
          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 08 Issue: 01 | Jan 2021                 www.irjet.net                                                                       p-ISSN: 2395-0072 

 

© 2021, IRJET       |       Impact Factor value: 7.529       |       ISO 9001:2008 Certified Journal       |     Page 749 

An Overview of Batteries used for Electric Two-Wheelers in Indian 

Drive Cycle 

Navaneeth M1, Jithin J2, Anitha KR3, Swathi PV4, Advaith Uday5 

1,2,3,4B.Tech student, Dept. of Electrical and Electronics, TKM college of Engineering, Kerala, India 
5B.Tech student, Dept. of Electrical and Electronics, College of Engineering Trivandrum, Kerala, India 

---------------------------------------------------------------------***---------------------------------------------------------------------

Abstract -The field of mobility is undergoing a deviation 
from conventional Internal Combustion Engine (ICE) 
vehicles to Electric Vehicles (EVs). From the beginning of the 
19th Century Electric Vehicles faced few major 
disadvantages when compared to ICE vehicles like shorter 
range, higher sticker price and longer refueling time. 
Various chemistries of batteries were used since the 
beginning of the 19th century. This paper provides an 
overview of various types of batteries used in Electric 
Vehicles and showcases the advantages that the Solid-State 
Batteries provides over the other chemistries of batteries, 
specifically Lithium-Ion Batteries which have liquid 
electrolyte. In this paper a conventional ICE bike was 
retrofitted to an E-Bike and the best battery in drive cycles 
in India was found. Various parameters like energy density, 
power density, safety, cost, cycle life, etc. were compared 
and showcased why Lithium based SSBs are promising for 
use in EV applications.  
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1. INTRODUCTION 

The greatest invention of mankind is the wheel. It 
preceded the way for the future of transportation. The 
First EV was introduced way back in 1834 around the 
1870s electric vehicles came into the market [1]. The lack 
of good batteries and less range were the main drawbacks 
of EVs at that time. Low-cost petroleum and electric 
starters caused the development of ICE vehicles [2]. The 
mass production of Ford model T played an important role 
in decreasing the price of IC engine vehicles [3]. This 
further kept the consumers away from EVs and the 
industry began to fade away from the market. Since then, 
IC engines were the best option and the vehicle industry 
evolved a lot. 

Around the late 20th century, the world witnessed a 
massive hike in pollution level and realized the effects of 
global climate changes, the need for clean energy became 
the need of the hour and it triggered the search for a 
better alternative [4]. The European new vehicle CO2 
regulation (which prescribes a mandatory value of 95 
grams of CO2 per kilometre by 2021 for passenger cars) is 
currently in the process of being extended to 2025 [5]. EVs 
are also proven to reduce carbon emission, so the need of 

electric propulsion in vehicles became a necessity [6]. 
Even though several manufacturers started producing 
EVs, it was Tesla’s roadster that made them popular [7]. Of 
all the factors, battery is the crucial part of an EV, it 
determines the range of the vehicle, cost, safety and 
overall performance of the vehicle to a great extent. 

The development in the EV industry directly depends on 
the battery capacity it can use. For low cost to energy 
ratio, lead acid batteries are preferred for an electric 
vehicle. But these batteries have low cycle life compared to 
other batteries [8]. Further, lead acid batteries are bulky 
and heavy to use in an electric vehicle, thus affecting the 
range of the vehicle. So, these disadvantages were 
overcome by the Nickel Cadmium battery. They were 
much lighter, economical and space efficient. It also 
offered a good power to weight ratio [9]. Introduction of 
Nickel metal hydride batteries accelerated the growth of 
EVs. The negative electrode of NiMH follows the process of 
intercalation, a smoother process than redox reaction in 
other electrochemical cells [10]. NiMH has a higher self-
discharge rate but its higher energy density makes them 
suitable for hybrid electric vehicles. Li-ion cells have both 
the electrodes undergoing an intercalation process [10]. 
Additionally, the higher energy density, longer life, and no 
memory effect makes them a strong alternative for use in 
EVs [11]. This drastically improved battery performance. 
High energy density, long life, low self-discharge rate were 
the main advantages of Li-ion cells [12]. However, the 
operating temperature is very low, thus battery failure 
may lead to serious damages [13]. Overcoming these 
disadvantages of Li-ion batteries, Lithium based Solid 
State Batteries (SSBs) were introduced which as the name 
suggest uses a solid electrolyte instead of liquid electrolyte 
for ion conduction. It offers no thermal runaway and 
hence wide operating range [14]. 

