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1000 Ljubljana, Slovenia

Published online: 2 June 2022

Correction to: Fire Technology 2022 The Author(s) Manufactured
in The United States
https://doi.org/10.1007/s10694-022-01228-z
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Table 1

Incorrect

Table 1
Material Overview of Layers in the Roof Construction (RC) Mock-Up

RC-A RC-B RC-C

L1: PVC-based Roofing membrane—1.5 mm

L2: CSB—22 mm MW—50 mm PIR/Alu—60 mm

L3: Air—131.5 mm PVC-based Roofing membrane—1.5 mm

L4: EPS – 80 mm EPS – 70 mm

L5: Calcium Silicate Board (CSB)—44 mm
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Correct
RC-A RC-B RC-C 

L1: PVC-based Roofing membrane - 1.5 mm 

L2: CSB - 22 mm MW - 50 mm PIR/Alu - 60 mm 

L3: 
Air - 131.5 mm 

PVC-based Roofing membrane - 1.5 

mm 

L4: EPS – 80 mm EPS – 70 mm 

L5: Calcium Silicate Board (CSB) - 44 mm 

Introduction, Fourth Paragraph

Incorrect The presence of PV arrays on a roof establishes a gap between the backside
of the PV module and the top of the roof construction that can be considered a semi-
enclosure, which introduces a significant change of the fire dynamics in the case of a
fire. To prevent flame spread along flat roof constructions without a BAPV system,
the roofing membrane or roofing system should be compliant with standards, such as
the North American UL790 [23] or European EN 13,501–5 [24]. The PV modules are
designed to be compliant with UL61730 [25] (previously UL1703 [26]) or IEC 61,730
[27, 28], which are almost similar and mainly focused on the electrical system and
thus, reduction of ignition probability. UL 61,730 does, but IEC 61,730 does not,
acknowledge that the PV module, as a physical object, modifies the fire dynamics,
which is why a series of standard tests based on UL 790 [23] have been introduced.
However, the standards are pass/fail tests where the specifications to the test setup are
vague and thus permit interpretations. As a result, the outcomes of the tests are not
necessarily independent of the test facility and the test personnel.

Correct The presence of PV arrays on a roof establishes a gap between the backside
of the PV module and the top of the roof construction that can be considered a semi-
enclosure, which introduces a significant change of the fire dynamics in the case of a
fire. To prevent flame spread along flat roof constructions without a BAPV system,
the roofing membrane or roofing system should be compliant with standards, such as
the North American UL 790 [23] or European EN 13501–5 [24]. The PV modules are
designed to be compliant with UL 61730 [25] (previously UL 1703 [26]) or IEC 61730
[27, 28], which are almost similar and mainly focused on the electrical system and
thus, reduction of ignition probability. UL 61730 does, but IEC 61730 does not,
acknowledge that the PV module, as a physical object, modifies the fire dynamics,
which is why a series of standard tests based on UL 790 [23] have been introduced.
However, the standards are pass/fail tests where the specifications to the test setup are
vague and thus permit interpretations. As a result, the outcomes of the tests are not
necessarily independent of the test facility and the test personnel.

Introduction, Fifth Paragraph

Incorrect The European Committee of Electrotechnical Standardization, CEN-
ELEC, has published the test report CLC/TR 50,670 ‘External fire exposure to
roofs in combination with photovoltaic (PV) arrays — Test method(s)’ [29]. In
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this test method, a gas burner designed as a substitute to the wood wool basket
from test method 1 in CEN/TS 1187 [30] by Currenta GmbH und Co. OHG [31]
is installed in between the tested PV module and a non-combustible surface. The
PV module should be inclined 30˚ with the lowest edge elevated 15 cm above the
subjacent surface. The suggested method is deemed to be a test of the PV module
when exposed to a flame, rather than the combination of a roof and a PV mod-
ule. As such, it can be concluded that no test method considers the system beha-
viour between components, as the current methods are tests of individual
components.

