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Editorial

Dear Reader,

Recent events have reminded us how central energy is to our 
modern way of life, and the importance of energy transition in 
the context of climate change. That is why we have devoted this 
issue of DEKRA solutions to this vital topic and to the numerous 
sustainable ways of generating energy. In our cover story, 
starting on page 8, you will learn, for example, where tidal power 
plants have the highest potential and how ultra-deep geother-
mal energy could be utilized.

We interviewed Frede Blaabjerg, multi-award-winning Pro-
fessor of Power Electronics and Drives at Denmark’s Aalborg 
University, about, among other topics, the prospects for gen-

erating energy from space. You can find his answers start-
ing on page 18.

It is impossible to speak about energy without also consid-
ering mobility. Starting on page 20, we look at some of the new 

approaches that vehicle manufacturers and researchers are 
pursuing with regard to charging infrastructure. To ensure that 
both vehicles and charging technologies are safe and sustain-
able, DEKRA supports manufacturers and operators with com-

prehensive services: from homologation to type approval and 
vehicle battery tests, from the testing of high-voltage compo-
nents to charging infrastructure.

Our world must accelerate its progression towards a sustain-
able future. And we at DEKRA support this with our expertise 
as your global partner for a safe, secure, and sustainable world.

Wishing you a healthy and successful year.

Sincerely, Stan Zurkiewicz

CEO, Chairman of the Board of Management DEKRA e. V.
and DEKRA SE
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DEKRA AWARD 2022

Best Ideas

I
n response to increasing demand for testing services related 
to the development, validation, and certification of high-per-
formance battery modules and packs, DEKRA is expanding its 

service portfolio. The next milestone is the construction of a new 
testing center for automotive and stationary battery systems. 
An eight-figure investment has been planned for the new labora-
tory, which is to be located in the company’s Technology Center at 
DEKRA Lausitzring in Klettwitz (Germany), and expected to be fully 
operational by the end of 2024. Available services at the state-of-
the-art testing center will cover all types of battery tests, such as 
mechanical examinations, performance and environmental test-

ing, and abuse testing. All services will be offered to support devel-
opment, as well as in the context of homologation, certification, 
and quality assurance or market monitoring. Target groups for 
the services of the planned laboratory are vehicle manufacturers 
and suppliers as well as battery manufacturers, engineering ser-
vice providers, and authorities. The expert organization already 
offers testing of charging stations, electric motors and drive axles, 
cables and inverters, as well as battery cells and smaller modules 
with regard to their safety and electromagnetic compatibility at its 
locations in Arnhem (Netherlands), Concord (USA), Klettwitz (Ger-
many), Stuttgart (Germany), and Guangzhou (China).

In late 2022, DEKRA again presented the DEKRA Award and, 
in doing so, showcased future-shaping top performers in 
the area of safety. The high-profile submissions once again 
showed that looming risks can lead to innovative concepts 
and technological solutions for safety and sustainability. In 
the “Safety” category, the award went to Droniq GmbH for a 
frictionless drone air traffic concept in urban areas. Airbus 
Defence and Space GmbH won in the “Security” category for 
an Industry 4.0 cybersecurity system. The refurbisher AfB, 
which recycles used IT and mobile devices in an environmen-
tally-friendly way, scored in the “Sustainability” category. 
Kraftblock GmbH secured the prize in the “Startups” cate-
gory – voted on by the audience – for a thermal storage solu-
tion for green energy.

News

ELECTROMOBILITY

New Laboratory for Battery Systems
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News

HYDROGEN CONSUMPTION TESTING

How much H2?

CHARGING INFRASTRUCTURE

Test Laboratory 
Now Open

START-UP 
Production-Ready

With the iX5 Hydrogen, BMW is starting a new chapter in hydro-
gen. The fuel cell vehicle, which is based on the BMW X5, is sched-
uled to be hitting the road in selected regions in spring 2023 to 
show the technology for local CO2-free mobility. Even during its 
development phase, the limited-series model underwent an inten-
sive test program under demanding conditions – including at the 
DEKRA Technology Center in Klettwitz. In the drive train and emis-
sions laboratory there, the hydrogen consumption of the vehicle 
was determined in several test drives on the DEKRA roller dyna-
mometer in the WLTP driving cycle (Worldwide harmonized Light 
vehicles Test Procedure) using the so-called gravimetric method. 
This independent measurement, which verified and confirmed 
the manufacturer’s data, was one of the prerequisites for the offi-
cial approval of the limited series.

The British-Swedish start-up Volta Trucks will start series 
production of the battery-electric Volta Zero in 2023. The 
company laid the groundwork for this through extensive 
tests, including at the DEKRA Laboratory Center in Arn-
hem (Netherlands). Volta Trucks had the performance of the 
charging process closely examined, as well as the interoper-
ability of the vehicle with different charging infrastructures. 
The Volta Zero was charged with both alternating current 
(AC) and direct current (DC), and at ambient temperatures 
between minus 20 and plus 40 degrees Celsius. According 
to the manufacturer, the lithium-iron-phosphate batteries 
used in the 16-ton truck, which is tailored for inner-city dis-
tribution, offer 160 to 200 kWh storage capacity, which pro-
vides a range of 150 to 200 kilometers.

To accelerate the electrification of the automotive industry 
and the transition to alternative fuels, DEKRA – supported by 
the California Energy Commission – has founded the “Vehi-
cle-Grid Innovation Laboratory (ViGIL)” in Concord, Califor-
nia (USA). The laboratory offers state-of-the-art testing and 
certification services such as functional, conformity, and 
interoperability tests for charging infrastructure. With the 
help of ViGIL, the capacity and throughput of charging infra-
structure standard tests are to be increased and the tests 
for charging devices for electric vehicles are to be expanded. 
California aims to sell 100% electric vehicles by 2035 and 
wants to enable consumers to charge seamlessly.

START-UP
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News

ELECTRIC HGVS

New arrival

INNOVATION

Freshly Printed

DEKRA VISION ZERO AWARD 2022

Role Models

Volvo Trucks is tackling CO2 emissions with its heavy 
electric trucks, even on long trips. This has been 
proven by the DEKRA-verified challenge, in which a 
Volvo FH Electric completed the 606 kilometer jour-
ney from Munich to Berlin with just one charge along 
the way. Two DEKRA experts accompanied the test 
drive, which was close to everyday conditions, tak-
ing place during regular daily driving hours and with 
only one charging stop. The average consumption 
of the battery-electric truck, with a total weight of 
39 tons, was 106 kWh per 100 kilometers. A total of 
119 kWh was recovered, or about 18 % of the energy 
used on the journey. Upon arrival in Berlin, the bat-
tery capacity was still 35 % with a remaining range 
of around 130 kilometers.

Since 2016, DEKRA has been recognizing cities that have 
not had a single traffic fatality in their inner-city traffic 
for multiple consecutive years. In 2022, the DEKRA Vision 
Zero Award went to the Finnish city of Mikkeli. Nobody 
died in inner-city traffic there from 2012 to 2020. DEKRA 
awarded the prize in mid-November at its annual recep-
tion in Brussels. The statistical basis for the award is the 
interactive world map (www.dekra-vision-zero.com), for 
which DEKRA experts continuously evaluate the latest 
available crash data.

Start-up company Super Mobility, based in Kufstein 
(Austria), wants to counter logistical bottlenecks and long 
waiting times when buying a new bike by printing cus-
tomizable electric bikes made of recyclable carbon fiber. 
According to the company, production of each bike takes 
around 16 hours. The finished electric bike should be with 
the customer just three days after they place their order. 
The 3D printing is currently still done in Vietnam, but the 
stated goal is to be printing in Europe by spring 2024, either 
in Vienna or Munich. The carbon electric bikes are said to 
be particularly lightweight and about 20 times stronger 
than those made from steel. According to the company, this 
robustness means that the electric bikes are particularly 
suitable for daily use in urban settings. P
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Mikkeli’s Director of Urban Planning, Topiantti Äikäs accepted 
the award from DEKRA CEO Stan Zurkiewicz.
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HYDROGEN TRUCK

Innovation Partner

SAFETY

Extinguisher Bags

R educing CO
2
 emissions from road freight transport is at 

the top of the economic and political agenda. Battery-elec-
tric or hydrogen-based fuel cell vehicles present a solution. 

To enable the increased adoption of hydrogen trucks in particu-
lar, start-up Hylane offers such vehicles for rent. This subsidiary 
of insurance firm DEVK specializes in providing comprehensive 
hydrogen solutions to the logistics sector. The fleet, which is sub-
sidized by the German federal government, consists initially of 
44 trucks from a variety of manufacturers. These are rented out 

to customers throughout Germany with different usage profiles. 
DEKRA is a partner in the project. The expert organization car-
ries out delivery and safety checks, as well as general inspections 
and, if necessary, also prepares status reports and assessments. 
In early December 2022, the first vehicle in the Hylane fleet, an 
“XCIENT Fuel Cell” from Hyundai, was handed over to the cus-
tomer Mitea. Other project partners are H2 MOBILITY Deutsch-
land GmbH & Co. KG for the tank infrastructure and NOW GmbH 
as coordinator for the hydrogen funding guidelines.

