Example of UL 3741 deisng with SMA inverters and Sollega racking.
Phata courtesy of Todd Bauer at Valley Solar Solutions and Infand Star Distrbution,

Hazard control

Understanding UL 3741 and new rapid shutdown SolUtionS s sea weytes

apid shutdown requirements
for PV systems have spurred
innovations within theindus
try since the requirement first
appeared in the 2014 National
Electrical Code (NEC). The
requirements imposed by rapid shutdown
often seemed ahead of their time. So
much so that the 2017 code provided an al-
lowance to waive a specific subsection for
twoyearstoallow theindustry tocatchup
and create products to meet the code.
Oneof these delayed provisions in 2017
allowed systems“listed or field labeled as
a rapid shutdown PV array” to provide the

B sous BunceR - o 228

necessary limitsof PV conductors within
thearray boundary. The code-making
panel (CMP) recognized sucha listing
wouldeventually exist and proactively
provided the industry witha way to meet
this requirement

Then in 2020, NEC used an information:
al note to bringattention to UL standard
3741, Photovoltaic Hazard Control, specifi
cally toaddress a method to meet this
req .Aswith most standards,

UL 3741 took several years and revisions
before release. The current version of the
standard is dated Dec. 8,2020. It wasn't
untillate2021 that the industry started

to see commercially available equipment
with the UL 3741 listing.

UL 3741 and the NEC

Before jumpinginto the application
of UL3741in PV installations, let’s take a
step back and look at the code require-
mentsdriving usto the standard. Section
690.12, Rapid Shutdown of PV Systems on
Buildings, is familiarto most PV profes-
sionals. Regarding the UL 3741 standard,
our focus is subsection 690.12(B)(2), where
the concernis controlling the conductors
within the array boundary.

Installing module-level power elec
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Fig. I Rooftop installations have typically inciuded MLPES fo meet rapid Shutdown requirements.

tronics (MLPEs)on all rooftop arrays has
been the most common solution to meet
690.12(B)2). This installation method was
the most straightforward way to limit
the voltage of the conductors within the
array boundary to less than80 V within
30 seconds of initiation per 690.12(B)(2)(2).
The 80 V threshold effectively eliminated
the ability to place modules in series
without an MLPE in the circuit before
seriesconnections. With theability to list
systems to the UL 3741 standard, the op-
tionsto meet 690,12 for rooftop PV arrays
areincreasing. See Fig. 1

UL 3741 is allowed under the 2020 NEC,
but the 2023 NEC offers more clarity on
the subject. Many jurisdictions have not
adopted the 2023 code at this time, but |
will use it for reference here because it
provides better language for understand
ing the UL 3741 requirements and installa
tionapplications.

Tobegin, 690.4(B) introducesthe term
PV hazard control system (PVHCS) in 20
It'salsoworthnotingthat all definitions

3.

have been pulled from individual articles
in2023and moved to Article100. Inthis

case, PVHCS does not appear in Article 100,

so the only references for this new term
arein 609.4,690.12,and 690.31

690.12(B)(2) calls out the useof these
systems to “provide shock hazard control
for firefighters” as one method to meet the

requirements to control the conductor
limits withinthearray boundary. The ad-
dition of “provide shock hazard control for
firefighters”isalso added to 690.12(B)2) to
help clarify the purpose of these systems
and who they serve.

UL 3741 provides an alternativeto the
previous sole solution of utilizing MLPEs
onallrooftop PV arraysto meet the 690.12
requirements for conductors inside the
array boundary.

UL 3741 overview

The premise of UL 3741 was todefine the
electrical hazards firefighters encounter
when interacting with PV systems. The
NEC threshold of reducing the conductors’
voltage within thearray boundary to less
than 80V was never fully substantiated
based onactual risk to firefighters. UL
formed astandards technical panel (STP)
and engaged industry stakeholders Sandia
National Laboratories and the U.S. Depart:
ment of Energy togather data todefine the
hazards

Theresult was empirical data measur
ingthe potential shock hazardsand risks
firefighters face wheninteracting with
PVarrays. The STPdeveloped numerous
parametersto substantiate the shock
hazards imposed on firefighters. Items
included the electrical resistance of
standard, OSHA-required safety gear, the
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electrical bodyresistance of adult male
and female firefighters, and the potential
current pathways througha firefighter
under various conditions.

