address its virtues, but tend to
remm the Interests of system consumers, the general pubhc. or other broad-based general
group. The following is 3 y of these org; S

lnternational Solar Enenty Society (ISE5)

The International Solar Energy Society (ISES) was founded in 1954 as the “"Assoclation for
Applied Solar Energy”. The organization revised their name In 1963 to the “Solar Energy
WwwwmﬂmmwwlmWMI”x ISES is a global,
nongrofit, non-go -] jon serving the needs of the renewable
energy community, With world h inf burg, G y. ISES is a UN
mmmamummwm“

Solar ABance
The Solar Allance Is a U.S. oriented, state-f d alliance of solar manufacturers, integrators,
and financlers ded d to faciitating ph itakc energy. Yheulbmtwhdtmn‘ﬂh

corporations, state-level trade iath £rass roots ..'
and local governmaents to advocate the virtues of solar energy.
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Solar lectric Power Association (SEPA)

Solar Electric Power Assoclation s a nonprofit bersh f g on electric
utlllyuuandmhndwhth SEPAu. iness-10-busi utifity-4 d
activity that provids and p | advice, h and events that are of
Mm«umchnmmmvmw Funding comes from membership dues,
Individual and corpor event and support from the U.S. Department of
Emy.“'

Solar Nation

Solar Nation is a program of the American Solar Energy Society that s a mational grassroots
campaign working to harness and faclitate public support for solar energy. Thelr focus &s to
positively affect state and federal policy and to enable solar power to become a significant part

of America’s energy future. Solar Nation p rking for ady groups with similar
Mlommmwwmm!mmp*hmwmdkw&y
actions.”
Yote Solse
The Vote Solar Initi s headk d In San Francisco and works to resolve regulatory
roadblocks impeding solar ad Established In 2001, Vote Solar operates at the local,
mmmnmmnmmm-mmmmmammr
market.”
In addition to the national 5, various regional ions have also found their

wary into various levels of mamtream recommon Some of their wovk has had noteworthy
Impact and serves as a model for others with interest on these topics. Virtually every state
and/or region has some organization that is supporting the local interest of solar power. These
are summarized in multiple listings, such as the Action Partners section maintained by Solar
Nation that provides a summary of their fifty-two Action Partner organizations.” Some
examples are summarized in Table 2-4, Regional Orga Addressing Solar Power,

When compared to other energy technologies, solar power is relatively new and its usage has

become more mainstream in the last | decades. Ci Q ly, the model codes and
standards arena s actively engaged in addressing the latest technologies and |
methods,

Consensus-based model codes and standards provide the baseline for the design, installation,
operation, maintenance, and other important aspects of solar power systems. A key
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organization providing support in this topic is the aforementioned Solar America Board of
Codes and Standards, also popularly known by their acronym Solar ABCs.” Funded by the U.S,
Oopanmtnl of Energy, their charter Is to support efforts towards development,

ion, and di ination of codes and standards addressing solar power, with the
intent of facilitating widespread adoption of safe, reliable, and cost-effective solar technologies.
There role Is particularly important to help address umy and other concerns from the
emergency response community, as they d to codes- and
standards-making bodies as a collaborative effort of alfec(ed stakeholders.

S | iy gnized codes and standards directly address solar power systems,
either within the ennre document or in part. Included are certain emergency responder
concerns for solar power systems, such as certain features that assist them durtng an

rgency such as comp labeling or electrical isolati itches. The following tech
o are dwrectly applicable d in the codes and standards arena:
o |EC/TS 61836:2007, Solor Ph Energy Sy = Terms, Definitions, and Symbols
o |EC 60364-7-712 (2002-05), Electric Instotiotions of Bufidings ~ Part 7-712: Requirements
for Special llations or L lons ~ Solar Ph, itaic (PV) Power Supply Systems

* 15O 9488:1999, Salar Energy ~ Vocabulary
= NFPA 70, National Electrical Code, 2008 edition (Article 690, Solar Photovoltaic Systems)

These d provide detailed requi but the relatively rapid introduction of this
lechnolo.vhasrcquired!hem!obe;. inwalk dated for Ne, NFPA 70, National
El I Code is pr by B isi fo’lhe P g 2011 edition of the NEC, and
multiple enh are proposed m Article 690 to address addlboml safety details for PV

installations. This includes routing PV source and output conductors, directories for remote
multiple Inverters, and qualification requirements for installers.””

Other model codes address the topic of solar as part of their overall scope, such as the various
mode! bullding codes, fire codes, and other related documents. Model codes continue to be
updated to include the latest requir and guid information, some of which pertains
to the design and installation of solar power systems for bulldings. This is especially important
for new and | technologies and configurations (e.g., flame spread characteristics of
vertically mounted solar panels rather than horizontal rooftop panels), Examples of applicable
model codes include:

NFPA 5000, Building Construction and Safety Code, 2009 edition

ICC International Building Code, 2009 edition

NFPA 1, Fire Code, 2009 edition

ICC internctional Fire Code

ICC-700, National Green Bullding Stondard

ICC International Energy Conservation Code

ICC International Residentiol Code
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Indevidual states typically utilize the model codes to provide direction and approach for their
own legislation. Some state-based requirements are aiready well established, and in other
[ it Is under develop: 3 ples include:
* 2008 Bullding Energy Efficlency Standards for Residentiol and Nonvesidy { Building
(California Energy Commission, effective 1 Jan 2010).™
*  Cregon Solor Energy Code, Draft Document dated September 2009,
*  Guidelines for Fire Safery Elements of Solor Photownalc Systems (Orange County Fire
Chiefs’ A a, D ber 1, 2008)."

Both the model codes as well n the specific state-applied local codes are typically oriented as

ning c 1 d on basic design, and mai as they refate to
the use of solar power in buﬂdlrgsmdunxmm They normally refer to other more specific
standards often by Y ed by org such as ASTM
International, Underwriters Laboratories, etc.| ), for the particular details important to mamcan
safe and rellable construction of the solar power sy and comp In w
assuring safety, these documents also provide wseful consumer marketplace conformity to
facilitate imeroperability in the solar power inf ture and marketplace (ie., hing
thread sizes for P inter

Two aspects of regulatory oversight that have not been resoived for the solar power industry
are relable hods for g qualified and ongoing mai and long-
term service. From the vantage point of building officials, electrical inspectors and fire
inspectors, solar power systems arguably should be umw similar 1o other building systems
that present potential hazards to the ge di These other
systems have requirements 1o assure quality hsullabom and ptopu ongoing service, The
present oversight of solar power systems is not as robust as with other similar building systems.

As 3 comparative example, in France a report was issued that one in three photovoltaic systems
are not meeting the required safety standards, this being refated to inadeguate installation,

and/or enf oversight.” This study is based on installations in France
and not the United States, and a similar analysis for the U.S. is not readdy avallable,
Nevertheless it raises the question of the status of these characteristics, and how best to
address these topics in the future.

The fire service i inciudes multipl wwm aﬂides that specifically address

{ and d g solar power systems. A
summerv o’ the readily available Immm addressing fire mc Interests and concerns is
provided by Table 2-5, Uterature Review Summary for Solar Power Systems and the Fire
Service.
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3. PHOTOVOLTAIC SOLAR POWER

Photavoltaic systems are based on fundamentally different technology from thermal systems.

This section provides additional background information on photovoitaic technology and the

¥ that use this tech .fv,lmlmawhonmmﬂahmdmuwudhmv

ms nlnn to gercy first resp s required to handle them during an emergency.

systems pr certain special concerns 1o fire service personnel through electric

shotk. and thus this section provides additional information on this particular type of solar
power.

Photovoltaic Basics

The photovoltalic process converts light to electricity, as indicated by the root words photo
meaning 'IQM' md voltaic mem “electricity”, and often represented by the acronym PV,

The, no & parts or fluids, consumes no materials, utilizes solid-state
chnology, and is completeh scll ined.® mcpdmwmemlorwmrmm
with these sy is the p of e P and circuitry that present an

electrical shock hazard,

The basic P of a ph ltaic system include the photovoltaic unit that captures the
sun’s energy, and inverter that converts the electrical power from DC to AC, electrical conduit
and other electrical system components, and in some cases 3 storage battery. At the heart of
the system is the unit that is actually capturing the sun’s electromagnetic energy in the form of
light. Figure 3-1, illustrates the basic photovoltak components used to capture solar energy.

4 Modde

Figure 3-1: Basic Photovoltaic Components Used to Capture Solar Energy
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A photovoltaic unit includes one or more solar cell or photovaltaic cell components that convert
the sun's electromagnetic rays into electricity. These are the most elementary photovoltaic
devices or components in the system.” An enviro ally protected bly of

interconnected photovoltaik cells is referred to as a module, solor modufe, or photovoltaic
module.™ Modules are mechanically integrated, preassembled and electrically interconnected
units called a poned, solor panel, or photovoltaic pond." In the solar industry these are also
referred to as strings.

)/

Figure 3-2: Configurations of Solar Modules, Including Framed, Flexible, and Rolled
(Photo cowrtesy of NREL Photographic Information Exchange)

Common configurations of modules include framed, flexible and rolled. Figure 3-2 illustrates
these basic types of solar modules. Muitiple modules (in panels or strings) are often
mechanically integrated with a support structure and foundation, tracker, and other
components to form a direct-current power-producing unit, and these are termed an array or
photovoitaic arroy ™

Solar Cell Technology and Ph Itak

From the perspective of fire fighters on the fireground, the photovoltaic modules are the
fundamental components within the photovoltalc system that converts the sunlight to
electricity. These have physical dimensions in the general range of 2% feet by 4 feet by % foot,
and Ia.(;c systems might have hundreds of Sul ged in strings as part of the solar
array.

