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Abstract

The demand for portable electronics and the transition
towards renewable sources of energy demand efficient solar
energy harvesting technology. This project deals with the
conceptualization, development, and demonstration of a
solar charger for a battery using a constant boost current
drive topology. The primary objective was the development
of a highly effective charging system for a single-cell
Lithium-Ion (3.7V, 2000mAh) from a low-voltage (6V)
solar panel by solving the intrinsic problem of boosting the
panel's dynamic output up to the charging voltage demanded
by the battery.

The system includes a boost converter configuration, which
provides a boost for the input voltage. A dedicated charge
controller IC is utilized for the implementation of the proper
Constant Current (CC) and Constant Voltage (CV) charging
algorithm required for the health and well-being of the Li-
Ion batteries. Further, a streamlined Maximum Power Point

Tracking (MPPT) approach was also added for the
maximum power harvesting from the solar panel for varying
lighting conditions. The hardware prototype was designed
carefully, with the major components like the power
inductor and filter capacitors selected after stringent
calculations for stability and efficiency.

The assembled charger was sufficiently validated under
controlled conditions. Results also substantiated the
potential of the circuit to maintain a steady charging current
of 500mA constantly during the bulk charging mode and
smoothly transfer to a steady voltage of 4.2V during the
termination mode. The system achieved a maximum
efficiency of up to 87%, thus vindicating the strategy of the
design. The project conclusively demonstrates a feasible,
efficient, and safe methodology for small-scale solar power
harvesting, which provides a great starting point for portable
and off-grid charging applications.

Keywords: Solar Charger, Boost Converter, Constant Current Drive, Maximum Power Point Tracking (MPPT), Li-lon
Battery, Constant Current/Constant Voltage (CC/CV) Charging

1. Introduction and Background

1.1 Introduction

The world market for energy is experiencing an epoch-making transition, in response to the intense pressure for switching from
fossil fuels to sustainable and green sources of power. Solar power, characterized by its ubiquity, cleanliness, and availability,
is the focal point in such a revolution. Although grid power contribution via major solar installations remains essential, small
grid, off-grid applications of solar power also see rising traction in surging demand. Such applications continue to serve to
power the rapidly growing number of portable electronic appliances, IoT sensors, and equipment used in remote locations
(Smith & Zhang, 2021) 131, Although the efficiency in utilizing solar power for such applications continues to remain its prime
problem, it is largely due to the inherent variability and low-voltage nature of small PV panels.
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Conceptual Distribution of Solar Power Applications
(Smith & Zhang, 2021)

PortablefloT/Remote Equipment

A

Small Grid/Off-grid Applications
[
| N 30.0%

Fig 1: Conceptual Distribution of solar power application

One of the principal concerns in small-scale solar power
harvesting is the incompatibility of the electrical output
generated in a photovoltaic (PV) panel and the working
specifications of common energy storage solutions, which
remain predominantly lithium-ion (Li-ion) batteries. a small
6V solar panel would deliver a voltage that is not high
enough to charge an individual cell in an Li-ion battery,
which is up to 4.2V for charging. This necessitates an
element for power conversion that is capable of not only
increasing the voltage but do it in high efficacy in order to
optimally take advantage of the limited power that is
available from the panel (Kumar & Lee, 2022) 18,

System efficiency is compounded in the case of solar
charging systems due to the non-linear current-voltage (I-V)
nature of solar panels. There is a particular Maximum Power
Point (MPP) for each panel, at that special combination of
voltage and current, it produces its highest power—this
point changes with variations in temperature and irradiance.
For maximum energy extraction, a charging circuit requires
an inclusion of control algorithm called Maximum Power
Point Tracking (MPPT) to harvest the most energy. Its
absence means that much of the potential solar energy is
lost, and, consequently, the whole system becomes less
efficient (Johnson et al., 2023) €1,

Successful charging of the lithium-ion battery is critical and
requires precise charging process. The process includes a
phase of Constant Current (CC), in which the battery is
charged safely and in control up to its maximum voltage,
followed by a Constant Voltage (CV) phase, in which the
voltage is held fixed until the current decreases. Adherence
to that CC/CV profile is necessary in order to ensure the
battery's long life, safeness, and capacity (Chen, 2024) 1,
This research Endeavor, consequently, seeks to tackle these
interrelated  challenges through the "Design and
Development of a Solar Charger Utilizing a Constant Boost
Current Drive." The primary aim is to amalgamate a high-
efficiency boost converter, an uncomplicated MPPT
algorithm, and an accurate CC/CV charging controller into a
cohesive and operational system. The objective is to develop
a pragmatic and effective solution that consistently charges
a single-cell Li-ion battery from a low-voltage solar panel,
thereby optimizing energy capture while safeguarding the
battery.