Correct The European Committee of Electrotechnical Standardization, CEN-
ELEC, has published the test report CLC/TR 50670 ‘External fire exposure to
roofs in combination with photovoltaic (PV) arrays—Test method(s)’ [29]. In this
test method, a gas burner designed as a substitute to the wood wool basket from
test method 1 in CEN/TS 1187 [30] by Currenta GmbH und Co. OHG [31] is
installed in between the tested PV module and a non-combustible surface. The PV
module should be inclined 30˚ with the lowest edge elevated 15 cm above the sub-
jacent surface. The suggested method is deemed to be a test of the PV module
when exposed to a flame, rather than the combination of a roof and a PV mod-
ule. As such, it can be concluded that no test method considers the system beha-
viour between components, as the current methods are tests of individual
components.

Introduction, Sixth Paragraph

Incorrect However, Cancelliere et al. [32] fitted a modified version of the CLC/TR
50,670 test set-up in combination with 0.375 m2 roofing membrane within the sin-
gle burning item extraction hood in an attempt to classify the PV modules as a
construction product (EN 13,813 [33]). Since their modified tests were a combina-
tion of two products interacting with each other, the test method is not deemed to
test a single construction product, but rather the test of a system in a specific pre-
defined geometry which does not represent a likely geometry. As such, the tested
method aligns with UL 61,730 and is deemed to be a pass/fail-test.

Correct However, Cancelliere et al. [32] fitted a modified version of the CLC/TR
50670 test set-up in combination with 0.375 m2 roofing membrane within the sin-
gle burning item extraction hood in an attempt to classify the PV modules as a
construction product (EN 13813 [33]). Since their modified tests were a combina-
tion of two products interacting with each other, the test method is not deemed to
test a single construction product, but rather the test of a system in a specific pre-
defined geometry which does not represent a likely geometry. As such, the tested
method aligns with UL 61730 and is deemed to be a pass/fail-test.

Introduction Eight Paragraph

Incorrect In terms of large scale experiments, Backstrom et al. summarised the
result from experiments conducted with modified versions of the US standard test
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Experimental Study of the Fire Dynamics method for roofing materials UL790
[39], whereas Kristensen and Jomaas conducted a series of large-scale experiments
to understand flame spread on flat roof constructions with BAPV systems [40].

Correct In terms of large scale experiments, Backstrom et al. summarised the
result from experiments conducted with modified versions of the US standard test
Experimental Study of the Fire Dynamics method for roofing materials UL 790
[39], whereas Kristensen and Jomaas conducted a series of large-scale experiments
to understand flame spread on flat roof constructions with BAPV systems [40].

Introduction, Ninth Paragraph 8th Line

Incorrect Despinasse and Krueger developed a novel test procedure, wherein they
applied a gas burner to either the front or back side of PV modules and defined
burn-through within 15 min as a failure criteria [43].

Correct Despinasse and Krueger developed a novel test procedure, wherein they
applied a gas burner to either the front or back side of PV modules and defined
burn-through within 15 min as a failure criteria [43].

Introduction, 12th Paragraph

Incorrect Based on the above, the current study focuses on the importance of the
following four parameters: (i) The type of panel acting as a vertical barrier above
the initial fire; (ii) The gap height between the roof surface and the vertical bar-
rier; (iii) The inclination of the vertical barrier; (iv) The material subjacent to the
roofing membrane. It is assumed that one roofing membrane is representative for
all roofing membranes used on the European marked, as they have passed the
same test regime to comply with a given classification (herein the European EN
13,501–5, ‘Fire classification of construction products and building elements—Part
5: Classification using data from external fire exposure to roofs tests’, [24],
BROOF(t4)).

