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Abstract: The main power source of modern electric start systems for
internal combustion engines is an acid-lead battery. Existence chemical
reactions, which occur in between battery electrolyte and lead plates may be
causes problems with it exploitation. For a many reasons, its operation
requires a lot of labor, especially in cold conditions. In this regard, it was
proposed to use a capacitor system electric supply taking in view its
discharge characteristics. Electrolytic capacitors and supercapacitors are
sources of temporary charge storage and have optimal properties for their
use in the engine start system as a partial displacement of the acid-lead
battery, against the background of its some negative qualities. The article
deals with the evaluation and comparison of the electric motor start system
from capacitors and supercapacitors, as well as the possibility of their
implementation on a mobile machine equipped with ICE.

In most cases of vehicles such as tractors and automobiles, a starter motor with an electric
power source (acid-lead battery) feeding it is used as a starting system for the internal
combustion engine. Such a system is controlled via a relay or additional electronics from the
ignition switch and has an overall efficiency of 50-70% [1]. This is primarily due to the flow
of high currents, heating of wires, high mechanical moments of resistance in the flywheel
drive system, slowing down the flow of chemical reactions occurring in the battery,
especially in cold conditions, while operation processes also prevent crankshaft to spin up
[2,3]. Difficult start-up in cold conditions is a consequence of a decrease chemical process
velocity and result the battery capacity, as well as inrush currents, and is a frequent problem
in the operation of such systems [4,5].
The size of the existing acid-lead batteries provides sufficient electrical power necessary
for the starter motor to work when beginning rotate a crankshaft the internal combustion
engine, despite the fact that the other of the electrical equipment of the vehicle does not
require such power [6]. Therefore, most part of the battery can be removed and replaced with
other electric energy source that have better current supplying and carrying characteristics in
various conditions, and size of the battery can be significantly reduced, as well it weight.
Such elements of electric energy source can be considered electrolytic capacitors and
supercapacitors (special double layer capacitors), which have sufficient energy to operate the
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starter motor when spin up flywheel of internal combustion engine [7]. It needed to consider
that the parameters of supercapacitors and electrolytic capacitors are different, both with each
other and with different types of accumulators (Table 1) [4-8].
Table 1. Parameters of most extended portable electric power source types
Electrolytic
capacitor

Supercapacitor

acid-lead
battery

lithium-ion battery
(different types)

