
Course Material  

Name of the Course  : ENERGY STORAGE SYSTEM AND 

MANAGEMENT SYSTEM 

Name of the Unit  : Introduction - ENERGY STORAGE SYSTEM 

Name of the Topic  : Introduction of battery and various  types battery 

 

 Objectives: • To understand the different types of energy storage system 
 
1. Outcomes: Discuss about the Introduction and different types of energy 

storage system. 

 
2. Pre-requisites: To have a basic knowledge of E Vehicles and Batteries 

 

 

1. A fuel cells converts .........energy into electrical energy 

a) Mechanical b) Magnetic c) Solar d) Chemical 

Answer: d 

2. Batteries are charged by 

a) Rectifiers b) Engine generator sets c) Motor generator sets d) Any one of the 
above methods 

Answer: d 

3. Who invented the battery? 

a) Alessandro Volta b) Alexander Bell c) Alessandro Bell d) Tim Southee 

Answer: c 

4.   Secondary’s cells are 

a) lead acid cell b) alkaline cell c) both (a) and (b) d) none of these 



Answer: c 

5. Which of the following battery is used for aircraft? 

a) Lead acid battery b) Nickel-iron battery c) Dry cell battery d) Silver oxide battery 

Answer: b 

6. Storage batteries are rated according to ——– 

a) Ambient Temperature b) Discharge Rate c) A and b d) None of the above 

Answer: c 

7. What is the other term of the secondary cells considering its capability to accept 
recharging? 

A. Reaction cell 

B. Primary cell 

C. Storage cell 

D. Dry cell 

Answer: c 

8. Nominal cell voltage of zinc battery 

a) 2 V b) 5V C) 1.2 V d) 3V 

Answer: c 

9.Which of the following is primary cell? 

a) Nickel Cadmium Cell b) Silver Zinc Cell c) Carbon-Zinc cell d) Lead Acid Cell 

Answer: c 

10. Secondary’s cells are 

a) lead acid cell b) alkaline cell c) both (a) and (b) d) none of these 

Answer: c 

 



 

 

 

 

3. Overview of Batteries 
From the electric vehicle designer’s point of view the battery can be 

treated as a ‘black box’ which has a range of performance criteria. These criteria 
will include: 

 specific energy 
 energy density 
 specific power 
 typical voltages 
 amp hour efficiency 
 energy efficiency 
 commercial availability 
 cost, operating temperatures 
 self-discharge rates 
 number of life cycles 
 recharge rates 

The designer also needs to understand how energy availability varies with 
regard to: 

 ambient temperature 
 charge and discharge rates 
 battery geometry 
 optimum temperature 
 charging methods 
 cooling needs 

 
4. Classification of batteries 

 Battery is the primary power source for any electronics wireless gadget, be it 
a smartphone, laptop, watch or remote. Can you imagine the situation without these 
energy sources? We wouldn’t be able to build any wireless electronic device and have 
to rely on wired power source only, even electric cars and space missions would not be 
possible without Batteries. 



 
 

 

 



Mechanism involved 

The chemistry of a battery 

A battery is a device that stores chemical energy, and converts it to electricity. This is 

known as electrochemistry and the system that underpins a battery is called an 

electrochemical cell. A battery can be made up of one or several (like in Volta's original 

pile) electrochemical cells. Each electrochemical cell consists of two electrodes separated 

by an electrolyte. 

Applications of battery 

Alkaline Batteries: It can used in torches, remotes, wall clocks, small portable gadgets etc. 

Lead-acid Batteries: Used in cars, UPS (uninterrupted Power Supply), robotics, heavy 
machinery etc. 

Ni-Cd Batteries: Used in RC toys, cordless phones, solar lights 

Ni-MH Batteries: Used in all applications similar to the alkaline and Ni-Cad batteries. 

Lithium Batteries: Can be used in all the portable devices which need rechargeable advantage 
like drones, robotics, RC toys. 

 

 



Test after completion 

1. The primary cell which has the longest life is  
a) Lithium cell b) lead acid cell c) zinc cell d) mercury cell 
Answer: a 

2. Lithium cells operates ranging from 
a) -25 ° C to 25 ° C b -50 ° C to 25 ° C c)-50 ° C to 75 ° C  d) -75 ° C to 75 ° C 
Answer c 

3. The lead-acid cell should never be discharged beyond 
a) 1.8 V (B) 1.9 V(C) 2 V (D) 2.1 V 
Answer a 

4. The life cycle of lithium ion battery is  
a)5000 cycles b)2000 cycles c) less than 1000 cycles d) 3000 cycles 
Answer c 

5. The capacity of lead acid cell depends upon its 
a) Temperature b) voltage c) rate of charge d) rate of discharge 
Answer: c 

Conclusion 
 Gained the knowledge and importance of E vehicles in current scenario 
 Understood the knowledge about the batteries in E vehicles 
 Discussed the details about different types batteries and its materials used in various 

applications. 
 

Demo Videos 

 

https://youtu.be/DE3fazjYV-o 

https://youtu.be/Lb9xSPWJg0o 
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Name of the Unit  : Introduction - ENERGY STORAGE SYSTEM 

Name of the Topic  : Introduction of lead acid and nickel 
metal batteries  

•Objectives:  To understand the concept of lead acid and nickel metal 
batteries 

1.  Outcomes: Discuss about the construction and working of lead acid 
and nickel metal batteries 

2. Pre-requisites: To have a basic knowledge of fuel cell and batteries 
chemistry 

1. What gets deposited on the plates of a discharged lead-acid battery? 

a) PbO2 b) Pb2O4 c) Pb d) PbSO4 

Answer: d 

2. Which of the following battery is also refer as Edison Battery: 

a) Carbon zinc b) Nickel Cadmium c) Nickel Iron d) Lead Acid 

Answer: c 

3. The charge required to one-gram equivalent of any substance is known as ------------ constant.  

a) Time b) voltage c) Boltzmann d) Faraday’s 

Answer: d 

4. During the charging of a lead acid cell 

a) Its voltage increases b) it gives output energy c) it gives input energy d) specific 
gravity of electrolysis decreases 

         Answer: a 

Lead Acid Batteries and Nickel Metal Hydride Batteries 

Both lead acid batteries and nickel metal hydride (NiMH) batteries are mature 
battery technologies. These types of batteries were originally used in early electric 
vehicles such as General Motor's EV1. However, they are now considered to be obsolete 



with regards to their uses as the main source of energy storage in BEVs. Lead acid 
batteries have seen used in conventional petroleum driven vehicles and are relatively 
inexpensive. However, this type of battery has a poor specific energy (34 Wh/kg). 
NiMH batteries are considered to be superior, as they can have up to double the specific 
energy (68 Wh/kg) compared with lead acid batteries. This allows electric vehicles that 
utilize NiMH batteries to be significantly lighter, leading to reduced energy cost for 
propelling the BEVs. Similarly, NiMH batteries also have greater energy density 
compared to lead acid batteries, which will allow the battery system to be contained 
within a smaller space. Though, NiMH batteries do have some drawbacks, such as 
having lower charging efficiencies than the other batteries. There is also a major issue 
with self-discharge (up to 12.5% per day under normal room temperature conditions) 
that is exacerbated when the batteries are in a high temperature environment. This 
makes NiMH batteries less ideal for hotter environments. Furthermore, there have been 
legal controversy regarding large format NiMH batteries, which has affected the use of 
NiMH batteries in battery electric vehicles. 

What is a Lead-acid Battery? 

The Lead-acid battery is one of the oldest types of rechargeable batteries. These 
batteries were invented in the year 1859 by the French physicist Gaston Plante. Lead-
acid batteries can be classified as secondary batteries. The chemical reactions that occur 
in secondary cells are reversible. The reactants that generate an electric current in these 
batteries (via chemical reactions) can be regenerated by passing current through the 
battery (recharging). The chemical process of extracting current from a secondary 
battery (forward reaction) is called discharging. The method of regenerating active 
material is called charging. 

Sealed Lead Acid Battery 

The sealed lead-acid battery consists of six cells mounted side by side in a single 
case. The cells are coupled together, and each 2.0V cell adds up to the overall 12.0V 
capacity of the battery. Despite being relatively heavy, lead-acid batteries are still 
preferred over other lightweight options owing to their ability to deliver large surges of 
electricity (which is required to start a cold engine in an automobile). A completely 
charged lead-acid battery is made up of a stack of alternating lead oxide electrodes, 
isolated from each other by layers of porous separators. All these parts are placed in a 
concentrated solution of sulfuric acid. Intercell connectors connect the positive end of 
one cell to the negative end of the next cell hence the six cells are in series. 



 

Chemical Reaction for Discharging

When the battery is discharged, it acts as a galvanic cell and the following 
chemical reaction occurs. 

Negative: Pb(s) + HSO4– + H2O(l) 

Positive: PbO2(s) + HSO4–(aq) + 3H3O+(aq) + 2e

Lead Acid Battery Charging 

The sulphuric acid existing in the lead discharge battery decomposes and needs
to be replaced. Sometimes, the plates change their structure by themselves. Eventually, 
the battery becomes less efficient and should be charged or changed.When car batteries 
spend considerable durations of time in their discharged states, the lead sulfat
up may become extremely difficult to remove. This is the reason why lead
must be charged as soon as possible (to prevent building up of lead sulfate). Charging 
of the lead batteries is usually done by providing an external current so
inserted which is linked to the lead
opposite direction. In cases where the sulphuric acid in the battery (or some other 

Chemical Reaction for Discharging 

When the battery is discharged, it acts as a galvanic cell and the following 

+ H2O(l) –> 2e– + PbSO4(s) + H3O+(aq) 

(aq) + 3H3O+(aq) + 2e–  –> PbSO4(s) + 5H2O(l)

 

The sulphuric acid existing in the lead discharge battery decomposes and needs
to be replaced. Sometimes, the plates change their structure by themselves. Eventually, 
the battery becomes less efficient and should be charged or changed.When car batteries 
spend considerable durations of time in their discharged states, the lead sulfat
up may become extremely difficult to remove. This is the reason why lead
must be charged as soon as possible (to prevent building up of lead sulfate). Charging 
of the lead batteries is usually done by providing an external current so
inserted which is linked to the lead-acid battery and chemical reaction proceeds in the 
opposite direction. In cases where the sulphuric acid in the battery (or some other 

 

When the battery is discharged, it acts as a galvanic cell and the following 

> PbSO4(s) + 5H2O(l)  

The sulphuric acid existing in the lead discharge battery decomposes and needs 
to be replaced. Sometimes, the plates change their structure by themselves. Eventually, 
the battery becomes less efficient and should be charged or changed.When car batteries 
spend considerable durations of time in their discharged states, the lead sulfate build-
up may become extremely difficult to remove. This is the reason why lead-acid batteries 
must be charged as soon as possible (to prevent building up of lead sulfate). Charging 
of the lead batteries is usually done by providing an external current source.A plug is 

acid battery and chemical reaction proceeds in the 
opposite direction. In cases where the sulphuric acid in the battery (or some other 



component of the battery) has undergone decomposition, the charging process may 
become inefficient. Therefore, it is advisable to check the battery periodically. 