Electric cars and their lithium-ion batteries present a major challenge 
for the fire department when they go up in flames. This is because the 
vehicles often catch fire again after being extinguished. For this reason, 
they are commonly submerged in water-filled containers. However, this 
method is time-consuming, as well as resource- and cost-intensive. As an 
alternative, Leo Steinhauser, Commander of a local German fire brigade, 
has developed a fire extinguishing bag. The so-called Vetter E-Vehicle Iso-
lation System (EIS) works like this: After extinguishing, the vehicle is 
wrapped in the EIS and flooded. Once the battery unit is completely sub-
merged, the vehicle can be lifted by a towing service, transported away 
and stored compactly until it is disposed of.

News



In these times of climate change, energy crisis, 
 

Text Hannes Rügheimer
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G
lobal energy demand is rising 
continuously. While it stood at 
624 exajoules (the equivalent 
of around 173 trillion kilowatt 

hours) in 2021, the International Energy 
Agency expects it to increase to 673 exa-
joules by 2030. The output of solar and 
wind energy, as well as other types of 
renewable energy generation, is grow-
ing rapidly – but the consumption of oil 
and natural gas also continues to rise (see 
page 16). What does all this mean for com-
panies, given the massively rising energy 
prices but also the increasing urgency to 
combat climate change? The more energy 
intensive the business model, the greater 
the pressure to “go green”. And that often 
means that companies have to reinvent 
themselves from the ground up. We took 
a look around the world for examples 

where this has already been achieved or 
is at least well on its way.

Energy company Shell, for example, 
is building a hydrogen production plant 
in the port of Rotterdam – in the imme-
diate vicinity of the company’s existing 
refineries. According to Shell, it will be 
the largest plant of its kind in Europe. The 
electrolyzer, which will be housed in a two- 
hectare hall, will have a capacity of 200 
megawatts. In 2025, the “Holland Hydro-
gen I” plant is scheduled go into opera-
tion, producing 60 tons of green hydro-
gen per day with an energy content of over 
2,300 megawatt hours, which corresponds 
to the annual electricity consumption of 
650 households.

Hydrogen
Be it for transport or industry: 
The Shell energy group wants 
to use only wind-generated 

electricity for its planned 
hydrogen production

The electricity required for production 
will be supplied by an offshore wind farm. 
Some of the green hydrogen will then in 
turn be used in Shell’s conventional refin-
ery to produce gasoline, diesel, and jet 
fuel from mineral oil. But there are also 
plans to refuel fuel cell trucks on site. The 
group’s goal is to be completely emission 
free by 2050.

Green transformation
in an energy intensive sector

In the fall of 2021, Germany’s biggest 
steel group, Thyssenkrupp, produced 
a large volume of steel with a certified 
improved life cycle assessment for the 
very first time. To do so, the company 
replaced part of the iron ore required for 
production with sponge iron. This alloy 
still has an iron content of 92 to 95 per-
cent, but can be melted in blast furnaces 
with less energy input. The coal saved in 
the process reduces CO

2 
emissions. Ber-

nhard Osburg, CEO of the Thyssenkrupp 
steel division, explained that this reduces 
the CO

2
 balance per ton of steel by up to 

70 percent.
The first delivery went to a manufac-

turer of bathroom fixtures – who can 
thus improve their own carbon footprint. 
Although the group celebrated this inno-
vation as a milestone in the green trans-
formation of steel production, it also 
acknowledges that this was only a first 
step. By 2045, the blast furnaces are 
planned to be consistently operated with 
green hydrogen – which would make steel 
production completely climate-neutral. 
Other steel manufacturers are also pur-
suing this goal. After all, the steel sector 
is currently one of the industries with the 
highest CO

2
 emissions.

Domestic biogas production 
instead of import

But green solutions are not only needed 
in production. The waste disposal indus-
try also offers opportunities for achiev-
ing more climate benefits. For example, 
the municipal waste disposal company 
Limeco in Dietikon, Canton Zurich, has 
been operating Switzerland’s first indus-
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trial scale power-to-gas plant since spring 
2022. The sewage sludge from local waste-
water treatment ends up in a bioreactor. 
The neighboring waste incineration plant 
supplies the electricity required to gen-
erate climate-neutral methane gas from 
the sludge. The purified gas is combusti-
ble and has the same properties as nat-
ural gas. It can therefore be used to heat 
homes, for example, or stored to generate 
climate-neutral electricity in gas-fired 
power plants when photovoltaics reach 
their limits at night or in winter.

The 10,000 to 15,000 megawatt hours 
of electricity already generated by waste 
recycling produce up to 18,000 mega-
watt-hours of “green” gas. Thomas Peyer 
of the Swiss municipal utility association 
Swisspower does the math: If all 30 waste 
treatment plants in Switzerland were to 
set up a power-to-gas plant of comparable 
capacity, together with the biogas already 
produced in Switzerland today, it would be 
possible to more or less replace the current 
import of natural gas from Russia.

From biowaste to biofuel

The Italian oil and energy group Eni (for-
merly Agip) is not quite as far advanced 
yet. But the company is operating a 
pilot plant that produces biofuel from 
organic waste at its research center in 
Novara, northern Italy. In pilot operation, 
this “waste-to-fuel” project uses mainly 
kitchen waste. Using what is known as 
hydrothermal liquefaction, the plant con-
verts the moist biomass into a crude oil-
like product under high pressure. This can 
be used, for example, as a crude oil sub-
stitute for ship propulsion or refined into 
higher grade biofuels. The efficiency is an 
impressive 80 percent. The process also 
generates up to 60 percent water, which 
in turn is used in other processes. On a 
larger scale, the “waste-to-fuel” method 
could also use sewage sludge, plant waste, 
or agricultural waste instead of kitchen 
waste. If this technology were to be imple-
mented consistently throughout Italy, up 
to six million barrels of crude oil could be 
saved annually, according to operator Eni. 
In addition, the process puts waste that 
would otherwise have to be landfilled or 
disposed of elsewhere to a valuable and 
climate neutral use.

Floating wind farms are

Reducing dependency on fossil energy and 
ending it completely as soon as possible is 
the goal of many other global projects and 
activities. One of these, for example, can be 
found 15 kilometers off the coast of Aber-
deenshire, Scotland, where the “Kincar-
dine Offshore Windfarm” – currently the 

»Renewable hydrogen 

in the energy system 
of the future«

 
Executive Vice-President  

for Emerging Energy Solutions, Shell

Power-to-gas plant
Power-to-gas plants are 

considered one of the key tech-
nologies for renewable energy. 
Green gas is produced from 

regional waste and wastewater

Waste-to-fuel
Hydrothermal liquefaction 
turns biomass into a crude 
oil-like product that can be 
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largest floating wind farm in the world – 
operates. A total of six turbines around 200 
meters high with 80 meter long rotors use 
the prevailing strong winds to produce up 
to 200 gigawatt hours of electricity per 
year. This amount is enough to supply more 
than 50,000 Scottish households with elec-
tricity. However, with water depths of up 
to 80 meters, this was only possible by 
mounting the wind turbines on so-called 
semi-submersible platforms, which were 
originally developed for oil and gas rigs. 
To withstand wind and waves, three plat-
forms, arranged in a triangle, are partially 

Offshore  
wind farms

Wind turbines use the steady 
winds blowing over the sea to 
generate electricity. The high-
tech turbines are positioned 
in offshore areas with water 
depths of up to 80 meters

Experts including Aaron Smith, Chief 
Commercial Officer of operator Principle 
Power, point out that up to 80 percent of 
the world’s sites suitable for wind power 
are located at sea – in places with com-
parable water depths. The world’s second 
largest facility of the kind, located in the 
Atlantic Ocean, 20 kilometers off the city 
of Viana do Castelo, Portugal, also makes 
use of the impressive high-tech design. 
The “WindFloat Atlantic” offshore wind 
farm has been supplying electricity to 
over 60,000 Portuguese households since 
July 2020.

Energy generation with 
hydropower

But the sea does not only offer new 
opportunities as a location for generat-
ing renewable energies from wind power. 
Hydropower can also play an important 
role in sustainable energy generation. In 
May 2022, the world’s first floating tidal 
power plant was connected to the grid in 
the Minas Passage of the Bay of Fundy, 
Canada, for example. Three power plants, 
each with six controllable underwater 
turbines, use the unusually strong local 
currents with a worldwide unique tidal 
range reaching up to 16 meters at new 
and full moon. The concept was realized 
by the German Schottel Group. A miles-
long underwater cable delivers the gen-
erated electricity to a transformer sta-
tion on land. Since summer 2021, the 
plant has been supplying 4,915 megawatt 
hours per year, which is enough to supply 
around 400 Canadian households. There 
are already plans to scale up the instal-
lation, which is currently still declared a 
demonstration plant.

