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BIPV at SUPSI, since 2004

2004: LEEE-TISO projects on BIPV

With a workshop, specialists of photovoltaics,

Architects, Industry and the Public sector

began the dialog on obstacles, promising

potentials and direction of research on BIPV. BiPV B G G S R R R

Swiss BIPV Competence Centre

Our first project :
«Swiss PV test centre — TISO and BiPV
project 2003-2006» 0

06/04/2017

(source: Swiss BIPV Competence Centre)
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BIPV...Is communication!

Google

3

Tutti Immagini Notizie Video Shopping Altro Strumenti di ncerca

Circa 472.000 nsultati (0,40 secondi)

BiPV

BiPV

www.bipv.chiindex.php/it/ =

Il Centro svizzero di competenza BiPV é stato creato in seno alllstituto di Sostenibilita applicata
allAmbiente costruito (ISAAC) nel 2005. |l suo scopo di

Immagini relative a bipV Segnala immagini non appropriate

Altre immagini per bipv

Fotovoltaico architettonicamente integrato - Wikipedia

hitps:/fit. wikipedia.org/wiki/Fotovoltaico_architettonicamente_integrato v

FAI & l'acronimo di fotoveltaico architettonicamente integrato. corispondente in lingua italiana
allacronimo inglese BIPV che significa Building Integrated Photo ...

Building-integrated photovoltaics - Wikipedia, the free encyclopedia
https:/fen. wikipedia. org/wiki/Building-integrated_photovoltaics ~ Traduci questa pagina
Building-integrated photovoltaics (BIPV) are photovoltaic materials that are used to replace
conventional building materials in parts of the building envelope ...

Onyx Solar® - Integrazione Fotoveltaica Per L 'Edificio (BIPV ...
www.onyxsolar.com/itV =

In collaborazione con Enel Green Power, Onyx Solar® offre al mercato italiano le sue innovatrici
soluzioni per integrazione fotovoltaica (BIPV). ENEL, il maggior

BIPV - Building Integrated Photovoltaics Guide - PolySolar
www.polysolar.co.uk/BIPV.../building-integrated-photovoltaics... » Traduci questa pagina
BIPV - Building-integrated photovoltaics. The photovoltaic panel is integrated into the building fabric
rather than a 'tack-on’ addition replacing conventional _.

Building Integrated Photovoltaics (BIPV) | Whole Building Design Guide
hitps://www wbdg.org/resources/bipv._php + Traduci questa pagina

di 5 Strong - Citato da 20 - Articeli correlati

27 dic 2011 - A Buildina Intearated Photovoltaics (BIPV) svstem consists of intearating ohotovoltaics

@

Swiss energy

~

s e i

huilding
integratod
ohotovaliaios
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Summary
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BIPV ...an adventure started with architecture

Housing Development in Munich (D), Thomas Herzog with Fraunhofer ISE , 1979-82
(source: Herzog+Partner Archive)

06/04/2017
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Current issues, current compromises

Asthetics vs performance

(colour, patterns, texture, special pieces,
customization, non optimal conditions, et

Aesthetics vs reliability
(operating conditions, durability, etc.)

«The architecture is a border art, at borders of disciplines,
contaminated. It must, then, be a pirate art, in the sense that
Inside there Is also a lot of robbery... (in a good way). And,
again, the art of those who agree to take risks, to be sure
also to make mistakes, the extraordinary challenge to explore

the expressions of new materials and techniques»

Renzo Piano
4/6/2017
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Photovoltaics and materials

06/04/2017
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Photovoltaics and architecture

il
[
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¥
Umwelt Arena / Rene Schmid Architekten, 2012, NFSA

i ] ! AN Y
- iPlEE»S'ambrlingr\;iri
L | ™

06/04/2017
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Photovoltaics and city

Integration at urban scale

— e Xe:
o California AcademyBT'S‘ciEﬂ%g, 2009

te Campus, 2007-2008, -
an Erancisco (USA) Renzo Piano Buinding Workshop

1L oster+Partners

06/04/2017
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BIPV
and.. multifunctionality

The acronym BiPV is referred
to systems in which the
photovoltaic element (PV),
along with the role to produce
energy, becomes a building
component, integrated part of
architecture and building skin

A lot of definitions: Task 7
IEA, Task 41 IEA, EN 50583,
Task 15 IEA, etc...

