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Abstract: 
 This literature review explains the construction and charge storage mechanisms in Lithium-ion batteries. Further, it elaborates on the 
electrode reactions in Lithium-ion batteries, and commonly used electrode materials and their structures. Different types of Lithium-based 
batteries� electrochemical performance were compared, in addition to other relevant differentiators. The energy storage mechanism in 
Supercapacitors is briefly touched upon � and the electrochemical performance of supercapacitors is compared with that of lithium-ion 
batteries. Battery supercapacitor hybrids are introduced, with a brief section on their development over the past two decades following 
explanations of the charge storage mechanism and construction of battery supercapacitor hybrids. Battery supercapacitor hybrids are then 
compared with existing electrochemical energy storage mechanisms and finally, two types of battery supercapacitor hybrids were discussed. 
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INTRODUCTION 
Batteries are the primary means of energy storage in the 

contemporary, electricity-based world. With renewable 
sources of energy being the subject of intensive, global scale 
research, one problem presents itself above all others: where 
can we stock excess energy when the full combined capacity 
of power sources is not in use? Traditional means of energy 

generation involve burning fossil fuels to produce electricity, 
and when not needed he furnaces can function with minimal 
amounts of fuel as compared to their full production capacity. 
However, when renewable energy comes into play, we give 
up the ability to control the output power, with solar and wind 
farms depending on sunlight and wind speed respectively. 
This lack of control leads to the need for energy storage 
systems that fulfil a number of requirements: efficiency, 
energy density, power density, operating range and more 
importantly for large-scale applications such as powering 
entire cities cost per kWh of energy stored. Although the 
advent of new forms of energy storage, like gravity- based 
storage systems and heat-based systems are providing 
potential future alternatives, these technologies will likely 
remain concepts and prototypes for the next decade. 
Accordingly, we need a means of storing energy that can 
bedeveloped rapidly, whose concept has already been proven, 
and one that can be manufactured at a large scale using 
existing 

technologies at a reasonable cost. Lithium based batteries are 

the first choice that comes to mind, however, the lower power 
density, and high cost inhibits continuous manufacturing. 
Moreover, their manufacture is unsustainable due to the 
relative rarity of naturally occurring lithium deposits. 
Supercapacitors (SCs) are the second means one deliberates, 
but the inherent high self-discharge rates combined with low 
energy density make them an unviable alternative for long 

term storage. However, in 2001, Amatucci et al
�
. created a 

device that combines the energy density of a lithium-ion 
battery (LIB) and the power density of a supercapacitor � a 
Battery Supercapacitor Hybrid. These devices can provide a 
viable means to store energy, combing the best aspects of both 
LIBs and SCs in one device. Recent developments have 
allowed BSHs to be constructed from various types of 

batteries, namely Na-ion BSHs
�
 as constructed by Kuratani et 

al..Although still in a relatively nascent stage of their 
development, BSHs have shown huge potential � and are the 
focus of this paper. 

I. ENERGY STORAGE IN A GENERIC ALKALINE 

CELL 

A battery creates a potential difference between its 
electrodes. It does this by creating a flow of electrons between 
the anode and cathode � through an external connection when 
a circuit is completed- which are separated by a fibrous barrier 
that allows only the flow of cations. On this separator is an 
electrolyte, and a core made of the cathode material. the zinc 
is in powder form to improve surface area thus reducing 
internal resistance. Both terminals are isolated from each 
other, generally by a nylon cap at the bottom end of the cell. 
This layout is shown in figure 1. The combination of the 
materials � manganese dioxide as the cathode and a gel which 
has zinc powder as the anode (in alkaline batteries) - causes a 
reaction. The zinc ion in the battery is oxidized and this 
releases electrons, which collect at the cathode. 
Simultaneously, the anode is reduced and with the repetition 
of these two reactions, there is an electron build up at the 
cathode which creates a potential difference across the 
terminals. When connected, the flow of electrons generates 
current and thus provides energy. When not in use, the battery 
stores energy chemically as described above. 

