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Disclaimer
7KLV�GRFXPHQW�KDV�EHHQ�SURGXFHG�ZLWK�WKH�ȴQDQFLDO�DVVLVWDQFH�RI� WKH�(X-
ropean Union under the ENPI CBC Mediterranean Sea Basin Programme. 
The contents of this document are under the responsibility of University of 
Cagliari (UNICA) and FOSTEr in MED project partners and can under no circu-
PVWDQFHV�EH�UHJDUGHG�DV�UHȵHFWLQJ�WKH�SRVLWLRQ�RI�WKH�(XURSHDQ�8QLRQ�RU�RI�
the Programme’s management structures.
7KH�WRWDO�EXGJHW�RI�)267(U�LQ�0('�SURMHFW�LV�����PLOOLRQ�(XUR�DQG�LW�LV�ȴQDQFHG�
for an amount of 4,05 million Euro by European union through the ENPI CBC 
Mediterranean Sea Basin Programme (www.enpicbcmed.eu).

Statement about the Programme 
The 2007-2013 ENPI CBC Mediterranean Sea Basin Programme is a multi-
lateral Cross-Border Cooperation initiative funded by the European Nei-
ghborhood and Partnership Instrument (ENPI). The Programme objective 
is to promote the sustainable and harmonious cooperation process at the 
Mediterranean Basin level by dealing with the common challenges and 
HQKDQFLQJ�LWV�HQGRJHQRXV�SRWHQWLDO��ΖW�ȴQDQFHV�FRRSHUDWLRQ�SURMHFWV�DV�D�
contribution to the economic, social, environmental and cultural develop-
ment of the Mediterranean region. The following 14 countries participate 
in the Programme: Cyprus, Egypt, France, Greece, Israel, Italy, Jordan, Le-
banon, Malta, Palestine, Portugal, Spain, Syria (participation currently su-
spended), Tunisia. The Joint Managing Authority ( JMA) is the Autonomous 
5HJLRQ�RI�6DUGLQLD��ΖWDO\���2ɝFLDO�3URJUDPPH�ODQJXDJHV�DUH�$UDELF��(QJOLVK�
and French (www.enpicbcmed.eu).

General statement on the European Union
European Union is made up of 28 Member States who have decided to gra-
dually link together their know-how, resources and destinies. Together, du-
ring a period of enlargement of 50 years, they have built a zone of stability, 
democracy and sustainable development whilst maintaining cultural diversi-
ty, tolerance and individual freedoms. The European Union is committed to 
sharing its achievements and its values with countries and peoples beyond 
its borders.
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What is Building integrated Photovoltaic (BIPV)?
Photovoltaic is a widespread technology that allows the generation of 
direct current (DC) power through sun irradiation. PV systems are com-
posed by PV cells of a semi-conductor material, joined together to form 
a PV module or panel, that can be used standing alone or on buildings. 
7KHUHȇV�WZR�ZD\V�WR�ȴW�39�RQ�QHZ�RU�H[LVWLQJ�EXLOGLQJV��LQWHJUDWLQJ�LW��RU�
simply installing it. In this last case we would talk of BAPV (building-ap-
plied photovoltaic), while BIPV refers to PV modules that are planned by 
a designer in order to substitute (not cover) a common building element. 
This can be a roof, a façade cladding, a shading element, a parapet. Than-
NV�WR�WKH�PDQ\�YDULHW\�FXUUHQWO\�R΍HUHG�RQ�WKH�PDUNHW��WKH�GHVLJQHU�FDQ�
decide not just the cell power and typology, but also its size, color and 
transparency. 

Why use solar power on buildings?
7KH�NH\�FRQFHSW�WKDW�KLGHV�EHKLQG�WKH�GHȴQLWLRQ�RI�%Ζ39�LV�WKDW�SKRWRYRO-
taic can have also more architectural functions in the buildings than the 
RQO\�HQHUJ\�SURGXFWLRQ��:DWHUSURRȴQJ�DQG�VKDGLQJ�DUH�RQO\�IHZ�H[DP-
SOHV�RI�WKHP��7KDW� LV�WKH�EHVW�ZD\�WR�PDNH�LW�DV�SURȴWDEOH�DV�SRVVLEOH�
from an economic and environmental point of view. If PV systems are 
installed on buildings no other land use is required and the electricity is 
directly generated at the point of usage. This will reduce the distribution 
and transmission losses of public electricity networks.
If PV systems are correctly taken into account and integrated in the desi-
gn phase, the opportunities for designers will be even more appreciable. 
7KH�39�FDQ�EH�FRPSOHWHO\�VHHQ�DV�D�EXLOGLQJ�PDWHULDO�R΍HULQJ�PXOWLSOH�
technical and aesthetic possibilities and contributing to create energy 
conscious and comfortable environments.   

Nature of the Guidelines 
These guidelines have a key role in the FOSTERinMED project. They aim 
DW� GLVVHPLQDWLQJ� DQG� GL΍XVLQJ� NQRZOHGJH� LQ� WKH� SDUWQHU� UHJLRQV� DQG�
other areas. They are thought as a simple tool useful to approach BIPV 
and get the basic needed information in order to plan, design and install 
PV systems.
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Implementation and dissemination 
The guidelines main goal is to provide educational material for the Fo-
sterinMED training paths. They are addressed to university students, 
architectural and plant designers as well as installers, who will have a 
basic reference tool to understand the technology and the best way to 
integrate it in buildings. 
7KHVH�JXLGHOLQHV�DUH�DOVR�H[SHFWHG�WR�EH�D�EHQFKPDUN�WR�KHOS�GHVLJQHUV�
in determining BIPV viability, but also local planning authorities in recom-
mending best practices. The guidelines are to be widely distributed wi-
thin the PV industry, building construction groups, design professionals, 
EXLOGLQJ�ȴQDQFLHUV�DQG�SODQQLQJ�DXWKRULWLHV�DQG�FDQ�EH�PDGH�DYDLODEOH�
to other organizations; in a few words, it is addressed to all the stakehol-
ders of the PV value chain. 

7KH�PDLQ�VWDNHKROGHUV�DUH��
• University students 
• Architectural and plant designers (Architects, Engineers, ....) 
• nstallers 

%XW�WKH\�FDQ�EH�RI�LQWHUHVW�DOVR�IRU��
• National public authorities 
• Local planning authorities 
• Power utilities 
• Network service providers 
• Financing organizations 
• Building owners 
• Building constructors 

Structure of the guidelines 
7KH�JXLGHOLQHV�DUH�VWUXFWXUHG�WR�DOORZ�GL΍HUHQW�VWDNHKROGHUV�WR�LGHQWLI\�
information that is relevant to them. A simple set of icons will guide the 
readers to the part of their interest.
7KH�ȴUVW�SDUW�LV�DLPHG�DW�GHȴQLQJ�WKH�FXUUHQW�39�WHFKQRORJLHV�WKDW�FDQ�EH�
applied to buildings. The second part shows the added value of BIPV in 
WHUPV�RI�LQQRYDWLYH�GHVLJQ��HQHUJ\�HɝFLHQF\�DQG�FRVW��

ARCHITECTURAL
AND PLANT DESIGNERS

UNIVERSITY STUDENTS

INSTALLERS
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The third part deals with the performance of integrated systems, their 
sizing and requirements. The fourth part shows some best practices in 
the Mediterranean area. 
7KH�DQQH[HV��SUHVHQWHG�LQ�IRUP�RI�'9'�DW�WKH�HQG�RI�WKLV�SXEOLFDWLRQ��
R΍HU�DQ�RYHUYLHZ�RQ�WKH�HOHFWULFDO�SRZHU�JHQHUDWLRQ�DQG�GLVWULEXWLRQ�LQ�
the partner regions, highlighting critical aspects and possible solution 
R΍HUHG�E\�WKH�LPSOHPHQWDWLRQ�RI�%Ζ39�
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7KHUH�DUH�GL΍HUHQW�W\SHV�RI�SKRWRYROWDLF�PRGXOHV��EXW�WKH�PRVW�FRP-
PRQO\�XVHG�IRU�EXLOGLQJ�LQWHJUDWLRQ�DUH�FU\VWDOOLQH��PRQR��DQG�SRO\���DQG�
WKLQ�ȴOP�PRGXOHV��7R� WKHVH�DUH� WR�EH�DGGHG�VRPH�QHZ�SURWRW\SHV�DV�
K\EULG��FRQFHQWUDWLRQ�DQG�OXPLQHVFHQFH�39�

Fig 1   %JƊFSFOU�17�QBOFM�UZQFT

Crystalline modules�DUH�EDVHG�RQ�VLOLFRQ�FHOOV�DQG�KDYH�D�KLJK�HɝFLHQ-
F\�� 7KH\� DUH�� KRZHYHU��PRUH�H[SHQVLYH� WKDQ� WKLQ�ȴOP�PRGXOHV��0DGH�
IURP� D� ODUJH� FU\VWDO� RI� VLOLFRQ�� PRQRFU\VWDOOLQH� VRODU� SDQHOV� W\SLFDOO\�
FRPSULVH�KLJKO\�RUGHUHG�EOXH�EODFN�SRO\JRQV��%HFDXVH�WKH\�DUH�WKH�PRVW�
HɝFLHQW�W\SH�RI�39�PRGXOH�LQ�JRRG�OLJKW��ZLWK�D�VWDQGDUG�FRQGLWLRQ�Hɝ-
FLHQF\�W\SLFDOO\�LQ�WKH�UDQJH�EHWZHHQ����DQG������WKH\�DUH�RIWHQ�XVHG�LQ�
DSSOLFDWLRQV�ZKHUH�LQVWDOODWLRQ�VTXDUH�IRRWDJH�LV�OLPLWHG��JLYLQJ�WKH�HQG�
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XVHU�WKH�PD[LPXP�HOHFWULFDO�RXWSXW�IRU�WKH�LQVWDOODWLRQ�DUHD�DYDLODEOH��
7KHLU�HPERGLHG�HQHUJ\��WKH�HQHUJ\�UHTXLUHG�WR�SURGXFH�WKHP��LV�JUHDWHU�
WKDQ�RWKHU�39�W\SHV��
&KDUDFWHUL]HG�E\�LWV�VKDWWHUHG�JODVV�ORRN�EHFDXVH�RI�WKH�PDQXIDFWXULQJ�
SURFHVV�RI�XVLQJ�PXOWLSOH�VLOLFRQ�FU\VWDOV��polycrystalline solar panels 
DUH�WKH�PRVW�FRPPRQO\�VHHQ�VRODU�SDQHOV��7KH\�DUH�D�OLWWOH�OHVV�HɝFLHQW�
WKDQ�PRQR�FU\VWDOOLQH�SDQHOV��KDYLQJ�D�PRUH�GLVRUGHUHG�DWRPLF�VWUXFWX-
UH�� 7KHLU� HQHUJ\� HɝFLHQF\� LV� JHQHUDOO\� DW� �������� /LIH� H[SHFWDQF\� LV�
DURXQG�������\HDUV��7KLQ�ȴOP�PRGXOHV�FRQWDLQ�DQ�XOWUD�WKLQ�DPRUSKRXV�
SKRWRVHQVLWLYH�OD\HU�RI�VLOLFRQ�RU�DOWHUQDWLYH�PDWHULDOV�VXFK�DV�FRSSHU�LQ-
GLXP�GLVHOHQLGH��&Ζ6��RU�FDGPLXP�WHOOXULGH��&G7H�bGHSRVLWHG�RQWR�D�ORZ�
FRVW�EDFNLQJ��VXFK�DV�JODVV��SODVWLF�RU�VWDLQOHVV�VWHHO��$PRUSKRXV�VLOLFRQ�
VRODU�SDQHOV�DUH�FRPPRQ�IRU�EXLOGLQJ�LQWHJUDWHG�SKRWRYROWDLF��%Ζ39��DS-
SOLFDWLRQV�EHFDXVH�RI�WKHLU�PDQ\�DSSOLFDWLRQ�RSWLRQV�DQG�DHVWKHWLFV�
7KLQ�ȴOPV�FDQ�EH�ULJLG�RU�ȵH[LEOH��DQG�FDQ�EH�SURGXFHG�LQ�YDULRXV�FRORXUV��
JLYLQJ�JUHDW�YHUVDWLOLW\�IRU�GL΍HUHQW�DSSOLFDWLRQV�DQG�VLWHV��7KH\�UHTXLUH�
UHODWLYHO\�ORZ�DPRXQWV�RI�UDZ�PDWHULDO�WR�PDQXIDFWXUH��DUH�VXLWHG�WR�DX-
WRPDWHG�SURGXFWLRQ��DQG�IRU�WKLV�UHDVRQ�DUH�UHODWLYHO\�FKHDS�WR�PDNH��

Fig 2   5IJO�ƋMN�17�NPVOUFE�PO�SPPG
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+RZHYHU��HɝFLHQFLHV�DUH�ORZHU��H�J���������DV�LV�OLIH�H[SHFWDQF\��������\H-
DUV���1RQ�VLOLFRQ�EDVHG�WKLQ�ȴOP�PRGXOHV��VXFK�DV�WKRVH�XVLQJ�&G7H�DQG�
&Ζ6��KDYH�EHWWHU�HɝFLHQFLHV��ZLWK�VRPH�H[FHHGLQJ������7KH\�DUH�KRZH-
YHU�D΍HFWHG�E\�D�GHFUHDVH�RI�HɝFLHQF\�GXULQJ�WKH�ȴUVW�RSHUDWLQJ�\HDU�
3HHO�DQG�VWLFN�WKLQ�ȴOP�VRODU�FHOOV�FRPELQH�VSHFLȴFDOO\�IRUPXODWHG�FH-
UDPLFV�ZLWK�WKLQ�ȴOPV��$�0HVR�6XSHU�VWUXFWXUHG�6RODU�&HOO��066&��FDQ�EH�
SULQWHG�GLUHFWO\�RQWR�JODVV�DQG�SURFHVVHG�DW�EHORZ����r�&�WR�SURGXFH�D�
VHPL�WUDQVSDUHQW��UREXVW�OD\HU��7KH�QHZ�SDQHOV�R΍HU�JUHDW�SRWHQWLDO�IRU�
DUFKLWHFWV��ID©DGH�HQJLQHHUV�DQG�EXLOGHUV��7KH\�FDQ�EH�SURGXFHG�IURP�
LQH[SHQVLYH�� DEXQGDQW�� QRQ�WR[LF� DQG�QRQ�FRUURVLYH�PDWHULDOV� DQG�EH�
VFDOHG�WR�DQ\�YROXPH��7KH\�FDQ�EH�SULQWHG�GLUHFWO\�RQWR�JODVV�LQ�D�UDQJH�
RI�FRORXUV��PDNLQJ�WKHP�LGHDO�IRU�JOD]LQJ�SDQHOV�DQG�ID©DGHV��
$Q�XOWUD�WKLQ�DPRUSKRXV�VLOLFRQ�39�OD\HU�FDQ�EH�XVHG�WR�FRYHU�PRQR�FU\-
VWDOOLQH�39�FHOOV��7KH�DGYDQWDJH�RI�WKHVH�FHOO�W\SHV�LV�WKDW�WKH\�DUH�PRUH�
VHQVLWLYH� WR� VRODU� UDGLDWLRQ� DQG� SHUIRUP� EHWWHU� DW� KLJK� WHPSHUDWXUHV�
WKDQ�FRQYHQWLRQDO�FU\VWDOOLQH�VLOLFRQ�39�FHOOV��+RZHYHU��WKHVH�FHOOV�FRPH�
DW�D�FRVW�SUHPLXP��7KH\�DUH�FRPPRQO\�NQRZQ�DV�PXOWL�OD\HU�FHOOV�
Hybrid photovoltaic PV-T modules�FRPELQH�SKRWRYROWDLF�FHOOV�ZLWK�D�

'JH��B
��C���)ZCSJE�UIFSNBM�17�QBOFM�BOE�FMFNFOU
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VRODU�WKHUPDO�FROOHFWRU��ZKLFK�FDSWXUHV�WKH�UHPDLQLQJ�HQHUJ\�DQG�UHPR-
YHV�ZDVWH�KHDW�IURP�WKH�39�FHOOV��6XFK�V\VWHPV�FDQ�EH�HQJLQHHUHG�WR�FDU-
U\�KHDW�DZD\�IURP�WKH�39�FHOOV�WKHUHE\�FRROLQJ�WKHP�DQG�WKXV�LPSURYLQJ�
WKHLU�HɝFLHQF\�
Concentrated photovoltaic systems �&39V�� UHSODFH� VRODU� FHOO� SODWHV�
ZLWK�D�SDQHO�RI�RSWLFV�WKDW�FRQFHQWUDWH�VXQOLJKW�RQWR�D�VHW�RI�VPDOO��KL-
JK�SHUIRUPDQFH�VRODU�FHOOV��ZKHUH�OLJKW�LV�FRQYHUWHG�LQWR�HOHFWULFLW\��7KH�
OLJKW�FRQFHQWUDWLRQ�DOORZV�KLJKHU�HɝFLHQF\�IRU�WKH�FHOOVȇ�39�FRQYHUVLRQ�
DQG�SHUPLWV�WR�UHSODFH�ODUJH�SDUW�RI�SKRWRDFWLYH�PDWHULDOV�ZLWK�FKHDSHU�
FRPSRQHQWV�FRQFHQWUDWLQJ�WKH�OLJKW��
7KH�UHOLDELOLW\�RI�WKH�&39�V\VWHPV�KDV�QRW�\HW�EHHQ�SURRIHG�LQ�ȴHOG�IRU�
ORQJ�WLPH�DV�IRU�VWDQGDUG�39��VLQFH�WKLV�WHFKQRORJ\�KDV�DFKLHYHG�DQ�LQGX-
VWULDO�GLPHQVLRQ�RQO\�LQ�WKH�ODVW�\HDUV�

Fig 4   4DIFNF�PG�B�MVNJOFTDFOU�TPMBS�DPODFOUSBUPS

7KH\�FDQ�UHDFK�KLJK�HɝFLHQFLHV�EXW�RQO\�LI�WZR�WUDFN�D[LV�FRQFHQWUDWRUV�
DUH�XVHG�
The luminescent solar concentrator�/6&�LV�D�VLPSOH�GHYLFH�DW�LWV�KHDUW��

Air

Dyes

Glass

Air

Air

Dyes

Glass

Solar
cell

Solar
cell
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HPSOR\LQJ�D�SRO\PHULF�RU�JODVV�ZDYHJXLGH�DQG�OXPLQHVFHQW�PROHFXOHV�WR�
JHQHUDWH�HOHFWULFLW\�IURP�VXQOLJKW�ZKHQ�DWWDFKHG�WR�D�SKRWRYROWDLF�FHOO��
7KH�SULQFLSOH�XVHG� LV� WR�GLVSHUVH�RQ�D�3OH[LJODV�SODWH� W\SH�ȵXRUHVFHQW�
G\HV�WKDW�DEVRUE�SDUW�RI�WKH�VRODU�OLJKW�DQG�WKHQ�HPLW�LW�ZLWKLQ�WKH�VDPH�
VODE��7KH�UDGLDWLRQ�LV�FRQGXFWHG�WRZDUGV�VPDOO�VRODU�FHOOV�DUUDQJHG�DORQJ�
WKH�HGJHV�WKDW�WUDQVIRUP�LW�LQWR�HOHFWULFLW\��'HVSLWH�LWV�SRWHQWLDO�IRU�JH-
QHUDWLQJ� ORZ�FRVW�VRODU�SRZHU��WKH\�DUH�PRUH�HɝFLHQW�WKDQ�WUDGLWLRQDO�
PRGHOV��DV�WKH\�DOVR�SURGXFH�ZLWK�OLWWOH�VXQ��GR�QRW�QHHG�D�SDUWLFXODU�LQ-
FOLQDWLRQ�DQG�FDQ�EH�DOVR�SODFHG�YHUWLFDOO\��ZKLFK�PDNHV�LW�LGHDO�IRU�%Ζ39���
/6&�GHYHORSPHQW�IDFHV�QXPHURXV�FKDOOHQJHV��WKH�PDMRULW\�RI�ZKLFK�DUH�
UHODWHG�WR�WKH�OXPLQHVFHQW�PDWHULDOV�XVHG�LQ�WKHLU�GHVLJQ��7KH�UHVHDUFK�LV�
VWLOO�RQJRLQJ�DQG�WKH�SURGXFW�LV�VWLOO�QRW�DYDLODEOH�RQ�WKH�PDUNHW�

2.1 Colour
7KH�FRORXU�RI�SKRWRYROWDLF�FHOOV�LV�D�UHVXOW�RI�WKHLU�SDUWLFXODU�PDQXIDFWX-
ULQJ�SURFHVV��DQG�WKXV�VLPSO\�D�UHVXOW�RI�WKH�WUHDWPHQW�JLYHQ�WR�WKH�VLOL-
FRQ�WKH\�DUH�PDGH�RI��&HUWDLQO\��WKH�FRORXU�RI�SKRWRYROWDLF�FHOOV�D΍HFWV�
WKH�DEVRUSWLRQ�RI�VRODU�UDGLDWLRQ��PHDQLQJ�WKDW�WKH�JHQHUDWHG�HQHUJ\�ZLOO�
YDU\�DFFRUGLQJ�WR�WKH�FRORXU�XVHG��'L΍HUHQW�FRORXU�39�JLYHV�WKH�FKDQFH�
WR�EH�LQWHJUDWHG�DV�DQ�DUWLVWLF�FRORXUHG�39�VN\OLJKW��FXUWDLQ�ZDOO��EDOFRQ\�
RU�DQ\�RWKHU�PXOWLIXQFWLRQDO�FRQVWUXFWLYH�VROXWLRQ�DQG�WKXV�VROYLQJ�WKH�
SUREOHP�RI�WKH�XVH�RI�39�LQ�WKRVH�FDVHV�ZKHUH�LQWHJUDWLRQ�LV�PDQGDWRU\��
DV�LQ�PRVW�RI�WKH�(XURSHDQ�KLVWRULFDO�WRZQ�FHQWUHV�

2.2 Material 
39�FHOOV�DUH�PDGH�RI�VHPLFRQGXFWRU�PDWHULDOV��7KH�PDMRU�W\SHV�RI�PDWH-
ULDOV�DUH�FU\VWDOOLQH�DQG�WKLQ�ȴOPV��ZKLFK�YDU\�IURP�HDFK�RWKHU�LQ�WHUPV�RI�
OLJKW�DEVRUSWLRQ�HɝFLHQF\��HQHUJ\�FRQYHUVLRQ�HɝFLHQF\��PDQXIDFWXULQJ�
WHFKQRORJ\�DQG�FRVW�RI�SURGXFWLRQ��

2.2.1 Mono-crystalline silicon
0RQR�FU\VWDOOLQH�VLOLFRQ�FHOOV�DUH�WKH�PRVW�FRPPRQ�LQ�WKH�39�LQGXVWU\��
7KH�PDLQ� SURGXFWLRQ� WHFKQLTXH� LV� WKH� &]RFKUDOVNL� �&=��PHWKRG�� +L-
JK�SXULW\�SRO\�FU\VWDOOLQH�LV�PHOWHG�LQ�D�TXDUW]�FUXFLEOH��$�PRQR�FU\-
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VWDOOLQH�VLOLFRQ�VHHG�LV�GLSSHG�LQWR�WKLV�PROWHQ�PDVV�RI�SRO\FU\VWDOOLQH��
$V�WKH�VHHG�LV�SXOOHG�VORZO\�IURP�WKH�PHOW��D�PRQR�FU\VWDOOLQH� LQJRW�
LV�IRUPHG��7KH�LQJRWV�DUH�WKHQ�VDZHG�LQWR�WKLQ�ZDIHUV�DERXW���������
PLFURPHWHUV�WKLFN� ���PLFURPHWHU� �������������PHWHU���7KH�WKLQ�ZD-
IHUV�DUH�WKHQ�SROLVKHG��GRSHG��FRDWHG��LQWHUFRQQHFWHG�DQG�DVVHPEOHG�
LQWR�PRGXOHV� DQG� DUUD\V�� $� PRQR�FU\VWDOOLQH� VLOLFRQ� KDV� D� XQLIRUP�
PROHFXODU�VWUXFWXUH��&RPSDUHG�WR�QRQ��FU\VWDOOLQH�PDWHULDOV��LWV�KLJK�
XQLIRUPLW\�UHVXOWV�LQ�KLJKHU�HQHUJ\�FRQYHUVLRQ�HɝFLHQF\���WKH�UDWLR�RI�
HOHFWULF�SRZHU�SURGXFHG�E\�WKH�FHOO�WR�WKH�DPRXQW�RI�DYDLODEOH�VXQOLJKW�
SRZHU��L�H��SRZHU�RXW�GLYLGHG�E\�SRZHU�LQ�
7KH�KLJKHU�D�39�FHOOȇV�FRQYHUVLRQ�HɝFLHQF\��WKH�PRUH�HOHFWULFLW\�LW�JH-
QHUDWHV�IRU�D�JLYHQ�DUHD�RI�H[SRVXUH�WR�WKH�VXQOLJKW��1RW�RQO\�DUH�WKH\�
HQHUJ\�HɝFLHQW��PRQR�FU\VWDOOLQH�PRGXOHV�DUH�KLJKO\�UHOLDEOH�IRU�RXW-
GRRU�SRZHU�DSSOLFDWLRQV�

Fig 5   .POP�DSZTUBMMJOF�TJMJDPO�DFMMT

2.2.2 Poly-crystalline silicon
&RQVLVWLQJ�RI�VPDOO�JUDLQV�RI�PRQR�FU\VWDOOLQH�VLOLFRQ��SRO\�FU\VWDOOLQH�39�
FHOOV�DUH�SURGXFHG�E\�VOLFLQJ�WKLQ�ZDIHUV�IURP�EORFNV�RI�FDVW�SRO\FU\VWDO-
OLQH�VLOLFRQ��$QRWKHU�PRUH�DGYDQFHG�SURGXFWLRQ�DSSURDFK�LV�WKH�ȊULEERQ�
JURZWKȋ�PHWKRG�LQ�ZKLFK�VLOLFRQ�LV�JURZQ�GLUHFWO\�DV�WKLQ�ULEERQV�RU�VKH-
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HWV�ZLWK�WKH�DSSURDFK�WKLFNQHVV�IRU�PDNLQJ�39�FHOOV��6LQFH�QR�VDZLQJ�LV�
QHHGHG��WKH�PDQXIDFWXULQJ�FRVW�LV�ORZHU��7KH�PRVW�FRPPHUFLDOO\�GHYH-
ORSHG�ULEERQ�JURZWK�DSSURDFK� LV�()*� �HGJH�GHȴQHG�ȴOP�IHG�JURZWK���
&RPSDUHG�WR�PRQR�FU\VWDOOLQH�VLOLFRQ��SRO\FU\VWDOOLQH�VLOLFRQ�PDWHULDO�LV�
VWURQJHU�DQG�FDQ�EH�FXW�LQWR�RQH�WKLUG�WKH�WKLFNQHVV�RI�PRQR�FU\VWDOOL-
QH�PDWHULDO��ΖW�DOVR�KDV�VOLJKWO\�ORZHU�ZDIHU�FRVW�DQG�OHVV�VWULFW�JURZWK�
UHTXLUHPHQWV��

Fig 6   1PMZ�DSZTUBMMJOF�TJMJDPO�DFMMT

2.2.3 Gallium Arsenide (GaAs)
*DOOLXP�$UVHQLGH�LV�WKH�KLJKHVW�SHUIRUPDQFH�VRODU�WHFKQRORJ\�FXUUHQWO\�
DYDLODEOH��$�FRPSRXQG�VHPLFRQGXFWRU�PDGH�RI�WZR�HOHPHQWV��JDOOLXP�
�*D��DQG�DUVHQLF��$V���*D$V��KDV�D�FU\VWDO�VWUXFWXUH�VLPLODU�WR�WKDW�RI�VLOL-
FRQ��7KH�DGYDQWDJH�RI�*D$V�LV�WKDW�LW�KDV�KLJK�OHYHO�RI�OLJKW�DEVRUEDQFH�
ZKLFK�DVVXUHV�YHU\�KLJK�HɝFLHQF\�UHFRUGV��UHDFKLQJ�PRUH�WKD�����IRU�
WKH�VLQJOH�FHOO�DQG�DERYH������IRU�D�VRODU�SDQHO��
7KHVH�LPSRUWDQW�DGYDQWDJH�DOORZV�JDOOLXP�DUVHQLGH�FHOOV�WR�EH�FRPSH-
WLWLYH�FRPSDUHG�WR�VLOLFRQ�EDVHG�FHOOV�HYHQ�LI�WKHLU�SULFH�LV�FRQVLVWHQWO\�
KLJKHU��&XUUHQW�UHVHDUFKHV�KDYH�IRFXVHG� LQ�ȴQGLQJ�WKH�ZD\�WR�UHGXFH�
WKH�KLJK�SURGXFWLRQ�FRVWV� LQ�RUGHU� WR� LQWURGXFH�*D$V�SDQHOV� LQWR� WKH�
PDVV�PDUNHW�
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'JH��B���(BMMJVN�BSTFOJEF�TDIFNF

2.2.4 Amorphous Silicon (a-Si)
8VHG�PRVWO\� LQ� FRQVXPHU� HOHFWURQLF� SURGXFWV�ZKLFK� UHTXLUH� ORZHU�
SRZHU�RXWSXW�DQG�FRVW�RI�SURGXFWLRQ��DPRUSKRXV�VLOLFRQ�KDV�EHHQ�
WKH� GRPLQDQW� WKLQ�ȴOP� 39�PDWHULDO� VLQFH� LW� ZDV� ȴUVW� GLVFRYHUHG� LQ�
������$PRUSKRXV� VLOLFRQ� LV� D�QRQ�FU\VWDOOLQH� IRUP�RI� VLOLFRQ�� L�H�� LWV�
VLOLFRQ�DWRPV�DUH�GLVRUGHUHG�LQ�VWUXFWXUH��$�VLJQLȴFDQW�DGYDQWDJH�RI�
D�6L� LV� LWV�KLJK� OLJKW�DEVRUSWLYLW\�DERXW����WLPHV�KLJKHU�WKDQ�WKDW�RI�
PRQR�FU\VWDOOLQH�VLOLFRQ��7KHUHIRUH�RQO\�D� WKLQ� OD\HU�RI�D�6L� LV� VXɝ-
FLHQW�IRU�PDNLQJ�39�FHOOV��DERXW���PLFURPHWHU�WKLFN�DV�FRPSDUHG�WR�
���� RU�PRUH�PLFURPHWHUV� WKLFN� IRU� FU\VWDOOLQH� VLOLFRQ� FHOOV��� $PRU-
SKRXV�VLOLFRQ��D�6L�RU�D�6L�+��VRODU�FHOOV�EHORQJ�WR�WKH�FDWHJRU\�RI�VL-
OLFRQ� WKLQ�ȴOP�� DQG�KDYH� VHYHUDO� DGYDQWDJHV�� )LUVW� RI� DOO� LW� UHTXLUHV�
PXFK�OHVV�VLOLFRQ�DQG�WKH�VXEVWUDWHV�FDQ�EH�PDGH�RXW�RI�LQH[SHQVLYH�

Inverted

Metamorphic

(IMM)

Mismatch
on a GaAs:

Grade

Grade

Substrate
removed after growth

Ga0.5In0.5P - 1.83 eV

Ga0.96In0.04As - 1.34 eV

Ga0.37In0.65As - 0.9 eV

handle

0,3%

none

2,5%

'JH��C���(BMMJVN�BSTFOJEF�TPMBS�QBOFMT
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PDWHULDOV�VXFK�DV�JODVV��VWDLQOHVV�VWHHO�DQG�SODVWLF��7KHVH�DUH�WKH�WZR�
PDMRU�UHDVRQV�ZK\�DPRUSKRXV�VLOLFRQ�VRODU�FHOOV�KDYH�D�JUHDW�SRWHQ-
WLDO� WR� EHFRPH� FKHDSHU� WKDQ�PRQR�� DQG�SRO\FU\VWDOOLQH� VRODU� FHOOV��
0RUHRYHU�D�ȵH[LEOH�WKLQ�ȴOP�PRGXOH�FDQ�EH�SODFHG�RQ�FXUYHG�VXUID-
FHV�DQG�FDQ�SHUIRUP�UHODWLYHO\�ZHOO�XQGHU�SRRU�OLJKWLQJ�FRQGLWLRQV�

2.2.5 Cadmium Telluride (CdTe)
ΖW�LV�D�SKRWRYROWDLF��39��WHFKQRORJ\�EDVHG�RQ�WKH�XVH�RI�D�WKLQ�ȴOP�RI�
&G7H�WR�DEVRUE�DQG�FRQYHUW�VXQOLJKW�LQWR�HOHFWULFLW\��$V�D�SRO\FU\VWDO-
OLQH�VHPLFRQGXFWRU�FRPSRXQG�PDGH�RI�FDGPLXP�DQG�WHOOXULXP��&G7H�
KDV�D�KLJK� OLJKW�DEVRUSWLYLW\� OHYHO�DV�RQO\�DERXW�D�PLFURPHWHU�WKLFN�
FDQ�DEVRUE�����RI�WKH�VRODU�VSHFWUXP���
7KH�PDMRU�DGYDQWDJH�RI�WKLV�WHFKQRORJ\�LV�WKDW�WKH�SDQHOV�FDQ�PDQX-

Fig 8   1MVT�&OFSHZ�IPVTF
�#FSMJO
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IDFWXUHG�DW�ORZHU�FRVWV�WKDQ�VLOLFRQ�EDVHG�VRODU�SDQHOV��ΖW�LV�DOVR�HDV\�
WR�PDQXIDFWXUH��DV�WKH�QHFHVVDU\�HOHFWULF�ȴHOG�ZKLFK�PDNHV�WXUQLQJ�
VRODU�HQHUJ\� LQWR�HOHFWULFLW\�SRVVLEOH� LV�JHQHUDWHG� IURP�WKH�SURSHU-
WLHV�RI�WZR�W\SHV�RI�FDGPLXP�PROHFXOHV��FDGPLXP�VXOȴGH�DQG�FDG-
PLXP�WHOOXULGH��7KLV�PHDQV�D�VLPSOH�PL[WXUH�RI�PROHFXOHV�DFKLHYHV�
WKH�UHTXLUHG�SURSHUWLHV��VLPSOLI\LQJ�PDQXIDFWXULQJ�FRPSDUHG�WR�WKH�
PXOWL�VWHS�SURFHVV�RI�MRLQLQJ�WZR�GL΍HUHQW�W\SHV�RI�GRSHG�VLOLFRQ�LQ�D�
VLOLFRQ�VRODU�SDQHO��
&DGPLXP�7HOOXULGH�DEVRUEV�VXQOLJKW�DW�FORVH�WR�WKH�LGHDO�ZDYHOHQJWK��
FDSWXULQJ�HQHUJ\�DW�VKRUWHU�ZDYHOHQJWKV�WKDQ�LV�SRVVLEOH�ZLWK�VLOLFRQ�
SDQHOV��7KH�PDWHULDO�LV�HDVLO\�DYDLODEOH��DV�&DGPLXP�LV�DEXQGDQW��SUR-
GXFHG�DV�D�E\�SURGXFW�RI�RWKHU�LPSRUWDQW�LQGXVWULDO�PHWDOV�VXFK�DV�
]LQF��7KLV�DYRLGV�DOVR�WKH�SULFH�VZLQJV�WKDW�KDSSHQ�ZLWK�VLOLFRQ�SULFHV��
1HYHUWKHOHVV��ZKLOH� SULFH� LV� D�PDMRU� DGYDQWDJH�� &DGPLXP� WHOOXULGH�
VRODU�SDQHOV� FXUUHQWO\�DFKLHYH�D�TXLWH� ORZ�HɝFLHQF\�DURXQG��������
ZKLFK�LV�VLJQLȴFDQWO\�ORZHU�WKDQ�WKH�W\SLFDO�HɝFLHQFLHV�RI�VLOLFRQ�VRODU�
FHOOV��2Q�WKH�FRQWUDU\�WR�&DGPLXP�ZKLFK�LV�UHODWLYHO\�DEXQGDQW��7HO-
OXULXP�LV�QRW��7HOOXULXP��7H��LV�DQ�H[WUHPHO\�UDUH�HOHPHQW�LQ�QDWXUH���
$QRWKHU�QHJDWLYH�LVVXH�FRQFHUQV�WKH�KLJK�WR[LFLW\�RI�&DGPLXP��EHLQJ�
RQH�RI�WKH�WRS���GHDGOLHVW�DQG�WR[LF�PDWHULDOV�NQRZQ�

2.2.6 Copper Indium Diselenide (CuInSe2, or CIS)
6\VWHPV�SURGXFHG�ZLWK�&RSSHU�ΖQGLXP�'LVHOHQLGH��EHORQJ�WR�WKH�WKLQ�
ȴOP�39�IDPLO\��$�SRO\FU\VWDOOLQH�VHPLFRQGXFWRU�FRPSRXQG�RI�FRSSHU��
LQGLXP�DQG�VHOHQLXP��&Ζ6�KDV�EHHQ�RQH�RI�WKH�PDMRU�UHVHDUFK�DUHDV�
LQ�WKH�WKLQ�ȴOP�LQGXVWU\��7KH�UHDVRQ�IRU�LW�WR�UHFHLYH�VR�PXFK�DWWHQ-
WLRQ�LV�WKDW�&Ζ6�KDV�WKH�KLJKHVW�ȊUHVHDUFKȋ�HQHUJ\�FRQYHUVLRQ�HɝFLHQ-
F\�DPRQJ�DOO�WKH�H[LVWLQJ�WKLQ�ȴOP�PDWHULDOV��EXW�DOVR�FDPH�FORVH�WR�
WKH� UHVHDUFK� HɝFLHQF\� RI� WKH� SRO\FU\VWDOOLQH� VLOLFRQ�39� FHOOV�� EHLQJ�
LWV�HɝFLHQF\�PHDVXUHG�DURXQG����������&Ζ6�LV�DOVR�RQH�RI�WKH�PRVW�
OLJKW�DEVRUEHQW�VHPLFRQGXFWRUV�DV�����PLFURPHWHUV�FDQ�DEVRUE�����
RI�WKH�VRODU�VSHFWUXP�
'HVSLWH� KDYLQJ� WKH� DGYDQWDJH� RQ� WKH� &G7H�� ZKLFK� LV� QHJDWLYHO\� DI-
IHFWHG�E\�WKH�SUREOHP�UHODWHG�WR�WKH�XVH�RI�WKH�KHDY\�PHWDO�&DGPLXP�
DQG�WKH�VFDUFH�DYDLODELOLW\�RI�7HOOXULGH��WKH�GHYHORSPHQW�RI�&Ζ6�FRP-
PHUFLDOO\�UHPDLQV�EHKLQG�WKH�&G7H�
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Fig 9   $PQQFS�*OEJVN�%JTFMFOJEF�

2.2.7 Graphene
*UDSKHQH�LV�D�PDWHULDO�XQGHU�VWXG\�FRQVLGHUHG�DEOH�WR�UHSODFH�VLOLFRQ��
%HFDXVH�*UDSKHQH�LV�SXUH�FDUERQ��LWV�FKDUJH�FRQGXFWLYLW\�LV�YHU\�KLJK��LW�
LV�WUDQVSDUHQW��ȵH[LEOH�DQG�DW�WKH�VDPH�WLPH�UHVLVWDQW��)URP�WKH�SK\VLFDO�
SRLQW�RI�YLHZ��LW�FRQVLVWV�LQ�D�WZR�GLPHQVLRQDO�PROHFXOH��MXVW������QP�WKL-
FN��RI�FDUERQ�DWRPV�FDSDEOH�RI�WUDQVSRUWLQJ�HOHFWURQV�DW�D�FRQVLGHUDEOH�
VSHHG��&RQYHQWLRQDO�PDWHULDOV�WKDW�WXUQ�OLJKW�LQWR�HOHFWULFLW\��OLNH�VLOLFRQ�
DQG�JDOOLXP�DUVHQLGH��JHQHUDWH�D�VLQJOH�HOHFWURQ�IRU�HDFK�SKRWRQ�DEVRU-
EHG��6LQFH�D�SKRWRQ�FRQWDLQV�PRUH�HQHUJ\�WKDQ�RQH�HOHFWURQ�FDQ�FDUU\��
PXFK�RI�WKH�HQHUJ\�FRQWDLQHG�LQ�WKH�LQFRPLQJ�OLJKW�LV�ORVW�DV�KHDW��1RZ��
QHZ�UHVHDUFK�UHYHDOV�WKDW�ZKHQ�JUDSKHQH�DEVRUEV�D�SKRWRQ�LW�JHQHUD-
WHV�PXOWLSOH�HOHFWURQV�FDSDEOH�RI�GULYLQJ�D�FXUUHQW��7KLV�PHDQV� WKDW� LI�
JUDSKHQH�GHYLFHV�IRU�FRQYHUWLQJ�OLJKW�WR�HOHFWULFLW\�FRPH�WR�IUXLWLRQ��WKH\�
FRXOG�EH�PRUH�HɝFLHQW�WKDQ�WKH�GHYLFHV�FRPPRQO\�XVHG�WRGD\�

Glass

Trasparent 
conductive
oxide (TCO)

n-layer
(CdS)

p-layer
(CdTe)

Aluminum
(back contact)

Sunlight
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7KH�PDWHULDO�FDQ�DOVR�ZRUN�ZLWK�HYHU\�SRVVLEOH�ZDYHOHQJWK��WKHUH�LV�QR�
RWKHU�PDWHULDO�LQ�WKH�ZRUOG�ZLWK�WKLV�EHKDYLRXU���LW�LV�ȵH[LEOH��UREXVW��UHOD-
WLYHO\�FKHDS��DQG�FDQ�EH�HDVLO\�LQWHJUDWHG�ZLWK�RWKHU�PDWHULDOV��

2.2.8 Organic PV 
2UJDQLF�39�VHHPV�WR�EH�WKH�QHZ�IRFXV�RI�UHVHDUFK��LQYHUWLQJ�WKH�WHQGHQ-
F\�RI�VWXG\LQJ�WKH�EHVW�HQHUJ\�HɝFLHQF\�XVLQJ�RLO�GHULYDWHV��VXFK�DV�FRW-
WRQ�DQG�FDVWRU�RLO��IRU�WKH�SURGXFWLRQ�RI�FRDWLQJ�LQ�RUGHU�WR�SURPRWH�WKH�
XVH�RI�UHQHZDEOH�PDWHULDOV��&DVWRU�VHHGV�JHQHUDWH�D�UHVLQ�YHU\�VLPLODU�WR�
Q\ORQ��ZKLOH�FRWWRQ�HQVXUHV�WKH�ULJKW�VROLGLW\�WKDQNV�WR�WKH�FHOOXORVH�ȴEUH�
RI�ZKLFK�LW�LV�FRPSRVHG�
9HU\�UHFHQWO\�VRPH�PDVV�SURGXFWLRQ�PHWKRGV�KDYH�EHHQ�GHYHORSHG�ED-
VHG�RQ�SULQWLQJ�WHFKQRORJLHV�ZKLFK�DOORZ�WKH�PDQXIDFWXULQJ�RI�GHFRUDWL-
YH��RUJDQLF�VRODU�SDQHOV��7KLV�LPSOHPHQWHG�GHVLJQ�IUHHGRP�LPSURYHV�WKH�
UDQJH�RI�DSSOLFDWLRQV�RI�WKH�SDQHOV�RQ�WKH�VXUIDFHV�RI�LQWHULRU�DQG�H[WH-
ULRU�EXLOGLQJ�VSDFHV��ΖQ�WKLV�FDVH�WKH�VRODU�SDQHO�FDQ�EH�RQO\�DURXQG�����
PP�WKLFN��LQFOXGLQJ�WKH�HOHFWURGHV�DQG�SRO\PHU�OD\HUV�ZKHUH�WKH�OLJKW�
LV�FROOHFWHG��)XUWKHUPRUH��JUDSKLFV�FDQ�EH�SULQWHG�WR�LPSURYH�LWV�YLVXDO�
DSSHDUDQFH��7KH�VRODU�SDQHOV�DUH�PDQXIDFWXUHG�ZLWK�SULQWLQJ�PDFKLQHV�

Fig 10   4IFFUT�PG�DBSCPO�DPNQPTJOH�(SBQIFOF

'JH���
�'JH������0SHBOJD�17�šMFBGŢ
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EDVHG�RQ�FRQYHQWLRQDO�SULQWLQJ�PHWKRGV�XVLQJ�WKH�UROO�WR�UROO�PHWKRG�� 
ZKLFK�HQDEOHV�WKH�UDSLG�PDVV�SURGXFWLRQ�RI�WKH�SURGXFWV��WKH�SULQWLQJ�
PDFKLQH�FDQ�SURGXFH�XS�WR�����P��RI�OD\HUHG�ȴOP�SHU�PLQXWH��7KH�PD-
QXIDFWXULQJ�RI�WKH�239�FHOOV�LV�D΍RUGDEOH��WKH�PDWHULDO�FRQVXPSWLRQ�LV�
ORZ��DQG�DIWHU�XVH��WKH�239�SDQHOV�FDQ�EH�UHF\FOHG��(YHQ�LI�RUJDQLF�VRODU�
SDQHOV�D�YHU\�LQWHUHVWLQJ�VROXWLRQ�IRU�EXLOGLQJ�LQWHJUDWLRQ��EHLQJ�ȵH[LEOH�
DQG�OLJKW��WKHLU�HɝFLHQF\�LV�VWLOO�TXLWH�ORZHU�FRPSDUHG�WR�FRQYHQWLRQDO��
ULJLG�VLOLFRQ�EDVHG�VRODU�SDQHOV�DQG�LWV�OLIH�WLPH�LV�QRW�FRPSHWLWLYH�

2.3 Transparency 
0RGXOHV�ZLWK�GL΍HUHQW�WUDQVSDUHQF\�UDWHV�����������RU�����RI�WUDQVSD-
UHQF\�GHJUHH�DUH�DYDLODEOH�RQ�WKH�PDUNHW�JLYLQJ�WKH�DGYDQWDJH�WR�LOOXPL-
QDWH� LQGRRU�ZLWK�VXQOLJKW��DYRLGLQJ�DW� WKH�VDPH�WLPH�89��DQG� LQIUDUHG�

Fig 13   5SBOTQBSFOU�TPMBS�QBOFMT
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UDGLDWLRQ��0RVW�FRPPRQO\�WKH\�FRQVLVW�RI�WUDQVSDUHQW�FU\VWDOOLQH�FHOOV��
YHU\�RIWHQ�DUH�DOVR�PRGXOHV�ZLWK�WUDQVSDUHQW�EDFN�VLGH�DQG�ZLWK�VWDQ-
GDUG�FU\VWDOOLQH�FHOOV��$QRWKHU� LQWHUHVWLQJ�VROXWLRQ� LV� WKLQ�ȴOP�WUDQVSD-
UHQW�DPRUSKRXV�PRGXOHV��7UDQVSDUHQW�PRGXOHV�FDQ�EH�XVHG�DV�ZLQGRZ�
JOD]LQJ�LQ�XVXDO�ZLQGRZV��VXQVSDFHV��WKH\�FDQ�EH�LQWHJUDWHG�LQWR�URRIV�
HWF��4XLWH�RIWHQ�WKH\�DUH�DOVR�D�SDUW�RI�VKDGLQJ�GHYLFHV�ZKHWKHU�PRYDEOH�
RU�QRW�

2.4 Size
39�V\VWHPV�DUH�PRGXODU��DOORZLQJ�D�JUHDW�GHJUHH�RI�ȵH[LELOLW\�LQ�GHVLJQ�
DQG�VSHFLȴFDWLRQ��ΖQ�SUDFWLFH��WKH�VL]H�RI�D�V\VWHP�LV�DOPRVW�DOZD\V�GHWHU-
PLQHG�E\�WKH�DYDLODEOH�VSDFH�RU�WKH�HQHUJ\�UHTXLUHPHQW�RI�WKH�SURSHUW\��
7KH�VL]H�RI�39�LQVWDOODWLRQ�LV�GHSHQGLQJ�RQ�VHYHUDO�IDFWRUV�
�� *HRJUDSKLF�ORFDWLRQ�
�� $YDLODEOH�VSDFH
�� <HDUO\�UHTXLUHG�HQHUJ\�
�� 3RVLWLRQ�RI�WKH�LQVWDOODWLRQ��7KLV�ZLOO�JXDUDQWHH�D�SDUWLFXODU�HɝFLHQF\�

GHSHQGLQJ�RQ�LQFOLQDWLRQ�DQG�SDUWLDO�VKDGLQJ�
�� &KRLFH� RI� 39�PRGXOHV�� �FHUWDLQ� VRODU� 39�PRGXOHV� JHQHUDWH�PRUH�

HOHFWULFLW\�SHU�VTXDUH�PHWHU�WKDQ�RWKHUV�
�� $YDLODEOH�EXGJHW�DQG�LQFHQWLYHV

2.5 Shape
39�PRGXOHV�FRPH�LQ�D�JUHDW�YDULHW\�RI�GLPHQVLRQV�DQG�IRUPV��GHSHQGLQJ�
RQ�WKH�DVVHPEO\�RI�WKH�FHOOV�FRPSRVLQJ�LW��SUDFWLFDOO\�ZLWKRXW�OLPLWDWLRQV��
7KH\�FDQ�DOVR�EH�SHUVRQDOL]HG��DFFRUGLQJ�WR�WKH�R΍HU�RI�PDMRU�FRPSD-
QLHV��
1HZ�WHFKQRORJLHV��VXFK�DV�ȵH[LEOH�39�ȴOPV��FDQ�EH�VKDSHG�DQG�DGDSWHG�
WR�DOO�VXUIDFHV��RSDTXH�DQG�WUDQVSDUHQW�

Fig 14   $JU¨�EJ�EFTJHO
�4U��&UJFOOF
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Pv Integration
03 
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����%FƋOJUJPO
PV Building Integration (BIPV) is a practice that allows the use of PV mo-
dules as architectural elements, being a collaborative part of the design 
of the fabric and having an architectural function and not just being an 
LQVWDOODWLRQ���ΖW�GL΍HUV�IURP�%XLOGLQJ�DWWDFKHG�SKRWRYROWDLF��%$39��UHJDU-
ded as add-ons to the buildings, hence not directly related to the building 
VWUXFWXUHV�IXQFWLRQDO�DVSHFWV��7KDW�LV��%$39V�DUH�QRW�%Ζ39V��L�H��WKH�%$39V�
are not integrated into the outer building envelope skin, thus not repla-
cing the traditional building parts as the BIPVs are doing.

39�PRGXOHV�FDQ�EH�GHȴQHG�LQWHJUDWHG�ZKHQ�WKHLU�UHPRYDO�LV�FRPSURPLVLQJ�
WKH�IXQFWLRQDOLW\�RI�WKH�EXLOGLQJ�HQYHORSH�DQG�WKH�FRQFHSWXDO�GHVLJQ�RI�WKH�
EXLOGLQJ�LWVHOI���%DVQHW�������
ΖW�LV�XVXDOO\�SRVVLEOH�WR�GR�DUFKLWHFWXUDO�LQWHJUDWLRQ��L�H���LQWHJUDWH�WKH�V\VWHPV�
LQ�DQ�DUFKLWHFWXUDOO\�JRRG�ZD\�VR�WKDW�WKH�DHVWKHWLFV�RI�WKH�EXLOGLQJ�LV�HQKDQ-
FHG��+RZHYHU��LW�PD\�DOZD\V�QRW�EH�WKDW�HDV\�WR�GR�EXLOGLQJ�LQWHJUDWLRQ��
0RVW�RI�WKH�WLPHV��WKH�39�RU�FROOHFWRU�V\VWHPV�RQ�WKH�EXLOGLQJV�DUH�HLWKHU�DU-
FKLWHFWXUDOO\�LQWHJUDWHG�RU�EXLOGLQJ�LQWHJUDWHG�RU�ERWK��7KHVH�V\VWHPV�GRHVQȇW�
KDYH�WR�EH�EXLOGLQJ�LQWHJUDWHG�WR�DFKLHYH�DUFKLWHFWXUDO�LQWHJUDWLRQ��ΖW�FDQ�EH�
IXUWKHU�VDLG�WKDW�EXLOGLQJ�LQWHJUDWLRQ�LV�DUFKLWHFWXUDO�LQWHJUDWLRQ�EXW�DOO�DUFKL-
WHFWXUDO�LQWHJUDWLRQ�LV�QRW�EXLOGLQJ�LQWHJUDWLRQ��:KHQ�WKH�SURFHVV�RI�LQWHJUD-
WLRQ�HQKDQFHV�WKH�DUFKLWHFWXUDO�TXDOLW\�RI�WKH�EXLOGLQJ��LW�LV�FDOOHG�DUFKLWHFWX-
UDO�LQWHJUDWLRQ��6R��LQ�D�EXLOGLQJ�LQWHJUDWHG�39�URRI��WKH�URRI�PD\�EH�VSHFLDOO\�
PDQXIDFWXUHG�ZLWK�39�DOUHDG\�ȴ[HG�DV�WKH�H[WHUQDO�SDUW�RI�WKH�URRI��ΖQ�FDVH�RI�
DUFKLWHFWXUDOO\�LQWHJUDWHG�39�URRI��39�PRGXOHV�FDQ�EH�ODLG�DV�QRUPDO�URRȴQJ�
HOHPHQW�ZLWK�QRUPDO�FRQVWUXFWLRQ�WHFKQLTXHV��ΖQ�ERWK�WKH�FDVHV��WKH�LQWHJUD-
WLRQ�PD\�DGG�RQ� WR� WKH�DHVWKHWLFV�RI� WKH�URRI�DQG� WKH�ZKROH�EXLOGLQJ�DQG�
KHQFH�FDOOHG�DUFKLWHFWXUDO�LQWHJUDWLRQ��ΖQWHJUDWLRQ�DOVR�GRHVQȇW�PHDQ�WKDW�WKH�
39V�DUH�XVHG�LQ�VXFK�D�ZD\�WKDW�WKH\�DUH�QRW�UHFRJQL]DEOH��ΖW�LV�QRW�QHFHVVDULO\�
ZRQGHUIXO�RU�LPSRUWDQW�WKDW�WKH�LQWHJUDWHG�39�������LV�ȆKLGGHQȇ�DQG�QRW�VKRZQ��
ΖQ�SUDFWLFH��HQHUJ\�RXWSXW�RI�39�V\VWHPV�PD\�KDYH�WR�EH�FRPSURPLVHG�RYHU�
DUFKLWHFWXUDO�LQWHJUDWLRQ��:KLFK�PHDQV��LQ�DQ�DSSURDFK�WR�XVH�WKHVH�V\VWHPV�
LQ�VXFK�D�ZD\�WKDW�WKH�EXLOGLQJȇV�DUFKLWHFWXUDO�H[SUHVVLRQ�LV�HQKDQFHG��WKH\�
PD\�QRW�EH�ORFDWHG�LQ�WKH�EHVW�SRVLWLRQ��GLUHFWLRQ�DQG�RULHQWDWLRQ��ΖW�LV�QHFHV-
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VDU\�WR�FRPSURPLVH�EXW�WKH�EHVW�WKLQJ�ZRXOG�EH�QRW�WR�FRPSURPLVH��'XH�WR�
SUDFWLFDO�UHDVRQV��WKHUH�DUH�FRPSURPLVHV��:H�PXVW�EH�PRUH�LQQRYDWLYH�DQG�
FUHDWLYH�HQRXJK�WR�WDFNOH�WKLV�

The terms component integrated and building integrated photovoltai-
cs (BIPV) refers to the concept of integrating photovoltaic elements into 
the building envelope, establishing a symbiotic relationship between the 
architectural design, functional properties and economic regenerative 
energy conversion. The photovoltaic modules thus replace conven-

tional construction materials, taking over the function that these 
ZRXOG�RWKHUZLVH�SHUIRUP��$OWKRXJK�WKLV�LGHD�LV�QRW�QHZ��LW�LV�QRW�ZLGHO\�
harnessed due to the extensive planning and architectural challenges 
currently involved.
Building integration concerns the physical integration of a PV system into 
a building, with the emphasis of overall impression they give to the 
building. For the architect, the aesthetic aspect, rather than the physical 
integration, is the main reason for talking about building integration. The 
optimal situation is a physically and aesthetically well-integrated system. 
In fact, many examples of physical integration show a lack of aesthetic 
integration. Visual analysis of solar systems in buildings shows that the 
look of a poorly designed building does not improve, simple by adding a 
well-designed system. On the other hand, a well-designed building with 
a nicely integrated solar system will be accepted by everybody (Reijenga 
and Kaan, 2003).
ΖQWHJUDWLRQ�RI�39�LV�LQȵXHQFHG�DQG�JXLGHG�E\�FHUWDLQ�FULWHULD�WR�DFKLHYH�
quality in the process. There exists number of architectural issues that 
needs to be taken into consideration while integrating these systems 
into buildings. These issues play very important roles to achieve quality 
architectural integration. For which, the fundamental aspects of building 
VXFK�DV�IXQFWLRQDO��FRQVWUXFWLYH�DQG�IRUPDO�DVSHFWV�QHHGV�WR�EH�IXOȴOOHG�
�3UREVW�DQG�5RHFNHU���������$UFKLWHFWXUDO�LQWHJUDWLRQ�TXDOLW\�RI�39V�DQG�
VRODU�FROOHFWRUV�FDQ�KHQFH�EH�GHȴQHG�DV�WKH�UHVXOW�RI�WKHLU�FRQWUROOHG�DQG�
coherent integration simultaneously under functional, constructive and 
formal (aesthetic) points of view (Probst and Roecker, 2011). 
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����17���*OUFHSBUJPO�.FUIPET�

������&OFSHZ�FƍDJFODZ�JOUFHSBUJPO�BQQSPBDI�PG�#*17
The reduction of energy consumption and the use of renewable ener-
gy are becoming more and more important in terms of sustainable de-
YHORSPHQW� LQ� WKH�ȴHOG�RI�DUFKLWHFWXUH�� ΖQ� WKH�DJH�RI�1HDUO\�=HUR�(QHU-
gy Buildings, the architect has the obligation to inform building owners 
DERXW�WKH�DGYDQWDJHV�RI�HQHUJ\�HɝFLHQW�EXLOGLQJV�WKDW�FDQ�GUDPDWLFDOO\�
reduce the energy demand (with relative environmental and economic 
costs) and run with renewable energy. Thus, the architect has required 
to possess the knowledges and the necessary tools to promote BIPV. It is 
necessary to understand and consider the possibilities, the obligations, 
WKH�EHQHȴWV�DQG�WKH�GUDZEDFNV�RI�D�%Ζ39�SURMHFW��ΖI�%Ζ39�LV�SURSHUO\�FRQ-
sidered since the early design phase, the architectural design can be-
come the way for ensure a better integration of PV from the aesthetic, 
constructive, energetic and economic perspective. Given the growing 
popularity of PV systems, it is necessary to prevent their indiscrimina-
te use in building. It is therefore appropriate that professionals working 
in the construction process know they can rely on the most innovative 
R΍HU�RI�39�WHFKQRORJ\��WKH�FRQVWUXFWLYH�DQG�DUFKLWHFWXUDO�LQWHJUDWLRQ�RI�
photovoltaic elements (BIPV). Being both a part of the building envelope/
system and a power generator, BIPV systems permit to reduce the initial 
investment costs, the material and the necessary labor for the set up 
in comparison to a traditional construction where PV modules don’t re-
place traditional building elements. BiPV is a multi-functional technology 
that can be optimally adapted on both new constructions and existing 
buildings. This allows the BIPV technology to be one of the sectors of the 
photovoltaic industry with the highest growth rate.

������.VMUJGVODUJPOBM�BOE�BFTUIFUJD�JOUFHSBUJPO
The BiPV concept, as typical in building and architecture, involves two 
complementary aspects. 
�� 7KH�ȴUVW�RQH�LV�WKH�PXOWL�IXQFWLRQDOLW\�RI�WKH�VRODU�FRPSRQHQW�WKDW�

is the functional/constructive integration. 
- On the other side there is the aesthetic integration that is the archi-

tectural quality of integration.
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$�IXQFWLRQDO�LQWHJUDWLRQ�UHIHUV�WR�WKH�UROH�RI�39�PRGXOHV�LQ�WKH�EXLOGLQJ��
For this reason we can speak about multifunctionality or double function 
criteria. Photovoltaic modules are considered to be building integrated, 
if they consist in a building component. The building’s functions in the 
FRQWH[W�RI�%L39�PD\�EH�RQH�RU�PRUH�RI�WKH�IROORZLQJ�DVSHFWV�
�� ZHDWKHU�SURWHFWLRQ��UDLQ��VQRZ��ZLQG��KDLO��89�UDGLDWLRQ�
�� PHFKDQLFDO�ULJLGLW\�DQG�VWUXFWXUDO�LQWHJULW\�
�� WKHUPDO�DQG�VRODU�SURWHFWLRQ�VXFK�DV�VKDGLQJ�GD\OLJKWLQJ�
The aesthetical integration on the other hand refers to the building con-
FHSW�DQG�DSSHDUDQFH�DQG�LV�PRUH�GLɝFXOW�WR�EH�GHȴQHG�LQ�D�XQLTXH�ZD\��
7KH�DHVWKHWLFDO��PRUSKRORJLFDO�ȴJXUDWLYH��LQWHJUDWLRQb�KDV�WR�EH�XQGHU-
VWRRG�DV�WKH�39�FDSDELOLW\�WR�GHȴQH�WKH�EXLOGLQJ�DUFKLWHFWXUDO�ODQJXDJH��
ΖQ�FRQWHPSRUDU\�DUFKLWHFWXUH�WKH�LPDJH�LV�RQH�RI�WKH�ȴUVW�IDFWRUV�RI�UHFR-
JQL]DELOLW\�RI�EXLOGLQJV�DQG�D�QHZ�VSHFLȴF�SDWK�RI�LQQRYDWLRQ�LV�PRUH�DQG�
PRUH�OLQNHG�WRb�Ȋ6RODU�$UFKLWHFWXUHȋ��

$Q\ZD\��DQ\�DHVWKHWLFDO�GHȴQLWLRQ�FDQQRW�GHWHUPLQH�ZLWK�FHUWDLQW\�DQG�
objectivity what is beautiful in terms of integration, but can help archi-
WHFWV�DQG�EXLOGLQJ�RZQHUV�WR�GHȴQH�XVHIXO�UHIHUHQFHV�
- the position and dimension of the modules have to be coherent 

with the architectural composition of the whole building 
- the PV module visible material, surface textureand color should be 

compatible with the other building skin materials, colors and textu-
res that they are interacting with.

- module size and shape have to be compatible with the building 
composition grid and with the various dimensions of the other faca-
de elements.

- jointing types must be carefully considered while choosing the pro-
GXFW��DV�GL΍HUHQW� MRLQWLQJ�W\SHV�XQGHUOLQH�GL΍HUHQWO\�WKH�PRGXODU�
grid of the system in relation to the building.

��������17�JOUFHSBUJPO�CZ�CVJMEJOH�FMFNFOUT
	SPPG
�GB¦BEFT�BOE�PQFOJOHT
�
2Q�WKH�URRI�39�FDQ�EH�LQWHJUDWHG�E\��
- exchanging part of the existing roof with PV cells assembled directly 

on the tiles or modules that have the same dimension and shape 
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of the existing building elements they integrate with. Tile products 
may cover the entire roof or selected parts of the roof. They are 
normally arranged in modules with the appearance and properties 
of standard roof tiles and substitute a certain number of traditional 
URRI�WLOHV��WKXV�DOVR�HQDEOLQJ�HDV\�UHWURȴWWLQJ�RI�URRIV��7KH�FHOO�W\SH�
DQG�WLOH�VKDSH�YDULHV��VRPH�WLOH�SURGXFWV�PD\�UHVHPEOH�FXUYHG�FHUD-
PLF�WLOHV�DQG�ZLOO�QRW�EH�DV�DUHD�H΍HFWLYH�GXH�WR�WKH�FXUYHG�VXUIDFH�
area, but may be more aesthetically pleasant.

�� 8VLQJ�D�WUDQVSDUHQW�RU�VHPL�WUDQVSDUHQW�39�SDQHO�LQ�RUGHU�WR�FUHDWH�
D� IXOO� WUDQVSDUHQW�RU�D�VKDGLQJ�URRI��6KDSHV�FDQ�EH�YHU\�YDULDEOH��
IURP�ȵDW�WR�WLOWHG�WR�URXQG�

Fig 1   Academie de Mont Cenis, Emscher Park, Ruhr
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�� ΖQVWDOOLQJ�IRLO�SURGXFWV��ZKLFK�DUH�OLJKWZHLJKW�DQG�ȵH[LEOH��DOORZLQJ�
easy installation and prevailing weight constraints for roofs. The PV 
FHOOV�DUH�RIWHQ�PDGH�IURP�WKLQ�ȴOP�FHOOV�WR�PDLQWDLQ�WKH�ȵH[LELOLW\�LQ�
WKH�IRLO�DQG�WKH�HɝFLHQF\�UHJDUGLQJ�KLJK�WHPSHUDWXUHV�IRU�XVH�RQ�
QRQ�YHQWLODWHG�URRI�VROXWLRQV��39�IRLO�SURGXFWV�KDYH�D�ORZ�ȴOO�IDFWRU�
GXH�WR�ERWK�WKH�ORZ�HɝFLHQF\�DQG�WKH�ODUJH�VRODU�FHOO�UHVLVWDQFHV�RI�
WKLQ�ȴOP�FHOOV��+RZHYHU��LW�LV�SRVVLEOH�WR�YDU\�WKH�GHJUHH�RI�LQFOLQD-
WLRQ�RI�WKH�SURGXFW�WR�D�JUHDW�H[WHQW�SURYLGLQJ�ȵH[LEOH�VROXWLRQV�

In general, in BIPV practice the most widely used technologies between 
WKH�URRȴQJ�HOHPHQWV�DUH�PRQR�FU\VWDOOLQH�LQ�FROG�FOLPDWHV�DQG�SRO\�FU\-
stalline in hot Mediterranean regions, particularly on tiles. Tiles are usual-
O\�TXLWH�VPDOO��VR�WKH�KLJK�HɝFLHQF\�RI�WHFKQRORJ\�PXVW�EH�LQFUHDVHG��

2Q�H[WHUQDO�YHUWLFDO�ZDOOV�39�FDQ�EH�XVHG�LQ�GL΍HUHQW�ZD\V�DV�H[WHUQDO�
ID©DGH��

Fig 2   'MFYJCMF�UIJO�ƋMN�17
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�� H[WHUQDO�ȴQLVK�ȴOP��IXOO\�LQWHJUDWHG�LQ�WKH�ZDOO��ΖQ�WKLV�FDVH�WKH�39�
VXUIDFH�QHHGV�WR�JXDUDQWHH�WR�EH�PHFKDQLFDO�DQG�WKHUPDO�UHVLVWDQW��

�� YHQWLODWHG� ID©DGHV�� 39�YHQWLODWHG� ID©DGHV� DUH� GRXEOH� ID©DGH� FRQ-
structions which combine the advantages of cooling the PV modu-
les using ambient air. Ventilating building integrated photovoltaic 
façades are advantageous both from an electrical and thermal 
point of view.

 The air circulation behind the PV panel lowers module temperatu-
res and thus improves the electrical performance.

 Ventilated PV façades also imply lower wall or glazing temperatu-
res behind the module and consequently lower cooling loads in 
VXPPHU��)XUWKHUPRUH��D�FRQWUROOHG�DLUȵRZ�EHKLQG�WKH�39�ID©DGH�
leads to potential uses of the warm air for winter preheating. 

�� &XUWDLQ�ZDOOV��&XUWDLQ�ZDOOLQJ�V\VWHPV�DUH�D�ZHOO�HVWDEOLVKHG�WHFK-
QRORJ\�XVHG�LQ�QXPHURXV�SURMHFWV�VXFK�DV�FLW\�FHQWUH�RɝFHV��7KH�
mullion/transom stick system is the most common. Vision areas 

Fig 3   7FOUJMBUFE�17�GB¦BEF��#VJMU�GPS�4PMBS�%FDBUIMPO�&VSPQF�����
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are normally double-glazed and non-vision areas are either opaque 
glass or insulated metal panels. PV modules can be incorporated 
easily as factory-assembled double-glazed units. The outer panel 
might be laminated glass-PV-resin-glass and the inner pane, glass, 
ZLWK�D�VHDOHG�DLU�JDS�LQ�EHWZHHQ��WKH�RYHUDOO�WKLFNQHVV�RI�WKH�PRGXOH�
ZRXOG�W\SLFDOO\�EH�XQGHU���PP��1XPHURXV�GHVLJQ�RSWLRQV�DUH�DYDL-
lable. For example, a façade could consist of a combination of glazed 
areas for vision and opaque PV panels or it could have PV modules 
with opaque areas and transparent ones.

Fig 4a, 4b   $VSUBJO�XBMM�17�TZTUFN

�� 5DLQ�VFUHHQ�FODGGLQJ�V\VWHPV��WKH\�QRUPDOO\�FRQVLVW�RI�SDQHOV��RIWHQ�
FRDWHG�DOXPLQLXP��VHW�VOLJKWO\�R΍�IURP�WKH�EXLOGLQJ��IRU�H[DPSOH�RQ�
FODGGLQJ�UDLOV��WR�DOORZ�IRU�GUDLQDJH�DQG�YHQWLODWLRQ��$V�VXFK�WKH\�DUH�
very suitable for PV integration.

 The ventilation gap (which needs to be adequate, e.g. 100mm or 
PRUH�LI�SRVVLEOH��DQG�XQREVWUXFWHG��KDV�WKH�EHQHȴFLDO�H΍HFW�RI�UH-
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GXFLQJ�WHPSHUDWXUHV��WKXV�HQKDQFLQJ�SHUIRUPDQFH��LW�DOVR�SURYLGHV�
space for cable routes.

�� :DUP�ID©DGHV��LW�LV�D�FXUWDLQ�ZDOO�ZLWK�DQ�XQYHQWLODWHG�ZDUP�FDYLW\�
wall attained by the water and air tightness of the insulated outer 
skin-façade. The outer skin of the warm façade is made up of insu-
lated spandrel panels and insulated transparent components. Both 
the spandrel panels and transparent components are attached to 
WKH�LQQHU�ZDOO�E\�SURȴOHV��7KH�SURȴOHV�DUH�HTXLSSHG�ZLWK�D�WKHUPDO�
insulator so that a cold bridge (thermal leak) is prevented. The span-
drel panels and transparent components are jointly installed at shell 
distance to the load bearing building skeleton. The joint installation 
provides the possibility for large component mounting.

�� &ROG�ID©DGHV�� LW� LV�D�FXUWDLQ�ZDOO�ZLWK�D�FROG�YHQWLODWHG�FDYLW\�ZDOO��
The ventilation in the cavity wall is achieved by open seams in the 
façade, which allow ambient air to enter the cavity. The façade ele-
ments at the outside of the cavity wall act as a raincoat and pre-
vent soaking of the insulation material. The inside skin of the cavity 
wall is airtight, insulated but damp open. The cold façade is usually 

Fig 5a, 5b, 5c   1SPQPTBM�GPS�JOUFHSBUJPO�PG�$17�
UFDIOPMPHZ�JOUP�CVJMEJOHT



38

mounted using the stick system or ladder mounting technique.
�� 6RODU�FHOO�JOD]LQJ�SURGXFWV��WKH\�SURYLGH�D�JUHDW�YDULHW\�RI�RSWLRQV�

IRU�ZLQGRZV�� JOD]HG�RU� WLOHG� ID©DGHV� DQG� URRIV��'L΍HUHQW� FRORXUV�
DQG�WUDQVSDUHQFLHV�FDQ�DOORZ�WR�REWDLQ�PDQ\�GL΍HUHQW�DHVWKHWLFDO�
results. The solar cell glazing modules transmit daylight and serve 
as water and sun protection. The distance between the solar cells 
(normally 3 - 50 mm) depends on wanted transparency level and the 
criteria for electricity production. The space between the cells tran-
VPLWV�GL΍XVH�GD\OLJKW��+HQFH��ERWK�VKDGLQJ�DQG�QDWXUDO�OLJKWLQJ�DUH�
provided while producing electricity. Very adapted for cold climates, 
WKLV�WHFKQRORJ\�SRVHV�WKH�GLɝFXOW\�RI�ȴQGLQJ�WKH�ULJKW�FRPSURPLVH�
between solution and energy output, avoiding the overheating by 

Fig 6   .FZFS�)PTQJUBM
�'MPSFODF
�*UBMZ
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JUHHQKRXVH�H΍HFW�LQ�0HGLWHUUDQHDQ�FRXQWULHV�
�� 6RODU�VKDGLQJV��WKH�LQWHJUDWLRQ�RI�39�V\VWHPV�DV�H[WHUQDO�VRODU�VKD-

GLQJ�GHYLFHV�LV�RQH�RI�WKH�PRVW�H΍HFWLYH�ZD\�WR�FRQWURO�WKH�LQWHUQDO�
daylight and thermal conditions of a building. 

 It provides solar heat gain prevention from passing into the buil-
ding, minimising ventilation requirements and reducing cooling 
loads with the plus of electric energy production. If a controllable 
system is installed, adjustable louvres track the position of the 
sun optimizing PV production, thereby optimising the avoidance of 
RYHUKHDWLQJ��(TXDOO\��LQ�ZLQWHU�WKH�ORXYUHV�PD\�EH�DGMXVWHG�LQ�VXFK�D�
ZD\�WKDW�WKH�EXLOGLQJ�EHQHȴWV�IURP�WKH�KHDW�IURP�WKH�VXQ��DQG�WKH\�
can be closed at night reducing heat loss. 

Fig 8   .VTFV�EF�MB�$J§ODJB�J�EF�MB�5§DOJDB�EF�$BUBMVOZB�	N/"$5&$

�5FSSBTTBFig 7   Photovoltaic brises-soleil
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Fig 9   Academie de Mont Cenis, Emscher Park, Ruhr

'JH���   Academie de Mont Cenis, Emscher Park, Ruhr 
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�� $WULXP�VN\OLJKWV��39V�FDQ�HTXDOO\�EH�LQWHJUDWHG�DV�PXOWLIXQFWLRQDO�
elements in transparent roof structures or atriums that allow con-
WUROOHG� OLJKW� LQWR� WKH� LQWHULRU�� $V� VHPLWUDQVSDUHQW� URRI� XQLWV�� WKH\�
can protect the building from heat, sunlight, glare and the weather. 
One way of integration would be to place small sized PV cells on 
the atrium glass creating transparent gaps between them to allow 
controlled daylight into the interior of the building. Well designed 
PV integrated atriums may also be a strong feature of the building 
when viewed from the interior.

 These glazing systems, though best suited for small capacity PV sy-
stems, can be very visually appealing and provide great visibility. 
Because skylight, atrium and greenhouse glass is often heavily tin-
ted to minimize glare, semitransparent PV glazing can make a good 
substitute.