A typical PV module includes not only the sofar cells, but several other important components
Including the concentrators that focus the sunlight onto the solar cell modules, array frame and
assocated protective components, electrical connections, and mounting stanchions. Figure 3-3
provides a relatively detailed (llustration of the primary components of a PV solar power
system, and Figure 3.4 llustrates the fundamental electrical interrelationship for photovoltaic
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system.™

systems that are stand-alone, hybrid, or interactive with the buil

Figure 3-3: Basic G

P

gs

of aPh Italc Solar Power System, ™

Figure 3-4: Ph itai

| Electrical §

o Page 350 93

All of these components are designed with significant attention given to their endurance,
recognizing that a typical solar panel will be exposed to ongoing harsh weather conditions that
will promote degradation. Some of the materials used might have excellent weather
endurance characteristics, but not necessarily be resistant to exposure fires. Today, the
lifespan of a typical solar array Is typically in the 20 to 25 year range, and component
endurance is an important performance characteristic of the overall solar energy system.”

"
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In addition to the solar module, the other key components of the PV system are the inverters,
disconnects, conduit, and sometimes an electrical storage device (L., batteries). The electricity
generated by PV modules and solar arrays is dec (direct current), and an inverter is required to
convert this to ac (altemating current). As with any electrical equipment that is tied into a
building’s electrical circuitry, di t switches are required for purposes of isolstion. Some
systems also Include batteries to store the additional energy created during sunlight hours for
use st a later time.

Present PV technology Is based on the use of solar celis, which are the primary subcomponent
within the system that converts light to electricity. Most often this is done through the use of
high purity s#icon wafers. Solar cells are interconnected in series and parallel to achieve a

predetermined output voltage when g at ity. Current technologies allow new and
unusual geometric configurations, such as films that adhere to a roof or vertical building
surfaces. An example is a system using building- d photovoltaics, which are

photovoltaic cells, devices, modules, or modular materials ma are lmwued into the outer
surface or structure of a bullding and serve as the outer protective surface of that bullding. ™ As
an example, Figure 3-5 illustrates a PV panel shaped like a roof shingle.

Figure 3-5: Example of PV Roof Panels Shaped Uie Conventional Roofing Shingles

(Photo courteny of NRIL Photogr € 6
Sev!rdnew chnologies are under develop for solar cells that have promise for future
E les include galium-arsenide cell technology and multijunction cell

technology. Other new methods and approaches are experiencing rapid proliferation, such as
thin-film cadmium telluride cell technology. From the standpoint of the fire service, these new
technologies will likely result in greater solar panel performance and greater proiferation of
installations, but likely will not result in ad i or | hazard ch fstics from what
they are already facing with the current solar cell technologies.” Figure 3-6 shows a thin film
PV system on a large commercial bullding in Detroit, Michigan, and exemplifies how this
technology allows the PV system to blend with other building (eg., roof bly).
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Figure 3.6: Example of Thin Film PV System on a Commercial Bullding in Detroit, Mi

Photovoltaic modules that are integrated into the building’s components are generally referred
1o as Buiding Integrated Photovoltaic (BIPV) modules. These are allowing new and unusual
applications of PV systems, including expansive vertical configurations. Among the most widely
recognized recent BIPV installations using a vertical configuration is the Condé Nast Building in
Times Square, New York City. This 48-story skyscraper is considered to be one of the first major
commercial applications of vertically configured BIPY in the United States. The PV skin extends
from the 37th through the 43rd floor on the south and east facades over the glass components,
and blends in seamiessly with the bullding's exterior. Figure 3-7 provides an llustration of the
Condé Nast Building.

Figure 3-7: BIPV System Using a Vertical Module Configuration in New York City
[(Photo courtesy of NREL Photographic information Dxchange)
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New York City is addressing the needs of solar panel instalation in the same fashion as other
jurisdictions, but the numerous variations utilized is a challenge for the regulatory approval
agencies that require variances from their building code. In a recent report by the NYC Green
Codes Task Force, their findings included the recommendation to “clarify standards for
Attaching Rooftop Solar Panels.” This addresses the issue that the NYC Bullding Code does not
specify acceptable criteria for the attachment of solar panels to rooftops, which inhibits the
Installation of solar energy systems. It further includes a recommendation that the Department
of Buildings develop detailed criteria for roof attachment of solar panels. ™

Background on Fireground Electrical Hazards
Electrical shock while extinguishing a buiding fire is a realistic fireground hazard. A eritical task
during fireground op at any bullding fire is to shutd the utilities, including the

electrical utilities to remove the electrical shock hazard. This is a relatively straightforward one-
step process for a bulding retehm; electrical power from the Ioal communities’ power grid.

However, it b ly more challenging when provid eiectrkal
power (Le,. distributed power generation) suthlswm\ a buiding equipped with a p Itai
power system.

How much electrical energy is required 1o cause harm to the human body? Electricity and
electrical equipment is widespread in today’s modern civilization. Each year in the U.S, among
all industry sectors there are approximately 30,000 nonfatal electrical shock accidents.” Data
from a 1998 CDC/NIOSH summarizing electrocution fatalities in their data surveiltance system
indicates that during the decade of the 1980s approximately 7% of the sverage 6,359 annual
traumatic work-related deaths were due to electrocution. This report also indicates that during
the period from 1982 to 1994, twice as many fatal work-refated electrocutions occurred with
voltage levels greater than 600 volts, ™

Understanding the dangers of electricity requires clarifying the terminology used to describe
this danger. We often describe the magnitude of an electrical system in terms of voltoge or
omperage, and it Is important to have a limited understanding of these terms. From a fire
fighters perspective, the following describes these two terms:*’

*  Voltage—the foece of | ol in volts. Voltage s
the “pressure” that pushes an ek | charge ugh a condy

. mm«@rm—mmo’ﬂ«aﬂd”ﬂwﬁnmnmmw
unit of time, d in amp or amps, Amperage is the
current flow,

The flow of electrical energy in electrical wiring is analogous to the flow of water in a closed
circuit of pipes. Hydraulics and the of water is a fund I field of knowledg
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usedbvmcllrem and this visualization is useful to better comprehend the dangers of

d of the fer of water, electricity involves the transfer of electrons or
m«mamwﬂm The voltage difference between two points corresponds to the water
P ddfference b two points. if there is a difference between these two points, then
flow will occur. age isa jent way of g the ability to do work.

The basic relationship b itage and age is defined by Ohm's Law. This tells us
that Volts x Amps = wms wherewumeblhcnuumhmwplkmumd«mcal
energy. Wsmdlummdwlmmmmumpnmvdtﬂom
through one ohm of resistance. The power g on of a ph I Y is normally
described in terms of watts or kilowatts (1000 watts). ™

The term high-voitoge is defined differently depending on the particular application. This
understandably can create fusion among gency responders who are faced with
handling emergencies with electrical equip For ph Itage ratings for buildings and
structures in the built infrastructure treat high voltage as being any voltage exceeding 600 volits,
based on Article 490 of the National Electrical Code.™ Volitage ratings for electrical equipment
generally conform to the ANSI C84.1 standard, which considers low voitage as 600 volts and
below.”™ In addition, levels of voltage (i.e., high, medium, low) are defined differently with
non-building applications, such as motor vehicles. Despite the lack of universal definitions of
high, medium, and low voltage; from the perspective of emergency responders, any voltage
level that can cause Injury or worse is a direct safety concern.

It is common to speak about the dangers of electricity in terms of voltage, but the amperage or
current is the key measurement parameter of danger to humans. An electrical shock involving
high voltage but very low current would be less dangerous than low voltage and high current.
Table 3-1 provides some examples of the observable effects of electricity on the human body.
mwnmmmwumnxmn 120 volt lamp, if passed across the chest, is enough to
cause a fatasity. ™

Table 3-1: Estimated Effect of 60 Hz AC Current on Humans.****

Common fuse or circult breaker opens |
Current used by 0 100-wott ight buld |
900 Severe burns
thing stops ]
Heart stops beating (ventricular fibrillation threshold) |
: Suffocation possibk
20 Muscle (paradysis of respiratory muscles)
1% Maximum current an average man can release “grasp”

GFCI will trip

 (barely perceptitle) ]
*Note: 15 to 20 Amgs 15,000 to 20,000 Milkamngeres) & Current required (o open a
common residential fute or circuit breaker.
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These electricity effects are also described in Figure 3-8, human body reaction to shock hazards
Nearly all materials will conduct electrical current to some degree, and this includes the human
body. Each situation involving an Individual receiving an electrical shock Is unique, and will
depend on multiple factors that alter the manner in which the electricity passes through the
human body and the detrimental effect that results. Variables affecting the physiological
impact include: amount of current flowing through the body; length of contact time; travel path
through the body; area of contact; pressure of contact; moisture of contact; body size and
shape; and type of skin.

Shock Hazard Levels

freacts ool e, breething 0020 02180

SMSycrtet
Poaaizg vertrCe Sorieton ()-eacond shack) 0100 0 %000
Powstie v trCular Btrason (1 se0ond Bhack) 0200 02000
Hoart musTle My (eeb 05000 0 5000
Totum 40 organs bum 1.5000 15000

—.

igure 3-8 Human Body Reaction to Shock Hazards,
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4. OVERVIEW OF FIRE SERVICE OPERATIONAL MATERIAL

Training and education are important for preparing fire fighters to pmoedv perform their
assigned tasks. Arguably of greater importance, b , are the operati idelines and
operational procedures used by fire departments to p«fo'm their duties lo mitigate an
emergency situation. Standard Operating Procedures (SOPs) and Standard Operating
Guidelines (SOGs) are widely used in today’s fire service.