We don’t have a definition fo
integrated wood, steel...
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@ .
..8NC Many others yPvsites

1
SmartFlex !

Construct PV

Constructing building with a

customizable size PY modules integrated in
the opague part ofthe building skin

International BIPV research activities

2013-17

*

! B hoto\/oltaic :

TECHNOLOGY PLATFORM

cosem |
Solar TRy
. !5L
Design it 9y
5 :
/’3‘\\ printéﬂ ofganic photovotaic cells ;.: :
SQ HIA & |
Zuropean Reszarch Infresiructure
2004-2007 2008-2012 2012-2016 :
[ [ ]
a |
w PVupscaie bfl r e |
. Urhan Scale Phatovoltaic Systems -,:I:. fiben-sainfarco scéar fachnaagy I

PV ACCEPT  2007-2010
2001-2004

T —\ ,—— buildings
NEXT mm=
SUN ’
> IEA_PVPS :Task 15 2015-2018

IEA_SHC Task 51 2013|L2017

IEA_SHC Task 16 1990-95

SCLAR HEATING & COOLING PROGRAMHE
INTERMATIONAL ENERGY AGENCY =
INTERNATIONAL ENERGY AGEMCY

. IEA_PVPS Task 7 1997-2001 i
Projects, Platforms - IEA_SHC Task 41 2009-2012 I

1980 Architecture 1990 2000 2010 2020

T. Herzog, Munich, 1979-82 Stadtwerke Aachen, 1991 R. Disch, Solar Siedlung, Home+, Solar Decathlon, 2012 ARUP Foresight, Building 2050
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BIPV ...aspart of thefuture
building vision

“...part of an urban ecosystem
producing food and energy, providing
clean air and water... buildings evolve
from being passive shells, into
adaptive and responsive organisms -
living and breathing  structures
supporting the cities of tomorrow”

(J. Hargrave, ARUP)

06/04/2017
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Integrated energy
production systems sUCh pecccecmeeee=
as Micro wind powsr
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Modular building
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(Source: http://www.arup.com/homepage_imagining_buildings_of the_future.aspx)
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BIPV qualification...Standards and norms

EN 50583:2016

] Photovoltaics in buildings. ¢
% BIPV products and systems 7

PV Module Building product

» |EC 61646: Thin-film terrestrial photovoltaic (PV) » Construction Products Regulation (CPR)
modules, Design qualification and type approval « Basic requirements for building

» |[EC 61215: Crystalline silicon terrestrial products (Annex I)
photovoltaic (PV) modules, Design qualification » General principles for CE-mark (DoP,
and type approval hENSs, ETA, ...)

» |[EC 61730: Photovoltaic module safety « Harmonized Standards (hENs) and
qualification European technical Assessment (ETA)

» Low Voltage Directive (LVD) 2006/95/CE

(CE-marking of electrical devices) _ €

« Electromagnetic Compatibility Directive (EMCD) c % CE —Mark for Building products

* Module System and Safety Test (Ageing,

Mechanical performance of System,...) Energy Performance of Buildings Directive

(EPBD)
4/6/2017
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BIPV... operatingconditions
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BIPV as..part of the building skin

Which level?
 Basis constructive element

Material, cell....module, basic element
(e.qg. tile, cladding panel, etc.)

* Functional constructive element
System satisfying a part of the
performance demand for the building
skin (e.g. roof tiling system, cladding
system)

* Modular-unitized BIPV construction
system
optimally combining BIPV modules with
building/electrical sub-constructions
(prefabrication, plug & play, etc.)

