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MOST DEMANDING STANDARD COMBINATION TO SUPPORT
BIPV DEVELOPMENT AND SUSTAINABILITY — FIRE SAFETY

HOW TO TACKLE BIPV SYSTEM IN THE
CURRENT STANDARD ENVIRONMENT

R and building code

A5.21 Fire reaction / resistance

= CP

EN 1364-1:2015
EN 1364-

Fire resistance tests for non-loadbearing elements - Part 1: Walls

Fire resistance tests for non-loadbearing elements - Part 2: Ceilings.

Fire resistance tests for non-loadbearing elements - Part 3: Curtain walling - Full configuration (complete assembly)
Fire resistance tests for non-loadbearing elements - Part 4: Curtain walling - Part configuration

Fire resistance tests for non-loadbearing elements - Part 5: Air transfer grilles

: 2012 Fire resistance tests (Part 1: General requirements)
: 1999 Fire resistance tests (Part 2: Alternative and additional procedures)

EN 1365: Part 1: 2012

o Fire resistance tests for load bearing elements (Part 1: Walls)

2 EN 1365: Part 2: 2014 Fire resistance tests for load bearing elements (Part 2: Floors and roofs)

2 11999 Fire resistance tests for load bearing elements (Part 3: Beams)

2 11999 Fire resistance tests for load bearing elements (Part 4: Columns)

. EN 1366: Part 2: 2015 Fire resistance tests for service installations (Part 2: Fire dampers)

E EN 1366: Part 3: 2009 Fire resistance tests for service installations (Part 3: Penetration seals)

K] EN 1366: Part 6: 2004 Fire resistance tests for service installations (Part 6: Raised access and hollow core floors)
EN 1366: Parts 6-8-9+ A1 Smoke, doors, openable windows and ducts ...

EN13501-1:2007 Fire classification of construction products and building elements-Part1: Classification using data from reaction to fire tests

EN 13820:2003 Thermal insulating materials for building applications - Determination of organic content

EN 13823:2010+A1:2014 Reaction to fire tests for building products - Building products excluding floorings exposed to the thermal attack by a single burning item
EN 16733:2015 Reaction to fire tests for building products — Determination of a building product’s ity to undergo i

EN 45545-2 European Union Standard Fire Testing to Railway Components

EN 1SO 1182:2010
EN1SO 1716:2018

Reaction to fire tests for products — Non-combustibility test
Reaction to fire tests for products — Determination of the gross heat of combustion (calorific value)

ISO/TS 3814:2014
1SO 5657:1997

1SO 5658-2:2006
1SO 5660-1:2015

EN ISO 9239-2:2002
ENISO 11925-2

Standard tests for measuring reaction-to-fire of products and materials — Their development and application

Reaction to fire tests — Ignitability of building products using a radiant heat source

Reaction to fire tests — Spread of flame — Part 2: Lateral spread on building and transport products in vertical configuration

Reaction-to-fire tests — Heat release, smoke production and mass loss rate — Part 1: Heat release rate (cone calorimeter method) and smoke pro
Reaction to fire tests for floorings — Part 2: Determination of flame spread at a heat flux level of 25 kW/m2

Reaction to fire tests. Ignitability of building products subjected to direct impingement of flame . Part 2

Reference / standard / norm

NF P92 - 501 Safety against fire - Building materials - Reaction to fire tests - Radiation test used for rigid materials. or for materials on rigid substrates (flooring
NF P92 - 503 Safety against fire - Building materials — Reaction to fire tests. Electrical burner test used for flexible materials

NF P92 - 504 Safety against fire - Building materials - Reaction to fire tests - Flame persistence test and speed of the spread of flame.

NF P 92 - 505 Safety against fire - Building materials - Reaction to fire tests - Test used for thermal melting materials - Dripping test.

NF P92 - 506 Safety against fire - Building Material - Flooring

NF P 92 - 507 Fire safety - Building - Interior fitting materials - Classification according to their reaction to fire

IEC 60695-2-11:2014 Fire hazard testing - Part 2-11: Glowing/hot-wire based test methods - Glow-wire flammability test method for end-products (GWEPT)

CEN TS 1187
15011925-2:2010

Test methods for external fire exposure to roofs
Reaction to fire tests — Ignitability of products subjected to direct impingement of flame — Part 2: Single-flame source test

XP CEN / TS 1187 roof fire risk - tests 1, 2 and 3

LEPIR Il : large scale facade test

Mini LEPIR : R&D tests bench (middle size)