Correct Based on the above, the current study focuses on the importance of the
following four parameters: (i) The type of panel acting as a vertical barrier above
the initial fire; (ii) The gap height between the roof surface and the vertical bar-
rier; (iii) The inclination of the vertical barrier; (iv) The material subjacent to the
roofing membrane. It is assumed that one roofing membrane is representative for
all roofing membranes used on the European marked, as they have passed the
same test regime to comply with a given classification (herein the European EN
13501–5, ‘Fire classification of construction products and building elements—Part
5: Classification using data from external fire exposure to roofs tests’, [24],
BROOF(t4)).
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Equation 1

Incorrect

_q00f H � r tan hð Þð Þ2
_Q 1� sin hð Þð Þ ¼ a

r
H � r tan hð Þ

� �b

ð1Þ

where: a ¼ 0:074; b ¼ �1:232

Correct

Re-Radiation in Semi-Enclosures with PV Modules, Fourth Paragraph

Incorrect The significantly smaller values on the x-axis for the plots based on data
by Ju et al. are caused by a lower ratio between the gap distance δHρ and the dis-
tance between the heat source and the nearest heat flux gauge (r). By comparing the
left-hand side of the model by Tang et al. (Eq. 1) with the data by Kristensen and Ju,
it is noticed that the experimental data are significantly lower than the model predic-
tions (Figure 2). It is not possible to make any exact comparison between similar
measurements by Tang and Kristensen or Ju, but for H 1/4 0:194 m; h 1/4 10_; r 1/4
0:2 m, the heat flux is estimated to _q00_ 5:3 kW=m2 for Q_1/4 7 kW in the experi-
ments by Ju et al. [12], whereas the heat flux is measured to_q00f_ 10 kW=m2 for
Q_ 1/4 6:73 kW;H 1/4 0:25 m; h 1/4 0_ at the same distance to the heat source in the
experiments by Tang et al. [13]. This does not correspond with the overall trend in
the three papers, where the upstream heat flux, at a similar distance, should increase
as a function of a gap height reduction as well as an inclination increase from 0 to
10_. Additionally, the reduction of the heat release rate (HRR) should also lead to a
reduced heat flux, hereupon all three parameters (h;H; r) in the experiment by Tang
et al. should result in a heat flux smaller than the one measured by Ju et al.

Correct The significantly smaller values on the x-axis for the plots based on data by
Ju et al. are caused by a lower ratio between the gap distance (H) and the distance
between the heat source and the nearest heat flux gauge (r). By comparing the left-
hand side of the model by Tang et al. (Eq. 1) with the data by Kristensen and Ju, it
is noticed that the experimental data are significantly lower than the model predic-
tions (Figure 2). It is not possible to make any exact comparison between similar
measurements by Tang and Kristensen or Ju, but for H=0.194 m, θ=10˚, r=0.2 m,
the heat flux is estimated to q f́́ ≈ 5.3 kW/m2 for Q =7 kW in the experiments by Ju
et al. [12], whereas the heat flux is measured to q>  f́́ ≈ 10 kW/m2 for Q

Ç
=6.73 kW, H

=0.25 m, θ=0̊ at the same distance to the heat source in the experiments by Tang

Correction to: Experimental Study of the Fire Dynamics 3301



et al. [13]. This does not correspond with the overall trend in the three papers, where
the upstream heat flux, at a similar distance, should increase as a function of a gap
height reduction as well as an inclination increase from 0˚ to 10˚. Additionally, the
reduction of the heat release rate (HRR) should also lead to a reduced heat flux,
whereupon all three parameters (θ, H, r) in the experiment byTang et al. should
result in a heat flux smaller than the one measured by Ju et al.

Figure 3

Incorrect

Figure 3. Visualoverviewoftheexperimentalset-up.(a)Sketchofthe
mock-upusedintheexperiments.Theroofconstructionmock-upis
highlightedwithintheredsquare,wherethethicknessofthelayers,L1to
L5,areinaccordancewiththeroofconstructiontypesRC-BandRC-Cas
definedinTable1.Atotalof20thermocouples(TCs)aremarkedwithred
dots.FourarraysofTCs(depth;10mm,30mm,50mm)werelocatedat
50mm,200mm,350mm,and500mm,andthreeTCsets(depthsof20mm
and40mm)werelocatedat125mm,275mm,and425mmfromtheright
sideoftheroof.TwoadditionalTCswereinstalledintheEPS,atadepthof
70mmbelowthetwoTCarrayslocatedat200mmand350mm.(b)Side
viewoftheexperimentalset-upwithahorizsontalPVmoduleinstalled
withagapheightof8cm.

