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Surge 
Protector
A high-voltage lab in Denmark 
explores how to safeguard  
wind turbines from lightning

Wind turbines  are lightning magnets—
and strikes on these tall, spinning structures 
can cause significant damage. Blades 
explode; generators and control system 
electronics fry. To figure out how to safely 
disperse lightning, turbine manufacturers 
have turned to the Technical University of 
Denmark’s High Voltage Lab. Using giant 
versions of standard electrical devices such 
as sphere gaps, transformers and capaci-
tors, the facility can generate huge arcs 
of electricity—up to 800,000 volts AC. The 
equipment helps companies test how new 
turbine parts or mechanisms will respond 
to electrical surges out in the field. 

“Many high-voltage labs, they look  
like something from the 1960s,” says Joachim 
Holbøll, a professor and deputy head of  
the university’s Center for Electric Power 
and Energy. “But we are doing necessary 
stuff in there with the newest equipment. 
Parts of this will always look a little old-fash-

ioned, but that is simply because it works.” 
The lab is also tackling a new problem: 

wind turbines are getting so tall that they fre-
quently generate “up lightning.” This type 
originates from the turbine’s own electric 
field and leaps from the tip of a blade to meet 
a downward bolt. The direction of the bolt 
does not change the form of protections that 
the turbines need, Holbøll says. But under-
standing these dynamics is critical to model-
ing the frequency of lightning strikes at wind 
farms, and the High Voltage Lab is working 
to verify theoretical and computational 
descriptions of this phenomenon. In 2015 
wind power provided 42 percent of the elec-
tricity Denmark consumed.  — Karl J. P. Smith

Holbøll with a high-
voltage sphere gap (1). 
A 400,000-volt single-
phase transformer (2).1
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