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Abstract: The performance of Electric Vehicles (EV) and the efficiency of lithium ion
batteries depend on many parameters among which the ambient temperature plays
an important role. The operation of EVs in extremely cold weather possess a number
of negative effects, like decreased travel range due to increased battery internal
resistance and reduced battery efficiency. Therefore, it is important to introduce a
system, which is able to maintain the batteries in a temperature range, in which Li-
ion batteries can supply power efficiently. Currently, we have several available
technologies which allows to warm-up batteries with minimum losses and in a short
period of time. We will consider some of them and make a general overview and
list the advantages and drawbacks of each of them.
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Introduction

The conventional internal combustion engines (ICEs) are used as a primary
mover in transportation sector, among which the passenger vehicles are the largest
constituent. However, there are many concerns related to ICEs, such as harmful
exhaust pollutant gases that are produced as a result of combustion process and low
fuel conversion efficiency which may peak at 33-35% for gasoline and 40-42% for
diesel engines, while the efficiency of electric motors may reach up to 90-95%.
Battery electric vehicles (BEVS) produce zero tank-to-wheel emission during
electrical to mechanical power conversion, while hybrid or plug-in hybrid electric
vehicles produce significantly less amount of noxious gases, compared with
conventional vehicles with ICE [1]. Therefore, many automotive manufacturers try
to switch to electrification of their vehicles or at least to hybridize the current
available propulsion system with electric motors. The performance of the BEVs and
the efficiency of lithium ion batteries strictly depend on the conditions under which
they are exploited [2]. The aim of this article is to investigate the current available
technologies which make possible to prevent of at least reduce the negative effect of
low external temperature on performance of Li-ion batteries for automotive
application.

Currently available technologies for battery warm-up.

Battery heating technologies can be classified primarily into two main
categories: external heating and internal heating [1]. External heating technologies
can be further divided into two groups: conductive and convective heating.
Generally speaking, external heating technologies involves the implementation of
external device which can produce heat at the expense of battery or external grid
energy and transfer media, which allows the transfer of heat from the source to the
batteries [4]. The transfer of heat can be realized be means of fluid media (either gas
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or liquid, convective heat transfer) or solid media (conductive media). The internal
heating technology takes advantage of high battery impedance (resistance) at low
ambient temperatures [5]. Heat is generated by Joule effect when current is applied,
and is used to warm the electrodes and electrolytes of the batteries. These
technologies make possible the heating of batteries directly without passing through
media, battery cover, and etc., and to obtain a more uniform temperature distribution
among the cells [6].
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Figure 1. Classification of existing preheating strategies based on the location of
heat generation

Therefore, the heat losses are brought to minimum. Finally, all currently

available strategies can be grouped in Figure 1.
2.1 External heating

External heating strategies generally use a heat source outside the battery cell
(e.g., an electric heater or a thermoelectric device) to generate a majority of heat
used for battery warm-up [1]. The heat is then transferred to the battery cells
convectively or conductively to heat them up to pre-specified temperature value,
where the battery system can restore most of their energy and power capabilities.
This can be done at the expense of the energy of battery itself, or the energy of
external power grid. Convective external warm-up technology can be designed by
using air, liquid or heat pump heating strategy. Convective air heating system consist
of battery cells, a fan, an airflow channel and other control components [3]. Air is
initially heated by the heating equipment, which works from the battery energy, and
a fan is responsible to drive the air to battery cells, where air transfers heat by
convection. At the same time, internal heat generation occurs inside the battery cells,
and a combined effect allows much lower heating time and better efficiency.
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Concerning the convective liquid battery heating technology, the heat transfer
coefficients are much higher and thus, heating time is greatly reduced comparing
with the gaseous media [7]. As a result, it is possible to obtain a more uniform
temperature distribution inside the battery cells. This strategy can be implemented
either by immersing the battery pack into dielectric fluid or introduce water jackets
inside the battery pack through which the liquid media can flow. Another strategy is
heat pump convective external heating. It can achieve efficient heating through
reversed Carnot cycle. It can absorb heat from the outside and release to the area,
that is needed to be heated. Overall this process requires a net work input. In
conductive heating, the heat source elements are placed in direct contact with battery
cells, so that it makes possible to minimize heat losses to the environment.
2.2 Internal heating

Internal heating strategy takes advantage of Joule heating. When current is
applied through high impedance load (resistance), heat is produced which is used to
increase the temperature of battery cells. The main advantage of this technology is
the fast warm-up period, simpler layout, minimum heat losses, thus better heating
efficiency and homogeneous heat distribution among the cells. In addition, they
don’t require additional devices, like heater, fan or pump and take advantage of
direct heat generation inside the cells. Overall, this system benefits from less cost,
fuel consumption and system complexity.

Conclusion

The main objective of a battery heating system is to increase the temperature
of battery cells in cold climates in an efficient way and in a short period of time up
to a value at which batteries can restore both energy and power capabilities. There
are a number of available strategies nowadays, which are summarized in Figure 1.
Each of them has both pros and cons respectively. External heating strategies require
external device which is needed to be powered either by batteries or external power
grid. Internal heating systems warm up batteries faster and in a more uniform way,
with other advantages in terms of cost, energy consumption and efficiency and
system complexity.
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