 

Chemical Reaction for Recharging 

The chemical reaction that takes place when the lead-acid battery is recharging can be 
found below. 

Negative: 2e– + PbSO4(s) + H3O+(aq) –> Pb(s) + HSO4– + H2O(l) 

Positive: PbSO4(s) + 5H2O(l) –> PbO2(s) + HSO4–(aq) + 3H3O+(aq) + 2e– 

While recharging, the automobile battery functions like an electrolytic cell. The energy 
required to drive the recharging comes from an external source, such as an engine of a 
car. It is also important to note that overcharging of the battery could result in the 
formation of by-products such as hydrogen gas and oxygen gas. These gases tend to 
escape from the battery, resulting in the loss of reactants. 

Advantages 

 Inexpensive and simple to manufacture.  
 Mature, reliable and well-understood technology - when used correctly, lead-

acid is durable and provides dependable service. 
 The self-discharge is among the lowest of rechargeable battery systems. 
 Capable of high discharge rates. 

Limitations 

 Low energy density - poor weight-to-energy ratio limits use to stationary and 
wheeled applications. 

 Cannot be stored in a discharged condition - the cell voltage should never drop 
below 2.10V. 

 Allows only a limited number of full discharge cycles - well suited for standby 
applications that require only occasional deep discharges. 

 lead content and electrolyte make the battery environmentally unfriendly.  
 Transportation restrictions on flooded lead acid - there are environmental 

concerns regarding spillage. 
 Thermal runaway can occur if improperly charged 

Applications 



 Lead-acid Batteries: Used in cars, UPS (uninterrupted Power Supply), robotics, heavy 
machinery etc. 

 

 

Nickel-cadmium (NiCd) batteries

 Invented by Waldemar 
offered several advantages over lead acid, then the only other rechargeable battery; however, 
the materials for NiCd were expensive. Developments were slow, but in 1932, advancements 
were made to deposit the active materials inside a porous nickel
improvements occurred in 1947 by absorbing the gases generated during charge, which led to 
the modern sealed NiCd battery.

 

For many years, NiCd was the preferred battery choice for two
medical equipment, professional video cameras and power tools. In the late 1980s, the ultra
high capacity NiCd rocked the world with capacities that were up to 60 percent higher than the 
standard NiCd. Packing more active material into the 
shadowed by higher internal resistance and reduced cycle count.

acid Batteries: Used in cars, UPS (uninterrupted Power Supply), robotics, heavy 

cadmium (NiCd) batteries 

Invented by Waldemar Jungner in 1899, the nickel-cadmium battery 
offered several advantages over lead acid, then the only other rechargeable battery; however, 
the materials for NiCd were expensive. Developments were slow, but in 1932, advancements 

ve materials inside a porous nickel-plated electrode. Further 
improvements occurred in 1947 by absorbing the gases generated during charge, which led to 
the modern sealed NiCd battery. 

For many years, NiCd was the preferred battery choice for two-way ra
medical equipment, professional video cameras and power tools. In the late 1980s, the ultra
high capacity NiCd rocked the world with capacities that were up to 60 percent higher than the 
standard NiCd. Packing more active material into the cell achieved this, but the gain was 
shadowed by higher internal resistance and reduced cycle count. 

acid Batteries: Used in cars, UPS (uninterrupted Power Supply), robotics, heavy 

cadmium battery 
offered several advantages over lead acid, then the only other rechargeable battery; however, 
the materials for NiCd were expensive. Developments were slow, but in 1932, advancements 

plated electrode. Further 
improvements occurred in 1947 by absorbing the gases generated during charge, which led to 

 

way radios, emergency 
medical equipment, professional video cameras and power tools. In the late 1980s, the ultra-
high capacity NiCd rocked the world with capacities that were up to 60 percent higher than the 

cell achieved this, but the gain was 



 

 

 Rugged, high cycle count with proper maintenance
 Only battery that can be ultra
 Good load performance; forgi
 Long shelf life; can be stored in a discharged state, needs priming before use
 Simple storage and transportation; not subject to regulatory control
 Good low-temperature performance
 Economically priced; NiCd is the lowest in terms of cost per
 Available in a wide range of sizes and performance options 

 Relatively low specific energy compared with newer systems
 Memory effect; needs periodic full discharges and can be rejuvenated
 Cadmium is a toxic metal. Cannot be disposed of i
 High self-discharge; needs recharging after storage
 Low cell voltage of 1.20V requires many cells to achieve high voltage

Applications 

 Lead-acid Batteries: Used in cars, UPS (uninterrupted Power Supply), robotics, heavy 
machinery etc. 

 Ni-Cd Batteries: Used in RC toys, cordless phones, solar lights
 Ni-MH Batteries: Used in all applications similar to the alkaline and Ni

1. The capacity of lead acid cell depends upon its

 

Advantages 

Rugged, high cycle count with proper maintenance 
Only battery that can be ultra-fast charged with little stress 
Good load performance; forgiving if abused 
Long shelf life; can be stored in a discharged state, needs priming before use
Simple storage and transportation; not subject to regulatory control 

temperature performance 
Economically priced; NiCd is the lowest in terms of cost per cycle 
Available in a wide range of sizes and performance options  

Limitations 

Relatively low specific energy compared with newer systems 
Memory effect; needs periodic full discharges and can be rejuvenated 
Cadmium is a toxic metal. Cannot be disposed of in landfills 

discharge; needs recharging after storage 
Low cell voltage of 1.20V requires many cells to achieve high voltage 

acid Batteries: Used in cars, UPS (uninterrupted Power Supply), robotics, heavy 

Batteries: Used in RC toys, cordless phones, solar lights 
MH Batteries: Used in all applications similar to the alkaline and Ni-Cad batteries.

Test after completion 

1. The capacity of lead acid cell depends upon its 

Long shelf life; can be stored in a discharged state, needs priming before use 

acid Batteries: Used in cars, UPS (uninterrupted Power Supply), robotics, heavy 

Cad batteries. 



a) Temperature b) voltage c) rate of charge d) rate of discharge 

   Answer: c 

2.What is the colour of a positive plate of a lead-acid battery? 

a) White b) Grey c) White d) Brown 

Answer: d 

3.the capacity of nickel cadmium battery is measured in  

a) amperes b) amperes c) volts d) amperes-hours  

Answer: d 

 

 

 

 

Conclusion 

• Understood the knowledge about the lead acid and nickel batteries in E vehicles 

• Discussed the details about construction and working of lead acid and nickel batteries 
and its materials  

 

Demo Videos 

https://www.youtube.com/watch?v=HHgPBMMZ26w 

https://www.youtube.com/watch?v=si7PaXtJX3k 
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Name of the Unit  : Introduction - ENERGY STORAGE SYSTEM 

Name of the Topic  : Introduction of lithium batteries 

•Objectives:  To understand the concept of lithium batteries 

1.  Outcomes: Discuss about the construction and working of lithium 
batteries 

2. Pre-requisites: To have a basic knowledge of fuel cell and batteries 
chemistry. 

 

1. The active materials of lithium ion battery are 

a) lithium cobalt oxide b) graphite c) 21% solution of KOH d) all the above 

Answer: d 

2.lithium ion battery charged condition the colour of negative electrode 

a) yellow b) blue c) gray d) red 
Answer: b 

3. The positive electrode materials of lithium polymer battery are 
a) Metal oxide b) cobalt c) lithium salt d) carbon 
Answer: a 

4. the capacity of lithium ion battery depends on  
a) rate of charge b) temperature c) density of electrolyte d) none of the above  
Answer: d 

Lithium ion battery  

Lithium-ion batteries power the lives of millions of people each day. From laptops and 
cell phones to hybrids and electric cars, this technology is growing in popularity due to its light 
weight, high energy density, and ability to recharge.battery is made up of an anode, cathode, 
separator, electrolyte, and two current collectors (positive and negative). The anode and 
cathode store the lithium. The electrolyte carries positively charged lithium ions from the anode 
to the cathode and vice versa through the separator. The movement of the lithium ions creates 
free electrons in the anode which creates a charge at the positive current collector.  The electrical 
current then flows from the current collector through a device being powered (cell phone, 
computer, etc.) to the negative current collector. The separator blocks the flow of electrons 
inside the battery. 



 

CHARGE/DISCHARGE 

While the battery is discharging and providing an electric current, the anode releases 
lithium ions to the cathode, generating a flow of electrons from one side to the other. When 
plugging in the device, the opposite happens: Lithium ions are released by 
received by the anode. 

ENERGY DENSITY VS. POWER DENSITY

The two most common concepts associated with batteries are energy density and power 
density. Energy density is measured in watt
energy the battery can store with respect to its mass. Power density is measured in watts per 
kilogram (W/kg) and is the amount of power that can be generated by the battery with respect 
to its mass. To draw a clearer picture, think of draining a pool. Energy dens
size of the pool, while power density is comparable to draining the pool as quickly as 
possible.The Vehicle Technologies Office works on increasing the energy density of batteries, 
while reducing the cost, and maintaining an acceptabl

Lithium polymer battery 

How polymer lithium batteries work

Lithium-ion batteries are classified into liquid lithium ion batteries and polymer lithium ion 
batteries or plastic lithium ion batteries according to the electrolyte materials use
ion batteries. The positive and negative materials used in the polymer lithium ion battery are 
the same as the liquid lithium ions. The positive electrode material is divided into lithium 
cobaltate, lithium manganate, ternary material and lith
negative electrode is graphite. The working principle of the battery is also basically Consistent 

While the battery is discharging and providing an electric current, the anode releases 
lithium ions to the cathode, generating a flow of electrons from one side to the other. When 
plugging in the device, the opposite happens: Lithium ions are released by 

ENERGY DENSITY VS. POWER DENSITY 

The two most common concepts associated with batteries are energy density and power 
density. Energy density is measured in watt-hours per kilogram (Wh/kg) and is the amount of 

he battery can store with respect to its mass. Power density is measured in watts per 
kilogram (W/kg) and is the amount of power that can be generated by the battery with respect 
to its mass. To draw a clearer picture, think of draining a pool. Energy density is similar to the 
size of the pool, while power density is comparable to draining the pool as quickly as 
possible.The Vehicle Technologies Office works on increasing the energy density of batteries, 
while reducing the cost, and maintaining an acceptable power density. 

