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Abstract: This project focuses on the design and implementation of a battery energy storage system (BESS)
system aimed at providing reliable backup power during outages. The proposed battery energy storage system
(BESS) utilizes a lithium-ion battery pack to ensure a compact and efficient energy source, capable of
delivering stable voltage levels to connected devices. The system features an automatic switching mechanism
that seamlessly transitions from main power to battery backup, minimizing downtime and preventing data loss
in critical applications. The project incorporates a microcontroller for monitoring battery status, load
management, and fault detection. Additionally, a user-friendly interface displays real-time information on
battery health, charging status, and estimated runtime. Safety features, including overcharge protection and
temperature regulation, enhance reliability and longevity. By addressing common challenges in power
management, this battery energy storage system (BESS) project aims to support various applications,
including home electronics, medical devices, and industrial equipment, ensuring continuous operation and
safeguarding sensitive systems against power disruptions.

1. INTRODUCTION

A battery energy storage system (BESS) system is a critical component in modern electrical infrastructure,
providing reliable backup power during interruptions in the main power supply. Finike lithium have to
technology and achievement across various sectors—such as healthcare, telecommunications, and data
centers—the need for consistent and stable power has never been more essential. A battery energy storage
system (BESS) ensures that electronic devices continue to operate smoothly during power outages, voltage
sags, or surges, thereby preventing data loss, equipment damage, and operational downtime. A battery energy
storage system (BESS) systems typically consist of a battery, inverter, and control circuitry that manage power
flow. They come in various configurations, including standby, line-interactive, and online systems, each
designed to address specific needs and use cases. Standby a battery energy storage system (BESS) systems
activate only during power failures, while line-interactive systems can regulate voltage fluctuations. A battery
energy storage system (BESS) systems provide continuous power and are ideal for critical applications
requiring the highest level of protection. In addition to backup power, a battery energy storage system (BESS)
can offer advanced features such as power conditioning, surge protection, and network management
capabilities, enhancing the overall resilience of electrical systems. As we increasingly depend on digital
infrastructure, a battery energy storage system (BESS) systems play a vital role in ensuring operational
continuity and protecting valuable data and equipment from the unpredictable nature of power supply.
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Block Diagram of (BESS)

Here's a simplified block diagram of (BESS) system:

R — +
AC Input Power
R — +
Ao +
Rectifier <--- Converts AC to DC
From o +
R —— +
Battery <--- Stores energy
e — +
R +
Buck converter <--- Converts DC back to DC
B —+
| S —_____ +
DC Output Power <--- Supplies power to load
e — +
Ao Al
Control Circuitry <--- Manages operation and monitoring
R +

Description of Components:

1. AC Input Power: Source of electrical power from the grid.

2. Rectifier: Converts incoming AC voltage to DC for battery charging.

3. Battery: Stores energy to provide backup power during outages.

4. Buck converter: Converts convert the high DC to low DC for output to connected devices.

5. DC Output Power: Supplies continuous DC power to the connected load.

6. Control Circuitry: Monitors battery status, manages the switching between mains and battery power, and
provides user interfaces.
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2. Schematic diagram; Power Control Unit PCB Board
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A schematic diagram of a PCB (Printed Circuit Board) is a graphical representation of the electronic
components and their connections. Here’s a brief overview of its key elements:

Components: Symbols representing resistors, capacitors, diodes, ICs, etc.
Connections: Lines showing how components are wired together.

Power Supply: Indications of power input and ground connections.

Labels: Identifiers for each component (like R1, C1) and values (like 10kQ).
Signal Paths: Direction of signals and data flow.

MRS

The schematic serves as a blueprint for designing the physical PCB layout, helping engineers visualize and
troubleshoot the circuit before manufacturing.

2.1 Top view
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A top view of a PCB (Printed Circuit Board) displays the physical layout of components and traces. Here are
the key features:

1. Components: Symbols or shapes representing resistors, capacitors, ICs, and connectors, placed on the
surface.

2. Traces: Copper lines connecting components, indicating electrical pathways.

Pads: Soldering pads where components are attached, usually circular or rectangular.

