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News 
— 
Efficient Production of Solar Hydrogen 
Through Direct Coupling of Concentrating   
Solar Cells and Electrolyzer 

Splitting hydrogen from water molecules via electrolysis requires energy, 
which ideally comes from renewable energy sources. Scientists at the Fraun-
hofer Institute for Solar Energy Systems ISE have developed a combined 
photovoltaic/electrolysis module that efficiently produces hydrogen directly 
from solar energy. To do this, the water molecule is split using the high pho-
tovoltage of multi-junction solar cells, which in turn are electrically and ther-
mally connected to electrolyzer cells. A demonstrator from the research 
team tested outdoors converted up to 31.3 percent of solar energy into 
chemical energy, based on the higher heating value of hydrogen. 

“For the photovoltaic/electrolysis modules we have developed, we use what is known as con-
centrating photovoltaics,” explains Dr. Juan Francisco Martínez Sánchez, project manager for 
the new development at Fraunhofer ISE. “A Fresnel lens array focuses direct sunlight onto 
highly efficient III-V solar cells, which in this application have an open-circuit voltage of over 4 
volts.” III-V solar cells are the most efficient solar cells in the world, proven over many years 
and long-term stable. Currently, they are primarily used in space but can also produce elec-
tricity economically and efficiently on Earth in concentrating solar modules. 

“For hydrogen production, we connected these solar cells directly to the cathode and anode 
of two PEM electrolysis cells connected in series, thereby achieving a perfect match between 
the two electrical characteristics,” adds Dr. Tom Smolinka, Head of the Membrane Electrolysis 
Department at Fraunhofer ISE. The electricity from the solar cells is thus used directly for hy-
drogen production without any detours and therefore without losses. In field tests, the new 
demonstrator of the photovoltaic/electrolysis module, with a lens area of 64 square centime-
ters, converted up to 31.3 percent of the solar energy into chemical energy, based on the 
higher heating value of hydrogen.  

“Our new record shows that hydrogen can be produced very efficiently directly from sun-
light,” says Dr. Frank Dimroth, head of the III-V Photovoltaics and Concentrator Technology 
Department at Fraunhofer ISE. “Development is still in its early stages, and it’s hard to say 
how quickly we’ll be able to achieve competitive systems. To further develop the concept, we 
are seeking investors for our planned spin-off, Clearsun Energy.” 
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Fig.1 Proof-of-concept of the concentrator PV-driven electrolyzer. © Fraunhofer ISE 

 

 

 

The Fraunhofer-Gesellschaft, headquartered in Germany, is one of the leading organizations for applied 
research. It plays a central role in the innovation process—with a research focus on key technologies rele-
vant to the future and the transfer of research results to  
industry to strengthen our economic position and for the benefit of our society. Founded in 1949, the or-
ganization currently operates 74 institutes and research units in Germany.  
The approximately 30,000 employees, most of whom have backgrounds in the natural sciences or engi-
neering, generate an annual budget of €3.6 billion. Of this, €3.2 billion is allocated to the  
contract research. 

Contact 
— 
Contacts 
 
Dr. Frank Dimroth 
Fraunhofer institute for Solar  
Energy Systems ISE 
III-V Photovoltaics and Concentrator 
Technology 
Head of Department 
Phone: +49 761 4588-5258 
frank.dimroth@ise.fraunhofer.de 
 
Dr. Tom Smolinka 
Fraunhofer institute for Solar  
Energy Systems ISE 
Membrane Electrolysis 
Department Head 
Phone: +49 761 4588-5212 
tom.smolinka@ise.fraunhofer.de 
 
Sophia Bächle 
Fraunhofer institute for Solar  
Energy Systems ISE 
Communications 
Press Officer 
Phone: +49 761 4588-5215 
sophia.judith.baechle@ise.fraunhofer.de 
 
 
www.ise.fraunhofer.de 
 