How polymer lithium batteries work 

ion batteries are classified into liquid lithium ion batteries and polymer lithium ion 
batteries or plastic lithium ion batteries according to the electrolyte materials use
ion batteries. The positive and negative materials used in the polymer lithium ion battery are 
the same as the liquid lithium ions. The positive electrode material is divided into lithium 
cobaltate, lithium manganate, ternary material and lithium iron phosphate material, and the 
negative electrode is graphite. The working principle of the battery is also basically Consistent 

 

While the battery is discharging and providing an electric current, the anode releases 
lithium ions to the cathode, generating a flow of electrons from one side to the other. When 
plugging in the device, the opposite happens: Lithium ions are released by the cathode and 

The two most common concepts associated with batteries are energy density and power 
hours per kilogram (Wh/kg) and is the amount of 

he battery can store with respect to its mass. Power density is measured in watts per 
kilogram (W/kg) and is the amount of power that can be generated by the battery with respect 

ity is similar to the 
size of the pool, while power density is comparable to draining the pool as quickly as 
possible.The Vehicle Technologies Office works on increasing the energy density of batteries, 

ion batteries are classified into liquid lithium ion batteries and polymer lithium ion 
batteries or plastic lithium ion batteries according to the electrolyte materials used in lithium 
ion batteries. The positive and negative materials used in the polymer lithium ion battery are 
the same as the liquid lithium ions. The positive electrode material is divided into lithium 

ium iron phosphate material, and the 
negative electrode is graphite. The working principle of the battery is also basically Consistent 



The polymer lithium battery uses a ruthenium alloy as a positive electrode, and uses a polymer 
conductive material, polyacetylene, polyaniline or polyparaphenylene as a negative electrode, 
and an organic solvent as an electrolyte. The specific energy of lithium polyaniline battery can 
reach 350W.h/kg, but the specific power is only 50-60W/kg, the use temperature is -40-70 
degrees, and the service life is about 330 times.The lithium polymer battery electrolyte is a 
flexible solid polymer, and the metal ruthenium foil is sealed in the battery, and can still operate 
normally at a high temperature of 180 °C.Since the polymer replaces the liquid electrolyte with 
a solid electrolyte, the polymer lithium ion battery has the advantages of being thinner, 
arbitrarily aread, and arbitrarily shaped compared with the liquid lithium ion battery, so that 
the battery can be made of the aluminum-plastic composite film. Therefore, the specific capacity 
of the entire battery can be improved; the polymer lithium ion battery can also use a polymer as 
a positive electrode material, and its mass specific energy will be increased by more than 20% 
compared with the current liquid lithium ion battery. The polymer lithium battery is 
characterized by being compact, thin, and lightweight. Therefore, the market share of polymer 
batteries will gradually increase. 

Polymer lithium battery charging method 

Polymer lithium batteries generally refer to polymer lithium ion batteries, which are 
developed on the basis of liquid lithium ion batteries. Many electronic digital products now use 
polymer lithium batteries. The charge and discharge of a polymer lithium battery and a liquid 
lithium battery are actually the same. There are two main methods: constant voltage charging 
and constant current charging. In constant current charging, the capacity of the battery 
increases with time, the internal resistance of the battery also increases, and the charging 
becomes slow. At this time, we should not think that charging will be completed, but also after 
a period of slow charging. The manufacturer of a typical polymer lithium-ion battery is charged 
with a constant current when charging the battery, and is charged with a constant voltage 
current. Current, voltage, and cell phone power all change over time, which ensures that the 
phone's battery can be fully charged. 

• When charging the polymer lithium battery, the charger is best to choose the 
original special charger, otherwise it will affect or damage the polymer 
lithium battery. 

• Polymer lithium battery charging is best to use slow charging method, try to 
avoid fast charging, repeated charging and discharging will also affect the 
life of polymer lithium battery. 

• If the mobile phone is not used for more than 7 days, the polymer lithium 
battery should be fully used before use. The polymer lithium battery has self-
discharge phenomenon. 

• The charging time of the polymer lithium battery is not as long as possible. 
For the ordinary charger, the charging should be stopped immediately after 



the polymer lithium battery is full, otherwise the polymer lithium battery 
will affect the battery performance due to heat or overheating. 

• After charging the polymer lithium battery, try to avoid placing it on the 
charger for more than 10 hours. If it is not used for a long time, the cell phone 
and the polymer lithium battery should be separated. 

Applications 

Lithium Batteries: Can be used in all the portable devices which need rechargeable 
advantage like drones, robotics, RC toys. 

 Test after completion 

1. What is the operating temperature lithium ion battery?  
a) 500 C b) 1000 C c) ambient temperature d)750 C 
Answer: c 

2. Four lithium cells, each of internal resistance 1 ohm, are connected in parallel. The 
battery resistance will be _________ 
A. 4 ohms B. 0.25-ohm C. 2 ohms D. 1 ohm 
Answer: b 

3. A lithium battery with capacity of 150 Ah and 12 volts rating will run an electronic 
equipment at exactly 20 hours, how much power is needed? 
A. 60 watts B. 90 watts   C. 10 watts D. 30 watts 
Answer: b 

Conclusion 

• Understood the knowledge about the lead acid and nickel batteries in E 
vehicles 

• Discussed the details about construction and working of lead acid and nickel 
batteries and its materials 

Demo videos :https://www.youtube.com/watch?v=-O45emowvOE 
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Name of the Unit  : Introduction - ENERGY STORAGE SYSTEM 

Name of the Topic  : Introduction about energy storage systems 

•Objectives:  To understand the concept and Comparison of different Energy Storage System 

1.  Outcomes: Discuss different types of energy storage system 

2. Pre-requisites: To have a basic knowledge of energy storage system. 

 

1-Energy is stored in a flywheel in the form of 

(A) Heat energy(B) Solar energy(C) Kinetic energy(D) Potential energy 

Answer: c 

 2-In vehicles, flywheel is placed in between 

(A) Engine and clutch(B) Clutch and Propeller shaft(C) Propeller shaft and Differential 

(D) Before engine 

Answer: a 

3-Following is (are) the function(s) of Flywheel. 

(A) To store and release energy when needed during the work cycle 

(B) To reduce the amplitude of speed fluctuation 

(C) To reduce the power capacity of motor 

(D) All of the above 

Answer: d 

4-Flywheel is used in 

(A) Punch press(B) Drilling machine(C) Surface grinder(D) Milling machine 

Answer: a 

5-Flywheel are generally made from 



(A) Cast Iron(B) High strength steel(C) Ceramics(D) All of the above 

Answer: d 

 

Flywheel Energy Storage System 

Comparison of different Energy Storage System 

The main application is power smoothing in vehicles. The flywheel is placed in between the 
battery, which is assumed to be the main energy storage, and the traction motor in the driveline. 
The idea is that the sum of energy stored in the flywheel and the kinetic energy of the car 
should be relatively constant. This arrangement smoothens the power consumed or produced 
by the traction motor and thus protect the battery from experiencing the short but large power 
transients typical for vehicles. The main components and connections of a flywheel all-electric 
propulsion system. Another application for energy storage and power smoothing is the electric 
grid where the flywheel would have the same power smoothing role as in a vehicle. 

1.3 Energy storage 

There are many different ways of storing energy, but few are suitable for mobile applications 
Basically, the options for electric energy storage for vehicles available today are: 

• Flywheels 

• Batteries 

• Ultracapacitors 

• Fuel cells 

A comparison between the main advantages of these forms of energy storage, compared to each 
other one by one, is given in table  

The main advantage of the flywheel over the three other storages available is its almost 
unlimited lifetime, in terms of cycles. It can also be produced in a harmless way by abundant 
materials easy to recycle. The flywheel does not produce any hazardous gases, radiation or 
other potentially dangerous emissions. 

 



Flywheel Energy Storage System

Even though the energy density of a flywheel is lower than that of batteries 
flywheel system commercially available today would have an energy density of around 20 
Wh/kg - there are no fundamental limits to significant increase. For 
with three times higher tensile strength would allow a three times higher rotational speed, 
increasing the energy density for the complete flywheel system by nine times 
best batteries would be left behind. The
time which is - at its very best 
thousand times higher for long time energy storage the flywheel is therefore not a good option 
at the time being. But low-pressure
competitiveness for flywheels as an option even for long time energy 
almost four times more energy efficient than fuel cells, comparing the round
from electricity to electricity. The starting point would be the production of electricity in a 
power plant and the final point would be electricity available for the vehicle’s traction motor. 
While batteries have a round-
efficiency of only about 20%. 
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Table:Comparison between four different ways of storing electric energy for mobile use. The 
advantages listed in the table are the advantages for the storage types in the rows are 
compared to the storage types in the columns  

 Flywheel             Battery                                      Ultracapacitor                                                
Fuel cell 

Flywheel  
----------- 

Power density                          
-Lifetime 
Environment - 
Cost                               

Energy storage 
Cost 
Life time 

-Power density 
Efficiency 
Materials used 

Battery                                      -Energy density  
Storage time 

 
------------ 

-Energy Density-
Storage time - 

Efficiency 

Ultracapacitor No moving parts Power density ------------ Power density 
Fuel cell -Energy density - Energy storage Energy density -------------------- 
     
    

 

An electric flywheel is basically an electric machine with some extra weight on the rotor to 
increase the moment of inertia. The amount of stored energy depends on the rotational speed of 
the flywheel as well as the distribution of rotating mass (the moment of inertia), given by eq. is 
in fact an analogy to the energy stored in a translationally moving object, Moment of inertia in 
circular motion is somewhat the parallel to mass in linear motion. 

1. What is the main objective of energy storage? 

a. Offset adverse effect of fluctuating demandb. Assure steady output from existing plants 

c. Meet peak demand on short noticed. All of the above 

Answer: d 

2. How much energy can be stored by 500 kg of water raised by 100-m in a pumped hydro 

installation? Assume no pumping losses, density of water to be 1000 kg/m3 

and g = 9.81 m/s2 

a. 0.25 kW-hb. 0.15 kW-hc. 0.98 MJ d. 0.5 MJ 



Answer: b  

 

 

Conclusion 

• Battery can be optimized for energy density since the flywheel care for the 
power handling. This leads to a smaller amount of batteries needed 

• Battery efficiency increases since their charge and discharge power decreases 
• Battery lifetime is longer since the number of charge and discharge cycles 

decreases drastically, especially in urban driving 
• Battery can be optimized for discharging since charging normally does not 

occur during driving. Charging between driving occasions are made in a 
smooth and controlled way 

• High efficiency leads to low energy loss and less need for cooling 

Demo videos : https://www.youtube.com/watch?v=lrS6l2gJSwo 

                         : https://www.youtube.com/watch?v=8aB_IY107FE 
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Course Material 

Name of the Course  :  ENERGY STORAGE SYSTEM AND 

MANAGEMENT SYSTEM 

Name of the Unit  : Battery Characteristics and parameters 

Name of the Topic  : Introduction of battery specifications 

 

• Objectives: • To understand the various topics of battery specifications 

 

1. Outcomes: Discuss about the Batteries specifications 

2. Pre-requisites: To have a basic knowledge of Batteries specifications 

1. What is a maintenance-free battery? 

a) A battery having lead-antimony plate grid b) A battery having lead-calcium plate grid 

c) A battery does not contain acid d) A battery does not contain wate 

Answer: b 

2. The capacity of a lead-acid cell depends on 

A) Rate of discharge (B) Temperature (C) Density of electrolyte (D) All above 

Answer: d 

3.On overcharging a battery 

(A) It will bring about chemical change in active materials B) It will increase the capacity of the 
battery (C) It will raise the specific gravity of the electrolyte D) None of the above will occur 

Answer: d 

4. Undercharging 

(A) Reduces specific gravity of the electrolyte(B) Increases specific gravity of the electrolyte(C) 
Produces excessive gassing(D) Increases the temperature 



 
 
 

Answer : a 

 

A battery is a device that converts chemical energy into electrical energy and vice versa. This 
summary provides an introduction to the terminology used to describe, classify, and compare 
batteries for hybrid, plug-in hybrid, and electric vehicles. It provides a basic background, defines 
the variables used to characterize battery operating conditions, and describes the manufacturer 
specifications used to characterize battery nominal and maximum characteristics. 