II. ENERGY STORAGE IN A LITHIUM-ION BATTERY 

A. Construction 

A generic li-ion battery consists of an anode made of 
copper coated with graphite (recent technological 
advancements have led to the use of graphene). Its cathode is 
a lithium-based compound, normally LiCoO2 or LiFePO4. 
The anode and cathode are separated by an electrolyte, in 
which there is a dielectric separator. This layout is as shown in 
figure 2. 
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Figure 2 - Generic Alkaline Cell 

 

 

 

 

 

 

 

 

 

 

 

 
 
For optimal packing efficiency into a cell, strips of thin 

layers are rolled into a cylindrical cell using the �swiss roll 
method�, as shown in figure 3. The layout is extremely thin 
and compact, the diagram above enlarging the width of the 
electrodes and electrolyte significantly. This layout is still in 
use today due to its hyper-optimized design. 

 

B. Why Lithiated metal oxides are used 

Lithium-ion batteries are lightweight and have a high 
energy density, and they can be recharged rapidly. The 
element�s high electrochemical potential makes it a valuable 
component of high energy-density rechargeable lithium
batteries6. Additionally, lithium is the least dense and lightest 
metal, which means more lithium atoms or ions can fit into the 
same volume than any other solid element. Further, of all 
elements, lithium has the least ionization energy due to its 
electronic configuration, so a minimal amount of energy is 
required to initiate the charge-dischargeprocedure. Lastly, 
lithium is highly reactive and this carries the implication that 
more energy can be stored in the bonds lithium forms than in 
any other element, which contributes to the high energy 
density of lithium batteries. To this end, lithiated metal oxides 
are ideal electrode material due to the fact that the most 
amount of energy and molecules can be squeezed into the 
same volume of space � maximising the electrochemical 
performance of a battery. 
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Figure 4 � A representation of ionic movement during charge and discharge

For optimal packing efficiency into a cell, strips of thin 
cylindrical cell using the �swiss roll 

method�, as shown in figure 3. The layout is extremely thin 
and compact, the diagram above enlarging the width of the 
electrodes and electrolyte significantly. This layout is still in 

ion batteries are lightweight and have a high 
energy density, and they can be recharged rapidly. The 

potential makes it a valuable  
rechargeable lithium-ion 

. Additionally, lithium is the least dense and lightest 
metal, which means more lithium atoms or ions can fit into the 

an any other solid element. Further, of all 
elements, lithium has the least ionization energy due to its 

amount of energy is 
procedure. Lastly, 

his carries the implication that 
more energy can be stored in the bonds lithium forms than in 
any other element, which contributes to the high energy 
density of lithium batteries. To this end, lithiated metal oxides 

fact that the most 
amount of energy and molecules can be squeezed into the 

maximising the electrochemical 

C. Charge-Discharge 

During charge, ions from the cathode pass through the 
electrolyte and are transferred into the lithium graphite anode, 

wher
e 
they intercalate with the layers of graphite. The separator 
prevents them from flowing back into the cathode to a large 
extent, which reduces the self-discharge rate greatly. When 
current is required and the terminals are connected, ions 
intercalated with the graphite first release one or more 
electrons, and these flow through the means of connection and 
return to the cathode, where the cathodic ion has also 
travelled, through the separator, and once the compound is re
formed, the battery is ready for charge. energy is stored in the 
lithiated metal oxide cathode in the form of the energy used to 
ionize that compound while charging 
that caused ionization during discharge.
can be visualized as in figure 4. 

D. The Reactions that Occur in the Electrodes

1)  At the Cathode
7
: During discharge, lithium ions migrate 

from the anode through the electrolyte medium to the cathode, 
where they are incorporated into lithium cobalt oxide through 
the following reaction, which reduces cobalt from a +4 to a +3 
oxidation state. During charge, the reaction is reversed
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2)  At the anode
�
:During discharge, lithium stays as Li+ in 

the lithium-graphite anode, while the carbon is reduced 
through the following reaction, which is reversed during 
charge 
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Figure 3 - Swiss Roll method of packaging a cell
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A representation of ionic movement during charge and discharge 

During charge, ions from the cathode pass through the 
electrolyte and are transferred into the lithium graphite anode, 

they intercalate with the layers of graphite. The separator 
prevents them from flowing back into the cathode to a large 

discharge rate greatly. When 
current is required and the terminals are connected, ions 
intercalated with the graphite first release one or more 
electrons, and these flow through the means of connection and 

he cathodic ion has also 
travelled, through the separator, and once the compound is re-
formed, the battery is ready for charge. energy is stored in the 
lithiated metal oxide cathode in the form of the energy used to 
ionize that compound while charging �releasing the energy 
that caused ionization during discharge. This ionic movement 

