
CHAPTER TWO
LITERATURE REVIEW
2.1 Introduction
[bookmark: _GoBack]The increasing demand for reliable and sustainable power solutions in educational institutions, particularly Institutes of Technology (IOT), has led to the exploration of high-capacity inverter systems. A 10kVA inverter system, coupled with a 10.2kWh battery bank, offers a viable solution to ensure uninterrupted power supply, essential for the continuous operation of laboratories, servers, and other critical infrastructure within the complex. This chapter reviews existing literature on the design, components, control strategies, and applications of such inverter systems.

2.2 Overview of Inverter Systems
Inverters are electronic devices that convert direct current (DC) to alternating current (AC). They are pivotal in renewable energy systems, allowing for the integration of solar and battery storage into conventional AC power systems. The design and efficiency of inverters are critical, especially in applications requiring high reliability and power quality.

2.2.1 Types of Inverters
i. Inverter systems are categorized based on their output waveform and application:
ii. Square Wave Inverters: Simplest form, suitable for resistive loads.
iii. Modified Sine Wave Inverters: Improved waveform, compatible with a broader range of devices.
iv. Pure Sine Wave Inverters: Produce a clean sine wave, ideal for sensitive electronic equipment.
For powering the Institute of Technoly, a pure sine wave inverter is preferred due to its compatibility with sensitive laboratory and computing equipment .

2.3 Inverter Topologies
2.3.1 Traditional Inverters vs. Multilevel Inverters
Traditional inverters, such as Voltage Source Inverters (VSIs) and Current Source Inverters (CSIs), have been widely used due to their simplicity and cost-effectiveness. However, they often suffer from higher switching losses and limited output voltage levels. To address these limitations, Multilevel Inverters (MLIs) have been introduced. MLIs offer several advantages, including reduced harmonic distortion, lower electromagnetic interference, and improved voltage handling capabilities.

Kolantla et al. (2020) conducted a critical review on various inverter topologies for photovoltaic (PV) system architectures, highlighting the benefits of MLIs over traditional inverters. They emphasized that MLIs are more suitable for high-power applications due to their ability to produce output voltages with lower total harmonic distortion (THD) and improved efficiency. 

2.3.2 Z-Source Inverters
Z-Source Inverters (ZSIs) have emerged as a promising alternative to traditional inverter topologies. Unlike conventional inverters, ZSIs can perform both buck and boost operations, allowing for a wider range of output voltages. This feature makes them particularly suitable for renewable energy applications where input voltages can vary significantly.
The study by Kolantla et al. (2020) also discussed the application of ZSIs in solar PV systems, noting their ability to handle voltage variations without the need for additional DC-DC converters. This characteristic simplifies the system design and enhances overall reliability.

2.4 Control Strategies for Inverter Systems
2.4.1 Model Predictive Control (MPC)
Model Predictive Control (MPC) is a control strategy that utilizes a model of the system to predict future behavior and optimize control actions accordingly. In inverter systems, MPC can effectively manage output voltage and current, ensuring high-quality power delivery.
Mohamed et al. (2019) proposed a neural-network-based MPC for three-phase inverters with an output LC filter. Their approach combined the predictive capabilities of MPC with the adaptability of artificial neural networks (ANNs), resulting in improved performance under varying load conditions. The study demonstrated that the proposed control strategy achieved lower THD and enhanced dynamic response compared to traditional methods. 

2.4.2 Space Vector Pulse Width Modulation (SVPWM)
SVPWM is a sophisticated modulation technique that enhances the performance of inverter systems by optimizing the switching sequences of power electronic devices. This method results in better utilization of the DC bus voltage and reduced harmonic distortion.
Isen and Bakan (2016) developed a 10 kW three-phase grid-connected inverter utilizing SVPWM in the d-q reference frame. Their experimental results indicated a high efficiency of 97.6% and a grid current THD of 3.59%, showcasing the effectiveness of SVPWM in improving inverter performance. 



2.4.3 Droop Control and Coordinated Control
Droop control is a decentralized control strategy commonly used in microgrids to share loads among parallel inverters without communication. While effective in certain scenarios, droop control can lead to voltage and frequency deviations under varying load conditions.
Lusis et al. (2020) examined the interaction between coordinated and droop control in PV inverters. Their study revealed that coordinated control strategies could mitigate the limitations of droop control by providing better voltage regulation and system stability, especially in networks with high PV penetration. 