BatteryBasics 

• Cell, modules, and packs – Hybrid and electric vehicles have a high voltage battery 
pack that consists of individual modules and cells organized in series and parallel. A cell is 
the smallest, packaged form a battery can take and is generally on the order of one to six 
volts. A module consists of several cells generally connected in either series or parallel. A 
battery pack is then assembled by connecting modules together, again either in series or 
parallel. 

• Battery Classifications – Not all batteries are created equal, even batteries of the same 
chemistry. The main trade-off in battery development is between power and energy:  
batteries can be either high-power or high-energy, but not both. Often manufacturers will 
classify batteries using these categories. Other common classifications are High Durability, 
meaning that the chemistry has been modified to provide higher battery life at the expense 
of power and energy. 

• C- and E- rates – In describing batteries, discharge current is often expressed as a C-rate 
in order to normalize against battery capacity, which is often very different between 
batteries. A C-rate is a measure of the rate at which a battery is discharged relative to its 
maximum capacity. A 1C rate means that the discharge current will discharge the entire 
battery in 1 hour. For a battery with a capacity of 100 Amp-hrs, this equates to a discharge 
current of 100 Amps. A 5C rate for this battery would be 500 Amps, and a C/2 rate would 
be 50 Amps. Similarly, an E-rate describes the discharge power. A 1E rate is the discharge 
power to discharge the entire battery in 1 hour. 

• Secondary and Primary Cells – Although it may not sound like it, batteries for hybrid, 
plug-in, and electric vehicles are all secondary batteries. A primary battery is one that can 
not be recharged. A secondary battery is one that is rechargeable. 

Battery Condition 
This section describes some of the variables used to describe the present condition of a battery. 



 
 
 

• State of Charge (SOC)(%) – An expression of the present battery capacity as a 
percentage of maximum capacity. SOC is generally calculated using current integration to 
determine the change in battery capacity over time.  

• Depth ofDischarge (DOD) (%) – The percentage of battery capacity that has been 
discharged expressed as a percentage of maximum capacity. A discharge to at least 80 % 
DOD is referred to as a deep discharge.  

• Terminal Voltage (V) – The voltage between the battery terminals with load applied. 
Terminal voltage varies with SOC and discharge/charge current. 

• Open-circuit voltage (V) – The voltage between the battery terminals with no load 
applied. The open-circuit voltage depends on the battery state of charge, increasing with 
state of charge. 

• Internal Resistance – The resistance within the battery, generally different for charging 
and discharging, also dependent on the battery state of charge. As internal resistance 
increases, the battery efficiency decreases and thermal stability is reduced as more of the 
charging energy is converted into heat. 

Battery Technical Specifications 
This section explains the specifications you may see on battery technical specification sheets 
used to describe battery cells, modules, and packs.  

• Nominal Voltage (V) – The reported or reference voltage of the battery, also sometimes 
thought of as the “normal” voltage of the battery.  

• Cut-off Voltage – The minimum allowable voltage. It is this voltage that generally 
defines the “empty” state of the battery. 

• Capacity or Nominal Capacity (Ah for a specific C-rate) – The coulometric 
capacity, the total Amp-hours available when the battery is discharged at a certain 
discharge current (specified as a C-rate) from 100 percent state-of-charge to the cut-off 
voltage. Capacity is calculated by multiplying the discharge current (in Amps) by the 
discharge time (in hours) and decreases with increasing C-rate.  

• Energy or Nominal Energy (Wh (for a specific C-rate)) – The “energy capacity” of 
the battery, the total Watt-hours available when the battery is discharged at a certain 
discharge current (specified as a C-rate) from 100 percent state-of-charge to the cut-off 
voltage. Energy is calculated by multiplying the discharge power (in Watts) by the 
discharge time (in hours). Like capacity, energy decreases with increasing C-rate. 

• Cycle Life (number for a specific DOD) – The number of discharge-charge cycles the 
battery can experience before it fails to meet specific performance criteria. Cycle life is 
estimated for specific charge and discharge conditions. The actual operating life of the 



 
 
 

battery is affected by the rate and depth of cycles and by other conditions such as 
temperature and humidity. The higher the DOD, the lower the cycle life. 

• Specific Energy (Wh/kg) – The nominal battery energy per unit mass, sometimes 
referred to as the gravimetric energy density. Specific energy is a characteristic of the 
battery chemistry and packaging. Along with the energy consumption of the vehicle, it 
determines the battery weight required to achieve a given electric range. 

• Specific Power (W/kg) – The maximum available power per unit mass. Specific power 
is a characteristic of the battery chemistry and packaging. It determines the battery weight 
required to achieve a given performance target. 

• Energy Density (Wh/L) – The nominal battery energy per unit volume, sometimes 
referred to as the volumetric energy density. Specific energy is a characteristic of the 
battery chemistry and packaging. Along with the energy consumption of the vehicle, it 
determines the battery size required to achieve a given electric range. 

• Power Density (W/L) – The maximum available power per unit volume. Specific power 
is a characteristic of the battery chemistry and packaging. It determines the battery size 
required to achieve a given performance target. 

• Maximum Continuous Discharge Current – The maximum current at which the 
battery can be discharged continuously. This limit is usually defined by the battery 
manufacturer in order to prevent excessive discharge rates that would damage the battery or 
reduce its capacity. Along with the maximum continuous power of the motor, this defines 
the top sustainable speed and acceleration of the vehicle. 

• Maximum 30-sec Discharge Pulse Current –The maximum current at which the  
battery can be discharged for pulses of up to 30 seconds. This limit is usually defined by 
the battery manufacturer in order to prevent excessive discharge rates that would damage 
the battery or reduce its capacity. Along with the peak power of the electric motor, this 
defines the acceleration performance (0-60 mph time) of the vehicle. 

• Charge Voltage – The voltage that the battery is charged to when charged to full 
capacity. Charging schemes generally consist of a constant current charging until the 
battery voltage reaching the charge voltage, then constant voltage charging, allowing the 
charge current to taper until it is very small. 

• Float Voltage – The voltage at which the battery is maintained after being charge to 100 
percent SOC to maintain that capacity by compensating for self-discharge of the battery. 

• (Recommended) Charge Current – The ideal current at which the battery is initially 
charged (to roughly 70 percent SOC) under constant charging scheme before transitioning 
into constant voltage charging. 



 
 
 

• (Maximum) Internal Resistance – The resistance within the battery, generally different 
for charging and discharging.  

 

 

 

1. The capacity of a battery is expressed in terms of 

   A. Current rating   B. Voltage rating C. Ampere hour rating D. None of the above 

Answer: c 

2. If a battery is wrongly connected on charge following will happen 

(A) Current delivered by the battery will be high (B) Current drawing will be nil 

(C) Current drawing will be very small (D) Current drawing will be very high 

Answer: d 

3. The following indicate that battery on charge has attained full charge 

(A) Colour of electrode B) Gassing (C) Specific gravity (D) All above 

Answer: d 

Conclusion 

• There are a large number of battery parameters. Depending on which application the 
battery is used for, some parameters are more important than others. The following is a list 
of parameters that may be specified by a manufacturer for a given type of battery. 

• For example, in a typical battery for a general car, the energy density is not relevant - a 
battery is a small fraction of the total battery weight and consequently this parameter would 
typically not be listed for a conventional car battery.  

• However, in electric vehicle applications, the battery weight is a significant fraction of the 
overall weight of the vehicle and so the energy densities 

Demo videos: https://www.youtube.com/watch?v=BUzx21K4468 
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Name of the Course  :  ENERGY STORAGE SYSTEM AND 

MANAGEMENT SYSTEM 

Name of the Unit  : Battery Characteristics and parameters 

Name of the Topic  : Introduction of battery parameters and characteristics  

 

• Objectives: • To understand the various topics of battery parameters and characteristics 

 

1. Outcomes: Discuss about the battery parameters and characteristics  

2. Pre-requisites: To have a basic knowledge of battery parameters and characteristics 

 

1. The storage battery generally used in electric power station is 
 
A. Nickel-cadmium battery B. Zinc carbon battery 
C. Lead-acid batteryD. None of the above 

Answer: c 

2. Ampere hour capacity of an industrial battery is based on ..........hours discharge rate 
 A. 8 B.12 C. 16  D. 24 
Answer: a 

3. A battery of six cells will show a drop of ........volts from fully charged state to fully 
discharged state 
A. 1  B. 1.5C. 2.4 D. 2.9 



 
 
 

Answer: c 
4. A floating battery is one 

A. Which gets charged and discharged simultaneously 
 B. Which supplies current intermittently and also during off cycle gets charged 
C. In which battery voltage is equal to charger voltage 
 D. In which the current in the circuit is fully supplied by the battery 
Answer: b 

5. The terminal voltage when the battery is being charged decreases with 
  A. Increasing temperature. Increasing charging rate 
C. Increasing stage of chargeD. All of the above 
Answer: a 

There are a large number of battery parameters. Depending on which application 
the battery is used for, some parameters are more important than others. The following is 
a list of parameters that may be specified by a manufacturer for a given type of battery. 
For example, in a typical battery for a general car, the energy density is not relevant - a 
battery is a small fraction of the total battery weight and consequently this parameter 
would typically not be listed for a conventional car battery. However, in electric vehicle 
applications, the battery weight is a significant fraction of the overall weight of the 
vehicle and so the energy densities will be given. 

Overview of Batteries  

From the electric vehicle designer’s point of view the battery can be treated as a ‘black box’ 
which has a range of performance criteria. These criteria will include:  

• specific energy  

• energy density  

• specific power  

• typical voltages  

• amp hour efficiency  

• energy efficiency  

• commercial availability  

• cost, operating temperatures  

• self-discharge rates  

• number of life cycles  

• recharge rates  



 
 
 

The designer also needs to understand how energy availability varies with regard to:  

• ambient temperature  

• charge and discharge rates  

• battery geometry  

• optimum temperature  

• charging methods • cooling needs.  

Battery Parameters  

Cell and battery voltages  

All electric cells have nominal voltages which gives the approximate voltage when the cell is 
delivering electrical power. The cells can be connected in series to give the overall voltage 
required. The ‘internal resistance’ and the equivalent circuit of a battery  

Charge (or Ahr) capacity  

The electric charge that a battery can supply is clearly a most crucial parameter. The SI unit 
for this is the Coulomb, the charge when one Amp flows for one second. The capacity of a 
battery might be, say, 10Amphours. This means it can provide 1Amp for 10 hours.  

Energy stored  

The energy stored in a battery depends on its voltage, and the charge stored. The SI unit 
is the Joule, but this is an inconveniently small unit, and so we use the Whr instead.  

  Specific energy  

Specific energy is the amount of electrical energy stored for every kilogram of battery mass. 
It has units of Wh.kg−1.  

Energy density  

Energy density is the amount of electrical energy stored per cubic metre of battery volume. It 
normally has units of Wh.m−3.  