The terms Procedures and Guidelines are sometimes used Interchangeably. Mowever, in fire
service parl they are dered to be diff Procedures imply relatively inflexible
instructions, prescriptive task steps, and appreciable detadl. In contrast, guidelnes are more
performance oriented and imply discretion in performing the required tasks.*™

There is significant riap with the interp jon and final impl of these
descriptors, and ulti ly it can imes be hard to distinguish the difference between
them. Multiple precise definitions can be found in the fire service literature, As one example,
the following definitions ace from the 2008 edition of NFPA 1521, Standard for Fire Department

Sofety Officer:
me A written org / thot blishes or pr b
specific op or thod »NMW which con be voried due
o op f need in the perfi of desig operotions or octions. (Note: Standord

operating guidelines allow flexibility in opplication )"’

Standard Operoting Procedure: A written organizational directive that estoblishes or prescrit
specific operational or odminis hods to be followed routinely for the performance of
awmwxm (Note: The intent of dard operoting p di i to
estobiish divectives that must be followed. /'™

The wide range of possible unpredictable gency scenarios requires a degree of flexibility in
terms of written procedures, but comversely too much flexibility and discretion reduces control
and increases the likelihood of mistakes. Litigation sometimes provides the basis for
interpreting the difference between procedures and guidelines, but the courts tend to ignore
actual terminology and focus on content. They tend to consider labdity based on factors such
ummlsumrdsmdothurecognued gulatory reg: d y of training
activities; d of e; proced for , performance;
unique needs of the fire dmnmem and moceduns for ensuring compliance.’™

Actual fire service ed and g Is can be ob d from a ber of sources.
G | gency responder operational m Is are readify available, and these can be
dapted and used directly by bers of the fire service. These include, for example, the
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Is provided by the International Fire Service Training Association (since 1932),
fice servk'e training materials provided by Jones and Bartlett Publishers, and various books and
publications provided through Delmar Learning."** 1% Specific details of these organizations
include the following:

International Fire Service Training Associstion (IFSTA)

memmdrsnuwmnﬂvmudu«mumwmummm
devel and s for the fire service and related areas. With
munmmwumummunmdmwmmw
and validation of the manuals, curricula, training videos, CD-ROMs, and other materials

developed by Fire Pi Publ (FPP). FPP is a departmemt of Oklahoma State
University and serves as the headquarters for IFSTA in Stillwater, Oklahoma. "

lones and Bartlest Publishing (188)

J&B publishes an e line of traiming Is for the fire service, Inchuding

comprehensive online resources for fire service students and instructors. As an independent
mwmmmmw,mxmnmmmtmmmm

United States, publishing training rials as peofe d and ref books as well as a
variety of multimedia and onfine prod. The for their traini rials is developed
in with the | MMMJMWWIM
Protection Association.'*!

Deimar Learning
mbawbywpmhmwmmw.mmdmm
‘lnMn'ANlemm*
medboob.muma.mmmamlwwn U P

teaching and preparation tooks. '™

A key federal government organization serving as an external training source for fire
departments is the National Fire Academy (NFA) of the USFA.® The NFA is the Fire
Administration’s training delivery arm and is located in Emmitsburg, Maryland, The creation of
the NFA has its genesis In the landmark report America Burning written in 1973, which
I 'ded the blish of a "National Fire Academy for the ad d education of
fice service officers and for assistance to state and local training programs”.*"”

With more than three decades of operation, the NFA has earned the respect of the fire service
and provides an important stabidzing influence that heips to unite the fire service on the myriad
of specific training topics. As a central focus point for the development and refining of fire
service training materials, theNFAmmmwwnhmmmwnnmdmlaw
regional fire departments throughout the country, but equally with the vari
organizations that administer important sub-components of the minhg infrastructure. At the
state level the NFA works closely with the state fire training directors through their association,
the “North American Fire Training Directors” (NAFTD).
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The NFA provides an importamt forum for the centralized development, refinement, and
dissemination of fire service training materials on specific topics. An alternative to the training
courses delivered on-site at the NFA is to build special topic curricula, which are then made
available for internal fire department training activities through NFA “Endorsed Courses™. AN
The NFA also provides hand-off training progs for individual training academies that are
usually based on two days worth of content.

These Endorsed Courses at NFA p am for outside organi to cultivate and
promote the development of applicable, state-of the-art, accurate, useful and timely training
nformation. As a specific example worthy of consideration, the training information contained
in U.S, DOE online training packages such as “Hydrogen Safety for First Responders” and
“Introduction to Mydrogen for Code Officials™ may be candidates for material used in NFA
endorsed courses, "

One NFA activity that serves a critical role in di inating training information 1o the various
state and local training agencies is the Training Resources and Dota Exchonge (TRADE)
program.’™” This is a network of the state fire service training systems, along with the senior
executive training officers from the Nation's largest fire departments protecting populations
greater than 200,000 and/or who have more than 400 uniformed personnel. As a regionally
based network established in 1984, TRADE facilitates the exchange of fire-related training
information and resources among government organizations at the local, state, and federal

levels,
The TRADE sy P using geographic regions that correspond to the ten FEMA re(lons
wiheoordlmedmwommmn the respective regions and b A The Nati

Fire Academy works closely with TRADE on various training details, and refers to them for
functions such as the review of NFA Endorsed Courses. Specifically, TRADE serves their mission
through the following:

Mdentifying regional fire, rescue, and emergency medical services training needs;
identifying applicab ﬂmnbted g and education national trends;

Exchanging and replicati and resources within regions; and

B PIog

Provide annual regional ossessmems of fire training resource needs to NFA,
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5. ASSEMBLY OF BEST PRACTICE GUIDANCE FOR EMERGENCY RESPONSE

Every emergency incident to which a fire department responds is unique. Despite the
differences, however, there are common characteristics that allow fire service personnel to
better understand the tasks that need to be performed and to prepare for their duties. This
section provides a review of the L of most to fire fighters when

handling emergencies involving solar power systems.

Identification of Common Themes and Principals

Based on today’s proliferation of solar power system technology, a fire.related emergency
incident involving a structure with one or more solar panels would not be considered an
unlikely or rare occurrence.  Structure fires are relatively common for any particular
municipaity, on the order of several significant events per year per station and/or department,
The rapid growth of the solar pawer industry is increasing the belihood that some of these
structures are presently or s00n will be utilizing some type of solar power.

Solar Thermal Hazards Versus Photovoltaic Hazards

From a fire service ive, the wparable hazards b h d sy and
photovoltaic system are similar with two noteworthy exceptions: a photovoltaic system
includes an electric shock hazard, while a thermal system includes potential scalding from hot
fluid. Figure 5-1 summarizes the primary hazards of solar power systems for emergency
responders, and lllustrates a side-by-side comparison of the fire fighter hazards for these types
of solar power systems.'

* Tripping / Slipping
* Structural
Cokapse due 10
xtra Weight
 Flame Soreac
* inhalation
Exposure
* Mot Flusd Scales » [lectricol Shock
* Bottery Nosordh

Figure 5-1: Primary Hazards of Solar Power Systems for Emergency Responders.'™
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As with any structural fire attack, size-up is a key step. The knowledge that the building has &
solar power system should be immediately conveyed to the incident commander (IC), and the
type of system should be immediately identified, that is, whether it is a solar thermal system or
photovoltaic system. This will determine subseq steps to the h ds unique to
both types of systems, Sometimes this is not readily obwvious, such as with solar components
that are blended in with the buliding construction. Figure 5-2 provides an example of a
residential occupancy with a PV system that is an integral part of the roof assembly,

Figure S-2: Residential Occupancy with a PV System Integral to the Roof Assembly
(Photo courtesy of NRIL Photographic information Exchenge)

Arguably, the additional hazard characteristic of electric shock of a photovoltaic system makes
it a greater concern than a solar thermal system, since it can remain energized and not be
readidy apparent during fireground operations. Thus, identifying and clarifying the type of solar
power system is a critical first step for fire fighters and the IC on the fireground.

One concept for quickly identifying a solar power system and its specific components is the
development and implementation of an equipment identification system, 1o assist with pre-
pl % and rapid identif on response. This would require clarifying the information
critical to emergency responders, working with industry to incorporate this information, and
enabling access to it by emergency first responders during an emergency.

This approach already exists in a general sense, such as, for example, through the “Fire Fighter
Safety Building Marking System™ (FFSBMS) described In Annex Q of NFPA 1, Fire Code, 2009
edition.'*  The FFSBMS provides a fire fighter safety building marking system with basic
building information for fire fighters responding to the buliding or structure. Figure 5-3
lustrates a sample sign for the FFSBMS, which reserves the center of the Maltese cross for
indication of special hazards, and could be used to indicate special concerns associated with the
building’s utities.
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Figure 5-3: Sample Sign for Fire Fighter Safety Building Marking System '™

Booftop Fire Fighting Operats

Several hazard concerns are common to either type of solar power system. Perhaps most
obvious Is tripping or shipping that may occur on a rooftop in dark or smoky conditions. Certain
types of solar power systems that are integral with the roof structure and membrane might
minimize tripping hazards, but not necessanily slipping. However, the inherent dangers to fire
fighters on the roof of a burning structure, with or without a solar power system, are
appreciable and always deserve special attention. Figure 5.4 lllustrates townhouses in Bowle,
MD, equipped with a PV system based on a standing seam roof design, and this demonstrates
the challenges of roof operations confronting fire fighters in certain cases

Figure 5-4; Townhouse with PV Systems in Manyland
(Photo cowrtesy of NRIL Photographk Information Exchange)

During roof operations fire fighters will need to consider the additional weight of the PV array

on a roof structure that may be weakened by the fire, A rooftop solar array may also prevent
direct access to the section of roof providing the optimum point of ventilation. Under no
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circumstances should solar panels be damaged or compromised to perform vertical ventilation,
Todosoi duces serious p 1 risk to the fire fighters performing the task.

