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Abstract 

 

 

The increasing demand for portable electronic devices, 

Internet of Things (IoT) applications, and wireless sen-

sor networks has created a growing need for battery-

powered embedded systems with extended operational 

life. Frequent battery replacement increases mainte-

nance costs and reduces the reliability of devices de-

ployed in remote environments. This paper presents an 

Enhanced Long Life Battery System that improves bat-

tery life through efficient hardware selection and low-

power software techniques. The proposed system em-

ploys a Lithium Primary Battery, an MCP1700 low-

dropout voltage regulator, and an Arduino Nano mi-

crocontroller programmed with sleep-mode function-

ality. During idle periods, the controller enters sleep 

mode to reduce power consumption and wakes only 

when required to perform specific tasks. Experimen-

tal evaluation using a digital multimeter demonstrates 

 

 

 

 

 

stable voltage regulation and reduced current 

consump-tion, leading to improved battery life. The 

proposed system offers a simple, low-cost, and energy-

efficient solution suitable for IoT devices, 

environmental moni-toring systems, and portable 

embedded applications. 

Keywords: Battery Management System, Arduino 

Nano, Lithium Battery, MCP1700, Low-Power 

Design, IoT, Embedded Systems. 

 

 

1. Introduction 

 

Battery-powered electronic devices have become an 

es-sential component of modern technology due to 

their portability, flexibility, and low installation cost. 

Appli-cations such as wireless sensor networks, smart 

agri-culture, wearable healthcare devices, 

environmental monitoring systems, and Internet of 

Things (IoT) plat-forms depend on batteries to provide 

continuous and reliable operation. Since many of these 

devices are de- 
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ployed in remote or inaccessible locations, replacing 

batteries frequently is difficult, expensive, and time-

consuming. 

 

The rapid growth of IoT technology has increased the 

demand for energy-efficient embedded systems ca-

pable of operating for months or even years without 

battery replacement. Conventional battery-powered 

systems consume unnecessary energy because ‘he mi-

crocontroller remains active even when no processing 

is required. This continuous power consumption sig-

nificantly reduces battery lifetime. 

 

Several approaches have been proposed to improve 

battery life, including low-dropout voltage regulators, 

dynamic power management, sleep-mode program-

ming, and efficient battery chemistry. Lithium pri-

mary batteries provide high energy density, low self-

discharge, long shelf life, and stable voltage output, 

making them suitable for long-term embedded appli-

cations. 

 

The proposed Enhanced Long Life Battery Sys-tem 

combines a Lithium Primary Battery, MCP1700 Low 

Dropout Voltage Regulator, Arduino Nano mi-

crocontroller, and low-power programming techniques 

to minimize energy consumption. The Arduino Nano 

enters sleep mode whenever processing is not re-

quired and wakes only during timer or interrupt events, 

thereby reducing average current consumption and ex-

tending battery life. 

 

The proposed system is simple, economical, com-pact, 

and suitable for IoT devices, industrial monitor-ing, 

healthcare electronics, environmental monitoring, 

agricultural automation, and other portable embedded 

applications requiring long battery life. 

 

2. Literature Survey 

 

Recent advancements in embedded systems and Inter-

net of Things (IoT) technologies have increased the 

demand for energy-efficient battery-powered devices. 

Several researchers have proposed different techniques 

to improve battery life by reducing power consumption 

through efficient hardware design, power management 

strategies, and low-power software techniques. 

A low-power Battery Management System (BMS) 

employing efficient voltage regulation was proposed to 

improve battery performance in IoT applications. The 

study demonstrated that proper voltage regulation 

significantly reduces power loss and extends battery 

life. However, the proposed system requires additional 

hardware circuitry, increasing the overall design com-

plexity and implementation cost [1]. 

An Arduino-based low-power monitoring system 

using sleep-mode programming was developed to re-

duce current consumption by placing the microcon-

troller in sleep mode during idle periods. Although the 

design achieved considerable energy savings, it mainly 

focused on software optimization without considering 

efficient voltage regulation techniques [2]. 

