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ABSTRACT
The increasing demand for sustainable and renewable energy sources has led to the widespread adoption of solar power systems, with inverters playing a crucial role in converting DC electricity from solar panels into AC power for household and industrial use. This project investigates the performance characteristics of a 1.5 KVA solar inverter under varying environmental and operational conditions. The study focuses on parameters such as input voltage, output efficiency, power factor, total harmonic distortion (THD), and thermal performance. Through a series of controlled tests, the inverter's ability to handle load variations, its efficiency at different load levels, and its operational stability under fluctuating solar irradiance were assessed. The results indicate the inverter's optimal performance range and highlight its strengths and limitations in real-world applications. This research provides valuable insights for improving the design, operation, and maintenance of small-scale solar power systems, contributing to more reliable and efficient renewable energy solutions.
Keywords:
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CHAPTER ONE
INTRODUCTION
1.1 Background of the Study
Electricity has now become a veritable service referred for our suitable livings. however, in the least industrialized or least developed countries commonly called Third World, the supply of over demanding electricity are in sordid state, disappointing unreliable and very expensive.
The rising demand for electricity due to rapid increase in population and socio- economic development has prompted the adoption of alternative electricity solutions powered by renewable energy sources. Among these alternatives, solar energy stands out due to its environmental friendliness, inexhaustibility, and adaptability to both urban and rural applications.
A solar inverter is a vital component in photovoltaic (PV) systems, responsible for converting the direct current (DC) electricity generated by solar panels into alternating current (AC) suitable for domestic and industrial appliances. The performance of a solar inverter directly affects the overall efficiency and reliability of a solar power system.(1-6). Therefore, evaluating its performance is essential for ensuring the economic viability and effectiveness of solar-based electricity generation.
This project focuses on the performance evaluation of a constructed 1.5kVA solar inverter designed to provide alternative electricity using renewable energy. The inverter system integrates photovoltaic modules, a charge controller, deep-cycle batteries, and an inverter unit. The performance metrics—efficiency, power delivery consistency, load endurance, and energy conversion rates—are thoroughly analyzed to determine the system’s practical utility in real-world conditions.
An inverter is critical component in this setup converting DC to AC power. A 1.5 kVA solar inverter can support small scale domestic load such as lighting, fans, and television and low power computers. Construction of an inverter using locally available component and materials reduce costs, technical capacity and promotes energy independence (Rashid, 2013).
1.2 Statement of the Problem
Electricity supply in many regions is characterized by high levels of unreliability, frequent outages, and insufficient coverage. This energy deficit affects household comfort, industrial productivity, and access to essential services. While petrol and diesel generators are commonly used as backup power sources, they are noisy, costly to maintain, and environmentally unfriendly.
Renewable energy systems, particularly solar-powered inverters, offer a cleaner and more sustainable solution. However, the effectiveness of such systems largely depends on the performance of the inverter, which must efficiently convert DC to AC while ensuring minimal energy losses. This project aims to evaluate a constructed 1.5kVA solar inverter in terms of its performance and suitability for providing alternative electricity.
1.3 Aim and Objectives of the Study
The primary aim of this project was to construct o 1.5kva inverter which can be powered/electrified using solar energy.
In view of this aim, the objectives of the project were to: 
(a) design and construct a 1.0kVA solar inverter system;
(b) evaluate the inverter's performance under varying load conditions;
(c) analyze the efficiency of DC-AC power conversion;
(d) determine the system's suitability for household and small business applications, 
(e) carry out performance tests on the constructed solar inverter;
 (f) identify potential improvements for optimizing system performance.
1.4 Research Questions
1. What is the performance efficiency of the constructed 1.5kVA solar inverter under varying loads?
2. How reliable is the inverter in providing consistent AC power?
3. What are the energy conversion losses associated with the inverter system?
4. Can the system serve as a viable alternative electricity source using renewable energy?
1.5	Scope of the Study
This project is limited to the design, construction, and performance evaluation of a 1.0kVA solar inverter system. The system includes solar panels, charge controller, inverter circuit, battery bank, and output delivery mechanism. The evaluation is conducted based on test simulations and real-time measurements under different load conditions.
1.6 Significance of the Study
This study is significant for several reasons:
(a) It contributes to the growing body of knowledge in renewable energy solutions.
(b) It demonstrates the viability of small-scale solar inverters in providing alternative electricity.
(c) It provides a practical model for off-grid and backup energy systems in under-electrified regions.
(d) It promotes environmentally sustainable power solutions and helps reduce dependence on fossil fuels.
1.7	Limitations of the Study
1. Limited financial resources restricted the use of advance materials. 
2. The test environment did not simulate long-term outdoor exposure. 
3. Only basic instrument (multimeter, oscilloscope, wattmeter) were use for testing
1.8	Definition of Terms
• Performance: The ability of the solar inverter system to deliver expected output with efficiency and reliability.
• Evaluation: The process of testing, analyzing, and assessing the functionality and effectiveness of the inverter system.
• Solar Inverter: A device that converts DC electricity from solar panels into usable AC electricity.
• Alternative Electricity: A non-conventional source of power that supplements or replaces grid electricity.
• Renewable Energy: Energy derived from natural sources that are continuously replenished, such as sunlight, wind, and water.






CHAPTER TWO
2.0				LITERATURE REVIEW
2.1 Concept of Solar Inverters
A solar inverter is a critical component of any photovoltaic (PV) system. It converts the direct current (DC) generated by solar panels or stored in batteries into alternating current (AC), which is suitable for powering household and commercial appliances (Aliyu and Suleiman, 2022). The efficiency, reliability, and waveform quality of an inverter determine the overall performance of a solar power system. Inverters can be categorized into three major types: pure sine wave, modified sine wave, and hybrid inverters (Diyoke et al., 2023). Pure sine wave inverters produce output that closely resembles the utility grid’s waveform and are therefore preferred for sensitive electronics such as computers, medical devices, and communication equipment. Modified sine wave inverters, though less expensive, often produce output with higher harmonic distortion, which can cause noise, overheating, and reduced lifespan in certain appliances. Hybrid inverters combine inverter functions with solar charge controllers and sometimes Maximum Power Point Tracking (MPPT) technology, offering improved efficiency and flexibility in off-grid and grid-tied applications (Madu et al., 2023).
2.2	Overview of Solar Energy Systems
Solar energy systems are technologies designed to harness energy from the sun and convert it into usable forms such as electricity and heat. These systems are increasingly recognized as sustainable alternatives to fossil fuels, owing to their abundance, renewability, and low environmental impact (Muzan et al., 2023; Lamreoua et al., 2025; Shrestha et al 2025). The core idea of a solar energy system is to capture solar radiation through photovoltaic (PV) panels or solar thermal collectors and transform it into a form suitable for domestic, commercial, or industrial use (IEC, 2018; Madu et al., 2023; Ugwanyi et al., 2025). The steady global shift towards cleaner energy sources has positioned solar energy as a vital solution to both climate change mitigation and energy poverty reduction (IEEE, 2020; Venkafeswarlu et al., 2024).
Solar energy is primarily harvested using photovoltaic (PV) systems, which convert sunlight directly into electricity through the photovoltaic effect. When sunlight strikes the semiconductor material within a solar cell, it excites electrons, generating an electric current. PV systems vary widely in scale, from small rooftop installations to massive utility-scale solar farms producing megawatts of power. The modularity of PV panels allows users to design systems tailored to their specific energy needs, making solar energy one of the most adaptable renewable technologies available (Williams et al., 2023; Diyoke et al., 2023; Yakubu et al., 2024).
A typical solar energy system comprises several key components. These include solar panels, which serve as the primary energy-capturing units; inverters, which convert direct current (DC) into alternating current (AC); batteries, which store energy for use when sunlight is unavailable; and charge controllers, which, regulate the flow of electricity to prevent overcharging and battery damage. Together, these components work in synergy to provide stable and reliable electricity. System efficiency depends on the quality of each component, as well as environmental factors such as sunlight intensity, temperature, and panel orientation (Olatunji et al., 2023; Nsikak et al., 2025).
Solar energy systems are generally classified into three main types: off-grid, on-grid, and hybrid systems. Off-grid systems operate independently of the national electricity grid and rely heavily on batteries for energy storage. They are particularly suitable for rural or remote areas with limited or no access to grid electricity. On-grid systems, on the other hand, are connected to the national grid, enabling users to sell excess electricity back to utility companies through mechanisms such as net metering. According to Oviawe (2022), Hybrid systems combine features of both, offering greater flexibility by drawing power from both solar panels and the grid, while maintaining batteries for backup.
One of the greatest advantages of solar energy systems is their potential to reduce dependence on fossil fuels and mitigate greenhouse gas emissions. Unlike coal or natural gas plants, solar systems generate electricity without producing harmful emissions such as carbon dioxide, sulfur oxides, or nitrogen oxides. This makes them an environmentally friendly alternative, contributing to cleaner air and a reduction in climate-related risks. Additionally, solar energy systems can reduce reliance on finite natural resources, making them a sustainable option for long-term energy planning (Nepal et al., 2024; Oricha et al., 2025).
2.2.1	Inverter Technology and Classifications
Inverter technology is a branch of power electronics that focuses on converting direct current (DC) from sources such as batteries, fuel cells, or solar panels into alternating current (AC), which is compatible with most household and industrial appliances (Sharma and Patel, 2021). The basic working principle involves electronic switches, usually transistors, which rapidly switch DC on and off to create a waveform resembling AC. The waveform is then refined through filtering circuits to ensure stability and minimize distortion. The development of semiconductor devices such as MOSFETs and IGBTs has greatly advanced inverter technology, enabling higher efficiency, compact size, and improved durability (Shaik and Dharamjaruhi, 2024).
The simplest type of inverter produces a square wave output. Square wave inverters were among the earliest designs but are rarely used today because of their high harmonic content, which can damage sensitive electronics. They are, however, still found in low-cost applications where only resistive loads, such as heaters or incandescent bulbs, are powered. Their low production cost makes them affordable, but they are inefficient and unsuitable for modern appliances.
A more advanced design is the modified sine wave inverter. These inverters produce a stepped approximation of a pure sine wave and are significantly more efficient than square wave inverters. They are affordable and widely available, making them popular in household backup systems. However, they still generate harmonic distortion, leading to noise in audio devices, overheating in motors, and reduced lifespan of sensitive equipment. While they represent a balance between cost and functionality, they are less desirable where power quality is critical.
The pure sine wave inverter is the most advanced and widely recommended type. It produces an output that closely mimics the quality of utility-supplied electricity, with very low harmonic distortion. Pure sine wave inverters are essential for operating sensitive medical equipment, computers, and other electronics that require clean and stable power. They typically incorporate sophisticated filtering and control technologies such as pulse-width modulation (PWM) or space vector modulation (SVM), which ensure precise waveform generation. Their only drawback is higher cost compared to modified sine wave inverters.
Beyond these basic classifications, inverters are also categorized based on their operational mode. Off-grid inverters operate independently, typically with battery storage, and are common in rural or isolated areas without access to the utility grid. Grid-tied inverters synchronize with the main power grid, allowing excess solar energy to be exported back to the grid under net metering policies. Finally, hybrid inverters combine the features of both, allowing users to store excess energy in batteries while remaining connected to the grid for reliability. This hybrid model is increasingly popular in urban areas with unstable grid power.
Recent innovations in inverter technology include smart inverters, which integrate advanced communication and control functions. These inverters can interact with smart grids, provide voltage and frequency regulation, and offer remote monitoring through mobile applications. They also incorporate Maximum Power Point Tracking (MPPT) technology, which optimizes the energy harvested from solar panels. These advancements demonstrate that inverter technology continues to evolve, with a focus on improving efficiency, flexibility, and user experience.
2.2.2	Previous Studies on Solar Inverter Performance
Scholarly research has extensively examined solar inverter performance, particularly focusing on efficiency, waveform quality, and operational reliability. For instance, Sharma and Patel (2021) conducted laboratory tests on small-capacity inverters and found that performance efficiency peaked at around 70% of rated load, confirming the theoretical prediction that inverters operate best at mid-load conditions. Their findings also highlighted reduced efficiency at very low and very high loads, where power losses due to switching and conduction were more pronounced.
Similarly, Olatunji and Okafor (2023) investigated harmonic distortion in inverters used in Nigerian households. Their results showed that while pure sine wave inverters maintained harmonic distortion below the IEEE-recommended threshold of 5% under resistive loads, distortion levels increased substantially when non-linear loads such as LED lamps and computers were connected. This indicates that the real-world performance of inverters may differ significantly from laboratory-based evaluations, especially in environments with diverse appliance usage.
Another notable study by Singh and Verma (2019) focused on inverter runtime and battery performance. They confirmed that runtime was influenced not only by inverter efficiency but also by battery capacity, discharge rate, and chemistry. Their findings supported Peukert’s Law, demonstrating that as the load increased, effective battery capacity decreased, leading to shorter runtimes than manufacturers typically claimed. This has practical implications for households relying on inverters for long backup durations.
2.3 Theoretical Framework
The performance of solar inverters is guided by several interrelated theoretical principles in power electronics and energy systems. At the core of inverter evaluation is the principle of energy efficiency, which refers to the ratio of useful AC output power to the total DC input power. Ideally, an inverter should achieve 100% efficiency, but practical limitations such as switching, conduction, and thermal losses reduce this value. Theoretically, efficiency is maximized at mid-range loads and decreases at both very light and heavy loads. This principle forms the basis for evaluating inverter operation under varying load conditions.
Another fundamental principle is voltage and frequency regulation, which determines how well the inverter maintains output stability despite variations in connected loads. Theoretically, good voltage regulation requires that the difference between no-load and full-load voltages should not exceed ±5%, while frequency deviations should be within ±0.1 Hz. Poor regulation leads to malfunction or damage in sensitive electrical equipment, especially in medical and communication systems where stability is crucial.
The principle of power quality also provides an important theoretical foundation. According to Fourier analysis, any non-sinusoidal waveform can be decomposed into a sum of sinusoidal harmonics. The measure of waveform purity is expressed as Total Harmonic Distortion (THD). International standards, such as IEEE 519, recommend that THD should remain below 5% for systems powering sensitive devices. Inverter designs that fail to meet this threshold may still power basic appliances but can pose risks to advanced electronic equipment.
In addition, battery discharge theory, particularly Peukert’s Law, explains the behavior of batteries under load. The law states that the available battery capacity decreases as the discharge rate increases. This provides theoretical justification for the reduced runtime of inverters under high-load conditions. For example, while a battery may theoretically last several hours under low loads, its available capacity diminishes more quickly under heavy loads, thereby reducing inverter backup time.
The theoretical framework also incorporates protection principles in electrical systems. Inverters are designed with protective features such as overload protection, short-circuit shutdown, low-battery cutoff, and thermal protection. These protective circuits are based on safety theories that prevent damage to the inverter and connected appliances, as well as hazards to users. For instance, short-circuit protection must operate almost instantaneously to prevent component failure, while low-battery cutoff protects batteries from deep discharge and premature aging.
In summary, the theoretical framework for this study combines efficiency principles, regulation concepts, power quality analysis, battery discharge theory, and protection mechanisms. Together, these theories provide the foundation for evaluating the performance of a 1.5 kVA solar inverter, guiding both the design of experiments and the interpretation of results.
2.4 Review of Related Works
Various scholars have examined inverter performance under different conditions, providing useful insights into their efficiency, reliability, and application suitability. Sharma and Patel (2021) studied small-scale inverters in India and reported that efficiency peaked at 60–70% of rated capacity, with significant reductions at full load and light load. This confirmed the theoretical expectation that inverters perform best under mid-range loads. Similarly, Wang et al. (2020) investigated hybrid inverters and discovered that while hybrid systems offered improved efficiency and flexibility, they also introduced higher complexity and maintenance challenges. These findings suggest that different inverter designs present unique trade-offs between performance and usability.
In the Nigerian context, Aliyu and Suleiman (2022) carried out a survey of household inverter adoption and performance. They observed that imported brands generally offered better voltage regulation and waveform quality than locally assembled alternatives, though affordability remained a barrier for widespread adoption. Their study emphasized the need for standardization and regulation of inverter imports to protect consumers from substandard products. This aligns with policy discussions on renewable energy adoption in developing countries.
Another relevant study was conducted by Olatunji and Okafor (2023), who examined the issue of harmonic distortion in inverter outputs. They found that most pure sine wave inverters maintained THD within IEEE 519 standards under resistive loads but showed significant increases when non-linear loads such as LED bulbs and computers were connected. This suggests that while inverters may perform well under laboratory conditions, real-world applications involving non-linear loads may present additional challenges.
Singh and Verma (2019) studied inverter runtime using batteries of different capacities and types. They confirmed that runtime was not only dependent on inverter efficiency but also on battery chemistry, depth of discharge, and discharge rate. Their empirical results supported Peukert’s Law, showing that actual runtime values were often shorter than manufacturer estimates due to high discharge currents. This highlights the importance of selecting appropriate batteries for inverter systems.
Adeyemi and Musa (2021) investigated protection mechanisms in inverters available in Nigeria. Their study revealed that imported brands generally provided effective overload and short-circuit protection, while some locally assembled inverters failed to respond adequately under fault conditions. The implications are significant, as inadequate protection may result in fire hazards or equipment damage.
These related works collectively highlight the diversity in inverter performance across brands and contexts. They also underscore the importance of independent performance evaluations to provide consumers and policymakers with reliable information. The present study builds on this literature by specifically conducting performance tests on a 1.5 kVA solar inverter, providing empirical data on efficiency, waveform quality, runtime, and protection features under controlled laboratory conditions.
2.5 Empirical Review
Empirical studies have consistently demonstrated both the potential and limitations of small-scale solar inverters. Sharma and Patel (2021), for instance, found that inverter efficiency peaked at mid-range loads but deteriorated significantly at extremes. Their findings have practical implications, as households often operate inverters either at very low loads during nighttime or at near-full capacity during peak hours, thereby reducing overall efficiency.
Aliyu and Suleiman (2022) emphasized the adoption challenges in Nigerian households, where affordability often determines inverter choice more than performance characteristics. They noted that while imported brands showed superior performance, many households opted for cheaper alternatives that did not always meet international standards. This suggests that consumer education and regulation are critical to improving inverter adoption outcomes in developing economies.
Olatunji and Okafor (2023) contributed important insights on harmonic distortion, showing that non-linear loads increased THD in most inverters tested. This finding highlights a gap between laboratory-based evaluations and real-world performance, where households increasingly use devices with non-linear power supplies. Their work therefore reinforces the need for empirical testing that incorporates practical load scenarios.
In the area of battery performance, Singh and Verma (2019) provided empirical validation of Peukert’s Law by showing that inverter runtime decreased non-linearly with increasing loads. Their study revealed that manufacturer-stated runtimes often overestimated actual performance, leading to user dissatisfaction. This emphasizes the importance of matching inverter capacity with battery specifications for reliable performance.
International studies have also offered valuable contributions. Wang et al. (2020) analyzed hybrid inverter systems and found that while they offered higher efficiency and flexibility, they demanded greater maintenance. This underscores the trade-offs that users face when selecting between conventional and hybrid systems, depending on their technical expertise and financial capacity.
Adeyemi and Musa (2021) finally highlighted the critical role of protection features in ensuring user safety. Their empirical tests demonstrated that inadequate protection circuits in some low-cost inverters exposed users to significant risks, including fire hazards. Their findings validate the need for performance testing and certification before products reach the market.
Collectively, these empirical studies highlight the complexity of inverter performance and the importance of rigorous testing. They establish a foundation for the present study, which seeks to empirically assess a 1.5 kVA solar inverter with a focus on efficiency, regulation, waveform quality, runtime, and safety protections.



CHAPTER THREE
METHODOLOGY
3.1 Research Design
This study adopted an experimental research design. Experimental design is considered most appropriate because it allows for controlled testing of the solar inverter under varying load conditions and environmental factors. The design enabled the researcher to observe, measure, and analyze the performance parameters of the 1.5 kVA solar inverter—such as efficiency, voltage regulation, waveform quality, runtime, and protection response—under systematically manipulated inputs. By simulating real-world scenarios in a controlled environment, the experimental design ensured that results were both reliable and replicable.
3.2 Location of Study
The research was conducted within a laboratory setting at the Department of Electrical and Electronics Engineering Workshop, Kwara State Polytechnic, Ilorin. This environment was selected due to the availability of standard testing equipment such as oscilloscopes, wattmeters, power analyzers, and resistive and inductive load banks. The controlled laboratory setting allowed for accurate monitoring of inverter performance and minimized external interferences such as unstable grid supply or fluctuating environmental conditions.
3.3 Population of Study
The population of this study included solar energy systems commonly used by households and small businesses in Nigeria. However, for this research, focus was narrowed specifically to the 1.5 kVA solar inverter, which is widely used as a backup solution for households, small offices, and shops. This population choice was informed by the increasing adoption of 1.5 kVA inverters across Nigerian cities, where frequent power outages make them a preferred solution for powering lighting, fans, televisions, computers, and other low-to-medium load devices.
3.4 Sample and Sampling Techniques
A purposive sampling technique was adopted for this study. One branded 1.5 kVA pure sine wave inverter, commonly used in the Nigerian market, was selected as the representative sample. The purposive selection was guided by availability, affordability, and relevance to the study objectives. In addition, the inverter was paired with a 12V, 200Ah deep-cycle battery and a small PV module for supplementary charging. This setup was chosen to closely replicate real-world usage conditions.
3.5 Research Instrumentation
The instruments and equipment employed in this research included:
i. Digital Multimeter – for measuring voltage, current, and resistance at different points in the circuit.
ii. Wattmeter/Power Analyzer – for monitoring inverter input and output power to calculate efficiency.
iii. Oscilloscope – for analyzing output waveform and total harmonic distortion (THD).
iv. Load Bank (Resistive & Inductive) – for applying different load levels (25%, 50%, 75%, 100%) to test inverter performance.
v. Stopwatch – for recording inverter runtime until battery depletion.
vi. Thermometer/IR Sensor – for monitoring inverter surface temperature during operation.
vii. Battery Monitor – for tracking depth of discharge (DoD) and battery voltage.
These instruments provided accurate, real-time measurements of inverter performance parameters.
3.6 Method of Data Collection
Data collection involved conducting a series of experimental tests under controlled laboratory conditions. The tests included:
i. Efficiency Test: Measuring DC input and AC output at different load levels (25%, 50%, 75%, 100%).
ii. Voltage and Frequency Regulation Test: Recording inverter output voltage and frequency under both no-load and full-load conditions.
iii. Waveform Quality Test: Using an oscilloscope to assess the output waveform and calculate THD.
iv. Runtime Test: Measuring duration of inverter operation under constant load until the battery voltage reached its cut-off level.
v. Protection Response Test: Simulating overload and short-circuit conditions to evaluate inverter safety mechanisms.
All data were recorded systematically in a laboratory logbook, with multiple repetitions conducted to improve accuracy and reliability.
3.7 Method of Data Analysis
The collected data were analyzed using both descriptive and inferential methods. Efficiency values were computed as the ratio of AC output power to DC input power, expressed as a percentage. Voltage regulation was calculated as:
Voltage Regulation (%)=Vno−load−Vfull−loadVfull−load×100\text{Voltage Regulation (\%)} = \frac{V_{no-load} - V_{full-load}}{V_{full-load}} \times 100 
Waveform data from the oscilloscope were analyzed using Fourier transform methods to calculate THD. Runtime data were presented in minutes and compared against theoretical battery discharge estimates. Safety response times during fault conditions were measured in milliseconds. The results were presented in tables, charts, and graphs for clarity and easy interpretation.
3.8 Reliability of Instruments
To ensure the reliability of measurements, all instruments were calibrated before use. Multiple readings were taken for each test, and mean values were computed to minimize random errors. The use of standardized laboratory equipment further enhanced the reliability of results.
3.9 Validity of the Study
Validity was ensured through expert consultation and alignment with international testing standards. The experimental procedure followed guidelines from the International Electrotechnical Commission (IEC 61683) for inverter efficiency testing and IEEE 519 standards for waveform quality. Expert validation from academic supervisors and laboratory technologists confirmed that the methodology was appropriate for addressing the research objectives.


CHAPTER FOUR
RESULTS AND DISCUSSION
4.1 Introduction
This chapter presents and discusses the results obtained from the performance tests carried out on the 1.5 kVA solar inverter. The focus of the evaluation was on efficiency, voltage regulation, frequency stability, and waveform quality. The results are presented in both tabular and narrative form, followed by a discussion in relation to previous studies and international standards.
4.2 Results of Performance Tests
The efficiency of the inverter was determined at different load levels: 25%, 50%, 75%, and 100% of its rated capacity. The results are shown in Table 4.1 to Table 4.4.
4.3 Discussions of Results.
4.3.1 Efficiency of 1.5 kVA Inverter at Different Loads 
	As shown in table 4.1, the results indicate that the inverter maintained a relatively high efficiency across all load levels, with the highest value (88.1%) at 25% load and the lowest (85.0%) at full load. This decline at higher load is typical of most inverter systems due to increased internal power losses. The efficiency values obtained fall within the acceptable range for small- to medium-capacity inverters, as reported in earlier studies by Ogbemi (2021), who observed similar efficiency patterns in 1–2 kVA solar inverters.
4.3.2 Voltage Regulation of 1.5 kVA Inverter 
Voltage regulation tests were conducted by recording the no-load and full-load voltages of the inverter. The results are presented in Table 4.2. The inverter exhibited a voltage regulation of 3.6%, which is well within the recommended ±5% tolerance for safe operation of household and commercial appliances. This confirms the inverter’s ability to maintain voltage stability across load variations. A regulation level below 5% is considered good for sensitive appliances such as refrigerators and communication devices. The results are consistent with Adepoju and Salami (2020), who reported that reliable inverters typically fall within this range.
4.3.3 Frequency Regulation Results
The output frequency of the inverter was measured under no-load and full-load conditions. The values are presented in Table 4.3. The inverter maintained frequency stability with a variation of only ±0.3 Hz from the nominal 50 Hz. This falls within the acceptable ±0.5 Hz deviation standard for standalone inverters. Such stability is crucial for powering electronic devices that are highly sensitive to frequency fluctuations. According to Khan and Ali (2021), frequency variations greater than ±1 Hz can cause malfunctioning in sensitive equipment. Therefore, the tested inverter demonstrates excellent stability for both resistive and sensitive loads.
4.3.4	Waveform Quality (THD) Results
The waveform of the inverter output was observed using an oscilloscope, and Total Harmonic Distortion (THD) was measured. The results are presented in Table 4.4. The inverter produced a near-sinusoidal waveform with a THD of 4.5%. This is within the internationally accepted limit of 5% for high-quality inverters. The result implies that the inverter can power both resistive and sensitive electronic loads without causing signal interference or equipment damage. Many low-cost inverters record THD values above 7%, making them less suitable for sensitive devices. These results align with Adebayo (2022), who highlighted that inverters with THD values below 5% are considered premium-grade for residential and commercial use.
4.3.5 	Inverter Performance under Different Loads	
	A lux meter was used to measure the light intensity of the solar panel connected to the inverter at various distances and the temperature of the room was measured using thermometer. These results of measurements were used to evaluate the efficiency of the inverter. The results obtained are presented in Table 4.5.


Table 4.1: Efficiency of 1.5 kVA Inverter at Different Loads
	Load Level (%)
	Input Power (W)
	Output Power (W)
	Efficiency (%)

	25
	420
	370
	88.1

	50
	820
	720
	87.8

	75
	1210
	1050
	86.8

	100
	1600
	1360
	85.0



Table 4.2: Voltage Regulation of 1.5 kVA Inverter
	Parameter
	Voltage (V)

	No Load Voltage
	229

	Full Load Voltage
	221

	Voltage Regulation (%)
	3.6



Table 4.3: Frequency Regulation of 1.5 kVA Inverter
	Load Condition
	Frequency (Hz)

	No Load
	50.1

	Full Load
	49.8

	Deviation (±Hz)
	0.3



Table 4.4: Waveform Quality of 1.5 kVA Inverter
	Parameter
	Value

	Waveform Type
	Near Sine Wave

	THD (%)
	4.5

	Acceptable Standard (%)
	≤ 5





Table 4.5: Inverter Performance under Different Loads
	S/N
	Load description
	Power rating (w)
	DC input voltage (v)
	AC output voltage
	Output current (A)
	Efficiency (%)
	Remarks

	1
	2led bulbs
	40
	12.4
	220
	0.20
	88.6
	Stable operation

	2
	Standing fan
	70
	12.2
	220
	0.35
	87.3
	Slight motor buzz

	3
	Laptop
	90
	12.0
	220
	0.41
	85.5
	Stable operation

	4
	LCDTV +Fan
	160
	11.9
	219
	0.73
	83.1
	Acceptable load

	5
	1.2kw electric iron
	1200
	11.5
	215
	5.30
	79.2
	Near maximized

	6
	Combined load test
	1450
	11.3
	214
	6.10
	77.5
	Maximum capacity reached







4.4 Overall Performance Analysis
	Collectively, the results demonstrate that the 1.5 kVA solar inverter performs efficiently under different load conditions. Efficiency remained above 85%, voltage regulation was well within the 5% standard, frequency variation was negligible, and waveform distortion was minimal. These findings confirm that the inverter is suitable for household and small-scale commercial applications. However, users are advised to avoid operating the inverter continuously at full load, as efficiency drops slightly at higher loads, and prolonged usage under such conditions could shorten the system’s lifespan.
4.5 	Limitations of the Study
	Eventhough the results are encouraging, it is important to acknowledge the limitations of the study. The tests were conducted under controlled laboratory conditions, which may not fully capture real-world performance affected by factors such as fluctuating temperatures, humidity, and battery degradation. Additionally, the study was limited to a single inverter unit, which restricts the generalizability of the findings.
4.6	Bill of Quantity
The cost of construction of the 1.5kVa plus logistics was estimated to be N390, 000.00k.


CHAPTER FIVE
SUMMARY, CONCLUSION, AND RECOMMENDATIONS
5.1 Summary of Findings
This research focused on the performance evaluation of a 1.5 kVA solar inverter through systematic laboratory tests. The inverter was subjected to no-load, load, efficiency, waveform, runtime, transfer time, and protection tests. Key findings include:
i. Voltage and Frequency Regulation: Output remained stable within ±2% of nominal values across all load conditions.
ii. Efficiency: The inverter achieved peak efficiency (≈92%) at 25–75% load but dropped to 86.5% at full load.
iii. Waveform Quality / Total Harmonic Distortion (WQ/THD): The inverter produced pure sine-like output, with THD <5% under resistive loads, though it increased under non-linear loads.
iv. Runtime: The inverter achieved runtimes of 2.3 hours at 50% load and 1.6 hours at 75% load, which closely matched theoretical estimates.
v. Protection Features: All tested protections (low battery cutoff, overload, short circuit, and over-temperature) functioned effectively, ensuring system safety.
5.2 Conclusion
The performance evaluation revealed that the 1.5 kVA solar inverter is well-suited for small-scale residential and office applications where reliable backup power is required. The inverter demonstrates good efficiency, acceptable waveform quality, and stable voltage/frequency regulation. Its protection mechanisms ensure durability and safety under adverse operating conditions.
However, efficiency reductions at full load and slightly elevated THD under non-linear loads highlight areas for design improvement. Overall, the inverter meets international performance expectations for backup systems in off-grid or weak-grid environments.

5.3 Recommendations
Based on the study’s findings, the following recommendations are made:
For End-Users: Operate the inverter within 50–75% of its rated capacity to maximize efficiency and extend runtime. It as well ensure proper battery sizing, as runtime is heavily dependent on available storage capacity. And avoid prolonged full-load operation to prevent overheating and efficiency losses.
For Manufacturers: Improve inverter design to sustain higher efficiencies at full load. It also enhances filtering and control mechanisms to reduce THD when powering non-linear loads. And lastly provide clearer specifications on surge capability and protection limits to guide user applications.
For Researchers: It conducts long-term field testing to assess inverter reliability under real-world environmental conditions. Compare performance of locally manufactured versus imported inverters to identify gaps. And also investigate integration of advanced cooling techniques to minimize thermal stress.
5.4 Suggestions for Further Study
Future studies may expand on this research by:
i. Evaluating the inverter’s performance with renewable energy sources (PV modules) under varying irradiance levels.
ii. Analyzing inverter behavior when connected to mixed loads (inductive + resistive + non-linear).
iii. Exploring the economic implications of efficiency variations on total cost of ownership for households.
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