Solar power adds her comp o possibl ftop dangers already faced by fire fighters.
Mudtiple research initiatives are under way exploring lhe use of positive pressure ventifation
(PPV) 3¢ @ more integrated tool in the fire fighters tactical arsenal "**'*" Approaches to bener
controlling the products of combustion in a bullding fire are being d that will b

provide some relief from the need for fire fighter rooftop exposure. This would be addmonally
advantageous as solar power systems proliferate and appear on more and more rooftops.

Other Reoftop Concerns

Another common hazard regardless of the type of solar power system is the potential flame
spread characteristics of the modules, such as from an adjacent exposing bullding ﬂn or an
approaching wildland fire. The comp posed to hine and other

of weather need to have highly durable characteristics, and certain materials that have
traditionally performed well in this regard (ie., certain types of plastics), do not necessarily
have good fire-resistant characteristics. Further work is needed to clarify the fire resistance and
fire spread characteristics of these panels.

If a photovoltaic solar array becomes engulfed in fire, care should be exercised in fighting the
fire, and it should be attacked simifarly to any piece of electrically energized eguipment.
Normally this would involve shutting down the power and applying water In a fog pattern on
the photovoltaic array, but it Is critical to be aware that a solar panel exposed to sunlight is
always “on” and energized. Further, the electrical m«u produced by multiple serfies
connected panels or farge solar sy are lly very dange

One additional secondary concern that should always be dered when approaching rooftop
solar power systems is that the module frame and | ion boxes provide ideal I
locations for biting and stinging insects. This could introduce an additional layer of aifficulty for
on scene fire fighters, enhancing other hazard concerns such as tripping or slipping.

The added rooftop weight may be a concern In some cases, although most of today’s modern
solar panel modules do not contribute an appreciable additional dead load on the roof. Fora
photovoltaic system, a typical panel weighs less than S0 pounds, and this is distributed over a
relatively wide surface area that results in a cumulatively low additional roof load. A

thy exception, h , Is when a solar thermal system includes a roof-mounted fluid
storage unit. This could add a significant load at a specific localized position.

Electrical Shock Considerations
For solar thermal systems, the hazards facing fire fighters during fireground operations are not

usually considered a serious tddutonal concern, and they can be readily addressed in their
normal tactical and fic ap n however, the electrical shock hazard of
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photovoltaic sy [ an additional challenge, although it Is one that fire fighters can
readily handle once equipped with the proper operational knowledge. Thus, the need to
identify and determine the type of solar power system is a critical step for emergency
responders,

A photovoltaic system ge electricity when the sun s shining, and when it is receiving

Wight It is operational and g ing electricity. This creates additional challenges for the
fireground task of shutting off the utilities and the electrical power in the structure that could
be a dang source of ek shock. Even with known shutdown steps taken to isolate

electrical current, fire fighters should always treat all wiring and solar power components as If
they are electrically energized.’™

The inability to de-energize individual ph ltaic panels exposed 10 sunfight cannot be

phasized. It is absolutely imperative that gency responders always treat the
systems and all its components as energized, This includes after the B event is
stabilized, as the sy will continue to be energized while exposed 1o sunlight, possibly with
damaged system \p that could present serious shock hazards or even cause 3
rekindling of a fire. Operational approaches for fire fighters in situations involving live electrical
Y is well blished, and lon needs to be given to the threat of live

electrical witing and components.'”

Because a photovoltaic module and their respective solar cells within the modules will continue
to generate electricity when exposed to light, any conduit or comp b the moduk
and disconnect/isolation switches remain energized. Care should be taken throughout
fireground operations never to cut or damage any conduit or any electrical equipment, and
they should be treated as energized at all times. One tactic for minimizing or eliminating the
electrical output from a solar module is to cover it with a 100% lght-blocking material such as
certain types of tarpaulin. However, this is a difficult tactic to implement, since many tarpauling
are not 100% light-blocking, often the solar system is too large for this to be realistically
applied, and wind or other external influences (e.g., hose streams) make it difficult to maintain
coverage.

The number of photovoltaic panels in the solar power system provides an indication of the
magnitude of the electrical energy being generated. A smaller system such as on a residential
occupancy might Include only a few modules; however, the electricity generated is still
appreciable and can be lethal. In contrast, large systems that are now being instalied on roofs
of ial buildings (e.g., dep stores) it have hundreds of panels, and the
electrical current they generate s very significant.

The inability to shut down the power on these large systems exemplifies the challenge facing
fire fighters, since every panel is still generating electricity and thus the wiring and components
are abways “live” when the sun is shining. The presence of rooftop disconnects are primarily for

! of the syst Fire fighters should be wary of utilizing these as a secure method
of power isolation. If not all disconnects to an inverter are opened, there still exists the
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possibility of voltage throughout the system. Additionally, large capacitors in the inverters will
provide voltage in daylight hours for several minutes on both sides of the disconnect even
when opened. Figure 5-5 illustrates a typical large PV installation on a commercial building
located in Chicago, inots.

Figure 5-5: Example of a Large Photovoltaic Solar Power System on a Commercial Bullding
(Photo courtesy of NREL Photographic Information Exchange)

Battery Storage Components

An additional electrical concern exists for systems that have an optional battery storage
arrangement as part of the PV system. The batteries can maintain electrical current at
nighttime and when the rest of the system has been isolated, thus presenting an additional
electric shock hazard. Further, depending on the types of batteries, they can present leakage
and hazardous materials concerns, and special attention is required for any battery storage
systems that have been damaged in a fire. Figure 5-6 illustrates a typical battery instaltation for
a large commercial PV system

battery systems used in a photovoitaic system, such the reguirements for stationary storage

battery systems addressed by Chapter 52 of NFPA 1, Fire Code, and Section 608 of the

International Fire Code."™™ Technology commonly used for stationary storage batteries

include: flooded lead-acid, flooded nickel cadmium (NI-CD); valve-regulated lead-acid; lithium.
‘ ton; and lithium metal potymer.'*

‘ Design requirements for batteries are already established and can be extrapolated to the
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Figure 5-6: Typical Battery Installation for a Photovoitaic Solar Power System
(Photo courtesy of NREL Photographic Information Exchange)

Batteries generally burn with difficulty, although plastic battery casings provide a limited
contribution to the combustion process. However, batteries that do burn or are damaged in a
fire generate fumes and gases that are extremely corrosive. Spillled electrolyte can react with
other metals and produce toxic fumes, as well as potentially flammable or explosive gases. Full
protective clothing and respiratory protection is imperative in such incidents, and special care
and maintenance may be required during cleanup. Dry chemical, CO;, and foam are the
preferred methods for extinguishing a fire involving batteries, and water is normally not the
extinguishing agent of choice.'™

Firs

Proper respiratory protection should be used during all fireground operations that involve a
pot dly hazardous phere. Similarly, these protective measures apply during post-fire
activities such as overhaul or fire investigations. Care should be taken during all fireground
operations to protect against respiratory exposure from products of combustion involving PV
systems. Under normal conditions the materlals used for solar cells and modules are relatively
inert and safe, but they can become dangerous when exposed to fire.

If solar power components are involved in a fire, care should be taken to avoid exposure to the
products of combustion due to the somewhat unusual materials involved. In addition to
inhalation concerns, dermal exposure from solar power system materials damaged by fire
should also be handied with caution regardless of the type of solar power system. For large
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solar systems involved In a fire, additional precautions should be considered to protect
downwind populations from respiratory exposure.

Some of the materials used In solar power components are known to be a problem when they
decompose in a fire, and although stable under normal conditions, they exhibit adverse effects
if released as » vapor of fluid, For example, cadmium telluride is among the most promising
photovoitaic technologies, but when damaged by fire it introduces potentially dangerous levels
of materials such as cadmium, a known carcinogen.'™ Some solar power systems are integral
to other building components and may not be immediately obvious in a post-fire situation.
Figure 5-7 lllustrates the installation of PV shingle design whose presence may be difficult to
detect by emergency first responders following a fire event.

Figure 5-7: An Example of PV System Integral with Bullding Components
{Phote courtesy of NREL Photographic Information Exchange)

Examples of other materials of concern that may be involved in solar power components
include gallium arsenide and phosphorous.'™ Emergency responders are required to wear full
respiratory protection (e.g., seif-contained breathing apparatus) for any atmosphere that is

ibly IDLH (immediately dangerous to life or health), and this should be the case when
handling damaged solar modules involved in fire unless proven otherwise '™

An important delayed hazard occurs when 3 nighttime building fice damages a photovoltaic
system and compromises system integrity at a time when no energy is being generated by the
system. If the system wiring sustains short circuits and damaged components, exposed live
wiring and components may suddenly appear once the sunlight returns, Solar arrays will
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resume generating electrical power through drcuitry that was unpowered during the fire event,
but becomes energized during the post-fire event when exposed to sunlight,

General Safety Precaytions

Certain basic safety precautions should be taken into account by adl fire fighters on the
fireground. Determining the presence of a PV system is key to preventing fireground injuries,
The following six points of safe operation are offered for fire fighters:*”
o Daytime = Danger; Nighttime = Less Hazard
o Inform the IC that a PV system is present
*  Securing the main electrical does not shut down the PV modules
* At night apparatus-mounted scene lighting may produce enough light to generate an
electrical hazard in the PV system
e Cover all PV modules with 100 percent light-blocking rials to stop el i
generation
e Do not break, remove, or walk on PV modules, and stay away from modules,
components, and conduit

Aphamhkmymudmvanemm the sun shines. These units do not
turn “off” like quip Fire fighters on the fireground should atways
treat all wiring and components as gized. Breaking or P ing a ph Itaic module
is extremely dangerous and could immediately release all the electrical energy in the system.