4. Silkscreen: Printed labels and symbols on the surface, indicating component designations and
orientation.

5. Mounting Holes: Holes for screws or spacers to secure the PCB in a housing.

(98]
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2.2 Bottom view
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The bottom view of a PCB (Printed Circuit Board) shows the underside layout, which includes:
1. Copper Traces: Similar to the top view, but showing connections on the bottom layer.
2. Component Pads: Solder pads where components are mounted, often with through-holes for leads.
3. Ground and Power Planes: Large areas of copper used for grounding or power distribution,
enhancing stability.
4. Silkscreen: Labels or markings indicating component positions, often minimal on the bottom.
5. Vias: Small plated holes allowing connections between layers of the PCB.
This view is essential for understanding the complete layout, especially for double-sided boards, and aids in
soldering and troubleshooting.

2.3 Final 3d PCB view

Power Control Unit
PCB Board
A 3D view of a PCB (Printed Circuit Board) provides a three-dimensional representation of the board,
highlighting:
1. Component Placement: Displays the actual physical layout of components like ICs, capacitors,
and resistors in their true positions.
2. Trace Routing: Shows how traces are routed across the board, including any 3D bends or layers.
3. Height and Volume: Illustrates the height of components, important for fitting the PCB into
enclosures.
4. Layer Structure: Visualizes multiple layers, helping to understand the complexity and organization
of signals and power.
5. Overall Aesthetics: Gives a better sense of the board’s design and can aid in identifying potential
mechanical issues.
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3. Arduino programming software

Arduino programming software, commonly known as the Arduino IDE (Integrated Development
Environment), is a platform for writing, compiling, and uploading code to Arduino boards. Here are
the key features:
1. User-Friendly Interface: Simplified layout with text editor for writing code, and a console for
displaying messages.
2 C/C++. + Language: Uses a simplified version of C/C++ for coding, making it accessible for
beginners.
3. Library Support: Includes built-in libraries for various sensors and components, allowing for
easier integration and functionality.
4. Code Examples: Provides numerous example sketches to help users learn and experiment with
different functions.
5. Serial Monitor: A tool for debugging and communication between the PC and Arduino, allowing
for real-time data display.
6. Cross-Platform: Available for Windows, macOS, and Linux, making it accessible to a wide range
of users.
Overall, the Arduino IDE is essential for developing and uploading projects to Arduino boards
efficiently.

3.1 Programming for power control unit PCB board

The Arduino programming process involves several key steps:
1. Install Arduino IDE: Download and install the Arduino Integrated Development Environment
(IDE) on your computer.
2. Connect Arduino Board: Use a USB cable to connect your Arduino board to your computer.
3. Select Board and Port: In the IDE, choose the correct board type (e.g., Arduino Uno) and the
appropriate COM port from the Tools menu.
4. Write Code: Write your program (sketch) using the C/C++ syntax. The code typically consists
of two main functions:
Setup (): Initializes settings (runs once).
Loop (): Contains the main code that runs repeatedly.
Verify Code: Click the checkmark icon to compile the code and check for errors.
Upload Code: Click the arrow icon to upload the compiled code to the Arduino board.
Monitor Output: Use the Serial Monitor to view any output or debug information generated by
your code.
Test and Iterate: Test the functionality of your project, make adjustments to the code as necessary,
and repeat the process.

3.2 Code for Power Control Unit PCB Board

#include <LiquidCrystal.h>
LiquidCrystal lcd(8, 9, 10, 11, 12, 13);
const int Mainspin = 2; /AC input
int ACinput =0;
float value=0 ; // per calculation
float Min = 3.375; // constant minimum value
float fin;
float voltage;
float perc ;
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int Batteryper;
#define lowbtt = 4;
#define backupon = 5;
#define charding = 6;
#define main=7;
#define relay= 3;
void setup() {
Serial.begin ( 9600);// put your setup code here, to run once:
lcd.begin(16,2);
pinMode ( Mainspin, INPUT);
pinMode (4, OUTPUT);
pinMode (5, OUTPUT);
pinMode (6, OUTPUT);
pinMode (7, OUTPUT);
pinMode (3, OUTPUT);
Icd.clear();
Icd.setCursor(0,0);
led.print("WELCOME");
led.print("FINIEK");
led.setCursor(1,1);
led.print("LITHIUM");
digitalWrite(Mainspin, LOW);
delay (150);
}
void loop() {
Icd.clear();
ACinput = digitalRead (Mainspin);
value = analogRead (A0);
voltage = (value*5)/1023;
perc = map (voltage ,0,1023,0,255);
fin = (voltage)-(3.375);
Batteryper = (fin/1.516)*100;
Serial.println("'Batteryper');
Serial.printin(Batteryper);
if (ACinput==HIGH & & Batteryper<=99)
{
led.clear();
Icd.setCursor (0,0);
led.print("'Mains on:");
Serial.println("'mains on');
led.setCursor(0,1);
led.print("" Charging on:");
Ied.setCursor(12,1);
led.print(Batteryper);
Icd.setCursor(15,1);
led.print("%");
delay (100);
digitalWrite(7,HIGH);
digitalWrite(6,HIGH);
digitalWrite(5,LOW);
digitalWrite(4,LOW);
digitalWrite(3,LOW);
}
if (ACinput==HIGH && Batteryper>=100)
{
Serial.println("'mains on');
Icd.clear();
Icd.setCursor (0,0);
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led.print("'Mains on:");