Microwave technology for ultra
deep drilling

On land, on the other hand, initiatives such 
as Quaise, a US start-up founded in 2018 by 
researchers at MIT’s Plasma Science and 
Fusion Center, promise sustainable energy 
generation through ultra deep geothermal 
energy. Its founders want to reach unprec-
edented depths of six to twelve miles and 
use the heat reservoirs there to supply 

filled with water. A pump system perma-
nently balances this ballast between the 
three cylinders. In addition, the platforms 
are anchored to the seabed with cables. In 
any case, the wind blows more evenly and 
less turbulently over the sea than on land 
– which also means less material fatigue 
and damage to the wind farms.
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energy. However, conventional drilling 
rigs are unsuitable for such deep bore-
holes. The heat and pressure conditions 
prevailing several kilometers below the 
earth’s surface push them to their limits. 
That is why Quaise wants to use a new type 
of high frequency microwave technology 
for the deeper layers of rock. It is intended 
to literally pulverize or melt the rock. The 
hot water deposits tapped at great depths 
could then be used to supply heat directly 
to households or to generate electricity. 
The start-up wants to present a function-
ing system in 2024 and is aiming for com-
mercial use starting in 2026.

Nuclear fusion instead of

If that concept already sounds like a tech-
nology from science-fiction Cross-Out, 

then generating energy from nuclear 
fusion is an even longer way off. But 
researchers certainly see it as a real option 
for the future.

As early as 2020, the experimental 
fusion reactor “Korea Superconducting 
Tokamak Advanced Research” (“KSTAR”) 
in Daejeon, South Korea, succeeded in 
maintaining nuclear fusion for around 20 
seconds. Unlike conventional nuclear fis-
sion, which splits atomic nuclei in a chain 
reaction, nuclear fusion fuses atomic 
nuclei together. This process, which takes 

Saving energy 
with audits

Energy audits are an effective 
measure to help companies 
save energy. In Germany, for 
example, large companies 

are obligated to conduct such 
audits every four years.

This obligation applies to all 
companies that no longer count 

as small and medium-sized 
enterprises (SMEs). However, 

it can also make sense for 
SMEs to voluntarily carry 

out energy audits.
The exact procedure of an 

international standard DIN EN 
16247-1, for which the require-

ments are universal.
The audits help identify potential 

energy savings. They are also 
a prerequisite, for example, for 
taking advantage of statutory 
compensation schemes under 
the German Renewable Energy 
Sources Act or similar regula-
tions in many other countries. 
Essentially, the auditors record 

company and rely on current 
operating data.

results and derives an action 
plan for the company to 

The energy audits, which 
DEKRA offers in several 

European countries such as 
Germany, Spain, Portugal, 

Poland, and Austria, can also be 
seen as a preliminary stage of 

an energy management system 
in accordance with 
DIN EN ISO 50001.

Tidal power plants
Positioned in the Bay of 

world to be connected to the 
grid. The underwater turbines 

utilize the tidal current to 
generate electricity
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place at temperatures of 100 to 180 mil-
lion degrees Fahrenheit, could provide 
enormous amounts of energy from sim-
ple raw materials such as hydrogen iso-
topes. But the material load inside the 
reactors is enormous, and for a long time 
the experiments consumed more energy 
than they generated. But in December 
2022, scientists at the US National Igni-
tion Facility (NIF) at Lawrence Liver-
more National Laboratory in California 
announced that, for the first time, they 

had gained more energy from nuclear 
fusion than they had used – albeit only 
about 20 percent. “Simply put, this is one 
of the most impressive scientific achieve-
ments of the 21st century,” US Secretary 
of Energy Jennifer Granholm said about 
the announcement. Stephane Dujar-
ric, spokesman for the United Nations, 
added: “It’s an extremely important devel-
opment that could be of great help in the 
fight against climate change.” However, 
researchers caution against premature 

»This is one of  
the most  

impressive scientific  
achievements of the 

21st century«
Jennifer Granholm, 

US Secretary of Energy

Great potential for the future
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celebrations. For example, Tony Roul-
stone, a lecturer in nuclear energy at the 
UK’s University of Cambridge, explains 
that the latest result is still far from 
practical use for energy production. For 
that to happen, Roulstone says the pro-
cess would have to produce about twice 
as much energy as the amount used for 
it. Optimistic forecasts hope for com-
mercial use in about ten or 15 years, 

while more pessimistic ones reckon this 
could take another 30 or 40 years.

Energy demand analysis
via auditing

Until that happens, the world as a whole 
and every company for itself must find 
viable solutions for their energy demand. 
A cause for optimism is the fact that the 
countries with the highest energy con-
sumption (China, USA, and India – see 
page 14) are also at the top of the list of 
countries with the highest installed capac-
ity of renewable energy sources. Individ-
ual companies, on the other hand, must 

Nuclear fusion
In their successful experiment, 

NIF researchers placed tiny 
amounts of the hydrogen 
isotopes deuterium and 

tritium in the center of the 
experimental chamber of the 
world’s most powerful laser 

at the atomic nuclei to induce 
nuclear fusion

Deep geothermal 
energy

Ultra deep geothermal energy 
uses geothermal energy from 

kilometers. Water is the carrier 
object for the electricity and 

heat generation

be aware that every journey begins with 
a first step – and that usually means first 
obtaining an up-to-date and unvarnished 
overview of all their energy require-
ments and internal energy flows. An 
energy audit can help (see page 13).

On top of that, they also need a will-
ingness to innovate and an openness 
to technology. The examples presented 
here make it abundantly clear that meet-
ing the challenges of our time with opti-
mism and with a willingness to shape the 
future is the only way to ensure a sus-
tainable future worth living in – on both 
a large and small scale.

Power plant

Cooling tower

Geothermal 

Rock

Ground 
water aquifer

Rock

Heat source
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Global energy sources
Global energy demand is rising. Energy supply sources are  
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Prof. Blaabjerg, the EU has
set itself the goal of climate
neutrality by 2050. Do you feel
like the current efforts are ambitious 
enough or does much more need to 
happen to achieve this goal?
After the latest climate reports and pre-
dictions on a +2 degree global tempera-
ture increase, the climate is really becom-
ing challenged and there is a need to move 
faster. The climate neutrality in Europe in 
2050 is valid and ambitious goal but it has 
to be a global joint effort – which seems 
not to be easy as some countries base their 
energy-supply on fossil fuel. The war in 
Europe has forced countries to rely on old 
technology in order to keep energy prices 
low but on the other hand Europe has 
also clearly intensified the investments 
in renewable energy to ensure a stronger 
energy independency. So, a pushback for 
the moment, but acceleration in the com-
ing years with regards to energy indepen-
dency is achieved. I think we could put 
more research and innovation into energy 
efficiency. As every Watt saved we do not 
have to produce or to store. A lot of technol-
ogy can help. This should be further devel-

   “The energy system  

         must be smart  

      and controllable” 
The energy crisis poses major 
challenges for governments 
and private individuals. 
Sustainable energy sources 
and their availability are a 
particular focus.
Interview Jana Bronsch-Chassard
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cal power transmission as well as enable 
key components to obtain a very high effi-
ciency.

Let’s take a look into the future:
Is space-based solar power gener-
ation actually technically feasible?
It is a very interesting idea and needs 
much more exploration and also signifi-
cant investments to find out how to get sig-
nificant power transferred to the planet. I 
am afraid this technology will not be able 
to contribute significantly to our 2050 
challenge.

What research projects are you
currently working on?
We work on four main activities for the 
moment: One is to better understand the 
reliability of power electronic components 
and systems in order to predict when they 
are expected to fail if they see a certain 
loading condition. We call it mission pro-
file. This involves mathematical model-
ling, statistics and a lot of testing.

A second area is to improve the relia-
bility of modern power systems, which 
now will get many new sources and loads 
– having power electronic converters as 
interface. It involves many aspects of 
power system analysis and operation as 
well as usage of the knowledge of the 
power converter behaviour.

A third new activity is to apply Artifi-
cial Intelligence (AI) in power electronic 
systems in a smart way – as we already 
know a lot of the system and do not have 
to make everything data-driven in terms 
of applying AI. Finally, we are working on 
utilizing power electronics to control elec-
trolyzers to make hydrogen and thereby 
find new efficient ways to avoid fossil fuel. 
To make that highly efficient – from elec-
trical power to, for example, gas, e-fuel or 
Power-2-X – there is a long way to go.

Frede Blaabjerg 
has been a professor of Power 

Electronics and Drives at Aalborg 
University in Denmark since 

1998. He is also vice president 
of the Danish Academy of 

Technical Sciences and has 
received several awards for his 
research in electrical engineer-
ing, including for outstanding 
technical contributions to the 
design of power management 

systems enabling the integration 
of renewable power. In 2020, 
he received the IEEE Edison 

Medal – one of the oldest and 

of electrical engineering.

Interview

oped, and new concepts innovated. Here 
electrification and power electronics tech-
nology plays a key role.

Is it possible to generate more
energy with wind turbines, or
have the technological limits been
reached?
There has been amazing technology devel-
opment in wind turbines and increasing 
them in size means lowering the cost of 
energy. Just now in Denmark a 15 MW wind 
turbine has been erected for testing by Ves-
tas and discussions are in the industry to 
further increase power. The very big ones 
demand most often transport by sea and 
that can be a limitation in some areas, but 
we are not seeing the limit, yet.

