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Abstract: In an unremitting effort to generate more and more electrical energy to meet the growing demands, the biggest 
impediment is the storage of electrical energy. Global electrical energy storage capacity is estimated to be 90 GW which is 
3% of the total electric power generation capacity. So, the storage of electrical energy is an overriding concern nowadays 
and it is imperative that we must have some efficient energy storage devices to meet present day energy storage demands. 
Conventional capacitor’s capacitance is limited by cross sectional area of plates and high internal resistance limits its output 
power which has provoked an extensive commercial and scientific interest in enhanced capacitors’ designs to devise an 
unqualified and perfect energy storage device called ultracapacitor.  In energy storage sector, large capacity capacitors are 
increasingly becoming alternative to accumulators and have superseded batteries. 
This paper underscores the seminal role of carbon material electrodes like carbon nanotubes, graphene, activated carbons and 
carbon aerogels  in ameliorating the performance of ultracapacitor and how the use of ultracapacitors have benefited 
profoundly hybrid electric vehicles, mobile phones, telecommunication field and regenerative braking concept. 
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I. INTRODUCTION 
 
There are many energy storage devices that have been 
in use since the very beginning. Storage devices like 
fuel cells, electrochemical batteries, capacitors, etc 
are the most common type and have wide 
applications in day to day life. In the recent years, 
another kind of an energy storage device has come 
into the picture which has tremendous idiosyncratic 
qualities. This energy storage device is called 
ultracapacitor/supercapacitor.  
Ultracapacitors are very different from current energy 
storage devices in the sense that they incorporate 
electrodes that have high surface areas and extremely 
thin dielectrics that reduce the distance between the 
electrodes.This increases its capacitance. It also has 
extremely low internal resistance. These idiosyncratic 
characteristics of ultracapacitors beget several 
tangible merits over conventional batteries and fuel 
cells, such as very high power density, high cycle 
efficiency (95% or more) and very less charging time. 
Ultracapacitors store energy electrostatically through 
polarization of an electrolytic solution (i.e. it stores 
electrical energy in an electric field, rather than in a 
chemical reaction as in batteries so that it can thrive 
charge and discharge cycles thousand times more 
than a battery can. 
Now, the overriding concern is low energy density 
and high cost which circumscribe the use of 
ultracapacitor. To surmount its demerits, dogged 
efforts have been taken like the use of carbon 
nanotubes or graphene as electrodes which bolsters 
the surface area, energy density, electronic 
conductivity, etc of normal ultracapacitors.  
These enhancement in the performance of ultra 
capacitors have made it fit for plethora of applications 
like mobile application, hybrid vehicle, UPS 
batteries, regenerative braking in electric  

 
vehicles, etc. Even ultracapacitors application has 
also encroached into the industries where these are 
used to ameliorate power quality, used for handling 
high power surges and thus, alleviate short-term 
power loss. 
 
Concept 
 

 
Figure 1: Schematic of an electrochemical double-layer 
capacitor. 
 
Figure 1 shows that plates of ultracapacitors are kept 
apart by a separator and when voltage is applied, 
charge carrier accumulate on opposite polarity plates 
and thus stores electrical energy between plates.  
 
Why ultracapacitor? 
 Capacitance(C) of a capacitor increases with increase 
in surface area (A) of each electrode and decreases 
with increase in separation distance (D) between the 
electrodes as you can see in eq1. 
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Charge separation takes place in both conventional 
capacitors and supercapacitors[7].But there is a 
difference in it. In a capacitor, the energy is stored by 
movement of electrons from one plate to another and 
this engenders an electric potential which is limited 
by the dielectric's breakdown field strength. Also, in a 
capacitor, the separated charges are accumulated 
around the plates and there is restriction on reducing 
the distance between the two plates. Thus, separated 
charges cannot get closer than the distance between 
the plates.  
Whereas in case of a supercapacitor, the surface area 
of each electrode is very large due to the porous 
structure of the carbon electrodes. Also, the thickness 
of the dielectric is of some nanometes because 
ultracapacitor does not have a conventional solid 
dielectric as in case of a conventional capacitor. 
Hence, this reduces the distance between the 
electrodes. Now, since the distance between the 
electrodes is reduced, the strength of the electric field 
will increase as per the formula E=V/D. Hence, 
shorter the distance between the separated charges in 
a supercapacitor, larger is the electric field and thus, 
it can store much more energy. 
 
ܧ  = ଵ

ଶ
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Thus from Eq. 1 and 2, it can be concluded that 
ultracapacitors have higher capacitance and can store 
more energy than a conventional capacitor. 
A capacitor has some internal components (e.g., 
electrodes ,current collectors, and dielectric material) 
all add up to the resistance of the capacitor, and this 
resistance is known as the equivalent series resistance 
(ESR).Formula (3) shows the maximum output power 
(Pmax) of a capacitor. 

ܲ௫ =  మ

ସ×ாௌோ
   ……………………3 

This formula shows that the maximum power of a 
capacitor is limited by ESR. 
Ultracapacitors have extremely low ESR which gives 
rise to 
  higher cycle efficiency (95% or more)  
 Higher output power 
 

 
Figure 2. Ragone plot of energy storage devices. 

The figure 2 shows that conventional capacitors have 
relatively higher specific power, but relatively lower 
specific energy than the conventional batteries and 
fuel cells[1].It can be observed from the figure that a 
battery has higher energy density and hence, can store 
more charge than a capacitor but it cannot discharge 
it quickly as compared to a capacitor because of its 
low power density. Super capacitors, on the other 
hand, have low energy density, but very high power 
density and thus, they can discharge the power very 
quickly. Even it is estimated that ultracapacitors have 
Charge and discharge currents ranging from 1amps to 
several 1000amps and back up time of 1sec to 60 sec 
depending upon application. 
 
II. APPLICATIONS 
 
Ultracapacitors can have wide applications in electric 
hybrid vehicles, telecommunication field, inverter 
batteries, UPS batteries, etc. The application of 
ultracapacitors are briefly described below. 
Ultracapacitors As batteries: 
Ultracapacitors as batteries can provide many 
advantages than normal batteries. Various 
characteristics of ultracapacitors and lithium ion 
battery are being compared in the below table 1. 
 
Table 1: Comparison between ultracapacitor and Li-
ion battery.

 
There are wide application of lithium ion batteries 
especially in automotive,electricl 
vehicles,electronics,etc.But there are some demerits 
of lithium ion battery which limit its usage.These 
demerits are: 

 Low power density 
 Low life cycle 
 More charging time 

Because of these demerits, ultracapcitors can play a 
pivotal role in the above mentioned applications by 
replacing lithium ion battery. 
Now, if the lithium ion battery is replaced by 
ultracapacitor,then the following advantages it will 
have 

 the ultracapacitor battery can provide much 
higher specific power nearly 10 times more 
than the specific power of lithium ion 
battery. 
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 Service life will be improved. 
 Cycle life will be  nearly 2000 times more 

and hence,the battery can undergo the 
complete process of charging and 
discharging much more times than lithium 
ion battery. 

 Charging time will be very less. 
 
But with advantages it will also have disadvantages 
such as: 

 the cost of the battery will get increased by 
nearly 20 times. 

 Specific energy will be reduced to 1/40 
times of what was in lithium ion battery. 

 
If we take an enhanced ultracapacitor (i.e. 
ultracapacitors with carbon nanotubes or graphene as 
electrodes), it can have energy density of nearly 85 
Wh/kg. 

 
Figure 3 :Block diagram of ultracapacitor working as a 

battery. 
 
When the supply is on,key 1 is closed and it will 
connect supply directly to the load,the load can be 
computer or a house.The charger will charge the 
ultracapacitor.When supply is off,key 2 is closed and 
this will connect inverter to the load.The inverter will 
convert dc power from ultracapacitor into ac and 
supply to it to the load. 
 
Generally, ultracapacitors have energy density value 
in the range 0.5 to 15 Wh/kg. An aluminium 
electrolytic capacitor can have energy density around 
0,01 to 0.3 Wh/kg, while a conventional lead-acid 
battery can have energy density in the range 30 
to 40 Wh/kg and energy density around 100 
to 265 Wh/kg in modern lithium ion batteries. That 
means, super capacitors can store 10 to 100 times 
more energy than electrolytic capacitors but only one 
tenth of batteries. 
 
Hybrid Vehicle 
Ultracapacitors have a lot of potential to be used in 
electric vehicles, as they can help current batteries in 
many ways such as increasing their service life, etc. 
A new kind of battery called ultrabattery  which 
combines an battery and ultracapacitor in one unit, 
begetting a laudable electric vehicle battery that can 
have many advantages such as longer life, lower cost 
and  highly powerful as compared to the present plug-
in hybrid electric vehicles (PHEVs).  

China is experimenting to produce an electric bus 
which will be called as capabus and which will run 
without power lines using large Ultracapacitors, 
which will be rapidly recharged whenever the bus is 
at bus stop which will be called electric umbrella, and 
will be completely charged at the terminus[4]. 
 
Telecommunication Field(Mobile application) 
 
Ultracapacitors can have a wide application in 
telecommunication field, especially in the low 
power(i.e. <10 W/kg) region and medium power(i.e. 
>1 kW/kg) region [3]. 
 
