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Dear Reader,
 
What will drive our mobility in the future? 
How will we get around ten years from now? 
And with what modes of transport, featuring 
what drive concepts?

In this issue, we answer these questions. 
Beyond the classic battery-electric car, we 
highlight the potential of alternative drives 
such as those using fuel cells and synthetic 
fuels. Of course, we will be examining all of 
this very closely, even new transport solutions 
such as the e-scooter, which is currently gen-
erating considerable publicity. We do this 
because one thing is of paramount impor-
tance to us – your safety.

It doesn’t matter what mode of transport 
and drive concept prevails in ten years, you 
can count on DEKRA to work tirelessly now, 
today and tomorrow for safety on the road, at 
work and at home.

I wish you a page-turning, and above all 
else safe read.

Yours, 
Stefan Kölbl

Chairman of the Management Board
DEKRA e.V. and DEKRA SE
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News

TIC COUNCIL

Climate Standards in Demand 

Be it floods, forest fires, tornadoes 
or catastrophic droughts, climate 
change has become the biggest 

risk to the global economy, dwarfing the 
risks presented by cyberattacks and tech-
nological disruption. A recent survey of 
400 European, Asian and North Ameri-
can managers examined how threatening 
they consider the situation. The results 
surprised even the experts. British con-

3D DISPLAY

More Safety and 
Comfort in the 
Driver’s Seat

sulting firm Longitude interviewed the 
bosses of companies with revenues of 
over 100 million dollars. The manag-
ers demanded swift action by politi-
cians to secure both wealth and supply 
chains, and reiterated that the goals of 
the Paris Agreement as well as fair com-
petition could only be achieved through 
regulation and the introduction of stan-
dards. 79 percent of those interviewed 

Continental wants to revolutionize vehicle displays, and intends 
to do so with three-dimensional graphics. Together with the US 
company Leia Inc., they are developing a cockpit solution that 
will bring the third dimension into the car of the future, and in 
unrivalled quality. According to the manufacturer, light field dis-
plays will provide comfortable 3D viewing, with the graphics fur-
ther enhanced through highlights, accents and complex light-
ing effects. Communication between driver and vehicle should 
be more comfortable, more intuitive and therefore safer, even 
allowing passengers in the rear seats to access information in 
real time. The “Natural 3D Lightfield Instrument Cluster” should 
be ready for series production by 2022.

had already revised their supply chains. 
The study, which was commissioned by 
the TIC Council for the Testing, Inspec-
tion and Certification industry (TIC), also 
discovered that more than two-thirds of 
CEOs wish to spend up to 14 percent more 
on risk minimization over the next two 
years. Half of the companies already pre-
pare an annual report to give an account 
of their climate-related activities.

4     DEKRA solutions 3/2019



Bulli – The Showpiece 
An electric engine, biometric 

driver identification and a 
holographic infotainment 

system are just a few features 
of the Type 20, created by 

VW in its California research 
center. It is based on the 1962 

Type 2 Bulli and has been 
converted with the future in 

mind. This is accompanied by 
the renaming of the Electronics 

Research Laboratory (ERL) 
into the Engineering Center 

California (IECC). Around 180 
VW employees work here in 
research and development.

Highly Flexible 
Swiss research institute Empa 

has unveiled a flexible solar 
cell on polymer film, which 
is capable of 20.8 percent 

efficiency, breaking the record 
for this type of solar cell. Cur-
rently, the efficiency of com-

mercially used monocrystalline 
silicon solar cells caps out 

at a maximum of 22 percent. 
Polymer film cells distinguish 

themselves with their high 
flexibility, both in terms of 

structure and applications – 
they can even be integrated 

into clothing.

Briefly noted

INNOVATION BUDGET

Money for the Future 

RENEWABLE FUELS

Solar Kerosene
Through “SUN-to-LIQUID,” researchers have 
succeeded in converting concentrated sun-
light, water and CO2 into solar kerosene under 
real-world conditions for the first time. The 
project, which was funded by the EU and Swit-
zerland, has been validated under industrial 
fuel production conditions, according to the 
ETH Zurich. Compared with fossil fuels, CO2 
emissions are reduced by over 90 percent. 
Solar fuel production is best suited for des-
ert environments and thereby would not com-
pete with agriculture. It has been calculated 
that a square kilometer plant would be able 
to produce 20,000 liters of kerosene per day. 
The Karlsruhe Institute of Technology (KIT) is 
working on another project, which is seeking 
to convert air conditioners to filter CO2 from 
the atmosphere in order to produce alterna-
tive fuels.

The 500 companies with the highest 
research and development spendings 
worldwide increased their innovation bud-
get in 2018 by ten percent, bringing this to 
a total of 606 billion Euros. Leading the 
pack was online retailer Amazon, which 

invested 24.4 billion Euros – an increase of 
27 percent. Google parent company Alpha-
bet increased its own spending by 29 per-
cent. Volkswagen was fifth on the list with 
expenses of 12.1 billion Euros, equating to 
an increase of four percent.

Firms’ Global Research & Development Spend 2018 
(in billion €)
Source: Ernst & Young
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SUN-to-LIQUID

KIT

18.2 +29 %

14.4 +11 %

12.5 +13 %

12.1 +4 %

12.1 +23 %

11.5 +4 %

10.5 +7 %

9.1 +2 %

8.8 +106 %

Amazon

Alphabet

Samsung

Microsoft

Volkswagen

Apple

Intel

Roche

Johnson & Johnson

Abbvie

Change  
from 2017

1

2

3

4

5

6

7

8

9

10

5     DEKRA solutions 3/2019



Briefly noted

Decked with textile solar cells, tarpau-
lin truck curtains are touted as a future 
source of energy. According to researchers 
from the Fraunhofer Institute for Ceramic 
Technologies and Systems, tarpaulin 
energy could be used to power refriger-
ation systems or the truck’s GPS unit. It 
may even be possible to use the technol-
ogy on building-mounted roller shades. 
The solar cells are produced directly onto a 
fiberglass fabric. An initial prototype has 
already been produced and achieves effi-
ciency ratings of between 0.1 and 0.3 per-
cent. This should be increased to five per-
cent in order to make the fabric-generated 
electricity worth the investment. If every-
thing works as intended, the researchers 
say textile solar cells should be market-
ready in around five years. 

ALTERNATIVE ENERGIES

Tarp Power

STATISTICS

Global Vehicle Sales Structure

People-Mover 
A driverless minibus can now 
be found on the roads of the 

German town of Wusterhausen/
Dosse. As part of a research 

project, the minibus connects 
the rail station of this town of 
almost 6,000 inhabitants with 
the town center and a hyper-
market. Expert assessments 
from the DEKRA Technology 

Center (DTC) in Klettwitz made 
this field trial possible. The 

six-seater vehicle can drive up 
to 15 kilometers per hour. While 

a back-up driver remains on 
board, navigation and control 
along the pre-programmed 
route is usually automated.

Thought Software 
A piece of software that 

records thoughts in writing has 
been developed by researchers 
from the University of California 

in San Francisco. Using a 
series of electrodes, it was able 
to detect cerebral signals and 
wrote down what the subjects 

heard with an accuracy 
of 76 percent. Answers to 

questions – thought and not 
spoken by the subjects – were 
correctly recognized 61 percent 

of the time. The probability 
of this being a coincidence is 

between seven and 20 percent. 
Scientists intend to use the 
process to aid people who 
are otherwise incapable of 

communicating.

New registrations of private and commercial vehicles 2018
Source: ACEA, IHS MARKIT 2019/2020

Asia 
36,642,000 

46.6 %

Asia 
9,083,000 

49.0 %

Europe 
18,012,000 

22.9 %

Europe 
2,997,000 

16.2 %

America 
20,407,000 

25.9 %

America 
5,806,000 

31.3 %

Middle-East/
Africa 

3,648,000 
4.6 %

Middle-East/
Africa 

649,000 
3.5 %

of which China 
23,220,000 

29.5 %

of which China 
5,326,000 

28.7 %
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News

Dr. Thomas 
Wagner,  
Head of Officially 
Accredited Driver 
Aptitude Assess-
ment Centers 
at DEKRA e.V. 
in Dresden

INTERVIEW

“Always Aware”

What specific requirements must a driver meet
for automated driving?
Wagner: Under current legislation, the driver must 
be able to do more than the supporting technology: 
According to §1b of the German Road Traffic Act, they 
must remain aware and prepared to take back con-
trol of the vehicle at any time. The system will either 
prompt the driver to do so, or they must be able to 
identify – through situational awareness – that they 
must intervene. As the driver may divert their atten-
tion for short periods, this presents a practically 
unsolvable conflict. In order for control to be effec-
tively taken back, at least when prompted by the sys-
tem, good reaction times, a rapid ability to interpret 
the traffic situation, and the ability to quickly process 
different aspects simultaneously are all necessary.

What risks does automated driving bring with it?
Risks present themselves in data security; in mixed 
traffic, in which conventional vehicles share the road 
with vehicles of different automation levels; and in 

the insufficient reliabil-
ity of technical moni-
toring systems. Drivers 
may become careless 
as a result of placing 
too much trust in tech-
nology – referred to as 
“overtrust” – and other 
new risk scenarios may 
also arise. Weaker road users may lose out, since 
the so-called principle of trust – in which all road 
users adhere strictly to the regulations – appears 
difficult to program.

