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Elon Musk €& @elonmusk - Aug 18, 2019
Tesla Solar just relaunched. Lmk what you think ... Tesla.com/solar
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7 With the new lower Tesla pricing, it's like having a money

printer on your roof if you live a state with high electricity
costs. Still better to buy, but the rental option makes the
economics obvious.
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Fire Incidents caused by PV in Germany -~
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FIRES INVOLVING PV INSTALLATIONS, ITALY
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FIRE-RELATED RISK FLAT ROOF CONSTRUCTION g 8 PV INSTALLATIONS
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Intra-string parallel arc fault

[1] SLu S., Phung BT., and Zhang D. (2018), https://doi.org/10.1016/j.rser.2018.03.010

IGNITION

Design of roof

Consequence

of ignition on RELNGE
roof combustible
materials

A roof construction should not
be designed for IF, but :

So why do extensive fire on roofs
with PV installations still occur?

Adapted from Jens’ workshop “Solar Panel and Fire Safety”
(https://www.youtube.com/watch?v=D9ygbo2XpFU&t=2406s)



INCREASED FIRE LOAD?

— Aluminium Frame

Tempered Glass

Combustible
components of the PV
module is less than 10%
by mass.

+ Cables and Mounting system

Sander K, Schilling S, Wambach K, et al. Studie Zur Entwicklung Eines Riicknahme- Und Verwertungssystem Fiir Photovoltaische Produkte (in
German). Okopol — Institute for Environmental Strategies. Accessed June 12, 2019
_https://www.tib.eu/de/suchen/download/?tx_tibsearch_search%5Bdocid%5D=TIBKAT%3A593505239&cHash=b699e8b7e4e55a0892d00b1a6
ed12f29#download-mark. Published 2007.
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CHANGED FIRE DYNAMICS e .
pab b, ~_S Fire spread mainly confined to the

gap between PV installations and
flat roofs.
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Does the gap height matter?
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Full scale experiments by Kristensen, J.S. (2016)



METHODOLOGY
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COMBUSTIBLE SURFACE (PMMA)



EXPERIMENTAL SET-UP
Stainless Steel Heat Flux
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IGNITION!!! Thermocouple
embedded in the
sample



VISUAL
OBSERVATIONS

H=17 CM

NOTE:
All 3 videos are at x 64 speed



Higher resultant

FLAME flame spread rate
SPREAD ~ 2.7 mm/s 0.20 mm/s 0.14 mm/s 0.13 mm/s
RATE 700 1 + @ O . A
S + @ O . A
£ 600 + @ O o A
k= + ® O o a
& 500 { + @ O o a
S + @ O ¢ a
T 40, + ® DO o+ a
g + ® O ¢ a A No Panel
,,8 300 - + ® 0Oe A ¢ 25cm
Q + @ DOe A Opsetofflame 020 cm
§ 200 1 + BEe=d=——— impingementon | 517 cm
a tEa panel X 15 cm
100 1 +3a
GEa +10cm
0 . I I I I |
0 1200 2400 3600 4800 6000

Time (s)



RADIATIVE HEAT FLUX
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SURFACE TEMPERATURE
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CONCLUSION

Presence of the critical distance
to limit fire spread

\

Potential mitigation measure to

reduce the effect of fire
\_
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Optimised PV installation design

against other considerations

.

\

J




What’s next...




Further work

Contents lists available at ScienceDirec FIRE
SAFETY

Fire Safety Journal

journal homepage: hitp: ier.com/locate/firesa

Experimental study of flame spread underneath photovoltaic (PV) modules

Jens Steemann Kristensen ™ , Farah Binte Mohd Faudzi ", Grunde Jomaas"

IAFSS 2021 presentation:

it fandamental fie dynamics between 5 and a flt oot con B Go to youtube.com -> Edinburgh Fire ->
a0 ol reper onal “were cond ELM Experimental study of Flame Spread
.30 cmand 40 cn) wre it Underneath Photovoltaic (PV) Modules
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