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Solceller og brann

* Solcelleinstallasjonar
 Farevedinnsats

* Branndynamikk

2 RISE — Research Institutes of Sweden




Solcelleinstallasjon

* Solceller
* Solcellemodular
 Streng

*  Vekselretter
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Solcellemoduler

Vekselretter

Figur tilpasset fra GoGreenSolar.com
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Backstrom og Dini 2011

* Vatn pa spenningssatt utstyr

*  Spenning fra modular etter brann
*  Verneutstyr (stevlar/hanskar)

* Tildekking av modular

* Holtaking

* Kunstiglys

* Brannunder solceller pa tak
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Backstrom og Dini 2011

Vatn pa solceller

 Brukferskvatn

* |kkjestdieindam med vatn

 Avstand til 1000V DC

— 1 mved spredt strale

(a) (b)

Figur 3-2: (a) Det justerbare strilergret som ble brukt i forsskene fra UL LLC, av typen pistolgrep
med kobling til 1-1/2” slange. Stralen kunne varieres fra samlet strale til bred spredning. (b)
Vannstréle rettet mot spenningssatt kobberplate. Figuren er hentet fra rapport av Backstrom og
Dini, gjengitt med tillatelse fra UL LLC [47].

— 5mvedsamlastrale
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Bergringsfare

« Fare ved skader pad modular
— Bergring
— Reantenning

« Skadde modular kan ogsa
levere spenning

 Hansker og sko
— Nye, tgrre, reine

— Vate, skitne, slitte I’

RII
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Figure 46 - After 10 minutes, gaps appearing in foam over modules
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Tildekking

* Presenning |‘|’

»  Skum (CAFS) l’
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Kunstig lys

* Lyskastar > 10 kW l’
e Lysfraflamme l’

« Manelys

Figure 70 - Array being illuminated by Light Truck No. 1

Figure 73 Test fixture with modules approaching fire
10 RISE — Research Institutes of Sweden
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\ -
Figure 171 Pine straw and brand under module Figure 172 Igniting pine straw

Figure 173 through Figure 175 illustrate the fire spread under the array extending up to
the roof peak. Figure 176 illustrates suppression of the roof and PV modules.

o
"
- g ¥
% |
¥

' YO 18 L
Figure 173 Fire propagating under modules Figure 174 Flames spreading

Figure 175 Modules sagging from heat Figure 176 Fire being extinguished
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Brann under solceller

Hus med takshingel og solcellemodular
Antent trekrybbe og tgrre furunaler
Brannen spreidde seg opp til mgne

Brann inn pa loftet etter ca 1 time

N0
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Kristensen og Jomaas 2018

» Brannunder solceller pa flate tak
— EPS
— Mineralull / PIR
— PVCtakmembran

— 2 x 3solcellemodular
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Fire Technology .
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Experimental Study of the Fire Behaviour
on Flat Roof Constructions with Multiple
Photovoltaic (PV) Panels

J. Steemann Kristensen* and G. Jomaas, School of Engineering, BRE Centre
for Fire Safety Engineering, University of Edinburgh, Edinburgh EH9 3JL,
UK, Department of Civil Engineering, Technical University of Denmark,
2800 Kgs. Lyngby, Denmark

Received: 30 November 2017/Accepted: 28 August 2018

Figure 10. Experiment T3. The whole area underneath the PV array
was affected by the fire. Contrary to the picture, the dominant wind
direction was from the right fowards the left side of the picture as
seen in Fig. 11a.



Kristensen og Jomaas 2018

Kristensen og Jomaas 2018

* Antent trekrybbe

Figure 1. Measurement of mass loss rate of the wood crib. From
hattam ta tap: Seale, Mineral wosl for protection of the scale, 40 mm

. Kun lokal skade pé tak utan solceller PIR Insulation, PVC-busod recfing membrane, and wood crik.

led Direction find Direction

* Brann under heile feltet med solceller

4800mm:

6000mm B000mm
(a) (b}

Figure 11. Extent of fire propagation. The gray area indicates the
roofing membrane affected by the fire. (a) Experiment T3 with a
mitigation layer of polyisecyanvrate (PIR) insvlation. (b) Experiment
T4 with a mitigation layer of mineral wool (MW).
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Summary

The impact of the reflection of fire-induced heat from a gas bumer was studied experimentally to
gain knowledge on the interaction between photovoltaic (PV) panels and a fire on flat roofs. The
heat flux was measured in a total of eight points at the same level as the top of the gas bumer.
The gas burner was placed underneath the center of a PV panel, installed in a geometry similar
to a commercial east-west orientated mounting system, and the eight points were symmetrical
pairs of two at four different distances from the bumer. Measurements were compared with tests
with no PV panel, and thereby without the reflection from the PV panel. A significant increase of
the received heat flux was recorded, with ascending percentage-wise difference for increased heat
release rates. This indicates that PV panels can have a significant contribution in roof fires,
primarily because they stimulate fire spread over the roof on which they have been mounted.
The received heat flux is higher underneath the most elevated part of the PV panel, due to two
important, flame-related reasons: 1) the flame deflection toward the most elevated part of the
panel and 2) a nonhomogeneous temperature distribution on the PV panel surface, due to the
deflected flame, and thereby a nonhomogeneous emission from the heated PV panel. Finally, the
results were very similar for a brand new PV panel and a PV panel tested for the fourth time, except
during the period when the thin combustible film underneath the new PV panel is buming, supporting
that it is the fire dynamics and not the fire load associated with the PV panels that is promoting fire
spread associated with PV panels on flat roofs. With this in mind, the current results are relevant not
only for PV panels but also for any inclined roof covering panel with limited combustibility.

