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Abstract: An external heat supply is a necessary factor of human life in northern regions with severe cold
climates. When traveling in modern electric vehicles (EVs), the cabin heater included in the design of the electric
vehicle is used to generate the heat necessary to warm people in the EV cabin. Providing this heat to people in
the cabin of an electric vehicle when traveling on intercity roads, in sparsely populated areas with low traffic, in
winter, at extremely low atmospheric temperatures is a critical factor. For example, an emergency stop of the
electric vehicle (e.g. in the case of a road accident, EV breakdown or battery discharge), followed by the cessation
of heat generation by the cabin heater, can lead to frostbite and death of the occupants of the cabin from exposure
to low atmospheric temperatures. Such an outcome is possible if help (from rescuers, car service, etc.) does not
arrive in a prompt manner, which is likely due to the fact that the nearest settlement from which help can arrive
can often be tens of kilometers away, and traffic on such roads can be one car per several hours, which makes it
not always possible to get help from passing cars. It is not uncommon in northern regions to have heavy
snowfalls with blizzards, which can also force the driver to stop the electric car and wait for help. In this paper,
a backup electric heater for the cabin of an electric vehicle is proposed, which can provide autonomous heat
generation for heating people in the cabin, even if the EV itself is completely inoperable. The backup heater is
designed to use lithium-iron-phosphate batteries in its structure, which are safer than lithium-ion batteries. An
experiment was carried out, providing data on the duration of the backup heater operation at three different
atmospheric temperature ranges (-20°C to -25°C, -30°C to -35°C, and -40°C to -45°C) and the temperatures level
reached in different parts of the EV cabin. Data on the dynamics of temperature decrease in the EV cabin to a
critically low level (after switching off the heat generation source) were also obtained.

Keywords: electric vehicle; heat generator; low atmospheric temperatures.

1. Introduction

Northern regions of the planet, including Norway, Finland, northern provinces of Canada, the
state of Alaska, and northern regions of Russia, such as Yakutia, Chukotka, etc., are a promising
market for electric vehicle manufacturers [1]. However, promotion of electric vehicles in the markets
of the northern regions is currently constrained by a number of factors, including reduction of
reliability and safety of EV operation in conditions of low atmospheric temperatures, including
extremely low temperatures (down to -45°C) [2-5]. Such temperatures are common in these northern
regions during the winter season, and winter in the northern regions lasts longer than in other regions
of the world and often lasts 5-7 months a year.

The average temperature in the northern regions during the winter season is usually -20...-30
degrees Celsius. At such temperatures the electric vehicle elements experience special stresses that
can lead to accelerated malfunctions [6]. The elements most sensitive to low temperatures are those
made of rubber and plastic, the physical properties of which undergo significant changes at low
temperatures: they lose their plasticity, become more brittle and unstable to loads. This results in an
increase in the number of failures in the on-board electronics of the electric vehicle. Energy
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consumption of the electric car battery increases both for maintaining the necessary temperature in
the battery itself and for heating the EV cab, which leads to accelerated battery discharge and
reduction of the total drive range of the electric car. At the same time, the impact of low atmospheric
temperatures on electric vehicle components can be further exacerbated by strong winds, which are
not uncommon in these latitudes.

Currently, the percentage of EVs in the total number of cars sold in the northern regions differs
significantly from the number of EVs sold in regions with temperate and warm climates (Table 1) [7].
Data relative to 2023 are compared using two northern regions and two regions with temperate and
warm climates located in the Russian Federation.

Table 1. % EM in total sales of passenger cars based on different types of power unit in 2023.

Cars with a

Vehicles with hvbrid

Sales volumes (by region) conventional propulsion y ) EV
. propulsion
(fossil fuel)

system

Republic of Sakha (.Yakutla) - 90% 99 <1%
northern region
Krasnoyarsk Kf&u - northern 7% 1% <9
region
Moscow ‘Reglon - fcemperate 79% 17% 49,
climate region

Krasnodar Krai - warm climate 819% 159% 49,

region

According to a survey of individual car owners and professional drivers of cab services
conducted in the northern regions, four main factors deterring the main potential users from buying
and using electric cars were identified (Table 2).

Table 2. Factors deterring the main potential users from buying and using electric cars in the northern regions.

Factors of refusal to buy EV Individual car  Professional drivers

owners of cab services
Insufficient charging and service infrastructure 27% 31%
Reduced EV power reserve at low atmospheric 26% 29%
temperatures
Frequent occurrence of EV malfunctions under 22% 16%
the influence of low atmospheric temperatures
Safety of traveling by EV in intercity trips in 13% 11%
winter season
Risk of EV battery fire 2 5

As is seen from the survey results (Table 2), two of the five factors relate to EV safety. At the same
time, the factor of EV safety in intercity travel in the winter season is specific to the northern regions.

These regions have low territorial population densities, which means that settlements are often
located dozens or hundreds of kilometers away from each other. Traffic on the roads between such
settlements is very low, again due to the low population density and the small number of businesses
in the region. Thus, it is common for only one car to pass along the road in several hours, and in bad
weather traffic stops altogether. On such road sections, the emergency stop of an electric vehicle in
winter (e.g. in the event of a road accident, electric vehicle breakdown or battery discharge), followed
by cessation of heat generation by the regular cabin heater, can lead to frostbite and death of people
in the EV cabin from the effects of low atmospheric temperatures. Such an outcome is possible if help
for their evacuation does not arrive in time, which is quite likely due to the remoteness of the nearest
settlements and sparse traffic. Often in such regions there are heavy snowfalls with blizzards, which
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may also force the driver to stop the electric car and wait for help, for example, rescue teams or car
service. Walking to the nearest settlement is again made impossible by the low atmospheric
temperature, at which a person without special protective gear will get critical frostbite after only a
few kilometers of travel.

Nowadays, some experienced motorists, take portable autonomous heaters running on gasoline
or diesel fuel before driving through such dangerous areas [8]. But the use of such heaters, in turn,
also creates risks for safety, because during their operation they emit carbon monoxide, which can be
toxic if the proper venting of exhaust gases into the atmosphere from the cabin is not organized.
Moreover, the fuel on which such heaters operate is a flammable substance, and handling it requires
special care, otherwise a fire may occur. Often such a portable heater is switched on by drivers in
addition to the regular heater of the electric vehicle cabin because the regular heaters do not provide
sufficient heat generation, as they are often not designed to heat the EV cabin in conditions when
atmospheric temperatures reach -20°C...-45°C.

Various aspects of the theory of ensuring thermal comfort for the driver and passengers in
vehicles, including electric vehicles, were previously addressed in works [9-25], they made a
significant contribution to the development of models of thermal comfort in a vehicle, but they did
not address the problem of reserving a heat source for the cabins of electric vehicles in case it is not
possible to use the standard heating system.

The purpose of this work is to suggest a method of providing additional or alternative heat to
the cabin of an electric car, operated in the northern regions of the planet at extremely low
atmospheric temperatures (up to -45°C), based on the use of a safe energy source - electricity.

2. Materials and Methods

To solve the problem of providing heat to the cabin of an electric vehicle operated at extremely
low outdoor temperatures (down to -45°C), we have developed a backup cabin heater powered by
electric energy. Taking into account that connection of the backup heater to the regular battery of the
electric vehicle will accelerate the discharge of this battery and reduce the range of the EV [26-28], we
have chosen the option of connecting the backup heater not to the regular battery, but to an
independent source of electrical energy. The structure of the backup heater included an energy
module containing 3 lithium-iron-phosphate batteries (LiFePO4) with a capacity of 100 Ah each. The
total capacity of the module was 300 Ah. Lithium-iron-phosphate batteries were chosen for a number
of reasons: non-flammability, durability (service life is >2000 operating cycles), and frost resistance
(batteries operate stably at temperatures from -45°C to +45°C).

Heat sources in the structure of the backup heater are 3 heat generators: 2 with a capacity of
200W and 1 with a capacity of 150W, operating from a 12V power supply. The principle of operation
of the heat generators is as follows: air is heated by electric heating elements, which blow out heated
air with the help of built-in fans. Locations for generators in the cabin were chosen based on the
analysis of the coldest and most problematic zones, from the point of view of heating in the cabin of
an electric car. One zone is the area around the driver's and front passenger's feet, and the second
zone is the windshield area. The windshield is particularly susceptible to frosting on the inside due
to the constant exposure of the windshield to external low atmospheric temperatures. Frosting-up on
the inside of the windshield reduces the driver's visibility significantly and often makes driving an
electric vehicle impossible.

As a result, the structure of the developed electric vehicle cabin backup heater included 8
elements (Figure 1).
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Keys:

1 — energy module (to accommodate batteries);

2, 3, 4 - lithium-iron-phosphate batteries (LiFePO4);
5 —electric cable;

6 — cable splitter;

7 —heat generator (200Bt 12V);

8 —heat generator (150BT 12V).

Figure 1. Structure of the EV cabin backup heater.

Recharging of batteries located in the energy module can be carried out both from the stationary
220V power supply network and simultaneously with charging of the electric vehicle from the
stationary charging station. For this purpose the parallel charging cable is provided in the structure
of the backup heater (Figure 2). Starting the backup heater is carried out by the driver by pressing the
starting toggle switches located on the heat generators. The following scheme of arrangement of
backup heater elements in an EV is proposed (Figure 2).

! EUY
’ 4 N N \
’ \
Energy module ’ 1 R
7 : Heat generators
Parallel charging cable Heat generator power supply cable

Figure 2. Location of the backup heater elements.

In order to evaluate the extent to which the backup heater solves the specified problem of
providing heat to the cabin of an electric vehicle operated at extremely low street temperatures (down
to -45°C), the method of field experiment was chosen. The field experiment should provide data on:
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a) the duration of the backup heater operation; b) the temperature level in the electric vehicle cabin

achieved by heat generation by the autonomous heater; c) the dynamics of the temperature drop in

the EV cabin to a critically low level of 0°C (after the heat generation source is turned off). The data
should be obtained at three ranges of atmospheric temperatures: -20°C to -25°C, -30°C to -35°C, -40°
to -45°C.

e  The experimental application of the backup heater was performed on two electric cars - No. 1
and No. 2 (Nissan Leaf brand). The experiment was conducted at the test site of the North-
Eastern Federal University (Yakutsk, Russian Federation), in winter, at three ranges of
atmospheric temperatures:

e -20°C...-25°C;

. -30°C...-35°C;

o  -40°C...-45°C.

At the first stage of the experiment, the dynamics of the temperature level drop in the electric
car cabin after the regular heater is turned off was measured. The measurements were carried out
simultaneously on electric cars No. 1 and No. 2, which were in the mode - P. These measurements
allow us to obtain information about how much time passes from the moment when the regular
heater is switched off to the moment when the air temperature in the EV cabin drops to a critically
low level (-0°C), after which it is necessary to have a working source of thermal energy in the cabin
to protect people from hypothermia.

At the second stage of the experiment, we made three measurements of the backup heater
operation duration at the same three ranges of atmospheric temperatures: -20°C...-25°C, -30°C...-35°C,
-40°C...-45°C. Measurements were carried out simultaneously on electric cars No. 1 and No. 2. During
the measurement, the electric vehicles were stationary with the regular heater switched off. Before
switching on the backup heater, the air temperature in the cabs of electric vehicles was within the
range of +10°C to -14°C. Such measurements make it possible to obtain data on the duration of the
backup heater operation at different atmospheric temperatures.

In parallel, at the 2nd stage, the air temperature was measured in different points of the electric
car cabin to assess the capability of the heater to maintain a sufficient temperature level.
Measurements were made in 12 points: points 1-4 - the front part of the headrests of the driver and
passengers; points 5-8 - the seat of the driver and passengers in the area of the human pelvis; points
9-12 - in the area of the shins of the driver and passengers, the location of points, clockwise, starting
from the driver. Temperature was measured after 30 minutes of uninterrupted operation of the
backup heater.

In addition, at stages 1 and 2, wind speed and air humidity were measured in parallel with the
main measurements in order to assess the general climatic conditions during the experiment.

To complement the experimentation, a mathematical method can also be used to calculate the
operating time of the backup heater at other levels of atmospheric temperatures. For example, when
the heat generators and batteries are connected in parallel, their power and capacity are respectively
added up, thus obtaining P =200 +200 + 200 + 150 = 550 W and C =100 + 100 + 100 + 100 = 300 a/h. Let

us use the formula (1) to find the battery capacity at the temperature of 15°C:
Ce
Cf = m (1)
Where: Ctis the value of the capacity of the set discharge mode at the battery temperature at the
end of discharge other than t = +20°C;
te is the temperature of the battery electrolyte;
a is the temperature coefficient;

Ce is the actual capacity of the battery at a temperature other than t = +20°C.

After all calculations we have a battery capacity of 273 a/h. Using the formula:

T=10*C/P (2)

we obtain the result that the backup heater at the air temperature in the place of installation of
the power module in the EV cabin of 15°C, will operate for 5.9 hours.
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3. Results

The results of measuring the dynamics of temperature level drop in the cabin of electric cars No.
1 No. 2, after turning off the regular cabin heater, obtained at the first stage of the experiment, are
shown in Figure 3.
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Figure 3. Dynamics of the temperature drop in the EV cabin after the regular cabin heater is switched off.

Figure 3 shows that the critically low air temperature level (-0°C) in the EV cabin is reached
within a time range of 7-17 min (depending on the ambient air temperature), after which the EV cabin
needs to resume operation of the thermal energy source to protect people from hypothermia.

The results of measuring the duration of the backup cabin heater operation obtained at the
second stage of the experiment (at atmospheric air temperature of -20°C...-25°C, wind speed of 1-5
m/s and air humidity of 73.9%) are shown in Figure 4.

450
400 382 375
350
300
250
200
150
100
50
0

m EV Nel

Minutes

m EV No2

Figure 4. The results of measuring the duration of the backup cabin heater operation (at -20°C...-25°C).

The results of measuring the duration of the backup heater operation, at the atmospheric air
temperature of -30°C...-35°C, wind speed of 1-5 m/s and air humidity of 75.2% are shown in Figure 5.
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Figure 5. The results of measuring the duration of the backup cabin heater operation (at -30°C...-35°C).

The results of measuring the duration of the backup heater operation, at the atmospheric air
temperature of -40°C...-45°C, wind speed of 1-5 m/s and air humidity of 71.6%, are shown in Figure
6.
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Figure 6. The results of measuring the duration of the backup cabin heater operation (at -40°C...-45°C).

The median operating time of the backup heater at various atmospheric temperatures is shown
in Figure 7.

390
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360 m -20°C...-25°C
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330

320
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Figure 7. The results of measuring the duration of the backup cabin heater operation.

The results of the second stage of parallel measurement of air temperature at different points
in the electric vehicle cabin are presented in Table 3. The data in Table 3 includes median values for
EV 1 and EV 2. The temperature measurement was started after 30 minutes of continuous operation
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of the backup heater. Measurements were taken at 12 points: points 1-4 were the front of the driver
and passenger head restraints, points 5-8 were the driver and passenger seats around the human
pelvis, and points 9-12 were the driver and passenger shins (point locations, clockwise, starting
with the driver).

Table 3. Data on the temperature at different points in the electric vehicle cabin, under the operation of the
backup heater.

Temperature in EV cabin

Measurement point At atmospheric At atmospheric At atmospheric

temperature - temperature temperature
20°C...-25°C -30°C...-35°C -40°C...-45°C

1 14 12 11

2 14 12 10

3 13 12 9

4 14 11 10

5 13 10 9

6 13 11 9

7 11 9 6

8 12 8 7

9 11 9 9

10 11 8 8

11 9 6 4

12 8 6 3

4. Discussion and Conclusions

This paper proposes a method of providing heat to the cabin of an electric vehicle operated in
the northern regions of the planet at extremely low atmospheric temperatures (down to -45°C). The
method is based on generation of heat by a backup cabin heater. The heater allows the solution of
one of the main problems of traffic safety in northern regions - it is the emergency stopping of an
electric car on a road section, remote from populated areas, in conditions of low atmospheric
temperatures, with the subsequent stoppage of the regular cabin heater, which threatens EV
passengers with critical frostbite. As shown by our measurements, the temperature in the cabin of an
electric vehicle after switching off the regular heater drops to critically low values (-0°C) in 18 minutes
at atmospheric temperatures of -20°C...-25°C, in 12-13 minutes at -30°C...-35°C, and in 9-10 minutes
at -40°C...-45°C. After that, the low air temperature leads to hypothermia of people in the EV cabin.
The use of an emergency heater will provide the EV passengers with warmth while waiting for help.
Under standard weather conditions, the time of arrival of help from a nearby settlement is 60-180
min, and it was experimentally established (Figures 3-5) that the operation time of the heater is 334-
378 minutes depending on the atmospheric air temperature.

The second task that can be solved by the developed backup heater is to maintain a comfortable
temperature in the cabin of an electric vehicle when the heat generated by the regular cabin heater is
insufficient. In most modern EVs, the heat generated by the regular heater is insufficient at
atmospheric temperatures below -25°C. In such conditions, both regular and backup heaters can be
used in parallel.

The third task solved by the backup heater is to increase the electric vehicle's drive range, which
is realized on the basis of saving the charge of the EV's regular battery. This saving is achieved by
using not the regular heater (which is a significant energy consumer of the electric vehicle's regular
battery) to heat the EV cabin, but by switching this function to the backup heater.

The structure of the backup heater considered in this paper provides for the use of three batteries
and three heat generators in a 3x3 scheme. This structure is designed for an electric car of sedan class.
But the structure of the heater is dynamic and can be extended, for example, the structure can be
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increased to 5X5, in case of using the backup heater on electric vehicles with a larger cabin - vans or
off-road vehicles.

As can be seen from the results of temperature measurements in different points of the EV cabin
(Table 3), the lack of heat when the backup heater is operating is observed in the area of the rear
passengers' feet. This problem can be solved by modifying the design of the 200W heat generators.
The heat generators have two nozzles each for the heat flow. It would be optimal to change the design
to a multi-directional design, so that one heat flow is directed to the driver's or front passenger's feet
area and the second heat flow is directed to the rear passenger's feet area (Figure 8).

heat flow is directed to

heat flow directed to the
the rear passenger's feet

driver's or front passenger's
area

feet area

Heat generator ]

Figure 8. Optimal heat flow distribution in 200W heat generators.

The back-up heater is mobile and can be freely moved from one electric vehicle to another. For
example, it can be used by different drivers on a “take-away” basis, where the driver takes the heater
from a “Rescue Container” installed at the beginning of a dangerous section and returns the heater
to a similar container at the end of the dangerous section of road. The rescue services fill the “Rescue
container” with food, equipment, etc., i.e. with everything that drivers can take with them before
driving along a dangerous road section and that will help them survive in case of a forced stop,
including in difficult weather conditions, at extremely low atmospheric temperatures, until help
arrives. Rescue containers are becoming increasingly common on road sections in northern regions,
where distances between settlements are 30 km or more. Such road sections are subject to heavy
snowfalls, blizzards and ice, which can force drivers to stop on the road. Often such roads are in forest
or mountainous areas, which can also delay the arrival of rescuers to the stopped vehicles. There is
very little car traffic on such sections, and this creates the risk that a broken-down car will not receive
help from other drivers traveling on the same road. After passing a dangerous section of road, drivers
return the equipment they have taken to the same “rescue container” located at the other end of the
road section.

The use of a back-up heater does not involve any modifications to the electric vehicle, which is
important to maintain the validity of the manufacturer's warranty and insurance.

In the event that a malfunctioning electric vehicle (with a non-operating heater) is stopped on
the road with the regular battery still charged, this charge can also be used to operate the backup
heater. The backup heater can be connected to the EV battery via the cigarette lighter socket (Figure
9). This will increase the amount of time the people in the EV cabin can receive the heat generated by
the backup heater.
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Keys:

1 - cigarette lighter socket;

2 —electric cable;

3 — cable splitter;

4 — heat generator (200Bt 12V);
5 — heat generator (150Bt 12V).

Figure 9. Diagram for connecting the backup heater to the standard EV battery via the cigarette lighter sockets.

Equipping an electric vehicle with a backup heater, proposed in this paper, will increase the time
during which people can stay in a malfunctioning EV or one blocked by snowfall at below zero
temperature waiting for help by 5-7 hours (depending on the atmospheric temperature), when using
the battery energy of the backup heater, and for a longer time, when further connecting the heater to
the regular battery EV according to the scheme shown in Figure 9.

A promising direction for the continuation of this work is the development of an electronic unit
to control the power of the generated heat flow in order to maintain an optimal level of air
temperature in the EV cabin, which will reduce energy consumption and increase the operating time
of the backup heater.
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