Ultracapacitors can be used in mobile application by 
enhancing the performance of the battery. So, when 
an ultracapacitor is connected in parallel with a 
battery, the following changes will take place [2]. 

 total impedance of the system will plummet 
down which will lead to higher amount of 
supply current with less voltage ripples. 

 Battery peak current will be reduced as can 
be shown in the figure 4. 

 Net losses will be reduced which will result 
in extended runtime. 

 
   Figure 4 shows that the various waveforms of the 
currents which are supplied by the battery and 
ultracapacitor for a pulsating load of magnitude (I), 
and having a frequency (f). 

 
Figure 4. Current waveforms of battery, ultracapacitor and 

load. 
  
Ultracapacitors can also supersede batteries for the 
backup powering  of low consumption components 
such as memories,real time clocks or 
microcontrollers. 
 
Regenrative braking in electric vehicles 
Regenerative braking is one of the most important 
process which is used in electric vehicles to 
compensate the energy lost during the stopping. 
During regenerative braking, the motor will act as a 
generator which will provide a braking torque to the 
vehicle's wheels and this will convert kinetic energy 
of wheels motion into electrical energy which will be 
stored in batteries.The figure 5 shows the relation 
between the regenerated power and charge power of 
the battery. 
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Figure 5:The relation between  the charge power and the 

regenerated power of the battery in kW. 
 
It is observed that that the regenerated power is 
directly proportional to the charge power of the 
battery. Thus, if the charge power of the battery is 
maximum, then the regenerated power of the battery 
increases to maximum value. 
 
Figure 6 shows the relation between the discharge 
power and consumed power of the battery[5]. 

 
Figure 6: Relation between the discharge power and consumed 

power of the battery in kW. 
 
From the above figure, it is observed that the 
consumed power of the battery reduces to a minimum 
value, when the discharge power of the battery is 
minimum and the minimum discharge power of the 
battery will give rise to maximum amount of 
electrical power that can be generated by the 
motor(generator). 
 Since ultracapacitor has high power density, it can be 
charged and discharged very rapidly. As the 
discharge time of ultracapacitor is very less, the 
regenerated power of the battery will be very high. 
Hence, ultracapacitors can be used to store energy 
during the regenerative braking in electric vehicles. 
 
Enhanced ultracapacitors: 
The gargantuan impediment to the widespread use of 
ultracapacitors are their exorbitant cost and low 
energy density[4]. The ultracapacitors have lower 
energy density (i.e. 3 to 5 Wh/kg for a standard 

supercapacitor and 85 Wh/kg for an enhanced 
ultracapacitor) as compared to a lead acid battery 
which has energy density around 30 to40 Wh/kg and 
when compared to a lithium ion battery whose energy 
density lie around 100 to 250 Wh/kg[4]. 
The supercapacitors are classified on the basis of the 
type of carbon they use in making the electrode 
materials as shown in figure 7. Carbon electrodes 
give many advantages such as high surface area, low 
cost, etc. 

 
Figure 7:Classification of supercapacitors 

 
Supercapacitos are classified into three groups[1]: 

1. Electrical double layer capacitor(EDLC) 
which is further classified into  

a) Activated carbon 
b) Carbon nanotubes 
c) Carbon aerogels 

2. Pseudocapacitors which are further 
subdivided into 

a) Conducting polymer 
b) Metal Oxide 

3. Hybrid capacitor which is again subdivide 
into 

a) Composite Hybrides 
b) Asymmetric Hybrides 
c) Battery type Hybrides 

This classification purpose is to enhance the 
performance of ultracpacitors and surmount its two 
biggest demerits i.e. high cost and low energy 
density. 
 
1.a)Activated carbons 
The specific capacity of the order of  10µି݉ܿܨଶ  and 
specific surface of the order  1000݉ଶ݃ିଵ are needed 
to achieve a high electric capacity electrode. The only 
material with such property is activated carbon 
(AC)[6]. 
In ultracapacitors, electrodes coated with activated 
carbon which has high degree of microporosity, just 
1gram of activated carbon has a surface area of 
500m2,this creates a spongy & porous activated 
carbon layer having enormous internal surface area. 
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Therefore, capacitance C= A/d, of ultracapacitor 
reaches to several 1000F. 
The porous structure of carbon material (activated 
carbon) is shown in figure 8. 

 
Figure 8: A schematic representation of a porous structure of 
carbon material comprising of tubular or rectangular pores 

having similar size. 
 