3302 Fire Technology 2022



Correct

Experimental Setup, Fourth Paragraph

Incorrect An experimental matrix (Table 2) was designed to obtain a gradual
increase of material complexity. As such, the initial nine experiments (#1–#9) were
designed to examine the existence of a critical gap height for the given set-up
below a stainless- steel plate. In the next nine experiments (#10–#18), the subja-
cent calcium silicate board was replaced with mineral wool to understand the
influence of the conductive heat transfer. Afterwards, in experiments #19–#31, the
stainless-steel board was replaced with PV modules to determine its influence on
the flame spread rate (FSR) and the heat transfer through the subjacent insulation

Figure 3. Visual overview of the experimental set-up.
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materials. The final examined parameter was the inclination of the modules, to
examine the importance of the findings by Tang et al., who reported that a grad-
ual increase of the inclination (up to 20˚) cause an enhanced heat flux towards the
upstream (see Figure 1) subjacent surface.

Correct An experimental matrix (Table 2) was designed to obtain a gradual
increase of material complexity. As such, the initial nine experiments (#1–#9) were
designed to examine the existence of a critical gap height for the given setup
below a stainless-steel plate. In the next nine experiments (#10–#18), the subjacent
calcium silicate board was replaced with mineral wool to understand the influence
of the conductive heat transfer. Afterwards, in experiments #19–#31, the stainless-
steel board was replaced with PV modules to determine its influence on the flame
spread rate (FSR) and the heat transfer through the subjacent insulation materi-
als. The final examined parameter was the inclination of the modules, to examine
the importance of the findings by Tang et al., who reported that a gradual
increase of the inclination (up to 20˚) cause an enhanced heat flux towards the
upstream (see Figure 1) subjacent surface.

Materials and Experimental Roof Mock-Up, First Paragraph

Incorrect A PVC-based roofing membrane, classified as BROOF(t4) in accordance
with EN 13,501–5 (ENV 1187) when tested upon mineral wool or PIR insulation
[24, 47, 48], was used for all the experiments. To mimic a larger roof construction
and thus prevent shrinkage of the heated roofing membrane, the membrane was
mechanically fastened on all four sides by 25 mm wide, thin, metal sheets and
bolts connected to the aluminium profile system. The width of the upper layer of
the membrane, L1, was 37 cm, whereas the width of all subjacent layers was lim-
ited by the 30 cm width of the mock-up box.

Correct A PVC-based roofing membrane, classified as BROOF(t4) in accordance
with EN 13501–5 (ENV 1187) when tested upon mineral wool or PIR insulation
[24, 47, 48], was used for all the experiments. To mimic a larger roof construction
and thus prevent shrinkage of the heated roofing membrane, the membrane was
mechanically fastened on all four sides by 25 mm wide, thin, metal sheets and
bolts connected to the aluminium profile system. The width of the upper layer of
the membrane, L1, was 37 cm, whereas the width of all subjacent layers was lim-
ited by the 30 cm width of the mock-up box.
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Table 2

Incorrect

Table 2
Experimental Matrix with an Overview of the Panel Type, Roof Build-
Up, Gap Height, and Inclination Used