What happens when the system fails?
The driver must intervene. This is a challenge, as a 
multitude of pertinent lab studies and simulations 
have shown. These revealed that the takeover time 
for control of the system lies between around seven 
and ten seconds. The shortest recorded time was 2.8 
seconds, the longest 40 seconds.

Ultra-fast charging for electric cars is the promise of Israeli battery developer 
StoreDot. Using a newly developed type of battery, the company says it will in 
future be possible to recharge an electric vehicle in five minutes, granting up 
to 480 kilometers in range, depending on the model. According to the manu-
facturer, the foundations of this development lie in innovative materials and 
a new battery structure. StoreDot emphasizes that the new materials are far 
less flammable and more stable even at high temperatures than conventional 
lithium-ion models and that the manufacturing process has less of an envi-
ronmental impact. Costs for the “Flash” battery are expected to decrease in the 
coming years, just as with conventional batteries. The plan is to bring electric 
scooter batteries to market by 2021, after which StoreDot plans to equip a car.

BATTERY TECHNOLOGY

Full in just Five Minutes

Dr. Thomas Wagner performs various studies 
on current topics concerning driver aptitude 
and traffic psychology. Together with his 
colleague Dr. Karin Müller, Wagner is seeking 
to discover what new requirements automated 
driving places on driver aptitude.
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Alternative Drivetrains 

M obility is among the basic needs 
of modern man, and the global 
motor vehicle fleet is growing 

continuously. According to the Organ-
isation Internationale des Constructeurs 
d‘Automobiles (OICA), there were 892 mil-
lion motor vehicles in 2005. Ten years 
later, in 2015, the number had already hit 
1.28 billion. Against the background of cli-
mate debates surrounding emissions and 
fossil fuel consumption, the question of 
what the future of mobility might look like 
is growing. What sustainable alternatives 
are there to the millions of gasoline and 
diesel engines on the world’s roads today?

Population growth, coupled with 
increased traffic loads continues to 
increase energy consumption. Accord-
ing to the United Nations (UN), the Earth’s 
population will hit 9.8 billion people by 
2050. “By then, the stock of vehicles 
would be close to two billion, with the 
number of initial registrations exceed-
ing 120 million annually,” estimates Peter 
Fintl, Manager of consulting and engi-
neering group Altran. According to sta-
tistics prepared by the German Associ-
ation of the Automotive Industry (VDA), 
the global figure for first registrations lay 
around 84 million in 2018.

Comfortable, quick, flexible – and before all else sustainable – is how we envisage 
our future mobility. Which drive systems have what it takes to fulfil these demands? 

We provide an overview of alternative powertrain concepts.
Text Michael Specht

Even though we have been comfortably 
refueling with conventional fuels for many 
decades, which grant virtually unlimited 
mobility, a rethink is taking place. Vehi-
cle manufacturers are under both politi-
cal and societal pressure to develop clean 
alternative powertrains for their products. 
By the end of 2020, the EU Commission 
will impose an average fleet output of no 
more than 95 grams of CO2 per kilome-

ter on manufacturers, and there is scope 
for far more change. Vehicle manufactur-
ers that fail to meet targets will face hun-
dreds of millions of Euros in fines – not 
to mention considerable brand damage. 
“Environmentally-aware and price-sen-
sitive customers will turn their backs on 
brands that fail to meet their CO2 targets. 
Impending penalties will also sharpen the 
average consumer’s attention to the topic,” 
says Dr. Klaus Schmitz, Head of Automo-
tive Business for Central Europe at con-
sulting firm Arthur D. Little.

59.4
grams per kilometer –  

from 2030, this will be the maximum 
fleet CO2 emission value for new cars 

sold by manufacturers in the EU

Who’s in th  e race? 



Battery 
Electric

Hydrogen 
Fuel Cell Synthetic 

Fuels
Natural Gas

Bioethanol

H
2

E100

The mobile future
Alternatives for conventional 
fuels are lined up and ready 
to go. The goal is the optimal 
unity of sustainability and 
energy efficiency

Who’s in th  e race? 



Alternative Drivetrains 

Jaguar I Pace 
Two electric motors 
provide 200 HP apiece  
and a combined torque  
of 696 Nm

80
new electric models 

on the market by 2025 
– this is VW’s goal

OPTIMIZATION AND  
INVESTMENT POTENTIAL

Battery 
Electric

T he greatest expectations are cur-
rently being placed on electric 
drivetrains. “Battery-powered cars 

are good, but not suitable for all require-
ments,” states Bert Hellwig, Electromobil-
ity Specialist at ZF. Aside from high costs, 
reasons include the high battery weight, 
coupled with extremely low energy con-
tent in terms of mass, which thus results 
in relatively short ranges. In compact 
models such as the BMW i3, the battery 
weighs around 300 kilograms. In mid-
size SUVs such as the Audi e-tron, Jaguar 
I-Pace, Mercedes EQC and even the Tesla 
Model S, the battery can weigh twice as 
much. Plans at Toyota envisage a solid-
state battery ready for series production 
in just a few years. This should be able to 
store more energy at considerably less 

weight. A specific launch date is yet to be 
mentioned by the Japanese manufacturer.

Batteries are also criticized for their 
so-called CO2 rucksack, due to the masses 
of energy consumed in their production. 
For large electric vehicles with bigger, 
more powerful batteries, this rucksack is 
significantly larger than that of smaller 
vehicles. However, once environmental 
impacts are considered over the entire 
lifecycle of a vehicle – including manufac-
turing, use over 200,000 kilometers and 
end-of-life processing – the scale tips in 
favor of the BEV (Battery Electric Vehicle) 
over time. This is according to Mercedes-
Benz, which identified the trend in their 
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Audi e-tron 
Audi intends for half 
of its car sales to be 
by electric or hybrid 
models by 2025

“Lifecycle Compact” study. The Stuttgart-
based vehicle manufacturer compared the 
environmental sustainability of its vehi-
cles with the environmental impact of var-
ious drivetrain concepts over the duration 
of their entire life cycle. Calculations took 
raw material extraction, manufacturing, 
use and recycling into account. Accord-
ing to this, the battery-electric models – 
based on an average mileage of 200,000 
kilometers – hold an advantage over con-
ventional drives in terms of CO2 emis-
sions. Even with today‘s EU electricity 
mix, they account for around 45 percent 
of total emissions, and therefore the 
higher energy demand in production is 
cancelled out. “The optimization of bat-
tery technology and manufacturing offers 
great potential for further savings,” says 
Jochen Hermann, Head of CASE (Con-
nected, Autonomous, Shared, Electric) 
Development and eDrive Development at 
Mercedes-Benz Cars.

However, Volkswagen is currently 
leading the charge in the field of elec-
tric vehicles. The Wolfsburg-based com-
pany lay the groundwork in 2016 with the 
development of a completely new archi-
tecture, designed exclusively for battery-
electric powertrains. So far, Volkswagen 

has invested around seven billion Euros. 
From 2020, the platform – named MEB 
(Modular Electric Drive Matrix) – will not 
only be used across the group for the VW, 
Audi, Seat and Skoda brands to achieve 
the desired economies of scale, but also 
be available to other brands as an open 
architecture. Ford was recently the first 
to seize the opportunity to use the MEB 
and is now developing a compact electric 
car for the European market on its basis.
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Alternative Drivetrains 

PROMISING  
TECHNOLOGY

H2
Hydrogen  
Fuel Cell

A n interesting alternative to the 
battery-electric car remains the 
fuel cell drive. Indeed, in terms 

of environmental impact, it posts simi-
larly good values. Inside a fuel cell, elec-
tricity is produced by combining Hydro-
gen and Oxygen, which then drives an 
electric motor. The sole emission prod-
uct is water vapor. Hydrogen is consid-
ered an ideal storage medium and can 
be separated off directly from water with 
the aid of renewable energy or can also 
be extracted from sewage sludge and bio-
mass. In addition, motorists hardly need 
to change their usage behavior at all, as 
the refueling process takes only a few min-

utes, just as with diesel or gasoline. “In the 
long term, fuel cell vehicles will prevail,” 
believes ZF expert Hellwig.  McKinsey‘s 
“Scaling up Hydrogen” study – commis-
sioned by the Hydrogen Council at the end 
of 2017 – shows that by 2050, Hydrogen 
could cover almost 20 percent of global 
energy needs.

Setting the pace with this technology 
is Toyota, followed by Mercedes-Benz and 
Hyundai. All three brands already have 
fuel-cell-driven production vehicles on the 
market. At Toyota, Hydrogen plays a key 
role. “Fuel cell vehicles represent the most 
promising way to achieve the environmen-
tally friendly car,” says Yoshikazu Tanaka. 
The Chief Engineer of the Toyota Mirai 
sees Hydrogen as the best alternative to 
diesel, especially for commercial vehicles. 
This is because a fuel cell powertrain occu-
pies significantly less space and weight 
than a battery system with the same 
range. Two and a half years ago,  Toyota 
started a pilot project with truck man-
ufacturer Kenworth at the port of Long 
Beach. According to the company, the two 
US fuel-cell powered trucks have since cov-
ered more than 22,500 kilometers locally, 

1839
saw British physicist and lawyer 
Sir William Grove deliver the first 
proposal to generate electrical 
energy through the oxidation of 

Hydrogen.

“Alpha” and “Beta”
Since 2017, two Toyota/
Kenworth trucks with fuel 
cells have been in testing

without any emissions and in almost com-
plete silence. At the end of 2019, the next 
generation Fuel Cell Electric Truck (FCET) 
will be launched. The fuel cell technology 
of this truck stems from the Mirai sedan. 
Hyundai and Swiss energy company H2 
Energy formed the joint venture “Hyundai 
Hydrogen Mobility” in April 2019, with the 
intention of introducing a total of 1,600 
fuel cell electric trucks, mainly in Swit-
zerland, by 2025.

The benefits of Hydrogen and fuel cells 
can also be realized on rails. In the Ger-
man state of Lower Saxony, a regional 
train with a Hydrogen fuel cell powertrain 
has been ferrying commuters on a branch 
line without overhead lines in the Elbe-
Weser rail network since September 2018. 
Lower Saxony’s Public Transit Authority 
(LNVG) has – by deploying the Coradia 
iLint of French railway company Alstom 



A nother approach to reducing CO2 
would be to increase the variety of 
energy sources used. Today, more 

than 96 percent of vehicles employ con-
ventional engines powered by fossil or 
petroleum-based fuels. So, what could 
make more sense than to make syn-
thetic, CO2 neutral gasoline and diesel? 
This could be achieved through the use 
of either renewable Hydrogen or organic 
waste. Synthetic fuels, also known as 
e-fuels, can in principle be tailor-made 
at the molecular level and thus burn far 
cleaner than their refined counterparts. 
The greatest hurdle so far is the high cost 
of production. Nevertheless, e-fuels could 
become the next big thing in the transport 
sector and make an immense contribution 
to climate protection, states a study by the 
German Energy Agency (dena). According 
to the study, over 70 percent of the energy 
needs of all modes of transport in the EU – 
including trucks, ships and aircraft – will 
be covered by e-fuels by 2050.

– launched the world‘s first Hydrogen-pow-
ered regular passenger train service. “The 
future of diesel is now a thing of the past, 
while Hydrogen still has its entire future 
ahead of it,” says Rainer Peters, spokes-
man for LNVG. In 2021, a permanently 
installed Hydrogen filling station is to 
enter operation and Alstom will supply a 
further 14 Hydrogen trains to the LNVG.

TAILOR-MADE  
FUELS

Synthetic 
Fuels

Coradia iLint
This train model from 
Alstom was honored with 
the 2018 GreenTec Award 
in the mobility category
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Alternative Drivetrains 

power-to-gas plant in Emsland. Power is 
supplied by wind turbines. 

Another way of producing fossil nat-
ural gas alternatives is by using organic 
waste. This produces bio-methane, which 
too could be efficiently integrated into 
existing infrastructure. “Refueling with 
bio-CNG makes vehicles almost cli-
mate-neutral,” says Stephen Neumann, 
 Volkswagen Group Representative for 
CNG mobility. According to bioenergy 
producer Verbio, 23 percent of gas in the 
German grid is currently biogas gener-
ated from waste. “This would allow the 
existing fleet of approximately 100,000 
CNG-powered vehicles to be supplied com-

C ontributing to the remaining 
30  percent is natural gas. Com-
pressed natural gas (CNG) engines 

emit around 20 percent less CO2 and up 
to 95 percent less nitrogen oxides (NOx) 
than diesel and gasoline. Further, virtu-
ally no soot particles are emitted by com-
parison. The energy balance of synthet-
ically produced natural gas is almost 
CO2-neutral. For example, this can be gen-
erated with renewable electrical energy, 
with Hydrogen as an intermediary stage. 
Audi is going this way. The Ingolstadt-
based firm has been feeding their e-gas 
into the German natural gas grid for over 
five years. It is generated by their own 

RENEWABLE 
ENERGY GENERATION

Natural Gas

pletely with bio-CNG,” says Ulrike Kurze, 
Marketing Manager at Verbio.

Despite this, CNG is considered the 
problem child of the auto industry. Despite 
a wide range of models available – the 
Volkswagen Group alone offers 19 CNG-
powered vehicles – motorists have reser-
vations about the gas technology. “Only 
four percent of potential buyers consider 
these fuels attractive,” reveals the study 
“Autotrends 2018,” performed on behalf of 
Creditplus Bank. Some baulk at the pros-
pect of having a 700-bar pressurized tank 
under the car, others worry about the thin 
supply network across Europe – with the 
exceptions of Italy and Germany. In addi-
tion, the higher price when compared to 
a gasoline car makes CNG vehicles a less-
than-tempting prospect for many con-
sumers. “But in practice, fuel savings of 
34 percent compared to diesel vehicles 
and 49 percent compared to gasoline vehi-
cles are possible,” states Seat. The Spanish  
Volkswagen subsidiary is intensifying its 
efforts with CNG.

CNG Models 
CNG drive technology  
is already in use,  
both in private and  
commercial vehicles

VW Polo 1.0 TGI with CNG 
The 3-cylinder engine  

can operate using  
natural gas, as well  

as conventional fuels
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B ioethanol could have an even more 
reductive effect on CO2 emissions. 
Europe would need to follow the 

example of Brazil, not only mixing the 
alternative fuel to ten percent (E10), but 
also offering it as a pure fuel (E100). In the 
South American country, pure ethanol is 
available at around 32,000 filling stations. 
However, using this does require certain 
technical alterations to the engine. Fur-
ther, in order for ethanol to make a pos-
itive contribution to the energy balance, 
as little energy and water as possible must 
be consumed during the production pro-
cess, the cultivation of biomass must be 
free from nitrogen fertilizers and pesti-
cides, and land usage must not necessi-
tate the clearing of new space.

Batteries, Hydrogen, e-fuels, natural 
gas or ethanol: Which alternative 
energy source will ultimately pre-

vail as the powertrain of the next decades 
remains difficult for even experts to pre-
dict. “This is heavily dependent on tech-
nical progress and regulations, and is 

PRODUCTION PROCESS 
IN THE SPOTLIGHT

E100

Bioethanol

therefore subject to uncertainty,” says 
Dr. Klaus Schmitz. The Automotive expert 
at Arthur D. Little also sees governmen-
tal support as a highly relevant factor. 
“Subsidies and regulations have a deci-
sive influence on the dissemination of 
technologies,” says Schmitz, explaining: 
“While in Germany, these are more likely 
to be climate driven, in China, for exam-
ple, there is a very consistent industrial 
policy. It is no wonder that the Middle 
Kingdom has become the largest market 
for electric cars, and it isn’t likely to relin-
quish this position over the long term.”

1860
was the year that Nikolaus August 
Otto used Ethyl alcohol (Ethanol)  

as a fuel for the prototype of  
his combustion engine
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Alternative 
Drives
Fuel cells, batteries and 
e-fuels – how do these 
powertrain concepts work?
Sources: Bosch, DEKRA, EnBW 
Authors: ETM cp, Johannes Winterhagen
Infographic: Benjamin Hartmann

Electricity  
grid

iGaseous 
iHydrogen (H2)i

iAtmospheric 
iOxygen (O2)i

In the fuel cell, gaseous 
Hydrogen serves as 
the “fuel”. Through a 
chemical process, this 
is reacted with Oxygen. 
The energy stored in 
the Hydrogen is 
then released as 
electricity. This drives 
the electric motor.

i2 From molecule 
ito atomi
Oxygen molecules 
decompose into 
individual atoms 
upon accepting 
electrons.
Only these can 
pass through the 
gas diffusion plate.

i3 Water is 
iproducedi
When two 
Hydrogen 
atoms meet an 
Oxygen atom, 
they form a 
stable bond: 
Water.

i1 Gas diffusion plate 
iwith catalysti
In a catalytic process, 
the Hydrogen releases its 
electron (e-). It may only 
pass through the mem-
brane as a proton (p+).

H2
Hydrogen  
Fuel Cell

iHydrogeni 
igas pumpi

iBatteryi

iHydrogen tanksi

iElectric motori

iElectrolysisi
To generate Hydrogen, 
water is decomposed into 
its constituent elements 
Hydrogen and Oxygen. 
This converts electric 
energy to chemical energy.

Anode (+)

Cathode (-)

Electrical 
current

Electron 
release

Membrane

iFuel cell stacki



CO2

CO2

iLithium-ion batteryi
During charging, Lithium 
ions migrate to the negative 
electrode (cathode). There 
they store electrons from 
an external power source. 
During the discharge 
process, electrons are 
dispersed electrons from 
the Lithium in the negative 
electrode. These can 
power an external device.

iInverteri
The DC power provided by the battery is 
converted into AC power by the inverter to be 
provided to the motor. The inverter also controls 
the AC frequency and thus the motor speed.

E-fuels are syntheti-
cally produced fuels 
that can be used 
in conventional 
combustion engines 
and are combusted 
much more cleanly. 
Possible sources of 
raw materials include 
fats, biowaste, natural 
gas or water and CO2. 
Production currently 
remains very complex 
and cost intensive.

Synthetic 
Fuels

Battery 
Electric

The purpose of the 
electric motor is to 
convert electrical 
energy into 
mechanical energy. 
To achieve this, the 
rotor is rotated by 
electric fields.

iCombustion enginei
In a combustion engine, a 
fuel-air mixture is ignited in 
a cylinder and combusted. 
Chemical energy is converted 
into mechanical work. Key 
parts of combustion engines 
are the pistons, which aid in 
converting the fuel’s energy 
into movement.