Solaire Face Intec
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BIPV as..construction component

Building envelope engineering
Building skin detailed engineering,
performance-based design approach,
culture of construction detalil

Building standard compliance
Qualification as a building product

(CPR 305/2011-CE Marking , building
codes and design approaches, EN 50583)

Technological innovation (of the
building skin)

Modularity, lightweight, easy mounting,
adaptability/flexibility, durability

Reference: P. Bonomo et al., Overview and analysis of current BIPV products: new criteria for supporting the

technological transfer in the building sector, VITRUVIO - International Journal of Architectural Technology and

Sustainability,

La <278 W

BECTTION A-A

Source: SUPSI
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European Project — Construct PV

Call identifier: FP7-ENERGY.2011.2.1-4

“Develop and demonstrate customizable,
efficient and low cost BIPV for opaque
surfaces of buildings”

- Collaborative project
(large consortium, different stakeholders)

- Demonstration project (TRL 7)
(involvement of large industries, strong

business plan, large investment from industrial
partners)

Duration: 2011 (Proposal + Kick-off)
February 2013 — February 2017

Estimated project budget: 12Mio. €. -,—fj Fraunhofer %,::::5 weven suracr TEGOLA B2 @ﬁﬁfygggﬁﬁ

= ISE innovation in building DRESDEN

|
P M :c:l:;“ Tnmmi::t:l:n professionale
06/04/2017 : TR . ella Svizzera a
LS UNStudio SUPSI w‘

!
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: ! S
Construct PV demonstration | || IBB.

!
I v

i

NTUA roof, Athens =

06/04/2017

Zublin Facade, Stuttgart




CONSTRUCT
PV
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Construct PV
Demo activities: Design of Stand SUPSI

21
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Construct PV
Demo activities: test facility at SUPSI
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Stand 1

0SB/3

Ventilation chamber SUPSI CampUS (Lugano, CH)

Ventilation chamber

Waterproofing Waterproofing
' Insulation Insulation
0OSB/3

X 0SB/3 Comparison between modules:
» C5 Tegola prototype full-roof integrated
= D1 (Tegola ventilated)
» B3 Meyer Burger Megaslate full-roof

N Stand 2

< Stand 1
(MB_Megaslate)

(ConstructPV_Tegola)



SUPSI

DACD / ISAAC / BIPV Activities

Construct PV

» Module temperature, Toom / Tin-layer

Week period of March (18/03/16-25/03/16) with clear sky conditions

80

70

60

50

40

30

Tbom, TLay0, TLay1, TLay2, TLay3 [‘C]

Tegola ConstructPV Module, C5
(18/03/16-25/03/16)

Thbom

- TLayO

TLay1

- TLay2
+ TLay3

Thom, TLay2, TLay3 ['C]

80

70
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50

40

30

20

10 -

Meyer Burger PV Module, B3

(18/03/16-25/03/16)

Tbom
- TLay2

« TLay3

1I[l 1I5
Tamb, [°C]

20 25

OSB/3

Ventilation chamber
Waterproofing
Insulation

0SB/3

Stand 1
(ConstructPV_Tegola)

Stand 2
(MB_Megaslate)

Ventilation chamber
Waterproofing
Insulation

QOSB/3
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SUPSI Campus (Lugano, CH), differences with the ventilated Tegola module

difference in Thbom.max, [°C]

25 G
Reference module: D1 Tegola {ventilated) ¢-5i, Tilt: 20°
30 °C
256
® AThom.max B1
20°C : : i i ® ATbom.max B3
AThom.max C4
15°C : : i - ®mAThom.max C5
Hupp
JHNENN NN
0°C A
FEB MAR  APR MAY  JUN JUL AUG SEF  OCT

— Maximum Tbom differences (D1 full ventilated): B1: 12.9 ° C (September); B3: 17.3 ° C;C4:27.9° C;C5:28.2° C
(July)

— Maximum Tbom differences (between B3/ C5): 10.9 ° C (July); 06.0 ° C (from March to October)
— Next step: to define the correlation between thermal res istance/ventilation with Tbom
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Comparison results (PR and kwh/m2)

Monitoring period: June, July, August and September

Performance Ratio, [%]

mm B3 (Meyer Burger)
-==APR (B3_C5)

-=-APR (D1_C5)

CPV_D1 (Ventilated) ==CPV_C5 (Tegola)

12%

120%

10%

100%

80% -

60% -

PR [ %]

40%

20% -

0% -

JUN JUL

- 8%

- 6%

- 4%

- 2%

APR [ %]

Epy [ kWh/m?]