The paper is organized as follows: section ⅠⅠ discusses 
major battery types used in electric vehicle applications, 
and section ⅠⅠⅠ compares various parameters of the 
batteries discussed here and the drive cycles obtained 
from the E Bike also has been depicted. A retrofitting 
method was used and spacing for the batteries have been 
calculated and the range obtained by using different 
batteries is studied. And finally, the paper is concluded by 
discussing the different cost constraints and the scope of 
future expansion. 
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2. MAJOR BATTERIES USED FOR EV 
APPLICATIONS 
 
2.1 Lead Acid Battery  

Lead acid batteries originally invented in the 19th century 
went through different changes and advancement to the 
product that it is of today. Lead acid battery, being the 
very commercialized battery in older generation as it was 
introduced in 1859 [15]. The major advantages of these 
batteries are low cost, high electrical activity, high 
reliability, fast response, strong surge capacity and 
efficiency ranging from 60 to 80% [16]. The electrodes, 
separator and electrolyte constitute the internal structure 
of the battery. The anode is made of lead plates and 
cathode made of lead oxide plate is immersed in 
electrolyte solution of sulphuric acid. The electrodes turn 
into lead sulphate and electrolyte becomes water during 
the discharge process [17]. Fig. 1 shows the structure of 
lead acid battery.  

The chemical reaction equation of lead acid battery. 

Pb(s) +SO42-↔PbSO4+ 2e- (Anode) 

PbO2+ 4H++SO42-+ 2e- ↔ PbSO4+ 2H2O (Cathode) 

 

Fig -1: Cutaway of Lead Acid Cell [18] 

Low cost, abuse withstanding features, reliable, robust, 
low internal impedance are some key features. Indefinite 
shelf life if stored without electrolyte, can be left on float 
charge for a long period [19]. Wide range of sizes and 
capacities available and is the world’s most recycled 
product. While the demerits include Coulombic charge 
efficiency being only 70% in general, and also have the 
danger of overheating during charging, which is not 
suitable for fast charging (compared to other batteries) 
[20].  Applications include automotive and traction 
applications, emergency power for electrical installations, 
used in submarines, UPS and other commercial uses. 

2.2 Nickel Metal Hydride Battery  

Nickel-metal hydride battery is a rechargeable alkaline 
type which is one among the leading battery technologies 
in the hybrid electric vehicle industry [21]. NiMH batteries 
are characterized by high energy density, extended service 
life, safety, high power, environment friendly and 
recyclability [22]. It can be produced in sizes varying from 
a few milli ampere hours to hundreds of ampere hours 
[23]. Structure and cell reactions of NiMH batteries are 
briefly discussed in this section. Fig. 2 depicts the 
structure of NiMH battery. 

NiMH battery is called an alkaline storage battery since 
it uses Potassium Hydroxide as its electrolyte [23]. KOH 
has a high conductivity factor and the ability to remain 
inert during the cell reaction which resulted in high 
conductivity throughout its battery life [22]. KOH plays a 
vital role in keeping the overcharge and over discharge 
performance better in NiMH batteries as KOH 
concentration remains constant in the entire process of 
charging and discharging [25,26]. 

 

Fig -2: Cutaway of cylindrical NiMH cell [24] 

NiMH battery has Nickel Hydroxide as its positive 
electrode. It is nonstoichiometric and has better 
gravimetric and volumetric energy densities [27]. Battery 
life and abuse tolerance are enhanced by nickel electrodes 
because of its insolubility property in KOH electrolyte 
[23]. Nickel electrode has two different polymorphic 
forms, α-Ni(OH)2 and β-Ni(OH)2. But β-Ni(OH)2 is used as 
a positive electrode as it improves the electrochemical 
property of the electrode due to its irregular tabular shape 
and high-density structural disorder [28]. 

Positive electrode reaction is written as: 

Ni(OH)2 + OH- ↔ β-NiOOH + H2O + e- 

NiMH battery has hydrogen absorbing alloys as its 
negative electrode. It is capable of absorbing hydrogen 
thousand times more than the volume of itself. The 
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mechanism by which it absorbs and desorbs hydrogen is 
called intercalation and deintercalation respectively. The 
cells work at low pressure and are safe. Hydrogen 
absorbing alloy is made by combining 2 different metals 
say, A and B. Hydride of metal A should be able to produce 
heat exothermically while hydride of meal B should be 
able to produce heat endothermically [23]. These two 
metals can be combined in four ways [29]; AB5, AB2, AB 
and A2B.  Among these, the most suitable form for battery 
application is AB5 based on its long life, charge and 
discharge efficiency [23]. 

Negative electrode reaction is written as: 

M + H2O + e- ↔ MH + OH- 

Separator is used in liquid electrolyte batteries to 
prevent electrical short circuiting by keeping two 
electrodes apart while it allows the transportation of ionic 
charge carriers. Generally, the metal grid or sheet which 
provides a better conducting path is used as a collector 
current. Excessive gases produced during overcharging or 
shorting is removed through the safety vent [23]. Overall 
cell reaction is given as: 

M + Ni(OH) + H2O ↔ MH + (β-NiOOH·H2O) 

NiMH batteries also have many disadvantages. Its main 
drawbacks are self-discharging and negative electrode 
corrosion which depends on the temperature. Therefore, it 
needs a system that can manage temperature to have 
better charging efficiency and long life [30]. It also works 
improper at low and high temperatures [31].    

NiMH are used in a variety of applications which includes 
mainly hybrid electric vehicles and stationary power 
applications like energy storage for telecom, UPS and 
distributed generation applications [22]. NiMH battery 
technology is used for vehicles like Toyota Prius. Toyota 
Prius, a hybrid electric vehicle used NiMH for the first time 
[21]. 
 

2.3 Lithium-Ion Battery 

Lithium-ion batteries are used in a broad spectrum of 
applications from portable devices like mobile phones to 
satellites due to a variety of reasons discussed in this 
section. Li ion batteries have many chemistries which are 
used for EV applications. Each one of them differ in terms 
of energy density, life cycles, durability, safety issues 
under overcharge and over discharge conditions. Both the 
electrodes of Li-ion cells work on the Intercalation 
process. In this process Lithium does not react with 
electrodes but they are either absorbed from the 
electrolyte and inserted to electrode or removed from 
electrode to electrolyte through deintercalation [10]. 

The cell has a positive electrode, negative electrode, 
electrolyte, separator and current collector. Electrons are 

gained by the positive electrode from the external circuit 
during the discharge process. Electrons are given up by 
the positive electrode to the external circuit during the 
charging process. Fig. 3. shows the structure of the Li-ion 
cell. 

The electrolyte, media that conducts ions between 
electrodes, used in Li-ion cells contains salt, acid or base 
dissolved in solvent [10]. 

The negative electrodes (anode) used are generally 
graphitic carbon. There are many other varieties too. The 
other anodes used are LTO (Li4Ti5O12) and Silicon. LTO has 
a high open circuit potential of negative electrodes thus 
reduces the overall cell voltage. Silicon electrode is also 
used as anode, offers higher energy density but has a short 
life cycle [32]. 

Current collector material is selected such that it can 
withstand the harsh environment inside the cell and 
normal environment outside the cell. The positive current 
collector generally used is Aluminium foil and the negative 
current collector used is Copper foil [10]. 

 
Fig -3: Li-ion cell schematic diagram [10] 

The positive electrode (cathode) used for E applications in 
lithium-ion batteries are Lithium Cobalt Oxide (LiCoO2, 
LCO), Lithium Manganese Oxide (LiMn2O4, LMO/Spinel), 
Lithium Iron Phosphate (LiFePO4, LFP) and Lithium Mixed 
Nickel-Manganese-Cobalt Oxide (LiNi1-y-zMnyCOzO2, 
NMC). The performance of these electrodes is compared in 
the table 1. [32]. 

