
The Sun in the Tank
Solar energy today is used primarily for 
heating and direct electricity generation. 
In the future the power of the sun could 
also be used to produce solar fuels such 
as hydrogen or syngas. When these 
gases are converted to liquid fuels, solar 
energy can be stored and transported.
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Theoretically, the entire energy needs of the 
world’s population could be met by erecting 
solar installations with an efficiency of 20% over 
one-tenth of one percent of the earth’s land 
area. Practically, matters are rather more compli-
cated, since the incoming solar energy is stron-
gly attenuated, not continuously available, and 
unequally distributed. If solar energy were to be 
successfully concentrated and converted to a 
form in which it could be transported over large 
distances and used freely, these disadvantages 
would disappear.  
Two-step process
Aldo Steinfeld, Professor of Renewable Energy 
Carriers at ETH Zurich and head of the Solar 
Technology Laboratory at the Paul Scherrer Insti-
tute (PSI), is working on just these challenges 
with his group. Steinfeld’s goal is to produce 
syngas or liquid fuels with highly concentrated 
solar radiation. A fuel ideal in terms of the envi-
ronment is hydrogen, which can be used for 
example in fuel cells to generate electricity. This 
gas could be produced by using concentrated 
sunlight to split water into hydrogen and 
oxygen. But there’s a catch: If water is split at 
very high temperatures, the two resulting gases 
can barely be separated and form an explosive 
mixture that’s difficult to handle.  
Thus, Steinfeld is working on a two-step cyclic 
process that no longer requires separation of the 
gases. In a first endothermic step, zinc oxide is 
reduced to zinc and oxygen with the help of 
solar energy. In a second exothermic step, zinc is 
brought to react with water. From this, hydrogen 
and zinc oxide emerge, closing the material flow 
loop.  
At PSI, the first step of the process is being 
examined in greater detail: The zinc oxide is 
being reduced at 1700 °C in a special high-
temperature solar reactor. Sunlight is directed by 
a parabolic mirror so that the energy is concen-

trated on a small surface. In turn, at ETH Zurich 
the second reaction step is being refined to make 
possible a hydrogen yield of up to 80 percent. 
Finally, the reactor is being further developed in 
order to determine the production conditions 
yielding the maximum exergy efficiency. The 
technology needs some further development 
before it can be implemented in practice. “I 
estimate that a 100-kilowatt prototype can be 
tested in five years’ time and that the first pilot 
installation of megawatt size can be put into 
operation in eight to ten years,” explains Stein-
feld.
Upgrading fossil energy carriers
For Steinfeld, solar energy will also serve to 
produce fuels for the transition to the “hydrogen 
age.” Here, fossil energy carriers will be conver-
ted via solar energy: For the cracking of oil, steam 
reforming of gas, and steam gasification of coal, 
the fossil energy carriers serve as starting mate-
rial. The resulting syngas is used either directly as 
flue gas or is converted to liquid fuel. The original 
bonds are thereby energetically upgraded. At the 
same time, less harmful byproducts are genera-
ted than from conventional use. “Power genera-
tion in power plants would generate only half as 
much CO2 if fossil fuels were solar-chemically 
upgraded,” elucidates Steinfeld. 
A central aspect of the research is modeling the 
heat and mass transport in chemical reactor 
systems. Above all, radiation transfer, coupled 
with the kinetics of chemical reactions, presents 
a complex phenomenon that is being explored 
with computer modeling. The development of 
high-temperature solar chemistry combines 
basic physical and chemical research with the 
process engineering development of solar-
chemical reactors. 

Further information is available at

At ETH Zurich and the Paul Scherrer Institute, researchers are looking for ways 
of efficiently manufacturing such fuels. These may be especially useful for 
their contribution to solving the climate problem.

By Felix Würsten

» www.pre.ethz.ch  and  http://solar.web.psi.ch
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