Silicon solar cells are considered
to be as good as “optimized out”.
New material combinations promise
higher yields from the solar
spectrum. What are the latest
achievements and what potential
do they hold?
In the end, cost of energy will decide the 
winner in technology for solar cells com-
bined with potential re-usability of the 
material at the end-of-life. It is correct 
that silicon solar cells are very mature. 
Perovskite material seems to be promising 
but many other technologies are import-

ant to follow. The ability to scale solar 
power production to a very big scale and 
at the same time not using rare materi-
als can also be a decisive factor. However – 
more than 20 technologies are being devel-
oped which is making it a very interesting 
research field to pursue.

When it comes to solar and wind
energy, the question of energy
transport and storage options often
arises. Will there be a quantum
leap in storage capacity in the near
future? 

The transportation sector seems to be 
electrical based on batteries. There are a lot 
of arguments for doing that. Energy effi-
ciency is very high, and the infrastructure 
can be built up. New battery technology is 
on the way – not as a quantum leap – but 
might be improving. I also see a strong will 
to build electrical infrastructure to be able 
to distribute the required electrical power.

Challenges exist in the energy intensive 
transportation sector where there is a high 
chance that hydrogen can be the interme-
diate carrier – for example on the way to 
ammonia or e-fuel in ships and airplanes. 
However, the energy system in total must 
be smart and controllable and utilize all 
aspects of energy carriers like heat, gas, 
electricity, including their storage poten-
tial as well as use biomass for energy sto-
rage and for producing heat and electri-
city when renewables are not available. 
It could also be interesting to see some 
breakthroughs in super-conduction – as 
this could be a game changer in electri-
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Charging Systems: “Snacking” on Cordless Power

Enough with tangled cables at wallboxes and charging 

stations! Science and industry are working hard on 

new solutions for the e-mobility infrastructure.

Text Joachim Geiger

20     DEKRA solutions 1/2023

“Snacking”  
on Cordless  
Power 
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Innovation

E
lectromobility 
will not have 
reached the 
finish line 

until the charging infra-
structure is as readily 

available as gas stations 
are for combustion engines. 

How about getting an extra 
dose of range just by parking 

your car at the supermarket, 
doctor’s office, or cab stand? Or 

what about a highly automated 
car that drives itself into the 

parking garage and comes out 
fully charged? Or a driverless 

shuttle bus that draws its power 
from the road surface? Such sce-

narios could become reality in the 
future. Science and industry are 

already working on alternatives to 
charging stations.

Their focus lies on automated tech-
nologies that independently establish 

a connection between the electrical 
grid and the vehicle. Inductive charging 

systems, which manage entirely with-
out a physical connection to the vehi-
cle, are promising. “In this scenario, 
charging takes place wirelessly via elec-
tromagnetic fields,” explains Andreas 
Richter, engineer at DEKRA Electro-
mobility Competence Center. The infra-
structure required essentially consists of 

charging plates with primary coils that 
are installed in the ground and supplied 
with power. The counterpart is the sec-
ondary coil installed underneath a vehi-
cle. When the vehicle is situated above 
the primary coil, the electromagnetic 
field activates the secondary coil to gen-
erate an induction current for the elec-
tric motor or battery. 

Has the cable-plug method 
reached the end of the line?

Does that mean that the common cable-
plug method for charging stations and 
wallboxes is past its prime? Not necessar-
ily. In fact, the possible variations of this 
so-called conductive charging are exten-
sive. In early 2020, Volkswagen, for exam-
ple, presented a fully automated charging 
robot that carries out the entire charging 
process on parked electric cars, with bat-
tery wagons in tow. Although the Wolfs-
burg company has since gone quiet on 
this project, a similar system is poised 
for series production.

TU Graz has developed a mobile 
charging robot that moves autono-
mously at up to 20 kilometers per hour 
with the help of lidar sensors. The sys-
tem consists of the mobile platform 
on which a robot arm is installed, 
which autonomously connects the 
charging plug to the electric vehicle 
and removes it after charging. A cable 
powers the system. Charging is done 
with direct current and a charging 
power of up to 50 kilowatts (kW).

Conductive charging
is on the rise

Graz-based start-up Volterio and 
vehicle supplier Continental 
provide a completely different 
interpretation of an automatic 
charging robot. This variant 
of conductive charging is an 
underfloor system in which 
a charging plate, fixed to or 
embedded in the floor with 
an integrated connection to 
the power grid, connects to 
the interface installed in 

the vehicle floor via a special tool. As soon 
as the electric car is positioned above the 
charging plate, the components commu-
nicate with each other via ultra-broad-
band. A cover flap on the floor unit auto-
matically retracts to make way for the 
integrated charging arm, which connects 
upward to the vehicle. Interestingly, the 
system does not require accurate posi-
tioning – the charging arm reportedly 
allows deviations of up to 30 centimeters 
from the ideal parking position.

Austrian start-up Easelink takes 
the opposite approach to connecting 
charging plate and electric car – here, the 

Charging without 
cables 
Various institutions 
and companies are 
working on new 
charging solutions 
for electric cars

Charging robot 
TU Graz’s mobile charging 
robot moves automatically 
and can connect the 
built-in charging plug to 
the electric car



22     DEKRA solutions 1/2023

connector is integrated into the vehicle 
floor. A charging nozzle lowers onto the 
charging plate as soon as the vehicle is in 
position. The pad is designed so that the 
connector can safely establish contact 
at several points. This so-called matrix 
charging system is designed to enable 
high power transfer. Both Easelink and 
Voltario claim their equipment required 
can be retrofitted to most vehicles.

Inductive charging systems
in public transport

And what about inductive charging 
technologies in practice? In local pub-
lic transport, such systems have already 
undergone their first severe trials. A Pub-
lic Transport Company in Braunschweig, 
Germany, for example, has been charging 
the batteries of its electric buses on the 
twelve-kilometer ring line 419 at two 
specially installed stops using 200 kW 
inductive fast charging since 2015.

As far as the passenger car segment 
is concerned, wireless charging is still 

Siemens eMobility plans to 
offer these charging options 
worldwide under a license 

from WiTricity. Siemens esti-
mates the market volume for 

wireless charging of e-cars in 
North America and Europe at 

two billion dollars by 2028.

The taxi industry

The taxi industry could be among 
the beneficiaries of new develop-

ments in inductive charging tech-
nology. The validation phase of 
research project “Taxi Charging Con-

cept for Public Areas” (TALAKO) began 
in Cologne at the end of May 2022. The 

project is investigating the potential 
of inductive charging for electrically 
powered taxis under the leadership of 
the Chair of International Automotive 
Management at the University of Duis-
burg-Essen. Six charging stations with 
an area of about one and a half square 
meters and a charging capacity of 22 
kW have been set up on a stop lane in 
front of Cologne’s central train station. 
A small electric fleet from manufacturer 
LECV handles the automotive part, with 
the vehicles specially converted for the 
field test. The cab waiting in line is auto-

in its infancy, even from an interna-
tional point of view. “The current state 
of charging technology in this segment is 
described by the SAE J2954 standard, pre-
sented by SAE International in October 
2020, which refers to wireless charging 
of electric vehicles with up to 11 kW,” 
knows DEKRA expert Andreas Richter. 
One of the first applications of this tech-
nology is the WiTricity company from 
Watertown near Boston. The US company 
offers inductive 11 kW charging stations 
for parking lots designed to charge just 
as quickly as comparable wired stations. 

“Charging takes 
place wirelessly via 
electromagnetic fields”
Andreas Richter, DEKRA Electromobility Competence Center

Conductive charging systems 
Be it from charging plate to vehicle 
(top picture) or vice versa from 
electric car to charging system: 
Start-ups and vehicle suppliers are 
working on different variations
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Innovation 
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matically charged. The cab then moves 
forward, charging slot by charging slot 
– at an average waiting period of 45 min-
utes, the cab could charge electricity for 
a range of around 75 kilometers.

Smart street charging

However, the ideal solution for induc-
tive charging would be if a vehicle were 
able to receive the power for more range 
while driving. This is precisely the prin-
ciple behind the smart roads that Israeli 
company Electreon has been develop-
ing for around five years. The basic 
design of these smart roads involves 
laying out copper coils, which are con-
nected to a power source and trans-
mit power to the vehicle equipped 
with a receiver, about ten centime-
ters below the road surface.

So far, Electreon has primarily 
been focusing this technology on 
public transport. Here, the Israe-
lis already have excellent refer-
ences – including in Tel Aviv, 
as well as in Gotland, Sweden, 
and Detroit, USA, each with a 
1.6 kilometer test track. The 
innovative company’s most 
recent success is the Arena 
del Futuro in northern Italy. 

There, Stellantis has been testing induc-
tive charging of electric cars since the 
beginning of 2022 on a 1,050-meter cir-
cuit built specifically for this purpose. 
According to reports, the conductor 
loops under the asphalt transmit up to 
one megawatt of electrical power.