Table -1: Positive Electrodes of Li-ion Cell [32] 
 

Specifications LCO LMO LFP NMC 

Nominal Voltage 
(V) 

3.90 3.70 3.40 3.60  
to 

3.70 

Cycle life 500 500 
to 

1000 
to 

1000 
to 
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1000 2000 2000 

Operating Temp Average Average Good Good 

Specific energy 
(Wh/kg) 

155 100 
to 

200 

160 200 

Specific power 1C 10C, 
40C 

35C 10C 

Safety Poor Average Very 
good 

Good 

Cost High Low Average Average 

By referring to Table 1. conclusions made are such. Among 
these chemistries of Li-ion batteries LCO based batteries 
have high energy density and power density. But there is a 
trade-off that has to be done such that Cobalt metal is toxic 
as well as expensive. NMC based Li-ion batteries are safer, 
cheaper and at the same time offer higher energy density 
[32]. As a result, NMC based Li-ion batteries are widely 
used in EV applications. LMO based Li-ion batteries have 
lower cost, better safety than LCO but have a shorter life 
cycle. Even though LPF based batteries have low nominal 
voltage, it has better safety, good thermal stability and 
lower cost. So LPF based batteries are also used in EV 
applications. 

2.4 Solid State Battery 

The Li-ion batteries have some serious drawbacks due to 
narrow operating temperature the chance for thermal 
runaway is high. Thus, to avoid that costly and 
sophisticated protection and voltage balancing circuits are 
essential. The EV industry is always in search of better 
chemistries and methods to improve safety and range of 
EV. The use of Solid-state batteries can fix these problems 
to a great extent. The Lithium based SSBs can replace the 
liquid electrolyte with solid electrolytes and thus receive 
the name solid state battery. Due to these top features 
major automobile companies like Toyota, BMW, Hyundai, 
Volkswagen, etc. have collaborated with SSB 
manufacturers in order to increase safety, provide longer 
range, faster charging, etc. More about SSB technologies 
are in great detail in this session [33]. 

 Solid State Li-ion batteries are one of the best battery 
technologies developed in terms of safety and volumetric 
energy density [7]. Unlike other batteries discussed SSBs 
have solid electrolyte, here amorphous Li3PO4 is used as a 
solid electrolyte, Li metal is used as the negative electrode 
and LiCoO2is used as the positive electrode [34]. The ion 
transport mechanism in SSB can happen in three different 
ways- There is vacancy diffusion where the ions occupy 
the vacant spaces in the neighbouring site, Direct 

interstitial method of flowing ions and third mechanism 
happens by which a ion colliding with a stable ion to 
create a metastable ion [35]. 

 

Fig -4: Schematics of ion transportation in SSB [34] 

The Solid electrolytes can vary according to the battery 
selected and usually are of three types. Solid Oxide 
electrolyte which has high chemical stability and is non-
toxic when decomposed. Glass comes under this category 
and has very high thermal resistance and is suitable as an 
electrolyte. It works as an effective separator between 
electrode materials. The second classification is the Solid 
Sulphide Electrolyte which has high ionic conduction and 
low grain boundary size which makes it possible to 
manufacture bulk type batteries. Third category is Solid 
polymer electrolytes that have good flexibility and are 
safer and less inflammable but these electrolytes have 
poor mechanical properties [34]. The Cycle life of SSB is a 
crucial parameter to indicate its performance when used 
in an electric vehicle. There are many mechanical, 
chemical and electrochemical factors that affect the life of 
the SSB [35]. 

Further improvements can be made in interface stability 
and reducing interface resistance by modifying the 
electrolyte/electrode interface. Inhibiting lithium 
dendrites growth is also a necessary step to prevent 
accidents which can be done by improving the anode 
interface or structure of anode [36]. 

3. METHODOLOGY & COMPARISON 

Out of all the battery technologies listed here, Solid state 
batteries are found to be better in many aspects. Solid 
state batteries have the highest energy density of 
380Whkg-1[37] and is superior to lithium-ion batteries 
which have around 270Whkg-1. In terms of Power density, 
lead acid and nickel cadmium batteries were limited to 
around 180Wkg-1where as nickel metal hydride was 
much better as it provided upto 1000Wkg-1. Li-ion 
batteries were a leap in terms of power density. It can 
provide upto 1800Wkg-1[38]. Self-discharge rate of a 
battery is a very useful tool to analyse the performance of 
a battery. Lead Acid Batteries have a very high self-
discharge rate. The self-discharge rate of NiMH hydride is 
high but its higher energy and power density makes them 
suitable for Hybrid Electric Vehicles. Lithium-Ion batteries 
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have a very low self-discharge rate, high power density, 
high energy density, and no memory effect makes them 
suitable for Battery Electric Vehicles [39]. 
     
Safety is the primary concern in any application. Vehicle 
safety is related with the prevention of crashes and its 
precaution is taken in its design. In the context of battery, 
elimination of fire hazard is important. Fire hazard from 
the battery happens due to thermal runaway. It is a 
spontaneous event caused due to short circuit of battery 
terminals and can result in excessive heating and 
explosion [40]. This is the major drawback of Li-ion 
batteries. Therefore, monitoring systems are required for 
ensuring the safety [41]. For Solid state battery 
technology, the operating temperature range is sufficiently 
wide so that battery safety is increased even though 
specific energy is high. 

For the purpose of this paper, the concept of retrofitting 
an ICE bike to an EV was used. Bajaj Pulsar 150, a popular 
ICE bike in India was chosen here. The space for replacing 
the IC engine with motor, battery and motor controller 
were estimated. The fig. 5 shows the chassis of the bike 
chosen. A 3kW BLDC (brushless DC) motor with chain 
drive was placed at a convenient position as shown in fig. 
6. Due to higher efficiency, reliability and affordable price, 
BLDC was found to be the best suit for this application. 
[42] 

After placing the motor, the space left for fixing the battery 
was calculated. The volume left for battery 
accommodation was found to be 360mm x 170mm x 
280mm which equals 17.36 litre.  

 

Fig -5: The chassis of the used bike [43] 

 

Fig -6: The allocation of components on the chassis 

From table 2 the maximum possible energy that can be 
stored in the estimated space is calculated for different 
batteries.  

A. Lead acid battery:  

Volumetric energy density: 100Wh/L 

Max. energy that can be stored in 17.36L = 17.36 x 100 

                                                                   = 1736 Wh 

B. Nickel metal hydride battery: 

Volumetric energy density: 140 Wh/L 

Max. energy that can be stored in 17.36L = 17.36 x 140 

                                                                   = 2430.4 Wh 

C. Lithium-ion battery: 

Volumetric energy density: 270 Wh/L 

Max. energy that can be stored in 17.36L = 17.36 x 270 

                                                                   = 4687.2 Wh 

D. Solid state battery: 

Volumetric energy density: 620 Wh/L  

Max. energy that can be stored in 17.36L = 17.36 x 620 

                                                                   = 10763.2 Wh 

The set of points representing the speed of a Vehicle with 
respect to time is known as driving cycle. The driving cycle 
can be classified into 2 groups, transient driving cycle and 
modal driving cycle. Since it represents the nature of 
roads, different countries have different driving cycles. 
[47] Driving cycle in USA is FTP-75 (Federal Test 
Procedure), in Europe its ARTEMIS (Assessment and 
Reliability of Transport Emission Models and Inventory 
System) and NEDC (New European Driving Cycle), and 
worldwide its WLTP (World Harmonized light vehicles 
test procedure). 
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Table -2: Comparison of various batteries for EVs 
[39,44,45,46] 

Battery type Lead 
Acid 

NiMH Li-ion Solid 
State 

Specific Energy 
(Wh/kg) 

30-50 60-120 110-270 380 

Energy Density 
(Wh/L) 

60-100 100-140 240-280 620 

Power 
Density 
(W/kg) 