30

25

Energy production per area unit, [kWh/m?]

CPV_D1 (Ventilated) == CPV_C5 (Tegola)
—=AEpv(B3_C5)

mm B3 (Meyer Burger)
==—AEpv (D1_C5)

A 27.5%

A 25.7%

JUN JUL AUG SEP

50%

- 40%

- 30%

- 20%

, | 10%

- 0%

AEpy [ %]

SUPSI Campus (Lugano, CH)

— Yf [KWh/kWp]: differences B3 and C5 - maximum -14.3 (July) - D1 and C5 - -8.5 % to -5.3%
— PR [%]: differences B3 and C5up = -5.0% to0 -3.9% - D1 and C5 = -7.1 % to -4.4%

Epy [KWh/m?]: B3 and C5 - from -25.7% to -19.2% (maximum 27.5%, July) - D1 and C5 - -8.9% to -6.0% (max. -9.7%)
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Construct PV
Demo activities: Conclusions and next steps

Building skin layering has important role
for thermal behavior of the cladding and
Thbom of PV module (thermal resistance,
inertia)

Roof ventilation technique (chamber, air
gap, microventilation) affects the PV
cooling

Building skin strongly affects the final
PR, KWh/m2

Further aspects under investigations:

Data analysis and predictor models

Evaluation of temperatures and back
ventilation effects (tilt, open air gap)

Optimization of roof layering

2. The technological system: building envelope

27

“Technological

Tl Class of technical element Technical solution

Technical
alternative

(shading devices)

Cs.el
Csel

Cab.l
Cab.2

Cucl
Cu.c.2
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BIPV and customization
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BIPV...flagship projects

L
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Construct PV

Designed solar glass
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BIPV customization...and Swiss product innovation

= S R A A e S

(source: CSEM) (source: HSLU-EASEase)

(source: Schweizer)
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BIPV and..front layer technology

What is a BIPV module?

* Isita PV module with glass in
front?

Cells are efficiently exposed to sun

* |s it an architectural glass with cells
behind?

Cells are visually/energetically filtered

* Is it a design material producing
“also” energy?

Cells are hidden/submitted to aesthetics

Solar Silo, Basel (photo: SUPSI)



Coloured BIPV modules :
performance ?
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European Project — SMART-Flex

Demonstration of the flexible
manufacturing of multifunctional and
customizable BIPV glass elements atthe
Industrial scale and for “ordinary” buildings

e |ndustrial Partner

YGLASSBEL givia Solis

%)

CREATIVE AMADEO S m b e a m

e Coordinator
pro
tech SenartFies

www.smartflex-solarfacades.eu
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SmartFlex Demonstration of Flexible facade

e Large modules (1,5 x 3m) have been used

Glassbel new-facade in Klaipeda

06/04/2017
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Coloured BIPV modules

r—_ Position 1 - outer side

° Front glass pane

1

I PV cells encapsulated in PVB
3 e Back glass pane

OUTSIDE
INSIDE

» L Front glass pane

o _ Position 2 - inner side
» Ceramic digital printed glass PV cells encapsulated in PVB

e | Backglass pane




SUPSI DACD / ISAAC / BIPV Activities 37

inside

outside

Power measurement at STC |

* Full colored modules (white, green, black, transparent) Nl

« Large module with different color degrees
— Colorin Pos 1 or Pos 2

06/04/2017
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Coloured BIPV modules: performance