Li-ion Battery CC/CV Charging Profile
(Boosted PV Panel with MPPT)

\oltage i == current (4) | 3,00

Current (A)

Time (minutes)

Fig 2: cc/cv Charging profile

1.2 Background

Solar Energy Harvesting

The world energy paradigm is experiencing a significant
shift towards renewable sources of energy, specifically
marked by the remarkable increase in solar photovoltaics
(PV). According to the International Energy Agency (IEA,
2023) B solar PV accounted for close to two-thirds of the
world additions to renewable capacity, distributed
applications demonstrating particularly robust growth. Its
growth is driven by both climate-related concerns and cost
reasons, marked by the roughly 85% decline in the levelized
cost of electricity from solar PV during the 2010-2022
period (IEA, 2023) B3],

The value of small-scale solar energy harvesting has thus
been escalated along with the growth of portable electronics
and devices in relation to the Internet of Things (IoT). IoT
device markets have been predicted to more than triple to
over 30 billion connected devices in 2025, and these will
incur huge decentralized power requirements (Smith &
Zhang, 2021) ™31 Standard battery-powered systems are
limited in their volume of stored energy and in the logistics
of replacing batteries, especially in remote or hard-to-reach
locations. Renewable energy harvesting from ambient
sources, in particular, solar energy, is a sustainable
substitute that can potentially enable perpetual operation of
low-power electronic systems (Kansal et al., 2016) 71,
Photovoltaic Basics and Maximum Power Point
Tracking

A solar cell is driven from the photovoltaic effect, in that the
semiconductor materials develop electron-hole pairs when
subjected to photons with energies larger than the bandgap.
Solar cell electrical response is typically represented in its
current-voltage (I-V) and power-voltage (P-V) curves,
which describe a non-linear relationship between the output
voltage and the current.

The maximum power point (MPP) is the particular operating
point on the I-V characteristic for which the product of
voltage and current is maximized. For an average small 6V
monocrystalline silicon solar cell panel, it may be at around
5V in standard test conditions (STC), but the voltage may
differ appreciably when environmental conditions (Villalva
et al., 2019) 'l change. The crux of the problem in
extracting solar power is that this MPP is not static but
changes all the time with temperature and irradiance.
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Integrated Solar Charging Systems

The addition of Maximum Power Point Tracking (MPPT)
functions with battery charging control presents a challenge
at the system level. Earlier implementations often treated
these as separate control matters, thus yielding less than
optimal outputs (Lopez et al., 2022) 1. Current methods
take cognizance of the interdependent nature of these
operations and seek to optimize the overall energy transfer
process from solar sources to battery storage systems.
Current trends in research concerning integrated solar
charging systems encompass the creation of adaptive
algorithms capable of dynamically modifying charging
parameters in accordance with the available solar energy
(Williams & Brown, 2023) 81, Such systems have the
potential to adjust the charging current instantaneously to
correspond with the sustainable output of the solar panel, as
opposed to merely extracting the maximum accessible
power until the voltage of the panel experiences a collapse.
The availability of commercially off-the-shelf integrated
circuits that combine maximum power point tracking
(MPPT) with charge controller functions for batteries has
increased considerably, and it is now easier to implement
while maximizing performance. For example, the Texas
Instruments BQ24650 and the Analog Devices LT3652 have
dedicated hardware for implementing full-featured solar
charging systems, requiring minimal external components
(Texas Instruments, 2022) [, Such integrated circuits
usually employ input voltage regulation (IVR) based MPPT
techniques, in which the operating point is maintained
controlling the input voltage to a fixed percentage of the
open-circuit voltage.

1.3 Problem Statement

The surge in demand for durable and luminous power
sources hastened the need for effective solar charging
mechanisms. Despite advancements in technology, old solar
chargers may still encounter issues such as inadequate
power transformation, inadequate flow setting, and poor
power transfer to cells with weather changes. However,
Numerous solar chargers fail to provide a consistent, high-
speed power push function. This is crucial for maintaining
the charge flow and extending battery life.' Altering voltages
and power loads incorrectly can cause the batteries to
become less fully charged, run less efficiently, and even
malfunction. In addition to other methods for obtaining the
highest power point, MPPT necessitates a great deal of
related work and is not easy to execute in simplest terms.
Developing a solar charger that can consistently boost
batteries with high speed is the primary challenge. This
requires making sure that the batteries are safe and can adapt
to changing conditions and work more effectively with the
changing sun (Sudiharto et al. (2021)) 141,
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Common Challenges in Existing Solar Chargers
(Sudiharto et al., 2021)
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Fig 3: Common challenges in existing solar chargers

1.4 General Objectives

The primary objective is to design and develop an efficient
solar charger that can supply a constant boost current to
efficiently and safely charge batteries under varying solar
irradiance conditions.

1.5 Specific Objectives

1. To design a solar charge controller capable of
delivering a constant boost current for efficient and safe
battery charging, ensuring optimal energy transfer from
solar panels to batteries.

2. To integrate Maximum Power Point Tracking (MPPT)
technology within the charger for maximizing power
extraction under varying sunlight conditions.

3. To implement multi-stage battery charging algorithms,
including bulk, boost, and float charging, to enhance
battery life and prevent overcharging or damage.

1.6 Research questions

1. How can a solar charger be designed to maintain a
constant boost current under fluctuating solar irradiance
and varying battery loads?

2. What is the effectiveness of incorporating MPPT
technology in optimizing charging efficiency for
different types of batteries?

3. How do multi-stage charging methods influence battery
performance and longevity in a constant boost current
solar charger system?

1.7 Conceptual/Theoretical Framework

i Three Level
Quadratic Boost Load
Converter TLQBC
Photovoltaic Duty Cycle
Panel Ipv

Vv 4 MPPT —= PWM
——

Fig 4: Framework
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2. Literature Review to the Research

2.1 Overview

This Chapter covers crucial research on solar chargers, with
a specific emphasis on drive technologies that were
developed using constant boost current. More recent
research has focused on improving charging efficiency,
incorporating MPPT algorithms and improving battery
management systems. Hasan et al. (2023) ™! and Sudiharto f.
2021, among others, investigated novel control techniques
such as fuzzy logic and intelligent controllers to improve
power transfer and battery health. Improvements in boost
converter designs and the integration of hybrid renewable
energy have been emphasized to enhance performance under
changing environmental conditions.

2.2 Review of the Literature

According to Gurung (2018) B, there are more advanced
solar battery chargers that are compatible with integrated
systems of photovoltaic (PV) technology, which require
batteries to be energy-efficient and stable enough to power
small consumer electronics. The use of Maximum Power
Point Tracking (MPPT) algorithms in charge controllers has
led to improvements in power extraction and output current
regulation for battery health (Hasan et al/, 2023) ™. Fuzzy
logic controllers combined with boost converters were
suggested by Sudiharto ef al. (2021) !'4] to maintain constant
charging rates under changing solar conditions, which can
help prolong battery life and increase system strength
through improved circuitry.

DC-DC boost converters are utilized in solar charge
controllers to improve and control voltage and current for
various battery types, as demonstrated by Patila et al. (2025)
191 In order to maintain consistent current output and
efficiency, these converters are designed with specific
switching frequencies and duty cycles to handle fluctuations
in solar irradiance (Ezeagwu et al. 2019) . In order to
enhance charging accuracy, battery safety, and lifetime,
constant current (CC) and CV modes are frequently
employed in multi-stage charging techniques (Poonam et al,
2013) U1, Also, recently undertaken research aimed at
exploring IoT integration and multi-functional portable
designs, which can improve the usability of solar chargers in
different settings and smart energy management systems
(Rehman et al., 2020) 121,

Fig 5: Boost system

Adaptive control mechanisms are necessary to manage
environmental factors, such as temperature and dust on
panels, which impact charger efficiency (Tripathi 2025) [19],
Despite ongoing issues with efficiency and alignment,
wireless solar charging systems that use electromagnetic
induction for cable-free charging have emerged (Patila ef al,
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2025) 191 Together, these projects demonstrate a dynamic
research landscape focused on improving power electronics,
control algorithms, system integration and ultimately the
sustainability of solar charger technology.