The BIPV module products are somewhat similar to conventional PV mo-
GXOHV��7KH�GL΍HUHQFH��KRZHYHU��LV�WKDW�WKH�%Ζ39�PRGXOHV�DUH�PDGH�ZLWK�
ZHDWKHU�VNLQ�VROXWLRQV��6RPH�RI�WKH�SURGXFWV�PD\�UHSODFH�YDULRXV�W\SHV�
RI�URRȴQJ��RU�WKH\�ȴW�ZLWK�D�VSHFLȴF�URRI�VROXWLRQ�SURGXFHG�E\�LWV�PDQX-
facturer. These mounting systems increase the ease of installation.
There is a large amount of products on the market and some of them are 
promoted as BIPV products without in fact functioning as weather skins, 
ZKHUHDV�RWKHU�SURGXFWV�DUH�QRW�YHU\�VSHFLȴF�RQ�KRZ�WKH\�DUH�DFWXDOO\�
PRXQWHG��ZKLFK�OHDGV�WR�XQFHUWDLQW\�ZKHWKHU�WKH\�DUH�%Ζ39V�RU�%$39V��
6RPH�RI�WKH�%Ζ39�PRGXOH�SURGXFWV�DUH�SUH�PDGH�PRGXOHV�ZLWK�WKHUPDO�
insulation or other elements included in the body.



Improving social, institutional and 
building designers’ outlook

04 
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4.1 BIPV as an added value for building
7KH�LQWHJUDWLRQ�RI�39�V\VWHPV�LQWR�EXLOGLQJV�UHSODFLQJ�URRȴQJ�HOHPHQWV��
ZLQGRZV��VKDGLQJV�DQG�JOD]HG�ID©DGHV�R΍HUV�WKH�RSSRUWXQLW\�IRU�FRVW�UH-
duction by substitution of conventional building materials with PV mate-
ULDOV��:KHQ�FRPSDUHG�WR�JODVV��VWHHO��VWRQH��RU�RWKHU�PRUH�FRQYHQWLRQDO�
FODGGLQJ�PDWHULDOV��LQVWDOOLQJ�%Ζ39V�FDQ�DGG�RQO\�D�PDUJLQDO�H[WUD�FRVWV�
WR� WKH�RYHUDOO�FRQVWUXFWLRQ�FRVWV��2Q�WKH�RWKHU�KDQG�� WKH�SKRWRYROWDLF�
V\VWHP�DOORZ�WR�JHW�D�FHUWDLQ�QXPEHU�RI�EHQHȴWV�LQ�HFRQRPLF�DQG�HQYL-
URQPHQWDO�WHUPV��IDU�IURP�QHJOLJLEOH�
�� 7KH\�DUH�QRZDGD\V�DFFHVVLEOH�LQ�WHUPV�RI�FRVWV��DQG�LQ�PDQ\�FRXQ-

tries they are subject to incentives 
2 Give immediate economic savings given by the production of electri-

city. 
3 Contribute to a drastic reduction of atmospheric CO2 emissions.
�� ΖQFUHDVH�WKH�HFRQRPLF�YDOXH�RI�WKH�SURSHUW\�ZKHUH�WKH�HTXLSPHQW�

is installed.
�� 'RQȇW�QHHG�SDUWLFXODU�H[SHQVLYH�PDLQWHQDQFH

����3FMFWBODF�PG�EJƊFSFOU�BDUPST�JO�UIF�
JOUFHSBUJPO�QSPDFTT�
%Ζ39�LV�WKH�UHVXOW�RI�WKH�LQWHUDFWLRQ�EHWZHHQ�VHYHUDO�DFWRUV��WKH�EXLOGLQJ�
RZQHU�� WKH�GHVLJQHU�DUFKLWHFW�� WKH�HYHQWXDO�ȴQDQFLHU�� WKH�EXLOGLQJ�FRQ-
VWUXFWRU��WKH�HOHFWULFLDQ��WKH�ORFDO�DGPLQLVWUDWLRQ��7KHVH�ȴJXUHV�DOO�FRR-
perate in putting together a functional and well integrated PV system. 
1RQH�RI�WKHP�FDQ�EH�PLVVHG�RU�VXEVWLWXWHG��DV�HDFK�RI�WKHP�KDV�D�YHU\�
GHȴQLWH�WDVN�LQ�WKH�SURFHVV�

����5IF�SPMF�PG�BSDIJUFDUT�BOE�CVJMEJOH�EFTJHOFST�
ΖQFOXGLQJ� 39� LQ� EXLOGLQJ� SURMHFWV�� WR� D� ODUJH� H[WHQW�� GHSHQGV� RQ� WKH�
NQRZOHGJH�RI� WKH�DUFKLWHFWV�DQG�GHVLJQHUV�DERXW� WKLV� WHFKQRORJ\� �DV�
D�EXLOGLQJ�PDWHULDO���LWV�DHVWKHWLF�TXDOLWLHV��FRQVWUXFWLRQ�GHWDLOLQJ��ZH-
DWKHULQJ�� GXUDELOLW\�� VRODU� DFFHVV� OLPLWDWLRQV�� SHUIRUPDQFH�� SURGXFWV��
warranties and cost. The designer is also interested in how PV can be 
PDGH�SDUW�RI�D�HWKLFDO�GHVLJQ�VROXWLRQ�WKDW�LQFOXGHV�WKH�HQHUJ\�HTXDWLRQ�
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together with the overall building aesthetics. Architects should advise 
FOLHQWV�DERXW�VXFK�RSWLRQV�DQG�QHHG�WR�EH�ZHOO� LQIRUPHG�DERXW�%Ζ39�
HFRQRPLFV�� LQFOXGLQJ�YDOXH�DGGHG�EHQHȴWV��JUHHQKRXVH�JDV�HPLVVLRQ�
DYRLGDQFH��LQWHUFRQQHFWLRQ�ZLWK�WKH�JULG�RU�VWRUDJH��UHOLDELOLW\�DQG�ULVNV�
associated with system failures. While its important that architects be 
DZDUH�RI�DOO�WKHVH�LVVXHV��WKHLU�WHFKQLFDO�LQIRUPDWLRQ�QHHGV�PD\�EH�PL-
QLPDO��$�JUHDWHU�HPSKDVLV��HVSHFLDOO\�GXULQJ�WKH�HDUO\�FRQFHSW�VWDJH�LV�
PRUH�OLNHO\�WR�EH�RQ�WKH�DHVWKHWLF��FRQVWUXFWLRQ��GXUDELOLW\��ZHDWKHULQJ�
and solar access limitations. 

����*NQSPWJOH�DJUJ[FOTş�DPOTDJPVTOFTT�
7KH� RZQHU�FOLHQW� RI� D� EXLOGLQJ� SURMHFW� WDNHV� WKH� ȴQDO� GHFLVLRQ� RQ�
ZKHWKHU�39�LV�WR�EH�SDUW�RI�WKH�RYHUDOO�GHVLJQ��LUUHVSHFWLYH�RI�WKH�VFD-
OH� RI� WKH� SURMHFW�� 7KLV� GHFLVLRQ� LV� JRYHUQHG� E\� IDFWRUV� VXFK� DV� FRVW��
SD\EDFNV��YDOXH�DGGHG�EHQHȴWV��LQ�WHUPV�RI�KRZ�WKH�39�LV�DSSOLHG�DV�
SDUW�RI�WKH�RYHUDOO�HQHUJ\�VROXWLRQ��DQG�EXLOGLQJ�DHVWKHWLFV��
A critical factor often is the owner’s commitment to sustainable bu-
LOGLQJ�DQG� WR� LWV� ORQJ�WHUP�HQYLURQPHQWDO� LPSDFW�� ΖQ� VXFK� LQVWDQFHV��
FRVW�PD\�KDYH�D� OHVVHU�UROH�WR�SOD\� LQ�GHFLVLRQ�PDNLQJ��KRZHYHU��WKH�
owner in all cases shows a commitment to environmental responsi-
ELOLW\��%XLOGLQJ�RZQHUV�FOHDUO\�QHHG�WR�EH�FRQYLQFHG�E\�WKRVH�DGYLVLQJ�
WKHP�DERXW�PRVW�DVSHFWV�RI�%Ζ39��

-  electrical� �N:K�JHQHUDWHG�� V\QHUJLHV�ZLWK�RWKHU� IRUPV�RI�HQHUJ\��
VXFK�DV�KHDWLQJ�DQG�FRROLQJ��WKURXJK�DGGHG�LQVXODWLRQ�RU�VKDGLQJ��
UHGXFWLRQ�LQ�GHPDQG�RI�XWLOLW\�HOHFWULFLW\��SRZHU�LQ�WLPHV�RI�HPHU-
JHQF\��JULG�VXSSRUW�IRU�UXUDO�OLQHV��UHGXFHG�WUDQVPLVVLRQV�DQG�GLVWUL-
EXWLRQ�ORVVHV��YROWDJH�FRQWURO��VPRRWKLQJ�ORDQ�ȵXFWXDWLRQ���

-  environmental �FRQVXPHU�VDWLVIDFWLRQ� IRU� WKRVH� WKDW�GHVLUH�HQYL-
URQPHQW�IULHQGO\�SURGXFWV��VLJQLȴFDQW�HQHUJ\�JHQHUDWLRQ�RYHU� OLIH�
WLPH��UHGXFHG�&2��HPLVVLRQV��UHGXFHG�DFLG�UDLQV�DQG�ORZHU�VPRJ�
OHYHOV��UHGXFHG�SRZHU�VWDWLRQV�ODQG�ZDWHU�XVH��UHGXFHG�LPSDFW�RI�
XUEDQ�GHYHORSPHQW��
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-  architectural� �DUFKLWHFWXUDO� LQWULQVLF� VLJQLȴFDQFH� DQG� DHVWKHWLFV��
VXEVWLWXWLRQ� RI� EXLOGLQJ� FRPSRQHQWV��PXOWL�IXQFWLRQ� SRWHQWLDO� IRU�
LQVXODWLRQ��ZDWHUSURRȴQJ��ȴUH�SURWHFWLRQ��ZLQG�SURWHFWLRQ��DFRXVWLF�
FRQWURO��GD\�OLJKWLQJ��VKDGLQJ��WKHUPDO�FROOHFWLRQ�DQG�GLVVLSDWLRQ��DH-
VWKHWLF�DSSHDO�WURXJK�FRORXU��WUDQVSDUHQF\��QRQ�UHȵHFWLYH�VXUIDFHV��
UHGXFHG�EXLOGLQJ�PDLQWHQDQFH�DQG�URRI�UHSODFHPHQWV��

-  socio-economic� �HQKDQFHPHQW� RI� WKH� EXLOGLQJȇV� YDOXH� E\� WKH� 39�
SUHVHQFH�� SUHVWLJH� DQG� PDUNHWLQJ� RSSRUWXQLWLHV�� QHZ� LQGXVWULHV��
SURGXFW�DQG�PDUNHWV��ORFDO�HPSOR\PHQW�IRU�LQVWDOODWLRQ�DQG�VHUYL-
FLQJ��ORFDO�FKRLFH��UHVRXUFH�XVH�DQG�FRQWURO��VKRUW�FRQVWUXFWLRQ�WLPH��
LPSURYHG�LPSOHPHQWDWLRQ�E\�PRGXODULW\��UHGXFHG�IXHO�LPSRUWV��XU-
EDQ�UHQHZDO��UXUDO�GHYHORSPHQW��UHGXFHG�IXHO�WUDQVSRUW�FRVWV�DQG�
SROOXWLRQ�IURP�IRVVLO�IXHOV�XVH�LQ�UXUDO�DUHDV��V\PERO�IRU�VXVWDLQDEOH�
GHYHORSPHQW�DQG�DVVRFLDWHG�HFRORJLFDO�HGXFDWLRQ���

-  security of supply� �WKH� FRQWLQXRXV� LQFUHDVH� RI� HOHFWULFLW\� FRQVX-
mption overloads power stations and distribution grids which in-
ȵXHQFHV�WKH�VXSSO\�VHFXULW\�DQG�WKH�SRZHU�TXDOLW\��39�V\VWHPV�DUH�
FKDUDFWHUL]HG� E\� UHODWLYHO\� VPDOO� JHQHUDWLRQ� XQLWV� ORFDWHG� QHDUE\�
the consumers that use the locally available energy resources. This 
HQKDQFHV�WKH�UHOLDELOLW\�RI�WKH�JULG�DQG�DOVR�HQKDQFHV�SRZHU�TXDOLW\��
ZKLFK�LV�LQFUHDVLQJO\�LPSRUWDQW�IRU�HOHFWURQLF�HTXLSPHQW��

An integrated building energy system is included in the construction 
EXGJHW��2ZQHUV�VKDOO�EH�DGYLVHG�WKDW�HOHFWULFLW\�JHQHUDWHG�E\�WKH�%Ζ39�
V\VWHPV�UHGXFHV�WKH�DPRXQW�RI�HOHFWULFLW\�SXUFKDVHG�IURP�WKH�JULG��DQG�
FRQVHTXHQWO\�WKH�EXLOGLQJ�RSHUDWLQJ�FRVWV��
$�%Ζ39�V\VWHP�FDQ�DOVR�VDYH�WKH�EXLOGLQJ�RZQHU�PRQH\�E\�UHGXFLQJ�FRQ-
VWUXFWLRQ�FRVWV��HQKDQFLQJ�SRZHU�TXDOLW\�DQG�SRZHU�UHOLDELOLW\��DQG� �LQ�
VRPH�FRXQWULHV��SURYLGLQJ�WD[�LQFHQWLYHV�DQG�FUHGLWV��7KH�FRPELQHG�VD-
YLQJV�PD\�RFFXU�LQ�D�YDULHW\�RI�ZD\V�WKDW�ZLOO�D΍HFW�WKH�LQYHVWRUȇV�HQWLUH�
ȴVFDO�SRUWIROLR�SHUIRUPDQFH��
&RPPHUFLDO�EXLOGLQJ�RZQHUV�PD\�JDLQ�WKURXJK�%Ζ39�D�YDOXH�UHODWHG�WR�WKH�
&RPSDQ\ȇV�VWUDWHJLF�JRDOV��EXVLQHVV�LQ�WHUHVWV��RU�PDQDJHULDO�PLVVLRQ�



46

:LWK�D�PXOWLIXQFWLRQDO�%Ζ39�V\VWHP��DGGLWLRQDO�FRVWV�DQG�EHQHȴWV�PD\�EH�
VRPHWLPHV�KLGGHQ�RU�QRW�REYLRXV��GXH�WR�DFFRXQWLQJ�PHWKRGV���EXW�VWLOO�
GLUHFWO\�RU�LQGLUHFWO\�D΍HFW�EXGJHWV��$Q�RUJDQL]DWLRQ��IRU�H[DPSOH��PD\�
EH�DEOH�WR�DVVLJQ�D�FUHGLW�RU�YDOXH�IRU�%Ζ39�IRU�HQYLURQPHQWDO�HPLVVLRQV�
UHGXFWLRQ�LI�WKH\�FDQ�EH�TXDQWLȴHG��YDOXHG��DQG�HYHQ�WUDGHG��+RZHYHU��LI�
DQ�HFRQRPLF�H΍HFW�FDQQRW�EH�FDSWXUHG�RU�XQGHUVWRRG�E\�D�GHFLVLRQ�PD-
NHU��LW�LV�JHQHUDOO\�QRW�LQFOXGHG�LQ�WKH�LQYHVWPHQW�DQDO\VLV��
(YHQ� LI� VRPH� EHQHȴWV� RI� %Ζ39� V\VWHPV� DUH� VXEMHFWLYH� DQG� GLɝFXOW� WR�
TXDQWLI\��IRU�WKH�EXLOGLQJ�RZQHU��D�FRQVLGHUDEOH�YDOXH�RI�D�%Ζ39�V\VWHP�
PD\�EH�DQ\ZD\�DVVRFLDWHG�ZLWK�D�SRVLWLYH�LPDJH��SXEOLF�SHUFHSWLRQ��RU�
impact on the built environment when PV technology is installed. 

�����*OUFHSBUJPO�CZ�CVJMEJOH�BHF�	IJTUPSJDBM�SFDFOU
�
Special care has to be given to the integration made on historical buildin-
gs. These will include all buildings listed as historical after each country’s 
OHJLVODWLRQ��DQG�ZLOO�DOVR� LQFOXGH�DOO�EXLOGLQJV� WKDW��HYHQ� LI�QRW�RɝFLDOO\�
OLVWHG��KDYH�SUHVHUYHG�FKDUDFWHUV�DQG�GHWDLOV�RI�SDUWLFXODU�LQWHUHVW�
 
ΖQ�JHQHUDO��ZKHQ�LQVWDOOLQJ�D�QHZ�V\VWHP�RQ�DQ�H[LVWHQW�EXLOGLQJ�LW�LV�LP-
SRUWDQW�WR�
ȫ� &DUHIXOO\� FRQVLGHU� WKH� DSSOLFDWLRQ� RI� HQHUJ\�FRQVFLRXV� GHVLJQ�

SUDFWLFHV�DQG�RU�HQHUJ\�HɝFLHQF\�PHDVXUHV�WR�UHGXFH�WKH�HQHUJ\�
UHTXLUHPHQWV�RI�WKH�EXLOGLQJ��7KLV�ZLOO�HQKDQFH�FRPIRUW�DQG�VDYH�
PRQH\�ZKLOH�DOVR�HQDEOLQJ�D�JLYHQ�%Ζ39�V\VWHP�WR�SURYLGH�D�JUHDWHU�
percentage reduction to the grid load.

ȫ� 'HVLJQ�IRU�WKH�ORFDO�FOLPDWH�DQG�HQYLURQPHQW��GHVLJQHUV�VKRXOG�XQ-
derstand the impacts of the climate and environment on the array 
RXWSXW��&ROG��FOHDU�GD\V�ZLOO�LQFUHDVH�SRZHU�SURGXFWLRQ��ZKLOH�KRW��
RYHUFDVW�GD\V�ZLOO�UHGXFH�DUUD\�RXWSXW��

'HVLJQHUV�VKRXOG�FRQVLGHU�WKDW��
ȫ�� VXUIDFHV�UHȵHFWLQJ�OLJKW�RQWR�WKH�DUUD\��H�J���VQRZ��ZLOO�LQFUHDVH�WKH�

DUUD\�RXWSXW��
ȫ�� DUUD\V�PXVW�EH�GHVLJQHG�IRU�SRWHQWLDO�VQRZ��DQG�ZLQG�ORDGLQJ�FRQ-

GLWLRQV��
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ȫ�� SURSHUO\�DQJOHG�DUUD\V�ZLOO�VKHG�VQRZ�ORDGV�UHODWLYHO\�TXLFNO\��
ȫ�� DUUD\V�LQ�GU\��GXVW\�HQYLURQPHQWV�RU�HQYLURQPHQWV�ZLWK�KHDY\�LQ-

GXVWULDO�RU�WUDɝF��DXWR��DLUOLQH��SROOXWLRQ�ZLOO�UHTXLUH�ZDVKLQJ�WR�OLPLW�
HɝFLHQF\�ORVVHV��

ȫ�� $GGUHVV� VLWH� SODQQLQJ� DQG� RULHQWDWLRQ� LVVXHV�� HDUO\� LQ� WKH� GHVLJQ�
SKDVH��HQVXUH�WKDW�VRODU�DUUD\�ZLOO� UHFHLYH�PD[LPXP�H[SRVXUH�WR�
WKH�VXQ�DQG�ZLOO�QRW�EH�VKDGHG�E\�VLWH�REVWUXFWLRQV��VXFK�DV�QHDU-
E\�EXLOGLQJV�RU�WUHHV��ΖW�LV�SDUWLFXODUO\�LPSRUWDQW�WKDW�WKH�V\VWHP�EH�
FRPSOHWHO\�XQ�VKDGHG�GXULQJ�WKH�SHDN�VRODU�FROOHFWLRQ�SHULRG��7KH�
LPSDFW�RI�VKDGLQJ�RQ�D�39�DUUD\�KDV�D�PXFK�JUHDWHU�LQȵXHQFH�RQ�WKH�
electrical harvest than the footprint of the shadow.

ȫ�� GL΍HUHQW�DUUD\�RULHQWDWLRQ�FDQ�KDYH�D�VLJQLȴFDQW�LPSDFW�RQ�WKH�DQ-
QXDO�HQHUJ\�RXWSXW�RI�D�V\VWHP��ZLWK�WLOWHG�DUUD\V�JHQHUDWLQJ�����
����PRUH�HOHFWULFLW\�WKDQ�D�YHUWLFDO�ID©DGH�

ȫ�� LWȇV�SRVVLEOH�WR�LQWHJUDWH�GD\�OLJKWLQJ�DQG�SKRWRYROWDLF�FROOHFWLRQ�E\�
XVLQJ� VHPL�WUDQVSDUHQW� WKLQ�ȴOP�PRGXOHV�� RU� FU\VWDOOLQH�PRGXOHV�
with custom-spaced cells between two layers of glass. Designers 
PD\�XVH�39�WR�FUHDWH�XQLTXH�GD\�OLJKWLQJ�IHDWXUHV�LQ�ID©DGH��URRȴQJ��
RU�VN\OLJKW�39�V\VWHPV��7KH�%Ζ39�HOHPHQWV�FDQ�DOVR�KHOS�WR�UHGXFH�
XQZDQWHG�FRROLQJ�ORDG�DQG�JODUH�DVVRFLDWHG�ZLWK�ODUJH�H[SDQVHV�RI�
DUFKLWHFWXUDO�JOD]LQJ�

ȫ�� WKH\�FDQ�LQFRUSRUDWH�39�PRGXOHV�LQWR�VRODU�VKDGLQJ�GHYLFHV��39�DU-
rays conceived as “eyebrows” or awnings over view glass areas of a 
building can provide appropriate passive solar shading. When solar 
shading devices are considered as part of an integrated design ap-
SURDFK��FKLOO�FDSDFLW\�FDQ�RIWHQ�EH�VPDOOHU�DQG�FRROLQJ�GLVWULEXWLRQ�
reduced or even eliminated.

ȫ�� WKH\�FDQ�FKRRVH�EHWZHHQ�D�JULG�FRQQHFWHG�DQG�D�VWDQG�DORQH�V\-
VWHP���WKH�YDVW�PDMRULW\�RI�%Ζ39�V\VWHPV�ZLOO�EH�FRQQHFWHG�WR�D�XWLOLW\�
JULG��XVLQJ�LW�DV�VWRUDJH�DQG�EDFNXS��7KH�V\VWHPV�VKRXOG�EH�VL]HG�WR�
PHHW�WKH�JRDOV�RI�WKH�RZQHU�W\SLFDOO\�GHȴQHG�E\�EXGJHW�RU�VSDFH�
FRQVWUDLQWV��WKH�LQYHUWHU�PXVW�EH�FKRVHQ�ZLWK�DQ�XQGHUVWDQGLQJ�RI�
WKH�UHTXLUHPHQWV�RI�WKH�XWLOLW\��

ȫ�� )RU�WKRVH�ȆVWDQG�DORQHȇ�V\VWHPV�SRZHUHG�E\�39�DORQH��WKH�V\VWHP��
LQFOXGLQJ�VWRUDJH��PXVW�EH�VL]HG�WR�PHHW�WKH�SHDN�GHPDQG�ORZHVW�
SRZHU�SURGXFWLRQ�SURMHFWLRQV�RI�WKH�EXLOGLQJ��7R�DYRLG�RYHU�VL]LQJ�
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WKH� 39�EDWWHU\� V\VWHP� IRU� XQXVXDO� RU� RFFDVLRQDO� SHDN� ORDGV�� D�
EDFNXS�JHQHUDWRU�LV�RIWHQ�XVHG�

ȫ�� ΖI�WKH�SHDN�EXLOGLQJ�ORDGV�GR�QRW�PDWFK�WKH�SHDN�SRZHU�RXWSXW�RI�
WKH�39�DUUD\��LW�PD\�EH�HFRQRPLFDOO\�DSSURSULDWH�WR�LQFRUSRUDWH�EDW-
WHULHV� LQWR�FHUWDLQ�JULG�WLHG�V\VWHPV� WR�R΍VHW� WKH�PRVW�H[SHQVLYH�
power demand periods. This system could also act as an uninter-
UXSWLEOH�SRZHU�V\VWHP��836��

ȫ�� 3URYLGH� DGHTXDWH� YHQWLODWLRQ�� 39� FRQYHUVLRQ�HɝFLHQFLHV� DUH� UHGX�
ced by elevated operating temperatures. This is truer with crystal-
OLQH�VLOLFRQ�39�FHOOV� WKDQ�DPRUSKRXV�VLOLFRQ�WKLQ�ȴOPV��7R� LPSURYH�
FRQYHUVLRQ�HɝFLHQF\�LW�LV�DSSURSULDWH�WR�HQVXUH�DQ�DLU�JDS�XQGHUQH-
ath the solar cells in order to allow ventilation behind the modules 
to dissipate heat.

ȫ�� (YDOXDWH�XVLQJ�K\EULG�39�VRODU�WKHUPDO�V\VWHPV��DV�DQ�RSWLRQ�WR�RS-
WLPL]H�V\VWHP�HɝFLHQF\��D�GHVLJQHU�PD\�FKRRVH�WR�FDSWXUH�DQG�XVH�
the solar thermal resource developed through the heating of the 
modules. This can be attractive in cold climates for the pre-heating 
of incoming ventilation air.

ȫ�� &RQVLGHU�WKH�LQFOLQDWLRQ�RI�WKH�%Ζ39V��DV�WKH�VRODU�FHOOV�QHFHVVDULO\�
QHHG�WR�IROORZ�WKH�URRI�LQFOLQDWLRQ��RU�WKH�ZDOO�IRU�WKDW�PDWWHU��WR�EH�
integrated solutions.