A Fiat 500e and an electric city bus 
from Iveco are being used as test vehi-
cles. Initial data shows that the Fiat can 
drive at highway speeds without using up 

the energy stored in its battery. So where 
do such tests lead? It is quite possible that 
in the future, highways will be equipped 
with inductive technology on special sec-
tions. Trucks, buses, and cars could then 
cover hundreds of kilometers without 
having to make a single charging stop.

The principle of smart roads 
Inductive charging while 
driving is possible thanks to 
copper coils installed under 
the asphalt

The cab charging concept 
In a pilot facility in Cologne, 
waiting cabs are charged 
wirelessly by means of 
inductive charging strips 
installed underground

Charging plate

Mounting plate TAXIBattery

Switch cabinet



Photovoltaics
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Rooftop systems already account for around 40 percent of photovoltaics 
installed worldwide. But why not dream bigger? Why not step up the 
pace of rooftop PV expansion to reduce greenhouse gas emissions and 
put an end to energy poverty? An international study has calculated the 
true potential of rooftop systems worldwide.
Text Joachim Geiger

This Is How We 
Catch the Sun
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C
ould sufficient energy be made 
available to people all over the 
world if every single building 
were equipped with photovol-

taic rooftop systems? What would the 
sum of the world’s rooftop areas even be? 
And how much energy could this gener-
ate? Admittedly, these questions sound 
hypothetical at first, even in these times 
of climate change and energy crisis. On 
the other hand, access to affordable, reli-
able, and sustainable energy has long 
been a top priority among the 17 goals 
that the United Nations wrote into its 
Global Sustainability Agenda in 2016. 
In addition, market researchers are cur-
rently attesting to a boom in rooftop PV 
systems – already, 40 percent of photovol-

International Energy Agency (IEA) puts at 
24.7 trillion kilowatt hours. 

Big data and AI applications
are remeasuring the world

This scientific finding is based on a highly 
complex approach. But how could it con-
tribute to solving the world’s energy prob-
lems? Especially since the study’s authors 
do not advocate installing a solar system 
on every rooftop in the world. The goal is 
a different one: First, rooftop PV systems 
represent a low-carbon, highly available, 
and inexpensive technology. Second, 800 
million people worldwide still live with-
out electricity. This is where the study 
comes in, as a useful tool for all govern-
ments, organizations, and companies 

Taihang Mountains in China 
The solar farm covers an area of 
1,133 ha (2,800 acres) and sup-
plies the surrounding counties 
with 434 MW of clean energy

taics installed globally are rooftop sys-
tems. So taking a closer look at these 
questions might be worthwhile.

An international team of researchers, 
led by scientists from University College 
Cork (UCC) in Ireland and Columbia Uni-
versity in the USA, has now set itself this 
task. Published in October 2021, their anal-
ysis “High resolution global spatiotempo-
ral assessment of rooftop solar photovol-
taics potential for renewable electricity 
generation” arrives at a clear conclusion: 
Based on 2018 as reference year, rooftop 
PV installations worldwide could generate 
27 trillion kilowatt hours of electricity on a 
total of 200,000 square kilometers of roof-
top areas. That is more than the world’s 
electricity demand of that year – which the F
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Photovoltaics

DEKRA solar test laboratory 
In Baoshan, Shanghai, DEKRA 
opened the DEKRA Renewable 
Energy Testing Center in late 2022 
and supports the development of the 
solar industry with a wide range of 

that are committed to building PV infra-
structure. Essentially, this work is about 
nothing less than accurately scanning 
130 million square kilometers of land 
area, including all existing buildings, 
for its solar potential. Obviously, such a 
mammoth project requires a high level of 
methodical creativity and tangible sup-
port from AI applications. 

The researchers’ core issue is
satellite image evaluation

The researchers analyzed cadastral data, 
crowd sourced data, and satellite data, 
among other things, to determine build-
ing layouts, climate conditions, solar radi-
ation, and technology-specific informa-
tion related to photovoltaics. All in all, this 
involved petabytes of data, which clearly 
puts the study in the realm of big data. 
One core issue for the researchers was the 
analysis of the satellite images.

There is no software that can precisely 
distinguish rooftop areas from green or 
fallow spaces. The key to the solution: If 
you relate data on population size to the 
length of roads and the boundaries of 
built-up areas, you can infer the existing 
rooftop areas. To do this, the scientists 
developed a machine learning model that 
can independently assess unknown data 
based on comprehensive training data. 
To do so, they divided the entire global 
land mass into assessment units of ten 
square kilometers each – adding up to 
exactly 3,521,120 squares, all of which had 
a unique identifier and were assigned to 
a unique country. The learning program 
itself contained a gigantic amount of sam-

ples, corresponding to about 11.4 million 
square kilometers of land area and 300 
million individual buildings. This was 
used as the foundation for calculating the 
assessment units – with a data set of the 
respective building area for each individ-
ual assessment cell. But that was not the 
end of it – after all, the rooftop areas still 
had to be converted into solar potential. 
The values for climate and solar radiation, 
as well as the technology costs, also had to 
be taken into account. 

The greatest potential for rooftop 
PV systems 

The spectacular result of this scientific 
effort is the complete geographical map-
ping of the technical potential, seasonal 
changes in solar radiation, and the cost 
of rooftop photovoltaics. With this infor-
mation, it is now possible to determine, 
for example, which region and countries 
have the greatest resources for the produc-
tion of solar energy. At the top of the list 
are Asia, North America, and Europe. Here, 
rooftop PV installations in areas charac-

200,000
square kilometers

of rooftop PV systems 
could generate 27 trillion 

kilowatt hours of 
electricity worldwide  

(based on 2018)
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Energy from the (roof)top of the world

Power generation sources 2018 2 in percent

Surface area for solar energy 1 in km2

China

USA

Japan

Brazil

United  
Kingdom

244,000 

15,798

2,400

8,533,000 

31,962

6,386

How much surface area is available for rooftop photovoltaic systems?  

  land areas.

  BAFN:  

  BFEFN:  
 

997

313

Fossil energies Nuclear Renewable energies Of which is solar energy

9,457,000 

160,479

27,585

4,247

525

328

USA

Brazil

United  
Kingdom

47.03 % 19.69 %

14.64 % 2.51 % 82.85 %

77.22 %

63.41 %

70.08 %

4,032
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Photovoltaics

Power consumption 3 in TWh

terized by high per capita electricity con-
sumption could help reduce the fossil fuel 
content of the current energy mix. The 
researchers also believe that emerging 
markets such as India, Brazil, and Mex-
ico offer good preconditions for the intro-
duction of rooftop PV systems.

However, due to high upfront costs and 
a lack of credit lines for financing, the 
acceptance of this technology has been 
rather low in these countries so far. It may 
initially come as a surprise that the Afri-
can continent ranks last in the potentials 
analysis, despite good climatic conditions. 
However, a closer look reveals that – apart 
from the regions in the west and north – 
the building stock on the continent as a 
whole is still too small to build on and grow 
significant resources. 

Global collaboration and
technology transfers

And what about the use of solar energy 
in the world’s megacities and metropoli-
tan areas? Here, too, the study offers some 
surprising insight. At around 55 percent, 
the greatest potential is not located where 
most people live, but in sparsely populated 
areas where there is often no or limited 
grid integration. It therefore stands to rea-
son that rooftop PV systems have a bright 
future in rural energy systems. Further-
more, it is logical for the study to provide 
local governments with precise indica-
tions of where in the country to find the 
best locations for building an infrastruc-
ture with rooftop PV systems. The prac-
tical implementation of a decentralized 
solar energy system will be the true prov-
ing grounds. Countries with weak gross 
domestic product (GDP) in particular 
will then face a dilemma – they simply 
lack the money to achieve their specific 
solar energy potential due to the nec-
essary investments. The authors of the 
study therefore believe that the responsi-
bility falls especially on developed econo-
mies: Global collaboration and technology 
transfers are needed to help disadvan-
taged countries build a clean power gen-
eration infrastructure. The remarkable 
study offers a good approach. 
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Text 

“The DEKRA Safety 
Platform provides 
great added value”

T
he engineering and construction 
of tank farms in the storage and 
logistics market, the realisation 
of new plant facilities at chemical 

complexes or the pharmaceutical industry 
or the implementation of projects as part of 
the energy revolution; all these multidisci-
plinary, complex projects have formed KH 
Engineering’s day-to-day business for more 
than 70 years. The engineering company 
with headquarters in Schiedam is strate-
gically located near three main harbour 
areas in Rotterdam, Amsterdam and Ant-
werp, and offers its customers everything 
in terms of project development and man-
agement from a single provider.



31     DEKRA solutions 1/2023

Safety at work

and safety measures taken or urgently to 
be taken can be bundled, controlled and 
evaluated on a central platform. The infor-
mation is available on- and off-site both to 
the HSE (Health, Safety & Environment) 
experts and the project managers and spe-
cialists on their smart devices such as tab-
lets or smartphones. This provides real-
time insight into the site safety status.

