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Abstract: One of the important factors that hinders the widespread adoption of green technologies is the
lack of environmentally friendly batteries. The electrochemical batteries are currently the best choice for
storing electricity for most industrial needs and products. Unfortunately, the production of the metals need-
ed to make the electrodes for electrochemical batteries is a serious environmental problem. Electrolytic
capacitors that show high energy densities are acceptable to the industry, but they contain, in addition to
metals, very harmful organic substances. Polymer and ceramic capacitors show very low energy density
compared to the conventional batteries and therefore cannot be widely used for electricity disposal. At the
same time, all other features of that capacitors that characterize battery systems are ideal. A brief compari-
son of the basic properties of electrochemical and physical batteries was presented. Some economic aspects
were also described.

Keywords: energy, electricity storage, battery, capacitor.

1. INTRODUCTION

Electricity storage is a crucial component of a
large number and variety of industrial products. The
problem of electricity storage is a significant limit-
ing factor for the use of autonomous electric vehicles
and the application of electricity from solar panels.
The success of the application of green technologies
depends on the ability of scientists and engineers
to develop sufficiently cheap and environmentally
friendly rechargeable batteries. Due to their high
energy capacity, the electrochemical batteries are in
intensive use today. Rechargeable lithium batteries
are currently the best choice for storing electricity
for most industrial needs and products. The good fea-
tures of these batteries are a large specific capacity
for energy disposal (about 150 Wh/kg) and a weak
memory effect [1-3]. Environmental and safety risks
associated with this type of battery, their price and
a limited lifespan are the reasons why great efforts

are being made in the search for a more suitable type
of battery [3,4]. The development of physical batter-
ies in which electricity is deposited without electro-
chemical processes is one of the perspectives. The
absence of chemical processes would dramatical-
ly extend the life of such batteries compared to the
electrochemical batteries, and the choice of materials
for their manufacture could be more environmentally
friendly. Polymer capacitor is a typical example of a
physical battery. Compared to rechargeable lithium
batteries, polymer capacitors show very low energy
density (~ 0.1 Wh/kg) and significantly higher power
density [5-7]. Due to the mentioned characteristics,
polymer capacitors are used primarily in low-ener-
gy electronics, they can also be easily designed for
high-voltage applications. Unless a significant in-
crease in the energy density of polymer capacitors
is achieved, they will not find application in massive
storage of electrical energy.
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The energy density of a polymer capacitor
with a certain geometry is proportional to the ap-
plied voltage (electric field - quadratic dependence)
and the permittivity (polarity) of the polymer used.
The voltage that can be applied to the polymer ca-
pacitor is limited by the voltage of the polymer
breakdown. Increasing the polarity of a polymeric
material by blending or adding fillers is usually ac-
companied by a decrease in the dielectric strength
of such a material relative to the pure polymer, and
this topic is common in studies dealing with the
storage of electricity in polymeric materials [8,9].
Linear polymers show lower dielectric permittivity
compared to ceramics, but due to the possibility of
applying very large electric fields, polymer capa-
citors generally show higher energy densities com-
pared to ceramic capacitors [7]. The energy den-
sities of polymer capacitors range from 1.1 J/cm?
(~ 0.05 Wh/kg) - polypropylene (PP) capacitor to
11 J/em?® - polyvinylidene fluoride (PVDF) capa-
citor [5,7-9]. Polymer composites based on fluoro
polymers and ceramic fillers have so far shown the
highest energy densities, slightly exceeding the va-
lue of 30 J/cm® [7]. An insight into the data colle-
cted in this study could help in the development of
a strategy for a more environmentally acceptable
storage of electrical energy.

2. RECHARGEABLE BATTERIES
- COMPARISON

The development of rechargeable batteries
over the past 100 years has gone in the direction
of increasing their energy density. The presence of

heavy metals and their salts in the electrochemical
batteries is common. Due to the intensive growth of
battery consumption, the environmental aspects of
battery production and recycling are becoming im-
perative [3,4,10]. The battery life is also important,
not only because of the price of the battery calcula-
ted by the year of use, but also because of the envi-
ronmental damage, which should also be calculated
according to the period of use. The most important
characteristics of electrochemical and physical re-
chargeable batteries are presented in Table 1.

The price of batteries is not mentioned in Ta-
ble 1 because it can vary significantly depending
on the method of manufacture. Taking into account
the other essential characteristics of rechargeable
batteries, listed in Table 1, only the polymer capa-
citors can be rated with three maximum ratings. The
low energy density of polymer capacitors prevents
their wider application. Any improvement in the
energy deposit of polymer capacitors, which can
be achieved without dirty technologies, brings this
type of battery closer to the concept of an ideal ba-
ttery.

Polyolefins, polymers composed only of car-
bon and hydrogen, are cheap and environmentally
friendly materials for making batteries. Isotactic
polypropylene (iPP) is a polyolefin that finds ap-
plication in all branches of industry due to its suit-
able thermomechanical, chemical and electrical
(insulation) properties [11]. A more detailed insight
into the economic aspects of the application of re-
chargeable batteries, on the example of iPP/metal
capacitor and electrochemical batteries, is given in
Table 2.

Table 1. Some characteristics of electrochemical and physical rechargeable batteries [2,6,7]

Type Energy density Power density Lifespan Ecology
Metal-water/salt medium low low bad
é Ni-metal (hydride) medium low low bad
% Li-metal oxide high medium medium bad
ig Na-metal oxide high medium medium moderate
Supercapacitor high medium medium bad
§ Ceramic capacitor low high high moderate
5: Polymer capacitor low high high the best
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Table 2. Battery economy: iPP/metal capacitor versus electrochemical battery [2,7].

iPP/metal capacitor

electrochemical battery

Energy density [Wh/kg] 0.05 10-150

Power density [W/kg] 250 000 100

Lifespan [years] 100 5-10

Battery weight required to deposit .

1 KWh [ke] 20 000 7 (Li-bat.)
Recycling 100%, cheap and clean technology 50-90%, dirty technology

Battery price [EUR/kg]

31 (Li-bat.)

Disposal price of 1 kWh calculated
per year of use without recycling
[EUR]

The last row of Table 2 shows the prices of
batteries with a capacity of 1 kWh, which are di-
vided by the estimated time of use (iPP/metal 100
years and Li-bat. 10 years). Although the impact
of the recycling price was not taken into account,
the prices and weights shown in Table 2 clearly
indicate the advantages of electrochemical batter-
ies over polymer capacitors. The mentioned ratio,
shown in Table 2, can be improved in favor of the
polymer capacitors only in the case of a significant
improvement in their energy density. In doing so,
all environmental aspects of that improvement must
be acceptable.

3. CONCLUSION

The price of depositing electricity in polymer
and ceramic capacitors is extremely high compared
to the price of depositing electricity in electrochemi-
cal batteries, the reason for that is the very low ener-
gy density of polymer and ceramic capacitors. At the
same time, polymer capacitors show higher power
density and significant environmental advantages
in comparison with electrochemical and electrolytic
systems for depositing electrical energy. Economic
reasons determine the widespread use of electro-
chemical batteries, while legal regulations and sci-
ence should direct “battery streams” in the direction
of a cleaner environment. Depositing larger amounts
of electricity in polymer capacitors would contribute
to a cleaner planet and it’s probably a good choice
that needs more development resources.

600 EUR

22 EUR (Li-battery)
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BATEPUJCKHU U KATAIIMTUBHU CUCTEMU
3A CKIAJUIITEBE EJEKTPUYHE EHEPI'MJE

Caskerak: Jeman on BaXHUX (pakTopa KOjU OMETa ITUPOKO yCBajarhe 3€JIEHMX TEXHOJOTHja je Hemlo-
CTaTak eKOJIOIIKH TPUXBaTJhUBHX Oarepuja. Enekrpoxemujcke O6aTepuje TpeHYTHO Cy HajOoJbH 300D
3a CKJIQJUINTEE CICKTPHYHE SHepruje 3a BehnHy MHIYCTpHUjCKHX moTpeda u mpousBojaa. Haxanocr,
MIPOM3BO/IIba METaJIa MOTPEOHUX 3a U3y CICKTPOAA 3a CICKTPOXEMHjCKe OaTepHje MpeacTaBiba 03-
OuJbaH €KOJIONIKH TPo6IeM. EIeKTpOIMTHYKY KOHAEH3aTOPH KOjU MOKa3yjy BUCOKY T'YCTHHY €HEepruje
NIPUXBATJEUBH CYy 332 HHIYCTPH]Y, allil IOPE MeTaa cajpike 1 BeoMa ITEeTHe opraHcke cyncranue. [To-
JMMEPCKU ¥ KepaMUYKH KOHJIEH3aTOPH MOKa3yjy BeOMa HUCKY T'YCTHHY €Hepruje y nopehemy ca KoH-
BEHIIMOHAJIHUM OarepujaMa M CTora ce He MOTY IIMPOKO KOPHCTHUTH 32 OJUIarame eJIeKTpHYHE CHEprHuje.
HcroBpeMeHo, cBe ocTale KapaKTepUCTHKE THX KOHJEH3aTopa Koje KapaKTepuIly OaTepHjcke CHCTeMe
cy uaeanue. Jlato je kparko mopeljere OCHOBHUX CBOjCTaBa €ICKTPOXEMH|CKHX U (DHU3UUKHUX OaTepHja.

Onucanu Cy U HEK €KOHOMCKH aCIICKTH.

Kibyune peun: eHepruja, CKIaMIITEHE SISKTPHYHE SHEPrHje, Oarepuja, KOHICH3aTopP.
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