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Abstract

The paper is proposed on Battery Management for a Standalone PV system.The

project has 3 main stages:-a solar panel with dc-dc converter ,battery along with

its management system with charge controller and the ac load connected across

an inverter. The batteries used are Lithium-ion battery which is most commonly

chosen power source for many portable applications like mobile, led lightings etc.

Advantages of li-ion batteries are they have high energy density, Relatively low

self-discharge and can provide very high current to applications which are the

driving force behind for using this type of battery. This paper discusses to develop

cell Balancing with individual cell equalization, state of charge and Temperature

monitoring in order to increase the efficiency by maximizing the available power.

The proposed system is verified through software simulation and hardware imple-

mentation of the system is also done.
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1.2 Literature Review

A battery management system consists of various functional blocks including cutoff
FETs, fuel gauge monitor, cell voltage monitor, cell voltage balance, real time clocks,
temperature monitors and a state machine.[7] Lithium based or Lead acid based cells
are the usually the types of cells that are usually preferred. In our project, where we
aim to build the BMS for a solar based power plant, the preferred storage device is a
lead acid based battery.[15] A simple solar power plant consists of a photovoltaic panel
which harnesses the solar energy and a suitable battery to store this energy. The BMS
acts as the mediator. When a load is present, the BMS ensures that the energy stored
in the battery is provided to satisfy the load.[10] During daytime and no load, the
BMS ensures that the battery is charged. More advanced BMS can also supply excess
energy back to the grid.[14] .

1.3 Objectives

• To identify the parameters required for a battery management system

• To model the system on MATLAB

• To build a basic working hardware of the system

Figure 1.1: Overall System Block Diagram

1.4 Summary

The chapter initiates a discussion about the proposed design where a micro controller
is used which performs important tasks of BMS.The chapter also discusses on a stan-
dalone PV module and required components to charge the battery pack.A general
overview on the concept of cell balancing algorithm and other components in the pro-
posed design has been discussed in the chapter.
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Open circuit Voltage

The voltage output of a solar module under standard test condition, when the ”ter-
minals of the modules are not connected with any load. This rating of solar module
mainly depends upon the technology used to manufacture solar cells of the module.
More Voc indicates that solar module performs better. This open circuit voltage of a
solar module also depends upon operating temperature.

PV Equations

As in the diagram, net current output of a solar cell is Kirchoff sum of diode and
photocurrent.”

I = Iph − Id − Irsh (2.2)

Iph photocurrent,produced when solar rays strike silicon layer Id diode current Irsh
current through shunt resistance given by equation

Irsh =
V + IRs

Rsh

(2.3)

The diode current is given by:

Id = Irsexp[
q

AkT
(V + IRs)]− 1 (2.4)

where Irs is reverse saturation current. The reverse saturation current is given by;

Irs = Irsref [
T

Tref

]
3

exp[q
Esi

bk
(

1

Tref

−

1

T
)] (2.5)

where Irsref is reverse saturation current with respect to Tref The PV cell Voltage is
given by:

VPV cell = VD −RsIph (2.6)

Taking Ns=Number of cells in series

VPV = NSVPV cell (2.7)

2.1.3 DC-DC converter

The Buck Converter is used in SMPS circuits where the DC output voltage needs ”to
be lower than the DC input voltage. The DC input can be derived from rectified AC
or from any DC supply. It is useful where electrical isolation is not needed between
the switching circuit and the output, but where the input is from a rectified AC
source, isolation between the AC source and the rectifier could be provided by a mains
isolating transformer.[5] The switching transistor between the input and output of
the Buck Converter continually switches on and off at high frequency. To maintain
a continuous output, the circuit uses the energy stored in the inductor L, during the
on periods of the switching transistor, to continue supplying the load during the off
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periods. The circuit operation depends on what is sometimes also called a Flywheel
Circuit. This is because the circuit acts rather like a mechanical flywheel that, given
regularly spaced pulses of energy keeps spinning smoothly at a steady rate. Some
design specifications for buck converter application are listed in Table 2.1 ”

Table 2.1: Buck converter design equations[3]

Parameter Equation

Peak inductor current ipk

Min inductor current io

Ripple Current ∆i = ipk − io

Duty Cycle D=TON/T

Switch On Time TON = D/f

Average and Load Current iave = ∆i/2

Output voltage VINTON/T

Operation of Buck Converters

A model of a basic step-down converter is used to explain the circuit operation. ”In
the figure, we replace the high-side transistor and low-side diode with switches to
explain operation schematically. The circuit principles are the same as those of diode
rectification in a DC/DC converter, but the high voltage obtained by rectifying an
AC voltage is directly switched to perform step-down voltage conversion, and so the
transistor and diode acting as switches must withstand high voltages, for example 600
V or so.