Accident prevention on all levels

“Being able to access the easy-to-use and 
well-structured DEKRA Safety Platform 
from anywhere and get an overview of con-
struction progress and potential safety 
risks is great added value for us,” says 
Gert Olde Hanter, Senior Safety Advisor 
at KH Engineering. Considering the fact 
that he personally can’t be present at all 
the various construction sites every day, 
the digital tool with the DEKRA GO app as 
an essential component makes daily work 
immensely easier. “This way, we know the 
status quo on the construction site, can 
see if something isn’t running optimally 
at any time and  thus can react immedi-
ately,” continues Gert Olde Hanter. At the 
same time, everyone involved can see the 
potential danger posed by an identified 
risk, such as poor site cleaning or inade-
quately secured scaffolding, what action 
needs to be taken in a specific case and 
who is assigned the task in question. So 
everyone knows what they have to do. 
Finally, it is also possible to record when 
a measure is considered completed. “All 
this proactively contributes to a safe con-
struction site and optimized processes at 

“The system, tailored to each customer’s specific 
needs, guides users through daily safety tasks”

Vincent Grijfrath, Manager Sales 
& Business Development, DEKRA 
Industrial Safety (Netherlands)

all levels, especially since our customers 
and contractors also have access to the 
tool and make active use of it,” says the 
safety advisor.
 In addition to real-time monitoring, 
KH Engineering uses the data stored on 
the DEKRA Safety Platform as basis for 
their morning briefings. They also use 
the tool to explicitly document every-
thing that went well on a construction 
site in order to develop incentive pro-
grams and reward a pronounced safety 
mindset on construction sites. 

Wide range of uses

One future plan is to use the platform to 
set up the work permit process, toolbox 
meetings and short safety briefings, for 
example via Teams or Zoom. In addition, 
the platform will provide a management 
dashboard that generates all important 
site safety data. Last but not least, the 
company is planning to incorporate the 
information from the DEKRA Safety Plat-
form into its own incident management 
system to utilise one point data entry fur-
ther as quickly as possible. “DEKRA’s dig-
ital application is characterized by an 
immense depth of use and we’re only at 
the beginning of exploring all possibili-
ties,” as Björn Erkens sums it up. How-
ever, even with the applications in use 
today, the tool already provides such valu-
able information and, what is more, gen-
erates great enthusiasm with the users 
that the company no longer wants to do 
without it. “A next step forward into our 
roadmap of digitalization.”

“It goes without saying that safety is our 
top priority – safety is part of our DNA, 
especially on construction sites, given 
the risks involved”, emphasises Björn 
Erkens, responsible for Risk Manage-
ment at KH Engineering. After all, inci-
dents and accidents can lead to serious 
human and project impact, which should 
be avoided at all times. Not to mention 
the damage to the company’s image that 
may result. “Loss prevention is therefore 
a central priority for us in every project,” 
adds Björn Erkens. Managing a safe con-
struction site is a complex job, due to the 
larger number of different contractors 
and suppliers involved. Therefore, Björn 
Erkens welcomes the digital DEKRA 
Safety Platform, which has recently been 
introduced at the subsidiary of the inter-
nationally active Ludan Group.

Real-time safety status 

Behind the innovative solution lies a 
cloud-based system consisting of numer-
ous modules that supports the coordi-
nation of relevant safety measures of 
construction activities in real time and 
ensures efficient networking of all parties 
involved. “The system, which is tailored to 
the customer’s specific requirements and 
individually configured by us, guides users 
through daily safety tasks and provides 
the necessary information along with 
descriptive photos, videos or construc-
tion and site plans,” explains Vincent Grij-
frath, Manager Sales & Business Develop-
ment at DEKRA Industrial Safety in the 
Netherlands. This way, risks, incidents P
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Behind the scenes 
DEKRA expert Felix Malkowski 
knows what matters backstage
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Safety at work

As a theater professional, Felix Malkowski likes to take a 

leading role on stage. Yet he does not expect applause 

from the stands and stalls. His role is to ensure the safety 

of the event technology – and the DEKRA expert tends to 

take over the entire theater to do so. 

Text Joachim Geiger

W
hen cyclists ride freehand 
on high wires, or the father 
of the gods, Odin, appears 
out of thin air with great 

clamor, or mythical winged creatures float 
through fantastic settings – then the illu-
sion machine that is the theater is rev-
ving at high speed. But even though the 
arts are the main attraction on stage, the 
laws of physics still apply. The spectacle 
only succeeds when the supporting struc-
ture, machine technology, and electronic 
controls mesh perfectly with each other 
behind the scenes. In fact, theater technol-
ogy is a world unto its own. “Stage tech-
nology usually involves special purpose 
mechanical engineering, planned and exe-
cuted by specialized manufacturers for 
a single application and equipped with 
safety technology,” explains Felix Malkow-
ski, expert for mechanical and systems 
engineering at DEKRA in Nuremberg. 

The 38-year-old knows his way around 
theater stages. Not only did he undergo an 
apprenticeship as a specialist for event 
engineering in theater, he is also a master 
craftsman in theater and stage technology. 
As a stage manager, he spent five years 
working for the Westphalian Regional 
Theater Castrop-Rauxel, a touring theater 
that puts on several hundred guest perfor-
mances a year in North Rhine-Westphalia. 
Afterwards, Malkowski studied mechan-
ical engineering to open up new career 
prospects in theater: He worked for an 

international stage planner in Bayreuth 
as project manager for five years before 
joining DEKRA in 2019. 

Only authorized experts are
allowed to check

“A special feature of stage technology is 
the fact that loads may be suspended and 
moved above people,” Malkowski knows. 
The German Social Accident Insurance 
(DGUV) provides the corresponding rules 
with regard to operational safety and acci-
dent prevention. According to these rules, 
safety and mechanical equipment in event 
and production venues for staged presen-
tation must be inspected at least every 
four years. This job is reserved exclusively 
for authorized experts who are appointed 

by the Administrative Professional Associ-
ation (VBG) in Hamburg after successfully 
passing their exams. DEKRA expert Felix 
Malkowski belongs to this illustrious cir-
cle. His customers are companies and ser-
vice providers from film, radio, television, 
drama, and musical theater, but also trade 
fairs, exhibition organizers, and muse-
ums – all cases that often involve loads 
suspended in the air above people. Even 
when a shopping center hangs Christmas 
decorations above the sales floor, the oper-
ator is obligated to have them inspected in 
accordance with the Ordinance on Indus-
trial Safety and Health. 

DEKRA plays a leading role at
the Munich Kammerspiele

Felix Malkowski’s duty roster includes a 
special engagement in the Bavarian cap-
ital in September. For the Munich Kam-
merspiele – one of the most important spo-
ken-word theaters in the German-speaking 
world with just under 700 seats – DEKRA 
conducts the event technology’s recurring 
inspection during the summer break. To 
do so, Malkowski takes over the entire 
theater. However, if required, the the-
ater provides the expert with a techni-
cian from their own team, who knows the 

At home on every stage 
Whether in Munich or here  

in Rotterdam: DEKRA supports theaters  
in inspecting their event technology
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system inside and out. Malkowski hap-
pily accepts this offer – after all, up to 50 
machine hoists are used in the stage area 
alone, which can be linked together for 
simultaneous movement. This allows large 
and heavy decorative elements to be posi-
tioned with millimeter precision. Even the 
staged flying of actors is possible with spe-
cial drives. The fact that other people are 
allowed to be in the vicinity of the moving 
surface is only possible thanks to a pleth-
ora of safety functions – up to 14 different 
electronically controlled protective mea-
sures, which coordinate speed, position, 
and load behavior, can be put to use for 
a single drive. 

The machinist must always
rely on the technology 

Obviously, safety is a top priority in such 
cases. But why do stricter safety regula-
tions apply in theaters in the first place? 
“You have to keep in mind how a system 
tends to be operated,” reports theater pro-
fessional Malkowski. The machinist who 

“For each test,  
we have to 

evaluate exactly 
what the  

relevant safe  
condition is”

Felix Malkowski, 
DEKRA expert for mechanical 

and systems engineering

moves the flying performers and decora-
tive elements across the stage often sits 
in the side stage area. There, however, 
they only have a limited field of vision of 
their loads. An additional handicap can 
be poor lighting, often in combination 
with artificial fog. If, on top of that, the 
director demands that a movement take 
place in exact harmony with the music, 

the machinist has to deal with a number 
of uncertain factors – they must therefore 
be able to rely completely on the drive and 
control technology.

In a theater’s stage technology, the 
basic principle of single-fault safety 
always applies, verified in periodic accep-
tance inspections. Single-fault safety 
means that a fault in the system – no mat-
ter what it is – will not cause the system to 
enter a hazardous condition. That is why 
everything is doubly safeguarded – there 
is not just one brake on the drive, but two, 
which operate independently of each other. 
If one brake fails, the other can take over 
the load. In addition, the various systems 
monitor each other – brakes, control tech-
nology, and drive must notice any devia-
tions from the target state and be able to 
bring the system to a safe stop. 