Interlayer

Foil bag

Cathode

Anode

Interlayer

iIndividual celli

iBattery stacki

iElectric charging stationi
Quick 350 kWh DC charging 
stations or normal 43 kWh 
AC charging stations 
(in Europe)

iStatori

iRotori

iTanki

iFuel pumpi

iSynthesisi
The Hydrogen generated through 
electrolysis reacts with CO2 that has 
been scrubbed from the atmosphere 
or produced in a biogas plant to 
produce methane. In subsequent 
steps, e-diesel, e-petrol or 
e-kerosene can be produced.



“Dare to 
Innovate”

Less debating over range, and more courage 
in innovation – this is how we should be laying 

the groundworks for a new approach to mobility, 
according to Prof. Dr. Günther Schuh.

Interview Michael Specht

Professor Schuh, what forms of
alternative drive do you see as
prevailing at the end of the next decade?
There will not be just the one drive that 
prevails, rather a combination of several. 
We must invest today in two parallel sets 
of infrastructure – for both Hydrogen fuel 
and battery technology.

What about so-called ‘designer fuels?’
E-fuels may be able to make a massive con-
tribution to significantly reducing our CO2 
emissions. Even in 10 or 20 years’ time, we 
will still have need for piston engines that 
burn liquid fuels. Their high energy den-
sity will remain a clear and decisive advan-
tage over other fuels. No battery will ever 
be able to match this. In addition, motor-
ists will be able to continue refueling nor-
mally, maintaining their current usage 
behaviors.
 
So those battery-powered electric SUVs 
– weighing almost 2.5 metric tons –
are actually the wrong way to approach 
electromobility?
Electric SUVs do not make economic 
sense. They physically cannot recon-
cile battery capacity, range, and driving 
speed. Future batteries will not be much 
lighter or much more powerful either. It 
would be more useful to employ purely 
battery-electric drives in smaller vehicles, 
with larger vehicles employing a battery 
system in conjunction with a fuel cell, a 
so-called range extender.

What is the most practical way to
go about developing hydrogen
infrastructure?
Realistically, the industry needs to com-
pletely reinvent itself and begin deriving 
hydrogen in great quantities, and from 
renewable sources, where possible.

Could this feasibly be done using
wind turbines?
As long as there is excess capacity – in 
other words an imbalance in the grid – 
wind power may be used to a certain point. 
However, will this be the case in ten years? 
If not, we need other solutions.
 
Are the OEMs doing everything right 
when it comes to electromobility?
It may be that German OEMs have hesi-
tated for too long, waiting to be convinced 
of the necessity and market size for elec-
tric vehicles. Now they are aggressively 
investing in e-mobility, with all resources 
at their disposal. It is now up to us – as 
customers and consumers – to decide 
whether we are courageous and innova-
tive enough to change our mobility behav-
iors. If 25 percent of all cars in Germany 
never drive more than 150 kilometers per 
day, I do ask myself why most potential 
car buyers still cite the insufficient range 
of modern electric cars as a reason not to 
purchase.
 
With your 2015-founded company e.GO 
Mobile AG, as well as the StreetScooter 
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Interview

project, you have sent waves through the 
electric vehicle market. Does e.GO Mobile 
AG still count as a start-up?
Yes, in a formal sense, as we have yet to 
achieve a positive cash flow. But I would 
prefer not to refer to it as a startup, as many 
people still see this term as having ‘non-pro-
fessional’ connotations. The opposite is the 
case with us. We are currently hiring 40 to 
50 new employees per month, with 470 peo-
ple already working at our production site 
in Aachen.

You currently solely offer electric drives. 
What will you do to eliminate bottlenecks 
in the battery cell supply chain?
We work with a number of different suppli-
ers, which minimizes our risk. I would very 
much welcome it if cell production capabili-
ties could be established here in Europe.

How will you ensure that your CO2

footprint – primarily generated in
manufacturing battery cells – is as
minimal as possible?
We will do that by keeping our batteries 
as small as possible. In addition, we are 
in close contact with our suppliers with 
the goal of jointly optimizing our produc-
tion processes to reduce CO2 and increase  
sustainability.

Read the whole interview at:  
dekra-solutions.comP
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Prof. Dr. Günther Schuh
The engineer and industrial engineer 
has held the Chair of Production 
Systems at the RWTH Aachen since 
2002 and also heads the Technology 
Management unit of the Fraunhofer 
Institute for Production Technology. 
In addition to his academic endeav-
ors, he is an active entrepreneur and 
was a co-founder of StreetScooter 
GmbH in 2010. Since April 2015, 
Prof. Dr. Schuh is the Chairman of 
the Board of the e.GO Mobile AG, 
which he founded himself.



E-

Model 1  Nissan Leaf 2  Tesla Model S 3  BAIC EC-Series 4  Tesla Model 3 5  Renault Zoe

Global Stock 363,940 243,200 172,850 148,080 114,310

Top Countries by Car 
Stock*

USA 129,540 USA 144,760 Only in China USA 141,280 France 67,170

Japan 115,130 China 29,290 Canada 6,800 Germany 17,790

Norway 37,560 Norway 19,460 Norway 9,570

Production Period Since 2010 Since 2012 Since 2017 Since 2017 Since 2012

Manufacturer Nissan, Japan Tesla, USA BJEV, China Tesla, USA Renault, France

Range 285 km 450 km 206 km** 415 km 159 km

Power 110 kW 310 kW 30 kW 258 kW 68 kW

Cumulated sales figures reveal the 
top-ten most driven battery-electric 
vehicles (BEV). Where and what electric 
car models are most common, as 
well as other information can be 
found in the overview below. 
Text Carina Belluomo 

BMW i3

BAIC 
 EC-Series

Nissan Leaf

Tesla Model X

1

3

7
6

The

Heroes
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6  BMW i3 7  Tesla Model X 8  Chery eQ 9  JAC iEV 10 BYD e5

108,560 106,490 90,100 87,750 86,880

USA 37,130 USA 66,040 Only in China Only in China Only in China

Norway 19,190 China 11,740

Germany 17,340 Norway 11,160

Since 2013 Since 2015 Since 2018 Since 2017 Since 2018

BMW, Germany Tesla, USA Chery, China JAC Motors, China BYD, China

309 km 375 km 301 km** 355 km** 400 km**

125 kW 310 kW 30 kW 110 kW 160 kW

* Cumulated new 
registrations (= Stock) 
of top ten models as of 
31.12.2018

** According to NEDC

Source: Center 
for Solar Energy  
and Hydrogen 
Research Baden-
Württemberg (ZSW), 
Updated: March 2019

Renault Zoe

Tesla Model 3

Tesla Model S

BYD e5

JAC iEV

Chery eQ

2

5
4

8

9
10
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Micromobility

With e-scooters come new options for our mobility, as well as a number 
of new risks. We explore what users need to be aware of.

Text Hildegard Suntinger

C ity authorities see micromobility as an impor-
tant tool in the implementation of future-ori-
ented mobility concepts. E-scooter rental could 

be the answer to closing gaps in the public transport 
network and enabling seamless movement. On the 
other hand, these tiny vehicles harbor new risks. 
Whether they can actually assert themselves as a per-
manent feature of our streetscapes will depend not 
least on legislation and safety standards.

For short distances in particular, these small elec-
tric vehicles seem to be the ideal means of trans-
port: faster than walking, less tiring than cycling 

and independent of public transport – journeys of 
a few kilometers are completed in no time. Yet the 
idea is not a new one: London activist Lady Flor-
ence Norman was one of the first to drive a motor-
ized scooter, back in 1916. Surpassed by the motor-
car after the Second World War, it is back with a 
vengeance: more practical, more modern, and pow-
ered by electricity.

The integration of e-scooters in present-day trans-
port systems, however, has its difficulties. A series of 
studies performed by the NLC (National League of Cit-
ies) in the USA have revealed a lack of infrastructure 
for the new road users. In addition, the behavior of 
e-scooter users themselves is problematic – they often 
take to the sidewalk illegally and rarely wear a hel-
met. This behavior endangers themselves, other road 
users and pedestrians. This conduct with e-scooters 
– which are used primarily as rental vehicles – can be 
explained by a lack of familiarity with the technology 
and local regulations, explains the NLC. In an accident 
study commissioned by Austin Public Health shortly 
after the introduction of e-scooters for the city of Aus-
tin, Texas, lack of experience was revealed as a major 
factor in accidents. Two-thirds of the accident victims 
were novice drivers. Almost half of the casualties suf-
fered head injuries.

Individual governance
This problem is also evident in European cities, 
where accidents and complaints from other road 
users are piling up. In Vienna alone, approximately 
200 accidents involving e-scooters were reported 
in the fourth quarter of 2018. According to the Aus-
trian Road Safety Board, the biggest accident risks 
are collisions with curbsides, turning, being over-
looked by other road users, as well as ruts, grooves 
and tracking in the road. Technical safety standards 

Balancing Act

Equipment
One of the two 
independent 
brakes, the bell and 
the accelerator are 
all ergonomically 
positioned
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and usage regulations are currently reg-
ulated differently from country to 
country, and regulations sometimes 
even differ between cities. In Aus-
tria and Switzerland, e-scooters 
are grouped with bicycles for the 
purpose of legislation. In Madrid, 
electric scooters are only permit-
ted for use on cycle paths. In the 
Brazilian metropolis of São Paulo, 
city authorities made it compulsory 
to wear a helmet shortly after market 
launch, as well as introducing a number of 
other regulations. In New York’s Manhattan dis-
trict, e-scooters are completely prohibited. In order 
to develop a uniform set of requirements for the man-
ufacturers and users of small electric vehicles glob-
ally, a technical committee has been set up by the 
International Electrotechnical Commission (IEC), 
which is due to sit in fall 2019.

