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Electro-mobility - system and components, experience 
and development perspectives

 Motivation and introduction

 Electric vehicles - physical and technical description

 Charging technologies and connections

 Electro-mobility as a system

 Reference projects in Germany
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Motivation

 Electro-mobility objectives:

 Climate protection: - emissions’ reduction from conventional vehicles
- further expansion of renewable sources and CO2 minimization 

 Ensuring mobility in individual and public transport

 Current state and scenarios of E-mobility development

 70.000 EVs in 2016

 Min. scenario is:

- 2,5% in 2020 

- 15% in 2030 

of German vehicles

Electricity storage by region in 
2011 and 2050 Source: IEA Source: Elektromobilität, RWE

EVs in Germany by 2030
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Mobility development roadmap

Conventional 
vehicle

Parallel
hybrid

Power-split
hybrid

Series
hybrid

Electric
vehicle

+

-

Inverter

Battery

Electric motor

Auto coupling

Internal combustion engine

Fuel tank

Transmission

Differential

+

-

+

-
+

-
+

-



© Fraunhofer IFF, Magdeburg 2017
Univ.-Prof. Dr.-Ing. Michael Schenk

5

Efficiency in the energy conversion chain

Efficiency depends on components considered conversion chain and operating point of 
the components

 Battery-efficiency  (temperature, power / current)

 Inverter- efficiency (voltage, current, frequency)

 Motor- efficiency (speed of rotation, torque, current)

 Transmission- efficiency (speed of rotation, torque) ≈ const. 
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Electric vehicles – state of the art

AUDI A3 e-tron

BMWi3

Citroen Berlingo

Citroen C-Zero

Ford Focus Electric Kia Soul EV
Mercedes B-Klasse

Electric Drive

Mitsubishi i-MiEV

Nissan e-NV 200

Nissan Leaf (2012)

Opel Ampera

Peugeot iON

Renault ZOE 
(2013)Smart fortwo

electric driveTesla Model S 90D

Volkswagen e-Golf

Volkswagen e-up

190 km
12,9 kWh /100 km

State of the art

120 km
21.0 kWh /100 km

150 km
12.6 kWh /100 km

162 km
15.0 kWh /100 km

212 km
14.7 kWh /100 km

200 km
16.6 kWh /100 km

150 km
13.5 kW h/100 km

170 km
no information

175 km
17.3 kWh /100 km

83 km electric + 420 km range extender
16.9 kWh /100 km, 1.2 l/100 km combined

150 km
12.6 kWh /100 km

210 km
14.6 kWh /100 km

50 km electric+890 km with range extender
11..4 kWh /100 km, 1.5 l/100 km combined

160 km
11.7 kWh /100 km

190 km
16,7 kWh/100km

560 km
no information

145 km
15.0 kWh /100 km

Renault  Kangoo Z.E
170 km

14.0 kWh /100 km
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Mobile energy storage vs. distribution grid
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Charging technologies and connections

Proposal from Germany; EU-standard

to 70A 
(17kW)

to 16A 
(3,6kW)

to 32A 
(14,5kW)

to 63A 
(44kW)

to 16A 
(3,6kW)

to 32A 
(7,2kW)

to 16A 
(11kW)

to 63A 
(44kW)

>50kW
to 

35kW
>50kW

to 
3,6kW

1~P 1~P 3~P 1~P 3~P

plug type 1 plug type 2 CHAdeMOplug type 3
plug

type 2
combo- plug 
(Basis: type 2)

AC- charge
incl. feed in

DC-charging
stationary

(small capacities)

inductivebattery changecable connected

electric vehicle charging method

off-board 
charger

off-board 
charger

on-board 
charger



© Fraunhofer IFF, Magdeburg 2017
Univ.-Prof. Dr.-Ing. Michael Schenk

9

Electro-mobility standards

IEC - International Electrotechnical
Commission
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Systematic approach - development stages and 
infrastructure of electro-mobility network

Zasobniki energii
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Development and testing of ICT-based key technologies for an 
efficient implementation of electric mobility into the smart grid

Main focus:

 Maximizing the use of 
RES
 Economic viability

 Contribution to stability 
of electrical networks 
with a high proportion 
of renewable energy 
 Security of supply

 unlimited CO2-
minimized mobility for 
people
 Climate protection 

Reference project
Harz.EE-mobility
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Levels of the E-mobility system –
level 1– logistic infrastructure

 Preparation of a proper charging infrastructure 

 Driver information system

 Optimized locations of public and semi-public 

charging spots

 Home charging capabilities for the e-car user
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Levels of the E-mobility system –
level 2– electric power system

 Increased security of supply

 Maximized usage of RES

 Optimized grid operation through mobility 

forecast
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Levels of the E-mobility system –
level 3– information and communication infrastructure

 Providing information from and to 

interfaces of all components in the 

Harz.EE-mobility system
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Architecture and components of 
the system

mobilne centrum kontroli

E-Auto

System telematyczny

Combox

System informowania
kierowcy

System 
prognozowania

interfejs
IEC 61970

interfejs 
IEC 61581
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ładowania

(mobile phone)

Stacja 
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interfejs 
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Harz.EE-mobility
Results and pilot test 
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 Development of open source 
reference implementation of 
standard ISO/IEC 15118

 Development of automated test 
system for conformity investigation 
and standard product development

 Technology transfer and supporting 
of SMEs

 Input to standardization bodies 
(DIN, DKE, NAAutomobil) und zu
internationalen Gremien (ISO, IEC)

Reference project
eNterop - Standardization for e-mobility
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Summary

 Changes in distribution networks, RES and electro-mobility

 Potential of electric vehicles

 Electro-mobility as a system and its components

 Ensure user mobility

 Climate protection

 Electro-mobility as an active element of the power system

 Providing services and supporting the system
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