KEYWORDS

PV panel fires, reradiation, heat flux measurements, experiments
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Tilbakestraling mot tak fra flamme
under solcellemodul

Flatt tak

Skra solcellemodul
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Kristensen, Merci,
Jomaas 2018

» MaAlt varmestraling mot takoverflata
* Flamme falger solcellemodulen

* Mest varme pa taket mot venstre pa
bildet

FIGURE 6 Photo of the setup showing that the flame is deflected
significantly upward underneath the photovoltaic (PV) panel [Colour
figure can be viewed at wileyonlinelibrary.com]

N0
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SAFETY & TRANSPORT
m RISE FIRE RESEARCH

RISE prosjekt SE

» Solcelleteknologi og brannsikkerhet
— Regelverk
— Oppbygging av solcelleinstallasjonar
— Slokkeinnsats
— Case studie

*  https://risefr.no/media/publikasjoner/upload
/2018/solceller-og-brann-rise-rapport-
2018-31.pdf

Solcelleteknologi og brnnsikkerhet

Reidar Stglen, Ragni Fjellgaard Mikalsen, Jan Paul
Stensaas
RISE-rapport 2018:31
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RISE prosjekt

* Energieffektive bygg og brannsikkerhet
— Solceller
— Batteri
— Tette bygg

* https://risefr.no/media/publikasjoner/upload
/2019/rise-rapport-2019-2-energieffektive-
bygg-og-brannsikkerhet.pdf
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Energieffektive bygg og brannsikkerhet

Ragni Fjellgaard Mikalsen, Andreas Seeter Bae, Karin
Glansberg, Christian Sesseng, Karolina Storesund,
Reidar Stglen og Are W. Brandt

RISE-rapport 2019:02
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* Avgassing fralitium-ion batterier | hjemmet
— Feil ved litiumbatterier
— Gassmengder og sammensetning
— CFD-simulering av gasspredning

* https://risefr.no/media/publikasjoner/upload
/2021/rise-rapport-2021-17-avgassing-fra-
litium-ion-batterier-i-hjemmet.pdf
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Avgassing fra litium-ion batterier i hjemmet

Christoph Meraner, Tian Li, Cristina Sanfeliu Melia

RISE-rapport 2021:17
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« Pagaande prosjekt 2021
— Brannunder solceller pa tak
— Smaskala forsgk
— Storskala forsgk

— Brannvesenet sin innsats
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Smaskala forsgk

« EN13501-5

*  Broor(t2)

«  Bitumen takbelegg pa sponplate
*  Flygebrann

« Skadelengde auka ved 6 cm
avstand fra solcelle til tak
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Lengde pa skadd takbelegg (cm)
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cn 9cm  12cm 15cm  utan
panel

Avstand fra takbelegg til solcellemodul

. 2 m/s
. 4 m/s

Krav Broof (t2)
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Storskala forsgk

« Tak4.2x54m30°

* Sponplate med bitumentakbelegg
* 65solcellemodular i stal

* 12 cmavstand til tak

* Antent med trekrybbe
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Brannvesen

« Kompetanse
o Utstyr
 Erfaring

« ROS

* Innsats/Bistand
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Brannsikkerhet i solcelleinstallasjoner
Sperreundersgkelse om brannsikkerhet i solcelleinstallasjoner til norske

brannvesen.

Denne sparreundersokelsen er en del av RISE Fire Research sin studie av brannsikkerhet i
soleelleinstallasjoner, pd oppdrag fra Direktoratet for samfunnssikkerhet og beredskap (DSE) og
Direktoratet for byggkvalitet (DiBK).

Undersekelsen har til hensikt & belyse falgende forskningsspersmal: Hva slags utstyr og kompetanse
ma& brann- og redningsvesenet ha som et minimum for & hindtere brann i eller ved utepdmonterte
solcellzinstallasjoner? Vi bruker her begrepet solcelleinstallasjon om det komplette anlegget med

montert utstyr til et solcellestremforsyningssystem, inkludert solcellepaneler og alt nadvendig
tilleggsutstyr.

Undersekelsen presenteres for deltakere pd Klima @stfold sitt webinar torsdag 14 cktober, og
deltakerne oppfordres til & besvare undersakelsen, i tillegg til at den sendes ut til utvalgte brannvesen.

De individuelle svarene vil bli behandlet konfidensielt i prosjektet, og vil ikke knyttes til respondenten.
Det er helt i orden med flere svar fra samme brannvesen.

Svarfrist: 28 oktober 2021.

1. Hvilket brannvesen tilharer du?

2. Kompetanse: Har du eller andre fra ditt brannvesen deltatt pa kurs eller opplaaring (eksternt eller
internt) om handtering av brann i solcelleinstallasjoner?

() Ja
() Nei
() et ikke

L T TR A T T S P T P T - W



Brannvesen

e Spgrjeundersgking

 Del gierne med andre kolleger

*  https://www.surveymonkey.co
m/r/TCNFHJC
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Oppsummering

« Solcelleinstallasjonar kan levere farleg hag spenning
* Solceller kan ha ulik utsjanad

* Holrommet bak solceller kan pavirke brannspreiing

RISE — Research Institutes of Sweden
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