When ten tons of decoration hang 
from a single machine hoist

A typical scenario that Felix Malkow-
ski plays out during his inspection is the 

Protective measures 
Numerous safety functions 
running in the background ensure 
that everything is in position

Single-fault safety 
The systems must 

be safe enough  
to register all 

deviations from  
the target state
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movement of a ten-ton ceiling element, 
lifted jointly by four machine hoists. If one 
of these hoists detects a problem and sub-
sequently stops, the other machine hoists’ 
behavior is the decisive factor. If the sys-
tems were to lower even just a little bit 
further, the entire load would be stuck on 
the defective machine hoist – which would 
become completely overloaded. “For each 
test, we have to evaluate exactly what the 
relevant safe condition is,” says Malkow-
ski, describing his approach. It is not just 
a matter of detecting a possible defect. In 
principle, a logical check is carried out to 
see whether the processes and communi-
cation between machine hoists are work-
ing properly. 

The DEKRA expert cannot help

Malkowski visits the Munich Kammer-
spiele to conduct the inspection for one 
week during the summer break. That is 
a fairly tight time frame. After all, the 
loads in this theater do not only come 
from above. In the lower machinery, for 
example, the fixture also includes sev-
eral hydraulic sinking tables that enable 
the staged appearance or disappearance 
of actors. The machinery and safety tech-

nology must also 
be put through 
its paces for these 
cases. And what is 
next for Malkowski 
after this engage-
ment? Could the 
DEKRA expert possibly 
also take on an assign-
ment at the legendary 
Oktoberfest? After all, 
do technical installations 
like roller coasters, Ferris 
wheels, haunted houses, and 
carousels not play in a simi-
lar league as event technology 
in theater? 

“Exactly that is the wrong 
assumption,” says Felix Malkowski, 
outlining the scope of his portfolio. 
The explanation is of a legal nature: The 
amusement rides at the Wiesn in Munich 
operate as flying structures – comparable 
to a fixed building, even if the installation 
itself is not firmly attached to the ground. 
Nevertheless, they fall under the same 
jurisdiction as fixed buildings – in which 
case, it is not the Operational Safety Ordi-
nance but the State Building Code which is 
relevant for the approval procedure.

In safe condition 
The lifting equip-

-
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Safety on the Road

When biomechanical engineer Andreas Schäuble stages 
crash tests, the test usually ends with broken bones and 
torn ligaments. The fact that the dummy’s injuries as well 

as the damage to the car come very close to reality is 

DEKRA expert explains what this is all about. 
Interview Joachim Geiger

Dummy – 

M   
f  

  

  

 from the University of 

  

  

 V  How 

  

  

Schäuble: Even as a young boy, I was fas-
cinated by the idea that I could one day 
bust up cars and investigate accidents as 
part of my job. Later, as a student in 2012 
and as part of an internship, I helped out 
with crash tests in Wildhaus, Switzerland, 
which DEKRA was conducting together 
with AXA Winterthur Insurance at the 
time. After completing my master’s degree 
in Manchester, I had the opportunity to 
study biomechanics in Vienna. I jumped at 
the chance because it seemed like the per-
fect complement to be able to investigate 
in depth the correlation between passive 
vehicle safety and injuries. When a posi-
tion became available at DEKRA Accident 
Research in 2018, I applied and got the job.

I am a biomechanical engineer at DEKRA 
Accident Research, where we look at all 
aspects of road traffic. My current focus 

is on pedestrian accidents and research 
on the biofidelic dummy. One of my main 
focuses is to find out the extent to which 
the biofidelic dummy’s damage pattern 
after a crash test corresponds with the 
injury pattern of a human being after 
an accident of comparable severity. 
With DEKRA’s support, I also wrote my 
diploma thesis on this topic as a side job. 
For me, it was an absolute stroke of luck 
that I was able to establish my scope of 
duties at DEKRA Accident Research via 
my diploma thesis. 

The impetus for the diploma thesis came 
from our colleagues in DEKRA Accident 
Analysis. When two cars collide, there 
are often corresponding impact marks 
or scratch marks on the road surface in 
addition to the vehicle deformations. This 
gives the analysts a lot of clues to work 
with. However, when a car hits a pedes-
trian, there tend to be almost no marks 
on the road at all. But before the biofi-
delic dummy can be used for the purpose 
of accident analysis – reconstructing acci-
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Safety on the Road

Only Human, too?

dents for a court of law – it must be clear 
how realistic, how similar to humans the 
dummy data actually is. The idea is to 
recreate a traffic accident with the biofi-
delic dummy and reconstruct the accident 
based on the damage done to the dummy 
and the vehicle. In the end, the results of 
the research work were unmistakable – 
the crash tests with the biofidelic dummy 
produce results that we would also expect 
for humans in certain accident scenarios. 

Dummies are indispensable in acci-
dent research. The advantage of certi-
fied conventional dummies is that they 
give us reproducible and validated mea-
surements, usually without being dam-
aged in the process. We use standard 
dummies to measure relevant load val-
ues in crash tests, thanks to extensive 
sensor technology. We can then use this 
data to assess how high a particular risk 
of injury is. However, the dummies are 
only designed for very specific load cases, 
for example in a sitting position in fron-
tal collisions. The biofidelic dummy, on 
the other hand, provides results through 
damage such as broken bones, torn liga-
ments, or split skin. 

The problem there is that conventional 
dummies usually cause much more vehi-
cle damage than real humans. Further-
more, the impact usually takes place in 
a sideways standing position or sitting on 
a bicycle – we can therefore hardly use the 
values we measure with dummies devel-
oped for seated frontal impact. Thus, if 
experts were to look only at a vehicle’s 
damage after a crash test, they might 

perhaps draw the wrong conclusions in 
terms of vehicle speed based on that dam-
age.

In this respect, the biofidelic dummy is 
much more similar to a human being than 
a conventional dummy. The first models 
came onto the market about twelve years 
ago – at that time they were still compara-
tively primitive constructions with bones 
made of wood. Their sole purpose was to 
create a realistic impression of damage 
to the vehicle. At some point, it was dis-
covered that the damage to a biofidelic 
dummy could also represent injuries to a 
human being – an approach I also pursued 
in my diploma thesis. In the meantime, 
damage to the biofidelic dummy is exam-
ined in exactly the same way as if it were 
injuries to real road users. By the way, a 
standard biofidelic dummy represents the 
average man – it weighs 78 kilograms and 
is 1.75 meters tall.

The dummy has so-called bone substi-
tute material. Its bones have a similar 
breaking strength to human bones. This 
means that they also break like real bones 
when subjected to comparable forces. 
The tissue substitute material, in turn, 
has pseudoelastic properties compara-
ble to human tissue. Pseudoelastic means 
that if, for example, you press your fin-
ger into a human being’s abdomen, the 
fatty tissue gives way – if you take your 
hand away, it returns to its original shape. 
This is exactly the case with the biofidelic 
dummy – and is also a key prerequisite for 
the biofidelic dummy to interact with the 
test vehicle in the crash test in the same 
way a real person would in an accident. 
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with databases and communicate with 
other scientists. It was important to me 
that DEKRA Accident Research can also 
present the relevant expertise to the out-
side world – if we are active in AIS, then 
this is backed up by the AIS certificate. 
In Germany, we work with AIS as part of 
the GIDAS database (German In-Depth 
Accident Study). GIDAS is a joint project 
of the Federal Highway Research Insti-
tute (BASt) and the Research Associa-
tion of Automotive Technology (FAT), of 
which DEKRA is also a member. Accident 
research, however, should not only be con-
sidered on a national level. After all, many 
vehicle models are driving on roads the 
world over. In addition, international com-
parison helps to identify strengths and 
weaknesses specific to a vehicle’s coun-
try or region. This presupposes that the 
players speak the same language.

 How does DEKRA Accident 

 Research work with GIDAS? 

Using analyses of our DEKRA accident 
database and external statistics, we iden-
tify accident scenarios that pose particu-
lar risks in terms of frequency and injury 
severity. Based on this, we use the GIDAS 
database to learn more about the individ-
ual injuries in these collisions. A recent 
example is provided by our crash tests on 
accidents involving road cyclists hitting 
a stationary car from behind. We found 
about 50 matching cases in the GIDAS 
database. Since the database has sev-
eral thousand variables, this is very easy 
to research. Now I can evaluate in detail 
all the injuries that occurred here. One of 
the questions after a crash test is to what 
extent there is a correlation between the 
real injuries in humans and the damage to 
the biofidelic dummy – or where the biofi-
delic dummy might still have weaknesses.

 Can DEKRA Accident Research 

 contribute to the development 

DEKRA is not officially involved in the 
dummy’s development. But we cooperate 

Conventional crash test dummies tend to 
be so-called elastic bodies – if you bump 
into them, they simply bounce away.

 specialist. What does that mean? 

AIS stands for Abbreviated Injury Scale. 
This is a measurement system that 
describes individual injuries to people by 
means of a precisely defined code. You can 
think of it as a dictionary – with currently 
around 4,000 entries. There is a code for 
each injury. A fracture of the tibia, for 
example, might have the code 854000.2, 

with the last digit after the period describ-
ing the severity of the injury. According 
to AIS, severe injuries rank at level 3 and 
above. In the US, the use of AIS is wide-
spread. There, hospitals – such as trauma 
centers – must also code patients accord-
ing to the AIS code. In Europe, on the other 
hand, AIS is less commonly used today. 

 widespread in Europe? 