Experiment Panel type Roof construction Gap height, H (cm) Inclination, h

#1, #2: SS RC-A 8 0̊

#3, #4, #5: 10

#5, #6: 12

#7, #8, #9: 11

#10 #11: RC-B 8

#12, #13: 10

#14, #15: 12

#17, #18: 11

#19: PV1 12

#20, #21: 11

#22, #23: RC-C

#24, #25: RC-B 10

#26, #27: RC-C

#28, #29: RC-B 8

#30, #31: RC-C

#32, #33: RC-B 10̊

#34, #35: RC-C

#36: PV2 RC-B

#37: 13˚

#38: 15˚

#39: PV3 10˚

#40: 10

#41: 11

#42: 12

SS stainless-steel board. PV1-PV3: PV module (Type defined in Table 4). Detailed description of the roof

construction is found in Table 1 and Figure 3a. The gap height was defined at the location of ignition source and the

inclination was defined from the horizontal surface of the roof mock-up
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Correct

Experiment Panel type 
Roof  

construction 

Gap 
height, Inclination, 

#1, #2: 

SS 

RC-A 

8 cm 

0° 

#3, #4, #5: 10 cm 

#5, #6: 12 cm 

#7, #8, #9: 11 cm 

#10 #11: 

RC-B 

8 cm 

#12, #13: 10 cm 

#14, #15: 12 cm 

#17, #18: 11 cm 

#19: 

PV1 

12 cm 

#20, #21: 
11 cm #22, #23: RC-C 

#24, #25: RC-B 10 cm 

#26, #27: RC-C 

#28, #29: RC-B 

8 cm 

#30, #31: RC-C 

#32, #33: RC-B 

10° #34, #35: RC-C 

#36: 
PV2 

RC-B 

#37: 13° 

#38: 15° 

#39: 

°013VP
#40: 10 cm 

#41: 11 cm 

#42: 12 cm 

Experimental matrix with an overview of the panel type, roof build-up, gap
height, and inclination used. SS: stainless-steel board. PV1-PV3: PV module (Type
defined in Table 4). Detailed description of the roof construction is found in
Table 1 and Figure 3a. The gap height was defined at the location of ignition
source and the inclination was defined from the horizontal surface of the roof
mock-up.

Panels, First Paragraph

Incorrect Those conclusions align well with the back sheet only representing 2.8
to 3.5% of the module weight, whereas the encapsulate represents 6.3 to 8% [55].
The two highly thermally stable fluoropolymers Tedlar and Kynar are among the
most used products for back sheets [55, 56] and with a heat of combustion
between 4.1 kJ/g and 5.4 kJ/g [57], a very limited additional heat flux was expec-
ted.

Correct Those conclusions align well with the back sheet only representing 2.8–
3.5% of the module weight, whereas the encapsulate represents 6.3–8% [55]. The
two highly thermally stable fluoropolymers Tedlar and Kynar are among the most
used products for back sheets [55,56] and with a heat of combustion between 4.1
and 5.4 kJ/g [57], a very limited additional heat flux was expected.
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Table 4

Incorrect

Correct

Table 4
Brand, Physical Dimensions and Known Fire Related Certification of
the PV Modules

PV# Brand

Length

[cm]

Width

[cm]

Frame depth

[cm] Certification

PV1: SUNTECH 195 99 4 Application Class A

PV2: GCL Solar 164.5 99 2.8 NA

PV3: AUO 156 104.6 3.9 TEC/EN 61215, IEC/EN 61730, Fire

class C

Table 4
Brand, Physical Dimensions and Known Fire Related Certification of
the PV Modules

PV# Brand Length 
[cm]

Width 
[cm]

Frame 
depth [cm] Certification

PV1: SUNTECH 195 99 4 Application Class A

PV2: GCL Solar 164.5 99 2.8 NA

PV3: AUO 156 104.6 3.9

TEC/EN 61215, 

IEC/EN 61730, 

Fire Class C
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Figure 6

Incorrect

Figure 6. Backside of PV module (a) and top view of mock-up (b) for
a gap height of 8 cm (Experiment 31). Flame spread occurred from
left to right. (a) Backside of tested PV module. The dotted line
illustrates the location and dimensions of the subjacent roofing
membrane (37 cm times 118 cm). All plastics in the area directly
above the roof mock-up have burned away and the light areas within
the dotted square were transparent glass. Just outside the dotted
square, the plastic had charred, whereas the rest of the PV module is
sooted. (b) Top view of roof mock-up, where eight to nine PV cells
delaminated from the backside of the PV module. The shaded area
highlighted with a dotted white line marks the location and area of
the wood crib used as ignition source.
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Correct