Icd.setCursor(0,1);
led.print(" Charging off:");
Icd.setCursor(13,1);
led.print("'100");
Icd.setCursor(16,1);
led.print("%");
delay (100);
lcd.setCursor(0,1);
led.print("'Battery full:");
delay (100);
digitalWrite(7,HIGH);
digitalWrite(5,LOW);
digitalWrite(6,LOW);
digitalWrite(4,LOW);
digitalWrite(3,LOW);
}

if(ACinput==LOW & & Batteryper>=100 ) // battery section

{ led.clear();
led.setCursor (0,0);

led.print("'Backup on:");
lIcd.setCursor (0,1);
led.print("'Battery%:");
Icd.setCursor (12,1);
led.print("'100");
led.setCursor (15,1);
led.print("%");

delay (100);
digitalWrite(3,HIGH);
digitalWrite(7,LOW);
digitalWrite(6,LOW);
digitalWrite(5,HIGH);
digitalWrite(4,LOW);

}

if(ACinput==LOW && Batteryper<=99.99 & & Batteryper>=15)

{
Icd.clear();

led.setCursor (0,0);
led.print("'Backup on:");
led.setCursor (0,1);
led.print("'Battery%:");
led.setCursor (12,1);
led.print(Batteryper);

Icd.setCursor (15,1);
led.print("%");

delay (100);
digitalWrite(3,HIGH);
digitalWrite(7,LOW);
digitalWrite(6,LOW);
digitalWrite(5,HIGH);
digitalWrite(4,LOW);
}
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if (ACinput==LOW & & Batteryper<=14 && Batteryper>=6 )
{

Icd.clear();

led.setCursor (0,0);
led.print("'Backup on:");
led.setCursor (0,1);
led.print("'Low Battery:");
led.setCursor (12,1);
led.print(Batteryper);
Icd.setCursor (15,1);
led.print("'%");
digitalWrite(4, HIGH);
delay (100);
digitalWrite(5,HIGH);

digitalWrite(3,HIGH);

3
if (ACinput==LOW & & Batteryper<=5 & & Batteryper>=0)
{
Icd.clear();
led.setCursor (0,0);

led.print("'Backup off:");

Icd.setCursor (0,1);
led.print("' Low Battery:");
Icd.setCursor (12,1);
led.print(Batteryper);
Icd.setCursor (15,1);
led.print("%");
delay(100);
digitalWrite(4, HIGH);
digitalWrite(5,LOW);
digitalWrite(3,LOW); // put your main code here, to run repeatedly:

}

if (ACinput==LOW & & Batteryper<=0)
{

Icd.clear();
led.setCursor (0,0);
led.print("' System off:");
led.setCursor (0,1);
led.print("' Low Battery:");
led.setCursor (12,1);
led.print("'0");
lcd.setCursor (15,1);
led.print("%");
delay(100);
digitalWrite(4, HIGH);
digitalWrite(5,LOW);
digitalWrite(3,LOW);

}
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3.3 Program uploading using SPI communication

sfer in SPI (Serial Peripheral Interface) communication in Arduino is a fast, synchronous protocol used
for connecting microcontrollers to peripherals like sensors, displays, and SD cards. Here’s a brief
overview
Key Features:
1. Full-Duplex Communication: Data can be sent and received simultaneously.
2. Master-Slave Architecture: One device (master) controls one or more peripheral devices (slaves).
3. Four Wires:
- MOSI (Master Out Slave In): Data line from master to slave.
- MISO (Master In Slave Out): Data line from slave to master.

