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AGENDA 

Â New trends for Integrated Photovoltaics ( Agrophotovoltaics  / BIPV)  

Â Photovoltaics in general  

Â Some words on sustainability  

Â Perovskite solar cells  

Â Up-scaling issues (in-situ concept)  

Â Conclusions 
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Integrated Photovoltaics  

Photo : Fraunhofer ISE 

Â Ökostation  Freiburg, the role model from 1986 (91)  

Photo : Badische Zeitung  
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Integrated Photovoltaics / Agrophotovoltaics   

Photo : Fraunhofer ISE 

Â Free-standing standard  Si-PV modules in agriculture (south -orientation)  
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Integrated Photovoltaics / Agrophotovoltaics   

Â Free-standing bifacial  Si-PV modules in agriculture (east-west orientation ) 

Photo : ÖkostromSaar  GmbH 
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Integrated Photovoltaics / Agrophotovoltaics   

Â Preventing overheating in glass houses by partially shading PV modules  
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Building Integrated Photovoltaics (BIPV)  

Â Mounting of Si -PV modules onto  the building façade as architectural 
elements  
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Building Integrated Photovoltaics (BIPV)  

Â Integration of Si -PV into  decorative glass facade  
Photo : Sunovation  
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Building Integrated Photovoltaics (BIPV)  

Â Integration of Si -PV as thermally isolating glass façade (house of glass)  

Photo : Schüko 
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Building Integrated Photovoltaics (BIPV)  

Â Integration of Si -PV modules optically  fitting to traditional brick walls 
and roofs  

Photo : ECN, NL 
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Building Integrated Photovoltaics (BIPV)  

Â Demonstration of dye solar modules as transparent decorative glass 
elements  

Photo : Fraunhofer ISE 
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Building Integrated Photovoltaics (BIPV)  

Photo : EPFL Lausanne 

Â Integration of dye solar modules as transparent decorative glass façade 
elements  
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Building Integrated Photovoltaics (BIPV)  

Photo : h.glass 

Â Integration of dye solar modules as transparent decorative glass façade 
elements  



© Fraunhofer ISE  

14 

Building Integrated Photovoltaics (BIPV)  

Â Organic solar cells on foils  

Â E.g. integration on steel facades  Photo : Heliatek  



© Fraunhofer ISE  

15 

Building Integrated Photovoltaics (BIPV)  

Â Printed organic solar cells integrated into decorative foils  

Photo : OPVIUS 
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Price learning curve of standard PV  

Â PV module will become lowest cost electricity generator  
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Global Cumulative PV Installations until 2016  

Â Generated > 500.000 Mio Ɨ of turnovers so far  

Â In 10 years status changed from ƁpioneerƂ to Ɓbusiness dominatedƂ 

Â Contribution to electricity production worldwide: 1.3%  
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Investor driven PV  

Â Extensive use of extra land  

1 GWp ground mounted PV plant , China, www.huawei.com  
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Private owner driven PV  

Â Stimulation of energy saving  

Israel's 'green house' entry in the 2013 Solar Decathlon  



© Fraunhofer ISE  

20 

Architectural driven PV  

Â Ideal for urban areas  



© Fraunhofer ISE  

21 

Annual PV Production by Technology  
Worldwide  (in GWp) 
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Silicon Ingots for wafer based PV  

Â 7 kg of  
silicon / kW p 
to be cut 
into 180 µm 
thick wafers  
 

Â 99.999% 
silicon 

 

Source: Solarworld  
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Refinery of Silicon Feedstock for PV  

Â 500.000 tons 
per year   
worldwide  

Wacker Burghausen, Germany  
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Integrating silicon refinery and PV polysilicon production  

LDK Polysilicon manufacturing  facility , China, www.fluor.com  

Â Cost reduction by economy of scale  
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Silicon PV Module manufacturing  

Source: Solarworld  

Â Complex process from the wafer to the complete module  
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Floatglass Production Worldwide  

Â 370 lines, 65 Mio. tons / year  

Â Equivalent to 1000 GWp (!) of PV per year  

NSG Weiherhammer, Germany  
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PV Module Production by Region 1997 - 2016 

Â Strong price competition drives production to China  

Â  Local production like in flat glass industry still not favorable  
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Alternative Thinking  in Photovoltaics  
e.g. by adopting  the  business model  of  the  glass industry  

Â Centralized production of Photovoltaics (2018)  

Â Global decentralized production of glass based printed photovoltaics 
(future)  
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Efficiencies of Selected Commercial PV Modules  

Â > 18% module efficiency is a competitive target  
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World -record efficiencies of PV technologies  

Â Perovskite solar cells are ƁtheƂnew research topic in PV  


