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Introduction

* As the world embraces solar power for its clean energy benefits, it’s crucial to
address potential risks, particularly the concern of fire hazards associated

with solar systems.

* In this comprehensive guide, we’ll delve into the intricacies of solar fire
hazards, understanding the risks, identifying preventive measures, and
emphasizing the importance of quality solar installations.

\-/

=

—
-



§3ls:
Med[03:0005 20883
Qo & 98 @ Q °§l ’
mmasp:[g B00s0(§C
BDEPAGPE 3209: oa@

G@jﬂc €1§ 39(\8§39€61 8(5'30@”

N C

OL

o)

o
G’E'))O’.')%G SQCSQ(Y{ILG(T{' o@3 Qﬂ’.')o 6151661 3908(7) G§G DC@ (T.)
C\)S@OG&)DCRlOO)O)GDO)S@D°(T) CDCDOOQTQOO@c?CGQ
&)®3®§®Q{ID°§C@(T)®OG§G:DD 8°GCD 39&61’300&{]’3000 (T(.)L)

L

Q

ﬁ@@@@&)DC\)G°&;§QI(T)U%CI G§GGI.')C@&@G°39COD°&)C\DDE§D°QID°€§ GSGUJ°39&6T.)(D
Q{l’f(‘o’ﬁ G]OGC% Qﬂ’f SQ&GIDOOQJDYD §O°Q) 06I0060I00D EI O
G@DCDCD C ?C 3961&39638 GOO’JC gﬁ%GOOD &)C\DDCDO&)C@C Q{I’f

383°O’J[Gell

%

|_CDC(D’.) OOGGQ@S@GQ{FY
GGl 6]@00 SQGC\)°GO°G(9’.')




Table of Contents

» Understanding Solar Fire Hazards:

Exploring the Fire Hazard Concern:
Solar Panels and Fire Risk:

* ldentifying Potential Risks:
Ground Faults and Arc Faults:
Preventive Measures:

DC Isolators and Live Wires:
Preventive Measures:

* Preventive Measures and Best Practices:

Best Practices:
Regular Maintenance and Inspections:
Best Practices:

* Emergency Response and Collaboration:

Collaboration with Local Fire Departments:
Best Practices:
Emergency Protocols and Response Plans:
Best Practices:

 Conclusion




Table of Content ©203029
. . (0] Q C < SrR<
Understanding Solar Fire Hazards: s3c0o{gns8:e6c0ooCe 3a860004p:0380:00p5(gCH!
A y . Q Q Q N
¢ Exploring the Fire Hazard Concern: eze:n:s@?)qow ®G0 ego?gpegéj 2-
< Solar Panel and Fire Risk: s3coo(0os qpsgf: AHelopHe Ty ol6bR
o i . cbe Q e . LM<

Identifying Potential Risks: |§@&Ceq)qie2003286000¢0: g@oz:noo?oo Cs-
o i N e I . i ) Q. ot~ yimo.
> Ground.Faults. G@@:)cygéu C3q].O3C:QIOQPege Arc Faults: Q|Om:eq)|,03C3|09)0s

Preventive Measures: [03]02C0020Q00¢ 3203264|0:
% DC Isolators: DC cmf)onzq:)s?cf: Live Wires: eooosaozﬁe§eoaocﬂw3@[zq_pz-

. O C c Q °

Preventive Measures: OCAOMRAPIOTROQY:
PreventiveMeasures: falmcmocrgcﬁesamsaéquﬁc BestPractices: 326000C:ad236003091C4P8!
N i ol o Soc¢ ’oc Mg ¢ ¢ Q ° °
% Regular Maintenance and Inspections: Q?§oo§z:nez[§cz§g:a>®eaoz Cs-

Best Practices: 336000C:0s 326003MYCQ|Os

o c C . C C cre
Emergency Response:aaeq:eoTorg@%ﬁg Collaboration: (l):edlc:eaoocg_m@cz-
¢ Collaboration with Local Fire Department: 63:13988619@33303538383§q|33§5 03c0lC:
IS I3 Q L ° I

eaoocaoo@cm

Best Practices: sgemoézaf’gz sgecosgoqlé 03 —
“ Emergency Protocols: sgeq:GoT Gaoocglcﬁq§§\§ Response Plans: O?[Q%gaz sgoeasgwéqps-

Best Practices: 326000C:a02 3260Q3MCHID:

%



Understanding and Preventing Solar Fire Hazards

Exploring the Fire Hazard Concern:

* The increasing adoption of solar power comes with concerns related to fire
hazards. Examine the factors that contribute to the potential risk of fires in
solar photovoltaic (PV) systems.

Solar Panels and Fire Risk:

* Dive into the specifics of solar panels and their role in the hazards. Explore
how issues such as electrical faults and system malfunctions can escalate the
risk of fires in solar installation.

Identifying Potential Risks:
* Ground Faults and Arc Faults: 5

—"

 Ground faults and arc faults are electrical phenomena that pose serious risks
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Identifying Potential Risks (1):

* Ground Faults and Arc Faults:

* Ground faults and arc faults are electrical phenomena that pose serious risks
in solar PV systems.

* Ground Faults: These occur when an unintended electrical connection occurs
between the system’s conductive elements and the ground. They can lead to
overheating and potential fire hazards.

* Arc Faults: Arcing can happen when there is a gap in a circuit, leading to the
formation of an electric arc. This phenomenon can generate high
temperatures and ignite surrounding materials.

Preventive Measures:
* Regular inspections to identify and repair faulty wiring.

* Installation of ground fault circuit interrupters (GFCls) to quickly shut off
power in case of a ground fault.
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Identifying Potential Risks (2):

DC Isolators and Live Wires:

* DC isolators and live wires are critical components in a solar system that can
become potential sources of fire hazards.

* DC Isolators: These disconnect the direct current (DC) from the solar panels.
Malfunctions or poor-quality isolators can lead to electrical issues.

* Live Wires: Exposed or damaged live wires can pose a risk of electrical shock
and may contribute to fire hazards.

* Preventive Measures:
Installation of high-quality DC isolators with appropriate safety features.
Proper insulation and covering of live wires to prevent exposure. ~
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Preventive Measures and Best Practices (1)

Quality Solar Panels and Installations:

* Ensuring the use of high-quality solar panels and proper installation practices
is crucial for reducing fire risks.

* Quality Solar Panels: Investing in panels from reputable manufacturers with a
focus on safety standards reduces the likelihood of malfunctions.

* Professional Installation: Hiring certified and experienced solar installers
ensures adherence to safety guidelines and reduces the risk of faulty
installations.

Best Practices:

* Regularly check for manufacturer certifications and standards compliance.

—

* Ensure that installation adhere to local building and electrical codes.
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Preventive Measures and Best Practices (2)

Regular Maintenance and Inspections:

* Routine maintenance and inspections are essential for identifying potentia
issues before they escalate.

« Scheduled Inspections: Regular checks on the entire solar PV system to
identify wear, damage, or malfunctions.

* Cleaning: Keep solar panels clean from dust and debris, which can
contribute to overheating.

Best Practices:
* Develop a maintenance schedule and adhere to it.

* Engage professionals for through inspections, especially after extreme B
weather events. —
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Emergency Response and Collarboration (1):

Collaboration with Local Fire Departments:

* Collaboration with local fire departments is critical for effective emergency
response.

 Training and Awareness: Fire departments should receive training on solar
PV systems and understand their unique risks.

« Communication Channels: Establish clear communication channels between
solar system owners and local fire departments.

Best Practices:

* Conduct joint training sessions to enhance understanding and response
efficiency. e

 Share information about solar installations within the community.
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Emergency Response and Collarboration (2):

Emergency Protocols and Response Plans:

* Establishing emergency response protocols and plans ensures a coordinated
and effective response in case of a fire.

* Emergency Protocols: Clearly defined steps to be taken in the event of a solar
panel fire.

* Response Plans: Collaboration with emergency services to outline roles and
responsibilities during an incident.

Best Practices:
* Regularly review and update emergency protocols.
* Ensure that all stakeholders are aware of the response plans. o

—
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Conclusion:

* |dentifying potential risks, implementing preventive measures, and fostering
collaboration for emergency response are crucial aspects of maintaining the
safety and reliability of solar PV systems.

* By understanding the unique challenges posed by solar installation and
taking proactive steps, individuals, solar installers, and emergency
responders contribute to the continued growth of solar energy in a safe and
sustainable manner.
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What happened and why?
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Solar PV system is a combination of DC and AC system
Hazard in DC is different

I Arcs in a PV system |

The PV system involves both DC and AC sides, and arcs may be generated on both
sides.

’

’ ’
AC E AC Power grid
Loa

DC
A
I DC arc | | AC arc |
The voltage of the DC system is constant. Unless affected by external The values and directions of the AC voltage and current change
factors, the DC arcs cannot be extinguished. periodically. At the zero-crossing point, no current exists in power cables

and the AC arcs are extinguished naturally.

A

Voltage




Solution?

» |EC 60364-7-712 Low voltage electrical installation
« Part 7-712 Requirements for special installations or locations — Solar
photovoltaic (PV) power supply installations
» |EC 62548 Photovoltaic (PV) arrays —Design requirements
» |EC 62446-1 Photovoltaic (PV) systems - Requirements for testing,
documentation and maintenance
« Part 1: Grid connected systems - Documentation, commissioning
tests and inspection

- "/

—

These 3 standards will solve 80% of the safety problem.
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Series Arc Fault

Series Arc

PV-related fires according to 2022 Report: about 0.03/MW/year

C co

IEC 60364-712.42 : celel= Eoccﬂmm@ég? moogcf)@f:m

(]

|IEC 60364-712.421 : cmf)@ocaog Cquseaocf: 8863)839(%61’305(73 moogu%@cc:zn

C

[EC 60364-712-421-101 : DC ooo%@éz%’l arc zﬁ[oogézﬁqueﬁ oocﬁeqocﬁgsqp:cﬁ) ao% Co00¢
S 3&:06piEion0d6ep056aPIn3 15020568 DC 905098 c0dero&sea098qoSaPoR(QRd
AR SPOPRQPEOP 020§ 3 ; APRY=RIIY
00320l

N

IEC 60364-421.7:; & 0200722005 mée§qoq|ozeazq|cﬁ[§éz—ecﬂ8:®8 PV ®§5q|:>zu 0006s00¢E:

o

(a) o o C C
390)39@&{]33 393?3 |_ Cs (.;IOC:)Oall




Suggestion

» Adoption of IEC 62548-1 (design), IEC
60364-7-712 (installation) and IEC 62446-1
(T&C) are recommended as best practices
for PV system safety.

« Compliance to AFCI/AFPE requirement

in accordance to IEC 63027 for series
arc fault

* Compliance to IEC/EN/UL 62109

safeguard the ground insulation failure,

preventing ground arc from happening.

« Rapid shutdown as a protective measure,

not only reduce the high DC voltage hazard, k

9\15\9 tackle parallel short circuit
\\\\\\\\\

Series Arc

AFCI

Ground Fault

Riso, RCD
b

Parallel Short-circuit

RSD
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Current

ASEAN standards mapping

Design Installation
IEC 62548:2023 IEC 60364-7-712:2024 (soon to be

published)

Testing & commissioning
IEC 62446-1:2016

High voltage hazard
Rapid shutdown
requirement

L1 — L5 safety level for different fire class risk application

B

\ N,

=

-

Malaysia MS 1837: 2018 (under revision) in conjunction with MS IEC MS IEC 62446:2012 (IEC Bomba guideline
60364-7-712:2007 62446:2009, IDT) (Fire code)
Singapore | SS 638:2018+C1:2020+A1:2022 SS 601-1:2020 (IEC 62446-1 : | HDB tender
2016 MOD) LTA tender
MPA tender
PSA tender
Thailand Electrical Installation Standard for Thailand : Rooftop Solar Covered in EIT
Power Generation System B.E. 2022 ? standard for PV
system above
200kwW
Philippines | Philippines Electrical Code 2017 (under revision) AFCl application guide under | Covered in PEC 2017
development by BPS
Rooftop PV manual under
development by IIEE Lt
China CGC standard (under development) —
Distributed photovoltaic power generation system Fire safety level evaluation technical specifications e

s

A



The fire hazards associated with rooftop solar panels (1)

* 1. Installation and Design Errors;

* Poor workmanship:

Incorrect wiring, inadequate Insulation, or loose connections can create short
circuits and lead to fires.

« Component defects:

Fully panels, inverters, or other components can fail and cause sparks or
overheating.

* Improper sizing:

Oversizing panels on a string circuit can lead to excessive current and heat,
increasing fire risk.

* Using the wrong gauge of wire: ==
This can cause overheating and fires, especially if it’s done to save money
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The fire hazards associated with rooftop solar panels (2)

2. Environmental Factors;

* Water Ingress:

Moisture can corrode electrical components and create short circuits.
* Debris buildup:

Dirt, leaves, bird droppings, and other debris can trap heat and create a fire hazard,
especially if they accumulate around electrical connections.

* Hail and storm damage:

Damaged panels can expose wiring and create potential fire risks.

* Using the wrong gauge of wire:

This can cause overheating and fires, especially if it’s done to save money. o
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The fire hazards associated with rooftop solar panels (3)

3. Fire Spread and Mitigation;
* Ignition Source:

Even if the solar panels aren’t the initial ignition source, they can become one if a fire
starts nearly.

* Reduced fire suppression:

Solar panels can hinder the ability of firefighters to access and extinguish a fire
effectively.

* Challenges for firefighters:

Working at height, dealing with electrical hazards, and the potential for rapid roof
collapse in timber-framed buildings are all challenges faced by firefighters. —
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The fire hazards associated with rooftop solar panels (4)
* 4, Prevention and Mitigation;

* Professional installation:
Ensure the system is installed by qualified professionals who follow industry standards.
* Regular maintenance:

Schedule regular inspections and maintenance to identify and maintenance to identify
and address potential issues.

 Proper grounding and surge protection:

These measures can help prevent electrical surges and fires.

 Use of UL-listed components:

Ensure all components are UL- listed and meet safety standards.
 Consideration of roof type:

For retrofitted roofs, a mitigation layer may be necessary to prevent fire spread.

* Regular cleaning:

Nebris and ensure proper ventilation around the V/
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FACTORY PV FIRE ACCIDENT IN WUHAN, CHINA

rooftop of color steel tiles was burnt through with several large holes, and several
devices in the factory were burnt, causing heavy losses.

Cause: The cables of a combiner box were damaged due to construction, which was
further aggravated by the circulating current and leakage current. As a result, the
insulation failed, and short circuits and arcs occurred on the cables in the cable
trough, causing the fire.

» According to statistics, more than 80% of fire accidents in PV panels are caused by
faults on the DC side, especially the PV module hotspots, DC short circuits, quality
problems of the DC power distribution cabinet, and fuse problems. In rooftop plants,
DC arcs are inevitable, because there are thousands of connectors in the entire plant
and poor contact of any connector may cause DC arcs, resulting in fire. This is a pain .

_—

point in PV plant safety. —



Factory PV Fire Accident in Wuhan, China
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WALMART ROOFTOP, MTV SOLAR, CBS NEWS PV FIRES

Impact: At least seven Walmart stores encountered fires caused by. PV
systems between 2012 and 2018.

Cause: According to the lawsuit filed by Walmart, the fire was caused by
oor maintenance of leased PV modules. ManP/ problems have been
ocated, including hotspot on PV modules, [oose connectors, and

incorrect grounding during installation.
fires caused on September 17, 2019

* Inspections found that several solar panels were broken and that wires
were hanging out, causing a fire hazard.