NF EN 1SO 4589-2 or EN 45545 - Limit oxygen indicator
calorific flow

NF ISO 19702 ou EN 45545 -

with Fourier

I1SO 13784-1 : 2002
1SO 9705-1:2016

CSTB

le futur en construction

Reaction-to-fire tests for sandwich panel building systems - Part 1: Test method for small rooms > roof
Reaction to fire tests — Room corner test for wall and ceiling lining products — Part 1: Test method for a small room configuration

le futur en construction

DEMO SITE #1 - Product 1

Demo MANAGER ISFOC (Puertollano, Spain, Lat.38°41
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MOST DEMANDING STANDARD COMBINATION TO SUPPORT

N O R MAT'VE P ROC E D U R ES P\/ / B | PV BIPV DEVELOPMENT AND SUSTAINABILITY — FIRE SAFETY

= PV as building part = PV in building as BIPV part

PV Element
PV Element

HIH
1] ‘

Integration system

Integration system
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Insurers

Market access

Building category

Additional tests Technical controller BIPV category
T \‘ Building part

Specific investigations

Design changes CPR/ETAG
New materials ( >< ) ’
\@ VD ...
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MOST DEMANDING STANDARD COMBINATION TO SUPPORT

\NHY DEAI_ WlTH TH |S |SSU E BIPV DEVELOPMENT AND SUSTAINABILITY — FIRE SAFETY

= To support growth of BIPV market

" To reduce time and cost for BIPV

= To bring more competitiveness

= To ensure a similar access market time as PV

\ ALANANNS
I @ ;

Duration PV Products
Duration BIPV Products

= To improve confidence in BIPV solution = To reach 3 same base time

" BIPV as a building elements — Similar cost dfid tests duration
= Support innovation in BIPV Field — Combinationftests

= Reach the market — Specific guarantees
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MOST DEMANDING STANDARD COMBINATION TO SUPPORT

HOW TO ANSWER TH |S ISSU E BIPV DEVELOPMENT AND SUSTAINABILITY — FIRE SAFETY

= Three approaches have been studied

— Evolution 1
* Definition of new standards
* Merge of actuals standards with extension/modification and addition of other topics
* New standard numbering by components / by family / .. Duration of this process / peer reviewing ?

— Evolution 2
* Adaptation of current standards
* Capitalize on actual standards and extend/modify some topics
* >retesting guidelines with specific applications (by components / by family /)
( . )
— Evolution 3
* Take significant/relevant part of standards
* |dentify possible combination, addition of several relevant standard
* Process adapted to each demo case — methodology validation by partners experts in BIPV

G J

= Time baseline is used to identify the most supporting answer
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MOST DEMANDING STANDARD COMBINATION TO SUPPORT

I\/I ETH O DO I_OGY MA' N F RAI\/' E BIPV DEVELOPMENT AND SUSTAINABILITY — FIRE SAFETY

COLOR CODE

" To apply combination approach on Fire tests
* New working pathway to develop specific BIPV assessment solution ELEEETEEE.YTY

* Validate this NTP by experimentation M
* Realistic test conditions / system wide
* Most demanding requirements

R>1

BIPV Impact and

> t(baseline) — contribution §
\ R =Y BIPV/Ref.
BIPV results e

Reference results _
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METHODOLOGY MAIN FRAME

MOST DEMANDING STANDARD COMBINATION TO SUPPORT
BIPV DEVELOPMENT AND SUSTAINABILITY — FIRE SAFETY

= Start from Fire requirements
" Increase demanding test condition by combination approach e
Fire test Fire NTP for BIPV

CSTB

le futur en construction

#0 Reference result
Ro

b

Electric stage

Mechanical stage

Final stage

Additional stage

Accelerated Aging

Electric load

Accelerated Aging

Electric load

Accelerated Aging

Accelerated Aging

Electric load

Kmef NTP \ @Elec Welght\ @Mec.Weight\ %Full NTP result \
R3 Rn

Energy Accelerated Aging

#4 Full NTP result
Ry

QO

Ro

Reference result \

> 1: PASS
<1:FAIL
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MOST DEMANDING STANDARD COMBINATION TO SUPPORT

I\/I ETH O DO I_OGY MA' N F RAM E BIPV DEVELOPMENT AND SUSTAINABILITY — FIRE SAFETY

= Start from Fire requirement + fist step forward
= Definition of a specific assessment solution ~ne
| AN
Fire test Fire NTP for BIPV

RATIO

#4 Full NTP result

AN
N

#0 Reference result
Ro

Ri, =1 : PASS
R< 1: FAIL

A A 4

#0 Reference result #1 Ref. NTP
RO Rl

>1:BIPVimprove or has the
same properties

<1 :BIPVreduce properties Bl
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MOST DEMANDING STANDARD COMBINATION TO SUPPORT

I\/I ETH O DO I_OGY O N B | PV SO LUTl O N BIPV DEVELOPMENT AND SUSTAINABILITY — FIRE SAFETY

COLOR CODE
L L L
" Fire NTP with electric load - procedure
T W] Il 1 I R
T S ELECTRICITY
. Ol MECRANICAL
Electric parameters from datasheets ey g 4 w0 FIRE
: - -
@ e -
il
Facade BIPV SETUP .1 Coritrol iriterface
PV Datasheets : [ k- TopControl V4.11.00 (Device on COM7 @38400Baud: TopCon CTR V4.2 e ol sl c=Hre
g : File Window Help
SCOFE
Dynamic DC Load Confrol scbiware CONTROL | STATUS | ERROR | FUNCGEN | pEVICE INFO | I
@ | Scope Configuration002.cfg =4.21.41> = ;I Zoomed I #CTR_ActU system |
Address:  0x300d56
10 e e e L e R Scops - [~ active

|1 oo vl WD

B ......................... .........................
: — Channel 2

— DC PV generator el B b sl || TR N

m

. o1 | [ o ......................... ......................... . Scope 0194 W aclive
— Reverse mode connection 7 =] aow
. . . PR ..................................................... rS— L4
—_— E | t t b | t : : : =ICTR_ActController0ut
e C rl C CO m p a I I I y i a S:min 15 7: . 25 E; . 33 5: - Address: 0:300daa Select signal |
. “ . i o 3 i Scope 388 W active
B I | S Bocoooocooooos H .
— Most d ding STC condit e
OS e m a n I n g CO n I I O n S — Hsarppl jpoints Time resolution Trigger lonffol
. ol IW m no trigger selected Stht analyse | — Charnnel 4
_ Ad a ta b | e to a n Ce | | Cate O rl e S I [IT “ ’VHecord P — Address: [bd}DDDCH] Select tager . = BCTF_Conzthvoltagekd odule .
Actual value: —I Gtions .. | Address: 0:000d=7  Select signal |
_iT ® y ) Curser ) Allovs early trigger = Level I 0.00 Uglad data | Scope - I~ active
B W3t for tigger Time: 34.10 min e - = ) |EI1 LI /D
p to p | Reflora (1007 | | value: 22 ow [mmediately = Delay | D.000 min Fie> | Il

* Forced breakdown

l

1mn 30mn 1mn Bl
Test duration stabilization

stabilization
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METHODOLOGY ON BIPV SOLUTION

MOST DEMANDING STANDARD COMBINATION TO SUPPORT
BIPV DEVELOPMENT AND SUSTAINABILITY — FIRE SAFETY

= Facade requirement and NTP

adding ‘l"

Glass/Glass module with

Electric parameters from datasheets

Dynamic DC Load Control software

Supervision and acquisition
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COLOR CODE

ENERGY

ELECTRICITY

MECHANICAL

FIRE
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METHODOLOGY ON BIPV SOLUTION

= Facade requirement and NTP

Glass/Glass module with C-Si cells (ONYX) on cladding system (PI1Z)
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COLOR CODE

ENERGY

ELECTRICITY

MECHANICAL

FIRE

“??” e
No Busbar failures

No fire penetration




MOST DEMANDING STANDARD COMBINATION TO SUPPORT

M ETH O DO LOGY O N Bl PV SO LUT| O N BIPV DEVELOPMENT AND SUSTAINABILITY — FIRE SAFETY

= Facade requirement and NTP B e

EPIZ - ONYX D5.3 // SBl test n°1 /
Glass/Glass module with C-Si cells (ONYX) on cladding system (P12) ?Decemb?rl;'!Mountingon
06, 2021

Targets : B-s3, d0

Results EPIZ - ONYX D5.3/ SBI tet n°2 (483
EPIZ-ONYX : B-s1,d0 mm} Dates planed
D HEE THR and FIGR & walie R R A 30 EPIZ-FLISOM : E-s2, from 6-8 Decermnber
e B e » 1o d2
100 - — U o =——— HF R-Froad.
00 i PP T ; 4 — | e
4 T A 7 ; 4 ' 10 THE
oo 200 400 500 200 1000 1200 T4oa 15 o EPIZ - ONYX D5.3 // Ignitability test
n°1 8 December
Tims {3