Figure 6. Backside of PV module (a) and top view of mock-up (b) for
a gap height of 8 cm (Experiment 31). Flame spread occurred from
left to right.
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Figure 7

Incorrect

Figure 7. Visual overview of relevant steps in the single pixel line
analysis process of experiment #25. Notice that time in represented
on the y-axis in subplots a, b, and c. (a) Image of single pixel line for
300 s intervals equivalent to Figure 5a, b, d, f–h. (b) Intervals
reduced to 1 s. Vertical white lines mark the ends of the roofing
membrane, and the red line mark the right side of the wood crib. (c)
Binary conversion of flame. Flame front and burn out zones
identified. Notice that the distance is reduced to the width of the
roofing membrane. (d) Plot of flame front and burn out location, as
well as width of pyrolysis zone, as a function of time. The grey
rectangle defines the location of the subjacent roof mock-up (see
Figure 3). Note two things: (i) The black line defining the pyrolysis
zone is covered by the red flame front line until the burn out zone
detach from the wood crib after 700 s. (ii) The axes are switched
compared to subplots a, b, and c.
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Correct

Figure 7. Visual overview of relevant steps in the single pixel line
analysis process of experiment #25. Notice that time in represented
on the y-axis in subplots a, b, and c. (a) Image of single pixel line for
300 s intervals equivalent to Figure 5a, b, d, f–h. (b) Intervals
reduced to 1 s. Vertical white lines mark the ends of the roofing
membrane, and the red line mark the right side of the wood crib. (c)
Binary conversion of flame. Flame front and burn out zones
identified. Notice that the distance is reduced to the width of the
roofing membrane. (d) Plot of flame front and burn out location, as
well as width of pyrolysis zone, as a function of time. The grey
rectangle defines the location of the subjacent roof mock-up (see
Figure 3). Note two things: (i) The black line defining the pyrolysis
zone is covered by the red flame front line until the burn out zone
detach from the wood crib after 700 s. (ii) The axes are switched
compared to subplots a, b, and c.
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Figure 8

Incorrect

Correct

Figure 8. Flame spread length as a function of gap height, panel
type (stainless-steel (SS) or PV module (PV1, PV2, PV3)), insulation
material (calcium silica board (CSB), mineral wool (MW), or PIR
insulation), and inclination of panel.

Figure 8. Flame spread length as a function of gap height, panel
type (stainless-steel (SS) or PV module (PV1, PV2, PV3)), insulation
material (calcium silica board (CSB), mineral wool (MW), or PIR
insulation), and inclination of panel.
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Flame Spread Length (FSL), Fourth, Fifth, Sixth Paragraph

Incorrect Based on the experiments conducted with inclined modules (Figure 8b),
it was concluded that the critical gap height determined for horizontal modules
did not represent the critical gap height for all inclinations, as the FSL for an
inclination of 10˚ and a gap height of 12 cm exceeded the defined domain of the
wood crib, xdom, significantly. This corresponds well with the concept of the
model developed by Tang et al. (see Eq. 1), where it can be seen that the
upstream heat flux, q_ 00 f, to a certain extent, will increase for positive inclina-
tions, h, if the heat release rate (HRR), Q_, gap height, H, and distance to the
heat source, r, are kept constant. As the HRR from the wood crib is assumed
similar for all experiments, it can be concluded that the critical gap height is
above 12 cm for PV modules at an inclination of 10˚. The theory by Tang et al.
[13] corresponds well with the visual observations from the experiments, as seen
from the frames displayed in Figure 9. The photos show that the initial flame
spread on the right side of the wood crib is significantly larger than flame spread
to the left (at 300 s after ignition) (see Figure 9b). In comparison to the flame
spread rate below a horizontal module (see Figure 5), the flame spread rate below
an inclined PV module is significantly faster, as the FSL of around 80 cm is
reached 570 s after ignition as opposed to 750 s below the horizontal PV module
(Figure 5e).