This work culminated in defining
shock hazards that accounted for voltage,
current and resistance measurements
The result is a repeatable test method to
ensure consistent and verifiable results
To pass the UL 3741 testing, manufactur.
ersmust prove that firefighters will not be
exposed to shock hazards in various sce
narios, including when firefighters fall on
PV equipment with tools in their hands.

Applying 3741 and the NEC

The solar industry has not imple-
mented this new standard broadly, at least
not yet, Few products have completed the
testingto date, but thissolution will pick
up (see sidebar on 48 for ane such option).

For example, MLPE manufacturers have
listed their products to UL 3741, allowing
multiple modules in aseries string. In
addition, racking manufacturers have
systems that enable stringvoltages up to
1,000 Vdc without using MLPEs. These are
bothdeviations fromwhat has become
the norm of rooftop PV array installations.
SeeFig. 2.

The $64,000 questionis, "howdol,
asadesigner and installer, apply this to
my installations?” Code doesn't give us
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The SMA Sunny Tripower COREI is the first free-standing String inverter and the first listed to UL 3741 PV Hazard Control for NEC B90.22. It offers proven reliability and lower owner

shipcast, It can be placed within the arra

alot,other thana mention of following

the manufacturer'sinstructionsinan
informational note in 690.12(B)2)1). And

expecting PV installers and code officials

toread through UL standar s not
realistic. But if you areinterested, you can
register for UL's Digital View and read any
UL standard you desire for free.
Ultimately, it comes down to reading
the installation manual for the listed
piece of equipment to understand the
installation requirements. Manufactur-

ersare required tolist all the necessary
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components for the installation to meet
UL 3741. Depending on the exact system,
this may include specific accessories for
theracking system, specific inverters,
and even requirements for the wire
clips. These details are essential, as the
manufacturersused particular materials
and configurations to meet the testing
requirements.

Another resource for thisinformation
isthecertification the testing labora:
tory provides to the manufacturer upon

successfully completing the test. These

S without requiring MLPE or g

(S 10 meet rapid shutdown code

certificates will include any specific
components required to comply. Agencies
such as UL and Intertek have informa:
tional directories for the equipment they

teston their websites.

Points of confusion

Understanding what defines the critical
components and how they relate tothe
listingis probably the most confusing
and challenging part of applying UL 3741
The standard goes into great detail to

define the various hazard levels and the

probabilities associated with firefighter
exposure to these hazards. This resultsin
multiple pathways formanufacturersto
meet the standard.

For example, suppose a manufacturer
can test its system and prove the shock
hazard experienced under a set of worst:
case scenarios does not exceed Hazard
Level 1as defined in Table8of UL 3741. In

that case, the system requires no further

testingor protection. Hazard Level 1

defines the maximum dc exposure to

firefighters without strong involuntary
muscular reactions. This test method
willallow many MLPE manufacturers to
meet the standard without needing ad-
ditional installation requirements, such
as specific racking or specific protections
associated with wiring. Current MLPE op-
tionsallow two crystalline modules wired
in series and comply with this method
The standard provides additional path
ways for compliance when the system can
experiencea Hazard Level 2or greater. The
standard will require additional protec
tions and installation methods, such as
specific wire guarding, racking systems

and wire management. Multiple racking

Array Boundary

companies have used thismethod to pass
UL 3741 without using MLPEs.

For those interested, Appendix F in UL
3741 provides examplesof the calculations
and methods used for the two scenarios
mentioned. The appendix offers what con:
stitutes the worst-case scenario and how
the STP used acombination of current and
multiple resistance levels todetermine

the maximum allowable voltages.

Conclusion

UL 3741 systems go against the grain of
“typical” installations, so installers can
expect some pushback from jurisdictions.
As withmany other advances within our
industry, thiswill require patience and ed
ucation for code officials and the firefight
ingcommunity. Overall, the transition
to providing systems that provide shock
hazard control for firefightersin adefined
way is good for the industry.
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Fig. 2 UL 3741 listed systems may

w for the elimination of MLPES on rooftop instaltations.
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