3. Methodology

3.1 Overview

This section outlines the procedure for assembling an
electric powered solar charger that utilizes constant boost
current as its driving mechanism. This approach involves the
use of power electronics, control theory, and system
simulation to achieve efficient and reliable charging.
Initially, the process involves creating an electric booster
(DC-DC) converter that can increase the variable voltage
from solar panels to any consistent, controlled voltage
necessary for battery charging. A key aspect of this design is
the use of a Maximum Power Point Tracking (MPPT)
algorithm, which optimizes power generation from solar
modules under different irradiance conditions.

3.2 Research Design

A mixed-methods design that blends theoretical modelling,
simulation, and empirical verification to develop a solar
charger that is defined by a stable boost current drive was
used. The design-oriented research framework focuses on
iterative development and evaluation of a DC-DC boost
converter that is coupled with Maximum Power Point
Tracking (MPPT) in order to maximize the energy harvested
by the solar panels. Preliminary controller design, modelling
of the system, and evaluation of the performance are all
done by the simulation software like MATLAB/Simulink
(Hasan et al., 2023; Patila et al., 2025) ™ 191 The step is
crucial in the optimization of the control algorithm,
comprising PI and fuzzy logic controllers, in order to
efficiently regulate the current and voltage constant phases.
The experimentation step entails hardware prototyping,
where the designed boost converter and maximum power
point tracking (MPPT) controller are translated onto
microcontroller-based platforms to ascertain their practical
performance under changing environment conditions
(Sudiharto et al., 2021) ', Primary performance indicators,
i.e., charging efficiency, battery output-voltage regulation,
and stability of the system, are monitored and interpreted.
Furthermore, safety functionalities and fault protections
(overvoltage, reversed polarity) are incorporated and tested
for robustness (Ezeagwu et al., 2019) 2,

3.3 Baseline Study

Table 1: Data Collection

Category Key Parameters | Measured Implication
Value
Solar Panel |V_OC / I 8C /|7.1V/360mA /| Confirms panel specifications and
V_MP/P_MP S58V/20W defines the Maximum Power Point
(MPP) target.
Li-ion Capacity /| 1985 mAh / 28 | Verifies battery health and provides
Battery Internal me a benchmark for charging
Resistance performance
Direct- Avg. Current /| 187 mA /72.5% | Highlights severe inefficiency, with
Charge Test | Efficiency ~28% of power lost and very slow
charging.

The data conclusively demonstrates the critical performance
limitation of a simple direct-connection between the solar
panel and battery. Operating at only 72.5% efficiency, this
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method fails to utilize the panel's Maximum Power Point,
resulting in a significant waste of available solar energy and
impractically long charging times. This validates the core
problem this project aims to solve and provides a
quantitative benchmark against which the prototype's
performance will be evaluated.

3.4 Research Approach

According to Peffers et al, 2019, the research approach used

in this project involves using the Design Science Research

(DSR) paradigm, which is a well-established methodology

for creating and testing novel artifacts to solve identified

problems. Engineering projects that aim to produce a

functional and efficient technology are particularly well-

suited for this approach.

The DSR process is structured in a particular way:

1. Recognized by the inefficiencies identified during the
initial analysis.

2. Designed to optimize charging efficiency and ensure
safe operation, as explained in Section 1.x.

3. Design and Development is the iterative process of
creating the solar charger artifact, which includes circuit
design, component selection, PCB layout, and firmware
development.

4. Exhibition: Designing the physical
scrutinizing its fundamental properties.

5. Testing the prototype's performance by analyzing
quantitative metrics such as MPPT accuracy and
charging time, in conjunction with the baseline and
stated objectives.

model and

3.5 Development of the System

Controller circuit and
power turned ON

¥

Solar power

Is solar power
sufficient to drive the
load?

Fuel cell

Is fuel cell power is

sufficient to drive the
Inverter
Load
Backup
battery
Stop

Fig 6: Flowchart
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3.6 System design

Fig 7: System design

4. Results

4.1 Overview

The data presented herein validates the design methodology
and quantifies the system's achievement against the
objectives outlined in Chapter One. Following standardized
testing protocols for power electronics (Williams & Brown,
2023) U3 the system was evaluated across three key
performance domains: (1) the static and dynamic efficiency
of the constant current boost converter, (2) the accuracy and
response of the Maximum Power Point Tracking (MPPT)
algorithm under varying irradiance, and (3) the precision of
the Constant Current/Constant Voltage (CC/CV) charging
profile for battery safety and health (Zhang et al., 2023).
The results provide a definitive assessment of the
prototype's functionality, demonstrating its ability to
efficiently bridge the energy transfer from a variable solar
source to a stable battery load, thereby addressing the core
research problem established in the baseline study.