The activated carbons use a very complex porous 
structure which is comprised of pores of different 
sizes to obtain high surface area in electrodes:  

 micropores ( < 20 Å wide), 
  mesopores (20 - 500 Å),  
 macropores ( >500 Å)  

The microporosity of activated carbon is the key 
factor in enhancing capacitance value,but in research 
it has been found out all the surface area doesn’t 
contribute to capacitance because electrolyte ions are 
very large to be diffused in micropores.That’s why 
we need to look for some other material that can be 
coated on electrodes,carbonnano tube is one of them. 
 
1.b)Carbon nanotubes 
Nano materials are now the most demanding materies 
in the market for its highly exotic idiosyncrasies.  
The properties of nanomaterials are[8]:  

 High surface to volume ratio and surface energy  
 High mechanical strength and micro hardness  
 Large specific heat  
 Large thermal expansion  
 High catalytic activity  
 Enhanced self diffusion  
 High magnetic susceptibility and  
 High sintering rate etc.  

Because of the above laudabe features,the use of 
carbon nanotubes as the electrode material in 
ultracapacitor  has been an increasing interest. 
Electrodes using nanomaterial are the most arresting 
form of electrodes and the concept behind it are 
explained by the following points. 

 Carbon nanotubes electrodes materials form 
an entangled network of mesopores. 

 As compared to other kinds of carbon based 
electrodes, the mesopores present in carbon 
nanotube electrodes form a structure which 
is interconnected in order to allow a 
continuous charge distribution which leads 
to the usage of entire surface area. 

 Hence, the surface areas are more 
efficaciously utilized to obtain high 
capacitance value, comparable to activated-
carbon-based,ultracapacitors even though 
the activated carbons have relatively bigger 
surface area than carbon nanotube 
electrodes. 

 Carbon nanotubes electrodes also have a 
lower total internal resistance than the 
AC(activated carbons) as the electrolytic 
ions are more easily diffused into the 
mesoporous structure. This leads to higher 
output power than activated carbon.  

 Ultracapcitors have very less charging and 
discharging times and the charge/discharge curve of 
nanotube electrode ultracapacitor is shown in figure 
9[9]. 
 

 
Figure 9:charge/discharge curve of the nanotube electrode 

ultracapacitor. 
 
1.c)Carbon Aerogels  
Nowadays, there is a rising interest in utilizing carbon 
aerogels in making electrode materials for 
ultracapacitor.The reasons are described with the help 
of following points. 
 A continuous network of carbon nanomaterials 

with interspersed mesopores produces carbon 
aerogels. 

 Due to this continuous network and due to the 
idiosyncratic ability of carbon aerogels to get 
bonded with the current collectors chemically, 
they do not need the use of an extra adhesive 
binding agent. 

  As a binder less electrode, they have a lower 
ESR than activated carbons. 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-1, Issue-9, Nov-2013 

 Enhanced Ultra capacitors & Its Application 
 

37 

 This lower value of equivalent series 
resistance, that yields high power, provokes an 
interest in ultracpacitors research entailing 
carbon aerogels. 

 
2.Pseudocapacitors 
Ultracapacitors store energy electro statically, while 
the pseudocapacitors store charge through the transfer 
of charges between the electrolyte and the electrode 
(i.e. through Faradaically). This is achieved with the 
help of various processes such as intercalation 
process, electro sorption, and reduction-oxidation 
reactions. These processes may enable pseudo 
capacitors to obtain higher capacitance and energy 
density value than ultra capacitors. The two kinds of 
electrode materials that are being utilized to contain 
charges in pseudo capacitors are metal oxides and 
conducting polymers. 
 
Comparison of various types of ultracapacitors 
Many types of ultracapacitors have been discovered 
by various scientists such as Maxwell, Siemens 
Matsuchita, etc. Different energy storage devices 
characteristics are being compared and are shown in 
table 2. 
 
Table 2: Comparison of different energy storage 
devices. 

 
Out of many characteristics of ultracapacitors , some 
characteristics of different types of  ultracapacitors 
are being tabulated in table 3[3]. 
 
Table 3:Compared characteristics of supercapacitors 

 
 
 
 
 
 
 
 
 
 
 

CONCLUSION 
 
The interest in ultracapacitor is recent but if strenuous 
efforts are made to ameliorate the performance of 
ultracapacitors, its usage may last forever. It has 
plethora of advantages but its usage is limited by its 
disadvantages like low energy density, high cost, etc. 
It has lot of potential which is still veiled. Lot of 
research is going on and it is expected that its 
application will encroach into every area where now 
conventional capacitors, batteries are being used. 
Hence, ultracapacitor can greatly alleviate the storage 
conundrums, the present situation is facing. When 
storage of energy helps to prevent losses/wastage of 
energy, it indirectly helps to generate more energy. 
Since ultracapacitors have high power density as 
compared to other kind of energy storage devices, 
they are the centre of unwavering attention for future 
studies 
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