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Press Release 
— 
Organic Photovoltaics  

Semi-transparent PV Modules Developed Using 
an Industry-ready Manufacturing Process  

Organic solar modules score points for their flexibility, transparency, and a 
particularly good environmental footprint. Wavelength-dependent transpar-
ency, in particular, is a major strength of organic photovoltaics. Researchers 
at the University of Freiburg and the Fraunhofer Institute for Solar Energy 
Systems ISE have now succeeded in building 14.5 by 14.5- centimeter or-
ganic PV modules with an average transparency of 43.2 percent and an effi-
ciency of up to 9.26 percent. To achieve this, they used a combination of 
sputtering and slot-die coating – both processes that are industrially proven 
and highly scalable to large module areas.  

“Scaling up to larger areas is one of the major challenges in organic photovoltaics,” explains 
Dr. Uli Würfel, head of the Organic and Perovskite Photovoltaics Department at Fraunhofer 
ISE. Good laboratory results with small, hand-made solar cells often cannot be transferred to 
industrial production because their manufacturing process does not work on larger areas.  

“The fact that we have now, for the first time, successfully and with virtually no loss applied 
all the layers of the solar cells using the slot-die process is a major breakthrough for us.” The 
back electrodes of the solar cells are applied in the preceding process step using a sputtering 
process, which is also an established manufacturing method. 

In the development of semi-transparent organic photovoltaics, a trade-off is always made be-
tween light transmittance and the inevitable loss of efficiency associated with it, expressed as 
light utilization efficiency (LUE). With the 210.25-square-centimeter semi-transparent organic 
photovoltaic modules, the researchers achieved an efficiency of up to 9.26 percent with an 
average visible-light transmittance of 43.2 percent. This corresponds to a LUE of up to 4.0 
percent. The project’s results were published in the leading journal “Joule” in early August.  

“Now that we have the manufacturing process under control, we are optimistic that we can 
significantly increase transparency without compromising efficiency,” adds Uli Würfel.  

Organic solar modules with light transmittance well over 50 percent could be used in place of 
window glass in building facades or greenhouses. In contexts where tinted glass is desirable – 
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vantage.  

In each module, more than 100 solar cells were interconnected using laser structuring. The 
solar cells consist of a back electrode that reflects near-infrared light, which was deposited 
onto a glass substrate via sputtering; an absorber layer made of organic semiconductors; and 
a metal-free top electrode made of the polymer PEDOT:PSS, which was applied in multiple 
layers using a slot die. Heraeus Epurio developed a new PEDOT:PSS formulation for this top 
electrode, which helped the PV modules achieve higher transparency.  

Slot-die coating is compatible with roll-to-roll processes and is therefore also suitable for the 
production of solar modules on film. “As part of the project, we have already produced the 
first flexible, organic PV modules that retain 100 percent of their original efficiency after 
1,274 bending cycles over a rod with a diameter of 15 millimeters,” explains Dr. Mathias List, 
research associate for organic and perovskite photovoltaics at Fraunhofer ISE. The company 
ROWO Coating manufactured the films for this purpose. “The next step is to achieve larger 
module areas here as well.”  

The research findings are part of the project “See-Through PV – Development of Organic So-
lar Modules with High Visual Transparency,” supported by the Federal Ministry for Economic 
Affairs and Climate (BMWK, BMWE). Projects partners included Heraeus Epurio, ROWO Coat-
ing, ASCA, and the University of Freiburg.  

 

Further information:  
Joule (2026): »Toward scalable semitransparent organic photovoltaics: Slot-die-coated 210-
cm2 modules with visible transmission of up to 50% and LUE up to 4%«  
https://www.sciencedirect.com/science/article/pii/S2542435126002825  
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Fig. 1 The organic PV modules, measuring 14.5 by 14.5 centimeters, have an average transpar-
ency of 43.2 percent and an efficiency of up to 9.26 percent © Fraunhofer ISE 

 

 

Fig. 2 Organic, semi-transparent photovoltaics are particularly interesting for applications in 
building-integrated photovoltaics and agrivoltaics. © Fraunhofer ISE 
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Fig. 3 As part of the “Durchblick-PV” project, the research team also manufactured flexible, or-
ganic PV modules on film. © Fraunhofer ISE 

 

The Fraunhofer-Gesellschaft, headquartered in Germany, is one of the world’s leading organizations  
for applied research. It plays a major role in innovation by prioritizing research on cutting-edge technolo-
gies and the transfer of results to industry to strengthen Germany’s industrial base and for the benefit  
of society as a whole. Founded in 1949, the Fraunhofer-Gesellschaft currently operates 74 institutes and 
research units throughout Germany. Its nearly 30,000 employees, predominantly scientists and engineers, 
work with an annual business volume of 3.6 billion euros; 3.2 billion euros of this stems from contract  
research. 
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