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Abstract: This report examines the characteristics of powerful supercapacitors, which are used in electric vehicles to perform their driving 

dynamics, as well as to power starter motors of powerful internal combustion engines in large trucks, military vehicles and more. Main 

requirement for supercapacitors is tobe able to deliver a large amount of electricity for about ten seconds, and for very powerful motors 

(over 100 kW) – for up to 15 seconds. Various technological methods have been reported for supercapacitorsproduction, including the 

onedeveloped by the current authors, which is based on a ceramic dielectric with a high relative dielectric constant. 
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1. Introduction 

 

Supercapacitors and rechargeable batteries are the two 

most important elements of electric vehicles (EVs) in regard 

totheir start of motion. On one hand, the rechargeable battery is 

responsible forthe distance an EV cantravel with a single charge. 

This distance currentlyvaries between 350 km and 1000 km. The 

supercapacitor, on the other hand, provides the necessary 

dynamics for the EV to accelerate fast when (1) starting from a 

stop and when (2) sharply raising the speed of a moving car. In 

both cases, the electric motor draws much more current than the 

rated one, which can only be provided by the supercapacitor for a 

few seconds, up to a maximum of 15 seconds. After performing 

any of these two functions, the supercapacitor is automatically 

recharged up to the nominal battery charge by means of 

monitoring electronic systems. The parameters of powerful 

supercapacitors vary in a wide range depending on the 

requirements of the EVs manufacturers 1-6]. 

 

Supercapacitors for EVs with small to medium power 

(30 to 80 kW) have capacities ranging from 25 to 70-80 F, 

respectively. For more powerful EVs (above 80 kW) capacities 

reach 150-200F. Different car brands use different work voltages; 

48V, 96V and 120V are most commonly used. Also relevant are 

specific parameters such as: specific power [W/kg], specific 

energy [Wh/kg], energy density [Wh/m3], and equivalent series 

resistance [mW][5]. 

 

It is well-known that in order to achieve high 

capacitance, the capacitor plates (the two electrodes) must have a 

large surface area while the dielectric layer has to be very thin 

and with a maximum relative dielectric constant. 

So far, several basic ways (technologies) for making 

supercapacitors have been developed. In one of them, the two 

electrodes are made of porous carbon, between them is the 

dielectric material, which has a thickness in the order of 

nanometers, and the two spaces between it and the electrodes are 

filled with electrolyte. The latter also determines the existence of 

a positive and negative conclusions, which has to be respected. In 

a second way, carbon nanotubes with diameters comparable to 

the diameters of atoms are used instead of porous carbon i.e. 

graphene technologies are applied. A “G-King” graphene battery 

was also created in China. There are reports that supercapacitors 

based on conducting polymers have been made as well as a 3D 

printed battery at an Australian university [1-4]. 

 

The work voltages of the supercapacitors made via the 

above-mentioned technologies vary from 2,5 to 2,7 V. To obtain 

higher voltages, in the order of one hundred volts, it is necessary 

to connect about 40 single supercapacitors in series, which 

increases the equivalent series resistance (ESR) significantly.  

There are reports informing that supercapacitors using 

electrolyte are not sufficiently reliable. Cases of electrolyte 

“degradation” and significant loss of capacity have been reported after 

prolonged operation [4]. 

At IMSET a team of specialists applies different methods for obtaining 

dielectric materials with high relative dielectric constant and 

thicknesses in the order of nanometers. Good results have been 

achieved while synthesizing ceramic lead-free phases (based on 

BaTiO3, BaSnO3, and Bi12TiO20) by applying mechano-chemical 

synthesis, sol-gel method, high-temperature solid-phase synthesis and 

the method of the super-cooled melt. Emphasis is put on low-

temperature synthesis methods (sol-gel method) [2, 3]. 

 

The resulting solid dielectric material is subjected to high-

frequency magnetron sputtering (Fig. 1), which yields layers with 

thicknesses in the order of nanometers. To measure and prove the 

breakdown voltage of the layers, the latter are deposited on electrically 

conductive tapes with mirror surfaces. A large number of 

measurements are performed on layers with thicknesses of 40, 50, 100, 

200, 500, 800, 1000, 1140 nm that are to be used for the production of 

powerful supercapacitors with a voltage of 96 V. 

