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What is an arc fault in a PV array?

Photo courtesy of Pete Jackson. An arc fault in a PV array is a failure mechanism that can lead t
Detecting and preventing arc faults eliminates a known hazard to the safe operatio Oftc

What is arcing in photovoltaic power systems?

Conferences &gt; 2016 IEEE 43rd Photovoltaic S... Arcing in photovoltaic (PV) power systems is a si
concern due to the potential for property damage from a PV system fire and personal safefy'f'rdma trical

shock hazard or electrocution if an arc is undetected and left unmitigated.

Are photovoltaic systems fire prone?

Real fire incidents and faults in PV systems are briefly discussed, more particularly, original fire scenarios
and victim fire scenarios. Moreover, studies on fire characteristics of photovoltaic systems and the suggested
mitigation strategies are summarized.

Which arc model can be used for arc fault simulation in PV system?

There are three main types of the electric arc modelthat can be used for simulation: physical principles-based
model,traditional V-1 empirical models obtained from measurement data,and heuristic models. A summary of
arc model that can be used for arc fault simulation in PV system can be found in Table 1.

Where arc may occur in PV systems?

Example of possible locations where arc may occur in PV systems. Parallel arcshave the similar mechanism

as series arc faults. They can be developed between two conductors in the same string,two conductors of
two different strings,and conductor and grounding point as shown in Fig. 2.
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Johnson et al. conducted several studies, including
dynamic equivalent PV circuit model for arc fault,
differentiating series and parallel arc faults, and
thermal finite element model of arc faults (Johnson
et al, PV fire suppression, firefighting and the
toxicity of fire residues are not studied or identified
for future research needs

Abstract: DC arc fault is the main cause of
photovoltaic system and energy storage system
electrical fire, which greatly threatens the safe and
stable operation of PV system and energy storage
system. At present, the research on PV system DC
arc fault are in the initial stage both domestic and
abroad. Based on the analysis of the current and
voltage signal in the time or ???

Due to the fire risk from parallel arc-faults, Tigo
Energy and Sandia National Laboratories studied
series and parallelArc-fault types and confirmed the
noise signatures from the two arc- faults types are
nearly identical. The 2011 National Electrical
Code(R) requires PV DC series arc-fault protection
but does not require parallel arc-fault protection. As
aresult, ??7?
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e — Unmitigated arc???faults present fire dangers,
[:—m shock hazards, and cause system downtime in
L I = - - R photovoltaic (PV) systems. The 2011 National
- f[ p— Electrical Code(R) added section 690.11 to require
T a listed???

Keywords: Arc-Fault, PV Fire, Characterization,
Modeling, Spectroscopy, Reliability 1
INTRODUCTION Arc-faults have caused a number
of PV installation and rooftop fires [1-4]. To address
the hazards associated with PV arc-faults, the US
National Electrical Code(R) (NEC) [5] has required
arc-fault circuit interrupters (AFCIs), for PV systems

The solar industry is in a state of rapid growth. The
National Solar Jobs Census states that one out of
every 50 new jobs added in the U.S. in 2016 was
created by the solar industry, representing 2% of all
new jobs.. When an industry grows this quickly and
begins to employ a large workforce with relatively
few years of design, construction, or operating ???
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DC arc faults on solar PV systems have been
identified as the root cause of over 250 domestic
and commercial building fires in Australia. When
the sun rises the solar panels start producing power,
the bare conductors become live causing a DC arc

System Layout
& [—

fault and building fire. It is practically impossible for
a solar installer to check all of the

m@m g and 2012 in Germany, 400 fire cases were reported
involving PV systems. In 180 cases a single PV
component was the source of the fire. To underline
the safety of PV systems it must be mentioned that
these 180 cases represented less ???

Unmitigated arc-faults present fire dangers, shock
hazards, and cause system downtime in
photovoltaic (PV) systems. The 2011 National
Electrical Code (R) added section 690.11 to ???
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Unmitigated arc-faults present fire dangers, shock
hazards, and cause system downtime in
photovoltaic (PV) systems. The 2011 National
Electrical Code(R) added section 690.11 to require
a listed arc
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With the rapid growth of the photovoltaic industry,
fire incidents in photovoltaic systems are becoming
increasingly concerning as they pose a serious
threat to their normal operation. Research findings
indicate that direct current (DC) fault arcs are the
primary cause of these fires. DC arcs are
characterized by high temperature, intense heat,
and short duration, ???

In response to the hazards of DC arc faults in PV
power systems, the National Electrical Code (NEC)
in 2011 required rooftop PV DC systems with DC
voltages above 80 V to be equipped with series DC
arc fault circuit breakers [6,7,8], and this
requirement was widely applied to all PV DC

systems in 2014 to reduce the number of major fire
accidents
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The DC arc fault is a major threat to the safety of
T photovoltaic systems, a large amount of heat from

k
8

sustained arcs leads to fire accidents. Therefore,
detecting the arc faults for PV systems is receiving

I

—_— considerable concern. In order to develop accurate
and rapid

In a typical residential solar PV installation,
B | individual rooftop PV modules are connected in
' . | series to form these strings, which in turn are
- connected to string inverters that can handle
between two and four strings. condition that can

occur in solar PV and other current conversion
‘T‘ﬁmm . applications that can result in the potential for fire
Al A B

Arc-faults have caused a number of photovoltaic
- (PV) in-stallation and rooftop ???res [1???4]. To
//I H address the hazards associated with PV arc-faults,
- ; o the US National Electrical Code(R) [5] has required
arc-fault circuit interrupters (AFCIs), for PV systems
greater than 80V, since 2011. Un-derwriters
Laboratory (UL) has created a draft standard for
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Below is a 2013 fire loss that occurred in New
Jersey with regard to a roof fire started by an arc of
a PV panel array. More than 7,000 solar panels on
the roof of a burning Dietz & Watson warehouse in
Burlington County proved too much of a hazard for
firefighters.

Based on the review, some precautions to prevent
N T solar panel related fire accidents in large-scale solar
W PV plants that are located adjacent to residential
» e and commercial areas. The structure of a

PV Arc and Fire 4/5/2009 Installation could cause a
[ ] big problem. In this situation, the long conduit
‘JEE slipped outfthjitdtthi"iltifrom the joint, and cut
the wires" insulation inside, caused a big arc 11 ???
ANSI/UL 1703-2004 (R2008) Flat-Plate Photovoltaic
Modules and Panels
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Reil et al. (2012) proposed different tests to classify
risks in cell connectors that transform into arc risk in

Outdoor Cabinet Energy Storage System

photovoltaic panels, serving as a quality control.
Their study concludes that a PV fire incident is a
complex and multifaceted phenomenon that cannot
be reduced to a single variable that causes a single
outcome.

The DC arc is the main cause of fire in photovoltaic
(PV) systems. This is due to the fact that the DC arc
has no zero-crossing point and is prone to stable
combustion. Failure to detect it in a timely manner
can seriously endanger the PV system. This study

- analyzes the influences of the series arc and the
maximum power point tracking (MPPT) algorithm on

the ???

20 years,PV fires have occurred in 0.006% of all
installations . This means that, statistically, [1]
99.994% of PV installations are not causing a fire.
Similar numbers were reported from the UK market
[2]. So, whenever we are talking about PV fire
safety, we should keep in mind that we are talking
about the
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Wikipedia definition: "An arc fault is a high power
discharge of electricity between two or more
conductors. This discharge generates heat, which
can break down the wire's insulation and trigger an
electrical fire. Arc faults can range in current from a
few amps up to thousands of amps, and are highly
variable in strength and duration.”

- In order to minimize the risks of fire accidents in
large scale applications of solar panels, this review

focuses on the latest techniques for reducing hot
spot effects and DC arcs. ???

?7?7? Photovoltaic (PV) panels can be retrofitted on
buildings after construction or can be used to
replace conventional building materials used for
roofs, walls or facades. ??? Fire safety concerns
include electrical ignition sources, combustible
loading, and challenges for manual firefighting. ???
o | ; - Numerous fire incidents have occurred involving
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This paper aims at providing a reliable algorithm to
identify photovoltaic (PV) series arc faults
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| e regardless of complex fault-like interferences and
[Sha S building fusion coefficients, two ???
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i o 02 o o Abstract: While arc-faults are rare in photovoltaic
: g:; g:j E: T installations, more than a dozen documented
E o arc-faults have led to fires and resulted in significant
Sy Sngazag damage to the PV system and surrounding

structures. In the United States, National Electrical
Code (R) (NEC) 690.11 requires a listed arc fault
protection device on new PV systems. In order to
list new arc-fault circuit interrupters (AFCls

Photovoltaic (PV) arc-faults can lead to fires,

- T | FH 77T damage property, and threaten the safety of building
m ok ged @ { W (T .
E% | i "k ‘ occupants. In response, Article 690.11 was
s [ ) ‘\,‘M,/‘// approved for the 2011 National Electrical Code(R),

requiring new PV systems, 80 V or greater, on or
penetrating a building to include a listed arc-fault
protection device to extinguish series arc-faults..
Currently, a number of manufacturers are
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o 3 , ) There is a risk of fire caused by series arc failure in
: g ': . g; the operation of photovoltaic (PV) system.

: g': I‘ﬁ_ Therefore, it is required to discuss a solution for
Baverysuingszs rapid arc fault detection. To address the series arc
fault (SAF) detection under different working
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~Easy configuration and maintenance

conditions, a method based on
squeeze-and-excitation (SE)-inception multi-input
convolutional

New risks to fire fighters ???Fire fighters may not
recognise PV system ???lots of different types
???Shocks through fire hose jets? ???DC electrics
cannot be completely switched off on most systems
???AC detectors will not detect DC ???No official
guidance yet in the UK for fire-fighters ???Feedback
from BRE conference (2011) was that hazards are

) Figure 2. Fire at the Shanghai Hongkou Soccer
& Stadium in Shanghai, China on March 28, 2017. PV

= - System Arc Faults Arc faults are one of the primary
causes of fires, shock hazard, and system failures in
PV systems [15]. As the term broadly encapsulates
a range of electrical faults, it ??7?
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FLEXIBLE SETTING OF
MULTIPLE WORKING MODES
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While arc-faults are rare in photovoltaic installations,
more than a dozen documented arc-faults have led
to fires and resulted in significant damage to the PV
system and surrounding structures.

the destructive potential of a PV fire is clear. 1 Tim
Zgonena, Liang Ji, and Dave Dini, "Photovoltaic DC
Arc-Fault Circuit Protection and UL Subject 1699B,"
Photovoltaic Module Reliability Workshop, Golden,
CO, February 2011. All images in this report are
property of Tigo Energy, Inc. This report is available
at no cost from the
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INTRODUCTION Arc-faults have caused a number
of PV installation and rooftop fires [1-4]. To address
the hazards associated with PV arc-faults, the US
National Electrical Code(R) (NEC) [5] has required
arc-fault circuit interrupters (AFCIs), for PV systems
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