4.2 Baseline Study Results

-— IV Curve
W © MPP(5.8V,0.345A)
e © voc(rav
® 15C (0.36A)
— PV Curve

Current (A)

° 1 b 3 : s e 7
Voltage (V)

Fig 8: Solar Panel I-V and P-V Characteristic Curves

The I-V and P-V curves of the 6V, 2W solar panel, traced
under Standard Test Conditions (STC), are shown in Figure
4.1. The data confirms the panel's maximum power point
(MPP) at 5.8V and 345mA, yielding the rated 2.0W. The
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open-circuit voltage (VOC) was measured at 7.1V and the
short-circuit current (ISC) at 360mA. This curve serves as
the reference for evaluating the MPPT performance of the
final design.

Table 2: Baseline Direct-Charge Performance vs. Panel Maximum

Parameter At Panel's MPP Direct-Charge Performance Gap

Operating Point

Panel Voltage 58V 43V -26%
Panel Current 345mA 248 mA -28%
Output Power 2.00 W 1.07W -46.5%
System Efficiency 3.7V [/ 43V) =|N/A

86%"
Energy Transfer | - (1.0TW / 2.00W) = | -46.5%
Efficiency 53.5%

The simple direct-charge circuit (solar panel connected to
the battery via a blocking diode) was tested under the same
STC. The operating point of this circuit is shown in Table
4.1, superimposed on the panel's characteristics.

Table 3: Boost Converter Efficiency Analysis

Input Voltage | Input Current Output Power Input Power Efficiency
™) A) W) W) (0]
4.5 0.62 2.25 279 80.6
5.0 0.55 2.50 275 90.9
55 0.50 2.75 275 95.8
58 048 2.90 2.78 96.4
6.0 046 3.00 276 95.2
6.5 043 3.25 2.80 92.9

P
Time (s)

Fig 9: MPPT Dynamic Response to Irradiance Change

Table 4: Comparative System Performance Analysis

Performance Metric Direct-Charge MPPT Boost Improvement
System Charger

Average Harvesting 53.5% 92.7% +395.2%

Efficiency

Charging Current (avg) 187 mA 478 mA +155%

Estimated Charge Time >10 hours 4.2 hours -58%

Operating Voltage Stability +0.8V +0.1V +87.5%

Temperature Rise @ 2W 18.5°C 8.2°C -55.7%

The implemented system showed remarkable improvement
across all key metrics, particularly in energy harvesting
efficiency which increased from 53.5% to 92.7%,
representing a 39.2% absolute improvement. The charging
current nearly tripled compared to the baseline system,
significantly reducing the estimated charge time from over
10 hours to just 4.2 hours for a fully depleted 2000mAh
battery.
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Fig 10: Battery Charging Profile - CC/CV Transition

5. Conclusion

5.1 Overview

The research findings are extensively analysed in this
chapter, drawing on the four-part results of Chapter Four to
arrive at meaningful conclusions about the solar charger
system's design and performance. It reviews the implications
of this baseline study, evaluates the technology used in
developing it and identified that the system is useful as a
solution, and they compare these findings to equivalent
work within similar research. The conclusion of this chapter
provides a summary of the main findings, final conclusions,
and suggestions for future research.

5.2 Use of technology

The technological approach combining constant boost
current drive with MPPT algorithm implementation proved
highly effective. The selection of the Perturb and Observe
(P&O) algorithm represented an optimal balance between
performance and implementation complexity. The achieved
tracking efficiency of 97.8% exceeds the 90-95% range
typically reported for basic P&O implementations
(Mohamed et al., 2021), suggesting that careful tuning of
perturbation size and frequency can significantly enhance
performance without requiring complex computational
methods.

The boost converter topology demonstrated exceptional
performance characteristics, with peak efficiency reaching
96.4% at the panel's maximum power point voltage. This
efficiency surpasses the 85-92% range commonly reported
for low-power DC-DC converters (Forouzesh et al., 2022)
and can be attributed to several factors: the use of low-
RDS(on) MOSFETs, optimized gate driving techniques,
careful inductor selection with low DC resistance, and
proper layout minimizing parasitic elements. The alignment
between the converter's peak efficiency points and the
panel's MPP voltage represents a particularly successful
aspect of the system-level design optimization.
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