Without ight, photovoltaic panels do not generate electricity, and thus nighttime operations
provide less of a hazard. Emergency scene lighting during a nighttime fireground operation,
such as from a mobie lighting plant unit, or sources other than direct suniight, may be bright
enough for the photovoltalc system to g a dangerous level of electricity.

In summary, there are several I | points of ideration for fire fighters and incident
commanders when handling any building fire equipped with a solar power system:*™
o Identify the existence of a solar power system

o locate rooftop panels

o clarify eloctrical disconnects Fovan overdew of

o obtain system information revisions to this page,
* Identify the type of solar power system see the NOTE at the

o Solar Thermal System end of the report

o Photovoltaic System foreword.

¢ Isolate and shutdown as much of the system as possible
o Lock-out and tag-out all electrical disconnects
o lsolate the photovoltaic system at the inverter using reliable methods
*  Work around all solar power system components

~—Page 57 of 93

October 2015

7345

Final PEIR

155 65




Response to Comments

While salvage covers can be used to block sunight, some electricity will still be generated
unless they are made of material that is 100 light blocking. Care is ded to make
sure that wind does not suddenly blow off any salvage covers covering panels. Foam is not
effective in blocking sunlight, and will slide off the solar array.

Target Applications Workshops

Solar power systems are experiencing widespread popularity in recent years, and they are one
of the new challenges facing the U.S, fire service, Some fice service organizations are in the
[ of developing rec ded emergency response procedures and best practices on a
local or regional m in other jurisdictions, basic information on the hazard and appropriate
response is lacking or not readidy available.

One of the ways this project addresses these concemns is 1o collect and analyze all applicable
scientific studies, training guidance, case study reports and loss data, and avallable emergency
response guidance relating to solar power systems. To assist in accomplishing this task, an
Interactive one-day workshop was held, “Fire Service Workshop on Solar Power Systems.” This
workshop imvolved experts on the fire service and other subject matter and took place on
Wednesday, 17 March 2010 at the Next Energy facility in Detroit, Michigan. The workshop was
attended by approximately two dozen subject matter experts knowledgeable on fire service
issues relating to solar power sy and 2 y of worksh dance is included in
Annex D, Attendees at Fire Service Workshop on Solar Power Syslems

The ml of the workshop was to identify, review, and assemble best pumce information for

ical and egi decision making by fice fighters and fireground ders, 10
assist in their decision making process when responding to fire andfor rescue emergency
events involving solar power systems. This goal was accomplished using an mem:tm

approach involving subject matter experts that f d on the following workshop obj
* Collectively review the available baseline information (provided to pamclmu prior to
the workshop);

* Identify the fundamental principles and key details involving fire/rescue tactics and
strategy, and provide a summary of core basics; and

* Address and clarify related issues such as training needs, areas needing further research,
revisions to codes/standards, and other topics applicable to the overall workshop goal.

Final Evaluation of Best Practice Guidance

The *‘,"“a‘ led review of the baseline inf i ¢ by the
bal of ined within this report, Mwhmmmmmw:m
the attendees who, as part of the workshop, sep ly add d a set of ten similar
questions,
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These ten questions were grouped into three sets according to: (1) current practice, (2) future
trends and (3) other issues. Each working group reported their individual results to the entire

workshop to support 8 collective di ion among all d Based on the collective
discussion of all the responses from each working group were subsequently
¢ and har ized into a single set of resp: for each This lidated

response is summarized in Figure 5-8, kshop Working Group $ Y.

FIRE SERVICE WORKSHOP ON SOLAR POWER SYSTEMS
Detroit, MI
17 March 2010

Working Group Summary!

The S80wing 12t 0f %en QUeNTOns was addresied Ndeperdently by two Wgarste working
Posps at this workshop,  This consolidated “Working Group Sammury” providen thelr
colective responmes, and for each Guestion s provided In 3 non-pricrtised, Narmonised
ermmary-dormat.

l.  CURRENT PRACTICE
A, In terms of prioritized hazards, how should this topk be scoped?
1 Sola Thermal vs. Photovoltaic

2.3, Utility scale power generation sites (very large systems, rare)
24, Standalone off-grid systems
2.5, Existing systems vs. new (for latory ight)

Solar Power Svyteen Characteristics
3.1, Hazard identfication and labeling
32 Mmmmthodj‘

3.2.1 Electrical comp ¢ how many?)

3.2.2.Blectrical conduit rosting and location

323 teg iolation, etc.)
3.3, System Resp /A ¥ (¢ etc)
348 panels vs. integ: solar (with )

4. Building Astribytes

4.1. Flammability hazard concerns.

4.1.1ignltion

4.1.2.Flame spread

4.1.3 Products of combustion
4.2. Bullding and roof by types
4.3, Structural loads and related concerns (dead load, snow, wind, etc.)
45, P | access
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v

Event Characterfatics

S.1. Fire in solar array vs. structure fire not yet involving array
5.2. Support of site persoanel not fully trained on system
5.3, Hazards related to configuration (trip, slip, fall, etc.)
54, Fire fighting ventilation tactics

5.5. Products of combustion expos hal air quality, etc.)
5.6. Older systems v. newer systems
5.7. low ! Y , but with p ial high severity
B. What are the prioritized core basics for emergency to address the topic?
1 |dentification
11 G Identify and labeling format (solar panel, rooftop conduits,
disconnects, etc.)

1.2 Common location of control panels and desconnects
1.3. Establish and coordinate Interface with local AMJ and fire department

Responder Guidance and Pre-Phanniog

2.1. Provide universal fundamental set of tactics

2.2. Develop emergency response plan

2.3. Prepare to handie without outside support (e.g., utilities for shutdown)

3. Imsining

3.1 Avod \ ng progr (i d p h system design

cormections)
3.2. Concisaly clartfy what fire fighters can and can’t do
Regulatory

41 blish an g OpX and

4.2, Consider regul

process
3 y oversight comparable with equivalont bulicieg sy (eg.
sprinklers, fire alarms, electrical, mechanical)

€. What is specifically needed for operational procedures and training materials?
1. QOperational Materials
11 Need dardization to set baselk q for op
1.2. Clarify offensive vs. defensive tactics
1.3, Clearly indicate what can and can't be done
1.4, Stress need for awareness and identification

L.5. Indi access to (eg., PPE)
1.6, Kentify options when in trouble (e.g., Rapid Intervention Teams)
2. Imipieg Material
2.1. Need dardi 10 set bagels qui for & materals
2.2. Focus on state fire training academies
23 L di specific s (e.2., fire personnel, incident commanders, fire

Istructors, investigators, etc)
2.4, Include non-fire service groups in developing training materials
2.4.1 8ullding owners and occupants

2.4.2.\ndustry

| D. What are the known or potential topics of technical debate?
1 NEC Reted
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1.1. Controllers and disconnects
1,1.1.5tring level diaconnects
1.1.2.Module level controllers
1.2. Electrical cond) i and locati
1.2.1.Wiring that is grounded vs. ungrounded
1.2.2.Grownd indicators
1.3, Allowing DC power into bullding envelope
1.4, Number and size of access points
1.5. Effect of exterior conditions on system and components (e.g., contraction and
due to roof etc)

£ire Fighting Tactics

2.1. Tactics for large commercial systems

2.2. Firefighting with water vs. other agents

2.3, Products of combustion and implications of letting it burn during daytime fire
24, Support and response of system instalier

2.5. Overhaud and post-fire situation

2.6. Myth v reality (inherent dangerous characteristics)

Begulatory

3.1, Flammabilty (as well as electrical) (e.g., fire resistance ratings)
3.2. Building construction and roof classifications

3.3. Non-OEM installations (e.g., non-Ested products)

l.  FUTURE TRENDS
A. Based on current technological trends, what are the greatest anticipated future hazards?
1 3ptem Operatiog Features
1.1, inability to power down system
1.2. Securing the system In post-fire
1.3. Micro-inverters and AC panels
14. 5 with integrated of integrated with bullding
1.5, Module level control {mitigation)
1.6, ssues involving arc fault

2.3, Vertical surfaces (e.g., curtain walls, thin fiens)

24, Tempered vs. non-tempered glass
25, Solar and hot th | fluicts

Other System Concerns

3.1 After-market and non-OEM installations

32 and upkeep i

3.3, Solar power use with vehicle

3.4, Mobile or portable equipment used to back feed building
3.5, Roof configurations with “green” bulldings

B. How should fire service be addressing this topic in 5 years? 10 years?

1 Standardization
11, bolate hrough module level
12, il tactics (h | vs. )
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b3
2.1 Establish better data collection process

3. Otherissues

3.1, Sharp increase in solar

3.2. Increase in dutributed power supply

1.3. Building and system labeling
Data Coliection

€ What constituent growps and/or organiz need to be involved?
1. Public Organizations
1.1, Emerge: o
‘ 1.1.1.Fire sarvice
1.1.1.1. Membership organizations (e.g, IAFC, IAFF, NVFC, etc.)
1.1.1.2. Training organizations (e.g., NAFTD, NFA, etc.)

1.1.2.EMS and law enforcement
1.2. Federal government
1.2.1.DOE and NREL (and other DOE related organizations)
1.2.2.05HA
1.3, Authorities Havieg Jariscdiction [AHJs)
1.3.1.Buliding officlals
1.3.2. Blectrical Inspectors (e.g, IAEL etc)
1.3.3 Fire Marshals (IFAM, NASFM, etc)
2. Private Qeganizations
2.1. Conk y a0d product ap | crgani feg, UL etc)
2.2, Industry
2.2.1 Assoclations and membership orga {e.g., Solar ABCs, etc)
222 f; o (eg. NEMA)
2.2.3ntegr P ves (e.g, NEMA, IECI, etc.)
2.3, Buliding users/owners
24, Insurance
2.5, Architects

Qthers

3.1 Utiity representation (e.g., EEL, etc)

3.2, Labor union growps (e.g., IBEW, etc.)