Influencing factors

e Colour
 Thickness of the dots

* Printing degree

)
)
b
o
&)
ke,
o
c
=
C
=
o

e Position1or?2




SUPSI

DACD / ISAAC / BIPV Activities

Coloured BIPV modules: performance

Influence of color types

100%

80%

o
S
S

40%

Power output (%)

20%

0%

100%

)
)
@y
©
Q
)

4
&)

©

0

30% covered texture

100%

80%

60%

40%

Power output (%)

20%

0%

Influence of dot positioning

100%

69% 68%

39% 38%

30% 29%
22% 21%

1 5

10% 10%

=

0% 30% 60% 70% 80%
Printing degree (%)

. Position 1 Position 2

100%
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Power output vs. Printing degree (@STC)

120%
10 cells modules
100%100%100% 100%
100% - . 3 '
N 22% 879
¥ 80% | | ~ | 76% .
- cou 73% 72% 699,
B — © 68% 68% ?
y —
‘é_ g “j 63% 64%
"g' 60% | I li _. I o .’—|...55%. .
. .-"‘-.,
O
g -
1 22% 21%
20% - ] | _ S N . . 4 Wp .
T PO 10% 10%
o% ||}
0% 30% 60% 70% 80% 100%

Printing degree in %

[ 1White dots Green dots I Black dots I Black dots - position 1
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Coloured BIPV modules :
optimal design Is possible?
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Coloured BIPV modules: power vs design

Suitable printing
degrees
for limiting
the power losses
to
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Coloured BIPV modules: electrical issues

Current density vs printing degree

Voltage values should be evaluated

375
35.0
325 u\kjd\
m
30.0 -
0

27.5 -

0
25.0 \

22.5

B —e-Black
20.0 \0 7 White
17.5 \\ —e-Green
15.0
12.5 \
10.0 \\
: ~

2.5

Current density (mA/cm  2)

~—

0 10 20 v 30 40 50 60 ;‘p 80 9) 100 Printing degree (%)

23% black 70% green 90% whiite
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SUPSI

| gensity-34.43 MA/cm?

Pm=14.84 W

(MAX;MIN)
10-15°

AT

~
~

T1-10%
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Design flexibility of BIPV modules
PRELIMINARY RESULTS

The current intensity is proportionally dependent on pattern
geometrical coverage and colour;

What about voltage and operating temperaures? thermographic
Images show the temperature inhomogeneous distribution in
some area of the cells

...the pattern homogeneity/distribution seems to affect the final
energy behavior/output

FURTHER INVESTIGATION

Optical characterization of patterns
Optimization of pattern design (building...cell level)

Consequences on operating temperatures, voltage, durability, etc..

52



SUPSI DACD / ISAAC / BIPV Activities

el L | ) SN o

s b 4 l.':a.;..--n. A mlﬁ*iiﬁ

UL

1!&.

beata M

S W

&Sl =

B ik

e . 7

- BN T

. r i

F!.._-dl"‘_

9-
.¢.m. '*1 ".

‘ =

© Jack Travis




SUPSI DACD / ISAAC / BIPV Activities

Other aspects

« Shadowing (morphology,
urban density, etc.)

e Building typology
e Urban density
e Soiling

« Building skin construction
system

« Architectural language

.-"' '
ey . I-_-— i _,.-'/
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Conclusions

06/04/2017
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BIPV...beyond STC

1) External factors of building
integration
— Urban environment: Trees,
shadows, soiling

— Building factors: typological
and building features

2) Building skin system
— Ventilation/insulation due to
the construction system
(operative temperature,
stress, durabillity)

3) BIPV customization ;
— Pattern, colours, printing, ol | S\ o | IRARS |
Iayerlng " ) - .r / .':I‘;-' - . hSo C$F\ac;%0tive Batineg '
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BIPV...it's not a problem of standards... but of information

Eource: Rockwool )
Architecture use every day
standard components

(Detail of a brick facade -building in Lugano, M. Botta, Photo: P. Bonomo)
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BIPV ...and product information

Specification Sheet

Drawings and DiMensions use s med

TFRTEaT

e e 7.0y

Electrical Characteristics

sy i,
.r"“—
A

P

WS

06/04/2017

il fissaggio su orditure matelliche con
spessori non superioni a 0,7 mm. Per |
orditure metalliche di moggior spessore
usare vifl punto Teks.