Observe equipment requirements
In Germany it is up to the manufacturer to apply 
for a general operating permit (ABE) for their prod-
ucts through the German Federal Motor Transport 
Authority (KBA). E-scooters are considered motor 
vehicles in Germany, and thus models that can drive 
faster than six kilometers per hour require insurance 
and license plates. Eligible for approval are vehicles 
with a design-imposed maximum speed of 20 kilo-
meters per hour and an engine power of up to 600 

35%
of injured e-scooter 

riders suffered 
broken bones 1

Connected
Download the 
rental app, register 
your details and 
hire an e-scooter 
at the location of 
your choosing 
by scanning the 
QR code

Safety
Feet should be 
positioned slightly 
oblique to the 
direction of travel, 
in order to have 
better balance on 
the e-scooter

watts. Mandatory equipment includes a bell, head-
lamps, taillights, rear reflectors and side reflectors as 
well as two independent brakes. There is no require-
ment to wear a helmet.Anyone planning to purchase 
an e-scooter should, however, consider other techni-
cal aspects. It was noticed in Vienna that users omit 
signaling by hand when turning right, due to the sim-
ple fact that the throttle is mounted on the right. “If 
you remove your hand from the throttle at 20 kilome-
ters an hour, this can have an abrupt stopping effect,” 
explains DEKRA Accident Researcher Luigi Ancona. 

37%
of accident victims  
were travelling at  
excessive speed 2
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Micromobility

He recommends installing a turn signal both for this 
reason, and the fact that it is risky to take one’s hand 
off the handlebar when the vehicle’s rolling behav-
ior is unpredictable.

In the NLC study, half of accident victims stated 
that their accident was caused by an uneven surface. 
“Bumps in the road surface and curbsides are felt as a 
sudden blow on the handlebars, and it is easy to lose 
balance,” explains Ancona. Larger tires offer more sta-
bility. Impact-absorbing inflated tires offer additional 
driving safety over hard solid rubber tires. The expert 
concludes by emphasizing how driving an e-scooter 
is nowhere near as intuitive as many users assume. 
Braking in particular is largely a matter of feeling. 
E-scooters are controlled by shifting one’s weight, 
which requires an engaged body, and the feet to be 
slightly oblique to the direction of travel, similar to a 
snowboarding stance. “This gives you better leg power 
and grants more control of the upper body – especially 
when accelerating and braking,” says Ancona.

In order to reduce the risks of one’s first trip, 
some e-scooter rental firms in Germany have started 
offering safety courses. During ‘first-ride’ training, 
one should practice braking maneuvers, cornering 
and how to behave in dangerous situations. In Swe-
den, a virtual driving school has been proposed to 
help electric scooter drivers develop improved safety 
awareness.

Luigi Ancona, 
DEKRA Accident Research

“Tires are one 
of the technical 
weaknesses of 

e-scooters. While 
solid rubber is 

maintenance-free, it 
hardly compensates 
for bumps. Inflated 

tires have a 
dampening effect 

but are also subject 
to punctures”
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Required Equipment in Germany
1  Bell
2  Front light
3  Rear light
4 	Rear	reflector
5 	Side	reflectors
6  Two independently-functioning brakes

Recommendations
7  Helmet
  Turn signal
  Knee- and elbow pads
  Maintain two-handed grip on handlebars
  Larger damping balloon tires  

     (instead of solid rubber tires)
  Apply reasonable speed  
  Observe	traffic	signage
  Do not use while intoxicated
  Complete test rides in a safe location  

     prior to	first	ride
  Maintain engaged torso
  Position feet at a slight angle to travel  

     direction (as on a snowboard)

3

4
5

7

26

6

1

Detailed 
Overview
Traffic	regulations	and	the	
required equipment of 
e-scooters are not governed 
equally around the globe.
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Trust Center Initiative

In cooperation with other testing organizations, DEKRA 
has launched the Trust Center Initiative. Its self-stated 
goal is to introduce a manufacturer-independent vehicle 
data platform that guarantees direct access to the rel-
evant testing data and system functions of the vehicle. In 
our interview, DEKRA Representative for Technical Affairs 
Frank Leimbach provides further insight.
Text Matthias Gaul

Frank Leimbach 
Representative for 
Technical Affairs,  
DEKRA e. V.

Mr. Leimbach, with the increase in
connected and automated vehicles,
is the general inspection as we
know it a thing of the past?
It is rather the opposite – against this 
background and with the increasing 
complexity of vehicles’ systems, regu-
lar inspections are more important than 
ever before. Especially in the case of auto-
mated vehicles, the reliable functioning 
of mechanical components such as steer-
ing and braking is absolutely prerequi-
site to safe mobility, and must be main-
tained throughout the life of the vehicle. 
System functions such as lane assist, lane 
changing, emergency braking and evasive 
maneuvering are all fulfilled by complex 
sensors that themselves rely on mechan-
ical components and are therefore depen-
dent on them. Regular inspections by an 
independent third party have proven a 
successful approach, and there is good 
reason to continue with this. 

In this regard, what advantages does the 
Trust Center proposed by DEKRA and 
other testing organizations present?
The main difference between today’s vehi-
cles and those of the future is the fur-
ther development of the safety-relevant 
systems fitted in the individual vehicle 

through ‘over the air’ software updates 
throughout its life cycle. This means 
that new or improved functions may be 
made available to the owner overnight, 
and possibly only temporarily, meaning 
that the appropriate test scope depends 
on the individual equipment level of that 
specific vehicle. Current system func-
tions and software versions are first only 
known to the vehicle and manufacturer. 
For independent testing, however, we 
require the original, complete and unpro-
cessed data, which should not come to us 
through the manufacturer’s backend. For 

this reason, we are calling for individ-
ual vehicle data to be transferred to 
an independent data custodian. It is 
only through the establishment of a 
manufacturer-independent platform 
that we are able to perform our sov-
ereign duty of vehicle inspections.
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Vehicle Data

Driver’s 
Consent

Manufacturer’s 
Backend 
Server

Trust Center  
Server

Road Traffic  
Authorities

Supplier

Insurer

Workshop

...

Automotive 
Club

Monitoring 
Organization

Internet 
Provider

Trust Center
The only way to ensure  
security and fair access  
for all stakeholders.

What opportunities
can you see for the
Trust Center Initiative?
There is fierce resistance, espe-
cially from manufacturers, who 
favor the so-called NEVADA interface 
(NEVADA = Neutral Extended Vehicle for 
Automated Data Access). This provides 
interested third parties with data through 
the manufacturer’s backend. However, 
this data is preselected and as a result no 
longer complete, and possibly even mod-
ified. As the scope of vehicle functions 
in the future is likely to change contin-
uously, it is critical that we are able to 
define the data set for the inspection our-
selves, based on the current status of the 
vehicle. Future legislation for automated 

vehicles is being driven internationally at 
the UNECE in Geneva. DEKRA is repre-
sented here by the umbrella organization 
for all inspection and technical service 
providers ‘CITA,’ and fulfils an advisory 
role. Turning the Trust Center into a real-
ity is dependent on whether we are able to 
convince legislators that the ‘third party 

principle’ is one that should survive 
into the future.
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Hypermodern test facilities
Periodic vehicle testing must 
keep up to date with the 
increasing automation and 
digitization of vehicles

On the Way 
to General 

Inspection 4.0



Vehicle Safety

Periodical vehicle checks of the future will be data 
driven. Even today, many processes are being digitized 
and automated. The best example of this is DEKRA’s  
inspection  station in the southern Chinese city of 
Shenzhen, opened in the spring of 2019.
Text Matthias Gaul

T he vehicle inspection runs like a con-
veyor belt, with vehicles completing 
test rigs sequentially, one after the 

other. Acquisition of actual vehicle data 
and comparison with target values is par-
tially automated, with lighting equipment 
tests performed by a robot. Even this short 
list makes it quite clear – in this DEKRA 
test facility in Shenzhen, there is a whole 
lot of state-of-the-art technology in use. 
Individual steps in the test procedure are 
carried out by different employees, with 
this division of labor also enabling signif-
icantly higher capacities. While a DEKRA 
testing lane in Germany, for example, may 
examine two to three vehicles per hour, 
the number in Shenzhen is up to 20. A 
proposed inspection facility in Beijing 

will feature four testing lanes and there-
fore be capable of processing even more 
vehicles. The name DEKRA carries con-
siderable weight here, in the world‘s larg-
est automotive market, which places high 
value on vehicle safety.