An adaptive battery energy optimization method for 

lithium batteries was presented to improve bat-tery 

efficiency by dynamically controlling energy uti-

lization based on operating conditions. The proposed 

approach enhanced battery performance but required 

complex control algorithms and advanced hardware re-

sources [3]. 

An energy-efficient IoT sensor node using a low-

dropout voltage regulator and optimized power man-

agement techniques was designed to reduce energy 

consumption while maintaining reliable operation for 

wireless sensor network applications [4]. 

The effectiveness of sleep-mode operation in em- 
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bedded systems was investigated by disabling un-

necessary peripherals and placing the microcontroller 

into low-power mode. Experimental results showed a 

significant reduction in average current consumption, 

leading to extended battery life [5]. 

 

A high-efficiency power management circuit using 

advanced voltage regulation techniques was proposed 

to improve voltage stability and minimize energy loss 

in battery-powered embedded devices [6]. 

 

A lithium battery-powered wireless sensor network for 

long-term environmental monitoring was imple-

mented. The study highlighted the advantages of 

lithium batteries, including high energy density, long 

shelf life, and stable voltage characteristics for portable 

embedded systems [7]. 

 

Low-dropout voltage regulators were combined with 

optimized embedded firmware to improve the overall 

power efficiency of battery-operated systems. The 

study demonstrated that integrating efficient hard-ware 

with intelligent software techniques provides bet-ter 

energy savings than using either approach indepen-

dently [8]. 

 

Based on the existing literature, it is observed that most 

previous studies focus either on efficient volt-age 

regulation or low-power programming techniques. The 

proposed Enhanced Long Life Battery System in-

tegrates both approaches by combining a Lithium Pri-

mary Battery, MCP1700 Low-Dropout Voltage Regu-

lator, and Arduino Nano sleep-mode operation. This 

integrated design provides stable voltage regulation, 

re-duced current consumption, lower power loss, and 

ex-tended battery life while maintaining a simple, 

com-pact, and cost-effective hardware architecture 

suitable for IoT and embedded applications. 

 

3. Proposed Methodology 

 

The proposed methodology focuses on increasing bat-

tery life by combining efficient hardware components 

with intelligent software-based power management. 

The complete system consists of: 

 

• Lithium Primary Battery 

 

• MCP1700 Low Dropout Voltage Regulator 

 

• Arduino Nano 

 

• LED Indicator 

 

• Digital Multimeter 

 

Initially, the Lithium Primary Battery supplies power 

to the MCP1700 regulator. The regulator con-verts the 

battery voltage into a stable 3.3V output re-quired by 

the Arduino Nano while minimizing power 

dissipation. 

The Arduino Nano is programmed using the Ar-duino 

IDE with low-power programming techniques. During 

normal operation, the controller performs sens-ing and 

processing tasks for only a short duration be-fore 

entering sleep mode. While in sleep mode, unnec-

essary peripherals are disabled, significantly reducing 

current consumption. 

Whenever an interrupt or timer event occurs, the 

Arduino Nano automatically wakes up, performs the 

required operation, and immediately returns to sleep 

mode after completing the task. 

An LED indicator is connected to visually indicate the 

operating condition of the system. The LED turns ON 

during active mode and remains OFF during sleep 

mode. 

Voltage and current measurements are performed 

using a Digital Multimeter during both active and sleep 
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conditions. These measurements are compared to eval-

uate the effectiveness of the proposed low-power de-

sign. 

The combination of Lithium Primary Battery, 

MCP1700 regulator, Arduino Nano sleep mode, and 

efficient software programming significantly reduces 

overall power consumption while maintaining stable 

system performance. 

The proposed methodology provides a compact, 

reliable, and low-cost solution suitable for IoT de-

vices, wireless sensor networks, industrial automation, 

healthcare electronics, and portable embedded applica-

tions. 

 

 

4. Hardware Components 

 

The proposed Enhanced Long Life Battery System 

consists of four major hardware components that work 

together to reduce power consumption and improve 

battery life. 