 

The main reasons were as follows: If thin layers in the range 

of 50-100 nm are selected, the breakdown voltages obtained are 0.4; 

0.6; 0.8V, thus a large number of capacitors will be required to build a 

supercapacitor. The ESR (equivalent series resistance) parameter 

becomes unacceptable, so the choice is to have larger thicknesses. The 

second consideration is that when measuring thicknesses above 300-

400 nm, the thickness of the layer is almost 100% the same for the 

whole surface and the breakdown voltage is also the same for each 

point. The third consideration with this technology is that the thicker 

layer is mechanically more stable, "more solid", provides higher 

breakdown voltage (in the order of 20 V), thereby achieving a 

minimum number of single capacitors (4-5) connected in series. The 

use of slightly thicker layers of dielectric material results in reduced 

capacity, but this is easily offset by the addition of a not very large 

number of parallel building blocks [6-10]. 

Laying of the layers in production conditions is carried out 

on aluminum foil with a thickness of about 0.03 mm, so that the 

thickness of the resulting single capacitor will be determined by the 

"conductive plates" (the two electrodes) and the connecting contact 

terminals, which will have the necessary cross-section for conducting 

the high discharge current of the powerful supercapacitor. The number 

of charge-discharge cycles of ceramic supercapacitors can be expected 

to be much higher than that of all other technologies. 

 

With this technology, the resulting supercapacitor is not 

polarized. It lacks electrolyte compounds, which is a plus in terms of 

versatility in use. The "ceramic" design gives rigidity of the 

supercapacitor, which is not threatened by mechanical shocks. The 

temperature range of operation is very wide: from –20°C to +60°C. 

With these qualities, this type of powerful supercapacitor can find 

application in harsh environments. These are all cases of powering 

starter motors of powerful internal combustion engines of heavy duty 

vehicles in the army. Taken into account are very low and very high 

temperatures as well as the presence of various types of shocks. 
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Fig. 1. Equipment for obtaining layers with thicknesses in the order of 

nanometers – vacuum system, magnetron system, high-frequency 

generator and bases heater 

 

 

 

2. Experimental procedures    
 An example calculation of a supercapacitor for an 

electric car with a power of 30 kW and a voltage of 96 V can be 

summarized as follows: 

Initial data: 

Thickness of the dielectric layer of barium 

titanate/bariumstanate: d = 1140 nm, relative dielectric constant 

ɛr= 12 000, electrical constant ɛ0= 8.85x10-12F/m.  

Operating voltage for this layer: Ulayer = 22 V. 

It is convenient to first find the capacity of a capacitor with an 

area  

S = 1 m² as a building block and then the capacity of the entire 

supercapacitor and the area of its electrodes. 

С= ɛrɛо(S/d)=12000.8,85.10-12(1/1140.10-9)=0,09315789 F 

The stored amount of electricity for this capacitor for 1m² at a 

voltage Ulayer = 22 V will be: 

Q=C.U=0,09315789.22 = 2,04947A.sec. = 2,04947C 

If the operating voltage is 96 V, then 4.3636 single capacitors 

connected in series will be necessary, i.e. 96/22 = 4.3636. The 

capacity of this already building group will be: 

 

Cgroup = 0.0931578 / 4.3636 = 0.021348F. 

After energy calculations, the supercapacitor, which in a matter 

of seconds could supply at least 30kW of power at a voltage of U 

= 96V, must have a capacity of at least 32.55F. The number of 

building groups to build 32.55F will be 32.55 / 0.021348 = 

1524.73 pcs. 

The amount of electricity stored in one group will be: 

Qgroup= Cgroupx U=0,021348.96=2,04947 А.sec. 

The Q of the entire supercapacitor will be: Qgroup.xnumber of groups 

= 2,04947x 1524,73 = 3124,88 A.sec 

This charge can provide a current of 312,478 A for 10 seconds and at a 

voltage of 96V to develop a power of 30kW.The number of single 

capacitors from 1m² in the supercapacitor will be: 

 

1524,73 × 4,3636 = 6653.31 pieces 

The surface area of each of the two electrodes of the supercapacitor 

will be:S = 6653.31 m². 

 

3. Conclusion: 

 An analysis of the status, role and benefits of a ceramic 

supercapacitor has been made. Quantitative characteristics for a 

medium power EV ceramic supercapacitor have been presented. 
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