Figure 2.2: Operation of buck converter in continuous mode [2]

In the circuit shown in Figure 2.2 (a) When the high-side switch (the transistor) turns
on, a current IL flows in the inductor L, and energy is stored. At this time, the low-side
switch (the diode) is turned off. The inductor current IL is expressed by the following
equation

IL =
VIN − VOUT

L
TON (2.8)

In the circuit shown in Figure 2.2 (b) When the high-side switch (the transistor) turns
off, the energy stored in the inductor is output through the low-side switch (the diode)
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At this time, the high-side switch (the transistor) is OFF The inductor current IL is
expressed by the following equation ”

IL =
VOUT

L
TOFF (2.9)

2.2 Battery management system and charge controller

2.2.1 Lithium-ion Battery

Lithium Ion Batteries are ideal Match for Solar Energy Storage Needs. In the proposed
system, multiple cells are used in series to observe the cell balancing effects and also to
meet the load demand. The majority of home appliances nowadays use some form of
lithium ion chemical composition. Lithium ion batteries are lighter and more compact
than lead acid batteries. They also have a higher Depth of discharge and longer lifes-
pan when compared to lead acid batteries. However, lithium ion batteries are more
expensive than their lead acid counterparts. Due to the intrinsic instability of lithium
metal, especially during charging, non metallic lithium batteries preferred. Although
slightly lower in energy density than lithium metal, lithium-ion is safe, provided certain
precautions are met when charging and discharging.[6] The most economical lithium-
ion battery in ”terms of cost-to-energy ratio is the cylindrical 18650 (size is 18mm x
65.2mm). This cell is used for mobile computing and other applications that do not
demand ultra-thin geometry. If a slim pack is required, the prismatic lithium-ion cell
is the best choice. These cells come at a higher cost in terms of stored energy. Reasons
for its selection over other batteries:

• Low Maintenance - no periodic discharge is needed; there is no memory.

• High energy density:Its energy density is 100-265W-h/kg

• Specialty cells can provide very high current to applications

• High charging efficiency of 80-90%

Battery parameter

• Nominal voltage (V): The nominal voltage (Vnom) of the battery in V. The nom-
inal voltage represents the end of the linear zone of the discharge characteristics.

• Rated capacity (Ah): The rated capacity (Qrated) of the battery in Ah. The
rated capacity is the minimum effective capacity of the battery.

• Initial state-of-charge (%): The initial state-of-charge (SOC) of the battery.Fully
charged battery is indicated by 100% SOC and full discharged battery is indi-
cated by 0% SOC. Discharge curve is unaffected by this parameter.”
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• VCC: goes to 5V

As a rule, each channel has a reset connection ”for resetting the relay board when
the device is used in toggle mode. Relay boards have a general purpose, high-current,
or mercury-wetted switching matrix for routing signals and loads. They also provide
a wide range of test signal switching options. Constant control relay modules or in-
tegrated relay control modules can be used as wide-open throttles in relays that are
used in the normally closed (NC) condition. When operation is not required, the relay
module is grounded and in a normally open (NO) condition. Constant control relay
modules are also used with relay circuits in the cooling fans of engines and the oper-
ation of fuel pumps. The relay circuit n these relay boards causes the relay to toggle
between the on and off conditions.
Relay boards are used in many different applications. Some products are used to
control lights, motors, and other electronic devices in industrial and commercial ap-
plications. Others are also used to control heater temperatures, or are used in power
switching applications Relay boards that are designed for specific types of industrial
equipment are also available.[3]

PIC 18F452

The PIC Processor has a Harvard architecture i.e. separate instruction memory and
data memory.”
For the 18F452:

• 32KByte Program Memory on chip, (Flash)

• 1792 bytes of Data Memory on chip

• 1536 bytes of static RAM

• 256 bytes of EEPROM

Figure 2.4: Pin Diagram [3]
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bipolar transistors. In an ”enhancement mode” MOSFET, voltage applied to the gate

terminal increases the conductivity of the device. In ”depletion mode” transistors,

voltage applied at the gate reduces the conductivity. ”

2.4 Summary

Theoretical knowledge obtained from research papers has led to better understanding

of the project. The main topics of the project which are battery along with its manage-

ment system and charge controllers have been briefly discussed. There is an efficiency

increase predicted from cell balancing . Hence this is battery management system is

proposed. Lastly, implementing a hardware prototype model of the system to observe

how the Li-ion battery behaves and its charging and discharging characteristics.”
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Chapter 3

METHODOLOGY

3.1 Introduction

The chapter contains a brief explanation the methodology and specification of various
system associated in design of Battery management system. Also the simulated matlab
model and Hardware prototype is discussed for better understanding of the results
obtained explained in chapter 4. The software implementation and hardware design
of the project will be shown through steps. Simulation has been carried out on the
MATLAB-Simulink platform and the coding of algorithm is done in embedded C
platform.The software used here is MPLAB.