180 250-1000 1800 >1800 

Nominal 
Voltage 

2V 1.25V 3.6V ~4.2V 

Rate of Self 
Discharge 

Low High Very low Very low 

Operating 
Temperature 

 

-20 to 
60˚C 

-20 to 
60˚C 

-20 to 
60˚C 

-40 to 
higher 
than 

120˚C 

Cycle Life 200-300 300-500 500-1000 >1000 

Safety Very 
Good 

Good Bad-Need  
protection 

Very Good 

Cost Low Moderate High High at  
present 

 
In the Indian road the average speed of a 2-wheeler was 
found to be 40km/h in highways and 29km/h in urban 
roads from the drive cycle, shown in Chart 1 and 2 
respectively. The speed-time graph of highway roads and 
urban roads in Kerala, India was plotted using data 
collected from Speed View Pro mobile application. The 
plotting was done using MATLAB software. Considering 
the drivers aggressiveness in ordinary condition, at an 
average speed of around 29 km/h to 40km/h the energy 
consumption per km was found to be near to 
100Wh.  [48]. The maximum possible range of the bike 
with only 17.36L space for battery allocation was 
calculated based on the above data. The range of the lead 
acid battery was found to be lowest with 17.36km, NiMH 
gave a range of 24.30km, Li-ion gave a larger range of 
46.87km and Solid-state battery gave an estimated range 
of over 100km. With mass production and 
commercialization, the price of SSBs are expected to come 
down.  

 

Chart -1: The drive cycle obtained by driving the E-bike in 
highways in India 

 

Chart -2: The drive cycle obtained by driving the E-bike in 
urban roads in India 

The basic characteristics of the drive cycle plots 
obtained in 2 different conditions of Indian roads are 
depicted in table 3 shown below.  

Table -3:  Properties of Drive Cycle Obtained 

 
Type 

Avg. 
Speed 

(km/h)  

Max. 
Speed 

(km/h) 

Total 
Distance 
Covered 

(km) 

Effective 
Running 

Time 
(minute) 

Highway 39.82 71.34 21.47 36  

Urban 25.36 60.37 9.21 22 

 
Due to lower energy density the range obtained with Lead 
acid battery was also found to be very less and thus its 
used in EVs where the expected range is very low. When 
price is a major concern in some cases PbA batteries are 
preferred.  
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Chart -3: The plot of SoC of Li-ion battery in Highways 
in India  

In India, many E-rickshaws use PbA batteries. The Lead 
acid batteries are the cheapest which can be used for EV 
applications and are used by Lohia’s Electric 3 Wheelers 
(HUMRAHI PASSENGER) in India [49].  

The self-discharge rate of NiMH hydride is high but its 
higher energy and power density makes them suitable for 
Hybrid Electric Vehicles. Lithium-Ion batteries have a very 
low self-discharge rate, high power density, high energy 
density, and no memory effect makes them suitable for 
Battery Electric Vehicles [50]. The results also show that a 
range of 48.6km can be obtained by retrofitting.  

Due to the very high initial cost of SSB, at present, Li-ion 
batteries were preferred by an engineering trade-off. And 
it was implemented in the bike by retrofitting and the 
calculated results matched the practical range. Chart 3 
shows the plot of SoC obtained with Li-ion in Indian 
Highways. The motor and battery sizing is beyond the 
scope of this paper and can be discussed in the future. Fig 
7 shows the retrofitted e-bike.  

 

Fig -7: The retrofitted bike for with Li-ion battery 

4. CONCLUSIONS 

The main battery types used in EV applications were 
studied and compared. It is expected that with more sound 
research in electrolytes SSBs can replace conventional 
Lithium-Ion batteries mainly because of safety, high 
energy and power density factors. By considering the 
space constraints for allocating the battery, the possible 
range for different batteries were estimated in the 
retrofitted model. SSBs promise higher vehicle range than 
all the other battery chemistries discussed in the paper. At 
present the cost of Solid-State Batteries are high but it’s 

expected to be decremented because of mass production. 
In future, EVs can attain a range higher than 800kms with 
developments in SSBs. Better and advanced battery 
technologies are also possible for EV applications like Zinc 
Air batteries and Lithium Air Batteries. 
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