For accident research in particular, it is 
important to precisely code the injury and 
its severity. This makes it easier to work 

Pedestrian accident 
Accidents between pedestrians and vehicles can 
result in multiple injuries, particularly in the pelvic 
region, knee joint, lower leg, and ankle, as well 
as skull injuries. The reconstruction of injury 
patterns – as shown here at the knee joint – can be 
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with the manufacturer in that we provide 
them with some of our results. Now and 
again we have also made suggestions for 
improvement. We once had a crash test in 
which a cyclist was hit from behind by a 
car – the typical cross-country accident. 
When the dummy hit the road surface, the 
friction perforated its skin, completely sev-
ering its head. This is an injury that would 
not be expected in humans in this form. 
The manufacturer then laminated an addi-
tional fiberglass mat into the skin of the 
skull and connected it to the spine. New 
tests have shown that this effectively pre-
vents separation. It is essential for us to 
know what statements can be made based 
on tests with the dummy – but also where 
the limits lie or where there is a risk of mis-
interpretation. Ultimately, accident analy-
sis is about experts presenting what hap-
pened in an accident to a court of law. This 
is used as the basis for reaching a verdict. 
Misinterpretations or unrecognized faults 
in the dummy can lead to incorrect results 
in an expert opinion and thus have serious 
consequences for defendants or victims. 
This is where accident research supports 
DEKRA experts.

In the past, we have had dummies 
scanned in the CT at the Charité in Ber-
lin like a real person. We then perform 
what is known as a technical autopsy. 
You can imagine this as in forensic medi-
cine. The dummy is actually cut open. My 

job is to transfer the dummy’s injuries 
into the injuries of a real person. How-
ever, the examinations ultimately only 
involve bones and ligaments. The dum-
mies are not designed to examine organs. 
And that won’t ever be part of the plan 
in our field of accident research. For us, 
the main focus lies on findings for acci-
dent reconstruction – bone fractures and 
ligament injuries are usually sufficient, 
as they can be used to draw conclusions 
about the direction of impact, for exam-
ple. The damaged parts are then repaired 
or replaced. The comparison with the 
hospital therefore fits quite well.

 

We want to further expand the area of 
biomechanics. So far, we have mainly 
been involved in the validation of dum-
mies, which has also been very helpful to 
the DEKRA accident analysts. However, 
the field of working with injuries is still 
very young in DEKRA Accident Research 
– at the moment we are looking at how 
we can generate added value for accident 
research and analysis through coopera-
tion, and establish this important branch 
in the DEKRA world in the medium term. 

 biomechanical 
engineer at DEKRA Accident Research

Visualization 

PRIMUS-Dummy 

radiopaque dummy

en
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Building a new train for the European rail network is a Herculean task for any 

manufacturer. At the end of the day, the crucial question will be whether the rail 

vehicle is fully compatible with European and national regulations. Tangible support 

Text Joachim Geiger

On the  
Right Track

The new “InterCity Nieuwe 
Generatie” (ICNG) 
Alstom launches its electric 
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T
he Dutch railroad company Ned-
erlandse Spoorwegen N.V. – an 
independent, state-owned corpo-
ration – is using state-of-the-art 

technology from France to expand its fleet. 
The new star in the Dutch railroad sky is an 
electric low-floor multiple-unit for regional 
and intercity service from manufacturer 
Alstom, based in Saint-Ouen-sur-Seine, 

which will be launched under the name 
“InterCity Nieuwe Generatie” (ICNG). The 
future high achiever is part of the Coradia 
Stream series family and has been manu-
factured since 2018 in a specially equipped 
train assembly plant in Katowice, Poland. 
The ICNG, which can travel at speeds of up 
to 200 kilometers per hour, is expected to 
set new standards, particularly in terms 
of sustainability. The traction system is 
designed for regenerative braking, which 
is said to reduce the vehicle’s energy con-
sumption by 35 percent as well as reducing 
wear and tear on the wheels. In addition, 
more than 95 percent of the components 
used can be recycled. 

Unlimited travel across Europe? 

With all this talent, it seems almost inevi-
table that the high-tech train will be a hit 
on the European rail network. Alstom has 
already received inquiries from rail oper-
ators in Denmark, Luxembourg, Italy and 
Germany. Does this mean that the ICNG 
has green light for travel in Europe? It’s not 
quite that simple for the rail vehicle manu-
facturer, as Jean-Paul van Hengstum, Man-
aging Director of DEKRA Rail in Utrecht, the 
Netherlands, explains. On the one hand, the 
European Union’s Railway Agency (ERA), 
which is responsible for vehicle approvals 
throughout Europe, is pressing ahead with 
the harmonization of approval processes. 
In addition, the “Technical Specifications 
for Interoperability” (TSI), which contain 
the requirements and test procedures for 
interoperability constituents and subsys-
tems, provide excellent leverage for a uni-
form rail system in Europe. On the other 
hand, there are different kinds of train pro-
tection systems, as well as traction current 
and train radio systems still in use on Euro-
pean tracks today. A train registered in the 
Netherlands could therefore not easily cross 
the border onto Belgian or German tracks. 

Extensive expertise 
The DEKRA Rail team 

handles testing and 
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“The new ICNG can do everything a modern 
European train must be able to do”

Jean-Paul van Hengstum, DEKRA Rail

sible as a designated body (DeBo) for the 
national conformity tests in the Nether-
lands. However, by far the most time-con-
suming part is performed by the staff of 
the testing and inspection department. 
In fact, at the beginning of its life cycle, 
the ICNG is a blank slate for outsiders. 
In order for the prescribed conformity 
tests to take place at all, they need data, 
or more precisely: Huge amounts of data, 
which DEKRA Rail must identify in mea-
surement and test runs. 

This job, however, is a veritable mar-
athon, stretching from the acceptance 
of the order in September 2018 to the 
present. The test marathon for the ICNG 
began in early 2020 with dynamic tests 
on the Velim railroad test ring of Czech 
Railway Research Institute VUZ near 
Prague. This was followed by measure-
ment and test runs on the Dutch rail net-
work, with a large proportion of the test 
runs mainly taking place at night. The 
biggest challenge for the DEKRA experts 
in the ICNG project? The answer from 
Jean-Paul van Hengstum is fast and pre-
cise. “Organizing the tests was a tough 
job. Many measurement runs had to be 
carried out at different speeds and with 
different train configurations. Repeat-
edly equipping the test vehicles with 
laboratory equipment such as high-fre-
quency technology, special antennas, 
sensors, and high-speed cameras also 
always required a lot of time and effort.” 

Extensive testing plan

DEKRA engineers now know the sleek low-
floor multiple-unit like the backs of their 
hands. They have examined the train con-
trol equipment and the systems that 
control and activate the safety relevant 
functions, but also the electromagnetic 
radiation in order to rule out any adverse 
effects on the railroad equipment or sen-

This would be prevented by a myriad of reg-
ulations with which the national authori-
ties of the EU member states set their own 
requirements for rail safety.

Even the application for
approval is a challenge

“In the approval process for a new type of 
train, incredible amounts of regulations, 
rules, and requirements come together at 
European and national level, all of which 
have to be taken into account,” explains 
DEKRA expert van Hengstum. In this con-
text, even the approval application to the 
responsible authority represents an enor-
mous challenge for most vehicle manufac-
turers – after all, the responsibility for the 
preparation, organization, and complete-
ness of an application always lies with the 
applicant, according to EU law. This poses 
the question for Alstom whether the new 
train meets the requirements of European 
and national safety regulations, with all 
its subsystems such as power and train 
control-command, as well as components 
such as bogies and pantographs.

This is precisely where the experts 
at DEKRA Rail come into play. After all, 
the testing and certification of rail vehi-
cles is a central expertise in their exten-
sive portfolio. As a so-called notified body 
(NoBo), DEKRA also has the recognition 
of the European Union as a neutral and 
independent organization authorized 
to certify on the basis of the Technical 
Requirements (TSI). At national level, 
DEKRA has accreditation as a designated 
body (DeBo) in both the Netherlands and 
Belgium, where the focus lies on compli-
ance with national technical regulations. 

DEKRA plays a key role

DEKRA plays a key role in the approval pro-
cess for the ICNG on behalf of Alstom. The 
railroad experts from Utrecht are respon-
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Under strict surveillance 
For measurement runs, the 
vehicles are equipped with 
lots of laboratory equipment

sitive infrastructure along the train route. 
The test plan also included the measure-
ment of pressure waves during entry and 
exit at tunnels, as well as noise emissions 
and the pressure of the pantograph on the 
overhead line. To date, the DEKRA experts 
have completed over 250 test runs with the 
ICNG – most recently on railway lines in 
Belgium. In mid-2022, they handed over 
the documentation of their work to their 
client, Alstom. The certificates from the 
designated body are already available, as 
well. So what could be the expert organi-
zation’s preliminary interim conclusion, 
according to Jean-Paul van Hengstum? 
“The new ICNG can do everything that a 
modern European train must be able to do.”

Mobility
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Michael inspects and certifi es charging stations to 
ensure sustainable and safe mobility. Read more at 
www.dekra.com
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