* “Wires on the store’s rooftop were still sparking at the time that
Walmart discovered the fire and could have ignited more extensive
flames, with potentially devastating consequences,” the lawsuit claims.

fired caused on August 21, 2019

—



US Walmart Rooftop PV Fires between 2012 and 2018
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FIRE ACCIDENT IN THAILAND TELECOM CENTER BUILDING
IN MARCH 2022

Impact: The fire in the building caused a direct economic loss of USS
100,000.

* The system did not have the RSD function. As a result, the PV
modules were still generating electricity while burning, and the fire
cannot be extinguished.

 One fire brigade got 2"? degree burn from electrical shock during
fire fighting process.




Thailand Telecom Center Building Fire Accident in March 2022.
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KIAN TECK ROAD ROOFTOP PV FIRE CASE, SINGAPORE

Impact: Damage on asset, factory production may be potentially affected.

Suspected Root Cause: Based on preliminary investigation, the fire was likely to\t‘;e—oy
electrical origin on DC side of PV system.

» The Straits Times: 76 workers evacuated after fire breaks out at factory in Kian Teck
Road. The fire was fully extinguished within 20 minutes, said the Singapore Civil
Defence Force (SCDF).

* The section of solar panels that caught the measured around 15m by 10m and was
mounted on the zinc roof of a single-storey factory. “Rooftop solar panels fire can
spread quickly across the rooftop (so) firefighters immediately used two water jets
to contain the fire and prevent it from spreading.”

* Preliminary investigations indicate that the fire was likely to be of electrical origin
from the solar panels. It responded to three fires involving solar photovoltaic (PV)
systems in the first half of 2024. Solar PV systems are typically installed in buildings
and structures such as roof -tops and floating platforms.

* There were four such fires in 2023, upfront two in 2021. All of the fires were due to




Singapore Kian Teck Road Rooftop PV Fire Case
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Worker Electrocuted during Solar Panel Installation in Singapore

mpact: Loss of Human Life, Stop-work order for the PV project causing Project Delay. (% ;‘,‘4'\’2‘ g

Suspected Cause: The PV system did not have the RSD installed. As a result, the PV m&k&ﬁy
were connected with high DC string voltage, and short-circuited by acudent Worker on duty
get in contact with the circuit and get electrocuted.

* The worker was installing solar panels on a building’s rooftop on 12 June, 2023 with a group
of other workers.

* While going about his work, he spotted an exposed cable “arcing and emitting smoke”. He
somehow came into contact with the cable and got electrocuted. The worker was promptly
taken to the hospital but later died of his injuries that same day.

» Citing a Workplace Safety and Health (WSH) Council alert, Lianhe Zaobao reported that
preliminary investigations discovered that the cable had been lying on a wet roof. The
rooftop was allegedly wet from the rain prior to the incident.

« WSH also shared that electrocution is a major hazard during the installation of solar panels.
Panels exposed to sunlight can apparently generate electricity even without a connection to
a power source.

-,Therefore the council advises companies to take precautlonar asure s includins
exposed electrical components and ceasing ele ks whe ns or th
s ety
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Fire Incident in Malaysia Mydin shopping mall, March 2024.

Impact: Fire started from switch room and spread to rooftop PV, firefighting was
difficult and BOMBA had to use water-bomb to extinguish rooftop fire, resulted delay
on fire fighting.

Suspected Cause: Shopping mall is closed until now. Malaysia BOMBA is rethinking
solar PV fire safety and soon will issue BOMBA guideline for solar PV, which is include
more fire safety measure.

* The Malaysian Fire and Rescue Department (JBPM / Bomba) has announced plans to
issue new guidelines for the installation of solar panels on buildings, businesses and
homes in the country, reports Bernama.

* This move according to JPBM Director-General Datuk Nor Hisham Mohamad, comes e

as a measure to enhance fire safety and control, following the recent incident at the =
anels "

Mydin Manjoi supermarket where firefighters faced difficulties due to solar
\\ \\Iqlocking access from the roof.
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