International Differences
Viewed globally, there is a large number of 
differences in periodical technical inspec-
tion (PTI) practices for vehicles currently 
on the road. In the EU, the current legal 
basis for vehicle monitoring in member 
states is Directive 2014/45 EU from April 
2014. This defines the EU-wide minimum 
requirements for vehicle inspection, 
which still allows member states to apply 

Shenzhen (China)
Since March 2019, the first 
DEKRA test facility in China 
has been in operation. Work 
allocation and partial automation 
in the Chinese vehicle inspection 
system allow for a high 
throughput of vehicle inspections
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some discretion. This is applied, for exam-
ple, in terms of test frequency. While Ger-
many, Austria, Poland and Sweden require 
new cars to be tested for the first time 
after three years, it is after four years in 
France, Italy and Portugal.

Casting a glance beyond Europe: In 
China, new cars are required to be pre-
sented for  PTI after six years, in Morocco 
it is five – then subsequently at one-year 
intervals in both countries. While New 

Zealand prescribes PTI for passenger cars 
every year from new, only trucks and taxis 
are subject to the PTI obligation in South 
Africa. However, the South African gov-
ernment is discussing the introduction of 
a nationwide periodical vehicle inspection 
system based on the model used for pas-
senger cars in Europe. In the US, there is 
no federally mandated regulation. Each 
state decides whether and to what extent 
vehicles must be regularly inspected. 
Often, it is only an emissions test that 
takes place. Technical vehicle inspections, 
similar to the European PTI model at least 
in part, are required in Georgia, California, 
New York, North Carolina, Texas, Utah and 
Virginia, among others. 

There are also differences worldwide 
as to who is permitted to carry out a 
vehicle inspection. In many EU member 

Milan (Italy)
DEKRA tests vehicles 
in around 20 countries 
globally as part of periodic 
vehicle inspections. It 
does so independently, 
professionally and 
according to precise  
quality standards, just  
like here in Milan
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Vehicle Safety

states, only independent expert organi-
zations such as DEKRA are authorized to 
do this, with some countries also allowing 
selected car repair shops to do so. In Aus-
tria, for example, tests may also be per-
formed by motorist clubs such as ARBÖ 
and ÖAMTC.

Consistent Development
Given the amount of safety-relevant data 
that will be generated by automated vehi-
cles in the future, it is already clear that 
the general inspection of the future will 
face entirely new challenges. “We have to 
continue developing the testing of vehi-
cle components – both electronic and 
mechanical – in order to check all safety-
relevant and environmental systems for 
damage, malfunction and manipulation 
at any time,” says Hans-Jürgen Mäurer, 
Head of Technical Services Management 
in the Vehicle Inspection Service Division 
at DEKRA SE.

In Germany, the introduction of the 
general inspection adapter in July 2015 
constituted a pioneering step in the direc-
tion of establishing a data-based general 
inspection. Using this interface, experts 
can query the presence and performance 
of the installed safety systems, as well 
as check the function, effectiveness and 

Nicolas Bouvier,  
Executive Vice President, 
Vehicle Inspection Service 

Division, DEKRA SE

“In some parts 
of the world, 
we are still 

working hard 
to persuade 

the responsible 
authorities 

to introduce 
periodical 

vehicle 
inspection, or 
to improve its 

scope.”

condition of certain safety-relevant vehi-
cle systems such as the brakes or lighting 
installations. “The use of modern techno-
logy is undoubtedly a central element of 
the PTI, but the qualification of the respec-
tive examiners is at least of equal impor-
tance,” Hans-Jürgen Mäurer points out.

The relevance of PTI in this context, 
especially for traffic safety, is under-
pinned by a study published in October 
2018 by the University of Texas, “Eco-
nomic and Safety Considerations: Motor 
Vehicle Safety Inspections for Passenger 
Vehicles in Texas.” Among other things, 
the collected data revealed that the like-
lihood of a fatal accident in vehicles with 
technical defects is twice as high as in 
accidents involving vehicles with no 
such defects. It would be hard to imagine 
a more powerful argument for maintain-
ing or even introducing the PTI.

Tauranga (New Zealand)
In 2013, DEKRA entered the Asia-Pacific 
automotive testing market by acquiring 60 
percent of New Zealand testing organization 
Vehicle Testing New Zealand (VTNZ). VTNZ is 
active in 90 locations throughout New Zealand
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In 1963, 26-year-old police officer Karl-Heinz Kalow proposed 
rescue lane legislation to the German authorities. In 1971, 

the corresponding law entered force. We provide an overview 
of how the rescue lane works both in Germany and other 

countries around the world.
Text Carina Belluomo 

In Case 
of Traffic Jam, 

Form 
Rescue Lane!

I n a standstill on the freeway, it’s often practically 
impossible for emergency services to get through. 
Yet it isn’t just the congestion that presents an 

obstacle – some motorists attempt to escape the traf-
fic with daring and irresponsible maneuvers, clogging 
the emergency lane and endangering both themselves 
and other road users. Decades after its introduction, 
the rescue lane still fails to work in approximately 
80 percent of cases, according to a recent evaluation 

by the German Red Cross. Even sirens and flashing 
lights are unable to help the emergency services – in 
20 percent of cases assessed, drivers failed to react 
at all, impeding quick access to the scene of the acci-
dent. Every second is critical for an injured person.

In Germany, the formation of a rescue lane is 
legally mandated under the Road Traffic Act. Cars 
in the left lane must pull to the left, with all other 
vehicles pulling over to the right. “It is important to 
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Rescue Lane

MEDIAN AMB

Vision of the Future
Four designers from South Korea 
developed the idea for the so-called 
Median AMB. The concept revolves 
around a rescue sled that glides along 
the median strip like a monorail past 
the traffic, and is thus able to arrive at 
the scene of an accident more quickly. 
Within the sled is space for two medics 
and an assistant, as well as a stretcher. 
The injured person can therefore be 
treated at the scene and transported to 
the ambulance inside the rescue sled. 
Sliding doors on both sides allow the 
first responders to access both car-
riageways. The designers received the 
2018 Red Dot Design Concept Award 
for their concept. This award is viewed 
as the international seal of quality for 
good design, and is conferred in the 
areas of product design, branding and 
communications, as well as for new 
concepts each year.

The Right-Hand Rule:
In Germany, Austria, Switzerland and other 
countries with right-hand traffic, the right-hand 
rule helps to know where the rescue lane 
should be opened. One’s thumb represents 
the left-hand lane, vehicles in which must pull 
aside to the left. One’s other fingers represent 
the other lanes. The gap between thumb and 
forefinger represents the rescue lane. 

form a rescue lane even as traffic is slowing down,” 
says DEKRA Accident Researcher Markus Egelhaaf. 
“It‘s almost impossible to do so once stationary.” It 
is also important to keep sufficient distance to the 
car in front, so as to enable additional maneuvering. 
“Only when traffic starts flowing again may the res-
cue lane may be abandoned.”

Establishing a rescue lane is also compulsory in 
other European countries. These include, for exam-
ple, Austria, Switzerland, Luxembourg and Slovenia. 
The corresponding legislation in these countries is 
identical to that of Germany. In France and Spain, 
motorists must give emergency vehicles the oppor-
tunity to pass them as they head to the scene of the 
accident. There are no specific regulations in Italy 
and the Netherlands.

Attentiveness is key
In the US and Canada, “Move Over Laws” regulate 
how one should respond in the event of a traffic jam. 
They state that every driver, if it is possible and safe, 
must move out of the way into an adjacent lane and 
slow down. Each state regulates itself as to whether 
the law is applied, and as to how much one should 
slow down. In most cases, drivers should drive 15 to 
20 miles per hour slower than the specified maximum 
speed. Only in the District of Columbia in the US and 
Yukon in Canada is there no “Move Over Law.”

In China, the creation of a rescue lane is also not 
legally mandated. According to DEKRA Road Safety 
Specialist Yu Wang, the emergency services must rely 
on drivers’ attention.

“On New Zealand’s predominantly single-lane 
roads, vehicles pull over to each side of the road in 

order to let emergency services vehicles pass,” says 
James Law, Operations Support Manager at New Zea-
land testing organization and DEKRA subsidiary Vehi-
cle Testing New Zealand (VTNZ). In urban centers, 
lanes reserved for public transport may also be used 
by the emergency services.

In order to make motorists more aware of their 
obligation to form a rescue lane for emergency ser-
vices and rescue vehicles, the reminder to form a res-
cue lane in congestion can often be seen on bridges or 
on signs beside German and Austrian highways. Fur-
ther inducing drivers to abide by the rules, Germany 
began imposing more severe penalties for impeding 
rescue lanes in October 2017. In the future, alterna-
tive rescue vehicles may present a solution to help-
ing people injured in an accident faster. This is dem-
onstrated by the rescue sled prototype developed by 
designers from South Korea (see below).