- SCK (Serial Clock): Clock signal generated by the master.

- SS (Slave Select): Controls which slave is active.

3.4 Basic Steps to Use SPI in Arduino:

1. Include SPI Library: Use "#include <SPLh>" in your sketch.
2.Set Up SPI: Configure the SPI settings (clock speed, data order, and mode) using 'SPI.begin()".
3. Select Slave: Use digital pins to manage the SS line to select the desired slave device.
4. Transfer Data: Use "SPl.transfer(data)’ to send and receive data.
5. Deselect Slave: Set the SS line high after communication to deselect the slave.
Advantages:
- Speed: SPI is generally faster than [2C and UART.
- Simplicity: Easy to implement and use for multiple devices.
This makes SPI a popular choice for high-speed data tran Arduino projects.

4. Output PCB
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5. Output indication PCB
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It is an indication panel, which shows the indication of mains in, charging, back on and low battery of
system.

A 3mm LED is a small light-emitting diode typically used in various electronic applications, such as
indicators, displays, and decorative lighting. It has a diameter of 3 millimeters and comes in different
colors, each with its own forward voltage and current specifications.

6. 21v/1A power supply

A 21-volt, I-amp switch-mode power supply (SMPS) converts electrical power efficiently, providing
a stable output voltage of 21V with a maximum current of 1A. It typically uses high-frequency
switching to regulate voltage, making it compact and lightweight compared to linear power supplies.
SMPS are commonly used in various electronic devices for their efficiency and reliability. It’s is used
for as a source of backup battery charging.

7. 21V/2A power supply
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21-volt, 2-amp switch-mode power supply (SMPS) efficiently converts and regulates electrical power,
delivering a stable output of 21V at a maximum current of 2A. This type of power supply is compact and
lightweight due to its high-frequency switching technology, making it suitable for various applications in
electronics, including powering devices that require higher current. SMPS are known for their energy
efficiency and reliability compared to traditional linear power supplies. It’s is used for as a source of output
devices such as DVR and external IP cameras.
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8. Battery (18.5V, 5A)

Selecting the correct battery type is crucial for the project

An 18.5-volt, 5-amp lithium battery typically refers to a lithium-ion or lithium-polymer battery pack
configured to deliver 21 volts with a capacity of 5 amp-hours (Ah). Here are some key points to consider:

Specifications:

- Voltage: 18.5V nominal, which may consist of multiple cells in series (e.g., 5 cells of 3.7V each).

- Capacity: 5Ah indicates it can supply 5 amps for one hour, or any equivalent combination (e.g., 1 amp for 5
hours).

- Chemistry: Likely lithium-ion (Li-ion) or lithium polymer (LiPo), known for high energy density.

Applications:

- Power Tools: Often used in cordless power tools and devices.

- Electric Vehicles: Common in e-bikes and scooters.

- DIY Projects: Suitable for custom electronics and battery-operated devices.

Safety Tips:

- Charging: Use a compatible lithium battery charger to prevent damage or fire.

- Storage: Store in a cool, dry place and avoid extreme temperatures.

- Protection: Incorporate a Battery Management System (BMS) to prevent overcharging and deep discharging.

9. Buck converter (12v, SA)

A 12V, 5A buck converter is a type of DC-DC converter that steps down the input voltage (typically higher)
to a lower output voltage while maintaining efficient power conversion. It's widely used in applications where
a specific lower voltage is required from a higher voltage supply.

Key Features of a Buck Converter:

1. Input Voltage: The voltage you provide, which could be higher than 12V (e.g., 24V, 36V, etc.), but
regulated to 12V.

2. Output Voltage: 12V (constant and regulated).

Current Rating: 5SA (maximum output current capacity).

4. Efficiency: Buck converters are highly efficient, typically 85%-95%, because they use switching
elements like transistors.

5. Protection Features: Many buck converters come with protection features like over-current
protection, over-temperature protection, and short-circuit protection.

[98)

Applications:
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o Powering low-voltage devices from higher voltage sources.

o Battery-powered projects (e.g., from an 18.5V battery system to 12V devices).
e Automotive applications (12V systems).

e Solar power systems.

Selection Criteria:
When choosing a buck converter, ensure the following:

o Input Voltage Range: It should cover the maximum expected input voltage.

e Output Voltage: Ensure the output is adjustable or fixed at the desired voltage.

e Current Handling: Ensure it can deliver the required current without overheating.
o Efficiency: Higher efficiency means less heat and more reliable operation.

10. LCD display (16x2)

It’s use for print voltage, mains in, backup on, low battery and battery level in present.
The 16x2 LCD (Liquid Crystal Display) is a widely used module that can display 16 characters per line across
two lines. Key features include:

1. Character Display: Each character is typically 5x8 pixels, allowing for clear text representation.

2. Interface: Often uses parallel communication (4-bit or 8-bit) with microcontrollers, making it easy to
integrate into projects.

3. Backlight: Many modules come with a backlight for visibility in low-light conditions.

4. Applications: Commonly found in electronics projects, such as home automation, embedded systems, and
DIY gadgets.

5. Control: Operated using standard commands to initialize the display, write text, and control cursor
positioning.

Overall, the 16x2 LCD is a versatile and popular choice for displaying textual information in various
applications.

A self-locking push switch, also known as a latching push button switch, maintains its position after being
pressed, either staying in the "on" or "off" state until pressed again. Key features include:

1. Operation: Pressing the switch toggles its state—once for "on," and again for "off."

2. Applications: Commonly used in various devices like lighting controls, appliances, and industrial
equipment.

3. Design: Available in various designs and sizes, including panel-mounted versions.

4. Feedback: Often provides tactile or audible feedback when pressed, indicating the state change.

11. Equations
Voltage, Current, and Wattage Equations
The relationship between voltage (V), current (I), and power (P) is defined by the following equations:
1. *Power Equation*: P =V *]

Where:
( P ) =Power in watts (W)
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(V)= Voltage in volts (V)
(1) = Current in amperes (A)

2. *Rearranged Equations™
- To find *Voltage*
V={P}L}

- To find *Current*:
[={P}/{V}

11.1 calculatiion on full load

battery voltage 18.5 volts and current 5 amps, the power can be calculated as:
P=185{V}* 5{A} =92.5{W}

Load = (4 camera, 1 DVR)

One camera current consuming 250mAmp

Total camera current consuming 4*250 = 1000mAmp or 1Amp

DVR current consuming = lAmp

Total current consuming = 2Amp

Buck out voltage 12 , load consuming curretnt 2 Amp

W= {12,{vi}*{2{I}} = 24{W}

Note :- Battery backup always to change according to load.

12. Machanical structure of (BESS)
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The mechanical structure of a system refers to the physical components and layout that provide support,
stability, and functionality to a device or assembly. Here’s a brief overview of its key aspects:

Key Components:

1. Frame: The foundational structure that supports all other components. It can be made of metal, plastic,
or composite materials.

2. Mounts and Brackets: Used to secure components in place and provide attachment points for other
parts.

3. Enclosures: Protective casings that house the system, shielding it from environmental factors and
ensuring safety.

4. Movement Mechanisms: Parts like gears, levers, and actuators that allow for motion or positional
adjustments.

5. Fasteners: Bolts, screws, and rivets that hold the structure together and allow for assembly and
disassembly.

6. Wiring and Cabling Management: Pathways and clips that organize electrical connections, ensuring
safety and efficiency.

Design Considerations:
e Material Selection: Choosing materials based on strength, weight, and environmental resistance.
o Stress Analysis: Evaluating how forces and loads affect the structure to ensure durability.

e Space Optimization: Arranging components to maximize functionality while minimizing size.

13. Internal view of (BESS)

The internal view of a system refers to the layout and arrangement of its internal components, highlighting
how they interact and function together. Here’s a concise overview:

Key:

1. Components:
o Circuit Boards: Housing electronic components like microcontrollers, resistors, and
capacitors.
o Power Supply: Converts electrical power to the required voltage and current for the system.
2. Connections:
o Wiring and Cables: Facilitate communication and power distribution between components.
o Bus Systems: Allow multiple components to communicate over shared lines (e.g., 12C, SPI).

