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Electric mobility with battery electric vehicles

• The goal is climate-neutral mobility by 2050 at the latest 

- in line with the Paris climate targets.

• EU “Fit for 55” aims to reduce greenhouse gas 

emissions by 55 % per 2030 compared to 1990 levels.

• According to the German association of the automotive 

industry (VDA), the rapid ramp-up of Electromobility 

(BEV & PHEV) has a clear priority until 2030. This 

applies to passenger cars and light commercial vehicles. 

In the next few years, the industry will invest more than 

€ 50 billion in this technology. 
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Lithium-ion (Li-ion) batteries in battery electric vehicles

• 18650 cell is the most used Li-ion cell

• capacity of around 3450 mAh

• Voltage of 3.6 V

• Diameter of 18 mm

• Length of 65 mm 

• Tesla is currently using 2170 cells and will 

use 4680 cells after 2023

• Li-ion have high power density, high energy 

density, and low self-discharge rate 

compared to other battery technologies.

• Operating temperature is essential for the 

Li-ion cells to deliver the best performance 

and lifetime.
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Source: Panasonic

Source: Korthauer



Thermal management in electric mobility

• Battery cells always have an inner power loss. 

The cell must be possible to dissipate this heat.

• Five traditional indirect cooling concepts are:

• Air cooling

• Bottom cooling

• Side cooling (active or passive)

• Arrester cooling

• Direct cooling:

• Direct contact between the coolant and the 

battery

• shows that due to the direct contact between 

the coolant and the battery the lowest mass 

flow rates are necessary
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Thermal direct oil management

• Transformers between 10 to 630 kVA are 

cooled with oil

• The oil used in such transformers are either 

mineral oil-based or synthetic insulating 

fluids.

• The oil enables good electrical insulation 

and direct cooling of the windings.

• This thermal direct oil management for 

cooling and heating can also be applied on 

Li-ion cells.
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Source: Hasan
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Silicone oil

• The advantages of synthetic insulating fluids over mineral oil 

are: 

• their thermal resistance 

• low flammability 

• environmental compatibility

• non-hazardousness to water

• An example of such a synthetic insulating fluid is silicone oil:

• is a colourless liquid with the appearance of water

• chemically stable in terms of ageing and heat 

• Kinematic viscosity is given in the production of the oils 

by the length of the molecules

• volatility and thus also the flashpoint is directly coupled 

with the viscosity
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Viscosity at 25°C 5 mm2/s
Specific gravity at 25°C 0.91 g/cm3

Flashpoint at (closed cup) 120 °C
Surface tension 19.7 mN/m
Expansion coefficient 1.15∙10-3 cm3/cm3K
Specific heat >1.63 J/g
Thermal conductivity 0.12 W/mK
Dielectric strength 14 kV/mm
Volume resistivity at 25°C 1∙1015 ohm/cm

Source: Getty



Electric motorcycle ethec alpha

Battery:

• 1260 Li-ion 18650 cells

• 14S45P with two modules

• 15,4 kWh capacity

• approx. 400 km range

Electronics & Motors:

• 2WD wheel hub motors

• 8 kW front and 14 kW back

• 22 kW continuous power

• up to 50 kW peak power
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Flow analysis in the battery of ethec alpha

• The battery cells are arranged hexagonally, as this 
achieves around 13 % better space utilisation than a 
square arrangement.

• There are some discontinuities in the flow velocities in 
the lower rows of the battery cells.

• Care must be taken to ensure that the cells have 
approximately the same temperature at the inlet and 
outlet.

• It is also necessary to consider the peripheral areas, as 
the degradation of the weakest cell in a parallel circuit is 
critical for the degradation of the entire battery.
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Flow analysis in the battery
of ethec city

• The black area in the left illustration 

represents the insufficient velocity. This 

means that in these areas the oil flows 

only very slowly or not at all and 

therefore the cells are not conditioned 

sufficiently. 

• This was adjusted by optimizing the 

wall distance in the figure on the right.

• Furthermore, the cell is divided into 3 

main modules as visible in the figure.
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Electric motorcycle ethec city

• Further development of the 

ethec alpha with: 

• Improved sealing 

concept

• Less weight

• Self developed motor 

with integrated in-hub 

inverter

• General efficiency 

improvements

• Different manufacturing of the 

battery housing
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Thermoelectric cooling and heating

• The cooler consists of 8 cooling channels with 3 Peltier 

elements per gap. The Peltier elements have 

dimensions of 50 mm x 50 mm x 3.75 mm.

• With Peltier cooling, a lightweight and modular cooling 

concept without moving parts are found.

• The housing is additively manufactured from aluminium

using a laser-sintering process.

• Four temperature sensors measure the counterflow 

heat exchanger
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Thermal management performance

• Maximum load case of a motorway journey at 

an outside temperature of 30°C results in 

energy demand on the engine of 7.1 kW, 

which in turn requires a cooling power of 2 kW 

from the entire system to be able to keep it at 

the optimum temperature.

• The battery can be heated from 0°C to 21°C 

within about 4 minutes.

• The battery management system (BMS) is 

also integrated directly into the battery 

housing.
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Reliability

• Environmental compatibility of the materials and cooling liquids 

plays a role in sustainable mobility applications.

• Particles in the cooling liquid must not increase the insulating 

properties of the silicone oil.

• The sealing is still difficult to manufacture for such large 

surfaces and thin viscous oils with good creep abilities.

• Lifetime testing is not done so far for the whole motorcycle.
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Conclusion and outlook

• asdf
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• The main goal of efficient cooling and heating of 

the power electronics and to ensure a low 

degradation of the 18650 cells is achieved.

• The properties of silicone oil towards 

sustainable power electronics conditioning in 

electric mobility are elaborated.

• Further research should be done in alternative 

insulating liquids with proper sealing 

technologies and the upcoming bigger 4680 Li-

Ion cells.