IL
LU

S
TR

AT
IO

N
S

: M
IC

H
A

EL
 S

TA
C

H
; P

H
O

TO
S

: M
ED

IA
N

 A
M

B

33     DEKRA solutions 3/2019



Voltage testing
For certain jobs on 
high-voltage systems, 
protective wear is a must



High-Voltage Training

New technologies such as the electric car demand 
new skillsets. In the field of high-voltage technology, 
automotive manufacturers are already upskilling 
their workers – at great expense – to perform this 
challenging work. Numerous suppliers, workshops and 
fleet managers rely on DEKRA’s expertise to train and 
qualify their employees as electricians.
Text Michael Brück

Parts knowledge 
The main relay and 
fuse box of an electric 
car is used for a 
demonstration

Well-informed Participants’ questions 
are answered in detail

W hile the powertrain of the future 
remains a hot topic for discus-
sion around the world, the num-

ber of electric vehicle registrations has 
been rising steadily for a number of years. 
Nowhere more so than in China, where 
more than 1.2 million battery electric 
(BEV) and plug-in hybrid vehicles (PHEV) 
were sold in 2018 alone. By the middle of 
2019, sales of electric vehicles had already 
surpassed 628,000. The United States 
is the second largest market for e-vehi-
cles with around 150,000 units sold, fol-
lowed by Germany, Norway and France. 
According to the Center of Automotive 
Management (CAM), around 5.6 million 
electric passenger cars and light commer-
cial vehicles were registered worldwide 
at the start of 2019. Technological prog-
ress is likely to further fuel this develop-
ment. Toyota, for example, has made the 
industry sit up and take notice with its 
current research into solid state batter-
ies, which are considered more powerful 
and longer lasting than the lithium-ion 
battery. Toyota Executive Vice President 
Shigeki Terashi promises the production 
of at least 5.5 million electric vehicles by 
2025 – including one million with all-elec-
tric drivetrains.

In Flux
At Volkswagen, the proposed answer to the 
question of mobility’s future is also the 
battery. For this reason, the world’s larg-
est car manufacturer is implementing rad-
ical changes at its Zwickau facility, which 
Managing Director of Technology & Logis-
tics at Volkswagen Sachsen GmbH Rein-
hard de Vries describes as “perhaps the 
greatest challenge in the history of the 
automotive industry.” VW has set itself 
the goal of market leadership with its 

“ID.” Model range, the newest generation 
of BEV Volkswagens. At the plant that cur-
rently manufactures the Golf, Golf Vari-
ant and E-Golf, the first ID.3 is scheduled 
to roll off the production line in the fall of 
2019. Pre-orders for this first model in the 
ID. range commenced in May. Within just 
a few days, more than 30,000 pre-orders 
were received, according to Volkswagen.

Overall, VW is investing approximately 
1.2 billion Euros in upgrading to the new 
“Modular Electric Drive Matrix” (MEB). 
“Based on the MEB, we intend to launch 
a total of 70 battery and 30 hybrid mod-
els through our Group brands by 2028,” 
explains de Vries. The MEB also plays a 
key role in the strategic alliance of Volks-
wagen and Ford, which was made public 
in July. In line with this, the electric plat-
form developed by VW will also be made 
available to manufacturers outside the 
VW Group and may thereby become the 
industry standard. Ford wishes to use the 
Modular Electric Drive Matrix in develop-
ing additional models. In addition, Volks-
wagen is investing 900 million Euros in 

Danger     High Voltage!
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Swedish battery manufacturer Northvolt. 
The goal of this joint venture is to estab-
lish a VW-owned manufacturing facility 
for batteries.

Volkswagen has committed more than 
15 million Euros to ensure its employees 
are prepared for the production of elec-
tric vehicles. Special training will be pro-
vided to the 8,000 employees located at 
the Zwickau plant in order to familiar-
ize them with the particulars of electric-
powered mobility. Nearly 1,500 employees 
have been trained as high-voltage technol-
ogy specialists since last year. After all, 
this is a field in which specialists are both 
an absolute necessity, and a rarity. This 
therefore places them in high demand on 
the international market.

Those without access to these experts 
face the terrible prospect of a shutdown. 

“Working with high-voltage technology 
has been a key part of our training for vehi-
cle mechatronics specialists for almost 
a decade. Over the course of 130 hours, 
apprentices become qualified as special-
ists in high-voltage systems for motor 
vehicles. Also on offer are opportunities 
for internal and external training and fur-
ther education,” explains Oliver Wihof-
szki from Daimler’s Human Resources 
and External Affairs department in Stutt-
gart, Germany. Audi too is building its 
internal electromobility expertise. “Last 
year, the Audi Group carried out around 
8,000 training sessions in electromobil-
ity,” says Daniela Henger, Press Spokesper-
son for Human Resources and Organiza-
tion. For this reason, the training budget 
at Audi’s main base in Ingolstadt, Germany 
was increased by a third, up to 80 million 
Euros this year. “We continuously realign 
our training and qualification concepts to 
match technological progress and, if nec-
essary, develop new job profiles.”

Blended learning concept
While the aforementioned automotive 
manufacturers rely on their own inter-
nal training capabilities, other suppli-
ers, workshops and start-ups take a dif-
ferent approach and generally fulfil the 
growing demand for high-voltage experts 
by employing external qualification and 
certification measures. A figure of com-
petence in this regard is DEKRA. The 
internationally active expert organiza-
tion offers customers a so-called blended 
learning concept for high-voltage train-
ing, which divides the required training 
to become an electrically qualified person  
into two parts. Boris Gausmann, DEKRA 
Expert for High-Voltage Technology, and 
colleague Benno Rauhut educate and train 
specialists on how to work with electric 
vehicles, doing so Germany-wide. Among 
their customers are diverse automotive 
suppliers, as well as public transit author-
ities that employ electric buses. The high-
voltage expertise of DEKRA is also in high 
demand in the area of logistics and infra-

Course contents
The visual inspection of 
electrotechnical installations 
is also part of the training

Foundations
Measurement 
essentials are taught 
using a de-energized 
electric vehicle

Legislation surrounding work with high-
voltage vehicles is strictly regulated 
Europe-wide. By having a variety of qual-
ification levels, employees and ultimately 
employers should be able to protect them-
selves. In Germany, Statutory Accident 
Insurance (DGUV) monitors regulatory 
compliance. In line with this, only certi-
fied electrically qualified persons may 
carry out, manage or supervise work on 
vehicles featuring high-voltage systems. 
Accordingly, pressure on the automotive 
industry to provide such specialists is 
high. Even cleaners working in the vicinity 
of high-voltage vehicles must be trained 
in dealing with this technology.

Internal know-how
Other automotive manufacturers are also 
acutely aware of high-voltage technology. 
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High-Voltage Training

structure for the charging of electric vehi-
cles. For example, Dutch company Allego, 
a leading provider of charging solutions.

Gausmann explains a key focal point 
in the first phase of training: “In the field 
of machine-to-person communication in 
particular, operator error must be avoided 
and one’s awareness of hazardous situa-
tions around high-voltage vehicles must 
be honed.” Companies may opt to have 
their employees receive web-based train-
ing from the DEKRA experts. Comprehen-
sion of the fundamentals of electrical tech-
nology is then tested in an exam, success 
in which is prerequisite to admission to 
the subsequent one-day face-to-face class-
room session. Training continues with the-
oretical and practical knowledge around 
the concepts of high-voltage and vehicle 
technology. In addition, training is given 
in protective measures against electric 
shocks. These can occur when, for exam-
ple, a non-insulated tool makes contact 
with a system under voltage or when neces-
sary safety distances are not maintained. 
“The danger is very hard to assess. Unfor-
tunately, electricity can neither be heard, DEKRA TRAINING IN GERMANY

High-Voltage 
Systems in Cars
Four Self-Directed Training Units 
(web-based Subjects) 
•  General tasks without de- 

energizing the high-voltage 
system (HV)

•  Non-permitted work on 
the vehicle

• Electrical hazards and first aid 
•  Fundamentals of electrical 

technology
• Admission exam

Eight Classroom Training Units 
with Practical Element Subjects 
•  HV concept and vehicle 

technology
• Electrical systems and equipment 
•  Protective measures against 

electric shocks and arcing
•  De-energizing and securing 

HV systems
• Determining de-energized status

seen nor smelled,” states Boris Gausmann. 
Arcing also presents a great danger to 
technicians. This refers to the discharge 
of electrically-charged gases between two 
electrodes, and is caused by malfunctions. 
Safety can only be assured if the high-volt-
age system is de-energized. The ability to 
handle high-voltage components is con-
firmed with a DEKRA certificate.

Preventing accidents
DEKRA’s course offerings are in high 
demand in Germany, an indication of the 
high quality of training at the DEKRA 
Akademie, which is responsible for issuing 
these certifications. “It is also an indica-
tion that the industry is very keen to accept 
this support,” says Boris Gausmann. “We 
increase our seminar participants’ aware-
ness of the dangers of high-voltage tech-
nology in order to prevent possible acci-
dents. At voltages of 700 volts and more, 
unfaltering attention is required. A tiny 
mistake can have fatal consequences. Our 
job is to eliminate fear while preventing 
negligence. This way, work with the high-
voltage systems can be performed safely.”

Boris Gausmann
DEKRA Qualification GmbH
Handwerkstraße 15
D-70565 Stuttgart

  +49 711 7861-3669

  www.dekra-akademie.de

Type-specific Certain electric vehicle models need to go on the 
hoist in order to be de-energizedP
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Children and Traffic

Traffic Rules 
Learning it early: 
Red means stop!