ȫ�� 5HPHPEHU�WKDW�VRODU�FHOOV�FDQ�EH�LQFRUSRUDWHG�LQWR�WKH�ID©DGH�RI�
D� EXLOGLQJ�� FRPSOHPHQWLQJ� RU� UHSODFLQJ� WUDGLWLRQDO� YLHZ� RU� VSDQ-
GUHO�JODVV��2IWHQ��WKHVH�LQVWDOODWLRQV�DUH�YHUWLFDO��UHGXFLQJ�DFFHVV�WR�
DYDLODEOH�VRODU�UHVRXUFHV��EXW�WKH�ODUJH�VXUIDFH�DUHD�RI�EXLOGLQJV�FDQ�
help compensate for the reduced power.

ȫ�� MXGJH�WKH�LGHD�WKDW�SKRWRYROWDLF�PD\�EH�LQFRUSRUDWHG�LQWR�DZQLQJV�
DQG�VDZ�WRRWK�GHVLJQV�RQ�D�EXLOGLQJ�ID©DGH��7KHVH�LQFUHDVH�DFFHVV�
WR�GLUHFW�VXQOLJKW�ZKLOH�SURYLGLQJ�DGGLWLRQDO�DUFKLWHFWXUDO�EHQHȴWV�
such as passive shading.

ȫ�� EH�DZDUH�WKDW�WKH�XVH�RI�39�LQ�URRȴQJ�V\VWHPV�FDQ�SURYLGH�D�GLUHFW�
UHSODFHPHQW�IRU�FRQYHQWLRQDO�PHWDO�URRȴQJ��DOORZLQJ�WKH�HOLPLQD-
WLRQ�RI�DVSKDOW�ZDWHUSURRȴQJ�LQVXODWLRQ�

ȫ�� 8VLQJ�39�IRU�VN\OLJKW�V\VWHPV�FDQ�EH�ERWK�DQ�HFRQRPLFDO�XVH�RI�39�
and an attractive design feature.

ȫ�� 3URIHVVLRQDOV��WKH�XVH�RI�%Ζ39�LV�UHODWLYHO\�QHZ��(QVXUH�WKDW�WKH�GH-



49

VLJQ��LQVWDOODWLRQ��DQG�PDLQWHQDQFH�SURIHVVLRQDOV�LQYROYHG�ZLWK�WKH�
SURMHFW�DUH�SURSHUO\�WUDLQHG��OLFHQVHG��FHUWLȴHG��DQG�H[SHULHQFHG�LQ�
39�V\VWHPV�ZRUNV�

� ([LVWLQJ�RU�KLVWRULF�EXLOGLQJV��OLNH�QHZ�EXLOGLQJV��R΍HU�D�EURDG�UDQJH�
RI�SRVVLELOLWLHV�IRU�39�V\VWHPV�LQWHJUDWLRQ��+RZHYHU��LQVWDOODWLRQV�RQ�
H[LVWLQJ�EXLOGLQJV�XQDYRLGDEO\�WHQG�WR�EH�PRUH�XQHYHQ�WKDQ�RQ�QHZ�
EXLOGLQJV��VLQFH�WKH\�KDYH�WR�FRPSO\�ZLWK�DQ�H[LVWLQJ�VLWXDWLRQ��$V�
VWDQGDUGL]HG�SURGXFWV�DUH�RIWHQ�QRW�DSSOLFDEOH��WKH�VLWXDWLRQ�FDOOV�
IRU�LQQRYDWLYH�DSSURDFKHV�ZLWK�FXVWRP�PDGH�SURGXFWV��+HUPDQQ-
VGRUIHU�DQG�5XE���������ΖW�LV�DOZD\V�QRW�DQ�HDV\�WDVN�WR�PDNH�LQWHJUD-
WLRQ�LQ�DQ�H[LVWLQJ�EXLOGLQJ�GXH�WR�YDULRXV�FRQVWUDLQWV�� ΖQWHJUDWLRQ�
WDVN�ZLOO�KDYH�WR�EH�SODQQHG�DFFRUGLQJ�WR�WKH�VLWXDWLRQ�REVHUYHG�RQ�
VLWH��ZKLFK�YDULHV�IURP�EXLOGLQJ�WR�EXLOGLQJ��

ΖQ�FDVH�RI�SDUWLFXODUO\�LPSRUWDQW�KLVWRULFDO�EXLOGLQJV��LW�FDQ�KDSSHQ�WKDW�
the PV systems may have to be integrated somewhere else other then 
WKH�EXLOGLQJ�LWVHOI��7KLV�PHDQV�WKDW�DQQH[HV�WR�WKH�SURSHUW\�FDQ�EH�XVHG�
IRU�%Ζ39�RU�WKH�DSSOLFDWLRQ�RQ�VHUYLFH�EXLOGLQJV�VXFK�DV�JDUDJHV�DQG�GH-
posits can be considered as alternative.



BIPV performance
and sizing

05 



51

����5IF�1IZTJDT�PG�UIF�1IPUPWPMUBJD�&ƊFDU
7KH�SKRWRYROWDLF�VRODU�SDQHO�FDQ�EH�GHȴQHG�DV�D�GHYLFH�FDSDEOH�RI�FRQ-
verting the energy possessed by the solar radiation into electrical one. 
ΖI�ZH�FRQVLGHU�WKDW� WKH�VRODU�UDGLDWLRQ� LV�DOPRVW� LQH[KDXVWLEOH�DQG�WKH�
GL΍XVLRQ�RI�HOHFWULF�DSSOLDQFH�LV�RQ�WKH�ULVH��LW�LV�FOHDU�WKH�LPSRUWDQFH�RI�
PV technology in the RES scenario.
7KH�XVH�RI�SKRWRYROWDLF�SDQHOV�DSSOLHG�WR�EXLOGLQJV�KDV�VKRZQ�WR�EH�DQ�
H[WUHPHO\�H΍HFWLYH�VWUDWHJ\��HYHQ�LI�LW�KDV�EHHQ�SXVKHG�E\�WKH�QDWLRQDO�
LQFHQWLYH�FDPSDLJQV��3KRWRYROWDLF�WHFKQRORJ\�QHHGHG�WKHVH�LQFHQWLYHV�
EHFDXVH�ERWK�WKH�SURGXFWLRQ�FRVWV�RI�WKH�SDQHOV�ZHUH�YHU\�KLJK�DQG�WKH�
HɝFLHQF\�RI�WKH�SDQHO�LV�LQWULQVLFDOO\�ORZ��$�39�SDQHO�LV�LQ�IDFW�DEOH�WR�FRQ-
YHUW�WKHRUHWLFDOO\�RQO\�XS�WR�����RI�DOO�WKH�HQHUJ\�WKDW�LW�UHFHLYHV�IURP�
WKH�VXQ�LQWR�HOHFWULFDO�HQHUJ\��7KLV�PHDQV�WKDW�LI��LQ�RSWLPDO�FRQGLWLRQV��
WKH�SDQHO�UHFHLYHV������:�Pt�RI�VRODU�HQHUJ\��LW�SURGXFHV�XS�WR�����:�
Pt�RI�HOHFWULFLW\��7KHUHIRUH�IRU���.:�RI�SRZHU�LW� LV�QHFHVVDU\�WR� LQVWDOO�
PRUH�WKDQ���Pt��ΖQ�WKH�ODVW�WHQ�\HDUV�WKH�FRVWV�RI�39�SDQHO�ZHUH�UHGXFHG�
PRUH�WKDQ�E\�KDOI�DQG�QRZ���.:S�FRPHV�WR�FRVW�PRUH�RU�OHVV���������Ȝ��
7DNLQJ�LQWR�DFFRXQW�WKHVH�FRQVLGHUDWLRQV��LW�LV�HYLGHQW�KRZ�LPSRUWDQW�LV�
WKH�UDWLRQDO�LQWHJUDWLRQ�RI�WKHVH�FRPSRQHQWV�LQ�WKH�EXLOGLQJ�V\VWHP��LQ�
VXFK�D�PDQQHU�WR�HQVXUH�RSWLPXP�RSHUDWLRQ��7KH�XVH�RI�WKLV�WHFKQRORJ\�
LV�D�LQWHUHVWLQJ�H[HUFLVH�LQ�GHVLJQ�RI�IDFDGHV�DQG�URRI�RI�D�EXLOGLQJ�LQ�UH-
ODWLRQ�WR�WKH�PD[LPXP�XSWDNH�RI�VRODU�HQHUJ\�SDQHOV�DQG�FRQVHTXHQWO\�
D�IXQFWLRQ�RI�WKH�SDWK�RI�WKH�6XQ�DQG�LWV�RULHQWDWLRQ�
7KH�JUHDW�DGYDQWDJH�RI�SKRWRYROWDLF�WHFKQRORJ\�LV�LWV�HDVH�RI�RSHUDWLRQ�
DQG� ORQJHYLW\��$�SKRWRYROWDLF�SDQHO�KDV�QR�PRYLQJ�SDUWV�DQG� LV�H[WUH-
PHO\�UHVLVWDQW�� ΖW� LV�VXEVWDQWLDOO\�FRQVWLWXWHG�E\�VLOLFRQ�PDWHULDO�KDUGO\�
GHJUDGDEOH��7KH�SULQFLSOH�RI�RSHUDWLRQ�RI�D�SKRWRYROWDLF�SDQHO�LV�EDVHG�
RQ� WKH�SURSHUW\� WKDW�KDYH� WKH�PDWHULDOV� VR�FDOOHG� ȊVHPLFRQGXFWRUȋ� WR�
H[FLWH�WKH�HOHFWURQV�RI�WKH�RXWHU�DWRPLF�RUELWDO�LI�H[SRVHG�WR�OLJKW�UDGLD-
WLRQ��7KH�VHPLFRQGXFWRU�PDWHULDO�PRVW�ZLGHVSUHDG�LQ�QDWXUH�LV�VLOLFRQ��
ZKLFK�LV�ZLGHO\�XVHG�IRU�WKH�39�SDQHOV��6LOLFRQ�KDV���HOHFWURQV�LQ�WKH�ODVW�
RUELWDO��:KHQ�D�SKRWRQ�ZLWK�DSSURSULDWH�HQHUJ\��HTXDO�WR�H �KY��ZKHUH�
K�LV�WKH�3ODQFN�FRQVWDQW�DQG�Ɗ��WKH�IUHTXHQF\�RI��VRODU�UDGLDWLRQ��KLWV�DQ�
HOHFWURQ�RQ�WKH�RXWHU�RUELWDO��LW�JLYHV�LW�DQ�DPRXQW�RI�HQHUJ\�VXɝFLHQW�WR�
EORZ�LW�XS�LQWR�D�KLJKHU�HQHUJ\�OHYHO�DQG�WDNH�LW�IURP�YDOHQFH�EDQG�WR�WKH�
FRQGXFWLRQ�RQH�
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+RZHYHU��WR�FUHDWH�D�ȵRZ�RI�HOHFWURQV��WKDW�LV��DQ�HOHFWULF�FXUUHQW��LW�LV�QRW�
VXɝFLHQW�WR�H[FLWH�DQ�HOHFWURQ�RI�WKH�VLOLFRQ��EXW�LW�LV�QHFHVVDU\�WR�FUHDWH�
D�ȴHOG�RI�HOHFWULF�SRWHQWLDO�ZLWKLQ�WKH�PDWHULDO��ΖI�WKLV�GRHV�QRW�RFFXU��WKH�
HOHFWURQ�QDWXUDOO\�XQGHUJRHV�WKH�H΍HFW�RI�ȊUHFRPELQDWLRQȋ��IDOOLQJ�DJDLQ�
LQ�WKH�YDOHQFH�EDQG�RI�WKH�DWRP�WKDW�UHJDLQV�LWV�RULJLQDO�FRQȴJXUDWLRQ�
7KH�H΍HFW�RI�UHFRPELQDWLRQ�LV�RQH�RI�WKH��PDMRU�FDXVH�RI�WKH�ORZ�Hɝ-
FLHQF\�LQ�FRQYHUWLQJ�VRODU�HQHUJ\�LQWR�HOHFWULFLW\��7KH�RWKHU�IXQGDPHQWDO�
UHDVRQ�OLHV�LQ�WKH�IDFW�WKDW�QRW�DOO�WKH�6RODU�UDGLDWLRQ�LV�DEOH�WR�SURSHUO\�
H[FLWH�WKH�HOHFWURQV�RI�D�VHPLFRQGXFWRU��7KH�SKRWRQVȇ�HQHUJ\�PXVW�EH�
FRPSULVHG�LQ�D�ZHOO�GHWHUPLQHG�UDQJH�
$V�VDLG�DERYH��WKH�H[FLWDWLRQ�RI�SHULSKHUDO�HOHFWURQV�RI�WKH�VLOLFRQ�DWRPV�
VKRXOG�QRW�EH�VXɝFLHQW� WR�FUHDWH�DQ�HOHFWULF�FXUUHQW�� LI� WKHUH�ZHUH�QR�
HOHFWULF�ȴHOG�FDSDEOH�RI�PRYLQJ�WKH�HOHFWURQV�IURP�RQH�IDFH�RI�WKH�SDQHO�
WR�WKH�RWKHU��7KLV�LV�JHQHUDWHG�E\�PL[LQJ��RU��DV�XVXDOO\�VDLG��E\�GRSLQJ�WKH�
VLOLFRQ�ZLWK�SDUWLFXODU�VXEVWDQFHV�
7KH�SXUH�VLOLFRQ�KDV�D�FU\VWDOOLQH�WHWUDKHGUDO�VWUXFWXUH��(DFK�DWRP�KDV�
IRXU�ERQGV�ZLWK�DGMDFHQW�DWRPV�WR�ZKLFK�LW�LV�FRQVWUDLQHG��7KH�VLOLFRQ�LV�
GRSHG�LQ�WKH�XSSHU�SDUW�ZLWK�WKH�SKRVSKRUXV��3��= ������DQG�LQ�WKH�ORZHU�
SDUW�ZLWK�ERURQ��%��= ������
%RURQ� KDV� WKUHH� HOHFWURQV� LQ� WKH� ODVW� RUELWDO�� WKHQ�� LQVHUWHG� LQWR� WKH�
FU\VWDO� ODWWLFH�RI�WKH�VLOLFRQ�DWRP��WKH�ODWWHU�KDV�D�YDOHQFH�HOHFWURQ�QRW�
FRPELQHG��2WKHUZLVH�SKRVSKRUXV��ZKLFK�KDV�ȴYH�HOHFWURQV� LQ�WKH� ODVW�
RUELWDO��HQWHULQJ�WKH�ODWWLFH�KDV�D�QRW�FRPELQHG�HOHFWURQ��7KH�HOHFWURQV�
IUHH�IURP�WKH�VLOLFRQ�ERQG�DWWUDFW�WKRVH�RI�SKRVSKRUXV�ZHDNO\�ERXQG�WR�
WKH�QXFOHXV�WRZDUG�WKH�3��GRSHG��L�H��WR�WKH�ERWWRP�VLGH�RI�WKH�FHOO��7KLV�
FUHDWHV�ZKDW�LV�FDOOHG�D�3�1�MXQFWLRQ��
7KH�EDODQFH�RI�WKH�ERQGV�LV�WKXV�UHVWRUHG��EXW�WKH�EDODQFH�RI�WKH�FKDU-
JHV�LV�LQWHUUXSWHG��7KH�SKRVSKRUXV�HOHFWURQV�PLJUDWLQJ�KDYH�FUHDWHG�DQ�
LPEDODQFH�RI�QHJDWLYH�FKDUJHV�DW�WKH�ERWWRP�RI�WKH�FHOO��7KLV�PHDQV�WKDW�
LW�FUHDWHV�D�ȴHOG�RI�HOHFWULF�SRWHQWLDO�DEOH�WR�PRYH�WKH�HOHFWURQV�OLEHUD-
WHG�E\�WKH�SKRWRYROWDLF�H΍HFW��7KRVH�QDWXUDOO\�ZLOO�PRYH�WRZDUGV�WKH�WRS�
RI�WKH�FHOO��SRVLWLYHO\�FKDUJHG��7KH�DWRPV�RI�VLOLFRQ�OHIW�E\�WKH�HOHFWURQV�
H[FLWHG�E\�VRODU�UDGLDWLRQ�ZLOO�DWWUDFW�QHZ�RQHV�IURP�WKH�ERWWRP�RI�WKH�
FHOO��ΖI�WKH�WZR�IDFHV�RI�WKH�FHOO�DUH�FRQQHFWHG�E\�D�FRQGXFWRU��LW�ZLOO�FUHDWH�
D�ȵRZ�RI�HOHFWURQV��HOHFWULF�FXUUHQW��WKURXJK�WKLV��FDSDEOH�RI�SRZHULQJ�D�
load connected.
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7KH�FRPSRQHQW�LV�FRPSOHWHG�E\�D�OD\HU�RI�WLWDQLXP�R[LGH�WR�UHGXFH�WKH�
UHȵHFWLRQ�RI�VXQOLJKW�DQG�WR�OHW�WKH�FHOO�DEVRUE�DV�PXFK�UDGLDWLRQ�DV�SRV-
VLEOH��7KH�FHOO�KDV�D�WKLFNQHVV�QRW�H[FHHGLQJ�����PP��ΖW�UHPDLQV�WR�XQGHU-
VWDQG�ZKDW�KDSSHQV�WR�WKH�VRODU�UDGLDWLRQ�QRW�FRQYHUWHG�LQWR�HOHFWULFLW\��
7KLV�LV�FRQYHUWHG�LQWR�KHDW�ZKLFK�UDLVHV�WKH�WHPSHUDWXUH�RI�WKH�SDQHO�DQG�
LV�WKHQ�UH�UDGLDWHG�LQWR�WKH�HQYLURQPHQW�

5.2 Assessing energy performance of BIPV
)URP�WKH�LQLWLDO�SODQQLQJ�VWDJH�RI�D�%Ζ39��LW�LV�LPSRUWDQW�WR�FRQVLGHU�LQ�
ZKLFK�SDUW�RI� WKH�EXLOGLQJ�VRODU�SDQHOV�PLJKW�EH�VLWHG��7KLV�UHTXLUHV�
WR�XQGHUVWDQG�WKH�FOLPDWH�FRQGLWLRQV�DW�WKH�VLWH��WKH�ZD\�LQ�ZKLFK�WKH�
VXQȇV�SDWK�WUDYHOV�DFURVV�WKH�VN\�GXULQJ�GL΍HUHQW�VHDVRQV�RI�WKH�\HDU�
�GHSHQGLQJ�RQ�ODWLWXGH��DQG�WKH�EXLOGLQJ�VXUIDFHV�WKDW�DUH�OLNHO\�WR�UH-
FHLYH�KLJK�OHYHOV�RI�VRODU�H[SRVXUH�ZLWKRXW�WRR�PXFK�LQWHUIHUHQFH�IURP�
shade. 
$FFHVV�WR�DGHTXDWH�GLUHFW�VXQVKLQH�LV�LPSRUWDQW�LI�KLJK�SRZHU�RXWSXWV�
DUH�WR�EH�DFKLHYHG�RYHU�D�\HDU��%XW�WKHUH� LV�ȵH[LELOLW\� LQ�GHWHUPLQLQJ�
WKH�SRVLWLRQ�WKDW�FDQ�DOORZ�WKH�VRODU�SKRWRYROWDLF�SDQHOV�WR�ZRUN�WKH�
better as possible. 
ΖQ� WKH�QRUWKHUQ�RU� VRXWKHUQ� VKRUHV�RI�0HGLWHUUDQHDQ�EDVLQ�� DV�ZHOO�
DV� LQ�0LGGOH�(DVW�UHJLRQV��EXLOGLQJ�VXUIDFHV�WKDW�KDYH�D�VRXWKHUO\�RU�
KRUL]RQWDO�RULHQWDWLRQ�ZLOO�EH�H[SRVHG�WR�JRRG�VRODU�LUUDGLDWLRQ��$V�D�
UXOH�RI�WKXPE��WKH�RSWLPXP�VRODU�SDQHO�DQJOH�LV�RQH�WKDW�LV�RULHQWDWHG�
WUXH�VRXWK�DQG�WLOWHG�DW�WKH�ODWLWXGH�DQJOH�RI�LWV�ORFDWLRQ��)RU�H[DPSOH��
&DJOLDUL� ODWLWXGH� LV���r�1�VR�D�VRODU�SDQHO�RULHQWDWHG� WUXH�VRXWK�DQG�
WLOWHG���r�IURP�WKH�KRUL]RQWDO�ZRXOG�EH�GHVLUDEOH�WR�DFKLHYH�PD[LPXP�
DQQXDO�VRODU�H[SRVXUH��7KLV�LV�QRW�DOZD\V�WUXH�VLQFH�VRPH�ORFDO�SDUD-
PHWHUV��IRU�H[DPSOH�IUHTXHQW�FORXGLQHVV�LQ�JLYHQ�SHULRGV��FDQ�LQȵXHQ-
FH�VRODU�FXPXODWLYH�UDGLDWLRQ��)RU�WKRVH�UHDVRQV�IRU�&DJOLDUL�D�WLOW�DQJOH�
RI���r�LV�VXJJHVWHG��
6RODU�SDQHOV�GR�QRW�KDYH�WR�EH�RSWLPDOO\�RULHQWDWHG�WR�JDLQ�DGHTXDWH�
RXWSXWV��ΖQYDULDEO\��FRPSURPLVHV�ZLWK�EXLOGLQJ�GHVLJQ�IHDWXUHV��VXFK�
DV�URRI�DQJOH�ZLOO�EH�UHTXLUHG��)RU� LQVWDQFH��WKH�LQWHUQDO�FRPIRUW�GH-
PDQGV�RI�WKH�EXLOGLQJ�DQG�WLPH�RI�XVH�WDUL΍V�PD\�IDYRXU�V\VWHPV�WKDW�
VKDGH� VRXWK�ZHVWHUO\� H[SRVHG� VXUIDFHV� DQG� JHQHUDWH� SRZHU� LQ� WKH�
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DIWHUQRRQ�WR�UHGXFH�WKH�QHHG�IRU�DUWLȴFLDO�DLU�FRQGLWLRQLQJ�DQG�SHDN�
ORDG�SRZHU�SXUFKDVHV��7KLV�LV�SDUWLFXODUO\�UHOHYDQW�LQ�FRPPHUFLDO�EX-
ildings.
)RU�PRVW�39�WHFKQRORJLHV��H[FHSW�DPRUSKRXV�VLOLFRQ��WKH�KRWWHU�WKH�DLU�
WHPSHUDWXUH�WKH�ORZHU�WKH�HɝFLHQF\��39�PRGXOHV�ZRUN�YHU\�ZHOO�GX-
ULQJ�KLJK�VXQ�EXW�UHODWLYHO\�ORZ�DPELHQW�WHPSHUDWXUHV��HJ��EHORZ���r&���
7KH\�JHQHUDWH�GLUHFW�FXUUHQW��'&��HOHFWULFLW\�DQG�WKLV�SRZHU�LV�UDWHG�E\�
WKH�PDQXIDFWXUHU� DJDLQVW� 6WDQGDUG� 7HVW� &RQGLWLRQV� �67&��� 67&�PHD-
VXUHV�SDQHO�SHUIRUPDQFH�LQ�DUWLȴFLDO�FRQGLWLRQV��ΖW�UHSOLFDWHV�DPELHQW�
DLU�WHPSHUDWXUH�RI���r�&��VRODU�LUUDGLDWLRQ�LQWHQVLW\�RI������:�Pt�DQG�
KDOI�WLPHV�WKH�WKLFNQHVVHV�RI�WKH�HDUWKȇV�DWPRVSKHUH�DW�WKH�HTXDWRU��
7KLV�LV�FRPSDUDEOH�WR�D�FOHDU�QRRQ�GD\�DW�DSSUR[LPDWHO\���r�ODWLWXGH��
0RGXOHV�PD\�EH�UDWHG�DV�����:DWWV�XQGHU�67&�DQG�IDOO�ZLWKLQ�DFWXDO�
SHUIRUPDQFH� RI� ������� *LYHQ� WKDW� 0HGLWHUUDQHDQ� EDVLQ� DQG�PLGGOH�
HDVW�UHJLRQV�H[SHULHQFHV�D�KLJK�QXPEHU�RI�GD\V�ZLWK�DLU�WHPSHUDWXUH�
DERYH���r�&��WKHUH�LV�OLNHO\�WR�EH�IUHTXHQW�GHFUHDVLQJ�RI�SRZHU�RXWSXW��
HVSHFLDOO\�GXULQJ�WKH�KHLJKW�RI�VXPPHU��ΖQ�DGGLWLRQ��ZKHQ�RSHUDWLQJ�RQ�
D�URRI�RU�ȵDW�VXUIDFH��39�PRGXOHV�FDQ�UHDFK�DQ�LQWHUQDO�WHPSHUDWXUH�RI�
EHWZHHQ������r&��FDXVLQJ�IXUWKHU�ORVV�RI�SHUIRUPDQFH��
&RQVHTXHQWO\��LW�LV�LPSRUWDQW�WR�FRQVLGHU�WKH�FOLPDWLF�LQȵXHQFH�RQ�GLI-
IHUHQW�39� W\SHV�DQG�ZKHUH� WKH\�DUH� OLNHO\� WR�EH�VLWHG��1DWXUDO�YHQWL-
ODWLRQ�FDQ�EH�XVHG�WKURXJK�JRRG�GHVLJQ�WR�FRRO�WKH�39�PRGXOHV�WR�D�
PRUH�GHVLUDEOH�RSHUDWLQJ�WHPSHUDWXUH��7KLV�LV�SDUWLFXODUO\�WUXH�IRU�39�
ZDOOV��7KH�%Ζ39�FDQ�EH�GHVLJQHG� WR�GUDZ�KRW�DLU� WKURXJK�DQG�RXW�RI�
WKH�WRS�RI�WKH�EXLOGLQJ��WKXV�SURYLGLQJ�D�FRROHU�HQYLURQPHQW�LQ�ZKLFK�
SDQHOV�FDQ�RSHUDWH��$PRUSKRXV�VLOLFRQ�PRGXOHV�PD\�EH�SUHIHUUHG�LQ�
KLJK� WHPSHUDWXUH�DSSOLFDWLRQV��GHVSLWH� WKHLU� ORZHU�RYHUDOO�HɝFLHQF\��
VLQFH�WKHLU�SHUIRUPDQFH�LV�QRW�DV�VHQVLWLYH�WR�WHPSHUDWXUH�
39�FHOO�WHPSHUDWXUHV�DUH�YHU\�GLɝFXOW�WR�PHDVXUH�VLQFH�WKH�FHOOV�DUH�
WLJKWO\� HQFDSVXODWHG� LQ� RUGHU� WR� SURWHFW� WKHP� IURP� HQYLURQPHQWDO��
GHJUDGDWLRQ�� 7KH� WHPSHUDWXUH�RI� WKH�EDFN� VXUIDFH�RI�39�PRGXOHV� LV�
FRPPRQO\�PHDVXUHG�DQG�XVHG� LQ�SODFH�RI� WKH�FHOO� WHPSHUDWXUH�ZLWK�
WKH�DVVXPSWLRQ�WKDW�WKHVH�WHPSHUDWXUHV�FORVHO\�PDWFK��)URP�D�PDWKH-
PDWLFDO�SRLQW�RI�YLHZ��FRUUHODWLRQV� IRU�39�FHOO�RSHUDWLQJ�WHPSHUDWXUH��
�7F��DUH�HLWKHU�H[SOLFLW� LQ� IRUP�� WKXV�JLYLQJ�7F�GLUHFWO\��RU� LPSOLFLW�� L�H���
LQYROYH��YDULDEOHV�VXFK�DV�FHOO�HɝFLHQF\�RU�KHDW�WUDQVIHU�FRHɝFLHQWV��



55

ZKLFK�WKHPVHOYHV�GHSHQG�RQ�7F��ΖQ�WKH�ODWWHU�FDVH��DQ�LWHUDWLRQ�SURFH-
GXUH�LV�QHFHVVDU\�WR�FDOFXODWH�WKH�FHOO�WHPSHUDWXUH��$�ORW�RI�PRGHOV�IRU�
39�FHOO�WHPSHUDWXUH�HYDOXDWLRQ�FDQ�EH�IRXQG�LQ�OLWHUDWXUH��7KH\�LQFOXGH�
H[SOLFLW�DQG�LPSOLFLW�PRGHOV��2QH�RI�WKH�VLPSOHVW�DQG�PRVW�ZLGHVSUHDG�
PHWKRG�WR�FDOFXODWH�7F�LV�JLYHQ�E\�HTXDWLRQ�����

:KHUH�7F�LV�WKH�FHOOȇV�WHPSHUDWXUH��7D�LV�WKH�DLU�WHPSHUDWXUH��r&���*P�
LV��WKH�VRODU�UDGLDWLRQ��:�Pt��DQG�127&�LV�WKH�1RUPDO�2SHUDWLQJ�&HOO�
7HPSHUDWXUH��r&���2QFH�7F�LV�NQRZQ�WKH�GHFUHDVH�RI�SHUIRUPDQFH�FDQ�
EH�FDOFXODWHG�E\�HT������

:KHUH�3937&�LV�WKH�SRZHU�RI�39�PRGXOH�DW�7F�WHPSHUDWXUH��3930�LV�
WKH�PD[LPXP�SRZHU�RI�WKH�PRGXOH��L�H��LQ�6WDQGDUG�7HVW�&RQGLWLRQV��
DQG�37&�LV�SRZHU�WHPSHUDWXUH�FRHɝFLHQW�� ΖW�GHSHQGV�RQ�WKH�W\SH�RI�
SDQHO��7KH�YDOXHV�JLYHQ�LQ�WKH�IROORZLQJ�UHIHU�WR�D�W\SLFDO�SRO\�FU\VWDO-
OLQH�PRGXOH�
+LJK�WHPSHUDWXUH�FDQ�D΍HFW�DOVR�WKH�FRQYHUVLRQ�RI�'&�$&�E\�WKH�LQYHU-
WHUV��ΖQ�SDUWLFXODUO\�KRW�UHJLRQV�LW�LV�QHFHVVDU\�WR�FRRO�GRZQ�LQYHUWHUV�
URRPV� WR� LPSURYH� WKHLU� HɝFLHQF\�� ΖW� KRZHYHU� LQYROYHV� DQ� HOHFWULFLW\�
FRQVXPSWLRQ�WKDW�VKRXOG�EH�VXEWUDFWHG�E\�WKH�SURGXFWLRQ�RI� WKH�39�
V\VWHP���$QRWKHU�UHGXFLQJ�IDFWRU� LV�WKH�GXVW�GHSRVLWLRQ�WKDW�FDQ�RE-
VWDFOH�WKH�FRUUHFW�ZRUNLQJ�RI�SDQHOV��ΖQ�VRPH�UHJLRQV�FORVH�WR�GHVHUW�
DUHD�LW�FDQ�EH�D�VHULRXV�LVVXH��6R�LI�WKH�GDWD�DUH�DYDLODEOH�LW�KDV�EHHQ�
LQFOXGHG�LQ�WKH�DVVHVVPHQW�RI�WKH�SURGXFWLRQ�SRWHQWLDO�

(1)Tc = Ta + –––––––  (NOTC - 20)
Gm

800

(2)––––––––––  = 1– PTC . (Tc –25)
PVPTC

PVPM
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Catalonia Region - Spain
6LQFH�&DWDORQLD�LV�ORFDWHG�URXJKO\�EHWZHHQ�ODWLWX-
GHV�����|�DQG�����|�1RUWK��39�SDQHOV�IDFLQJ�6RXWK�
DQG�ZLWK�D�WLOW�DQJOH�RI�DSSUR[LPDWHO\���|�DUH�WKH�
EHVW� GHVLJQ� LQ� WHUPV� RI� DQQXDO� HOHFWULFLW\� SUR-
GXFWLRQ��'XULQJ�ZLQWHU� KLJKHU� LQFOLQDWLRQ�ZRXOG�
OHDG�WR�VOLJKWO\�EHWWHU�SURGXFWLRQ��+RZHYHU��EHLQJ�WKDW�����RI�DQQXDO�HQHU-
J\�DUH�SURGXFHG�GXULQJ�VXPPHU�VHPHVWHU��$SULO�WR�6HSWHPEHU���WKHQ�D�
WLOW�DQJOH�FORVH�WR�SODFH�ODWLWXGH�LV�DGYLVDEOH�WR�PD[LPL]H�DQQXDO�HQHUJ\�
\LHOG��)LJXUH���EHORZ�VKRZV�GL΍HUHQFHV�RQ�PRQWKO\�VRODU� UDGLDWLRQ�E\�
GL΍HUHQW�RULHQWDWLRQ�DQG�DQJOHV�LQ�&DWDORQLD��%HVW�LQFOLQDWLRQV�DUH�WKRVH�
FORVH�WR���|��ZKHUHDV�KRUL]RQWDO�DQG�VRXWK�LQFOLQDWLRQV�DUH�WKRVH�DOORZLQJ�
WKH�PD[LPXP�UDGLDWLRQ�H[SRVXUH�LQ�VXPPHU�DQG�ZLQWHU�UHVSHFWLYHO\�

Fig 1   (MPCBM�TPMBS�SBEJBUJPO�CZ�EJƊFSFOU�PSJFOUBUJPO�BOE�JODMJOBUJPO

)LJXUH���EHORZ�GHSLFWV�WKH�SHUFHQWDJH�RI�UHGXFWLRQ�RI�VRODU�UDGLD-
WLRQ�E\�GLIIHUHQW�RULHQWDWLRQV�DQG�WLOW�DQJOH�IURP�WKH�RSWLPXP��$V�LW�
FDQ�EH�VHHQ�IURP�WKH�ILJXUH��VRODU�SDQHOV�LQVWDOODWLRQ�FDQ�EH�IOH[L-
EOH�LQ�ERWK��LQFOLQDWLRQ�DQG�WLOW�DQJOH�ZLWKRXW�UHGXFLQJ�GUDPDWLFDOO\�
WKH�SODQW�SHUIRUPDQFH��ΖW�LV�DGYLVDEOH�WR�UHGXFH�WLOW�DQJOH�IRU�WKRVH�
39�JHQHUDWRUV�QRW� IDFLQJ� WKH�EHVW�RULHQWDWLRQ� �6RXWK��� 7KXV�� D�39�
LQVWDOODWLRQ�ZLWK���|� WLOW�DQJOH�FDQ�SHUIRUP�XS� WR�����HYHQ�ZKHQ�

Spain
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GHYLDWLRQ� IURP�RSWLPXP� �6RXWK�� LV� DV� KLJK� DV� ��|� �(DVW� RU�:HVW����
%HVW�WLOW�LQFOLQDWLRQ�LV�QRW�RQO\�DOORZLQJ�IRU�D�EHWWHU�UDGLDWLRQ�H[SR-
VXUH�EXW�DOVR�D�EHWWHU�WHPSHUDWXUH�SHUIRUPDQFH�RI�WKH�VRODU�SDQHOV�
DFFRUGLQJ� WR� )LJXUH� ��� SHUFHQWDJH� RI� UHGXFWLRQ� RI� 39� SURGXFWLRQ�
GXH�WR�FHOO�WHPSHUDWXUH�

Fig 2   1FSDFOUBHF�PG�PVUQVU�SFEVDUJPO�CZ�PSJFOUBUJPO�BOE�JODMJOBUJPO

Fig 3   1FSDFOUBHF�PG�PVUQVU�SFEVDUJPO�EVF�UP�UFNQFSBUVSF�CZ�PSJFOUBUJPO�

BOE�JODMJOBUJPO�



58

Alexandria Region - Egypt
ΖQ�WKH�IROORZLQJ�WKH�GDWD�UHJDUGLQJ�VRODU�LUUDGLD-
WLRQ�LQ�$OH[DQGULD�UHJLRQ�DUH�JLYHQ�

Fig 4   (MPCBM�TPMBS�SBEJBUJPO�CZ�EJƊFSFOU�PSJFOUBUJPO�BOE�JODMJOBUJPO�

Fig 5   1FSDFOUBHF�PG�PVUQVU�SFEVDUJPO�CZ�PSJFOUBUJPO�BOE�JODMJOBUJPO

Egypt
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Lebanon
ΖQ�WKH�IROORZLQJ�WKH�GDWD�UHJDUGLQJ�VRODU�LUUDGLD-
tion in Lebanon are given.

Fig 6   (MPCBM�TPMBS�SBEJBUJPO�CZ�EJƊFSFOU�PSJFOUBUJPO�BOE�JODMJOBUJPO�

Fig 7   1FSDFOUBHF�PG�PVUQVU�SFEVDUJPO�CZ�PSJFOUBUJPO�BOE�JODMJOBUJPO

Lebanon
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Fig 8   1FSDFOUBHF�PG�PVUQVU�SFEVDUJPO�EVF�UP�UFNQFSBUVSF�CZ�PSJFOUBUJPO�

BOE�JODMJOBUJPO
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Aqaba Region - Jordan
$V� LOOXVWUDWHG� LQ� )LJXUH� ��� WKH� WRWDO� DQQXDO� LUUD-
GLDWLRQ� LQ�$TDED� FDQ� UHDFK�XS� WR� ����� N:K�P� 
ZKHQ� WKH�39�V\VWHP� LV� WLOWHG�DW�RSWLPDO� LQFOLQD-
WLRQ�DQJOH��7KH�PD[LPXP�PRQWKO\�LUUDGLDWLRQ�SHU�
VTXDUH�PHWHU������N:K�P���RFFXUV�LQ�-XQH�ZLWK�D�
KRUL]RQWDO�V\VWHP�LQVWDOODWLRQ�

7KH�EHVW�LQFOLQDWLRQ�WLOW�DQJOH�JLYHV�WKH�VWHDGLHVW�UDGLDWLRQ�IRU�WKH�ZKROH�
\HDU��7KH�ORZHVW�LUUDGLDWLRQ�OHYHOV�RFFXU�ZKHQ�39�PRGXOHV�DUH�LQVWDOOHG�
WR�WKH�WUXH�VRXWK��HDVW�RU�ZHVW��

Fig 9   (MPCBM�TPMBS�SBEJBUJPO�CZ�EJƊFSFOU�PSJFOUBUJPO�BOE�JODMJOBUJPO

ΖQ�RUGHU�WR�WUDFN�WKH�H΍HFW�RI�RULHQWDWLRQ�DQG�WLOW�RQ�39�SURGXFWLRQ�LQ�)L-
JXUH�����LW�LV�LPSRUWDQW�WR�NQRZ�WKDW�WKH�PHDQ�UHJLRQ�ODWLWXGH�IRU�$TDED�
FLW\�LV�������2.

)LJXUH����VKRZV�WKH�GHFUHDVH�RU�LQFUHDVH�LQ�WKH�SURGXFWLRQ�RI�39�V\-
VWHPV�GXH�WR�WHPSHUDWXUH�YDULDWLRQV�

Jordan
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ΖQ�$TDED��WKH�SKRWRYROWDLF�FHOO�WHPSHUDWXUH��DV�FDOFXODWHG�E\�WKH�DIR-
UHPHQWLRQHG�IRUPXOD��LV�FORVHVW�WR���Ő&��67&�FRQGLWLRQV��GXULQJ�WKH�
ZLQWHU�PRQWKV��'HFHPEHU��-DQXDU\�DQG�)HEUXDU\��
6RPH�FDVHV�ZHUH�HQFRXQWHUHG�ZKHUH�WKH�HɝFLHQF\�RI�WKH�VRODU�FHOO�
UHDFKHG�D�YDOXH�EH\RQG�LWV�UDWLQJ�ZKHQ�WKH�FHOO�WHPSHUDWXUH�ZDV�EH-
ORZ���Ő&��ΖUZDQWR��������

Fig 10��1FSDFOUBHF�PG�SFEVDUJPO�PG�TPMBS�SBEJBUJPO�CZ�EJƊFSFOU�PSJFOUBUJPOT�BOE�UJMU�BOHMF

Fig 11   1FSDFOUBHF�PG�SFEVDUJPO�PG�17�QSPEVDUJPO�EVF�UP�DFMM�UFNQFSBUVSF
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Tunisi Region - Tunisia
7XQLV�UHJLRQ�LV� ORFDWHG�URXJKO\�EHWZHHQ�ODWLWX-
GHV�����|�DQG���|�1RUWK��39�SDQHOV�IDFLQJ�6RXWK�
DQG�ZLWK� D� WLOW� DQJOH� RI� DSSUR[LPDWHO\� ��|� DUH�
WKH� EHVW� GHVLJQ� LQ� WHUPV� RI� DQQXDO� HOHFWULFLW\�
SURGXFWLRQ�� 'XULQJ� ZLQWHU� KLJKHU� LQFOLQDWLRQ�
ZRXOG�OHDG�WR�VOLJKWO\�EHWWHU�SURGXFWLRQ��

+RZHYHU��EHLQJ�WKDW�DURXQG�����RI�DQQXDO�HQHUJ\�LV�SURGXFHG�GXULQJ�
VXQ�VKLQLQJ�SHULRG��0DUFK�WR�2FWREHU���WKHQ�D�WLOW�DQJOH�FORVH�WR�SODFH�
ODWLWXGH�LV�DGYLVDEOH�WR�PD[LPL]H�DQQXDO�HQHUJ\�\LHOG��ΖQ�WKH�)LJXUH����
WKH�GL΍HUHQFHV�RQ�PRQWKO\�VRODU�UDGLDWLRQ�E\�GL΍HUHQW�RULHQWDWLRQ�DQG�
DQJOHV�LQ�7XQLV�UHJLRQ�DUH�VKRZQ��

Fig 12   .POUIMZ�TPMBS�SBEJBUJPO�CZ�EJƊFSFOU�PSJFOUBUJPO�BOE�BOHMFT

7KH�IROORZLQJ�JUDSK��)LJ������GHSLFWV�WKH�SHUFHQWDJH�RI�UHGXFWLRQ�RI�VRODU�
UDGLDWLRQ�E\�GL΍HUHQW�RULHQWDWLRQV�DQG�WLOW�DQJOH�IURP�WKH�RSWLPXP��$V�
LW�FDQ�EH�VHHQ�IURP�WKH�ȴJXUH��VRODU�SDQHOV�LQVWDOODWLRQ�FDQ�EH�ȵH[LEOH�LQ�
ERWK�� LQFOLQDWLRQ�DQG�WLOW�DQJOH�ZLWKRXW�UHGXFLQJ�GUDPDWLFDOO\�WKH�SODQW�
SHUIRUPDQFH�
ΖW�LV�DGYLVDEOH�WR�UHGXFH�WLOW�DQJOH�IRU�WKRVH�39�JHQHUDWRUV�QRW�IDFLQJ�WKH�
EHVW�RULHQWDWLRQ��6RXWK���

Tunisia
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Fig 13   1FSDFOUBHF�PG�SFEVDUJPO�PG�TPMBS�SBEJBUJPO�CZ�EJƊFSFOU�PSJFOUBUJPOT�
BOE�UJMU�BOHMF
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Sardinia - Italy
ΖQ�WKH�IROORZLQJ�WKH�GDWD�UHJDUGLQJ�VRODU�LUUDGLD-
tion in Sardinia are given.

Fig 14   (MPCBM�TPMBS�SBEJBUJPO�CZ�EJƊFSFOU�PSJFOUBUJPO�BOE�JODMJOBUJPO�

Fig 15   1FSDFOUBHF�PG�PVUQVU�SFEVDUJPO�CZ�PSJFOUBUJPO�BOE�JODMJOBUJPO�

Italy
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5.3 Rough sizing of a BIPV plant
7KH�PDLQ�SDUDPHWHUV�RQ�ZKLFK�LV�EDVHG�WKH�FDOFXODWLRQ�RI�D�39�V\VWHP�
DUH� WKH�FRQYHUVLRQ�HɝFLHQF\�XQGHU� VWDQGDUG�FRQGLWLRQV� �Ƅstc�� DQG� WKH�
NLORZDWW�SHDN��N:p���7KH�ȴUVW�LV�GHȴQHG�DV�WKH�HɝFLHQF\�RI�D�SKRWRYROWDLF�
PRGXOH�WKDW�SURGXFHV�HOHFWULF�FXUUHQW�LQ�VWDQGDUG�FRQGLWLRQV��ZKLFK�DUH�
�� ΖQFLGHQW�VRODU�LUUDGLDQFH��*��RQ�WKH�PRGXOH�HTXDO�WR������:�Pt�
�� $LU�WHPSHUDWXUH�HTXDO�WR���r&�
�� 6XQOLJKW�VSHFWUXP�HTXLYDOHQW�WR�����$0��$LU�0DVV��
Test condition are generally recreated in laboratory and the electric 
SRZHU�RI�D�JLYHQ�39�PRGXOH�LV�WKHQ�PHDVXUHG�

7KH�HɝFLHQF\�Ƅstc�LV�JLYHQ�E\�����

ZKHUH��
- PPD[�LV�HOHFWULF�SRZHU�RI�WKH�PRGXOH��:��
�� *�LV�WKH�LUUDGLDQFH�LQFLGHQW�RQ�WKH�PRGXOH�������:�Pt�
�� $PRG�LV�WKH�ZKROH�DUHD�RI�WKH�PRGXOH��P���

7KH�N:p� LV�GHȴQHG�DV� WKH�DPRXQW�RI�SDQHOV�QHHGHG�WR�SURGXFH���N:�
SRZHU�XQGHU�VWDQGDUG�FRQGLWLRQV��LW�LV�QRW�D�XQLW�RI�HQHUJ\�RU�SRZHU���7R�
TXDQWLI\�WKH�N:S�LW�LV�QHFHVVDU\�WR�GHWHUPLQH�LWV�VXUIDFH��L�H��WKH�VXUID-
FH�RI�WKH�SDQHOV�QHHGHG�WR�SURGXFH���N:�RI�HOHFWULF�SRZHU�LQ�VWDQGDUG�
conditions.

$FFRUGLQJ�WR�����

)RU���N:p PPD[�LV�HTXDO�WR������:��ZKLOH�XQGHU�VWDQGDUG�FRQGLWLRQV�*�LV�
HTXDO�WR������:�Pt��WKXV�����FDQ�EH�ZULWWHQ�

(3)–––––––––– – –  n   
stc 

= 
Pmax

G.Amod

(4)= A   
 kWp

Pmax

G.n   
stc 

–––––––––– – –  
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ΖQ�����XQLWV�DUH�QRW�UHVSHFWHG��ΖW�MXVW�PHDQV�WKDW�WKH�DUHD�LQ�Pt�RI���N:p�RI�
SDQHOV�LV�HTXDO�WR�WKH�LQYHUVH�UDWLR�RI�WKH�VWDQGDUG�FRQGLWLRQ�HɝFLHQF\��ΖW�
LV�HYLGHQW�WKDW�XVLQJ�PRUH�SHUIRUPLQJ�PRGXOHV�WKH�VXUIDFH�UHTXLUHG�WR�
KDYH�D�JLYHQ�HOHFWULFDO�SRZHU�ZLOO�EH�OHVV�
)RU�H[DPSOH�LI�� Ƅstc �����$N:S ���Pt
� � Ƅstc �������$N:S ��Pt
� � Ƅstc ����$N:S ���Pt

1RZ�LW�LV�SRVVLEOH�WR�HVWLPDWH�WKH�SURGXFWLRQ�RI���N:p.