0,20 ormpmrioe SPE TP and SPAOGHES walipes pifsrnative bageline methodl e geadee 400
0.3 a0 ——— CFR-Froal.
o ——— TP RGO
0.0 + e N + : ! £ £ 1} — TP a
q 00 [Tali] [l a0 o0 1200 Lm0 130 CMOGRA EPIZ - ONYX D5.2 // SBI test n®2
.10 -0 7 December / Mounting on
Tims (%) 06/12/2021 With Voc max

according to IEC 61215 = 1000V

Targets : B-s3, d0

Results EPIZ - ONYX D5.2 // SBI test n°3
EPIZ-ONYX: B-s1,d0 7 December { Mounting on
EPIZ-FLISOM : E-s2, 7i12/2021 With Voc max
d2 according to IEC 61215 = 1000V
Ignition End of test «
300s 630s 1520s

Bl
CSTB
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METHODOLOGY ON BIPV SOLUTION

MOST DEMANDING STANDARD COMBINATION TO SUPPORT
BIPV DEVELOPMENT AND SUSTAINABILITY — FIRE SAFETY

= Result and observation

— From Fire point of view
AV.(Ro) AV.ioad.(R1) Std.dev.

FIGRA(0.2) W/s 37.7 38.3 0.4
THR(600) M 5.1 4.95 0.1
SMOGRA cm2/s2 2.2 2.2 0
TSP(600) m2 32 28.3 -2,1
Potential classification Av. AV.oad  Trend
Class A2/B  A2/B =
Smoke production sl sl =
Flaming droplet/particules do do =
— From electric point of view

[ b TopControl VA 1100 Device on COM? @304008auck TopCon CTRVAZY =y

R | FUNCGEN SCOPE | DEVICEINFO |

[~ Chant
Configuraion003ig <421 41> =] zoomed ST

No discontinuity
No electric arc

COLOR CODE

ENERGY
ELECTRICITY
MECHANICAL
FIRE

Electy
+
Facade BIPV SETUP . -
PV Datasheets
Dynamic DC Load

Passed test

Validated methodology
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METHODOLOGY ON BIPV SOLUTION

= Validation NTP on different PV solution
Flexible module MECHANICAL

Electric parameters from datashests

e o Fagade BIPV SETUP
y y Em B Datashects
Electric parameters from datasheets 3 a3 P a3 :

oe) 5= S
e
=k e ==

=S el
kb Control interface

Dynamic DC Load Control software —

Supervision and acquisition
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METHODOLOGY ON BIPV SOLUTION

= Validation NTP on different PV solution
Flexible module with CIGS cells (FLISOM) on cladding system (PIZ) ;LEE%/;:&?L:TXL

Bong effects
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METHODOLOGY ON BIPV SOLUTION

= \alidation NTP on different PV solution

Flexible module with CIGS cells (FLISOM) on cladding system (PI2)

DEMO REQUIREMENT

INDOOR TEST

EPIZ - ONYX D5.3 // SBl testn"1 /
7 December / Mounting on

CSTB

le futur en construction

BIPVBOOST WEBINAR SERIE: Standardisation innovations and results 09 Mai 2023 — Simon BODDAERT

06/12/2021
Targets : B-s3, d0
Results EPIZ - ONYX D5.3/ SBI test n°2 (483
EPIZ-ONYX: B-s1,d0 | ) Dates planed
[ HEE THE =nd EUSE & el R R fiie 1500 EP'Z'FL'Z?M -Es2, from 6-8 December
bl ] 1000
100K [ 50 | e
00 ' e H - : : - 0 —_THR EPIZ - ONYX D5.3 // Ignitability test
R 0 oo ol 00 1000 1200 1400 [ J. o1 8 December
Tima i1}
= SPE TSEand SMMOGEA wallles iternative baielne me ol o m DEMO REQUIREMENT NTP TEST
1.00 1 S0 ——— SF R- Froal .
B | — | SR pue EPIZ- ONYX D5.2 // SBI test n"2
D'Eﬂ :I!Il:l o S0 500 om0 200 1400 E S 7 December / Mounting on
030 = 06/12/2021 With Voc max
Tims {4} according to IEC 61215 = 1000V
Targets : B-s3, d0
240" > Results EPIZ - ONYX D5.2 // SBI test n°3
voluntary termination of the trial EPIZ-ONYX : B-s1,d0 7 December / Mounting on
Acceleration of energy emitted ‘ EPIZ-FLISOM : E-s2, 7/12/2021 With Voc max
g d2 according to IEC 61215 = 1000V
Ignition X
380s  Stop
540s