3.3. International representation

34, Codesand dard devel (NFPA, ICC, IS0, IEC, etc)

Lk Al o

I OTHER ISSUES
A. What other case study events have not already mentioned, and what are lessons learned?
1 levestigation process
1.1. Carify cause and origin information for investigators
1.2 Establah lmvestigation team process (for noteworthy incidents)
2 5

Data Collection Methods
2.1, Better utilize industry organizations (e.g., Solar ABCs, etc)
2.2. Better define data elements with existing data collections (e.g., NFIRS, FIDO, etc)

3. Other lysnes
3.1 Cardy possibl ches with non disch agr
| B. What specific updates/additions/changes need to be adds d In codes and dards?
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- Electrical Codes

1.1. String level disconnects
1.2, Module level controllers
1.3, Electrical conductor location
14, Ground fault indicators
1.5, Non grounded system

Building and Fire Prevention Codes

2.1. Buliding markings and pre-incident planning info (in standardized format)

2.2. Operation and malintenance for the upkeep of bullkding marking

2.3, Address f\ bility ch ristics for fires (e.g., NFPA 1144 Reducing
Structure Ignition Hazards from Wildland Fire, etc.)

24, System commissioning (NFPA 3, etc.)

Eice Secvice Standards
3.1. Fireground tactics and strategy
3.1.1.Residential
3.1.2.Commerdial and other large systems
3.2. Overhaul and post-fire situations
33, Update gency responder profi | qualification dard:

. Other Codes and Standards
4.1. Data coliection systems (e.g, NFIRS, FIDO, etc.)

4.2, Fire investigations (e.g., NFPA 921, etc.)

- Other issues

5.1. Aging and weathering
5.2. Non-OEM Installations (e.g., non-listed products)
5.3, Prolfferating use of applicable model code (e.g., Oregon, Cal Fire Guidelines, etc.)

€. What single message should the fire service express on this topic?
1. Hregroucd Tactics

1.1. “Components are always hot!” (in daytime)

1.2. Operate normally, but doa’t touch

1.3, Size-up, identy and validate hazard

1.4, Stress key ge for tactical approach ( Wy large
1.5, Leave the scene in a safe condition

. Code Development
2.1. Provide abifity for ek I system isolation for BENCY responds
22. Create placarding and labeling for emerg &
23 on-going ight of instalied (especiai

2.4, Require system coatact information for emergencies

. Education and Training
3.1 Thisks k ke other but with inability to

MMMMMM

32 Sy are You probably have these In your 1st due jurisdiction

33. Don't underestimate electrical hazard; don't be complacent

Figure 5-8: Workshop Working Group Summary
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(This page felt ntenticaally Blank)
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6. SUMMARY OBSERVATIONS

This report assembles best practice information for fire fighters and fireground incident
commanders to assist In their decision making process with gency events involving solar
power systems. This Is focused on structural fire fighting in buildings and structures having
solar power systems that generate thermal and/or clectrical energy, with a particular focus on
solar photovoltaic panels used for electric power generation

This report collects and ly licable scientific studie ining guid. case study
reports and loss data, and available emergency response guidance rokllm to solar power
systems, The project deliverables are Intended to serve as the basis for training program
development by others,

A critical task in this project was the interactive one-day workshop involving fire service and
other sub)m matter experts. This provided a detailed review and assessment of the
infor llected and ge da Yy ol lhe fundamental principles and key details
refating to issues such as training needs, areas g further ¢ h, revisions to codes and
standards, and other applicable topics. The complete results are summarized in Figure 5-8
shown in the previous section.

The workshop review was coordinated d ten basic questk and the collective response
to these ten questions focuses on the core basics of this issue. Of particular interest is the
tenth and final question that asked each break-out session: "What single message should the
fire service express on this topic?” This question helfped to clarify and highlight the most
important issues arising throughout the entire project (as well as during the workshop review).

The following ts a summary of the most important issues for emergency responders that need
to considered and/or addressed for gency events involving solar power sy

Fireground Tactics
* Components are always hotl” The single most critical message of emergency
respanse personnel is to always consider photovoltaic systems and all their
components as electrically energized, The inability to power-down photovoltaic
panels exposed to sunlight makes this an obvious hazard during the daytime, butit is
also a potential concern at nighttime for systems equipped with battery storage.

* Operate normally, butl don't touch, Fire service personnel should follow their
normal tactics and strategles at ¢ fires involving solar power systems, but do
50 with and  undi ding of exp to energized electrical

Emergency resp pemnnel should operate nomu"y and approach
1Ns sub]zd area with awareness, i and  und; $ to assure that
conditions are maintained as safely as possible.
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Size-up, identify and validate hazard. A knowledge of the hazards present on
the fireground is essential for minimizing personnel Injuries. identifying the type
and extent of a solar power system during the emergency event size-up s critical to
prowdv addressing the hazards Ihey peesent. In particular, it is important to

h b a solar th | system and a photovoltaic system, and the
hnmls presented by each type of system.

ucuul nopvowh lo sohr pmr equlpmem ina buildim wnh a stwcture fire needs
to be stressed with all nngrouml personnel (ie., stay cledr). Serious injury can occur
with equip such as p itaics on a sunny day, and the danger to fire service

personnel is roa! and deserves attention, Of paramount concern are large

ial p i sy that generate significant levels of electricity and
can create d ing strategic challenges for fire fighters as they are trying to address
a building fire.

leave the scene in o safe condition. Emergency response personnel address and
mitigate hazards, and turn the scene back over the owners and/or occupants after
the scene Is stabilized. They need 10 be aware of unanticipated dangers and leave
the scene in 2 safe condition. An example would be 3 photovoitaic solar power

damaged during a nighttime fire, which once exposed to sunlight, begins to

generate electricity and creates a shock hazard or re-kindling of the fire.

ders. A key task
hanﬂed by emergency mponse perwnnd at a building fire is the Bolatlon or
shutdown of the building’s electrical power. For current photovoltaic solar power
systems this may be difficult and/or impossible, wnhout dchv code-making bodies
need to explicitly address this problem, and p thods for
emergency shutdown of this electrical ewtomeol. This is especlmy important for
large clal sy that ge high levets of electricity and pose significamt
fire fighting challenges.

mmmmww Standardized
approaches 10 provid: dentification of solar power systems and their
components would greatly assist emergency responders in safely completing their
Job performance tasks. In particular, clearly and consistently identify system
components that require special attention during an emergency, such as the color-
coding of electrical conduit that is normally energized for 3 PV system. The more
universal the identification protocol, the more likely for it to be embraced by the
mainstream fire service.
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¥ must be add d. These syst are fly exposed to i

weather conditions that enh. the aging p , and the inf Cure needs 1o
be in place for the on-going of these sy to assure their safe
operation.

Begyice system contact information for emergencics. Consideration needs to be
given to establishing responsible points of contacts that emergency responders <an
refiably depend on during an emergency situation. They currently have such

for other building sy they must handle, such as a building’s electrical
connection from the local power grid, or an automatic sprinkler system. In similar
fashion, they should know who they can reliably use as an additional resource during
an emergency, and who can readily assist with wum the system. This is
especially important for large cial ph ¥

AR S e ¥ s diien T oS VO St g
evolving safety-related Issue that requires ion from the pency

community, and while it is important and deserves attention, there is no reason to
create a sense of unfounded fur wmlc gnizing the key of not being
able to power down Bl gency response personnel
should approach this overall subject area as yet another topic that they need to
address with awareness, caution, and understanding to assure that conditions are
maintained as safely as possible for all imvolved.

W Solu power syslm mvesem a todlmlo(y Moou ume has nome
They are prolferating and it is likely that the first due response area for any
particular Bency resp unit includes this technology. 1t is also being utilized

for direct use by the fire service on fire station facilities as well as fire apparatus.

Ron't underestimate electrical hazaed; don'y be complacent. Education and training

materials needs to be clear on the hazards of solar power systems, and emphasize

the importance of fire service personnel not becoming complacent about these

hazards.

The sler most critical message of emergency response personnel ls to &wm
itaic sy and all their ponents as electrically B

when eupond to sunlight.
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mnooosumruovr-em. fessional Qualdicats Acc and Certifs
Naticnal Fire P Quincy MA, section 3.3.1 through 3.3.5, 2006

edition

N"A 1000, Standard for Fire Service Professional Qualfications Accreditation and Certification
N J Fire P Association, Quincy MA, section 3.3,1, 2006 edaion

N”A 1000, Standard for Fire Secvice Profs | Quaidi Accred and Centifs
Nationa! Fire Association, Quincy MA, section 3.3.3, 2006 edtion

NFPA 1000, Standard for Fire Service Professional Qualifications Accreditation and Certification
N ! Fire P Assoclation, Quincy MA, section 3.3.5, 2006 edtion
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Annex A: Solar Power-Related Definitions

The following are terms relating to solar power that are used throughout this report and/or are
commonty used relative to the subject matter applicable to this report.

In some cases multiple definitions are found in the [ Where multiple cefined
terms exist, preference is given to federal or state publications and widely recognized
consensus-developed codes and standards. In some cases multiple definitions of the same
term are provided,

Absorber. Component of a solar collector for absorbing radiant energy and transferring this
energy as heat into a fluid.'”