7KH�HOHFWULFLW\�SURGXFHG�LV�GHSHQGHQW�RQ�WKH�VRODU�LUUDGLDWLRQ�LQFLGHQW�
RQ�WKH�SDQHOV��WKXV�RQ�WKH�JHRJUDSKLFDO�ORFDWLRQ�
)RU�WKH�FLW\�RI�&DJOLDUL��IRU�D�VXUIDFH�RULHQWHG�VRXWK�ZLWK�D�WLOW�HTXDO�WR���r�
WKH�DQQXDO�LUUDGLDWLRQ�LV�ȯ������N:K�Pt�

ΖQWHJUDWLQJ�����RYHU�WKH�WLPH��LW�FDQ�EH�ZULWWHQ�

:KHUH�
- E'&�LV�WKH�GLUHFW�HOHFWULF�FXUUHQW�SURGXFHG�LQ�RQH�\HDU�E\���N:p�
�� Ζ�LV�WKH�DYHUDJH�DQQXDO�LUUDGLDWLRQ��N:K�Pt�
�� $N:S�LV�WKH�VXUIDFH�RI���N:p���Pt��
�� Ƅstc�LV�WKH�HɝFLHQF\�XQGHU�VWDQGDUG�FRQGLWLRQV�

$FFRUGLQJ�WR����������FDQ�EH�ZULWWHQ�

$JDLQ�XQLWV�DUH�QRW�UHVSHFWHG��EXW�QXPHULFDOO\�WKH�DQQXDO�SURGXFWLRQ�RI�GL-
UHFW�FXUUHQW�E\��N:S�LV�HTXDO�WR�WKH�DQQXDO�LUUDGLDWLRQ�RQ���Pt�RI�39�SODQW��

(5)––––––––= [m2]
1

n   
stc 

I[ ––––––––  ]= E 
 DC 

[ kWh]
kWh

m2
(7)

I.A   
 kWp

.n   
stc 

= E 
 DC (6)
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Fig 16   "WFSBHF�#04�FƍDJFODZ�GPS�B�17�TZTUFN�

ΖQ�&DJOLDUL���N:S�SURGXFHV������N:K�\��QR�PDWWHU�ZKLFK�NLQG�RI�SDQHOV�LV�
LQVWDOOHG��7KLV�SURGXFWLRQ�KRZHYHU�LV�MXVW�WKHRUHWLFDO��)LUVWO\�SDQHOV�YHU\�
VHOGRP�ZRUN�XQGHU�VWDQGDUG�FRQGLWLRQV�DQG�VHFRQGO\�HOHFWULFLW\�QHHGV�D�
'&�$&�FRQYHUVLRQ�WR�EH�GLUHFWO\�XVHG�E\�EXLOGLQJ�DSSOLDQFHV�

7KXV�D�VHFRQG�HɝFLHQF\�FDOOHG�%26��%DODQFH�RI�6\VWHP��LV�LQWURGXFHG��ΖW�
WDNHV�LQWR�DFFRXQW�DOO�WKH�ORVVHV�WKDW�DUH�QRW�FRQVLGHUHG�LQ�VWDQGDUG�FRQ-
GLWLRQV��2Q�DYHUDJH�DOO�WKH�IDFWRUV�WKDW�FRQWULEXWH�WR�WKH�%26�DUH�OLVWHG�
LQ�ȴJ�����

ΖW�LV�LPSRUWDQW�WR�SRLQW�RXW�WKDW�IRU�D�%Ζ39�WKH�%26�FDQ�EH�UHGXFHG�VWURQ-
JO\�LI�LQVWDOODWLRQ�LV�QRW�FRUUHFW��)RU�H[DPSOH�LI�WKH�SDQHO�FDQQRW�GLVVLSDWH�
RYHUKHDWLQJ�E\�WKH�YHQWLODWLRQ�RI�WKH�ERWWRP�IDFH��WKH�ORVVHV�IRU�WHPSH-
UDWXUH�H΍HFW�FDQ�EH�PXFK�KLJKHU�WKDQ������
7KH�HQHUJ\�SURGXFHG�E\�WKH�ZKROH�V\VWHP�DQG�GHOLYHUHG�WR�WKH�EXLOGLQJ�
JULG�LV�

E 
 DC

.n   
BOS 

=E 
 AC

(8)
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ZKHUH�($&� LV� WKH� LQYHUWHU�RXWSXW�HQHUJ\� �DOWHUQDWH�HOHFWULFDO�FXUUHQW�� LI�
WKH�V\VWHP�LV�JULG�FRQQHFWHG�
1RZ�LW�LV�SRVVLEOH�WR�VLPXODWH�GL΍HUHQW�VL]LQJ�VFHQDULRV�VWDUWLQJ�IURP�GLI-
IHUHQW�LQSXWV�

������4J[JOH�CZ�EFTUJOBUJPO�PG�VTF�	SFTJEFOUJBM
�DPNNFSDJBM
�PƍDF
�
schools...) 
*HQHUDOO\��XVLQJ�DV�PXFK�RI�WKH�HQHUJ\�SURGXFHG�E\�39V�LQ�WKH�EXLOGLQJ�
PDNHV�VHQVH��
7KH�DPRXQW�RI�39�HQHUJ\�XVDEOH�RQ�VLWH�LV�UHODWHG�WR�WKH�VL]H�RI�WKH�DUUD\�
DQG� WKH�PDJQLWXGH�DQG�SDWWHUQ�RI� WKH�GHPDQG��$�ZLGH� UDQJH�RI�EXLO-
GLQJ�W\SHV�IURP�RɝFHV�WR�KRWHOV�WR�KRXVHV�FDQ�XVH�39V��2ɝFH�EORFNV�
KDYH�JRRG�39�SRWHQWLDO�EHFDXVH� WKHLU�HOHFWULFLW\�GHPDQG� LV� VLJQLȴFDQW�
\HDU�URXQG� �LQFOXGLQJ� WKH� VXPPHU�� DQG� EHFDXVH� GHPDQG� LV� KLJKHVW�
EHWZHHQ��DP�DQG��SP��7KXV��WKH�PDWFK�EHWZHHQ�GHPDQG�DQG�39�VXS-
SO\�LV�JRRG��+RXVHV��RQ�WKH�RWKHU�KDQG��DUH�PRUH�FKDOOHQJLQJ�EHFDXVH�
WKH�WLPHV�RI�UHTXLUHG�GHPDQG�DUH�PRUH�LQWHUPLWWHQW�DQG�KLJKO\�GHSHQ-
GDEOH�XSRQ�WKH�ZD\�LQ�ZKLFK�RFFXSDQWV�XVH�WKH�KRXVH��*ULG�FRQQHFWHG�
V\VWHPV�ZRUN�EHVW�ZLWK�GZHOOLQJV�DV�WKH�JULG�LQ�H΍HFW�DFWV�DV�D�VWRUDJH�
GHYLFH��&RPPHUFLDO�DQG�LQGXVWULDO�EXLOGLQJV�ZLWK�ODUJH�URRI�DYDLODEOH�DUH-
DV�DOVR�R΍HU�VLJQLȴFDQW�VFRSH�IRU�39V��(QHUJ\�FRQVXPSWLRQ�YDULHV�ZLWK�
ERWK�W\SH�DQG�WKH�VKDSH�RI�WKH�EXLOGLQJ��VR�D�GHVLJQ�VKRXOG�EH�FDUULHG�
RXW�DW�DQ�HDUO\�VWDJH�RI�WKH�GHVLJQ�SURFHVV�
$V�DQ�H[DPSOH��LQ�6DUGLQLD�DQ�DYHUDJH�D�IDPLO\�XVHV������N:K�RI�HOHFWUL-
FLW\�SHU�\HDU��ΖI�DOO�WKH�QHHG�LV�WR�EH�FRYHUHG�E\�D�39�SODQW�

E&$ �����N:K

ECC (&$�Ƅ%26 ��������� �����N:K

6LQFH���N:p�SURGXFHV�LQ�RQH�\HDU�WKH�VDPH�DPRXQW�RI�VRODU�HQHUJ\�LQFL-
GHQW�RQ���Pt�RI�SDQHOV��WKH�QXPEHU�RI�N:p necessary to cover the need 
ZLOO�EH�

1N:S ��������� �����N:p
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ΖI�ZH�FRQVLGHU�D�FRVW�SHU�N:p�HTXDO�WR�������Ȝ��WKH�LQYHVWPHQW�IRU�WKH�
SODQW�ZLOO�EH�������Ȝ��
3OHDVH�QRWH�WKDW�GDWD�RQ�VRODU�UDGLDWLRQ�UHIHUV�WR�RSWLPDO�RULHQWDWLRQ�DQG�
WLOW��EXU�QRW�QHFHVVDU\�WR�WKH�EHVW�LQWHJUDWLRQ�RSWLRQ�

5.3.2 Sizing by building element
7R�HQVXUH�VDIHW\��WKHUH�DUH�PHDVXUHV�DQG�VWHSV�WKDW�QHHG�WR�EH�WDNHQ�RU�
FRQVLGHUHG�ZKHQ�LQVWDOOLQJ�D�VRODU�39�V\VWHP�RQWR�D�QHZ�RU�DQ�H[LVWLQJ�
EXLOGLQJ�� )RU� QHZ� EXLOGLQJ� GHYHORSPHQWV�� WKH� GHVLJQ� RI� WKH� VWUXFWXUH�
PXVW�WDNH�LQWR�FRQVLGHUDWLRQ�WKH�ORDG�RI�WKH�VRODU�39�V\VWHP�LQVWDOODWLRQ��
MXVW�OLNH�DQ\�RWKHU�HTXLSPHQW�PRXQWHG�RQWR�D�EXLOGLQJ�VWUXFWXUH�
)RU�H[LVWLQJ�EXLOGLQJV��D�SURIHVVLRQDO�VWUXFWXUDO�HQJLQHHU�PD\�EH�UHTXL-
UHG�WR�FDUU\�RXW�DQ�LQVSHFWLRQ�RI�WKH�URRI�VWUXFWXUH��DQG�GR�D�FDOFXODWLRQ�
RQ�WKH�VWUXFWXUDO�ORDGV�
*LYHQ�D�FHUWDLQ�ORFDWLRQ��VRODU�39�V\VWHPV�DUH�H[SRVHG�WR�WKH�WKUHDW�RI�
OLJKWQLQJ�VWULNHV��$V�OLJKWQLQJ�FDQ�FDXVH�GDPDJH�WR�WKH�39�PRGXOHV�DQG�
LQYHUWHUV��H[WUD�FDUH�PXVW�EH�WDNHQ�WR�HQVXUH�WKDW�SURSHU�OLJKWQLQJ�SUR-
WHFWLRQ�LV�SURYLGHG�IRU�WKH�VRODU�39�V\VWHP�DQG�WKH�HQWLUH�VWUXFWXUH��7KH�
LQYHUWHUV�VKRXOG�EH�SURWHFWHG�E\�DSSURSULDWHO\�UDWHG�VXUJH�DUUHVWRUV�RQ�
WKH�'&�VLGH��ΖW�LV�JRRG�SUDFWLFH�WR�DOVR�LQVWDOO�VXUJH�DUUHVWRUV�RQ�WKH�$&�
VLGH��6WUXFWXUHV�DQG�39�PRGXOH�IUDPHV�PXVW�EH�SURSHUO\�JURXQGHG�
%Ζ39�V\VWHP�FDQ�EH�VWURQJO\�GHSHQGHQW�RQ�WKH�EXLOGLQJ�VXUIDFHV�DYDL-
ODEOH�IRU�WKH�LQVWDOODWLRQ��ΖQ�WKDW�FDVH�FDQ�EH�XVHIXO�WR�HVWLPDWH�WKH�VL]H�
RI�WKH�SODQW��

/HW�XV�DVVXPH�WKDW�WKH�URRI�KDV�D�VRXWK�IDFLQJ�VORSH�ZLWK�D�WLOW�RI���r�DQG�
D�VXUIDFH�RI����Pt�

ΖW� LV� QHFHVVDU\� WR� FKRRVH�D� VSHFLȴF� WHFKQRORJ\� VLQFH� WKH�Ƅstc�PXVW�EH�
NQRZQ��$VVXPLQJ�D�Ƅstc ����WKH�$N:S ����� ���Pt��ΖW�PHDQV�WKDW�HDFK�
N:p�WDNHV�XS����Pt�RI�WKH�URRI�VORSH�
7KH�PD[LPXP�1N:S�WKDW�FDQ�EH�LQVWDOOHG�LV������ ����
7KH�WRWDO�DQQXDO�SURGXFWLRQ�ZLOO�EH�
(&$ 1N:S•I•Ƅ%26 ���•����•���� ������N:K
ΖI�ZH�FRQVLGHU�D�FRVW�SHU�N:p�HTXDO�WR�������Ȝ��WKH�LQYHVWPHQW�IRU�WKH�
SODQW�ZLOO�EH�������Ȝ�
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6. Electrical connections and components
2QFH�39�V\VWHP�ZHUH�GLYLGHG�LQWR�WZR�PDLQ�FDWHJRULHV�

�� *ULG�FRQQHFWHG
- Stand alone

*ULG� FRQQHFWHG� 39� V\VWHPV� DOZD\V� KDYH� D� FRQQHFWLRQ� WR� WKH� SXEOLF�
HOHFWULFLW\�JULG� YLD�D� VXLWDEOH� LQYHUWHU�EHFDXVH�D�SKRWRYROWDLF�SDQHO�RU�
DUUD\��PXOWLSOH�39�SDQHOV��RQO\�GHOLYHUV�'&�SRZHU��$V�ZHOO�DV�WKH�VRODU�
SDQHOV�� WKH�DGGLWLRQDO� FRPSRQHQWV� WKDW�PDNH�XS�D�JULG�FRQQHFWHG�39�
V\VWHP�FRPSDUHG�WR�D�VWDQG�DORQH�39�V\VWHP�DUH�
�� ΖQYHUWHU�� WKH� LQYHUWHU� LV� WKH�PRVW� LPSRUWDQW�SDUW�RI�DQ\�JULG�FRQ-

QHFWHG�V\VWHP��7KH� LQYHUWHU�H[WUDFWV�DV�PXFK�'&� �GLUHFW�FXUUHQW��
HOHFWULFLW\�DV�SRVVLEOH�IURP�WKH�39�DUUD\�DQG�FRQYHUWV�LW�LQWR�FOHDQ�
$&��DOWHUQDWLQJ�FXUUHQW��HOHFWULFLW\�DW�WKH�ULJKW�YROWDJH�DQG�IUHTXHQF\�
IRU�IHHGLQJ� LQWR�WKH�JULG�RU�IRU�VXSSO\LQJ�GRPHVWLF� ORDGV�� ΖW� LV� LP-
SRUWDQW�WR�FKRRVH�WKH�EHVW�TXDOLW\�LQYHUWHU�SRVVLEOH�IRU�WKH�EXGJHW�
DOORZHG��7KH�PDLQ�FRQVLGHUDWLRQV�LQ�JULG�FRQQHFWHG�LQYHUWHU�FKRL-
FH�DUH��SRZHU��PD[LPXP�KLJK�DQG�ORZ�YROWDJH�SRZHU�WKH�LQYHUWHU�
FDQ�KDQGOH��DQG�HɝFLHQF\��KRZ�HɝFLHQWO\�GRHV�WKH�LQYHUWHU�FRQYHUW�
VRODU�SRZHU�WR�$&�SRZHU���'HVLJQHUV�VKRXOG�FKRRVH�LQYHUWHUV�WKDW�
FRPSO\�ZLWK�QDWLRQDO�VWDQGDUGV�DQG�UHJXODWLRQV��

�� (OHFWULFLW\�PHWHU�� WKH�HOHFWULFLW\�PHWHU�DOVR�FDOOHG�D�.LORZDWW�KRXU�
�N:K��PHWHU�LV�XVHG�WR�UHFRUG�WKH�ȵRZ�RI�HOHFWULFLW\�WR�DQG�IURP�WKH�
JULG��7ZLQ�N:K�PHWHUV�FDQ�EH�XVHG��RQH�WR� LQGLFDWH�WKH�HOHFWULFDO�
HQHUJ\�EHLQJ�FRQVXPHG�DQG�WKH�RWKHU�WR�UHFRUG�WKH�VRODU�HOHFWULFLW\�
EHLQJ�VHQW�WR�WKH�JULG��$�VLQJOH�ELGLUHFWLRQDO�N:K�PHWHU�FDQ�DOVR�EH�
XVHG�WR�LQGLFDWH�WKH�QHW�DPRXQW�RI�HOHFWULFLW\�WDNHQ�IURP�WKH�JULG�

�� 7KH�V\VWHP�VKRXOG�EH�HTXLSSHG�E\�VDIHW\�FRPSRQHQWV�WKDW�FRPSO\�
QDWLRQDO�VWDQGDUGV�DQG�UHJXODWLRQV��

�� 7KH�HOHFWULFLW\�JULG��ȴQDOO\�WKH�HOHFWULFLW\�JULG�LWVHOI�WR�FRQQHFW�WR��EH-
FDXVH�ZLWKRXW�WKH�XWLOLW\�JULG�LW� LV�QRW�D�JULG�FRQQHFWHG�39�V\VWHP�
DQG�ZLOO�QRW�JHQHUDWH�HOHFWULFLW\�

$�JULG�FRQQHFWHG�V\VWHP�ZLWKRXW�EDWWHULHV�LV�WKH�VLPSOHVW�DQG�FKHDSHVW�
VRODU�SRZHU�VHWXS�DYDLODEOH��DQG�E\�QRW�KDYLQJ�WR�FKDUJH�DQG�PDLQWDLQ�
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EDWWHULHV�WKH\�DUH�DOVR�PRUH�HɝFLHQW��7KH�EXLOGLQJ�EHFRPHV�OHVV�GHSHQ-
GHQW�RQ� WKH�HOHFWULF�XWLOLW\� FRPSDQLHV�DQG� IXOȴOV�SDUW�RI� LWV�RZQ�HQHU-
J\�QHHG��7KH�EDODQFH�EHWZHHQ�VRODU�HQHUJ\�SURGXFWLRQ�DQG�KRXVHKROG�
HOHFWULFLW\�FRQVXPSWLRQ�LV�VWLOO�REWDLQHG�ZLWK�WKH�KHOS�RI�WKH�XWLOLW\�JULG�
$Q�RYHUSURGXFWLRQ�LQ�WKH�GD\�LV�VHQW�LQWR�WKH�JULG�DQG�D�GHPDQG�LQ�WKH�
HYHQLQJ�LV�GUDZQ�IURP�WKH�HOHFWULFLW\�QHWZRUN��7KH�JULG�LV�XVHG�DV�D�YLU-
WXDO�VWRUDJH��
6WDQG�DORQH�V\VWHPV�LQVWHDG�KDYH�QR�H[WHUQDO�FRQQHFWLRQ��EXW�SURYLGH�
�VRPHWLPHV�WRJHWKHU�ZLWK�RWKHU�VPDOO�HOHFWULFLW\�JHQHUDWRUV��WKH�ZKROH�
HQHUJ\�QHHG��ΖQ�WKDW�FDVH��VLQFH�WKH�RYHUSURGXFWLRQ�GXULQJ�WKH�GD\�FDQ-
QRW�EH�ORVW��WKH�V\VWHP�LV�LPSOHPHQWHG�E\�DQ�HOHFWULFDO�VWRUDJH��JHQHUDOO\�
a battery bank.

1RZDGD\V��KRZHYHU��WKLV�FODVVLȴFDWLRQ�LV�REVROHWH�DQG�WKH�IXWXUH�39�WH-
FKQRORJLHV�ZLOO�DOZD\V�IRUHVHH�ORFDO�VWRUDJH��HYHQ�LI�JULG�FRQQHFWHG��

/RFDO�VWRUDJH�VROXWLRQV�SDYH�WKH�ZD\�IRU�PDQ\�QHZ�DSSOLFDWLRQV��([DP-
SOHV�DUH��
�� RYHU�YROWDJH�RI�WKH�OLQH�GXH�WR�WRR�PDQ\�LQMHFWLQJ�LQYHUWHUV�RQ�WKH�

JULG�LV�RPLWWHG�E\�VWRUDJH�
�� SHULRGV�RI�SRZHU�OLQH�EODFN�RXW�FDQ�EH�EULGJHG�SURYLGHG� WKDW� WKH�

EXLOGLQJ�LV�DOORZHG�WR�ZRUN�LQ�VWDQG�DORQH�PRGH�

2WKHU�QHZ�EXVLQHVV�FDVHV�FDQ�EH� LGHQWLȴHG��%XLOGLQJV� WKDW�VWRUH� WKHLU�
SURGXFHG�HQHUJ\�PD\�DOORZ�WKHLU�HOHFWULFLW\�SURYLGHU�WR�VZLWFK�WKHP�R΍�
GXULQJ�SHULRGV�RI�SHDN�GHPDQG��ΖQ�UHWXUQ�WKH\�PD\�UHFHLYH�D�GLVFRXQW�
RU�D�SD\PHQW��0RUHRYHU��WKH�QHZ�UHDOP�RI�SRVVLELOLWLHV�LV�VR�FDOOHG�VPDUW�
JULG�DSSOLFDWLRQV��$�EXLOGLQJ�FDQ�LQWHUDFWLYHO\�ZRUN�ZLWK�WKH�JULG�DQG�WUD-
GH�ZLWK�WKH�SRZHU�PDUNHWV��3HDN�UHGXFWLRQ�DQG�GHPDQG�UHVSRQVH�FDQ�
EH� HVWDEOLVKHG�PRUH� WKRURXJKO\� WKDQ�ZLWKRXW� VWRUDJH�� $� EXLOGLQJ� FDQ�
HYHQ�VWDUW�WR�WUDGH�RQ�HQHUJ\�PDUNHWV�RQ�DUELWUDU\�PRPHQWV�
7KH�QHFHVVLW\� RI� ORFDO� VWRUDJH� LV� DOVR� HYLGHQW� LQ� WKRVH� FRXQWULHV�ZKH-
UH�HOHFWULFLW\�JULG�KDV�QR�VKRUWDJH�RU�RXWDJH�SUREOHPV��ΖWDO\�DQG�6SDLQ�
DPRQJ�)2VWHULQ0('�SDUWQHUV���7KH�UHGXFWLRQ�RI� LQFHQWLYHV� LQ� WKH� ODVW�
IHZ�\HDUV�PDGH�OHVV�FRQYHQLHQW�WKH�H[FKDQJH�RI�HOHFWULFLW\�ZLWK�WKH�JULG��
VLQFH�WKH�RYHUSURGXFWLRQ�LV�QRW�VXEVLGL]HG�DQ\PRUH��
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6R�� HYHQ� LQ� WKRVH� FDVHV� D� QH[W� VWHS� FRXOG� EH� WR� VWRUH� WKH� SURGXFHG�
HOHFWULF�HQHUJ\�GXULQJ�WKH�GD\�IRU�GHOD\HG�FRQVXPSWLRQ�LQ�WKH�QLJKW�RU�
WKH�GD\�DIWHU��
&ODVVLFDOO\�WKH�VWRUDJH�IRU�39�SDQHOV�ZDV�PRVWO\�GHVLJQHG�IRU�VWDQG�DOR-
QH�DSSOLFDWLRQV��7KLV�PHDQW�WKDW�DQ�DPRXQW�RI�HQHUJ\�VKRXOG�KDYH�EHHQ�
VWRUHG�WR�ȴOO�DW�OHDVW�WKH�SURGXFWLRQ�JDS�RI�VHYHUDO�GD\V�RI�YHU\�FORXGHG�
ZHDWKHU�
)XWXUH� DSSOLFDWLRQV�ZLOO� GHDO�ZLWK� VPDOO�VFDOH� VWRUDJH� WR� DFFXPXODWH� D�
SDUW�RI�WKH�VRODU�SRZHU�RI�RQH�GD\�IRU�SRVWSRQHG�FRQVXPSWLRQ�ZLWKLQ�
WKH�GD\�RU�WKH�QH[W�GD\V��ΖI�WKH�EXLOGLQJ�LV�JULG�FRQQHFWHG�D�VWRUDJH�V\-
VWHP�VKRXOG�QRW�QHFHVVDULO\�FRSH�ZLWK�D�ORQJ�SHULRG�RI�ORZ�VRODU�HQHUJ\�
SURGXFWLRQ��DV�WKH�JULG�LV�DYDLODEOH�DV�D�EDFN�XS��+HQFH�WKH�VL]LQJ�FULWHULD�
FDQ�EH�GL΍HUHQW�IURP�FRPSOHWHO\�DXWRQRPRXV�V\VWHPV�

ΖQFRUSRUDWLQJ�VWRUDJH�LQWR�D�JULG�FRQQHFWHG�V\VWHP�UHTXLUHV�PRUH�FRP-
ponents. 

$�39�V\VWHP�ZLWK�VWRUDJH�LV�EDVLFDOO\�WKH�VDPH�DV�IRU�WKH�SUHYLRXV�JULG�
FRQQHFWHG�39�V\VWHP�ZLWK�WKH�DGGLWLRQ�RI�WKH�EDWWHULHV��RU�RWKHU�WHFKQR-
ORJLHV��DQG�FKDUJH�FRQWUROOHU��7KH�FKDUJH�FRQWUROOHU��GHWHUPLQHV�ZKHWKHU�
WKH� SRZHU� JHQHUDWHG�E\� WKH� VRODU� SDQHOV� LV� QHHGHG� IRU� KRPH�XVH�� WR�
UXQ�ORZ�YROWDJH�HTXLSPHQW�DQG�OLJKWLQJ�RU�ZKHWKHU�LW�ZLOO�FKDUJH�WKH�GH-
HS�F\FOH�EDFNXS�EDWWHULHV� WR�EH�XVHG� ODWHU�RQ��7KH�'&�FXUUHQW� OHDYLQJ�
WKH�FRQWUROOHU�SDVVHV�WKURXJK�WKH�'&�WR�$&�LQYHUWHU��WUDQVIRUPLQJ�LW�LQWR�
HOHFWULFLW\�XVDEOH�E\�JHQHUDO�EXLOGLQJ�DSSOLDQFHV��$Q\�VXUSOXV�HOHFWULFLW\�
QRW�EHLQJ�FRQVXPHG�RU�XVHG�E\�WKH�EXLOGLQJ�FDQ�EH�VHQW�WR�WKH�HOHFWULFLW\�
FRPSDQLHVȇ�SRZHU�JULG��ΖW�VKRXOG�EH�EHWWHU�WR�UXQ�'&�UDWHG�OLJKWLQJ�DQG�
DSSOLDQFHV�ȴUVW�GLUHFWO\�R΍�\RXU�VRODU�V\VWHP�EHIRUH�WKH�FXUUHQW�LV�FRQ-
YHUWHG�WR�$&�IURP�WKH�LQYHUWHU��7KLV�ZLOO�JDLQ�WKH�PRVW�HɝFLHQF\�



Good practices
06 
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The good practices listed below have been chosen after a vast choice of 
buildings spread throughout the world. They include museums, exhibi-
tions and commercial centers, hospitals, urban design installations, pri-
vate residential building. They are not supposed to be considered the 
best aesthetical or functional building solution, but they are expected to 
EH�ORRNHG�DW�DV�H[DPSOHV�RI�XVH�RI�39�V\VWHPV�LQ�GL΍HUHQW�JHRJUDSKLFDO��
cultural, climatic contexts. 
ΖQ�WKHVH�H[DPSOHV�39�KDYH�EHHQ�XVHG�DV�URRȴQJ��ID©DGH�FODGGLQJ��VKD-
GLQJ��DV�SURWHFWLRQ�DQG�DUW�SLHFH��WUDQVSDUHQW�RU�PDWW��SURRȴQJ�WKDW�WKLV�
technology is far ready to be employed in the most versatile and adap-
table way.
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SHEIK ZAYAD LEARNING CENTER AT AL AÏN ZOO

Location: Al Aïn - Abu Dhabi
Use: Public (Learning centre)
Project: iC consulenten Ziviltechniker GesmbH
Power: 150 kwp

Fig 1   Desert learning center, Al Aïn - Abu Dhabi

Fig 2   Desert learning center construction site, Al Aïn - Abu Dhabi
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Committed to the most demanding sustainability requirements set by 
Abu Dhabi Urban Planning Council (UPC), the SHEIK ZAYAD LEARNING 
&(175(�LV�WKH�ȴUVW�JRYHUQPHQW�VXVWDLQDEOH�EXLOGLQJ�WR�DWWDLQ�WKH�KLJKHVW�
possible rating for sustainability. 
The project’s design process brought together an interdisciplinary team 
of building and landscape architects, structural, electrical and mecha-
nical engineers, museum interpretive designers, and sustainability con-
sultants to work collaboratively and iteratively, in pursuit of high perfor-
mance improvements. This process developed into a single integrated, 
highly sustainable solution.
The building is practically operable on an ‘energy autarchic basis’ than-
ks to the application and combination of the best available domestic li-
ghting and ventilation techniques. Some of  them include:
• Building orientation and massing: The position and perforated form 

of the internal courtyard in the building promotes air movement 
through and around the courtyard. 

