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FIRE-RELATED RISK FLAT ROOF CONSTRUCTION
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[1] SLu S., Phung BT., and Zhang D. (2018),  https://doi.org/10.1016/j.rser.2018.03.010 

Separation distance 
between buildings

Restrict access to roof

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

Design of roof

Remove 
combustible 
materials

PV INSTALLATIONS+

A roof construction  should not 
be designed for IF, but WHEN.

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



INCREASED FIRE LOAD?

+  Cables and Mounting system

Combustible 
components of the PV 

module is less than 10% 
by mass. 

Sander K, Schilling S, Wambach K, et al. Studie Zur Entwicklung Eines Rücknahme‐ Und Verwertungssystem Für Photovoltaische Produkte (in 
German). Ökopol – 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.



Kristensen, 

Fire spread mainly confined to the 
gap between PV installations and 

flat roofs. 

Does the gap height matter?

Full scale experiments by Kristensen, J.S. (2016)

CHANGED FIRE DYNAMICS
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ROOFING MATERIALCOMBUSTIBLE SURFACE (PMMA)

NON-COMBUSTIBLE SURFACE (Stainless Steel)

H

METHODOLOGY



Laboratory 
Jack Video 

Camera
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IGNITION!!!

EXPERIMENTAL SET-UP



NOTE: 
All 3 videos are at x 64 speed

VISUAL 
OBSERVATIONS

No Panel

H = 20 CM

H = 17 CM



0

100

200

300

400

500

600

700

0 1200 2400 3600 4800 6000

D
is

ta
n

ce
 f

ro
m

 ig
n

it
io

n
 p

o
in

t 
(m

m
)

Time (s)

No Panel

25 cm

20 cm

17 cm

15 cm

10 cm

Onset of flame
impingement on 
panel

Higher resultant 
flame spread rateFLAME 

SPREAD 
RATE

~ 2.7 mm/s 0.20 mm/s 0.14 mm/s 0.13 mm/s



0

5

10

15

20

25

30

35

0 100 200 300 400 500 600

R
ad

ia
ti

ve
 H

e
at

 F
lu

x 
(k

W
/m

2
)

Distance from flame front (mm)

Onset of flames 
deflecting on the 
underside of the 

panel

RADIATIVE HEAT FLUX



0 10 20 30 40 500 10 20 30 40 50

0

50

100

150

200

250

0 10 20 30 40 50 0 10 20 30 40 50

0

50

100

150

200

250

0 10 20 30 40 50 0 10 20 30 40 50

No Panel H = 25cmH = 20cm H = 
17cm

Te
m

p
e

ra
tu

re
 (
°C

)

Distance moved by the flame front, x (mm)

XF

X =

Ts1 Ts2 Ts3 Ts4 Ts5 Ts6 Ts7 Ts8

500 100 150 200 250 300 350 400 450 500

No Panel H = 20cm H = 17cm

Te
m

p
e

ra
tu

re
 (
°C

)

Distance from flame front, xf (mm)

Flame impingement

SURFACE TEMPERATURE



ACTUAL PV PANELS
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CONCLUSION

Presence of the critical distance 
to limit fire spread

Potential mitigation measure to 
reduce the effect of fire

Optimised PV installation design 
against other considerations



Limitation of current test 
procedures

Further studies on 
applicability to actual 
installation parameters

What’s next…



IAFSS 2021 presentation:
Go to youtube.com -> Edinburgh Fire -> 
Experimental study of Flame Spread 
Underneath Photovoltaic (PV) Modules
https://www.youtube.com/watch?v=Pwm
zZ26vEYU&list=PL0-kcF7cwWfdKMLN6qo--
FBtXDghDukji&index=3

Further work