Aperture. Solar collector opening through which d solar radi \ Is admitted,

Array. A mechanically i bly of les or panels with a support structure and

foundation, tracker, and ochn eomponem.s. as required, to form a direct-current power-
producing unit. See also “Photovoltaic Array”. '

Buliding Integrated Photovoltaics. Photovoltaic colls, devices, modules, or modular materials
that are integrated into the outer surface or structure of a building and serve as the outer
protective surface of that building.'*

Charge Controller. Equipment that controls dc voltage or de current, or both, used to charge a
bamrv."'

Concentrating Collector. Solar collector that uses reflectors, lenses or other optical elements to
redirect and concentrate the solar radiation passing through the aperture onto an absorber,
See also “Solar Collector”.**

Electrical Production and Distribytion Netwock. A power production, distribution, and
utilization system, such as a utility system and connected loads, that is external to and not
controlied by the photovoltaic power system.’®

mw. Fluid that is used to transfer thermal energy between components in a
1

system.

Hdrid System. A system prised of multiple power These power sources may
Include photovoltaic, wind, micro-hydro generators, engine-driven generators, and others, but
do not Include electrical production and distribution network sy Energy storag:

such as batteries, do not constitute a power source for the purpose of this definition.'*’
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Interactive System. A solar photovoltaic system that operates in parallel with and may deliver
power to an electrical production and distribution network. For the purpose of this definition,
an energy storage subsystem of a solar photovoltaic system, such as a battery, is not another
electrical production source. '™

lnyerter. Equipment that is used to change voltage level or waveform, or both, of electrical
energy. Commaonly, an inverter [also known as 3 power conditioning unit (PCU) or power
conversion system (PCS)] is a device that changes de input to an ac autput. Inverters may also
function as battery chargers that use alternating current from another source and convert it
into direct current for charging batteries.*

Inverter, Electric energy converter that changes direct electric current to single-phase or
polyphase afternating currents,’*®

Module. A complete, environmentally protected unit consisting of solar cells, optics, and other
components, exclusive of tracker, designed to generate dc power when exposed to sunlight.
See also “Photovoltaic Module” .***

Panel. A collection of modules mechanically fastened together, wired, and designed to provide
a field-installable unit. See also “Photovoltaic Panel”.'™

Photovoitaic Array. Assembly of mechanically integrated and electrically interconnected PV
modules, PV panels or PV sub-arrays and its support structure. Note: a PV array does not
include its foundation, tracking apparatus, thermal control, and other such components. See
also “Array”

wmm. PV p that are installed outdoors and from its loads,
pport structures, foundation, wiring, tracking apparatus, and thermal
(onuol (where specified), and including junction boxes, charge controliers and inverters

dep g on the bly’s installed configuration.'™
Photovoltaic Call, Most elementary photovoltaic device. See also “Solar Cell*.™*
Photovoltaic Module. Complete and lly protected assembly of interconnected

photovoltaic cells. See also “Module”,™**

Photovoltaic Panel, PV modues mechanically integrated, pre-assembled and electrically
interconnected. See also “Panel”.™

Photovoltaic System. A “.0' P that produce and supply electricity by the
conversion of solar energy.’**
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Photovoltalc System Voltage The direct current (dc) voltage of any photovoltaic source or
photovoltaic output circuit. For multiwire installations, the photovoltaic system voltage is the
highest voltage between any two dec conductors.'™

Solar Cell. The bask photovoltaic device that generates electricity when exposed 10 light. See
also “Photovoltaic Cell” '

. Device designed to absorb solar radiation and to transfer the thermal energy so
produced to a fluid passing through It. See also “Concentrating Collector™.'®!

Solar Epergy. Energy emitted by the sun in the form of electromagnetic energy. Note: solar
energy Is generally understocd to mean any energy made avallable by the capture and
conversion of solar radiation.'™

Solar Heating System. System composed of solar collectors and other components for the
delivery of thermal energy.™’

Solar Photovoltalcs. Pertaining to PV devices under the influence of sunlight.**

Solar Photovoltaic System. The total components and subsystems that, in combination, convert
solar energy into electric energy suitable for connection to a utilization load.™*
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Annex B:
Example of Fire Service Training Program on Solar Power Systems

This annex provides a specific example of a fire service training program addressing solar power
systems, and in particular ph ftaics. While multiple programs are available from various
qualified sources, the following summarizes one comprehensive program as an example. This ks
posted on the website of the Calfornia State Fire Marshal’s Office, and is available at the

following URL: www.osfm.fire.ca sov/training/photovoltaics php

The ind tion ¢ ined on their website includes student manuals, lesson plans, student
handouts, and instructor information. interested parties should directly access their website
and download the applicable ials of imerest. This following is the outline of this particular
program;

1. Introduction
1l. Cells and Components
1. PV Performance

IV.PV Applications
V. PV Codes
VLEmergency Response
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Annex C: Overview of Fire Service Training and Education

There are an estimated 1.1 million fire fighters in the United States today.'™ This estimate is
based on a sample survey with a confidence level associated with each estimate, and does not
intlude certain fire fighter constituency groups such as industrial fire departments and federal
fire departments,

Approximately 75 percent of these fire fighters serve as volunteers with the remainder serving
as career fire fighters. As expected, the more populated jurisdictions are protected primarily by
career fire fighters while rural areas are protected primarily by volunteer fire fighters. Some
fire departments are a mix of career and volunteer fire fighters in what are considered
combination fire departments.

This section covers the preparation and process infrastructure utilized by fire fighters to
perform their duties. A review is provided on what is typically included in fire service training
and education programs, as well as an overview of fire service dard operating p dures
and guidelines commonly used by fire fighters.

Defining the Profession of Fire Fighting

Fire fighters face a bewildering spectrum of possible emergency events. As a result they are
generalists in their core knowledge and acquire specialized additional skills to handle certain
duties.

Fire service personnel require skills that are already adequately learned and ready to be used
before an emergency occurs, Beyond the obvious hazards associated with fireground
operations, the duties of a fire fighter include the need for training on additional topics
commonly shared with other professi Examples inciude biohazards lated with
handling of victims requiring emergency medical services, and transportation safety relating to
the hazards of large mobile fire apparatus,

Fire service training and education is a critical part of the activities addressed by fire fighters, it
is not uncommon for fire fighters to be in a situation where their own personal survival
depends on this training and education, and they are continually subjected to learning on a
wide range of important topics. For all topics of interest to fire service emergency responders,
an on-going need exists for updated, accurate, consistent, ready understandable training
information,

What distinguishes a fire fighter from someone who is not a fire fighter? Most obvious is an
individual's formal relationship (e.g. employment or membership) with a recognized fire
service organization, Equally important, however, Is the individual's training and education that
qualfies them to adk ly perform the tasks expected of a fire fighter.
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To be “qualified by training and examination” are critical defining characteristics for today’s fire
service. Among the various definitions of “fire fighter” in the common literature, the following
reflects the baseline importance of qualification by training and examination:

“Eire Sighter: An individual qualified by 9 ond to perform octivities for the
control ond suppression of unwanted fires ond refated events***

Fire fighter professional qualifications are key to defining the profession of fire fighting.
Standards that set baseline requi have been subject to ongoing enhancements for
decades (as exemplified by documents such as NFPA 1961, Standard on Fire Hose, which was
first Issued in 1898, or NFPA 1410, Standord on Troining for Initiol Emergency Scene Operations,
first issued in 1966), "4

+ T Pighas JO08 bl
+ 100 Mg ot Crhwor et s JO08 (s
Mgt Fre Pighter 2009 Lées

T ts Raa (0N Ll T

*Fire Ofcer 2ot fdton

+ nadert Maragement Perwnned 100 (4%
* 1w v tor an M Laaminer 2009 (8o
* Thw Wvwwigator 1009 [dton

* e Mardd 1047 (den

* e Sorven bercior 2007 [0

+ Wiiand Foe Figter 10T Wbt

@ P Loty Whar " 2T (S
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Figure C-1: Types of Fire Fighters, according to NFPA Professional Qualification Standards.

Of particular interest for addressing fire fighter performance is the set of 16 NFPA standards

d % fire fighter professional qualifications. These doc are d in Figure
C-1, and they clarify fire fighting disciplines and establish required levels of knowledge that can
be used for training and other purposes,

The fire service operates as a quasi-military type organization, with the need for potentially
large numbers of fire service members to be quickly deployed to handie complicated
emergencies. Further, efficient and effective handling of the event is necessary to minimize
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danger to Ide and property, which means that there is normally very little time to implement
mitigating action.

Table C-1: Exa of fire Disci and Training Levels.'™
| Akport Fire Fighter 1003
o 0 Pumper; Asrial, Tiler, ARFF, Mobile Water Supply, 1002
EMS HarMat i ()
Health/Safety Officer; Incident Safuty Officer;
Fire Departmaent Safety Officer 150-Fire Supp 150 = EMS Oy 1821
150 ~ HarMat Operaticns; 1SO ~ Specl Operations
Fire Fightar (10 1001
Fire Inipector £ 5t 1 Plans Caaminer 1031
| fwebwestigater 2 01
Fire Officer L v 1021
Fire Service Imtnuctor Lim 3043
Op T Incident
Commander;
Branch Safety Officer, Private Sector Specialist A B, C
Mazardous Matarialy Tech w/Tank Car Speciaity, Tech w/Cargo Tank an
Speclalty; Tech w/latermodal Tank Specialty; Tech w/
Flammadle Gases Bulk Storage Specalty; Tech w/
Industrial Fire Brigade m;w_mw":mw"’ Leader 1081
Marine Fire L 1005
Pubiic Fire & Lfe Safety LIt 1, Pubiic Information Officer; 1035
Loucator hovenie Fresetier Intervention Speciaing
Public Safety
Telecommunicator b A3
Rope; Confined Space; Trench,
Rescue Technician Strectural Cotapse; Surface Water; Vehicle & 1006
Machinery
Wildland Fire Fighter e e L 1051
As a result, multiple specialized fire fighting disciplines have evolved to add certain tasks
and duties as defined by the level of training and ed| they ive. Table C-1
examples of fire fighting disciplines and the standardized levels to which fire fighters can be
qualified.

