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Power transmission technology 

High voltage water 
drops
The researchers at the High Voltage
Laboratory, led by Prof. Christian 
Franck, are investigating the envi-
ronmental effects of a novel type 
of power transmission technology: 
hybrid AC/DC transmission. The 
main idea is to convert existing AC 
transmission corridors (the pre-
vailing type of power transmission 
technology in Europe today) to 
systems in which AC and DC lines 
are used on the same tower. This 
has the potential to significantly 
increase the power throughput of 
an existing corridor and may delay 
or prevent the need to construct 
new overhead lines. The concept 
will be implemented in Germany 
in the coming years in a project 
called “Ultranet” – the first of its 
kind worldwide. The research team 
is supporting this project by inves-
tigating fundamental effects in the 
areas of electromagnetic fields and 
noise emissions. Water on the lines 
plays a crucial role with regard to 
these effects. The team is therefore 
analysing the distribution and shape 
of water drops by adding a UV- 
sensitive substance to the water.
www.hvl.ee.ethz.ch

Electric power systems

Driven to optimise the grid
The existing power grids and their controls are designed for traditional power 
supplies, making them too inflexible as they essentially involve power flowing 
from central power plants to the consumer. The electrical power grids of  
the future will be much more distributed, with renewable generation and 
storage resources spread throughout the system and consumers becoming 
active grid participants. Coordinating all these elements in real time requires
sophisticated control systems capable of balancing supply and demand in  
the grid. A research focus of the Power Systems Laboratory, led by Professor 
Gabriela Hug and working in collaboration with other groups at ETH Zurich, 
is on developing a modelling platform that simulates interactions among  
distributed resources, but also involving the bulk power grid. The platform 
also makes it possible to study the impacts of market design and policy 
decisions on grid operations. The laboratory derives methods that enable 
intelligent local and coordinated decision-making concerning the distributed 
resources, and optimal planning for future power grids.
www.psl.ee.ethz.ch

World record

No (speed) limit
The Power Electronic Systems Laboratory, led by Prof. Johann W. Kolar,  
researches magnetic bearings that enable effects such as the contactless 
levitation of rotors in electric machines without friction. Bearings offer 
benefits to the biopharmaceutical and semiconductor industries, and are 
well-suited to high rotational speeds. Exploring new territories in magnetic 
bearings research, the laboratory has developed an electric motor reaching 
rotational speeds of more than 40,000,000 revolutions per minute (through 
the doctoral research project of Marcel Schuck) – the world record for the 
highest rotational speed ever achieved by a machine of this kind and more 
than 100 times faster than a dental drill. To achieve such high speeds, a  
very small steel sphere with a diameter of less than 1 mm is used as a rotor. 
At full speed, a point on the equator of the sphere reaches more than 3,000 
km/h. The system that has been developed can be used in materials testing 
applications, and the underlying research is paving the way for ultra-compact 
and highly efficient electrical drives – an essential element in a sustainable 
energy future.
www.pes.ee.ethz.ch

Power semiconductors 

Multi-physics  
modelling of  
power modules
Designing power semiconductor
devices and modules is a highly 
multi-disciplinary field that requires 
strong collaborations between ma-
terial scientists, physicists and pow-
er electronics engineers. A goal of 
this research project, conducted by 
the Advanced Power Semiconduc-
tor Laboratory under Prof. Ulrike 
Grossner, is to create a computa-
tional core that will enable efficient 
multi-physics modelling of power 
modules during the design process, 
simultaneously taking into account 
the thermal, electrical and electro-
magnetic aspects. The first model-
ling examples demonstrate that the 
multi-domain modelling approach 
developed in the laboratory and the 
measurements match up extremely 
closely. The researchers are aiming 
to create a powerful tool for the 
virtual design of power modules, 
enabling engineers to gain a deep 
insight in the electrical, thermal 
and electromagnetic performance 
of advanced power semiconductor 
packages developed in the course of 
implementing wide-bandgap semi-
conductor devices in power elec-
tronic systems.
www.aps.ee.ethz.ch

Energy Energy

High Power Electronic Systems

Ultrafast charging station
Electric vehicles in combination with renewable energy sources have the  
potential to substantially reduce the greenhouse gas emissions caused  
by private methods of transport. However, the range of electric vehicles  
available is still limited due to the energy density of rechargeable batteries 
and long charging times. With the aim of drastically reducing recharging 
times, the High Power Electronic Systems Laboratory run by Prof. Jürgen 
Biela is working on concepts for ultrafast charging stations, which will  
make it possible to charge electric vehicles in a matter of minutes. To achieve  
such short recharging times, a high charging power of several hundred  
kilowatts is necessary. To avoid exposing the electrical grid to excessive 
stress or disturbance from the rapid charging process, a stationary battery  
is included in the fast charging station. This stationary energy storage system 
can also be used as an intermediate storage facility for smart grid applica-
tions, thus increasing the station's cost-effectiveness.
www.hpe.ee.ethz.ch

Solid-state transformers

Energy routing for future trains, ships 
and smart grids
The next generation of high-speed trains, more-electric ships, and all-elec-
tric aircraft or medium-voltage DC collecting grids for offshore wind farms 
requires electrical isolation between medium-voltage systems and low-volt-
age systems in a very confined space. Compared to conventional solutions 
employing passive low-frequency transformers, new medium-frequency 
solid-state transformers (SSTs) based on highly scalable multi-cell converter 
systems and/or innovative silicon carbide (SiC) power semiconductors 
offer unprecedented performance in terms of efficiency and power density. 
The Power Electronic Systems Laboratory is driving the research in this 
area, taking a holistic approach based on multi-objective optimisation and 
considering a wide range of aspects – including, but not limited to, topologies 
(such as single-cell versus multi-cell approaches), efficiency, power density, 
isolation, protection, control, reliability, and costs, as well as the design  
and testing of hardware prototype systems.
www.pes.ee.ethz.ch