• Natural earth as insulation: A substantial portion of the building is 
VXEWHUUDQHDQ��ORZHULQJ�WKH�GL΍HUHQFH�EHWZHHQ�H[WHUQDO�DQG�LQWHU-
nal temperatures 

• Day lighting: The building is oriented to maximize daylight inside 
the building. Recessed openings and indirect skylights provide high 
quality natural light while avoiding excessive solar heat gain. Small 
aperture windows allow natural light while limiting heat transmis-
sion 

• Shading: Large cantilevered overhang provide shade over the main 
entrance of the building. Retractable fabric shading devices will be 
used to cover the outdoor spaces and courtyard during summer. 

• Photovoltaic power: Photovoltaic collectors cover the entire roof of 
the building generating 150 kW. In this way the building produces 
almost 95 percent of the required primary power.
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Meier Hospital Photovoltaic Plant, Florence 

Location: Florence, Italy
Use: Hospital
Architect: CSPA Firenze, arch. Paolo Felli
Cooperation: arch. Antonella Trombadore, arch. Giuseppina Alcamo,
arch. Paola Gallo, arch. Lucia Ceccherini, ing. Silvia Murgia
Energy consultant: MSA
Power: 30 kwp

Fig 3   Meier Hospital, Florence, Italy

 
The Meyer’s photovoltaic greenhouse is a structure with a southern 
exposition and unobstructed solar access in order to maximize the col-
lection of winter sunshine; it is not only a particular type of structure 
but also, and more importantly, a particular kind of space. The design 
objective not only considered energy and environmental aspects but 
also social impact: the primary objective is to create a pleasant and “so-
cializing” space which can be used for semi-outdoor activities through 
most of the year without any extra energy space, a social space well 
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integrated into the adjacent green park. PV installation integrated into 
building greenhouse facades allows the possibility of combining energy 
production with other functions of the building envelope, such as sha-
ding, weather shielding and heat production. Cost savings through these 
combined functions can be substantial, e.g. in expensive facade systems 
where cladding costs may equal the costs of the PV modules. Additio-
nally, no high-value land is required and no separate support structu-
re is necessary. Electricity is generated at the point of use. This avoids 
transmission and distribution losses and reduces the utility company’s 
capital and maintenance costs. The Photovoltaic system is 30 kWp and 
realised with glass/glass PV modules.

Fig 4   Meier Hospital, Florence, Italy
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Cite du Design in St. Etienne 

Location: Saint Etienne, France
Use: Multi functional
Architect: LIN Architects - Berlin
Power: 25 kwp

Fig 5   Cité du design, opening

Designed in 2009 by Berlin and Paris based LIN, the Cité du Design hosts au-
ditoriums, meeting rooms, exhibition space, a media library, and indoor gar-
dens with an observation tower located alongside the long hall. A latticed 3D 
structure forms the walls and roof of the complex, and the interior of the hall 
is left open without any supports or beams to get in the way. The center is 
YHU\�HQHUJ\�HɝFLHQW�DQG�XWLOL]HV�D�KHDW�H[FKDQJH�DQG�UHFRYHU\�V\VWHP�WR�UH-
duce energy used for heating. Pre-conditioned air from the internal gardens, 
which are not heated, is drawn into the system to heat the nearby rooms. 

Fig 6   Cite du Design, aerial view of the platine 
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The Platine envelope, consisting of 14,000 equilateral triangles measuring 1,2 
m per side is a graduated and reactive skin: modulation between opaque 
DQG�FOHDU��LQVXODWHG�RU�LQWHUFOLPDWLF��RSHQ�RU�FORVHG��UHȵHFWV�DQG�DFFRPSD-
nies the various cycles and interactions of the Cité du Design.
The choice of glazing type allows a distribution of natural light depending on 
the use of the premises. 

Thermal qualities of the panels permit the climatic quality of the en-
velope to be modulated according to unplanned criteria of the premi-
ses. The possibility of integrating solar panels (photovoltaic and expe-
rimental) into the skin of the Platine allows solar energy production as 
well as development and testing of innovative solar energy materials.  
The skin reacts continuously to changes in climate. It may also be given new 
IXQFWLRQV��ΖQ�WKH�ORQJHU�WHUP��WKH�SDQHOV�PD\�EH�UHSODFHG�RU�PRGLȴHG�WR�EH�
adapted to changing needs or to allow for areas of experimentation.

Fig 7   Cité du design, Saint Etienne 
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El Centre del Món

Location: Perpignan, France 
Use: Multifunctional centre (Train and bus station, Shopping,
PƍDFT
�IPUFMT

Project: L35 Arquitectos
Power: 232 kwp

The extended area of the new TGV station in Perpignan which includes 
the multifunctional complex (TGV station, a bus station, a shopping cen-
WHU��RɝFHV�DQG�WZR�KRWHOV���LV�WKH�HOHPHQW�RQ�ZKLFK�SLYRWV�WKH�PXQLFLSDO�
urban operation aiming to revitalize the Saint Assiscle quarter and con-
vert the new station into an intermodal center of urban development 
and new economic engine of the city.

Fig 8   El centre del Mòn, Perpignan, France
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The project is structured along an axis parallel to the track layout, crea-
ting a public path between two rows of buildings, one right beside the 
tracks and another facing the city Boulevard. 
7KH�ID©DGHV�DUH�WUHDWHG�ZLWK�D�YHQWLODWHG�RXWHU�VNLQ�RI�JODVV�FRORXU�FKDQ-
ging from dark blue to dark red to orange, green and blue various yel-
ORZV�� FUHDWLQJ�D�G\QDPLF�DQG�GLYHUVH�H΍HFW�DORQJ� WKH�����P�EXLOGLQJ�
length. Here semi transparent photovoltaic modules, mounted on a 
long metallic undulated stripe, are used to cover the passage in between 
the two long buildings, allowing light to illuminate the atrium and at the 
same time protecting from the rain. 

Fig 9, 10   El centre del Mòn, Perpignan, France
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House of Music 

Location: Aalborg (Danimarca)
Use: concert hall
Project: COOP HIMMELB(L)AU

'HVLJQHG�E\�$XVWULDQ�ȴUP�&RRS�+LPPHOE�O�DX��WKLV�PXOWLIXQFWLRQDO�FHQ-
ter is a marvel of Solar passive design and features a south-facing facade 
FRYHUHG�ZLWK�WKLQ�ȴOP�SKRWRYROWDLF�WKDW�KHOSV�WR�UHGXFH�LWV�HQHUJ\�XVH��
With a 1300 seat concert hall, auditoriums, public courtyards and sustai-
nable design features, Denmark has a wonderful new addition to its cul-
tural scene. In order to ensure optimum utilization between shading and 
daylight need, no rectangular, but triangular modules were designed and 
assembled with just triangular perforated metal panels in an unfolded 
SRVLWLRQ�RQ�WKH�ID©DGH��7KH����[����P�ODUJH�PRGXOHV�DUH�FRYHUHG�ZLWK�
semi-transparent cells, that give especially in the night an interesting in- 

Fig 11   House of music, Aalborg, Denmark
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and out view results. Moreover, the glass elements set diagonally act as 
a kind of wind breaker, and in turn permits to open windows even in 
high buildings. Besides all these functions should be mentioned that the 
ID©DGH�SURYLGHV�DERXW����N:K�SHU�Pt�DQG�\HDU�

Fig 12, 13, 14   House of music, Aalborg, Denmark 
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Museu de la Ciència i de la Tècnica de Catalunya 
(MNACTEC)

Location: Terrassa, Catalunya
Use: Museum
Contractors: 
Museu National de la Ciència i de la Tècnica de Catalunya, ES
Laboratoire Analyse et Architecture des Systémes du CNRS, FR
Teulades i Façanes Multifuncionals SA (TFM), ES
BP Solarex, UK
Power: 38,7 kwp

7KH�PXVHXP�KDV�FKRVHQ�D�SKRWRYROWDLF�FRORXUHG�ID©DGH�DV�D�WHFKQROR-
gical and architectural covering for the dividing wall of the apartment 
building adjacent to the centre. The wall has been covered with a metallic 
VWUXFWXUH�RQ�ZKLFK�ZHUH�LQVWDOOHG�����SKRWRYROWDLF�PRGXOHV�FRQQHFWHG�

Fig 15   Museu de la Ciència i de la Tècnica de Catalunya (mNACTEC), Terrassa
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WR�WKH�JHQHUDO�JULG��7KH�FRORXUHG�SKRWRYROWDLF�ID©DGH�LV�PRXQWHG�RQ�D�
structure that reminds of a curtain-wall, so that it acts as a system that 
produces electricity and at the same time it also avoids that the dividing 
wall cools too rapidly down during the winter and overheats in the sum-
mer. Modules are of two types: standard high-performance mono-cry-
stalline blue cells and translucent, magenta and golden mono-crystalline 
which allow over 10% of solar radiation. 
'HVSLWH�WKH�IDFW�WKDW�WKH�EOXH�PRGXOHV�KDYH�D�VXQOLJKW�FRQYHUVLRQ�Hɝ-
ciency into electricity higher than the other two colours, it was chosen  
to prioritizing the aesthetic criterion ahead of some functionality, as this 
LV�D�ID©DGH�ORFDWHG�LQ�D�SODFH�VLWXDWHG�LQ�D�YHU\�EXV\�DQG�YLVLEOH�SDUW�RQ�
Rambla d’Egara, one of the main streets of Terrassa. The PV installation 
KDV�D�SRZHU�RI�������N:S�DQG�RFFXSLHV�DQ�DUHD�RI�����P���ΖW�SURGXFHV�
annually about 40,000 kWh which is covering the 15% of the electrical 
demand of the museum, and has become an emblematic structure for 
both the museum and the same city of Terrassa.

Fig 16   Museu de la Ciència i de la Tècnica de Catalunya (mNACTEC), Terrassa
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Renzo Piano’s Pavillon at Kimbell Art Museum 

Location: Fort Worth, Texas
Use: Museum
Project: Renzo Piano Building Workshop and Arup
PV CONTRACTOR: GIG Fassaden, USA
Modules: 2.403 VSG 2/4
Dimensions 2.230 x 180 mm
Power: 120 kWp

Piano’s low-slung, colonnaded pavilion with overhanging eaves graciou-
sly acknowledges Kahn’s museum building by way of its kindred height, 
emphasis on natural light, and use of concrete as a primary material. The 
pavilion is made up of two sections connected by a glass passageway. 
The front, or easternmost, section conveys an impression of weightles-
VQHVV��D�JODVV�URRI�V\VWHP�VHHPV�WR�ȵRDW�KLJK�DERYH�ZRRGHQ�EHDPV�DQG�
FRQFUHWH�SRVWV��6OHHN��VTXDUH�FRQFUHWH�FROXPQV�ȵDQN�WKH�FHQWUDO��UHFHV-
sed glass entrance and wrap around three sides of the building.

Fig 17   New Pavillon at Kimbell Museum, USA. Roof. 
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The tripartite facade articulates the interior, with a spacious entrance 
lobby and large galleries to the north and south.
Tucked under a green roof, the Piano Pavilion’s western section contains 
a gallery for light-sensitive works of art, three education studios, a large 
library with reading areas, and an auditorium with superior acoustics for 
music. The latter, located below ground level, is a design centrepiece: its 
raked seating faces the stage and the dramatic backdrop of a light well 
animated by shifting patterns of natural light.
The roof is a single layer that performs an array of functions. Sitting 
MXVW�DERYH�WKH�JODVV�LV�D�SKRWRYROWDLF�ORXYHU�V\VWHP��ΖWV�ȴUVW�MRE�LV�WR�
control the amount of light entering into the space, and it can be either 
fully closed or open to any position between zero and 45 degrees. In 
the case of serious weather, such as hail, they rotate and fold over to 
protect the glass roof structure. The PV cells within the louvers gene-
UDWH�HQRXJK�SRZHU� WR�PHHW�DERXW����SHUFHQW�RI� WKH� OLJKWLQJ�HQHUJ\�
QHHGV�IRU�WKH�EXLOGLQJ��'DYLHV�VD\V��7KH�ORXYHUV�DOVR�NHHS�VXQ�R΍�WKH�
glass, and each module is individually controlled by a dedicated louver 
control system.

Fig 18, 19   New Pavillon at Kimbell Museum, USA. Roof. 
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Klimahaus Bremerhaven

Location: Bremerhaven, Germany
Use: Edutainment Centre
Project: Klumpp Architekten, Bremen, Transsolar Energietechnik GmbH
Modules
143 VSG-ISO 66,2(14)66,2 with Digiprint
dimensions 1.180 x 1.700 mm
Power  35,7 kWp

The architectural design for the Edutainment Centre is a transparent, 
freestanding glass envelope wrapping around the internal concrete 
structure. The house-in-a-house concept is used for the approx. 15,000 
Pt�RI�H[KLELWLRQ�DUHD��ΖQ�WKH�ȆWUDYHOȇ�]RQH��Ȇ5HLVHȇ���WKH�YLVLWRU�ZLOO�JDLQ�UH-
alistic experience of important climatic regions of the world. To this end, 
DSSUR[��������Pt�RI�WKH�H[KLELWLRQ�DUHD�DUH�FRQGLWLRQHG�WR�UHSURGXFH�H[-
treme conditions ranging from arctic to moderate and subtropical humid 
to extremely dry desert climates.

Fig 20   Klimahaus Bremerhaven, Germany 
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A climatic concept for the other exhibition areas such as ‘elements’, ‘per-
spective’ and the foyer is compatible with the requirements of the exhi-
bition and exhibit architecture and the varying visitor numbers. Apart 
from facade-incorporated photovoltaic elements, for these exhibition 
areas only natural energy sources are used for cooling and ventilating.
7KH�FKRVHQ�FOLPDWH�DQG�HQHUJ\�FRQFHSWV�IXOȴO�WKH�DLPV�RI�WKH�SURMHFW��
which are to promote responsible behaviour towards the environment 
in addition to providing information.

Fig 21, 22  Klimahaus Bremerhaven, Germany
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Stadtwerke Konstanz Energy Cube

Location: Constance, Germany
Use: Customer service centre
Project: Stadtwerke Konstanz
Project Façade / roof
Modules 17 VSG-ISO
max. dimensions 2.988 x 3.911 mm
Power 24,54 kWp

The Energy Cube has a combined surface area of circa 800m2 spread 
DFURVV�LWV�ȵRRUV��7KH�VWUXFWXUH�VWDQGV�XSRQ����SLOHV��WKHPVHOYHV�HPEHG-
GHG�LQWR�WKH�HDUWK�GRZQ�WR�D�GHSWK�RI����PHWUHV��7KH�ID©DGH�LV�WUDQVSD-
rent and consists of 80 large glass elements with a combined surface 
DUHD�RI�DURXQG�����Pt���ΖQGLYLGXDO�DUHDV�RI�WKH�ID©DGH�FDQ�EH�LOOXPLQD-
ted in the corporate colours of the Stadtwerke. As a result of planning, 
WKH�QHZ�FXVWRPHU�FHQWUH�LV�SDUWLFXODUO\�HQHUJ\�HɝFLHQW�DQG�XWLOLVHV�UH-
newable energy sources.

Fig 23   Stadtwerke Konstanz Energy Cube, Germany
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The new building, over its useful life, will generate more energy than it con-
sumes itself. The energy from the sun and the earth will be used as electri-
city, for warmth and for cooling. Reversal pumping obtains, according to 
requirements, either warmth or cooling from the ground. Upon the roof 
DQG� WKH� VRXWK� ID©DGH� D� SKRWRYROWDLF� LQVWDOODWLRQ� JHQHUDWHV� HOHFWULFLW\��
$OVR�DPD]LQJ�LV�WKH�EHQFKPDUN�GDWD�IURP�WKH�ID©DGH�LQWHJUDWHG�SKRWR-
YROWDLF� LQVWDOODWLRQ��:KHQ�WKH�KRUL]RQWDO�HGJH� OHQJWK� LV�GLYLGHG�E\�ȴYH�
and in the case of the verticals, by four, this results in the incredible 
maximum dimensions of 2,988 x 3,911 per panel. Also high is the corre-
sponding power from each module, with a maximum of 1,246 kWp – an 
absolute photovoltaic record. Not only the power, but also the weight 
surpasses all superlatives. In triply insulated glass with glass packets up 
to 64mm, this results in the largest module being a phenomenal 1,014kg. 
The combined installation amounts to 23,2 kWp and has in addition, be-
cause of the use of semi-transparent cells, a transparency of circa 22%. 
In only a few weeks will the visitors to the customer service be able to 
DGPLUH�WKH�DUFKLWHFWXUH�DV�ZHOO�DV�WKH�HQHUJ\�DVSHFW�RI�D�XQLTXH�ȵDJVKLS�
ID©DGH�

Fig 24   Stadtwerke Konstanz Energy Cube, Germany
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House on the Hillside in Passail (Austria)

Location: Passail, Austria
Use: House
1SPKFDU��"SDIJUFDUVSBM�ƋSN�,BMUFOFHHFS
�1BTTBJM
�"VTUSJB
PV CONTRACTOR: Möstl plant, Passail, Austria
Modules: 20 VSG 8/10
Dimensions:1.555 x 2.000 mm
Power: 4,7 kWp

The unusual residential building is located on the edge of a slope near 
Passail, in Austria. His base plate rests, among other things, on six colu-
PQV��ZKLFK�JLYH�WKH�EXLOGLQJ�DQ�DGGLWLRQDO�ȵRDWLQJ�H΍HFW�
The location, with a wide view of the valley and a large surface area, lead 
WR� WKH� GHȴQLWLRQ� RI� WKH� VSDWLDO� FRQFHSW�� $FFRUGLQJO\�� WKH� DUFKLWHFW� HQ-
dowed with a wraparound terrace and opened it using a large glass front 
facing south-west into the valley. 

Fig 25   House on the Hillside Passail, Austria
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The space program in addition to a spacious living / dining area includes 
also two bedrooms, the necessary sanitary and technical rooms and two 
covered parking spaces. 
Although the building has a very large surface exposed to open outside 
air, it almost reaches passive house standard. 
The parapet of the wraparound terrace on the side of the valley is not 
only for safety, it is also used to generate electricity: photovoltaic ele-
ments (total of 19 laminated glass modules) produce each 245 Wp, resul-
ting in an installed plant capacity of 4,65 kWp. For mounting the modules 
the stainless steel point holders were sunk in the rear glass and are not 
visible from the front. The junction boxes and cabling are hidden in the 
WHUUDFH�ȵRRU��
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#�0�$����#POOFTIPG�0ƍDF�$FOUSF

Location: Düsseldorf, Germany
6TF��0ƍDF
Project: RKW Rhode Kellermann Wawrowski Architecture 
+ Urban Design, Düsseldorf
Photovoltaics: bauwerk integrated photovoltaic 
BIPV Schüco monocrystalline 
Modules: 114 VSG 6/6 dark grey
Dimensions: 1.300 x 3.300 mm
Power: 63,3 kWp

Fig 26, 27   #�0�$����#POOFTIPG�0ƍDF�$FOUSF
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7KH� PRGHUQ� EXLOGLQJ� FRPSOH[� %RQQHVKRI� 2ɝFH� &HQWHU� �� %2&� LQ�
'¾VVHOGRUI�H[SDQGV�WKH�H[LVWLQJ�EXLOGLQJ��WKH�7HUVWHHJHQ�2ɝFH�&HQWHU�
��72&��WR�DSSUR[LPDWHO\�������Pt�RI�QHZ�ȵRRU�VSDFH�DQG�FUHDWHV�D�QHZ�
WZR�VWRUH\�JODVV�OREE\��7KH�ȴYH�VWRUH\�RɝFH�EXLOGLQJ�ZLWK�D�SHQWKRXVH�
level and underground parking was implemented according to plans by 
Quantum Immobilien AG as the general contractor and completed in 
early 2014. The facade concept is based on a special construction of a 
GRXEOH�IDFDGH�ZLWK�GL΍HUHQW�FXUWDLQ�SDQHOV�LQ�WKH�RXWHU�OD\HU��7KH�PDLQ�
components of the facade are based on special versions of the Schüco 
$:6����DOXPLQLXP�V\VWHP�ZLWK�KLJK�WKHUPDO�LQVXODWLRQ�DQG�EORFN�V\VWHP�
SURȴOHV��7KH�8�YDOXH�RI�WKH�WRWDO�IDFDGH�LV�����:�Pt.��ZKHUHDV�WKH�JODVVȇ�
RQH�LV�����:�Pt.��7KH�PDLQ�EXLOGLQJ�LV�FKDUDFWHUL]HG�E\�WKH�DOWHUQDWLRQ�
of glass facade and curtain panels. The basic module has a height of 
����P� DQG� ����P�ZLGWK�� FRQVLVWLQJ� RI� ZLQGRZ� HOHPHQWV� ZLWK� RSHQLQJ�
casements in the inner, thermally active layer and a photovoltaic panel in 
the outer layer. Within the framework of special design, an additional sun 
protection in the form of external venetian blinds is integrated.
The structure of the solar screen panels or PV modules made of lamina-
ted safety glass consists of two semi-tempered glass panes 6 mm thick 
ZLWK�GL΍HUHQW� LQQHU� OD\HUV�� ΖQ� WKH�JODVVHV�XVHG�DV�VRODU�SURWHFWLRQ� WKH�
rear side of the outer layer sheet was printed digitally in accordance with 
the architect’s design with a white pattern. The photovoltaic glasses are 
made of photovoltaic cells embedded between two glazed layers. Crucial 
for the visual impression is the use of “Dark Grey” colour in the back glass. 
7KH�RYHUDOO�39�DUHD�LV�DERXW�����Pt��(DFK�PRGXOH�FRQVLVWV�RI�����PR-
no-crystalline with a capacity of 555 Wp. The total capacity of the system 
LQ�WKH�YHUWLFDO�ID©DGH�HQYHORSH�LV����N:S��7KH�V\VWHP�ZDV�IXOO\�LQVWDOOHG�
including cables and inverters. The active facades are each connected 
separately on its own inverter, in order to exclude mismatch power los-
VHV�RI�WKH�VHULHV�FRQQHFWHG�SKRWRYROWDLF�PRGXOHV�GXH�WR�GL΍HUHQW�DQJOHV�
of incidence. The energy active building envelope is a characteristic desi-
JQ�IHDWXUH�RI�WKH�RɝFH�EXLOGLQJ�DQG�FRQWULEXWHV�DOVR�VLJQLȴFDQWO\�WR�WKH�
HQHUJ\� HɝFLHQF\�� $�PRGXODU� V\VWHP�RI� SUHIDEULFDWHG� HOHPHQWV�PDGH�
easier the mounting and wiring on the ground and led to an assembly 
time of just eight weeks. This architecturally expressive and technically 
HɝFLHQW�IDFDGH�LV�D�VXFFHVVIXO�H[DPSOH�RI�WKH�XVH�%Ζ39�
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Greetings to the Sun

Location: Zadar, Croatia
Use: Monument
1SPKFDU��/JLPMB�#BĠJÆ
Modules: 328 VSG 6/12/12 walkable
Dimensions:  max. 1.102 x 1.102 mm

Greetings to sun is located in the port of Zadar, on the western point of 
the Zadar peninsula, next to the Sea Organ. This is the place overlooking 
the city harbour, the islands and the famous Zadar’s sunset. The monu-
ment symbolizes the Sun with the solar plates absorbing solar energy 
LQ�GD\WLPH�DQG�WUDQVIRUPLQJ�LQWR�XQXVXDO�OLJKW�H΍HFWV�GXULQJ�WKH�QLJKW��
It uses solar power to create a light show that displays at night. After 
sunset the lighting elements are activated, and following a particularly 
programmed scenario, they produce very impressive show of light.
The artistic installation consists of three hundred multi-layered glass pla-
tes, incorporated in the stone quay in the shape of a circle that measures 
22 meters in diameter. People can walk on it. Below each glass pane the-
re is a photovoltaic solar modules.

Fig 28   Sun monument Zadar, Croatia
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There is also a grid of light points underneath the glass, consisting in fact 
of a dispersed display with over 10.000 tiny light bulbs. Each single bulb 
changes intensity and colour induced by a computer. In fact, this is an 
installation that could emanate light in all its possible sensations, send 
messages, form graphemes and write words.
ΖQ�WKH�IXWXUH�E\�HQWHULQJ�WKH�OLJKW�FLUFOH�D�ZDONHU�ZLOO�LQGXFH�D�VSHFLȴF�OLJKW�
reaction. One person will induce one reaction, the other person another, 
WHQ�SHUVRQV�ZLOO�LQGXFH�WHQ�FXPXODWLYH�H΍HFWV�
The designer’s intent was to rejoin in urban space the joy of playing, of 
meetings, of the possibility to get in touch with nature, the pleasure of 
recognizing certain important and dear places to which inhabitants like 
to return and to reinforce the sense of belonging to a town.

Fig 29, 30    Sun monument Zadar, Croatia
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Fig 31   Sun monument Zadar, Croatia
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