The Reactions that Occur in the Electrodes 

g discharge, lithium ions migrate 
from the anode through the electrolyte medium to the cathode, 
where they are incorporated into lithium cobalt oxide through 
the following reaction, which reduces cobalt from a +4 to a +3 

reaction is reversed. 
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discharge, lithium stays as Li+ in 
graphite anode, while the carbon is reduced 

through the following reaction, which is reversed during 
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Swiss Roll method of packaging a cell�
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TABLE 1 - COMMONLY USED CATHODE AND ANODE MATERIALS 

Figure 6 - (a) Spinel Structure of LiMn2O4; (b) lithium diffusion pathways 

Figure 7 - Li4Ti5O12 Spinel Structure, Blue octahedra represent lithium, Green 
octahedra represent disordered lithium and titanium; red spheres represent 
oxygen 

 
 

E. The Intercalation Mechanism: 

LIBs operate by storing energy through the variable 
intercalation of ions in the electrodes. This is achieved 
through two means. Firstly, the anode material is graphite (In 
newer batteries, this is graphene and research is being carried 
out where silicon-based anodes are being experimented with). 
Graphite is a form of carbon composed of layers of tightly 
bound carbon atoms whose layers are loosely held together, as 
shown in figure 57. It is between these layers that lithium ions 
are intercalatedand where they remain until discharge. 

 

F. Commonly used Electrode Materials 

Electrode Material Structure 
Average 
Voltage 

(V vs. Li) 

Practical 
Capacity 
(mAh/g) 

Cathodes 

LiCoO2 Layered ~3.9 ~140 

LiMnO2 Spinel ~4.1 ~120 

LiFePO4 Olivine ~3.45 ~160 

Anodes 
Graphite (LiC6) Layered ~0.1 ~360 

Li4Ti5O12 Spinel ~1.5 ~175 

 
 

G. Types of Electrode Structures 

 
The following section will display the different types of 

structures as introduced in table 1. 

1) Spinel Structure
9,10

: 
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Figure 10 - Olivine Structure in LiFePO4 

2) Layered Structure11,12: 

 

3)  Olivine Structure13:  

H. Factors that affect Electrochemical Performance

The chemical structure of the electrodes and electrolyte, 
as 

Figure 8 - Layered Structure in Graphite�
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Figure 9 - Layered Structure of LiCoO2; red spheres represent oxygen; 
purple spheres represent lithium; peach represent cobalt 

 

 
 
 
 
 
 
 

Electrochemical Performance 

The chemical structure of the electrodes and electrolyte, 
well as their 

micro-scale 
behaviours- 

like ionic conductivity - affect the properties of the battery. 
These properties define the performance of the battery. The 
way a battery performs then goes on to alter its structure and 
chemistry – since a better performing battery will inevitably 
consume the reactive materials within it more rapidly than a 
lower performing one-  resulting in a positive feedback loop 
of sorts. The factors that affect electrochemical performance 
of batteries are shown in figure 1114.  

 

III.  ENERGY STORAGE IN SUPERCAPACITORS

A. Electrostatic energy storage 

Electrical energy is stored in supercapacitors via two 
storage principles, electrostatic double
electrochemical pseudo-capacitance. Supercapacitors store 
less energy than batteries but release exponentially faster. 
They can also be charged faster than conventional batteries 
due to an inherent low energy density, and since energy is 
stored electrostatically, creating a charge difference at the 
terminals. When these terminals are connected, th
charged particles quickly release from the plates they are 
ordered on and flow across extremely fast.

B. Asymmetric Supercapacitors 

Figure 11 - Factors affecting electrochemical performance
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; red spheres represent oxygen; 

affect the properties of the battery. 
These properties define the performance of the battery. The 

a battery performs then goes on to alter its structure and 
since a better performing battery will inevitably 

consume the reactive materials within it more rapidly than a 
resulting in a positive feedback loop 

factors that affect electrochemical performance 

SUPERCAPACITORS 

 

Electrical energy is stored in supercapacitors via two 
storage principles, electrostatic double-layer capacitance and 

capacitance. Supercapacitors store 
ase exponentially faster. 

They can also be charged faster than conventional batteries 
due to an inherent low energy density, and since energy is 
stored electrostatically, creating a charge difference at the 
terminals. When these terminals are connected, the oppositely 
charged particles quickly release from the plates they are 
ordered on and flow across extremely fast. 

 

Factors affecting electrochemical performance�


