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ABSTRACT

The growing demand for sustainable energy solutions has led to the development of solar-powered
smart lamps with added functionalities such as USB charging ports. This research focuses on the
design and implementation of a solar-powered smart lamps equipped with energy-efficient D.C
lighting and a USB charging port for small electronic devices. The system harnesses solar energy
through photovoltaic panels, which convert sunlight into electricity and store it in a rechargeable
lithium-ion battery. A smart power management unit ensures efficient energy distribution between
the D.C light and the USB charging output, thereby enhancing the overall performance and
functionality. The integration of modern technologies such as pulse-width modulation (PWM) for
brightness control and protective circuitry for overcharge and short-circuit protection improves
system durability and user safety. The project addresses common limitations of traditional
lighting systems, such as inconsistent power supply and lack of portability. This solar-
powered solution provides an eco-friendly, cost-effective, and reliable alternative for rural
and urban areas with unstable grid connections. By merging energy independence with
smart technology, the proposed system demonstrates a significant step forward in
promoting sustainable living, especially in underserved communities where energy access
remains a challenge.

Keywords: Solar Energy, Smart Lamp, USB Charging, Photovoltaic, Lithium-lon Battery,

Direct circuit bulb, Power Management, Sustainable Technology.



CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND TO THE STUDY

Access to affordable and reliable energy remains a cornerstone of socio-economic development,
yet approximately 760 million people globally predominantly in sub-Saharan Africa and South
Asia—Iack electricity access, relying instead on polluting and costly alternatives like kerosene
lamps (IEA, 2023). These makeshift solutions not only perpetuate energy poverty but also
exacerbate health risks, with indoor air pollution from kerosene combustion linked to over 1.5
million premature deaths annually (WHO, 2021). Solar-powered lamp have emerged as a viable
remedy, yet their limited functionality often fails to meet the evolving needs of off-grid
populations, where mobile device usage has surged by 300% in the past decade (GSMA, 2022).
This research responds to these dynamics by designing a solar-powered smart lamp equipped with
a USB charging port, adaptive energy management, and climate-resilient features, thereby bridging

the gap between renewable energy access and digital connectivity in underserved communities.

The transition to solar energy is not merely a technical challenge but a socio-economic imperative.
Traditional lanterns, while reducing kerosene dependency, frequently lack the capacity to charge
devices—a critical shortcoming given that 68% of rural households in developing economies now
rely on mobile phones for education, healthcare, and commerce (UNDP, 2021). For instance, a
2022 study in Nigeria revealed that households without charging access spent 20% of their income
on distant charging kiosks, perpetuating cycles of poverty (Olanrewaju et al., 2022). To address
this, recent innovations integrate USB ports into solar systems, yet many designs suffer from

inefficiencies, such as voltage instability or slow charging speeds, particularly under suboptimal



solar conditions (Rahman et al., 2020). This research builds on advancements in MPPT algorithms
(Zhang et al., 2023) and lithium iron phosphate (LiFePO4) batteries (Chen et al., 2021) to optimize
energy harvesting and storage, ensuring reliable device charging even in low-irradiance
environments. Smart energy management system represents a paradigm shift in off-grid solar
technology. Conventional lanterns often waste energy due to passive operation, whereas IoT-
enabled systems now leverage real-time data to balance power allocation between lighting and
charging (Ghosh et al., 2022). For example, a prototype in Rwanda using motion-activated lighting
reduces energy consumption by 35% while extending battery life (Niyonteze et al., 2023).
Similarly, modular designs with replaceable components, as proposed by Gupta and Rao (2022),
enhance durability and reduce electronic waste—a critical consideration given that 30% of solar
lamps in East Africa fail within two years due to non-repairable parts.This project incorporates
such modularity, employing IP67-rated casings and standardized connectors to ensure longevity

and ease of maintenance (Okello et al., 2019).

The socio-technical landscape of off-grid energy solutions also demands alignment with local
cultural and environmental contexts. In regions like the Sahel, dust and humidity degrade solar
panels, necessitating innovations such as self-cleaning coatings (Diallo et al., 2023) and hybrid
solar-wind power systems (Nkambule, 2022). Concurrently, gender-inclusive designs—such as
lamps with detachable panels for rooftop mounting—have proven essential for adoption among
female users, who often bear the responsibility for household energy management (Mwaura,
2022). This research integrates these insights, prioritizing user-centric interfaces with DC

status indicators and adaptive brightness settings, informed by field trials in rural India where

similar features improved usability by 40% (Kumar et al., 2021).



Policy and economic frameworks further influence scalability. Pay-as-you-go (PAYG) models,
supported by mobile money platforms, have driven solar adoption in Kenya and Tanzania, yet high
upfront costs for advanced features remain a barrier (IEA, 2023). By employing locally sourced
materials and open-source microcontroller designs, this project reduces production costs by 25%,
as validated in a 2023 techno-economic analysis (Kato & Jenssen, 2023). Moreover, the lamp’s
alignment with UN Sustainable Development Goals (SDGs) 7 and 13 underscores its potential to

displace 1.2 tons of CO2 annually per household while fostering digital inclusion (UNDP, 2023).

Lastly, this research redefines off-grid energy solutions by harmonizing cutting-edge solar
technology, smart energy systems, and context-sensitive design. By addressing technical
inefficiencies, environmental resilience, and socio-economic barriers, the proposed lamp offers a
scalable blueprint for empowering off-grid communities a critical step toward achieving global

energy equity in the renewable transition era.

1.2 STATEMENT OF THE PROBLEM

Access to reliable electricity remains a major challenge in many parts of the world, particularly in
rural and remote communities. Millions of people depend on hazardous and inefficient lighting
sources such as kerosene lamps and candles, which pose serious health and environmental risks

(Brown & Miller, 2021).

The high cost of electricity and frequent power outages further exacerbate the need for alternative
energy solutions. While solar lamps have emerged as a viable option, many existing models lack
essential features such as energy efficiency, smart control mechanisms, and device charging

capabilities (Nguyen et al., 2020).

1.3 AIM AND OBJECTIVES OF THE STUDY



The aim of this research work is to design and construct a solar-powered smart lamp with a USB
charging port that provides an efficient, reliable, and sustainable lighting solution for off-grid and

rural communities. The specific objectives of this study are to:

1.T Design a compact and energy-efficient solar-powered lamp using photovoltaic technology;

i1.T Integrate a smart control mechanism for optimizing energy consumption and battery

management;

1ii.T Incorporate a USB charging port for powering small electronic devices such as mobile

phones;

iv.T Ensure the lantern is designed with durable and cost-effective components for long-term

usability and;

v.T Evaluate the performance of the constructed solar lamp in terms of energy efficiency,

charging capabilities, and lighting output.

1.4 METHODOLOGY

The methodology for this research involves a systematic approach to the design and
implementation of a solar-powered smart lamp with a USB charging port. The first phase includes
a comprehensive literature review to understand existing solar lamp technologies and identify key
limitations. The second phase focuses on system design, where appropriate photovoltaic panels,

energy storage batteries, DC bulb, and a USB charging module are selected.

The implementation phase involves assembling the components, integrating a charge controller,
and implementing a smart control mechanism to optimize energy consumption. After
implementation , the system undergoes performance testing to evaluate its energy efficiency,

battery life, charging



capability, and illumination output under different conditions. Data obtained from testing is

analyzed to determine the effectiveness and reliability of the lamp.

1.5 SCOPE OF THE STUDY

This research focuses on the design and implementation of a solar-powered smart lamp with a
USB charging port, aimed at providing an efficient and sustainable lighting solution for oft-grid
and rural areas. The study covers the selection of appropriate photovoltaic panels, rechargeable
battery systems,DC lighting, and smart energy management mechanisms to ensure optimal
performance. The integration of a USB charging port is also examined to provide additional

functionality for powering small electronic devices such as mobile phones.

The research is limited to small-scale applications, specifically for household and personal use,
rather than large-scale commercial lighting systems. Performance evaluation is conducted under
controlled conditions to analyze the lamp’s efficiency, charging capability, and durability. The
study does not include grid-tied solar systems or large solar panel installations. Instead, it focuses
on developing a cost-effective, portable, and energy-efficient lighting solution that can serve

communities with limited or no access to electricity.

1.6 LIMITATION OF THE STUDY

This study is limited to the design and implementation of a solar-powered smart lamp with a USB
charging port for small-scale, oft-grid applications. The research does not cover large-scale solar
power systems or grid-connected lighting solutions. The efficiency of the lamp is dependent on
solar irradiance, meaning its performance may vary based on weather conditions and geographic

location.



The study is also constrained by the selection of available components, such as photovoltaic
panels, battery capacity, and DC efficiency, which may impact the overall performance and
durability of the lamp. Additionally, the testing phase is conducted under controlled conditions,
which may not fully replicate real-world usage scenarios. Financial and time constraints further
limit extensive testing and long-term field evaluation. Despite these limitations, the study aims to
develop a functional and sustainable lighting solution that addresses the challenges of electricity

access in remote and underdeveloped areas.

1.7 DEFINITION OF TERMS

1. Solar Energy — Energy harnessed from the sun using photovoltaic cells to generate

electricity for various applications.

2. Photovoltaic (PV) Panel — A device that converts sunlight into electrical energy through

the photovoltaic effect.

3. Smart Lamp — A lighting device equipped with intelligent features such as automated

brightness control and battery management.

4. USB Charging Port — A power output interface that allows small electronic devices, such

as mobile phones, to be charged using the stored energy in the lamp

5. Battery Storage — A rechargeable unit that stores electrical energy generated from solar

panels for later use.

6. Charge Controller — A device that regulates the voltage and current from solar panels to

prevent overcharging or deep discharge of the battery.



7. DC Bulb (Direct Circuit ) — A highly efficient lighting source used in solar lamps for

optimal brightness and low power consumption.

8. Energy Efficiency — The ability of a system to perform effectively while consuming

minimal energy.

9. Off-Grid System — A standalone power system that operates independently of the main

electricity grid.

10. Sustainability — The use of renewable resources in a way that meets present needs without

compromising future availability.

1.8 ORGANIZATIONS OF THE REPORT

This researched work is divided into five chapter as and what each chapter contains is briefly

explained below.

Chapter one discusses the Background to the study, Statement of the problem, aim and Objectives
of the study, Methodology, Scope of the Study, Limitation of the Study, Operational Definition of
terms and Organization of the report. Chapter two focuses on past researches (Review of related
literature), Overview of Design and Implementation of a solar Powered Smart lantern with USB
Charging Port. Chapter three evaluates the description of existing system, problem of traditional
system, description of proposed system, circuit diagram and architectural design of proposed
system. Chapter four emphasizes on the overall design of the research work (Design and
Implementation of a solar Powered Smart lamp with USB Charging Port). The last chapter

discusses the summary, conclusion of the research work and recommendations.

CHAPTER TWO



LITERATURE REVIEW

2.1 REVIEW OF RELATED WORKS

The evolution of solar-powered smart lamp with USB charging ports reflects a convergence of
renewable energy innovation, digital connectivity needs, and socio-economic imperatives in off-
grid communities. Early research focused on basic illumination as a replacement for kerosene
lamps, but contemporary studies increasingly emphasize multi functionality, durability, and
intelligent energy systems. For instance, Rahman et al. (2020) demonstrated that integrating USB
ports into solar lamps reduced reliance on distant charging stations in rural Bangladesh, saving
households an average of 6 hours per week previously spent traveling to urban centers. However,
early models faced limitations in charging efficiency, with only 60% of devices achieving full
smartphone charges under low solar irradiance (Kumar & Singh, 2021). This spurred
advancements in power electronics, such as the adoption of buck-boost converters to stabilize USB
output voltages between 4.8V and 5.2V, ensuring compatibility with diverse devices (Li et al.,

2022).

Recent innovations in energy storage have further transformed lamp design. Lithium iron

phosphate (LiFePO4) batteries, with their high thermal stability and 2,000+ charge cycles, have
largely replaced lead-acid batteries, reducing replacement costs by 40% over five years (Chen et
al., 2021). Concurrently, lithium-sulfur (Li-S) batteries are emerging as a promising alternative,
offering 30% higher energy density, though their commercial viability remains limited by rapid
degradation in humid conditions (Lee et al., 2023). Hybrid energy systems, such as solar panels
paired with piezoelectric harvesters, address intermittency challenges. A 2023 prototype in Malawi
integrated footstep-generated energy with solar input, achieving a 25% reduction in charging times

during monsoon seasons (Nkambule, 2023). These hybrid approaches are critical for regions with

8



extreme weather variability, where traditional solar systems often fail to meet user expectations

(UNDP, 2022).

Smart energy management systems represent another frontier in lamp design. Early systems relied
on basic timers or manual controls, but machine learning (ML) algorithms now enable predictive
energy allocation. For example, Zhang et al. (2023) developed a federated learning model that
aggregates anonymized usage data from 500 lamp in rural India to forecast daily energy demands,
dynamically prioritizing USB charging during peak mobile usage hours. This reduced energy
waste by 18% compared to static systems. Similarly, loT-enabled lamp with GSM modules, as
tested in Kenya, transmit real-time battery health data to centralized servers, enabling proactive
maintenance and reducing device failure rates by 35% (IRENA, 2023). However, cybersecurity
vulnerabilities in [oT systems remain a concern; a 2023 audit by CyberSolar revealed that 20% of

PAYG solar devices in East Africa lacked encryption, exposing user payment data to breaches

(CyberSolar, 2023).

Durability and environmental resilience are critical yet understudied aspects of solar la
mp design. Field studies in arid regions like the Sahel highlight the impact of dust accumulation,
which can reduce solar panel efficiency by up to 50% within six months (Diallo et al., 2023). In
response, researchers have developed hydrophobic solar coatings that repel dust and water,
improving energy yield by 25% in field trials (Diallo et al., 2023). Additionally, modular
designs with replaceable components, such as swappable USB ports and detachable battery
packs, extend product lifespans. A 2022 study in Tanzania found that modular lamps had a

60% lower total cost of ownership over five years compared to non-repairable models
(Gupta & Rao, 2022). Nevertheless, supply chain barriers, such as limited access to spare parts

in remote areas, continue to hinder scalability (Kato & Jenssen, 2023).



Socio-economic and policy factors profoundly influence adoption rates. Pay-as-you-go (PAYG)
financing models, supported by mobile money platforms like M-Pesa, have driven uptake in
Kenya, where 70% of solar lamp users lease devices through microloans (IEA, 2023).
However, gendered disparities persist: women in off-grid communities often lack access to
mobile banking, limiting their ability to adopt PAYG systems (Mwaura, 2022). Culturally
tailored designs, such as lamps with handles for portability during nomadic migrations, have
improved adoption among pastoralist communities in Ethiopia (Tesfaye et al., 2023). Policy
frameworks also play a pivotal role; India’s Solar Urja Lamp (SoUL) initiative distributed 1.2
million lamps by subsidizing local assembly, creating jobs while reducing costs by 30%
(Kumar et al.,, 2021). Conversely, import tariffs on lithium batteries in Nigeria raised

lantern prices by 20%, stifling market growth (Olanrewaju et al., 2022).

Environmental sustainability has gained prominence in lifecycle analyses of solar lamps. While
solar devices reduce kerosene-related CO2 emissions by 1.2 tons per household annually (UNDP,
2023), their reliance on rare-earth metals and non-recyclable plastics poses ecological risks. A 2023
lifecycle assessment by Greentech found that lamps with recycled aluminum casings
and biodegradable circuit boards reduced carbon footprints by 45% compared to conventional
models (Greentech, 2023). Circular economy principles, such as take-back programs for
end-of-life batteries, are now being piloted in Rwanda, where 50% of discarded lamp

components are repurposed into new products (Niyonteze et al., 2023).

User-centered design research has reshaped usability standards. A 2023 study in Pakistan revealed
that lamps with voice-controlled interfaces and tactile buttons improved accessibility for

illiterate users, increasing satisfaction rates by 40% (Hossain et al., 2023). Similarly, adaptive

10



brightness settings using ambient light sensors, as tested in Ghana, reduced eye strain and energy
consumption by 15% (Amoah et al., 2022). However, a persistent gap exists in designing for
extreme climates: lanterns tested in Himalayan villages failed at temperatures below -10°C due to

battery electrolyte freezing, underscoring the need for climate-specific engineering (Sharma et al.,

2023).

Emerging technologies like blockchain and Al are poised to redefine off-grid energy systems.
Blockchain-based energy trading platforms, such as a pilot in Bangladesh, allowed lantern users
to sell excess solar power to neighbors via smart contracts, increasing household incomes by 12%
(Rahman & Islam, 2023). Meanwhile, Al-driven diagnostic tools, like those developed by SolarAl,
predict panel degradation with 90% accuracy, reducing maintenance costs (SolarAl, 2023).
However, these innovations require robust internet connectivity, which remains scarce in 80% of

off-grid regions (GSMA, 2023).

In synthesizing these advancements, this research integrates modular LiFePO4 battery systems,
ML-driven energy management, and culturally adaptive design to address gaps in durability,
efficiency, and inclusivity. By building on Zhang’s predictive algorithms, Diallo’s dust-repellent
coatings, and Mwaura’s gender-inclusive frameworks, the proposed lantern offers a holistic

solution aligned with the United Nations’ Sustainable Development Goals (SDGs).

2.2 REVIEW OF RELATED CONCEPTS

2.2.1 Overview of Solar Energy Conversion and Photovoltaic Technology

11



Solar energy conversion refers to the process of transforming sunlight into usable electrical energy,
typically through the use of photovoltaic (PV) technology. Photovoltaic cells, commonly referred
to as solar cells, are the core component of solar panels, and they operate based on the photovoltaic
effect. When sunlight strikes the surface of a solar cell, photons from the light excite electrons in
the material, creating an electric current. This current is then captured and used as electrical power

to run various devices, such as solar lanterns, homes, and commercial buildings (Smith, 2020).

The primary advantage of solar energy conversion is its ability to generate clean, renewable
electricity without producing harmful emissions or depleting natural resources. Unlike fossil fuels,
solar power is an inexhaustible resource, making it an ideal energy source for off-grid areas and
regions with limited access to conventional electricity (Brown & Miller, 2021). The efficiency of
a solar cell is largely determined by the materials used, with silicon being the most common.
Monocrystalline and polycrystalline silicon cells are widely used in solar panels due to their
relatively high efficiency and cost-effectiveness (Chowdhury et al., 2021). Additionally, newer
technologies, such as thin-film and perovskite solar cells, are emerging, offering potential benefits
in terms of flexibility, cost reduction, and improved energy conversion rates (Kumar & Zhang,

2021).

The efficiency of solar panels has significantly improved over the years. Modern PV cells can
convert about 15% to 22% of the sunlight they receive into usable energy, with some high-
performance cells reaching over 40% efficiency in controlled laboratory conditions (Jackson &
Roberts, 2023). However, the efficiency of solar energy conversion is influenced by several
factors, including the angle of the panel, geographic location, and seasonal variations in sunlight

availability. Despite these limitations, advancements in PV technology continue to improve solar

12



energy conversion, making it a more viable solution for sustainable energy generation in off-grid

communities (Garcia & Lewis, 2018).

2.2.2 Overview of Battery Storage Systems in Solar Lamp

Battery storage systems are essential components of solar-powered lamp, as they store the
electrical energy generated by photovoltaic (PV) panels for later use. Since solar energy is
intermittent and dependent on sunlight, having an efficient and reliable battery storage system
ensures that solar lamp can provide consistent lighting and power for mobile devices, even during

the night or on cloudy days.

The most commonly used battery types in solar lamp are lithium-ion (Li-ion) and lead-acid
batteries. However, the growing preference in modern solar lamp is for lithium-ion batteries due
to their superior performance characteristics. Lithium-ion batteries offer higher energy density,
meaning they can store more energy in a smaller and lighter form compared to traditional lead-
acid batteries (Hassan & Wong, 2019). These batteries also have a longer lifespan and can
withstand more charge cycles, making them more cost-effective in the long run. Additionally, they
are more environmentally friendly because they contain fewer toxic materials compared to lead-

acid batteries, which can pose disposal challenges (Nguyen et al., 2020).

Battery capacity plays a significant role in determining how long the solar lamp will function
before needing to recharge. A higher-capacity battery can store more energy, allowing the lamp to
provide light for extended periods. However, battery size and capacity must be balanced with the
space available in the lamp design and the overall cost of the system. The capacity of a battery is
typically measured in ampere-hours (Ah), and the choice of capacity depends on the intended use

of the lamp, such as whether it will be used for general lighting or as a mobile phone charger.

13



To optimize the performance of the battery storage system, a charge controller is used to regulate
the charging and discharging process. The charge controller ensures that the battery is not
overcharged, which can reduce its lifespan, or undercharged, which can lead to insufficient energy
storage. This regulation is critical in maintaining the longevity and efficiency of both the battery
and the solar lantern itself (Garcia & Lewis, 2018). By implementing a charge controller, solar

lamps can provide more reliable and sustainable lighting solutions to users in off-grid areas.

Overall, battery storage systems are fundamental to the success of solar lamps. Advances
in battery technology, especially lithium-ion batteries, continue to enhance the performance
and durability of solar-powered lamps, making them a viable option for off-grid communities.
Proper energy management and optimization through charge controllers are also crucial in
ensuring the efficiency and longevity of the lamps, enabling them to serve as reliable

and sustainable lighting and charging solutions.

2.2.3 Direct Circuit in Solar Lamp

Direct Circuit bulb(DC) technology plays a crucial role in the performance and efficiency of solar-
powered lamp. DC have revolutionized the lighting industry due to their energy efficiency, long
lifespan, and minimal environmental impact compared to traditional incandescent bulbs. In solar
lanterns, the use of DC technology is particularly beneficial because it allows for optimal energy

use, ensuring that the energy stored in the battery is utilized efficiently for maximum illumination.

One of the primary advantages of DC technology in solar lamp is its energy efficiency. Unlike
incandescent bulbs, which convert a significant portion of energy into heat, DC convert nearly all
of the energy into light, resulting in minimal wasted energy (Fernandez et al., 2022). This is

essential in solar-powered systems, where energy conservation is key to ensuring the lamp operates

14



effectively during extended periods, such as throughout the night. DC use approximately 75% less
energy than traditional lighting sources while providing the same level of brightness, making them

ideal for off-grid solar lamp, where the available power is limited and must be used sparingly.

In addition to energy efficiency, DC also provide high-quality illumination. They offer superior
brightness compared to traditional light sources, such as incandescent or fluorescent bulbs, without
consuming excessive amounts of power. Solar lamps equipped with DC can produce bright, clear
light that is suitable for a variety of tasks, such as reading, cooking, and general household
activities. Furthermore,DC, providing flexibility in light intensity based on the user’s needs (Lee
& Thompson, 2020). This ability to control brightness is particularly beneficial for extending
battery life, as users can adjust the light level to conserve energy when full brightness is not

necessary.

Another key advantage of DC in solar lamp is their long lifespan. DC are designed to last much
longer than conventional bulbs, with lifespans typically ranging from 25,000 to 50,000 hours,
depending on the quality of the DC and the operating conditions (Green & Lopez, 2020). This
longevity reduces the need for frequent replacements, which is particularly important in remote or
off-grid areas where access to spare parts may be limited. The durability of DC also means that the
lamps are more robust, withstanding external environmental conditions such as high humidity or

dust, which could affect the performance of other light sources.

Additionally, DC bulb is environmentally friendly, free from toxic materials such as mercury,
which is commonly found in fluorescent and incandescent lighting. The absence of such hazardous
substances makes DC safer to handle, dispose of, and recycle, contributing to the overall
sustainability of solar lamp (Martin et al., 2021). This aligns with the core goal of solar lamp,

which is to provide a clean, renewable source of light while minimizing the environmental impact.
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The compact size of DC also allows for more flexible designs in solar lamp. DC are small and
lightweight, making it easier to create portable, sleek, and efficient lamps. This is particularly
important for solar-powered devices, where space and weight considerations are essential for

maximizing the solar panel and battery storage without compromising performance.

In conclusion, DC bulb is a key component in the effectiveness of solar-powered lamps. By
offering energy efficiency, high-quality illumination, long lifespan, environmental friendliness,
and design flexibility, DC significantly enhance the performance and sustainability of solar
lighting systems. As solar-powered lamp continue to evolve, DC technology remains integral to
their development, making them a reliable and efficient solution for off-grid lighting and mobile

charging needs.

2.3.4 Smart Technology Integration in Solar Lamp

The integration of smart technology into solar lamps represents a significant advancement in both
functionality and user experience. By incorporating smart features such as automated brightness
control, real-time battery monitoring, and energy management systems, solar lamp have become
more efficient, user-friendly, and versatile. These innovations are designed to enhance the
performance of solar-powered lighting systems, making them even more practical and appealing

for users in off-grid areas.

One of the most impactful aspects of smart technology in solar lamps is automated brightness
control. Solar lamps equipped with smart sensors can automatically adjust the light intensity
based on environmental conditions, such as the available sunlight or the amount of ambient light
in the surroundings. For example, the lamp might increase its brightness when it detects low light

levels, such as during the evening, and reduce it when there is enough natural light during the day.
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This feature helps to conserve battery power and ensure that energy is used efficiently, prolonging
the overall lifespan of the battery and ensuring the lamps functions optimally (Lee & Thompson,

2020).

Another important integration is real-time battery monitoring. Smart solar lamps can come with
embedded sensors and microcontrollers that allow users to monitor the battery’s status, including
the level of charge, health, and voltage. This feature is valuable because it enables users to track
the lamps energy consumption and recharge patterns, ensuring that the battery is not overused or
damaged (Nguyen et al., 2020). For example, if the battery charge drops below a certain threshold,
the system can send an alert to the user, prompting them to charge the lamp before it runs out of
power. Real-time monitoring also allows the system to adjust the charging process, preventing
overcharging and enhancing battery longevity. The integration of energy management systems in
solar lamps optimizes the usage of stored solar energy. These systems include features such as
automatic on/off switches that turn the lamp on when needed and off when not, as well as the
ability to limit the total energy consumption based on available resources. For instance, the lamp
may adjust its operation based on the current battery charge or prioritize lighting over USB
charging when the battery is low. Energy management features also help to maximize solar power

usage, ensuring that the lamp remains functional for longer periods without frequent recharging

(Garcia & Lewis, 2018).

Smart features also contribute to user convenience and personalization. Some solar lamps are
equipped with mobile applications that allow users to control settings remotely, such as adjusting
the brightness or checking battery status via their smartphones. This added layer of convenience
enables users to monitor and manage their solar lamp more effectively, even from a distance.

Additionally, some smart lamp allow users to set customized preferences for brightness, light
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duration, and power consumption, enabling them to optimize the lamp’s performance according

to their individual needs (Williams, 2022).

Moreover, the incorporation of wireless charging capabilities and Internet of Things (IoT)
integration into solar lamps is an emerging trend. loT-enabled solar lamp can communicate with
other smart devices, creating a more connected and responsive system. For example, these lamps
could interact with other IoT-enabled systems in the home, such as smart appliances or energy
storage units, to enhance energy management on a larger scale. Through wireless communication,
users can receive updates on energy production and consumption patterns, further improving the

lamps efficiency and integration within smart home ecosystems.

Finally, security and safety features are increasingly being integrated into smart solar lamp.
Features such as motion sensors or security alert systems are designed to provide additional
functionality, such as lighting up a pathway when motion is detected or alerting the user to potential
intruders in the area. These added features not only enhance the utility of solar lamp but also
increase their value in outdoor and security applications, making them more versatile and

appealing to users in both urban and rural settings.

In conclusion, the integration of smart technology in solar lamp significantly enhances their
functionality, efficiency, and user convenience. Automated brightness control, real-time battery
monitoring, energy management systems, and IoT connectivity all contribute to creating a more
sustainable, reliable, and user-friendly lighting solution. As technology continues to evolve, smart
solar lamps are likely to become even more sophisticated, offering users greater control, flexibility,
and enhanced performance, ultimately contributing to the broader adoption of solar energy

solutions in off-grid and remote areas.

18



2.2.5 Overview of USB Charging Ports in Solar Lamps

The inclusion of USB charging ports in solar lamps has become a transformative feature,
enhancing their functionality beyond just providing illumination. With mobile devices becoming
increasingly essential in everyday life, especially in off-grid and remote areas where access to
electricity is limited, the ability to charge phones and other small electronics using solar-powered
lamps provides added convenience and utility. This integration has significantly improved the
appeal and value of solar lamps as multi-functional devices. The primary benefit of USB charging
ports in solar lamps is the ability to charge mobile phones, tablets, and other small electronic
devices. In regions with limited or no access to electricity, solar lamps equipped with USB ports
enable users to stay connected, access emergency communication services, or use their devices for
educational or work-related purposes (Williams, 2022). This capability is especially vital in remote
or rural areas where access to traditional power sources is either unreliable or non-existent, and it

offers a degree of independence from grid-based energy systems.

One of the advantages of integrating USB ports into solar lamp is the dual functionality that these
devices offer. Users can simultaneously use the lamp for lighting while charging their mobile
devices, making it an efficient solution for those who need both light and power. For instance, a
user might use the lamp as a light source for reading or cooking at night, while charging their
phone or a small electronic gadget via the USB port. This capability makes solar lamps incredibly
useful for a range of daily tasks, further enhancing their value proposition in off-grid communities

(Garcia & Lewis, 2018).

The energy efficiency of solar lamps with USB charging ports is also worth noting. These lamps
typically have efficient solar energy conversion systems, where the power generated by the

photovoltaic panel is first used to charge the internal battery and then distributed to power the DC
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lights and USB port. The efficiency of this energy distribution is essential because it ensures that
the solar lamp is able to provide adequate lighting while also offering charging capacity without

excessive energy waste (Green & Lopez, 2020). Many solar lamps are designed with energy
management systems that prioritize light or charging depending on the battery level, which helps

to extend battery life and optimize the use of solar energy.

Moreover, USB charging in solar lamp is particularly beneficial in emergencies, as it allows users
to maintain the charge of critical devices such as mobile phones during power outages or when
access to grid electricity is unavailable (Fernandez et al., 2022). In situations where electricity
supply is inconsistent or during natural disasters, solar lamps with USB charging ports

provide a reliable and portable source of power. This makes them indispensable for people living
in areas prone to power disruptions, as well as for adventurers, travelers, and those in

disaster relief settings.

The compact and portable nature of solar lamps with USB charging ports also adds to their
attractiveness. These devices are designed to be lightweight and easy to transport, making them
suitable for outdoor activities like camping, hiking, or any situation where access to electricity is
limited. Their portability ensures that users can carry a reliable source of both light and power
wherever they go, offering flexibility for various uses. The integration of USB charging ports in
solar lamps has greatly expanded the functionality of these devices, making them essential tools
for modern living, particularly in off-grid areas. By offering the ability to charge mobile phones
and small electronics while providing light, these lamps offer practical solutions for users in remote
regions or emergency situations. Their dual functionality, energy efficiency, and portability make
them invaluable devices for enhancing connectivity and improving quality of life in areas where
conventional electricity is scarce or unreliable. The growing demand for multi-functional,
sustainable products ensures that solar lamps with USB charging ports will continue to be a key

feature in the future of off-grid lighting solutions.
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CHAPTER THREE

RESEARCH METHODOLOGY

3.1 DESCRIPTION OF THE SYSTEM

The existing system of solar-powered lamps primarily focuses on providing illumination in off-
grid areas, using solar energy as a sustainable power source. These lamps typically consist of a
photovoltaic (PV) panel, which captures sunlight and converts it into electrical energy to charge

an internal battery. The energy stored in the battery is then used to power an DC light, which offers
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long-lasting and energy-efficient illumination. Traditional solar lamps often focus solely on

lighting, with simple on/off switches and limited energy management capabilities.

In recent years, some solar lamps have integrated USB charging ports to allow users to charge
mobile phones and other small electronic devices. This addition addresses the need for power in
areas where grid electricity is either unavailable or unreliable. The battery capacity in these lamp
is designed to support both the DC light and the USB charging function, though the energy

distribution is often basic and may not always optimize power consumption.

While the current systems are effective in providing light and basic mobile charging, they lack
advanced features such as energy management, real-time battery monitoring, or automated
brightness control. Additionally, they may have limitations in terms of battery life, charging
efficiency, and user control. These gaps indicate the need for a more sophisticated system that

offers enhanced energy optimization and user-friendly features.

3.2 PROBLEMS OF THE EXISTING SYSTEMS

The existing solar-powered lamp systems, while effective in providing basic lighting and mobile
device charging in off-grid areas, face several challenges that limit their overall performance and

user experience. below are the key problems of the existing solar-powered lamp systems:

1.l Inefficient Energy Management: Energy is not always optimized for both lighting and
charging, leading to rapid depletion of battery power when both functions are used

simultaneously.
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Lack of Real-Time Battery Monitoring: Users cannot track the battery charge level or

health, which may lead to overuse or undercharging, potentially damaging the battery.

Absence of Automated Brightness Control: The light remains at a constant brightness

level, leading to unnecessary power consumption when full brightness is not needed.

Limited Battery Life and Lifespan: The batteries, especially lead-acid types, degrade

over time, reducing the lamp’s efficiency and requiring frequent replacements.

Lack of Smart Features: There is no integration of smart technology like remote control,
mobile app integration, or connectivity with other devices, limiting the lamp's

functionality.

Limited Charging Capacity: The USB charging function may not be optimized,

potentially leading to slower charging times or insufficient power for multiple devices.

Poor Durability in Harsh Conditions: Some existing solar lamps may not be durable
enough to withstand harsh environmental conditions such as extreme temperatures,

humidity, or dust.

DESCRIPTION OF THE PROPOSED SYSTEM

The proposed system aims to address the limitations of existing solar-powered lamps by

integrating advanced features to improve energy efficiency, functionality, and user experience. The

proposed solar lamp will consist of a high-efficiency photovoltaic (PV) panel that captures solar

energy and converts it into electrical power to charge an internal battery. This system will utilize

lithium-ion batteries, which offer a longer lifespan, higher energy density, and faster charging

compared to traditional lead-acid batteries.
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One of the key features of the proposed system is the smart energy management system, which
will optimize energy distribution between the DC light and the USB charging port. The system
will prioritize power to the light or charging port based on the battery level, ensuring that the lamp
operates efficiently and maximizes usage time. Additionally, the lamp will be equipped with real-
time battery monitoring that allows users to check the battery status via a mobile app or a display
on the lamp. This feature will help users manage power usage and avoid overuse or undercharging

of the battery.

The proposed system will also incorporate automated brightness control, where the light intensity
adjusts automatically based on the surrounding environment, conserving battery power when full
brightness is not necessary. The USB charging port will be optimized to ensure faster and more
reliable charging of mobile phones and small electronics, with the ability to charge multiple

devices simultaneously without compromising the lamps performance.

Further, the proposed solar lamp will feature durability improvements, with a rugged, weather-
resistant design capable of withstanding harsh environmental conditions such as extreme
temperatures and humidity. The system will also be designed for user-friendly operation, with
remote control or mobile app integration to allow users to control settings, adjust brightness, and

monitor battery health from a distance.

the proposed system will combine smart technology, energy efficiency, and advanced battery
storage to create a highly reliable, sustainable, and user-friendly solar lamp solution. It will meet
the needs of off-grid communities, providing not only light but also a portable power source for

mobile devices.

3.3.1 Advantages of the proposed Systems
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Improved Energy Efficiency: Smart energy management optimizes power distribution
between lighting and USB charging, maximizing battery life.

Longer Battery Lifespan: Use of lithium-ion batteries provides higher energy density,
faster charging, and a longer lifespan compared to traditional lead-acid batteries.
Real-Time Battery Monitoring: Users can track battery charge status via a mobile app or
display, ensuring better power management and preventing overuse or undercharging.
Automated Brightness Control: The lamp adjusts its light intensity automatically based
on ambient light conditions, conserving battery power when full brightness is not
necessary.

Faster and More Reliable Charging: The optimized USB charging port enables faster
charging of mobile phones and small electronics, allowing multiple devices to be charged
simultaneously.

Durability in Harsh Environments: The rugged, weather-resistant design ensures the

lamp can withstand extreme temperatures, humidity, and outdoor conditions.

vii.T

viil. T

ix.T

x.T

3.4

User-Friendly Operation: Mobile app or remote control integration allows users to
control settings, adjust brightness, and monitor battery health from a distance.
Sustainable and Eco-Friendly: The system uses renewable solar energy, reducing reliance
on non-renewable power sources and minimizing the environmental impact.
Multi-Functional Use: Provides both lighting and USB charging capabilities, offering
greater versatility for users in off-grid and emergency situations.

Portable and Convenient: The lamps lightweight and compact design makes it easy to

carry and use in various outdoor or off-grid scenarios.

SYSTEM ARCHITECTURE

25



The proposed system architecture for the solar-powered smart lamp with USB charging port is
designed to integrate various components that work together efficiently to provide illumination
and charging functionalities. The architecture is divided into key functional blocks, each

responsible for specific tasks to ensure smooth operation. Below is a breakdown of the architecture

Solar Panel (Photovoltaic Panel)

Charge Controller

l

v
. » Light (Lighting Syst
Battery (Lithium-Ion) D.¢ Light (Lighting System) - Energy Management
System

USB Charging Port Real-Time Battery Monitoring

Real-Time Battery

l Monitoring
A\ 4
Processor _ Control Interface
Sensor

Fig. 3.4 System Architecture

3.5 CIRCUIT DIAGARAM OF THE PROPOSED SYSTEM

—

UsB
Output



D.C


Fig. 3.5: Circuit Diagram of the proposed System

Solar Panel (Photovoltaic Panel): The solar panel is responsible for capturing solar energy and
converting it into electrical energy. It is connected to the charge controller and the battery. The
panel will be optimized for maximum energy conversion to ensure the system charges efficiently

during daylight hours.

Charge Controller: The charge controller regulates the flow of energy from the solar panel to the
battery. It prevents overcharging and undercharging, thereby prolonging the battery's lifespan. It
ensures that energy is distributed correctly between the battery and the D.C light, and can

also manage power distribution to the USB port for device charging.

Battery (Lithium-Ion): The battery stores the energy collected by the solar panel. Lithium-ion
batteries are used due to their higher energy density, faster charging, and longer lifespan compared
to traditional lead-acid batteries. The battery is connected to both the D .C light and USB

charging port, providing power when needed.

Energy Management System (EMS): The EMS monitors the battery charge level and controls
the flow of energy to the lamp and the USB charging port. It ensures efficient power usage by
prioritizing either the D.C light or USB charging, depending on the battery status. The EMS

adjusts power consumption to extend battery life, especially when the charge is low.

DC Light (Lighting System): The DC light provides illumination and is connected to the battery.

It is energy-efficient, providing bright light while consuming minimal power. The light intensity
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is adjustable through automated brightness control, which allows the lamp to adjust based on

environmental conditions (e.g., daylight vs. night).

USB Charging Port: The USB port allows users to charge mobile phones and small electronics.
The charging circuit is optimized for fast, safe charging and can charge multiple devices
simultaneously without affecting the lamp’s illumination function. The EMS also manages power

distribution to this port.

Real-Time Battery Monitoring: A monitoring system tracks the battery’s charge level, health,
and voltage in real-time. Users can access this data through a display on the lamp or via a mobile
app. This feature helps users understand when the lamp needs recharging, preventing overuse or

undercharging.

Control Interface (Mobile App/Remote Control): The control interface allows users to interact
with the lamp remotely. Users can adjust the brightness, check battery status, and control other
features via a mobile app or remote control. The app could provide notifications regarding battery

health, charge status, and system performance.

Microcontroller/Processor: The microcontroller serves as the brain of the system, coordinating
the operations of all components. It manages the energy distribution, brightness control, USB
charging, battery monitoring, and communication with the control interface. It processes input

from sensors and executes commands accordingly.

Sensors

o Light Sensors: Used for automated brightness control, these sensors detect the surrounding
light level and adjust the DC brightness to conserve energy when full brightness is

unnecessary.

» Motion Sensors: Optional feature for security, where the lamp automatically turns on or

adjusts brightness when motion is detected in the vicinity.

Enclosure/Body

The lamp's body is designed to be durable and weather-resistant, ensuring protection of internal
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components from environmental conditions such as rain, dust, and high temperatures. The

enclosure also houses the solar panel and all other components.

System Workflow:

o Daytime: The solar panel captures sunlight and converts it into electrical energy, which is
stored in the lithium-ion battery. The energy management system ensures that the battery

is charged without overloading.

o Nighttime: The system uses the stored energy to power the DC light and charge devices
via the USB port. The EMS prioritizes lighting or charging based on the battery level, while

the brightness control adjusts the light level according to environmental conditions.

e Real-Time Monitoring: Users can monitor the battery level through the display or mobile
app, making it easier to manage power consumption. The system can notify the user when

the battery is low and needs recharging.

CHAPTER FOUR
DESIGN AND IMPLEMENTATION OF THE SYSTEM

4.1 SCHEMATIC DESIGN

The schematic design of the solar-powered smart lamp with a USB charging port outlines the
functional interconnection of all components in the system. At the core of the design is the
photovoltaic (PV) panel, which converts sunlight into direct current (DC) electricity. This DC
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power is routed through a charge controller that regulates the voltage and current, protecting the
rechargeable lithium-ion battery from overcharging or deep discharging. The battery stores the
generated energy and supplies power when sunlight is not available, especially during nighttime

or cloudy conditions.

Connected to the battery is a smart power distribution module that directs energy to both the DC
lighting unit and the USB charging port. The DC light is powered through a current-limiting
resistor or a driver circuit to ensure consistent illumination with low energy consumption. The
USB port is regulated using a 5V step-down voltage converter, ensuring that mobile phones and
similar devices can be safely charged. Safety features such as fuses, over-current protection, and
short-circuit protection are also included in the schematic to enhance system reliability. All these
components are integrated on a well-laid-out circuit board and enclosed in a durable casing,

making the system portable, efficient, and safe for various applications.

4.2 SYSTEM DESIGN

The system design of the solar-powered smart lamp with a USB charging port integrates renewable
energy technology, efficient lighting, and smart charging functionality into a compact and portable
device. The primary source of power for the system is a photovoltaic (PV) solar panel, which is
responsible for harvesting solar energy during daylight hours. The panel is selected based on output
rating sufficient to charge the battery within a reasonable time, depending on sunlight availability.
The energy generated by the solar panel is direct current (DC), which is passed through a charge
controller. The controller regulates the voltage and current coming from the solar panel to ensure

that the battery receives safe and optimal charging, thereby prolonging its lifespan.
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A rechargeable lithium-ion battery is incorporated to store the regulated energy. The choice of this
battery is influenced by its lightweight, high energy density, and durability. From the battery,
power is distributed to two main outputs: the D.C lighting system and the USB charging interface.
The D C system is chosen for its low power consumption, long life, and high brightness, making
it ideal for use in rural and urban environments alike. A voltage regulator or driver circuit ensures

stable operation of the D.C even when battery voltage fluctuates.

The USB charging port is connected to a 5V voltage regulation circuit, which allows users to
charge mobile phones and small electronic devices directly from the stored energy. Additional
safety features such as short circuit protection, over-voltage protection, and indicators for battery
status are incorporated into the design to ensure reliability and user awareness. All components are
mounted within a weather-resistant and heat-dissipative enclosure, ensuring the system's durability
and functionality in various environmental conditions. The complete design ensures sustainability,

efficiency, and multi-purpose utility.

4.3 SYSTEM DOCUMENTATION

The system documentation for the solar-powered smart lamp with USB charging port provides a
comprehensive overview of the components, operation, and assembly process involved in the
development of the device. This documentation serves as a guide for understanding how each

component interacts within the system, from solar energy capture to power distribution and output
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functionalities. The system is composed of a solar panel, a charge controller, a lithium-ion battery,

an DC lighting unit, a USB charging port, and various safety circuits.

The solar panel is mounted externally to absorb sunlight and convert it into electrical energy, which
is then routed to the charge controller. The controller is programmed to manage the charging
process of the battery, protecting it from overcharging, deep discharge, and ensuring efficient
energy utilization. The energy is stored in a lithium-ion battery, which acts as the main power
reservoir for the system. From the battery, two branches of power supply are created one directed
to the high-efficiency DC for illumination, and the other directed to a 5V voltage regulator circuit

for the USB charging port.

DC light are selected based on low power consumption and high brightness, providing adequate
lighting during night hours. The USB port allows for mobile devices to be charged conveniently,
making the lantern multifunctional. Indicators such as charging status DC light and battery level
indicators are also integrated for user guidance. All components are arranged on a printed circuit
board (PCB) and enclosed within a durable casing that protects the internal parts from moisture,

dust, and mechanical damage.

The documentation includes circuit diagrams, flowcharts, schematic layouts, and test results to
demonstrate the functionality and reliability of the system. It also covers maintenance procedures,
troubleshooting tips, and safety instructions. This ensures the system is user-friendly, easy to

replicate, and scalable for broader applications.

4.3.1. SYSTEM FLOWCHART
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4.4 SYSTEM IMPLEMENTATION

The system implementation of the solar-powered smart lamp with USB charging port involves the
practical integration of hardware components based on the design specifications and schematic
diagrams developed during the planning phase. The process begins with the procurement of
essential components such as the photovoltaic (PV) solar panel, lithium-ion battery, charge

controller, DC light, USB port module, voltage regulators, resistors, diodes, capacitors, switches,
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and a durable casing. Each component is carefully selected based on power ratings, durability, and

compatibility with other units in the system.

The photovoltaic panel is installed on the external surface of the casing to maximize exposure to
sunlight. Wires from the panel are connected to the charge controller, which manages the voltage
and current to safely charge the lithium-ion battery. From the battery, two output lines are created:
one directed to the DC lighting circuit and the other to the USB charging module. The DC is
connected through a current-limiting resistor or driver to maintain stable illumination and protect
the light from voltage fluctuations. The USB output is linked to a 5V step-down voltage regulator,

ensuring safe charging of mobile devices and other electronics.

A PCB (Printed Circuit Board) is used to neatly organize the internal connections and improve
system reliability. Proper soldering techniques are applied to ensure secure and durable joints.
Safety features such as fuses and protection circuits are incorporated to prevent overvoltage, short
circuits, or thermal damage. A user-friendly switch is included for controlling the DC light, and

indicator lights display charging and battery status.

Finally, all the components are enclosed in a rugged, weather-resistant casing that protects the
device from dust, moisture, and impact. Testing is conducted to ensure the lamp operates
effectively under various conditions, verifying the efficiency of the solar charging, lighting

duration, and USB charging capacity.
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Fig. 4.2: Mini Micro-controller unit
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Fig. 4. 4: Ion Lithium Battery
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Fig. 6: App Interface to control the System

CHAPTER FIVE

SUMMARY, CONCLUSION AND RECOMMENDATIONS

5.1 SUMMARY

This research work focused on the design and implementation of a solar-powered smart lamp
integrated with a USB charging port to address the growing need for sustainable and portable

lighting solutions, especially in areas with limited access to electricity. The project aimed to
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harness renewable solar energy, store it efficiently, and distribute it for lighting and device
charging using modern technological components. The system consists of a photovoltaic (PV)
solar panel, a charge controller, a lithium-ion battery, a bright DC light, and a USB port with a 5V

voltage regulator.

The PV panel collects sunlight and converts it into electrical energy, which is regulated by the
charge controller to charge the battery safely. The stored energy is then used to power the DC light
for illumination and provide a stable voltage output to the USB charging port for mobile devices.
Key advantages of this system include portability, energy efficiency, environmental friendliness,
and multifunctional use. The lamp can be deployed in rural households, during emergencies, or in

outdoor activities where grid power is unavailable.

The design process involved selecting appropriate components based on power ratings, integrating
them using a well-laid-out circuit schematic, and constructing the final device with protective
casing. The project also addressed limitations of existing systems such as poor battery life,

inefficient lighting, and lack of multi-functionality.

Testing of the prototype confirmed its functionality, efficiency, and reliability. In conclusion, this
research successfully developed a cost-effective and sustainable smart lamp that contributes to
the advancement of renewable energy applications and improves the quality of life in energy-

deficient areas.

5.2 CONCLUSION

In conclusion, this research work has successfully demonstrated the design and construction of a

solar-powered smart lamp equipped with a USB charging port. The project effectively combines
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renewable energy utilization, energy storage, efficient DC lighting, and mobile device charging
into a compact and affordable system. By employing a photovoltaic panel, charge controller,
lithium-ion battery, DC lighting, and USB charging interface, the system addresses the pressing
need for sustainable and portable lighting solutions in both rural and urban areas where access to
reliable electricity is limited. The developed lamp not only serves the purpose of providing
illumination during power outrages or in remote environments but also adds value through

its ability to charge mobile phones and other low-power USB devices. The use of a
rechargeable battery ensures energy can be stored for nighttime use, while the charge controller
safeguards the system against power surges and overcharging. This improves safety,
durability, and user confidence. Through proper system implementation and testing, the lamp has
proven to be reliable, user-friendly, and cost-effective. It holds potential for wider application in
educational, domestic, and outdoor settings. Ultimately, the project contributes to environmental
conservation and energy efficiency while offering a practical solution to energy access

challenges in underserved communities.

RECOMMENDATIONS

Based on the outcomes and observations of this research work, the following recommendations
are made to improve the performance and application of the solar-powered smart lamp with USB

charging port:

1.T Future designs should consider incorporating a Maximum Power Point Tracking (MPPT)

charge controller to enhance solar energy conversion efficiency.
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i1.T A higher-capacity lithium-ion or lithium-iron phosphate battery can be used to increase
energy storage and prolong lighting and charging time.
iii. T Integrating smart features such as Bluetooth control, battery level notifications, and mobile
app connectivity can enhance user experience and functionality.
iv.T To make the lamp suitable for all environments, especially outdoor use, the casing should
be waterproof, dustproof, and impact-resistant.
v.T Adding multiple USB ports can allow for simultaneous charging of more than one device,
increasing user convenience.
vi.T Future models should allow for adjustable solar panel positioning to maximize sun
exposure regardless of the lamp’s placement.
vii.T Government and NGOs should consider supporting the mass production and distribution
of the lamps in rural or disaster-prone areas to improve energy access.
viii. T To reduce cost and increase accessibility, local assembly and maintenance training should
be encouraged in communities where the lamp will be deployed.
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