RED 
ALERT

Every day, more than 500 children and 
young people die in road traffic accidents 

around the world. The DEKRA Road 
Safety Report 2019 provides 
insight as to the causes, and 

measures to improve this horrific toll.
Text Matthias Gaul
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T he numbers are alarming: accord-
ing to the World Health Organiza-
tion (WHO), more than 186,000 chil-

dren and young people under the age of 
19 die in road accidents each year, equat-
ing to one fatal accident approximately 
every three minutes. In its 2018 annual 
report “Global Action for Healthy Streets,” 
the FIA Foundation (Fédération Interna-
tionale de l‘Automobile) even estimates 
that number to be higher, at 249,000 chil-
dren and young people. Road traffic vic-
tims under the age of 15 – almost 112,000 
according to the Institute for Health Met-
rics and Evaluation (IHME) of the Univer-
sity of Washington, Seattle – account for 
almost 60 percent of the 186,000 deaths 
mentioned above. There are many reasons 

Traffic School
In many regions 
around the world, 
playful traffic 
training sessions 
are offered for 
young children

Focus: Pedestrians 
Through crash 

testing, DEKRA 
demonstrates the 

effectiveness of 
pedestrian-detecting 

automatic emergency 
braking systems

Clemens Klinke, 
Board Member DEKRA SE

“In Germany and 
Europe in particular, 
great progress has 
already been made 
in child road traffic 

safety. But even here, 
there is still great 

potential to improve 
children’s traffic 
safety further”

Clothing
Thanks to jackets with retroreflective elements, the children in the image on 
the right are easily recognized, unlike those without high-contrast clothing

for this, from lack of experience to the 
poor risk assessment and carelessness of 
children and adolescents, as well as insuf-
ficient consideration and the excessive 
speed or distraction of other road users.

Undoubtedly, one of the most impor-
tant tasks in sustainably improving road 
safety is traffic education, which ideally 
begins at the preschool age. Children are – 
due to their cognitive development – often 
unable to make the right decision in dan-
gerous situations. In addition, other road 
users must also be made aware of chil-
dren’s possible behavior in road traffic. 
Parents in particular should always lead 
by example and be aware that they are 
role models for their children – whether 
in crossing the street or wearing a bicy-
cle helmet.

Leading by example
In addition to traffic education, it is 
important to ensure safe road infrastruc-
ture, especially in areas surrounding 
kindergartens and schools. This may, for 
example, be through speed reduction mea-
sures. After all, collision speed is a seri-
ous factor in the severity of injuries sus-
tained in an accident. In addition to good 
infrastructure with well-maintained and 
well-lit streets, speed cameras or appropri-
ate signage of accident blackspots, chil-
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Children and Traffic

dren can also contribute to their own road 
safety. For example, wearing high-contrast 
clothing with retroreflective elements and 
ensuring bicycles have working brakes 
and lights.

As DEKRA has repeatedly pointed 
out in its previous Road Safety Reports, 
human error in traffic situations is a com-
mon cause of accident. Even if it’s just a 
quick tap of the satnav or smartphone, 
changing the radio volume or temperature 
of the air conditioning, those few seconds 
are enough to cover significant distances 
‘flying blind,’ even at low speeds. Were a 
child to suddenly run into the road, it 
would be in mortal peril. Recently, DEKRA 
testing has confirmed that there is great 
potential for automatic emergency brak-
ing systems with pedestrian detection to 
help in these situations.

Saul Billingsley, 
Executive Director, 

FIA Foundation

These and many other facts 
about child road traffic safety 
can be found in the current 
DEKRA Road Safety Report 2019. 
It is available for download at 
www.dekra-roadsafety.com 
in various languages. Additional 
content includes videos and 
interactive graphics.

Today, road traffic injuries are the most common cause
of death worldwide for young people aged five and over.
Where do you see the greatest need for action?
We absolutely must ensure that children are nowhere near dangerous vehicles. 
The best way to do that is, for example, to stop traffic being a danger to 
children by reducing its movement to very low speed – below 30 km/h – in 
places where children are likely to be walking, cycling or playing. Or we could 
remove vehicles from those streets altogether. It is also, incidentally, a vital 
foundation for encouraging fewer car trips by parents and carers, and therefore 
an important contributor to tackling air pollution and climate change.

According to the Institute for Health Metrics and Evaluation (IHME) at 
the University of Washington in Seattle, 85 percent of children under the 
age of 15 killed in road accidents come from low and middle-income 
countries. From your point of view, have the signs of the times been 
sufficiently recognized in these countries?
Many developing countries face an array of difficult social and economic 
problems, so it is understandable that road safety may be low on their agenda. 
But international policymakers – institutions like the World Bank, WHO and 
UNICEF – have no excuse. Unfortunately, they are still moving far too slowly 
to push this onto the agendas of donors and governments alike. This is the 
reason why the Child Health Initiative, coordinated by the FIA Foundation, is 
now working with other institutions to call for a global summit for the health of 
children and young people.

Can African or Asian countries learn anything about road safety
from the EU or the USA? Or do they still have enough homework
to do themselves?
The basic laws of physics – the higher the speed and the heavier the object, 
the worse the damage – are the same everywhere. Every country can 
therefore do something to improve road safety – for example reduce speeds 
and separate different types of road users from each other in terms of road 
construction. One of the lessons that policymakers in the USA and Europe are 
at last understanding – that if you provide more space for cars you get ever 
more car journeys – could and should be applied in the African, Asian and 
Latin American cities where the car is still king of the planning departments, 
and too many high speed urban motorways are still being built. Many cities in 
the Global South are predicted to double in size over the next ten to twenty 
years. This forecast should be taken as an opportunity for even more efficient 
urban planning. In other words, providing affordable public transport, building 
attractive pedestrian and cycling facilities and ensuring that the distribution of 
space is in favor of the majority of people who don’t have access to a car.

INTERVIEW

“ There must  
be no more 
excuses ”
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Innovation

Remapping the Globe
///together.connected.global is not just one of around 57 trillion addresses, but also 

the goal of British firm what3words: user-friendly navigation for everybody.
Text Jana Bronsch-Chassard

Orientation assistance 
Be it on top of a sand dune or in the bright lights of Soho in 
London, this global ‘mesh’ enables precise location definition

J ust three words are enough to specify exactly 
where you are currently located, wherever 
you are on the globe. Be it in the middle of a 

desert, or in a metropolis with a population of mil-
lions, “what3words” has set itself the goal of becom-
ing a global standard for positioning and providing 
address information. To this end, the UK-based start-
up divided the entire Earth’s surface into three-by-
three-meter squares – a total of 57 trillion of them. All 
are provided with a specifically allocated and unique 
combination of three words.

Allocation of the three words was performed by 
an algorithm developed by the company’s found-
ers. That was in 2013. Today, this simple location 
service is used by thousands of companies around 
the world and across a number of sectors, including 
e-commerce, logistics, tourism and travel services, 
the automotive industry, disaster relief and rescue 
services, as well as pizza delivery! Among those that 
have adopted the platform are global players such as 
Mercedes Benz, TomTom, Airbnb and DB Schenker. 
The advantages for users are obvious: DB Schenker, 
for example, optimizes its supply chain by using the 
three-word addresses to specify exact delivery and 
pick-up points in large spaces, such as trade fairs or 
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Phone number for queries

company premises. Airbnb uses the tech to make it 
easier for tourists to find the entrance of their booked 
accommodation in a foreign city.

Yet, the idea for precise location services is far 
from new. Just consider the satellite-supported Global 
Positioning System (GPS). The longitudes and lati-
tudes provide a 16-digit number that can be pro-
vided in three different formats, making sure to get 
all periods and commas correct. Far too cumbersome 

State of emergency
When rapid aid 
is needed, three 
words are enough 
to locate you

for daily use. The what3words algorithm transforms 
GPS data into a user-friendly three-word combination. 
The founders of the mapping system selected 40,000 
words, which mathematically allow for approximately 
60 trillion combinations. For example, the entrance to 
the company’s London headquarters can be found at 
///filled.count.soap. The three-by-three square directly 
adjacent to this is ///deed.tulip.judge. There is hardly 
any danger of confusion when providing a meeting 
point, delivery address or one’s location in an emer-
gency situation. Emergency services in the United 
Kingdom and Saudi Arabia both use the three-word 
addresses to locate people in need.

Today, what3words is available in 35 languages, 
and as a free app for Android and iOS. Once down-
loaded, the application can be used without an Inter-
net connection. The business model is based around 
fees for the commercial usage of the service. The plat-
form is developing too. One of the newest business 
units is dedicated to developing speech-recognition 
based navigation – to anywhere on the planet, with 
just three words.

MASTHEAD
Publisher: 
DEKRA e.  V. 
Communications and  
Brand Management
Publishing Coordinator: 
Stephan Heigl
Editor-in-Chief: 
Dr. Torsten Knödler (responsible 
according to press law)

Project Management: 
Andreas Techel
Editors: 
Jana Bronsch-Chassard, 
Susanne Spotz, Andreas Techel, 
Annika Zuske
Authors: 
Carina Belluomo, Michael Brück, 
Matthias Gaul, Michael Specht, 
Hildegard Suntinger, Regina Weinrich

Translation: 
Alexander Evans
Creative Director: 
Diddo Ramm
Production Management: 
Dennis Bock
Layout: 
Dennis Bock
Photo Editing: 
Olaf Roessler

Publishing Company:
EuroTransportMedia Verlags- 
und Veranstaltungs-GmbH 
ETM corporate publishing
Handwerkstraße 15
70565 Stuttgart
Email: 
solutions@dekra.com
Internet: 
www.dekra-solutions.com

Printed by: 
Dierichs Druck + Media  
GmbH & Co. KG, Kassel
Item No.: 86665
Solutions 3.2019
Cover: 
Cover Photo: Dennis Lewczenko; 
Post Production: Michael Stach

43     DEKRA solutions 3/2019