The last several years has seen a more widespread use of these standards, partly because five
(NFPA 1000, 1001, 1002, 1006, and 1021) are among the 27 NFPA standards adopted as
national preparedness standards by the U.S. Department of Homeland Security.”” Each year
DHS distributes millions of dollars in ald through their "Assistance to Firefighters Grant™ (AFG)
to US. fire depar which is admir d by the US. Federal Emergency Management
Agency (FEMA). A prerequisite for applying for this support is conformance to these DHS
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pared dards. The 19,791 applications nqueuk‘mlhmsalhlmonm
AFG prants in 2009 indicate the level of activity in this DHS/FEMA program. '™
Iraining versus Education
In today’s fire service the terms training ducation are ime used h

however, they have different meanings.”” wmc both refer to the transfer of information from
a body of knowledge to a recipient, each has a défferent focus on the purpose and details of the
Information transfer methodology.

Training is an exercise in focused learning, and refers to the exchange of specific information

d 10 enh the proficiency of a particular skill. An example of Lraining is a fire fighter
class that hes the skills y for certification at the *) Level” for a hazardous
materials incid L { g is more applicable to specific gency events such as handling a
maotor vehicle accident.

In contrast, education refers to broad-based learning. with the intent of providing a foundation
of general knowledge that supports efficient analytical technigues for effective problem solving.
An example Is 3 college degree in busk d %, which will provide a fire service
officer with the skill set needed to manage a large city fire department.

In general, the technical content for fire service training Is well-established and addresses a
m range of topics faced by fire fighters. Much of this is captured in the mainstream

¢ and national dards (e.g., NFPA standards) addressing a wide range of fire fighting
tasks, equipment, and other fire service detail. Some of this information has been developed
and refined in various arenas for decades.

Specifically, multiple sources of training rials are available that ively address useful

content on the topic of . These training is can be readily adapted and used
directly by members of the fire service and other gency re ders. A wide of
broadly developed training materials and guidance materials are available that provide PP
This includes, for the I ided by the Inter | Fire Service
Training Association {since 1932), ﬁfe sem:e mnr\m‘ materials provided by Jones and Bartlett
Publishers, and various books and p provided through Delmar Learning 4™ 1™

The Fire Service Training Infrastructure

Fire departments are the basic organitations used by fire fighters to deliver their services.
These can range from a smalll volunteer fire department in rural areas, to large fire departments
with all career personnel protecting a major metropolitan city. Training will also depend on the
specific hazards within the protected jurisdiction, such as the défference between an industrial
district and a bedroom community.
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Fice departments, regardless of their size or type, have two distinct sources for their training

needs: (1) training programs that originate and operate internally within the organization, and

{2) those that originate and operate externally, Figure C-2 illustrates the two basic sources of
ining infor and rials for the fire service.

Interna

Training

Sources

Figure C-2: Types of Training Sources

The extent of internal training sources depends on the available resources of the particular fire
department, and as a result, these internal sources tend to be more extensive and
sophisticated for larger fire departments (e.g., large city or county fire departments). These
larger fire departments generally have theic own dedi d training dwvisions as well as training
facilities (i.e., training academy), and are able to effectively handie recruit training and in-
service training. Speciakized training may be offered for specific duties such as fire apparatus
operators, incident commanders, or safety officers. They may also offer specialized courses for
duties beyond those of front-line emergency responders, such as fire investigators, fire
prevention and inspection personnel (i.e., permitting officials), and public fire and life safety
educators.

Multiph | sources of training information and materials are available from a number of
sources. These are avallable to directly support the many fire departments (and especially
smaller departments) with limited resources for training. In addition, they also help to
supplement and support larger fire departments with their own training departments, and
while doing so promote general consistency throughout the fire service. In some cases,
regional training centers fulfill internal training needs despite their external characteristics, and
these may be operated at the county or state level, or simply by multiple fire service
organizations Joining together for this purpose. Figure C-3 provides an overview of fire service
training, from the perspective of the external sources that directly influence today’s fire service
training.
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Figure C-3: Qverview of the External Sources of Fire Service Training

State governments are a key external resource for fire departments, and many states have
designated an official agency to provide state-wide training for fire and emergency personnel.
Simdarly but at a higher level, the federal government provides important supgort through the
National Fire Academy and other resources. Depending on the leglsk and funding
arrangements in a particular state or region, certain colleges and universities may serve as
centers for fire service training, with or without the involvement of their respective state

agency. Supporting these training programs is a group of | fire service organizations and
private training service organizath that provide valuable components for the fire service
training infrastructure.

State training agencies and state training directors are central players in the fire service training
infrastructure. Training directors sometimes repoct 10 the state fire marshal in each state, and
manv states open!e 2 state-wide training academy. In addition, many also coordinate the

% Is and curricul used lhroumt the state. In some states, fire departments
within the state are req w datorily use this info jon and material, and in others
they can voluntarily utilize it as they deem appropriate.

Independent public and private training programs that exist within the state often work in
coordination with state training prog! These may include the fire service training activities
of regional fire districts, large city fire departments, colleges and universities, and other public
or private fire service training prog: The relationships among these entities vary
significantly from state to state. For example, one state may not have a d«kﬂed sute fire
training academy and instead have multiple separate but similar training

the state in conjunction with the state community college system. Elwwfmt there may b! 2
state training academy, but the large city fire departments use their own training resources and
G0 not participate in the state programs.
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On a national level, several key prog ivities and initiatives feed into the multitude of
fire service training activities found at the locsl and state levels. An example is the National Fire
Acadeny that assists state and local organizath with curriculum develop and the
national pr of technical 8 P baseline requir are set by
the applicabl dards that ge the % and provide a level of agr on
the applicable professional qualif These b q are effectively
P d through ditation and certification processes.

Agministeriog Qualifications for the Fire Service

Fire fighting as a profession has been gnized for ies among various civilizations. It
was not until more recently, however, that its prof I status has b more d 0
defined, with the develop of standardized baseline requi and the impl

and quality assurance process that supports the use of these requirements.

Starting In 1974, NFPA’s prok | qualific dards began to appear, becoming
increasingly used by state agencies responsible for fire service training in the years since. The
use of national standards for fire fighter professional qualifications is a concept that political
leaders have been able to widely support, and the appearance of these documents has
independently coincided with a general rise In funding and recognition for state fire service
training programs.””

As a result, most states utilize these standards as the defining measure of professional
qualifications for fire fighters, However, certification programs in many states are voluntary,
and states often do not have mandatory minimum qualifications requirements for fire service
personnel.

J

Figure C-4: Overview of Entities that Accredit, Certify, and Grant Degrees.'™
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The baseline requir included in | standards provide a foundation for fire fighter
professional qualifications, but how these are applied is equally important, To achieve
consistent implementation, the processes of accreditation, certification, and degree-granting
have evolved. The organizations that administer these training programs are known as
accrediting bodies, certffying entities, and degree-granting entities, respectively. These are
summarized in Figure C-4, which provides an overview of the entities that accredit, certify, and

grant degrees.
As further explanation, accreditation refers to enabling oversight (within a recognized
framework that measures and quality imp jon), b d upon h
i i Once accredited, that organization will in turn provide certifications and/or
grants degr to individuals. The following are definiti for accredit, certification, and
degree:*”
“Acgredit. To give official 10 OF 10 OPYYOVE O Process or procedure fo gnize o3
conforming to specific criteria, ond to ize an entity as ] appropriate
to the provision of its services. "™
“Cervificotion. An outhorkotive attestment; specifically, the issuonce of o document thot stotes
thot an indl has di the knowfedpe ond skills y to fi in o
particulor fire service peofessionol field. ="
“Praree. A formal recoge of compl of o rided progrom of study ot the
po‘mwmwkwl,'m
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Annex D: Attendees at Fire Service Workshop on Solar Power Systems
The following Is a summary of the subject matter experts that attended and participated in the
“Fire Service Workshop on Solar Power Systems”, held in Detroit, Michigan on 17 March 2010,
Table D-1: Attendees at Fire Service Wo on Solar Power ms
Brooks &l Brooks Engineering (SEM, CMP-04) Vacavitle, CA 1
C Tim Allegany Power (CMP-12 Chawr) G i L) 2
Dalton James Fire Cicago, 1L 3
Earley Mark NFPA Quincy, MA 4
Frable Dave U.S. General Services Administration Geners, IL s
Grant Casey FPRE/NFPA Quincy, MA 3
Groden Walter Chartls Inurance New York, NY 7
Tom State Facm, ATR - Vehicle Facity  Bioomington, It [ 18
Kerber Stephen derwrizers Laboratorie: & : )
Kreis Timothy Phoenix Fire Dept. Phoenix, A2 10
| Layman Jeft 89 Solar Internationat ™ 1
Undsey Travis Travis Undsey Consulting Services lasVegas, NV 12
| MeCall George MeCall & Son C i)
Coiin w. gron, DC 14
Palss Matt San Jose Fire Training Grovp) San Jose, CA 15
Peterion fric FPRE/NFPA _Quincy, MA 16
(] SC State Training Academy, (NAFTD). Columbla, SC 17
Tony MI State Fre Marshal's Office Lansieg, MI bt ]
g Steve NFPA Quincy, MA T
Saw Ron & Com Plymaouth MA 2
Strowd Matt MGS Tech Shoreline, WA 21
Van de Velde  Marc Global Asset Protection Services UC Frankdure, Germany 22
Varone Curt Quincy, MA 23
Wilse Pete X4 Glowal Asset P Services Martford, CT 7]
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