However, none of the experiments with inclined modules reach the maximum
obtained FSL as seen in the experiments conducted with horizontal PV modules
(see Figure 8). For the given experimental set-up, an increased inclination, as well
as increased gap height, cause a reduction of the FSL, as seen in Figure 9, where
the flame front is stagnant between subfigures e and f. The results do not correlate
well with the binary scenario below the horizontal modules, where the FSL was
near the maximum length measured in the experiments with PV modules for a gap
height of 11 cm or lower. From Figure 9e it is seen that the fire has detached
from the source of ignition, but is unable to progress despite a wide pyrolysis
zone that is assumed to entail a high heat release rate, as it is almost extinguished
after 630 s (see Figure 9f). Based on Figure 8b, it can be concluded that it was a
general trend that is linked to the experimental set-up rather than to the gap
height and inclination.

Correct Based on the experiments conducted with inclined modules (Figure 8b), it
was concluded that the critical gap height determined for horizontal modules did
not represent the critical gap height for all inclinations, as the FSL for an inclina-
tion of 10̊ and a gap height of 12 cm exceeded the defined domain of the wood
crib, xdom, significantly. This corresponds well with the concept of the model
developed by Tang et al. (see Eq. 1), where it can be seen that the upstream heat
flux, q

Ç
f ´´, to a certain extent, will increase for positive inclinations, θ, if the heat

release rate (HRR), Q
Ç
, gap height, H, and distance to the heat source, r, are kept

constant. As the HRR from the wood crib is assumed similar for all experiments,
it can be concluded that the critical gap height is above 12 cm for PV modules at
an inclination of 10˚. The theory by Tang et al. [13] corresponds well with the
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visual observations from the experiments, as seen from the frames displayed in
Figure 9. The photos show that the initial flame spread on the right side of the
wood crib is significantly larger than flame spread to the left (at 300 s after igni-
tion) (see Figure 9b). In comparison to the flame spread rate below a horizontal
module (see Figure 5), the flame spread rate below an inclined PV module is sig-
nificantly faster, as the FSL of around 80 cm is reached 570 s after ignition as
opposed to 750 s below the horizontal PV module (Figure 5e).

However, none of the experiments with inclined modules reach the maximum
obtained FSL as seen in the experiments conducted with horizontal PV modules
(see Figure 8). For the given experimental set-up, an increased inclination, as well
as increased gap height, cause a reduction of the FSL, as seen in Figure 9, where
the flame front is stagnant between subfigures e and f. The results do not correlate
well with the binary scenario below the horizontal modules, where the FSL was
near the maximum length measured in the experiments with PV modules for a gap
height of 11 cm or lower. From Figure 9e it is seen that the fire has detached
from the source of ignition, but is unable to progress despite a wide pyrolysis
zone that is assumed to entail a high heat release rate, as it is almost extinguished
after 630 s (see Figure 9f). Based on Figure 8b, it can be concluded that it was a
general trend that is linked to the experimental set-up rather than to the gap
height and inclination.

Flame Spread Length (FSL), Last Paragraph

Incorrect Despite the limitations related to the sample width of the roofing mem-
brane, the comparisons of FSL are deemed very relevant. Although the restricted
sample width does not affect the ignition phase as the actual domain of the wood
crib is significantly smaller than the width of the roofing membrane (see Figure 4).
Thus,the definition of a critical gap height should not be based on the FSL, but
solely on whether a specific set-up caused flame spread outside the domain of the
ignition source. If that was the case, it should be assumed, that flame spread will
occur below the full PV array, as seen in the large scale experiments [40]. Based
on these findings, it can be concluded that the test set-up in the test method CLC/
TR 50,670 [67] is not strict enough as self-sustained flame spread will occur for
gap heights below 15 cm and inclinations below 30˚.