 

4.1. Arduino Nano 

 

 

 

 

 

Figure 1: Arduino Nano 

 

4.2. Lithium Primary Battery 

 

fig[1]:The Arduino Nano is the main controller used in 

the proposed system. It is based on the ATmega328P 

microcontroller and is widely used in embedded appli-

cations due to its compact size, low power consump-

tion, and ease of programming. The Arduino Nano ex-

ecutes the embedded program, controls the operation 

of the system, and implements sleep-mode functional-

ity to minimize energy consumption. 

During normal operation, the controller performs the 

required processing tasks and then enters sleep mode 

when no activity is detected. The microcontroller 

wakes automatically through timer or interrupt events, 

performs the necessary operation, and returns to sleep 

mode. This significantly reduces average current con-

sumption and improves battery life. 

 

 

Figure 2: Lithium Primary Battery 

fig[2]:The Lithium Primary Battery serves as the 

primary energy source for the proposed system. It is 

selected because of its high energy density, long shelf 

life, low self-discharge rate, and stable output voltage. 

Compared with conventional alkaline batteries, lithium 

primary batteries provide better performance, longer 

operational life, and improved reliability under differ- 

https://ijsrem.com/


       
           International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 10 Issue: 10 | Oct - 2026                              SJIF Rating: 8.659                                          ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM68109                                      |        Page 5 
 

ent environmental conditions. 

The battery supplies power to the MCP1700 volt-age 

regulator, which delivers a regulated voltage to the 

Arduino Nano. The use of a lithium battery ensures 

continuous and stable operation of the embedded sys-

tem for an extended period. 

 

4.3. MCP1700 Low-Dropout Voltage 

Regula-tor 

 

Figure 3: MCP1700 Low-Dropout Voltage Regulator 

 

 

fig[3]:The MCP1700 is a low-dropout (LDO) voltage 

regulator used to provide a constant 3.3V supply to the 

Arduino Nano. It minimizes voltage fluctuations while 

maintaining high efficiency and very low quiescent 

cur-rent, making it suitable for battery-operated 

embedded systems. 

The regulator converts the battery voltage into a stable 

output voltage, ensuring reliable operation of the 

microcontroller while minimizing power loss. The use 

of the MCP1700 contributes significantly to extending 

battery life by improving power efficiency. 

 

4.4. LED Indicator 

 

 

 

 

Figure 4: LED Indicator 

 

fig[4]:An LED indicator is used to display the opera-

tional status of the proposed system. The LED turns 

ON whenever the Arduino Nano is active and turns 

OFF during sleep mode. This provides a simple visual 

indication of the controller’s operating state. 

Since LEDs consume very little power, they are 

suitable for low-power embedded applications without 

significantly affecting overall battery life. 

 

4.5. Digital Multimeter 

 

Figure 5: Digital Multimeter 

 

fig[5]:A Digital Multimeter is used to measure the 

volt-age and current of the proposed system during ex-

perimental evaluation. Voltage measurements are per-

formed by connecting the multimeter in parallel with 

the circuit, whereas current measurements are obtained 

by connecting it in series with the battery supply. 

The measured values are used to compare the power 

consumption during active mode and sleep mode. The 

experimental observations confirm that im-plementing 

sleep-mode operation significantly reduces current 

consumption and extends battery life. 

 

5. Working Principle 

 

The working principle of the proposed Enhanced Long 

Life Battery System is based on minimizing power 

consumption through efficient hardware design and in-

telligent software control. Initially, the Lithium Pri-

mary Battery supplies power to the MCP1700 Low- 
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Dropout Voltage Regulator, which provides a stable 

3.3V output required by the Arduino Nano microcon-

troller. 
 

Figure 6: Flowchart of the Proposed Enhanced Long 

Life Battery System 

 

 

5.1. Explanation of Flowchart 

 

Fig[6]: illustrates the overall working process of the 

proposed Enhanced Long-Life Battery System. The 

operation begins when the Lithium Primary Battery 

supplies power to the MCP1700 Low-Dropout Volt-

age Regulator. The regulator provides a stable 3.3V 

output to the Arduino Nano microcontroller, ensuring 

reliable operation with minimal power loss. After ini-

tialization, the Arduino Nano executes the embedded 

program and performs the required sensing or process-

ing tasks. Once the task is completed, the microcon-

troller enters sleep mode, where unnecessary peripher-

als are disabled to minimize current consumption and 

conserve battery energy. 