Specific power  

Specific power is the amount of power obtained per kilogram of battery. It is a highly 
variable and rather anomalous quantity, since the power given out by the battery depends far 
more upon the load connected to it than the battery itself.  



 
 
 

Ahr (or charge) efficiency  

In an ideal world a battery would return the entire charge put into it, in which case the amp 
hour efficiency is 100%. However, no battery does; its charging efficiency is less than 100%. 
The precise value will vary with different types of battery, temperature and rate of charge. It 
will also vary with the state of charge.  

Energy efficiency  

This is another very important parameter and it is defined as the ratio of electrical energy 
supplied by a battery to the amount of electrical energy required to return it to the state 
before discharge.  

Self-discharge rates  

Most batteries discharge when left unused, and this is known as self-discharge. This is 
important as it means some batteries cannot be left for long periods without recharging. The 
rate varies with battery type, and with other factors such as temperature; higher temperatures 
greatly increase self-discharge.  

Battery temperature, heating and cooling needs  

Although most batteries run at ambient temperature, some run at higher temperatures and 
need heating to start with and then cooling when in use. In others, battery performance drops 
off at low temperatures, which is undesirable, but this problem could be overcome by heating 
the battery. When choosing a battery the designer needs to be aware of battery temperature, 
heating and cooling needs, and has to take these into consideration during the vehicle design 
process.  

Battery life and number of deep cycles  

Most rechargeable batteries will only undergo a few hundred deep cycles to 20% of the 
battery charge. However, the exact number depends on the battery type, and also on the 
details of the battery design, and on how the battery is used. This is a very important figure in 
a battery specification, as it reflects in the lifetime of the battery, which in turn reflects in 
electric vehicle running costs However, at least a basic understanding of the battery 
chemistry is very important, otherwise the performance and maintenance requirements of the 
different types, and most of the disappointments connected with battery use, such as their 
limited life, self-discharge, reduced efficiency at higher currents 



 
 
 

 

Electrical Battery Parameters 

Internal Series Resistance 

The internal series resistance of a battery determines the maximum discharge current of the 
battery. Consequently, for applications in which the batteries are required to provide high 
instantaneous power, the internal series resistance should be low. In addition, the series 
resistance will affect the battery's efficiency but may change as the battery ages. 



 
 
 

Self-Discharge 

Self-discharge refers to the fact that even in the absence of a connected load, the discharge 
reaction will proceed to a limited extent and the battery will therefore discharge itself over 
time. The rate of self-discharge depends primarily on the materials involved in the chemical 
reaction (i.e., the type of battery system) and on the temperature of the battery. 

 Cold Cranking Current 

The maximum amount of current a battery can provide for a short period of time is called the 
cranking current. This parameter is often specified for transport applications, in which the 
battery must provide enough current to start a large engine. However, it is typically not an 
important parameter in PV systems. 

1. What is the reserve capacity of battery? 
a) Time for which the battery can supply 25 A at 80℉ with minimum cell voltage 1.75 V 
b) The current which the battery can supply continuously for 30 seconds with minimum 
cell voltage 1.2 V 
c) Lasting power of a battery on a small load 
d) Rate of current for 20 minutes with a minimum cell voltage of 1.5 V 
Answer: a 

2. What is a twenty-hour rate of a battery? 
a) The current which the battery can supply continuously for 30 seconds with minimum 
cell voltage 1.2 V 
b) Lasting power of a battery on a small load 
c) Time for which the battery can supply 25 A at 80℉ with minimum cell voltage 1.75 V 
d) Rate of current for 20 minutes with a minimum cell voltage of 1.5 V 
Answer: b 

3. What should a fully-charged 6 cell automotive battery indicate? 
a) 12 V 
b) 12.6 V 
c) The specific gravity of 1.29 at 32℃ 
d) 12.6 V and the specific gravity of 1.29 at 32℃ 
Answer: d 

4. A constant-voltage generator has 
(A) Minimum efficiency 
(B) Minimum current capacity 
(C) Low internal resistance 
(D) High internal resistance 
Answer: c 

5. The watt-hour efficiency of a lead-acid cell varies between 
(A) 25 to 35% 
(B) 40 to 60% 
(C) 70 to 80% 
(D) 90 to 95% 
Answer: c 



 
 
 

 

 

Conclusion 

• There are a large number of battery parameters. Depending on which application the battery 
is used for, some parameters are more important than others. The following is a list of 
parameters that may be specified by a manufacturer for a given type of battery. 

• For example, in a typical battery for a general car, the energy density is not relevant - a 
battery is a small fraction of the total battery weight and consequently this parameter would 
typically not be listed for a conventional car battery.  

• However, in electric vehicle applications, the battery weight is a significant fraction of the 
overall weight of the vehicle and so the energy densities 

 

Demo videos; https://www.youtube.com/watch?v=2il6un92WBI 

                      : https://www.youtube.com/watch?v=5JZ8E7B4FAY 
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Name of the Course  :  ENERGY STORAGE SYSTEM AND 

MANAGEMENT SYSTEM 

Name of the Unit  : Battery Characteristics and parameters 

Name of the Topic  :  Electric propulsion in e vehicles 

 

• Objectives: • To understand the process of electric propulsion in e vehicles 

 

1. Outcomes: Discuss about the electric propulsion in e vehicles 

2. Pre-requisites: To have a basic knowledge of Batteries specifications and propulsion in e 
vehicles 

 

ELECTRIC VEHICLE PROPULSION 

• The batteries and supercapacitor perform an energy supply and storage system of an EV, 
enabling high energy and power supply. Normally, batteries (packed to produce high 
voltage output) are the main energy source of the propulsion system, determining the 
operation ofthe vehicle and its driving range. 

Majorly, the types of motors employed for electric propulsion are the DC Motors, 
InductionMotors (IM), Permanent Magnet (PM) Synchronous Motor and the Switched 
ReluctanceMotor. The major requirements of HEVs electric propulsion, as mentioned in are 
listed as follows: 

• High instant power and a high-power density; 
• High torque at low speeds for starting and climbing, as well as a high power at high 
• speed for cruising; 
• Very wide speed range, including constant-torque and constant-power regions; 
• Fast torque response; 
• High efficiency over the wide speed and torque ranges. 

System using a stored power unit, such as a battery pack, to supply electric current for 
driving an electric motor-driven generator, which in turn, drives a propulsion motor drive 
system. The propulsion motor drive system uses either one, two or several electric propulsion 
motors to propel a vehicle. The system has a control device that diverts power from the 
generator output to the stored power unit to recharge and maintain the stored power unit 
when operating conditions permit. Amorphous energy sources, such as a wind turbine that is 



 
 
 

mounted on the vehicles roof, for example, can also supply recharging power. By use of 
strict energy control, the vehicle may be operated over many miles without having to 
recharge the batteries from a utility power source 

 

   

1. A constant-voltage generator has 
(A) Minimum efficiency 
(B) Minimum current capacity 
(C) Low internal resistance 
(D) High internal resistance 
Answer:  c 

2. All the electrical connections between the battery and vehicle should be by 
a) Thin aluminium wires b) Thin copper wires c) Rigid cables d) Flexible cables 
Answer d 

3. In constant voltage charging method the charging current from discharged to fully 
charged condition is  
a) Increases b) decreases c) same d) none of the above  
b) Answer: b 

4. The batteries are connected in parallel it should be ensured that  
a)They have same e.m.f b) they have same voltage c) the current is same d) they have 
same made 
Answer: a 
 
Conclusion  

• Battery can be optimized for energy density since the flywheel care for thepower 
handling. This leads to a smaller amount of batteries needed 

• Battery efficiency increases since their charge and discharge power decreases 
• Battery lifetime is longer since the number of charge and discharge cyclesdecreases 

drastically, especially in urban driving 



 
 
 

• Battery can be optimized for discharging since charging normally does notoccur during 
driving. Charging between driving occasions are made in asmooth and controlled way 

 

Demo videos:https://www.youtube.com/watch?v=UY5Zl5lArRc 
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Course Material 

Name of the Course  :  ENERGY STORAGE SYSTEM AND 

MANAGEMENT SYSTEM 

Name of the Unit  : Battery pack and management system 

Name of the Topic  : Introduction of battery pack and its design 

 

• Objectives: • To understand how to pack the  batteries in e vehicles 

 

1. Outcomes: Discuss about the cell and Batteries and its design 

2. Pre-requisites: To have a basic knowledge of cell and battery pack 

 

1. Cells are connected in series in order to 

a) Increase the voltage rating b) Increase the current rating c) Increase the life of 
the cells d) None of the above 

Answer: a 

2. In order to Increase voltage, number of cells are connected in 

(A) series. (B) parallel. (C) opposite direction. (D) none of the above 

Answer: a 

3. Cell short circuit results in 

a) Low sp. gravity electrolyte b) normal high temperature c) Reduced gassing on 
charge d) All of the above 

Answer d 

4.Which of the following primary cells has the lowest voltage? 

a) Lithium b) Zinc-chloride c) Mercury d) Carbon-zinc 

Answer: c 

5.Number of cells connected in series provide a  

a) High current carrying capacity b) Higher Voltage c) Higher power d) None of 
the above 

Answer: a 



 

 

 

Battery Pack design, 

 Cells are the smallest individual electrochemical unit, and deliver a voltage that 
depends on the cell chemistry. There are primary (single use) and secondary 
(rechargeable) cells. A cell is different from a battery, but many people (incl. me at 
times) use the term “battery” to describe any electrochemical energy source, even if 
it is a single cell, and this can lead to confusion.

Batteries and battery packs are made up from groups of cells. Sometimes these are 
packaged in a single physical unit, as in 12 
2 V cells in series, or in many high
cells are wired in parallel in a single package. Other times, the connections are 
external to the cells 

We use schematic symbols to represent cells and batteries in a circuit diagram

 

 Cell                battery 

 

 Cell (nominal) voltage depends on the combination of active chemicals used 
in the cell. 

 For many nickel-based cells (e.g., NiCad, NiMH), this is 1.2 V.
 For many lithium-based cells, this is over 3 V
 Cell (nominal) capacity specifies the quantity of charge, in ampere hours (Ah), 

that the battery is rated to hold.
 The C rate is a relative measure of cell current. It is the constant current 

charge or discharge rate that t
 A 20 Ah cell should be able to deliver 20 A (“1C”) for 1 h or 2 A(“C/10”) for 

about 10 h (but, the relationship is not strictly linear).If the cell is discharged 
at a 10C rate, it will be completely discharged in about six

  A cell stores energy in electrochemical form, which it can later release to do 
work.The total energy storage capacity of a cell is roughly its nominal voltage 
multiplied by its nominal capacity (Wh or kWh).

 The energy release rate is the cell

Cells are the smallest individual electrochemical unit, and deliver a voltage that 
depends on the cell chemistry. There are primary (single use) and secondary 
(rechargeable) cells. A cell is different from a battery, but many people (incl. me at 

e the term “battery” to describe any electrochemical energy source, even if 
it is a single cell, and this can lead to confusion. 

Batteries and battery packs are made up from groups of cells. Sometimes these are 
packaged in a single physical unit, as in 12 V lead-acid batteries, which comprise six 
2 V cells in series, or in many high-capacity lithium-ion batteries, where a number of 
cells are wired in parallel in a single package. Other times, the connections are 

s to represent cells and batteries in a circuit diagram

 

Cell                battery  

Cell (nominal) voltage depends on the combination of active chemicals used 

based cells (e.g., NiCad, NiMH), this is 1.2 V. 
based cells, this is over 3 V 

Cell (nominal) capacity specifies the quantity of charge, in ampere hours (Ah), 
that the battery is rated to hold. 
The C rate is a relative measure of cell current. It is the constant current 
charge or discharge rate that the cell can sustain for one hour. 
A 20 Ah cell should be able to deliver 20 A (“1C”) for 1 h or 2 A(“C/10”) for 
about 10 h (but, the relationship is not strictly linear).If the cell is discharged 
at a 10C rate, it will be completely discharged in about six minutes.
A cell stores energy in electrochemical form, which it can later release to do 

work.The total energy storage capacity of a cell is roughly its nominal voltage 
multiplied by its nominal capacity (Wh or kWh). 
The energy release rate is the cell’s instantaneous power (W or kW).

Cells are the smallest individual electrochemical unit, and deliver a voltage that 
depends on the cell chemistry. There are primary (single use) and secondary 
(rechargeable) cells. A cell is different from a battery, but many people (incl. me at 

e the term “battery” to describe any electrochemical energy source, even if 

Batteries and battery packs are made up from groups of cells. Sometimes these are 
acid batteries, which comprise six 

ion batteries, where a number of 
cells are wired in parallel in a single package. Other times, the connections are 

s to represent cells and batteries in a circuit diagram 

Cell (nominal) voltage depends on the combination of active chemicals used 

Cell (nominal) capacity specifies the quantity of charge, in ampere hours (Ah), 

The C rate is a relative measure of cell current. It is the constant current 

A 20 Ah cell should be able to deliver 20 A (“1C”) for 1 h or 2 A(“C/10”) for 
about 10 h (but, the relationship is not strictly linear).If the cell is discharged 

minutes. 
A cell stores energy in electrochemical form, which it can later release to do 

work.The total energy storage capacity of a cell is roughly its nominal voltage 

instantaneous power (W or kW). 



 When cells are connected in series, the battery voltage is the sum of the 
individual cell voltages, but the capacity is the same for the chain since the 
same current passes through all of the cells. A battery constructed from
V, 20 Ah cells in series will have a voltage of 15 V, a capacity

 
 When cells are connected in parallel, the battery voltage is equal to the cells

voltage, but the capacity is the sum of the cells
current is the sum of all the cell currents.

 The battery will have a voltage of 3 V, a capacity of 100 Ah, and energy 
capacity of 300 Wh. 

 
measures of the maximum amount of stored energy per unit weight or 
volume (respectively). 

 

 For a given weight, a higher specific energy cell chemistry will store more 
energy, and for a given storage capacity, a hig
lighter. 

 For a given volume, a higher energy density cell chemistry will store more 
energy, and for a given storage capacity, a higher energy density cell will be 
smaller. 

 In general, higher energy densities and specific en
more reactive chemicals.

When cells are connected in series, the battery voltage is the sum of the 
individual cell voltages, but the capacity is the same for the chain since the 
same current passes through all of the cells. A battery constructed from
V, 20 Ah cells in series will have a voltage of 15 V, a capacity 

 of 20 Ah, and energy capacity of 300 Wh. 
When cells are connected in parallel, the battery voltage is equal to the cells
voltage, but the capacity is the sum of the cells’ capacities, since the battery 
current is the sum of all the cell currents. 
The battery will have a voltage of 3 V, a capacity of 100 Ah, and energy 

 Specific energy and energy density are 
measures of the maximum amount of stored energy per unit weight or 

 

For a given weight, a higher specific energy cell chemistry will store more 
energy, and for a given storage capacity, a higher specific energy cell will be 

For a given volume, a higher energy density cell chemistry will store more 
energy, and for a given storage capacity, a higher energy density cell will be 

In general, higher energy densities and specific energies are obtained by using 
more reactive chemicals. 

When cells are connected in series, the battery voltage is the sum of the 
individual cell voltages, but the capacity is the same for the chain since the 
same current passes through all of the cells. A battery constructed from five 3 

 
When cells are connected in parallel, the battery voltage is equal to the cells’ 

es, since the battery 

The battery will have a voltage of 3 V, a capacity of 100 Ah, and energy 

Specific energy and energy density are 
measures of the maximum amount of stored energy per unit weight or 

 

For a given weight, a higher specific energy cell chemistry will store more 
her specific energy cell will be 

For a given volume, a higher energy density cell chemistry will store more 
energy, and for a given storage capacity, a higher energy density cell will be 

ergies are obtained by using 



 The downside is that more reactive chemicals tend to be unstable and may 
require special safety precautions. 

 The quality of the active materials used in cell construction matters. 
 Impurities limit cell performance that can be achieved. Cells from different 

manufacturers with similar cell chemistries and similar construction may 
yield different performance 

 

1. Five 2 V cells are connected in parallel. The output voltage is 

A. 1 V   B. 1.5 V   C. 1.75 V D. 2 V 

Answer d 

2. Under normal charging rate, the charging current show to be 

 A. 10% of capacity   B. 20% of capacity   C. 30% of capacity 

 D. 40% of capacity 

Answer a 

3. Eight 2 V cells are connected in parallel. The output voltage is 

(A) 1 V(B) 1.5 V (C) 1.75 V (D) 2 V 

Answer d 

4. Ampere hour capacity of an industrial battery is based on ________ hours discharge rate. 

(A) 8 (B) 12 (C) 16 (D) 24 

Answer a 

5. In Ideal case, the Charging Time for 200Ah battery would be 

a)5 hours b)10 hours c) 15 hours d)20 hours 

Answer b 

6. The four cells 1.5V each and 8Ah rating connected in parallel in a battery what is the 
voltage rating of battery  

a)10v b) 6v c) 1.5v d) 4.5v  

Answer c 

Conclusion  

• The International Organisation for Standardisation suggests the mass production of 
standardised battery cells as a way to overcome high manufacturing costs of EV battery 
packs and improve the rate of global market capture of EVs. Previous research has 
established that variability has a negative influence on the mass producibility of any system 

Demo videos:  https://www.youtube.com/watch?v=dDcGbiFpYQI 
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System Boundaries for EV battery pack 

In the case of an EV battery pack, which is essentially a parallel and series combination of 

multiple electrochemical cells, interactions with the external environment can happen 
through 

several interfaces identified 

 

A brief description of each of these interfaces is provided below. 

A. Mechanical. This interface represents all the mechanical design features, 
including cell 

spacers, damping pads, pressure relief or exhaust valves and seals/gaskets that have 
been 

integrated in the battery pack, mainly for safety reasons. 

B. Structural. A battery pack needs to be contained in a case with a cover to protect it 
from 

the effects of humidity, dirt and other environmental factors. In addition, vibration 



isolation and high crash-worthiness are necessary. Consequently, structural features 
such 

as end-plates, tie-rods and cross-members are provided to function as protective 
members 

in the battery pack. 

C. Thermal. The control of the Li-ion battery cell temperature between 25 °C and 30 
°C and 

a uniform thermal distribution across the Li-ion battery pack are required to 
maximise the 

energy capacity. To ensure this, a thermal management system including a fluid 
transfer 

duct, cooling/heating fluid, insulation coating and auxiliary systems such as fans, 
pumps, 

heat exchangers is usually integrated with the battery pack. 

D. Electrical. A battery pack generates current at a certain voltage to meet the power 

requirements of an EV drive-cycle. This power is transferred through an electrical 
circuit 

comprising bus bar and cables, fuse, circuit breakers, contactors and relays to the EV 

driveline. 

E. Control Systems. In battery management systems, sensors for measuring voltage, 

current, pressure, temperature and humidity are employed to monitor and regulate 
the 

state of the battery pack. 

F. Support. An EV battery pack is generally assembled in the vehicle through 
mountingbrackets and axles, which assist in achieving the required degree of 
vibration isolation for reliable operation. Support from the chassis and vehicle body 
increases the overall crashworthiness. Similarly, the vehicle floor panel and seats 
provide isolation of the high voltage components from the passenger cabin. 

 

Characterisation of the impact of noise factors on EV performance 

In this study, the noise factors and control factors were mainly identified based on a 
detailed 

review of the published literature. Subsequently, the findings were discussed with 
the expert 

panel. Final categorization was based on the consensus developed among the panel 
members. 



A. Customer Usage. The driving range of an EV depends on the speed and acceleration 

characteristics of each trip. Trips with faster acceleration or including ascents over high 

altitude grades demand more kilowatts per kilometre travelled. Moreover, studies of the 

driving patterns of EVs indicate that, unlike conventional ICE vehicles, EVs are rarely 

driven under high-speed motorway conditions and more in rural and urban environments. 

Consequently, battery packs of EVs that are driven mainly on rural or urban terrain are 

exposed to a more strenuous life in comparison to those driven over more traditional 

compositions of road surfaces  

B. Vibrations. Driving induces vibration profiles concentrated in the 1 Hz – 25 Hz frequency 

range with as much as 10% higher energy levels. Pouch cells, which are more common in 

EV applications, are more prone to localization of vibrational forces. This can in turn cause 

sharp increases in local stress levels in battery packs, resulting in mechanical and 

electromechanical failure  

C. Ambient Temperature. Another factor that can have a significant effect on the available 

energy and cycle life of Li-ion batteries is the battery cell temperature. It has been found 

that with each degree increase in battery cell temperature in the operating range of 30 °C 

and 40 °C, the cycle life of batteries is reduced by approximately two months  

Conclusions 

 The International Organisation for Standardisation suggests the mass production of 
standardised battery cells as a way to overcome high manufacturing costs of EV 
battery packs and improve the rate of global market capture of EVs. Previous 
research has established that variability has a negative influence on the mass 
producibility of any system.  

 Furthermore, the pool of variables that can affect the cycle life, performance and 
safety characteristics of Li-ion battery cells is large. A systematic framework that 
enables battery pack designers to conceptually analyse elements of this pool, develop 
a clear understanding of customer needs, and identify factors that can be optimally 
adjusted to build a reliable battery pack that meets various customer requirements in 
their entirety is therefore indispensable. 

 

Demo videos:  https://www.youtube.com/watch?v=dDcGbiFpYQI 
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How electrochemical cells work 

Each cell comprises at least three, and sometimes four components: 

   The negative electrode: Often a metal or an alloy or hydrogen. 

◆ During discharge, gives up electrons to external circuit, is oxidized (OIL: “Oxidation is 
Loss (of electrons)”). 

◆ During charge, accepts electrons from external circuit, is reduced (RIG: “Reduction is 
Gain (of electrons)”). 

◆ During discharge, it is the anode.  

The positive electrode: Often a metallic oxide, sulfide, or oxygen. 

◆ During discharge, accepts electrons from circuit, is reduced. 

◆ During charge, gives up electrons to external circuit, is oxidized. 

◆ During discharge, it is the cathode. The electrolyte (the ionic conductor) provides the 
medium for internal ion charge transfer between the electrodes. 

◆ The electrolyte is typically a solvent containing dissolved chemicals—the salt—providing 
ionic conductivity. 

◆ It must be an electronic insulator to avoid self-discharge. 



◆ Cations are ions with net positive charge: during 
electrolyte toward the positive electrode.

◆ Anions are ions with net negative charge: during discharge they move through the 
electrolyte toward the negative electrode.

◆ Cells using aqueous (containing water) electrolytes a
oxygen and hydrogen in water dissociate in the presence of higher voltages.

◆ Lithium batteries use non-aqueous electrolytes as their overall voltages are above 2 V.

The separator electrically isolates the positive a
of the cell. 

 

The discharge processes 

■ Electrochemical potential energy at the negative electrode favors a chemical process that 
would release electrons into the external circuit and positively charged ions
electrolyte. 

 

Also, electrochemical potential at the positive electrode favors a chemical process that would 
accept both electrons from the external circuit and positively charged ions from the 
electrolyte. 

■ The resulting electrical pressure or 
cell voltage or electromotive force (EMF).

■ Cell performs work when an external circuit is completed, converting stored chemical 
potential energy into electrical energy on demand.

The charge processes 

■ In primary cells, this electrochemical reaction is not reversible.

Cations are ions with net positive charge: during discharge they move through the 
electrolyte toward the positive electrode. 

Anions are ions with net negative charge: during discharge they move through the 
electrolyte toward the negative electrode. 

Cells using aqueous (containing water) electrolytes are limited to less than 2 V because the 
oxygen and hydrogen in water dissociate in the presence of higher voltages. 

aqueous electrolytes as their overall voltages are above 2 V.

The separator electrically isolates the positive and negative electrodes to avoid self discharge 

Electrochemical potential energy at the negative electrode favors a chemical process that 
would release electrons into the external circuit and positively charged ions into the 

Also, electrochemical potential at the positive electrode favors a chemical process that would 
accept both electrons from the external circuit and positively charged ions from the 

The resulting electrical pressure or potential difference between the terminals is called the 
cell voltage or electromotive force (EMF). 

Cell performs work when an external circuit is completed, converting stored chemical 
potential energy into electrical energy on demand. 

In primary cells, this electrochemical reaction is not reversible. 

discharge they move through the 

Anions are ions with net negative charge: during discharge they move through the 

re limited to less than 2 V because the 

aqueous electrolytes as their overall voltages are above 2 V. 

nd negative electrodes to avoid self discharge 

 

Electrochemical potential energy at the negative electrode favors a chemical process that 
into the 

Also, electrochemical potential at the positive electrode favors a chemical process that would 
accept both electrons from the external circuit and positively charged ions from the 

potential difference between the terminals is called the 

Cell performs work when an external circuit is completed, converting stored chemical 



During discharge, the chemical compounds are permanently changed and electrical energy 
is released until the original compounds are completely exhausted.

Primary cells can be used only once.

■ In secondary cells, this electrochemical reaction is reversible.

The original chemical compounds can be reconstituted by the application of an electrical 
potential between the electrodes, injecting energy into the cell.

Such cells can be discharged and recharged many times.

■ During charge, cations move from positive to negative electrode through electrolyte; 
electrons move from positive to negative electrode through external circuit.

■ The energy “pumped” into the cell transforms the active 
state. 

 

 

Failure modes 

■ This course focuses on the operation of ideal cells, but with the ultimate direction leading 
toward controls: to be able to effect optimal battery controls, an understanding of the cell 
failure modes is essential. Failures occur because of: cell design faults, poorly controlled 
manufacturing processes, aging, uncontrolled operations, and abuse. Battery controls can’t 
do too much about the first two (too late!), but can do something about the othe

Aging 

■ Cell performance gradually deteriorates with time due to unwanted chemical reactions 
and physical changes to the active chemicals Process is generally irreversible, and eventually 
results in cell failure. The following are some examples of caus
chemical reaction with environment) consumes some of the active chemicals in the cell 
leading to increased impedance and capacity loss

Chemical loss through evaporation. Gaseous products resulting from over
to atmosphere causing capacity loss.

During discharge, the chemical compounds are permanently changed and electrical energy 
is released until the original compounds are completely exhausted. 

once. 

In secondary cells, this electrochemical reaction is reversible. 

The original chemical compounds can be reconstituted by the application of an electrical 
potential between the electrodes, injecting energy into the cell. 

d and recharged many times. 

During charge, cations move from positive to negative electrode through electrolyte; 
electrons move from positive to negative electrode through external circuit. 

into the cell transforms the active chemicals back to their original 

This course focuses on the operation of ideal cells, but with the ultimate direction leading 
toward controls: to be able to effect optimal battery controls, an understanding of the cell 

modes is essential. Failures occur because of: cell design faults, poorly controlled 
manufacturing processes, aging, uncontrolled operations, and abuse. Battery controls can’t 
do too much about the first two (too late!), but can do something about the othe

Cell performance gradually deteriorates with time due to unwanted chemical reactions 
and physical changes to the active chemicals Process is generally irreversible, and eventually 
results in cell failure. The following are some examples of causes Corrosion (undesired 
chemical reaction with environment) consumes some of the active chemicals in the cell 
leading to increased impedance and capacity loss 

Chemical loss through evaporation. Gaseous products resulting from over-charging are lost 
sphere causing capacity loss. 

During discharge, the chemical compounds are permanently changed and electrical energy 

The original chemical compounds can be reconstituted by the application of an electrical 

During charge, cations move from positive to negative electrode through electrolyte; 

chemicals back to their original 

 

This course focuses on the operation of ideal cells, but with the ultimate direction leading 
toward controls: to be able to effect optimal battery controls, an understanding of the cell 

modes is essential. Failures occur because of: cell design faults, poorly controlled 
manufacturing processes, aging, uncontrolled operations, and abuse. Battery controls can’t 
do too much about the first two (too late!), but can do something about the others. 

Cell performance gradually deteriorates with time due to unwanted chemical reactions 
and physical changes to the active chemicals Process is generally irreversible, and eventually 

es Corrosion (undesired 
chemical reaction with environment) consumes some of the active chemicals in the cell 

charging are lost 



Crystal formation: Electrode particles evolve as larger crystals are formed. This reduces the 
effective surface area of the electrodes and hence their current carrying and energy storage 
capacity. 

Dendritic growth: Formation of treelike structures on electrodes, which can ultimately 
pierce separator and cause short circuit. 

Passivation: Growth of a resistive layer that builds up on the electrodes, impeding the 
chemical action of the cell. 

Shorted cells: Cells that were marginally acceptable when new may have contained latent 
defects that become apparent only as the aging process takes its toll: poor cell construction, 
contamination, burrs on metal parts leading to a short circuit. 

Electrode or electrolyte cracking: Some solid electrolyte cells such as lithium polymer can 
fail because of cracking of the electrolyte. These causes lead to undesirable effects Increased 
internal impedance: The cell internal impedance tends to increase with age (e.g., as the 
larger crystals form, reducing the effective surface area of the electrodes). 

Reduced capacity: This is another consequence of cell aging and crystal growth. Isis 
sometimes recoverable through reconditioning the cell by subjecting the cell to one or more 
deep discharges. 

Increased self discharge: The changing crystal structure of the active chemicals as noted 
above can cause the electrodes to swell increasing the pressure on the separator and, as a 
consequence, increasing the self-discharge rate of the cell. Aging processes are generally 
accelerated by elevated temperatures. 

Uncontrolled operating conditions and abuse 

■ Good batteries are not immune to failure, which can be provoked by the way they are 
used or abused. “Bad things” include: 

Unsuitable charging profile and/or overcharging, 

High ambient or storage temperatures; lack of cooling. 

■ Most of these conditions result in overheating of the cell, which is what ultimately kills it. 

■ Physical abuse is also a “bad thing”: 

This may include dropping, crushing, penetrating, impact, immersion in fluids, freezing or 
contact with fire, any of which could occur to an automotive battery for instance. 

■ It is generally accepted that the battery may not survive all these trials, however the 
battery should not itself cause an increased hazard or safety problem in these circumstances. 

■ There are several possible failure modes associated with the complete breakdown of the 
cell, but it is rarely possible to predict which one will occur. It depends very much on the 
circumstances. 

Open circuit: This is a failsafe mode for the cell but maybe not for the application. Once the 
current path is cut and the battery is isolated, the possibility of further damage to the battery 



is limited. This may not suit the user however. If one cell of a multi-cell battery goes open 
circuit then the whole battery will be out of commission. 

Short circuit: If one cell of a battery chain fails because of a short circuit, the rest of the cells 
may be slightly overloaded but the battery will continue to provide power to its load. This 
may be important in emergency situations. 

◆ Short circuits may be external to the cell or internal within the cell. The battery 
management system (BMS) should be able to protect the cell from external shorts but there’s 
not much the BMS can do to protect the cell from an internal short circuit. ◆ Within the cell 
there are different degrees of failure. 

✦Hard Short: Solid connection between electrodes causes extremely high current flow and 
complete discharge, resulting in permanent damage to the cell. 

✦Soft Short: Small localized contact between electrodes. Possibly self-correcting due to 
melting of the small regions in contact caused by the high current flow which in turn 
interrupts the current path as in a fuse. 

Explosion and/or fire: The rate at which a chemical action proceeds tends to double for 
every 10 C increase in temperature. If the heat generated by these reactions cannot be 
removed as quickly as it is generated, this can lead to a further increase in temperature and 
set up a self-sustaining uncontrolled positive feedback known as thermal runaway. This can 
lead to fire/explosion, and must be avoided at all cost. 

Conclusions 

 

 Until now, many of the ideas that have been introduced apply equally well to cells of 
any chemistry. 

 From now on, we focus on lithium-ion cells in particular. 
 We begin by looking at equivalent-circuit models of cells. 
  We then explore physics-based modeling, from microscale, through continuum 

scale, to full reduced-order cell-scale models. 

 

 

 

 

 

Demo videos:  https://www.youtube.com/watch?v=dDcGbiFpYQI 
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Battery State of Charge Estimation methods 

The SOC of the battery refers to the ratio of the current remaining battery capacity to 
the available capacity under certain conditions (temperature, charge and discharge ratio, 
etc.) 

Battery technology has been one of the bottlenecks in electric cars. Whether it is in 
theory or in practice, the research on battery management is extremely important, especially 
for battery state-of-charge estimation. In fact, the battery has a strong time-varying and non-
linear properties,which are extremely complex. Therefore, accurately estimating the state of 
charge is a challenging task. This paper reviews various representative patents and papers 
related to the state of charge estimation methods for an electric vehicle battery. According to 
their theoretical and experimental characteristics, the estimation methods were classified 
into three groups: the traditional methods based on the battery experiments, the modern 
methods based on control theory, and other methods based on the innovative ideas, 
especially focusing on the algorithms based on control theory. The results imply that the 
algorithms based on control theory, especially intelligent algorithms, are the focus of 
research in this field. 

When it comes to environmental pollution, many people will associate it with cars. 
Indeed,traditional fuel cars have brought these problems such as the greenhouse effect and 
haze. As aresult, the focus of people is again turning toward new energy vehicles, especially 



electric-poweredvehicles, which will be the new trend in the future
in the world areinvolved in electric
battery management is oneof the bottlenecks in 
vehicles. Developed countries like theUnited States, Germany and Japan have introduced 
corresponding policies to improve the research onbattery

 

 

The state of charge of batteries in a battery management system is like 
conventional fuel car. The main function of the SOC is to communicate the instinctive 
battery state to the driver and at the same time, avoid problems such as overcharge and 
over-discharge In fact, the estimation of the SOC has been a p
know, the battery is a very complex and non
performance is relative to its internal and external conditions. At the same time, the battery’s 
performance should not only consider the performa
consider the inconsistency of battery performance in the battery pack. In addition, battery 
aging, cycle life, temperature, and other factors will bring great challenges to the estimation 
of the charged state of the battery In fact, scholars and researchers began to study SOC in the 
1960s. Over the past half-century, there has been a lot of scientific research works on the 
SOC estimation of batteries, but this problem still needs a more effective solution [Therefore, 
this paper studies the existing SOC estimation methods, to make it helpful for scholars, 
researchers, and automobile enterprises.

The structure of this paper is as follows: Section 2 introduces the concept of SOC. 
Section 3 classifies SOC estimation methods and
disadvantages, respectively. Section 4 draws a conclusion and gives suggestions.

 

 

 

poweredvehicles, which will be the new trend in the future.At present, all countries 
in the world areinvolved in electric-powered vehicles research and have highlighted that 
battery management is oneof the bottlenecks in the development of electric
vehicles. Developed countries like theUnited States, Germany and Japan have introduced 
corresponding policies to improve the research onbattery 

The state of charge of batteries in a battery management system is like the fuel meter in a 
conventional fuel car. The main function of the SOC is to communicate the instinctive 
battery state to the driver and at the same time, avoid problems such as overcharge and 

discharge In fact, the estimation of the SOC has been a problem under study. As we 
know, the battery is a very complex and non-linear electrochemical element, and its 
performance is relative to its internal and external conditions. At the same time, the battery’s 
performance should not only consider the performance of the single battery but also 
consider the inconsistency of battery performance in the battery pack. In addition, battery 
aging, cycle life, temperature, and other factors will bring great challenges to the estimation 

ry In fact, scholars and researchers began to study SOC in the 
century, there has been a lot of scientific research works on the 

SOC estimation of batteries, but this problem still needs a more effective solution [Therefore, 
paper studies the existing SOC estimation methods, to make it helpful for scholars, 

researchers, and automobile enterprises. 

The structure of this paper is as follows: Section 2 introduces the concept of SOC. 
Section 3 classifies SOC estimation methods and analyzes their advantages and 
disadvantages, respectively. Section 4 draws a conclusion and gives suggestions.
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SOC Estimation Methods 

 SOC is an important part of BMS. Based on the theoretical and 
experimental characteristics, various estimation 
traditional estimation algorithm based on experiments, modern methods based on control 
theory and other methods based on the innovative ideas. As shown in Figure we classify 
these methods into three groups to c

Traditional Methods Based on Experiments

3.1.1. Open Circuit Voltage 

 The Open Circuit Voltage method, also known as the Voltage 
measurement method, is based on the corresponding relationship between Open Circuit 
Voltage (OCV) and SOC in Equation (4).

 Uoc = f(SOC).

 In this correspondence, the experimental methods help us obtain Uoc 
and f(soc) can be obtained through the charge and discharge fitting experiment of the 
battery .When determining the above relationship, it i
model and refer to the PNGV battery experiment manual for the HPPC experiment to obtain 
the SOC-OCV relationship curve. As shown in Figure 3, the PNGV model adds the 
capacitance CP, compared with the Thevenin model. The ad
that it need not high-performance processor and is easy to implement, so it is suitable for 
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SOC is an important part of BMS. Based on the theoretical and 
experimental characteristics, various estimation methods are classified into three groups: the 
traditional estimation algorithm based on experiments, modern methods based on control 
theory and other methods based on the innovative ideas. As shown in Figure we classify 
these methods into three groups to compare them in more detail. 
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Battery model. 

 The advantage of the OCV method is that the measured quantity is 
relatively simple, and the accuracy obtained is higher Moreover, its shortcomings are also 
very obvious, for measuring the terminal voltage, it needs to be placed for a long period of 
time (a few hours or even longer), so the amplifier cannot be used for continuous dynamic 
on-line estimation. At the same time, because there is a platform phenomenon in the battery 
voltage, which means paying more efforts on the current hardware technology to guarantee 
accuracy requirements. Therefore, the open-circuit voltage method is always together with 
other methods at the initial or final stage of charge, and rarely used alone, such as the SOC 
estimation method combining the open-circuit voltage method with the ampere-hour 
integral method and the SOC estimation method combining the open-circuit voltage method 

 

 Ampere-Hour Integral Method 

The Ampere-hour (Ah) integral method is the most commonly used method for electric 
charge accumulation at present. It is based on the calculation of electric quantity during 
charging and discharging. In fact, we also take the temperature, charging and discharging 
efficiency of the battery into account, when estimating SOC  

 Internal Resistance Method 

 The internal resistance method aims to obtain the SOC value 
according to the relationship between the internal resistance of the battery and SOC The 
relationship between the internal resistance of the battery and the SOC is based on the 
relationship between internal resistance and voltage change [47,48]. Taking the PNGV 
model  

 Theoretically, the internal resistance method is relatively simple, 
mainly because it only considers the discharge current and internal resistance of the battery. 
However, in practice, the relationship between battery parameters and SOC is quite 
complex. At the initial stage of discharge, the discharge efficiency of the internal resistance is 
stable and almost has no fluctuation. However, at the later stage of discharge, the internal 
resistance will obviously increase and will show obvious fluctuations. Therefore, the internal 
resistance method is always used for SOC estimation in the later stage of discharge. 

As we all know, the internal resistance of the battery can be divided into the AC internal 
resistance(also known as AC impedance) and the DC internal resistance. Thus, the internal 
resistance method can also be divided into two methods. The AC impedance is actually a 
transfer function between the voltage and the current of the battery. It is usually measured 
by an AC impedance meter. However, due to the great influence of temperature, it has 
always been controversial whether it should be estimated in the open-circuit state or in the 
process of charging and discharging. Therefore, this method is rarely used in real cars. 

In fact, SOC estimation usually uses DC internal resistance as an object. Nevertheless, this 
method also has its limitations. For example, the relationship between the internal resistance 
and SOC of a nickel-hydrogen battery and a lithium-ion battery is more complicated than 



that of a lead-acid battery, so the internal resistance method is not applied to the SOC 
estimation of a lithium-ion battery [48,49]. Now, most modern automobiles use lithium-ion 
batteries as power batteries, so the internal resistance method is also difficult to apply to 
electric vehicles. The above has been adjusted and supplemented in the text and highlighted. 

The internal resistance is the ratio of the voltage change to the current change over a short 
period of time. This result is often affected by the calculation time. The internal resistance 
will become more complex when the time is too long, and it will change with different 
working stages. Therefore, it is quite difficult to estimate SOC value by the internal 
resistance method, which is not often used alone. It is usually combined with the Ah integral 
method to estimate SOC in the later stage of discharge. 

3.1.4. Discharge Test Method 

The discharge test method is the most reliable SOC estimation method at present [33,37,50]. 
Its principle is that in the constant current continuous discharge, the SOC equals that the 
discharge current multiples time. Its advantage is that it has good applicability for almost all 
batteries. It is mainly used in the laboratory as the standard of SOC accuracy, as well as in 
the research on charging and discharging characteristics and battery maintenance. However, 
the whole experimental process needs a lot of time, so the SOC measurement with the 
vehicle in motion cannot be carried out. 

In summary, the traditional estimation method based on the experiment has the advantage 
that the algorithm is simple and easy to implement, but the higher requirements of the 
hardware require a large amount of experimental investment and it only has a significant 
performance in estimating SOC. With respect to the estimation accuracy and test 
characteristics of each method, the accuracy of the open-circuit voltage method increases 
with the battery’s stand by time, which means that the test time will be extended 
accordingly. The Ampere-hour (Ah) integral method is mainly used for the initial state-of-
charge estimation, but its accuracy decreases with the test time, because the internal 
resistance constantly changes due to many factors. The internal resistance method is stable 
only in the late stage of discharge and has a high degree of precision, but the test time is 
often not accurately obtained which will cause an error. The discharge test method has high 
precision, but it is not suitable for real vehicles and can only be performed in the laboratory 
stage. 

Modern Methods Based on Control Theory 

 Neural Network Method 

The neural network is a branch of artificial intelligence. It bases on a simple abstraction and 
simulation of the human brain and accepts the corresponding training mainly through the 
input and output sample so that it can meet the mapping function relations. It improves the 
accuracy of the model through the model weight and deviation adjustment [51,52]. This 
process can be divided into two stages. 

The first is the positive calculation process, which mainly completes the calculation of each 
unit from the input layer to the output layer.The second is the process of error echo 
propagation the input layer is mainly the battery performance parameters such as current, 
voltage, temperature and internal resistance. The output layer is the estimated value of the 
battery’s SOC. The hidden layer is the activation function of the system. According to the 



research of the basic processing process of neural network algorithm is shown in Figure 6. 
The experimental results show that the method is robust and accurate.

The advantages of this method lie in that it can accurately estimate the 
easily. At the same time, the parallel and global searching methods are fast and it has better 
convergence speed and precision in the experiment. The disadvantages of this method are 
also obvious, mainly because it requires a large amount o
complete the training system. Training data and training methods have a great impact on its 
accuracy [48,53,54]. In practice, it also needs further study, because its algorithm is too 
complex and needs a large amount of calc

3.2.2. Kalman Filter Method 

The core idea of the Kalman Filter (KF) is the optimal design of the least variance of the state 
of the power system .The KF method for SOC estimation treats the battery as a the input of 
the system, generally referring to the variables such as current, temperature, residual electric 
quantity, and internal resistance. yk+1 is the output of the system, usually referring to the 
voltage, xk is the state quantity of the system, including the estimated value of SOC. The 
principle of this method is shown in Figure 7. It describes the battery as a system composed 
of an equation of state and observation equation, considers SOC as an internal state of the 
system, establishes a state-space model, and makes the minimum variance esti
SOC. 

 Its advantage is that it eliminates the error of the ampere
method accumulated over time. At the same time, it does not have a high requirement for 
the accuracy of the initial SOC. In other words, even if the initial value ha
deviation it can well converge to the real value. Even if there is noise, it can have a good 
correction effect. 
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Conclusions  

 In the field of electric vehicles, 
virtue of their own advantages. SOC estimation, as a very important and challenging 
part of the battery management system, will remain a research hotspot in the future. 
This review discusses the current S
research, and classifies the existing methods, which is of great significance to future 
research. 

 It can be seen from the discussion above that there are many methods for SOC 
estimation, and each method has its ad
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