• Step 1: Simulation and hardware implementation of solar panel and dc-dc con-
verter is done Output waveforms and data were obtained and verified with help
from research papers.

• Step 2: Simulation and hardware implementation of battery pack and its man-
agement system is done and validated

• Step 3: Simulation and hardware implementation of inverter and load is done
and also overall design system is validated in both software and hardware.Real
Time data is also being tabulated manually for battery charging and discharging
characteristics.

3.2 Proposed Solution

There are various approaches to implement the BMS. Various techniques have been
implemented to find the SOC of the battery pack, or use cell balancing to increase
the efficiency of the battery pack. Traditional BMS were lot more complicated as
they were mostly implemented on Electric/Hybrid vehicle and not used on lower scale.
The proposed project concentrates on developing a BMS for standalone PV system.
A standalone PV systems main component is the battery pack because the entire
solar energy is converted to electrical energy and hence stored in the battery pack.
The proposed design uses Microcontroller which is the brain of the BMS. To find the
SOC we are using the OCV algorithm. Cell Balancing are of two types:-First is the
passive cell balancing and second the active cell balancing. We are implementing an
improvised active cell balancing were we wont require LC circuit to store the energy
rather we will be implementing algorithm and relays to achieve the same. This reduces
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the cost and at the same time achieving the goal. Apart from these two parameters
we are also monitoring the battery pack temperature so that the pack is not destroyed
due to overheating. [13]

3.3 Implementation

The project implementation is divided into 3 stages i.e solar panel output is fed to dc-
dc buck converter which steps down the voltage, then the battery is connected across
the first stage along with its management system and finally the inverter and load is
connected across the battery which is the final stage.

3.3.1 Solar Panel

A solar panel is a set of solar photovoltaic modules electrically connected and mounted
on a supporting structure. A photovoltaic module is a packaged, connected assembly of
solar cells. The solar module can be used as a component of a larger photovoltaic sys-
tem to generate and supply electricity in commercial and residential applications. Each
module is rated by its DC output power under standard test conditions (STC).There
are 36 solar cells connected in series-parallel configuration to generate the specific val-
ues. Solar panel is used to charge the battery pack when the SOC level goes below
a certain threshold level. The output of the solar panel mainly depends on two pa-
rameters that is Temperature and irradiance. Greater the temperature and irradiance
greater will be the output power from the panel.Therefore for the above reason a dc-dc
converter is being used to control the output power of the panel which is being supplied
to the battery pack to store the energy. The solar panel is being developed in software
and is implemented in hardware.[9]Fig 3.1 depicts the simulink model for charging the
battery pack. Table 3.1 represents the parameters and value of the solar panel .

Table 3.1: Solar panel Specification [3]

Parameters Value

Max Power 11.12W

Max Voltage 17.95V

Max Current 0.619A

Short Circuit Current 0.694A

Open Circuit Voltage 21.40V
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Figure 3.1: Charging model in Simulink

3.3.2 DC-DC Converter

A DC-DC converter is used as a power interface circuit ”between the PV panel and the

battery. The DC-DC converter connects or disconnects conveniently the solar panel

from the battery based on PWM signals. Here the buck converter topology is used

due to two main advantages of it, first the required input current to the converter

is small, hence the rating and the size of the PV panel becomes smaller, and second

the charge control operation remains uninterrupted even when the PV panel gives low

output current at low level of insolation because the buck converter will boost the

current up to the required level of charging. The simulink model and hardware of the

dc-dc converter is being implemented. The buck converter is in use when the PV panel

voltage is above 12v so that it will step down the voltage to the required voltage to

charge the battery.

”
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Figure 3.2: Battery pack without BMS Simulink Model

This system continuously measures the voltage and it calculates the SOC of individual
cell and also the entire battery. Voltage sensing part is done with the help of volt-
age divider network.[12] Here input voltage is taken as battery terminal voltage and
according to voltage sensor output is given to the ADC port of the controller. SoC
algorithm is the main part which describes battery capacity.

ii)Temperature monitoring

Temperature monitoring is done to protect the Li-ion battery from overheating. Lithium-
ion performs well at elevated temperatures but prolonged exposure to heat reduces
longevity. Charging and discharging at elevated temperatures is subject to gas gen-
eration that might cause a cylindrical cell to vent and a pouch cell to swell. Many
chargers prohibit charging above 50C (122F). ”

iii)Cell Balancing

To improve the life of the battery pack and also maximize ”the available capacity
of the battery, it is necessary to equalize the voltage and SoC of the cells in a battery
pack. Cell balancing is one of the most important functions of a battery management”
system.[11]Fig 3.3 depicts the flowchart of the cell balancing algorithm.

2)LCD Display

A 16*2 LCD is used to get the results from the controller and it can be used to
display the results.[3] .
Specifications: -
i) Module Dimension 80.0 x 36.0 mm
ii) Viewing Area 66.0 x 16.0 mm
iii) Dot Size 0.56 x 0.66 mm
iv) Character Size 2.96 x 5.56 mm
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Table 3.3: Voltage Sensor Parameters [4]

Parameters Value

Input Voltage (V) 0to 25

Voltage Detection Range (V) 0.02445 to 25

Analog Voltage Resolution (V) 0.00489

Length (mm) 28

Width (mm) 14

14 Height (mm) 13

Weight (gm) 4

terminals (C, NC, NO) are accessible through screw terminals which makes wiring up
the board very easy.The inputs of 4 Channel 12V Relay Module are isolated to protect
any delicate control circuitry.” Total of 5 relays is being used in the system.1 relay
is used in charging purpose where when the output voltage of solar is greater than
12 volt at that time relay 1 will conduct else it will disconnect the charging circuit.3
relays are used in cell balancing where each cell and relay is connected according to
the algorithm.Last relay is connected to the load.When the load is turned on then it
will conduct and also prevents reverse flow of cuurent.

3.3.5 Inverter and Load

The single Phase Inverter is implemented on Simulink and hardware model is being
used in the system. A single phase inverter is used to convert DC to AC to power
the load. The input to the inverter system is 12VDC and output is 220VAC at 50Hz
frequency. The PWM generator is used to trigger the switches with switching frequency
of 5Khz.The load used here is a 5-10 Watts household AC load. A lighting system
of 5-10W is being used in hardware. The load is operated across the output of the
inverter which is 230VAC and 50hz frequency.

3.3.6 Overall Design

The overall system design depends on the outputs of individual subsystem because
the output of the solar panel varies according to the environment which present a DC
output voltage roughly around 12V-17V.This output is the fed to the dc-dc converter
to step down the voltage to protect the battery pack from overvoltage. The output of
buck converter has a ripple of roughly 2.5%.The battery pack is then used to power the
load with a parallel system used to manage the parameters of the battery pack. This
subsystem is used to monitor the SOC level, Temperature, Voltage and implement Cell
Balancing to protect the battery and at the same time increase its efficiency. A 5W
led light is being connected across the inverter which produces an output of 220VAC
at 50hz frequency when an input of 12VDC is given. The efficiency of the inverter is
around 85% with 3% ripple in the output.
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Figure 3.5: Overall Design

3.4 Summary

The chapter discusses a detailed analysis of the project is done. Software implementa-

tion and hardware development of the Battery Management System for a standAlone

PV design is done in the chapter. The project was initially focused on the simulation

li-ion battery model for understanding the charging and discharging characteristics.It

is comparative study when the load is powered by battery without its BMS and in

the second scenario battery pack with its BMS . The values of the components that

were chosen were through theoretical calculations and components availability in the

market.
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Chapter 5

CONCLUSION AND FUTURE WORK

5.0.1 Conclusion

The project deals with discussion of simulation and hardware implementation of Bat-
tery Management System for standalone PV system. A MATLAB based simulation
model of proposed configuration and working hardware model has been developed to
evaluate the feasibility of the system with the proposed configuration. The voltage
obtained from solar panel is stepped down with help of dc-dc converter and battery
charge-controller which feeds power to the battery pack. The BMS works parallel to
the main circuit and monitors the parameters. Finally software simulation and hard-
ware implementation of the overall design is done showing that required parameters
are monitored thus increasing the efficiency by 5.2%.

5.0.2 Future Scope

The benefit of using solar is that it is a renewable source of energy. In standalone
system solar panel is one of the main component. Although the efficiency of solar
panel Is very low which is around 15-20% it is the battery pack which plays a very
important role. Therefore it is wise enough to increase the battery efficiency as high
as possible. One of the future scope which can be implemented is the System-User
interface. In our project we are using the traditional LCD display as the means of
communication with the user. The project can be integrated with mobile phones
and hence an Android application can be built to view the data. Also using a GSM
Modem, we can collect this raw data and sent as an SMS message to mobile phones.
With the help of mobile phones, the data can be collected and viewed even from
remote locations, where Internet connection is weak Apart from this, with adequate
research in this field ,the proposed design can also be implemented in Solar powered
Electric/hybrid vehicle .
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