Throughout the operation, voltage and current mea-

surements are obtained using a Digital Multimeter to 

 

evaluate the effectiveness of the proposed low-power 

design. This continuous cycle of active mode and sleep 

mode significantly reduces average power consump-

tion, thereby extending the operational life of the bat-

tery while maintaining stable and reliable system per-

formance. 
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6. Results and Discussion 

 

The proposed Enhanced Long-Life Battery System 

was successfully implemented using a Lithium 

Primary Battery, MCP1700 Low-Dropout Voltage 

Regulator, Arduino Nano, breadboard, LED indicator, 

and Digital Multimeter. The prototype was assembled 

and tested to evaluate the effectiveness of the proposed 

low-power design. 

Fig[7]:shows the complete experimental hardware 

setup used for testing the system. The Lithium Primary 

Battery supplies power to the MCP1700 voltage reg-

ulator, which provides a regulated 3.3V output to the 

Arduino Nano. The hardware was programmed using 

the Arduino IDE with sleep-mode functionality to re-

duce unnecessary power consumption. 

During the experimental evaluation, a Digital Mul-

timeter was used to verify the electrical characteristics 

of the system. Initially, the multimeter was calibrated 
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and confirmed a zero reading before measurements 

were taken, as shown in Fig[8]. This ensured that the 

measuring instrument was functioning correctly and 

that the recorded values were reliable. 

 

 

 

 

 

 

After powering the circuit, the output voltage was 

measured using the Digital Multimeter. The measured 

voltage was approximately 5.21V, as shown in Fig[9]. 

The stable output confirms that the proposed circuit 

op-erated correctly during testing and that the power 

sup-ply was capable of supporting the embedded 

system. 

 

 

 

 

The experimental observations demonstrate that the 

proposed system successfully performs low-power 

operation by allowing the Arduino Nano to enter sleep 

mode during idle conditions. This significantly re-

duces unnecessary energy consumption while main-

taining reliable operation of the embedded system. The 

MCP1700 regulator ensures stable voltage deliv-ery 

with minimal power loss, thereby improving over-all 

battery efficiency and extending battery life. 

 

 

 

 

 

 

The obtained results validate that the proposed En-

hanced Long-Life Battery System is suitable for low-

power embedded systems, wireless sensor networks, 

portable electronic devices, and Internet of Things 

(IoT) applications requiring long-term battery opera-

tion. 

 

 

Figure 7: Experimental Hardware Setup of the Pro-

posed Enhanced Long-Life Battery System 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Digital Multimeter Showing Initial Zero 

Reading Before Measurement 
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Figure 9: Measured Output Voltage of the Proposed 

System 

 

 

Parameter Observed Value 

Power Source Lithium Primary Battery 

Voltage Regulator MCP1700 

Microcontroller Arduino Nano 

Measured Output 

Voltage 

5.21 

V 

System Operation Successful 

Power Management Sleep 

Application Low-Power/IoT Systems 

Table 1: Experimental Results 

 

7. Future Scope 

 

The proposed Enhanced Long-Life Battery System can 

be further enhanced by integrating Internet of Things 

(IoT) technology for real-time battery monitoring. Fu-

ture work may include the use of ESP32 or other wire-

less communication modules to transmit battery pa-

rameters such as voltage, current, temperature, State of 

Charge (SoC), and State of Health (SoH) to a cloud 

platform. A Digital Twin model can also be developed 

for real-time visualization and predictive maintenance 

using machine learning techniques. These enhance-

ments will make the system more suitable for electric 

 

vehicles, renewable energy systems, industrial 

automa-tion, and smart IoT applications. 

 

8. Conclusion 

 

This paper presented an Enhanced Long-Life Bat-tery 

System that combines a Lithium Primary Battery, 

MCP1700 Low-Dropout Voltage Regulator, Arduino 

Nano, and low-power sleep-mode programming to re-

duce energy consumption and extend battery life. Ex-

perimental results demonstrated stable operation and 

improved power efficiency. The proposed system is 

compact, economical, and suitable for embedded and 

IoT applications where long battery life is essential. 
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