0,05-0,2

4-32

25-40

120-280

0,18-0,72

14,4-115,2

90-144

432-864

Price, USD/kJ

8,5-66,5

9-40

0,02-0,1

0,06-0,6

Price, USD/kg

1,5-48

120-4600

1,8-14

26-520

Full discharge
cycles to loss 20%
recourse

1 000 000 –
5 000 000

100000-500000

500-2000

600-15 000

Working
temperature

–50-105

–40-85

–40-70

–20-65

Average charging
period at allowable
current, 

0,1-2,0

5-30

36 000-50 000

900-1800

Parameters
Energy intensity,
W·h/kg
Energy intensity,
kJ/kg

To increase the efficiency of the ICE start-up system, it is necessary to use a power source
that will not be so strongly affected by the ambient temperature [9]. Moreover, the problem
of high currents may be solved by increasing the voltage of the system, while maintaining
the same power. At the optimal source of energy in this situation may be capacitors, which
are on a par with supercapacitors have a much higher voltage [6,10], which limits their use
in this system. Along with the voltage parameters, capacitors have a higher specific energy
cost of 8,5-66,5 USD/kJ, compared to lead batteries of 0,02-0,1 USD/kJ or lithium-ion
batteries of 0,06-0,6 USD/ kJ, while the counts of discharge-charging cycles is much higher
and is about 1...5 million, compared to 500...2000 full cycles of the battery. Even with a 30%
discharge of the acid-lead battery, count of cycles increases to only 4000...7000, which is still
less than the capacitors, so it justifies their use in the system for start the engine. Except
relative high cost, lithium ion batteries have been any problems at on-board vehicle
operations and limits in use for low temperature [11].
For efficient operation of the ICE starting system, the electric power going to starter motor
should be regulated, for order to capacitors maintaining operating voltage on it [12]. To do
this, it is convenient to use pulse-width modulation (PWM), regulated by electronic
controller. At the same time, a complete rejection of the presence of a battery does not make
sense, since it feeds other elements of the electrical equipment of a vehicle, but due to their
small consumption, the battery capacity can be decrease by reducing its weight.
The capacitors can be charged through the same electronic component containing the
PWM controller, increasing the voltage from the onboard to 500 V, and discharged to the
starter motor system, while maintaining certain operating conditions (Figure 1). In this case,
the starter motor must have a higher operating voltage than the usual 12 V.
To determine the characteristics of such a system, it is proposed to choose the voltage of
the charged capacitor UK = 500V and the capacitance CK = 22000 uF, and for the electric
drive, the operating voltage Uc = 220 V at a power of Pc = 1 kW. At the same time, it should
be taken into account that the energy of the capacitor depends quadratically on the voltage

2

MATEC Web of Conferences 341, 00054 (2021)
ITMTS 2021

https://doi.org/10.1051/matecconf/202134100054

and is determined by the expression: W=CU2/2, so it is rational to choose capacitors of higher
voltage than capacitances with the same parameters [13]. At a voltage of more than 500 V,
the price of capacitors per unit of energy begins to rise and, among other things, such a system
becomes more dangerous, based on this, a voltage of 500 V is considered optimal.

Fig. 1. Scheme of ICE starting system with capacitors supply and PWM control.

The voltage of the electric motor must be less, otherwise when the capacitor is discharged,
it will have to be increased, which will require an additional system. In addition, 220 V is
considered a normalized mains voltage that meets the safety requirements and the
components of such a motor can be interchanged based on consumer properties. In the
calculation, necessity conditionally for first assessment set the constant power of the electric
motor Pc=W/t=constant, where W is the energy received from the capacitor, and t is the time
interval. This is contrary to the real conditions. However, in this work, the task is to compare
the indicators of the systems and roughly estimation of the parameters, which will allow
assessing the feasibility of the development by approximation results. It should be taken into
account that the collector motor has a convenient mechanical characteristic, and increases the
torque with an increase in the external load [14].
When the capacitor is discharged without any control system, its voltage will decrease
exponentially (Figure 2), while the electrical power will also decrease, at an initially high
voltage applied to the starter motor. Conditionally, in this case, the load resistance for the
capacitor is constant. In general, the voltage at the starter and the capacitor will be the same
and is determined from the physical laws, has the form:
 =   






,

(1)

where R – the resistance of the electric motor circuit, in this case, is conditionally defined as:
R=U  2/  .
If this occurs at the beginning of the starter operations, the voltage will exceed the
operating voltage, which will lead to a malfunction of the system. To solve this problem,
PWM control is used, which maintains the operating voltage on the electric motor (Figure
2), at the required power. To express the operating voltage across the capacitors possible as
a dependency:
 =




=




.

(2)

PWM control extends the operation of the starter motor at an operating voltage of up to
2.2 s, compared to 0.8 s without control. This caused by uniform distribution of power over
time.
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Fig. 2. Voltage on capacitor and starter motor at discharging with and without using PWM system.

The system allows increasing the start-up efficiency due to the increased voltage, since
the starting current is reduced, and reduce the size of a lead battery. PWM control allows you
to maintain the operating voltage of a starter motor under various operating conditions and
ensure a stable start in cold conditions when recharged from the alternator electrical system.
Despite some advantages of high-voltage power systems, they impose many restrictions
on the requirements for the safe operation of a vehicle, which makes it difficult to implement
them, in addition, it should be known that the on-board system of the machine is low-voltage,
which means it will require the use of an additional voltage converter. If to consider
semiconductor convertors, that it efficiency at the current level is in the region of 90-95%.
For supercapacitors such converters are not required, since their operating voltage is the
same as that of on-board electrical equipment. They only need a system of periodic
recharging from the network of the mobile machine without any additional losses [15]. The
heating losses of the wiring at high starting currents can be compensated by a closer location
of the supercapacitors from the starter motor. At the same time, the heating of supercapacitors
from the engine is not so critical, since their maximum operating temperatures are
comparably high and are about 85°C. Besides, supercapacitors have higher energy
consumption by there are double layer than that of electrolytic capacitors, their use is more
profitable from position of consumer properties [16].
Modern supercapacitors have become more compact and capacious, and with the growth
of the technological level over the past 20 years, their volume has decreased by 5-10 times,
and their weight by 20-30. For example, the “PCE 28/40” supercapacitor with a volume of
15 liters had a weight of 32 kg, a capacity of 100 F and a voltage of 28 V, which indicates a
maximum stored energy of 39.2 kJ. If we consider a modern supercapacitor such as the
“QINFEN HJCAP” with a capacity of 700 F and a voltage of 2.7 V, its volume is 0.25 l, with
a weight of 0.5 kg, and has an energy of 2.55 kJ. At an energy level below 15.4 times, it has
a weight of 64 times less and a volume of 60 times, which is about 4 times more than the
energy change. This opens up another opportunity for consumer use of such systems on
automotive equipment.
Based on such supercapacitors a study was conducted on the launch of a 4-cylinder inline
gasoline engine with a working volume of 1.6 liters. Engine start up conditions, needed for
capacitor choosing, has been defined by mechanic parameters based on math modelling [17].
At the same time, during the start of the engine, the voltage was monitored using an
oscilloscope (Figure 3). At the time of starting the internal combustion engine, the electric
starter motor was connected to 6 series-connected “QINFEN HJCAP” supercapacitors with
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a capacity of 700 F and a voltage of 2.7 V per each. Thus, the total capacity of the
supercapacitors battery was 117 F, and the voltage in the charged state was 15 V, which
corresponds to the voltage at the output of the alternator when charging the battery. During
the experiments, the engine was successfully started from the first time at multiple times,
which indicates that the energy capacity of the selected components is sufficient. The starter
power of this engine is 2 kW. To increase starter motor operation efficiency may be to add
electric control of drive supply system [18].

Fig. 3. Changing capacitor voltage at starting.

In practice, automobiles owners to save battery life and make it easier to start the engine
in the cold period already use such systems. Nevertheless, the operating conditions of such
systems, their parameters and operating data are practically not published anywhere, and
there is practically no reliable information in this a knowledge area. In addition, studies on
the comparison of the condenser and supercapacitors systems for starting the internal
combustion engine were not carried out, but only considered separately, which does not
provide complete information on this topic.
Thus, to compare the internal combustion engine start-up systems using supercapacitors
and electrolytic capacitors, in addition to comparing the parameters, mathematical modeling
of the operation of such systems and experimental research confirming the reliability of the
simulation are required.
According to analytical data, it is shown that supercapacitors are more promising electric
source in electric motor start systems than electrolytic capacitors, since they have optimal
consumer properties. At the same time, their energy is almost 100 times higher than that of
electrolytic capacitors at a comparable price in energy equivalent on average 9-40 USD/kJ.
Supercapacitors being elements as electrochemical converter, are second only to capacitors
in the count of discharge-charging cycles by 10 times and in a narrower temperature range,
which is reduced by 10°C in the positive and negative directions, which for the most part is
not critical for their further use in such systems.
It is experimentally shown that the launch of a 4-cylinder gasoline engine with a working
volume of 1.6 liters by means of supercapacitors with a total capacity of 700F is possible
with power from the on-board network. At the same time, the price of supercapacitors is
about the same as that of an acid-lead battery for such an internal combustion engine. All
these facts allow us to use supercapacitors in the future as a factory configuration of the
vehicle internal combustion engine starting system, since such a system is in many ways
superior to an acid-lead battery.
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