14. Front view of system
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The front view of a system offers a visual representation of its exterior layout and user interface.
Key:

1. User Interface (UI):
o Display Screen: Shows information, settings, or feedback to the user.
o Reset and power switch: Allow users to interact with the system (e.g., power buttons, switches,
dials).
2. Indicators:
o LEDs or Status Lights: Provide visual cues about the system’s status (power, connectivity,
errors).
3. Branding and Labels:
o Logos and Product Information: Indicate the brand and model, often placed prominently.

15. Back view of system

N

The back view of a system provides insight into its connectivity options and structural features. Here are the
key elements:

Key:

1. Ports and Connectors:
o Input/ Output Ports: Includes connectors for power, 220v input, 12 volt out.
2. Mounting Points:
o Brackets and Holes: Locations for wall mounting or securing the system in place.
3. Cabling:
o Cable Management: Pathways or clips to organize cables, ensuring tidy and safe connections.
4. Labels and Specifications:
o Warning Labels and Model Information: Often found here, indicating electrical ratings and
compliance information.

16. Working of system (BESS)

A BESS provides backup power and surge protection to connected devices during electrical outages or
disturbances. Here’s a brief overview of how it works:

Key Components:

1. Battery: Stores energy for use during a power outage.
2. Charger: Maintains battery charge when mains power is available.
3. Transfer Switch: Automatically switches between mains power and battery power.

Working Process:

1. Normal Operation:
o The backup system for [P camera continuously supplies power to connected devices from the
mains.
o The charger keeps the battery charged.
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2. Power Outage:
o When the mains power fails or drops below a certain threshold, the transfer switch activates.
o The backup system for IP camera instantly switches to battery mode, using the buck converter
to convert high volt DC to low volt DC for the devices.
3. Backup Power:
o The backup system for IP camera provides power to connected devices for a limited time,
depending on the battery capacity and load.
4. Restoration:
o Once mains power is restored, the backup system for IP camera switches back to mains
operation, recharging the battery for the next outage.

Importance:

A BESS ensures that critical devices remain powered during outages, preventing data loss and hardware
damage, making it essential for sensitive electronics and data centers.

Features

= charging mode enable(21V,1A)
= 21V, 15A battery backup support
= Ups mode included
* Arduino software support
=  SPI communication support
=  Qutput depend on battery input
= Mains in indication
= Low battery indication
= Full battery indication
=  Backup mode indication

Application

= Jts provide 12vDC power for security camera & DVR.

= Jts can provides Sv single DC supply for internet devices.

= Jts can provides 9v single DC supply for internet devices.

= [ts system also provides power for wi-fi system and all others system which can operate 12v, 9v, 5v
etc.

= Data centre: Ensures continuous power supply to servers and critical IT infrastructure, preventing
data loss and downtime during outages.

* Telecommunications: Maintains the operation of communication networks and equipment, ensuring
uninterrupted service for users.

= Healthcare: Supports medical devices, imaging equipment, and hospital information systems, crucial
for patient safety and care continuity.

= Home and Office Electronics: Provides backup power for routers, and home entertainment systems,
protecting against data loss and equipment damage.

= Security Systems: Keeps surveillance cameras, alarms, and access control systems operational,
enhancing safety and security during power failures.

= Research Laboratories: Protects sensitive equipment and experiments from power fluctuations,
ensuring data integrity and continuity.
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Conclusion of UPS Project

The BESS project successfully demonstrates the design and implementation of a reliable power backup
system. By integrating a lithium-ion battery pack, a rectifier, buck converters, and control circuitry, the system
provides seamless transition between main power and backup power, ensuring continuous operation of
connected devices during outages.

Through rigorous testing, the BESS proved effective in maintaining voltage stability and delivering adequate
power under various load conditions. Key features, such as battery monitoring, temperature regulation, and
overcurrent protection, enhance the system's safety and longevity.

This project highlights the critical role of BESS systems in safeguarding sensitive electronic equipment across
various applications, including data centers, healthcare facilities, and home electronics. Future enhancements
may include advanced communication interfaces for remote monitoring and the integration of renewable
energy sources to promote sustainability.

Overall, this BESS project not only addresses immediate power reliability concerns but also sets the
foundation for further innovations in energy management and backup solutions.
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