2.5 Smart Inverters and Grid Integration
The integration of inverter-based distributed energy resources (DERs) into the power grid necessitates advanced functionalities to maintain grid stability and reliability. Smart inverters, equipped with features like voltage and frequency regulation, reactive power control, and communication capabilities, play a vital role in this context.
Dzobo et al. (2023) reviewed smart inverter capabilities for managing high levels of DER integration in South Africa's power grid. They emphasized the importance of smart inverters in addressing challenges such as voltage fluctuations and grid instability. The study also highlighted the need for updated grid codes and standards to accommodate the evolving energy landscape. 
Hossen and Sadeque (2021) discussed the stability, ancillary services, operation, and security of smart inverters. They pointed out that while smart inverters enhance grid support, they also introduce cybersecurity concerns due to their communication interfaces. Ensuring secure operation is therefore crucial for the widespread adoption of smart inverters. 

2.6 Monitoring and Maintenance
Effective monitoring of inverter systems is essential for ensuring optimal performance and longevity. Real time monitoring allows for the early detection of issues such as faulty panels, inefficient battery charging, and system inefficiencies.
PSC Solar UK (n.d.) highlighted the benefits of monitoring 10 kVA solar inverter systems in Nigeria. They noted that monitoring helps in optimizing energy production, extending system lifespan, and achieving significant cost savings by identifying and addressing inefficiencies promptly. 

2.7 Application in Educational Institutions
Educational institutions, particularly IOT, require reliable and sustainable power solutions to support their operations. Implementing hybrid mini-grid systems that combine solar PV, diesel generators, and grid connections can provide a stable power supply.
Zarmai et al. (2023) conducted a techno-economic evaluation of a hybrid mini-grid system for an academic institution in Nigeria. Using HOMER Pro simulation software, they optimized a system configuration that included grid, diesel generator, and solar PV components. The study concluded that such hybrid systems are viable and cost-effective solutions for academic institutions. 

2.8 	Review of the existing work	
Table: Recent Literature on 10kVA Inverter System
	S/N
	AUTHORS
	ARTICLE/PUBLICATION
	YEAR
	FINDINGS

	1
	Abdel-Aziz, A., Elgenedy, M. A., & Williams, B.
	A Comparative Review of Three Different Power Inverters for DC–AC Applications
	2023
	Compared six-switch, four-switch, and eight-switch inverters; discussed cost, complexity, and control techniques.

	2
	Kibria, M. F., Elsanabary, A., Tey, K. S., Mubin, M., & Mekhilef, S
	A Comparative Review on Single Phase Transformerless Inverter Topologies for Grid-Connected Photovoltaic Systems
	2023
	Reviewed transformerless inverter topologies; analyzed efficiency and leakage current issues.


	3
	Assaf, J., Menye, J. S., Camara, M. B., Guilbert, D., & Dakyo, B.
	Power Converter Topologies for Heat Pumps Powered by Renewable Energy Sources: A Literature Review	
	2024
	Explored converter topologies for renewable energy-powered heat pumps; emphasized efficiency and reliability.

	4
	Gao, Y., Li, Z., & Sun, F.
	Comparative Analysis of Grid-Connected Inverter for Photovoltaic Generation
	2025
	Analyzed performance and cost-effectiveness of grid-connected PV inverters; discussed harmonic suppression.


	5
	Ekomwenrenren, E., Simpson-Porco, J. W., Farantatos, E., Patel, M., Haddadi, A., & Zhu, L.
	Data-Driven Fast Frequency Control using Inverter-Based Resources
	2023
	Proposed a data-driven approach for fast frequency control using inverter-based resources; demonstrated effectiveness in simulations.


	6
	Dzobo, O., Tivani, L., & Mbatha, L.
	A Review of Smart Inverter Capabilities for Managing High Levels of Distributed Energy Resource Integration in South Africa’s Power Grid
	2024
	Reviewed smart inverter functionalities; highlighted their role in integrating distributed energy resources.

	7
	Hossain, T., Hossen, M. Z., Badal, F. R., Islam, R., Hasan, M., Ali, M. F., Ahamed, M. H., Abhi, S. H., