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ABSTRACT 

The basic questions of the integrated environmental safety and energy conservation issues in the transport sector 
of Russia and the world as a whole are viewed in this scientific article. The usefulness of hybrid and electric vehicles is 
shown. Modern types of accumulator cells used in hybrid and electric vehicles were examined. The main stages of 
development, manufacturing and testing of complex accumulation and energy storage system for the driverless electric 
vehicle of FSUE NAMI were analyzed. The main aspects of operation of the electric vehicles at low ambient temperatures 
were considered. The results of the laboratory tests for the accumulation and energy storage system with thermostatic 
system were shown. 
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1. INTRODUCTION 

Currently, most of the world's automotive 
countries are trying to find the solution of the integrated 
environmental safety and energy efficiency issues by 
emission regulation of CO2, as well as by the 
implementation of vehicles with alternative energy 
(vehicles with hybrid power generation systems, electric 
cars, vehicles, fuel cell and a lot others). 

Directions of the development of electric 
vehicles, vehicles with the hybrid power generation 
systems and their components are the most optimal from 
the point of view of solving of the big cities' 
environmental issues (population is over 5 million people), 
megaregions (resort zone) and tunnels with heavy traffic 
flows, taking into account more and more increasing 
requirements on emission of the harmful substances and 
CO2 greenhouse gas reduction. 
 
2. RESEARCH METHODS 

The study used the research methods of system 
analysis including methods of decomposition and 
optimization of technical solutions. This method is based 
on the use of thermoelectric module on the basis of Peltier 
effect. 

3. MAIN PART 
The development of vehicles on electricity is one 

of the most promising directions in the alternative energy 
sector. Their use allows reducing fossil fuel consumption 
and diminishing the harmful effects of transport on the 
environment. Energy storage devices for electric traction 
in vehicles are typically the electrochemical batteries. At 
the current stage of the development, even modern 
lithium-ion batteries have limited energy intensity per unit 
of weight that makes it impossible to provide the 
autonomous run of the electric vehicle equal to the 
autonomous run of conventional vehicle with internal 
combustion engine while using a consumer battery of an 
adequate size. 

The selection of the type of electrical energy 
storage has a particular significance in the design of an 
electric vehicle. Modern batteries have better specific 
characteristics compared to other battery chemistries 
(Table-1). However, electric cars are trailed traditional 
vehicles in the ratio of the total mass and the transported 
actual load [1,7,10,11]. 
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Table-1. Performance characteristics of various battery chemistries. 
 

Theoretical Practical 

Battery type Vmax 
Charge capacity 

Ah/g 

Energy 
density 
Wh/kg 

Vnom 
Energy 
density 
Wh/kg 

Energy 
density 
Wh/L 

Lead-acid 2.1 0.12 252 2.0 35 100 

NiCd 1.35 0.181 244 1.2 40 90 

Ni-MH 1.35 0.178 240 1.2 80 220 

Li-NiCo 4.1 0.109 448 3.8 200 420 

IMR 3.5 0.122 426 3.0 150 400 

LiFePo4 3.65 0.111 405 3.4 115 255 

LiTiO 2.8 0.09 252 2.5 75 150 

Li-S 2.5 0.341 950 2.15 400 365 

Sodium metal 
chloride 

2.6 0.22 572 2.5 120 190 

Zinc-air 1.6 0.82 1312 1.2 400 900 

Magnesium-air 3.1 2.2 6820 1.4 800 1390 

Lithium-air 3.4 3.68 13124 2.7 2500 3750 

 
In electric vehicles, a traction battery functions as 

a fuel tank. At the same time it is a "trouble spot" of this 
kind of alternative transport. Batteries of which the 
accumulator unit consists of, even a modern lithium-ion 
one, have relatively low rates of specific power and 
specific energy consumption. For autonomous run of the 
electric vehicle on a single charge, comparable with the 
run of the traditional vehicle with an internal combustion 
engine (ICE), a battery of high energy consumption and, 
consequently, of a large mass is required. 

Usually in electric vehicles the rechargeable 
batteries with specific energy of the order of 110 ÷ 150 
W·h/kg are used. At assembly the traction battery of them, 
power consumption will decrease because of the additional 
elements – jar, cooling system, monitoring system. It will 
take not more than 120 Wh/kg taking into account the 
efficiency coefficient of performance (COP) of the electric 
motor drive (85% on average). Energy density of gasoline 
(at the lower calorific value of a combustible) is 12.000 
Wh/kg. With the coefficient of efficiency of the thermal 
engine which is in the range of 10 ... 36%, the energy it 
generates from 1 kg of fuel is 1220 ... 4400 Wh/kg, which 
is 8 ... 28 times much than the energy stored in the traction 
battery. Thus, for autonomous run of the traditional 
vehicle fuel tank having a volume of 40-45 L, the electric 
vehicle shall have a mass of about 1000 kg which is not 
acceptable neither technically nor economically [9, 12-15]. 
The solution of this problem by increasing the battery 
capacity leads to higher cost and increase of vehicle 
weight, which in turn increases the energy consumption 
for overcoming the movement resistance forces. In 
addition, the large traction battery has a prolonged period 
of 8 hours charge on average. 

All this gets more complicated if the electric car 
is used in adverse climatic conditions, in the countries 

where the winter air temperature is negative from 0°C to -
30°C. 

The climatic conditions of the Russian Federation 
are among the toughest in the world. For example, in 
Moscow winter temperature can be -300C, and in Irkutsk -
500C. At the same time the Russian Federation has a vast 
territory and long distances between cities. The lithium-
ion battery systems can be operated in a quite wide range 
of temperatures, but there are extremes we should 
remember all the time, especially in countries with a cold 
climate and variety of time zones such as Russia. The 
inherent disadvantages of the electric car multiplied by 
climatic features of the countries with a cold climate 
exacerbate the problems hindering the popularization of 
electric transport. 

Negative characteristic of the lithium batteries is 
that they are very poorly adapted to the freezing 
temperatures. Typically, they admit discharging at 
temperatures below -10 ... -20°C (with decreasing capacity 
and current output) and charging at temperatures above 
zero only. 

Batteries suffer from the cold for the reason that 
the electricity liquid which is a conductive substance of 
the electric accumulator providing the electric power 
between the positive and negative pole, thickens in cold 
weather, so the electrochemical processes become slower 
in the battery. The bad conductivity of the electricity 
liquid increases the internal resistance of the battery 
system which provides much less energy at the output 
[6,8]. 

The lithium-ion batteries are being charged quite 
well at low temperatures above zero, but they also can be 
plug in for fast charging at the temperature range of 5-
45°C. Charging and discharging processes are being well 
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at high permissible temperatures (till 45°C), but it 
decreases the battery lifetime. 

At temperatures below +5°C it is necessary to 
reduce the charging current. The charging is not allowed at 
temperatures below 0°C. In this case the external changes 
are not observed but the chemical processes needed for the 
correct battery operation will be broken, which may result 
in permanent damage to the battery. During charging at 
this temperature, the lithium metal particles may reach the 
anode. This coat is not lost at the charging/discharging 
cycles [2-5]. The batteries with this coat are less breakage-
proof and can lose their efficiency at vibrations. 

Currently, the experimental model of driverless 
electric vehicle was designed, developed and tested at the 
Central Scientific Research Automobile and Automotive 
Engines Institute, abbreviated as NAMI (Figure-1). 
 

 
 

Figure-1. Driverless electric vehicle. 
 

The energy accumulation experimental system 
was developed for this vehicle. It designed for checking 
and studying of the developed technical solutions in 
providing electric energy for the traction module. The 
developed energy accumulation experimental system 
consists of three battery modules and eight sub-modules of 
12 accumulator cells each. 

The energy accumulation experimental system 
includes an environment monitoring board and a board of 
active balancing that works on the principle of flyback 
transmission accumulated in the primary side of the 
balancing torque converter. 
The monitoring system provides: 

- Tracking set parameters of accumulators and 
accumulator battery (for example, voltages, currents, 
temperatures values). Specific necessary parameters are 
determined by the accumulator battery developer and with 
regard to the customer's requirements when it targets to a 
particular customer. 

- The defined algorithm for the accumulator 
battery operation for the purpose of its safe exploitation 
and improving its performance (for example, emergency 
stop of AB accumulators from charging or discharging 

external circuits at excessive currents; reconnection at the 
installation of acceptable levels). 

- Transferring information to the user (visually or 
via the communication interface) about the values of the 
monitored parameters. 

- The possibility to adjust the parameter settings 
by user. 

- Other AB functions performing controlled by 
the developer to provide the optimal modes of charging, 
discharging and consumer characteristics. 

The data are transmitted via the CAN channel 
providing galvanic isolation of metering and balancing 
circuits up to a voltage of 600 V. 

The experimental electric power storage system 
includes 96 accumulator cells such as AMP20M1HD-A 
type. Rated voltage is 316.8 V, the energy intensity is 27 
kW/h, and the total internal resistance is 57.6 milliohms. 
The physical form of the experimental electric power 
storage system is shown in Figure 2. 
 

 
 

Figure-2. 3D model of energy storage system. 
 

When designing the power storage system based 
on the lithium cells, their temperature change was taken 
into account, depending on the performance modes and 
ambient temperatures. 

To solve this issue the thermostatic system was 
developed using the Peltier thermoelectric elements. Also, 
the method of calculation of heat transfer has been 
developed which allows calculating the necessary 
parameters of these elements. 

For studying the operating temperatures of the 
accumulator modules in the designed thermally insulated 
tankages, the preanalysis of heat loss at different ambient 
temperatures and at thermostatic temperature of +100C 
was conducted. The characteristic curves obtained by 
using foamed polyethylene (curve 1) and airgel of Cryogel 
Z type (curve 2) are shown in Figure-3. The tests carried 
out in a climatic chamber showed that the convergence 
with the calculated data is not worse than 4%. 
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Figure-3. Capacity of thermal losses at low temperatures. 
 

For further calculations, considering the real low 
capacity of heat transmission, we assume that the heat 
exchange of the internal environment of the developed 
tankages with the external environment is small at positive 
ambient temperature, so we can neglect it. This 
assumption will lead to a slight error in the calculations 
but this will not have a significant impact on the final 
results of the calculations. 

The thermal efficiency calculation was performed 
based on the movement while the driving cycle according 
to UNECE Regulation No 83. For this case, the 
discharging and charging characteristics of the 
accumulator battery are shown in Figure-4. 
 

 
 

Figure-4. Results of the computational research of input 
and output streams in energy storage battery of the 

developed vehicle. 
 

The result of the research shows that the total 
energy received and given by the accumulator battery is 
WAB = 2.3 kWh. 

The calculated average efficiency coefficient of 
the integrated accumulator battery in these conditions is η 
= 0.95. Then the total thermal power released in the 
accumulator battery is 115 Wh, or the afterheat output is 
116 watts taking into account the duration of the cycle for 
a single accumulator battery. 

The Peltier thermoelectric module of TB-127-2.0-
1.15 type is suitable for thermal efficiency compensation 
of such a level. The module provides the required 
temperature in the accumulator tankage at temperature of 

the heat-absorbent surface of +30°C. Table-2 shows the 
main characteristics of this module. 
 

Table-2. Specification of thermoelectric module 
TB-127-2.0-1.15. 

 

Thermoelectrical parameters Unit Value 

Imax Amps 16.1 

Umax Volts 15.7 

ΔTmax K 69 

Qmax Watts 156 

Rac(at 295 K) Ohm 0.75 

Tolerance % ±10 

All parameters except Rac are given at Th=300K 

Assembly parameters Unit Value 

Wires HB – 0.35 4 600 

Cross section mm2 0.35 

Metallization Not 

Sealing Not 

Internal solder 0С 139 

Brazing solder 0С not 

Operational parameters Unit Value 

Working temperature range 0С -50 ÷ +80 

Max. processing temperature 0С 130 

ROHS compliance  YES 

 
The utilization of this module allows to provide 

thermostatic process of the accumulator battery in the 
considered performance mode at the level of 10-15°C. 

Let us view the thermal efficiency mode at 
charging from the vehicle-borne charger. The vehicle-
borne charger provides current charging current of 12 A. 
The charging lasts for about 8 hours. The average battery 
voltage is 250 V. The calculated average integrated 
effectiveness of the accumulator battery of the viewed 
mode is η = 0.98. The total thermal power released in the 
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accumulator battery is WTP = 480 Wh, or WTP1 = 576 kJ 
taking into account the duration of the cycle for a single 
accumulator battery module. 

The power of the Peltier selected element at the 
cooling mode at temperature of +30°C in accordance with 
its characteristic curves is 130 watts. 8 hours of 
temperature compensation energy will make WTC = 3744 
kJ. 

It is evident that the required cooling is taking 
place. At this time the thermostatic system shall have the 
on-off operation at about 10°C. 

Let us consider the actual maximum rating of the 
accumulator battery. This is a car drive mode on the level 
road at speed of 130 km/h for 60 minutes. In this mode the 
traction motor operation with an output of 25 kW is 
required. In view of effectiveness of the electric motor, its 
the most favorable mode equals to 0.95 and the power 
consumption for 60 minutes will be 26.3 kWh. 

Thus, the energy of the battery discharging will 
be 26.3 kWh or 94680 kJ. In this case, the amount of 
energy consumed in the accumulator battery for heating is 
4734 kJ, and respectively 1.580 kJ for one accumulator 
module. 
As noted above, the output of the Peltier selected element 
in the cooler mode at temperature of the heat-absorbent 
surface +30°C is 130 watts in accordance with its 
performance characteristic curve. Temperature 
compensation energy for 60 minutes will be 1400 kJ. 

Obviously, the absorbed heat of the Peltier 
element is not sufficient to provide the desired temperature 
compensation. However, an excess of thermal energy 
which will be spent on heating the accumulator module is 
only 180 kilojoules in one accumulator module. Given that 
the lithium battery heat capacity is 1.1 kJ/kg0C and the 
mass of the accumulators in the module is equal to 96 kg, 
the total increase in temperature does not exceed 1.70C. It 
is quite acceptable. 

Operation of electric vehicles and vehicles with 
hybrid power generation systems in Russia has significant 
features. This is due to severe winter conditions in central 
and, especially in the northern regions and Siberia where 
winter temperatures go to -300°C and below. 

The lithium-ion batteries cannot take charge at 
low temperatures. The attempts to charge them lead to a 
substantial acceleration of degradation. Discharging the 
accumulators in these conditions aside from reducing the 
actual capacity also leads to an acceleration of the 
degradation process. It should be bear in mind that the cost 
of accumulator batteries has a significant share of the total 
cost of electric vehicles and vehicles with hybrid power 
generation systems. This particularly applies to electric 
vehicles. Certainly, it is advisable to ensure the parking of 
these vehicles in the heated space. But often this is not 
possible. In addition, when driving this type of a car to the 
workplace of the owner, the vehicle can be on the parking 
for a long time, up to 9 hours or more. And the 
accumulator battery temperature can decrease 
substantially. 

Thus, it is extremely important to ensure the 
operational circumstances for the accumulator batteries in 
comfort conditions for them. 

Let us assume that in the adverse conditions of 
storage the temperature of the accumulator battery, 
investigated in this paper, drops to -40°C. For heating 
from -40°C to +10°C of the accumulator module of 96 kg 
with specific thermal capacity of 1.1 kJ/kg°C, it is 
necessary to consume energy equals to 5280 kJ. 

The laboratory experiment with the developed 
accumulator module was conducted. It was found that at 
temperature -40°C of the single accumulators it is required 
heating power of about 140 watts to maintain the 
temperature in the module +55°C. This low required 
power is due to the relatively small heat-absorbent surface 
of the single accumulators. Raise of the heating 
temperature can lead to local overheating in the 
accumulator cell and release of lithium metal on the 
overheated electrode elements that is not acceptable. It 
turns out that the time required to power compensation in 
5280 kJ at a heating power of 140 watts will be 10.5 
hours. 

Certainly, taking into account the thermo-
insulated state of the accumulator module, it can be argued 
that the accumulator cooling process will be quite slow. 
But if a car is to be stored at very low temperature for 
several days, then the cooling of the accumulators will be 
significant. 

The proposed solution to this problem is 
following. It was found in this experiment that at ambient 
temperature of -40°C, it is enough to have internal heating 
at 90 watts in order to maintain the temperature in the 
accumulator module of +10°C. Thus, to provide 
temperature control of the accumulator module at a 
predetermined level it is necessary to include the built-in 
Peltier element in the heating mode. 

The maximum temperature difference for the 
Peltier element will be 65°C which is almost the limit of 
providing heat exchange for the selected element type. 
However, a resistive heat is released on its "warm" side 
which is forming while the passage of current. The 
magnitude of this heat release will be 160 W, i.e. the 
amount of the released heat is even in excess. But the 
thermostatic system operates in on-off mode, thereby 
maintaining the desired temperature in the accumulator 
module will be provided. 
 
4. RESULTS 

The developed accumulation and energy storage 
system is designed to provide power for electric traction 
drive, as well as for accumulating and storing energy 
produced by regenerative braking. 

The use of the control system of the electric 
vehicle accumulator batteries in the developed 
accumulation and energy storage system allows to 
provide:  

- integration of the accumulator battery modules 
(AB) into a single storage device, capable of operating as 
part of electric vehicle with the required reliability; 
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- protection of AB accumulators from 
overheating caused by the work of batteries with high 
currents in charging or discharging modes; 

- adequation of stress of the individual AB 
battery cells with minimum loss in balancing energy; 

- thermostatic control of the AB battery cells 
providing their work in the most favorable conditions not 
related to the environment; 

- an increase in the AB resource by reducing the 
load on the individual accumulator cells having a capacity 
less than the average for the battery; 

- providing electric vehicle components for the 
correct information about AB state for more energy-
efficient operation. 

The developed accumulation and energy storage 
system provides: voltage not less than 300 V; energy 
intensity not less than 27 kW/hour; maximum charging 
current not less than 90A; maximum charging current not 
less than 270A. 

The developed accumulation and energy storage 
system is intended for the electric vehicles operating in 
harsh climatic conditions of the Russian Federation. 

The application of the developed thermostatic 
principle allows to provide accumulator battery operation 
in the most favorable temperature range, which in turn 
provides an increase in battery service life of not less than 
10 ÷ 20%. The developed thermostatic system will provide 
operating temperatures in the range of -40...+50°C and the 
power consumption no more than 150W with the selected 
type of insulation material. 
 
5. CONCLUSIONS 
 
a) The modern mass-produced electric vehicles do not 

meet the requirements of their use at low ambient 
temperatures according to their performance 
characteristics. 

b) As a result of the study confirmed by the experiments, 
the technical requirements for thermostatic system of 
the accumulator batteries based on the lithium 
batteries for operation at low temperatures were 
formed. 

c) The developed thermostatic system has demonstrated 
its efficiency, and it ensures the quality performance 
of the accumulator batteries of electric vehicles in a 
wide temperature range typical for the Russian 
Federation territory. 

ACKNOWLEDGEMENTS 
The paper was prepared under the agreement # 

14.625.21.0006 with the Ministry of Education and 
Science of the Russian Federation (unique project 
identifier RFMEFI62514X0006) to create an experimental 
model of a driverless environmentally friendly electric 
vehicle. 
 
 
 

REFERENCES 
 
[1] Gaines L. and Cuenca R. 2000. Life-Cycle Costs of 

Lithium-Ion Vehicle Batteries. SAE paper, 2000-01-
1483 (12). doi:10.4271/2000-01-1483. 

[2] Pesaran A. 2001. Battery Thermal Management in 
EVs and HEVs: Issues and Solutions. National 
Renewable Energy Laboratory. 1617 Cole Blvd. 
Golden, Colorado 80401. Advanced Automotive 
Battery Conference. Las Vegas, Nevada. 

 
[3] Miller J. M. 2010. Propulsion systems for hybrid 

vehicles. (2nd Edition). London: The Institution of 
Engineering and Technology. p.593. 

[4] Slabosritsky R.P., Khazhmuradov M.A. and 
Lukyanova V.P. 2011. Analysis and calculation of 
battery cooling system. Radioelectronics and 
informatics. 3: 3-8. 

[5] Slabosritsky R.P., Khazhmuradov M.A. and 
Lukyanova V.P. 2012. Studying of battery cooling 
system. Radioelectronics and informatics. 2: 5-8. 

[6] Wiley J. & Sons. 2014. Encyclopedia of Automotive 
Engineering. Online ©, Ltd. р. 2696. 

[7] Terenchenko A., Karpukhin K. and Kurmaev R. 
2015.Features of operation of electromobile transport 
in the conditions of Russia. Paper of EVS 28 
International Electric Vehicle Symposium and 
Exibition, KINTEX, Korea. 

[8] Kurmaev R.H., Terenchenko A.S., Karpukhin K.E., 
Struchkov V.S. and. Zinov’ev E.V. 2015. Maintaining 
the required temperature of high-voltage batteries in 
electric cars and hybrid vehicles. Russian engineering 
research.35(9): 666-669. 

[9] Blokhin A., Koshurina A., Krasheninnikov M. and 
DorofeevR. 2015. The analytical review of the 
condition of heavy class military and dual-purpose 
unmanned ground vehicle. MATEC Web of 
Conferences. 

[10] International Energy Agency. Hybrid and Electric 
Vehicles. The Electric Drive Delivers, 2015. 

[11] Karpukhin K.E., Terenchenko A.S., Shorin A.A., 
Bakhmutov S.V. and Kurmaev R.H. 2015. 
Temperature control of the battery for hybrid or 
electric vehicle. Biosciences biotechnology research 
Asia.12(2): 1297-1301. 



                                    VOL. 12, NO. 13, JULY 2017                                                                                                              ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               4195 

[12] Yinquan Hu, Xiaobing Wu., Jianshan Tu. and Qiheng, 
F. 2015. Research of Power Battery Management 
System in Electric Vehicle. International Journal of 
Multimedia and Ubiquitous Engineering.10(2): 187-
194 

[13] Kulikov I., Shorin A., Bakhmutov S., Terenchenko A. 
and Karpukhin K. 2016. A Method of Powertrain’s 
Components Sizing for a Range Extended Electric 
Vehicle. SAE Technical Paper 2016-01-8096, doi: 
10.4271/2016-01-8096. 

[14] Joshua K. 2016. Active Battery Thermal Management 
within Electric and Plug-In Hybrid Electric Vehicles. 
SAE Technical Paper 2016-01-2221, doi: 
10.4271/2016-01-2221. 

[15] Wolfram P. and Lutsey N. 2016. Electric vehicles: 
Literature review of technology costs and carbon 
emissions. International council on clean 
transportation.2016-14. 