MOST DEMANDING STANDARD COMBINATION TO SUPPORT

M ETH O DO LOGY O N Bl PV SO LUT| O N BIPV DEVELOPMENT AND SUSTAINABILITY — FIRE SAFETY

COLOR CODE
= Result and observation
ELECTRICITY
— From Fire point of view VECKANICAL
AV.(Ro) AV.iad.(R1) Std.dev. )
FIGRA(0.2) W/s 1161.3 1017.3 -101 —_
THR(600) M 213 14.7 4.6 e |
SMOGRA cm2/s2 27.1 18.4 -6.2
TSP(600) M2 61.5 35.8 207
— Ry
Potential classification AV.  AV.ed Trend Ry = R > 1
Class E E = 0
Smoke production s2 sl A
Flaming droplet/particules d2 d2 = Passed test
— From electric point of view
L~ TopControl VA.11.00 (Device on COM7 @38400Baud: TopCon CTRVA2) 1 * hasslaine i [ E ) Va“dated methodology

RROR | FUNCGEN SCOPE | DEVICEINFO |

 Channel1
ration002cig <4.2141> - =] | Zoomed SiCTH system
Add

No discontinuity
No electric arc

aaaaaaaaa

——
e
g g
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METHODOLOGY ON BIPV SOLUTION

= Roof requirements and NTP validation (CEN/TS 1183) and classificatien:
according to NFEN 135015 T
Flexik | . y »}gration system (SCHWEIZER)
Electric parameters from datasheets — — — ?

Dynamic DC Load Control software

Supervision and acquisition
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METHODOLOGY ON BIPV SOLUTION

= Roof requirements and NTP validation (CEN/TS 1183) and classificatien:
according to NFEN 13501-5 i

Flexible module with CIGS cells (FLISOM) on solrif® integration system (SCHWEIZER)

F';’..,'.{_'f; ;

P

No fire penetration
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METHODOLOGY ON BIPV SOLUTION

= Roof requirements and NTP validation (CEN/TS 1183) and classification

according to NFEN 13501-5

Flexible module with CIGS cells (FLISOM) on solrif® integration system (SCHWEIZER)

DEMO REQUIREMENT

INDOOR TEST

SCHWEIZER/FLISOM // BROOF test
n°l  CaseA-30°

Target : Broof{t3)
Results

SCHWEIZER/FLISOM : WW
Brock{t3) NI
SCHWEIZER/FLISOM // BROOF test
n's CaseB- 30°
DEMO REQUIREMENT NTP TEST
SCHWEIZER/FLISOM // BROOF test
Target : Broof{t3) n°2 CaseA-30°
Results
SCHWEIZER/FLISOM :
Broof(t3)

SCHWEIZER/FLISOM // BROOF test

n4 CaseB- 30°
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MOST DEMANDING STANDARD COMBINATION TO SUPPORT

M ETH O DO LOGY O N Bl PV SO LUT| O N BIPV DEVELOPMENT AND SUSTAINABILITY — FIRE SAFETY

COLOR CODE
= Result and observation
. . . ELECTRICITY
— From Fire point of view VECKANICAL
Potential classification Av. AV.load Trend ——
Propagation time Tp > 30 min Tp > 30 min = '
External prop. time TE =30 min TE =30 min =
Classification B ROOF (t3) B ROOF (t3) = R
1
R —=1
fr RO
Passed test
— From electric point of view
e e R ———— = Validated methodology
NTROL | STATUS | ERROR | FUNCGEN SCOPE | DEVICEINFO |

 Charrel1
= | Zoomed ST
Addess: 086 [Seleot sgnal

No discontinuity
No electric arc
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METHODOLOGY ON BIPV SOLUTION

= Result and observation

Firebrand locations

BIPVBOOST WEBINAR SERIE: Standardisation innovations and results 09 Mai 2023 — Simon BODDAERT

COLOR CODE

ENERGY

ELECTRICITY

MECHANICAL

Fagade BIPV SETUP
PV Datasheets




CONCLUSION

= NTP validation on combination tests Building/electric load
= NTP could be applied on any BIPV categories
= NTP takes into account any cells components

= A way to save time and cost
= Support manufacturers in components definition

COLOR CODE

ENERGY

ELECTRICITY

MECHANICAL

FIRE

= Accelerate market access for several BIPV solution and cell technologies

" Insurers proof of confidence to adopt BIPV in building projects

> no additional risks observed even in most demanding conditions
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PERSPECTIVES

COLOR CODE

= Specific electric load definition
= Arc detection by module TEETE

= |dentification with high accuracy of weak points

" |[nsights to support improvement and BIPV optimization
= to integer other NTP in the process and accelerated aging effects

= Reduce as short as standard procedure to save more time
= Support the definition of specific BIPV standards to boost BIPV market
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