Correct Despite the limitations related to the sample width of the roofing mem-
brane, the comparisons of FSL are deemed very relevant. Although the restricted
sample width does not affect the ignition phase as the actual domain of the wood
crib is significantly smaller than the width of the roofing membrane (see Figure 4).
Thus, the definition of a critical gap height should not be based on the FSL, but
solely on whether a specific set-up caused flame spread outside the domain of the
ignition source. If that was the case, it should be assumed, that flame spread will
occur below the full PV array, as seen in the large scale experiments [40]. Based
on these findings, it can be concluded that the test set-up in the test method CLC/
TR 50670 [67] is not strict enough as self-sustained flame spread will occur for
gap heights below 15 cm and inclinations below 30˚.
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Figure 9 Caption

Incorrect Figure 9 Side view of flame spread along a 118 cm long and 37 cm wide
roofing membrane in an 8 cm gap between a horizontal roof construction mock-
up and PV module with a 10º inclination (Experiment #32)

Correct Figure 9 Side view of flame spread along a 118 cm long and 37 cm wide
roofing membrane in an 8 cm gap between a horizontal roof construction mock-
up and PV module with a 10º inclination (Experiment #32).

Temperature

Purely based on the 0.014 W=m=K conductivity difference between the mineral
wool and PIR insulation (Table 3), the temperature difference should increase
with an enhanced depth. However, the trend seems to be different through a
depth of 5 cm (see Figure 13c–e), which might be related to the conductivity being
temperature dependent, and the physical changes of the PIR insulation. Although
the conductivities at high temperatures is not tested for construction products, it
is known that mineral wool products used in industry have a conductivity of
around 0.12 W=m=K when heated to 500 ˚C [71]. On the other hand, the beha-
viour of the PIR insulation was complex. The conductivity at high temperatures is
unknown, but the thickness increased when the material was heated, and mass
loss was observed due to thermal degradation. Based on those findings, the rele-
vance of the conductivities, reported in the product data sheets (Table 3), can be
questioned in case of fire as they are not representative for high temperature
cases.

The influence of the insulation thickness was evident when looking at the maxi-
mum temperatures recorded in the EPS insulation at a depth of 70 mm (Fig-
ure 13f). With the mineral wool having a thickness of 50 mm, the upper surface of
the subjacent EPS was exposed to temperatures of minimum 250˚C (Figure 13e),
which exceeded the melting temperature of EPS (100˚C) [72].

Correct Purely based on the 0.014 Wm−1K−1 conductivity difference between the
mineral wool and PIR insulation (Table 3), the temperature difference should
increase with an enhanced depth. However, the trend seems to be different
through a depth of 5 cm (see Figure 13c–e), which might be related to the conduc-
tivity being temperature dependent, and the physical changes of the PIR insula-
tion. Although the conductivities at high temperatures is not tested for
construction products, it is known that mineral wool products used in industry
have a conductivity of around 0.12 Wm−1K−1 when heated to 500 ˚C [71]. On the
other hand, the behaviour of the PIR insulation was complex. The conductivity at
high temperatures is unknown, but the thickness increased when the material was
heated, and mass loss was observed due to thermal degradation. Based on those
findings, the relevance of the conductivities, reported in the product data sheets
(Table 3), can be questioned in case of fire as they are not representative for high
temperature cases.
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The influence of the insulation thickness was evident when looking at the maxi-
mum temperatures recorded in the EPS insulation at a depth of 70 mm (Fig-
ure 13f). With the mineral wool having a thickness of 50 mm, the upper surface of
the subjacent EPS was exposed to temperatures of minimum 250 ˚C (Figure 13e),
which exceeded the melting temperature of EPS (100 ˚C) [72].
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