E necessavi iniziov con ln vite o cenro |
ella kst & successivamente prosequine
verso i bordi. Duronte |'instollazions
ssicurorsi che o losto fimangn oderente |
ollo struttum metallico, k
Nella posa delle lostre AQUAPANEL® Outdoar & necessario lasciare
una distanza di 34 mm tra una lestra e "aliva, solomente
lungo i bordi longitudinali (lato hinga).

Duesin occorgimento & di fondamentale imporfonza perché consente ollo
stucco che veni opplicata sui giunt di peneton in quandisa fino sul remo
tello supesfidie e di guronfire pertonio |'odeguatn resistenzo mecconica.
Una applicazione che non tenga conte del distanziamento
tra i giunti é da considerare errata e rischia di cousare
fessurazioni lungo le giunzioni stesse.

Per distanzire cometfoments Je losire, prima del fissoggio collocore
prowisoriaments una vite (con funzione di distonziotors) tro le due
lostre: & rimuoverla dapa il fissaggia
definitivo, oppure uhlizzore cormuni
distonziafori per piostrelle defla
spessare sopro indicao, Per i bordi
trosversali (lato corto) non &
richiesin puestn accomimento in quanta le lostre devang essere accosate;
& invece previsto |o sfolsomento dei giunfi por od almeno olfinterasse
dei profili mantanti.
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Stuccatura dei giunti

Successivomente ol monioggio delle lastre, procedere allo stuccotun
dei giunti_

| giunti tra le losire Aguaponel®
Qutdoor devono essere shiccti con
Io stucco per esterri Aquapanel”
Exterior Basecoat. Lo shiccofum
si applica in una sola mana, per
uno spessore di 2+3 mm, con
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peer Lastre AQUAPANEL®,

50 sl OTA)

wmenle indusa ket in camera dimafica

secendo BS £200)

PASTM standard C 1325-04)

b Laskrn ADUAPANEL® Duldon del Centrn Stienlifco

22 alle muble per Lasira ADUAPANELY Dutdocr &
omandato secondo | criten dellisihslo & Bicedliza
I report BR nr. 3008-008

ail'lsiiuio di Bioedilizs di Rosenbeim, Gamanis (1BR)

1mia secondo la Valuazione del Ciclo di Vit per la
wduimsinente nofma S0 14025,

§ energia primaria per Sisiema AQUAPANEL®
» Ingeniesurs GmbH, Gemanis).

e i T e W
D-KNA-2010111-D.

luppats in eonfoemita slla moms 1SO 14026, tips 1l

& prive di sealanzs perieoloss flsganti ECOSE piwl i

i salni in lan minersle di velra).

| eom od sonn nealizzali

s in due spsti @ per anlrambi specificata:

nel® per psiemi.

0173 & procoiie. Tale cetificazions ETA [Europeasn Techni-
sl CUAP {Commen Understanding of Assessment Procedure)

55l aftrawerso diversi sisdemi i cerlibcazons.

me i oaiificals d2| BBA (British Baard Agrament] nel Ragra
Heisconc @ sistemi certificali secande norme & costruzicne
i wari fipd i L2al, come par edempia prove cidiche efelluats
truzione in relarions slle condizioni climatiche locali.
erlificaziorss, che nen pessene apingersi olire. Cicli i vila ban

(source: Knauf Aquapanel)
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SUPSI

the challenge to explore the expressions of new materials
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Kingsgate House, Chelsea (Photo: SUPSI)

4/6/2017
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Thank you for your attention!

Construct-PV: The research leading to these results received funding
from the European Community’s Seventh Framework programme
(FP7/2007-2013) under grant agreement

no 295981 [www.constructpv.eul].
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..our path towards a solar built environment
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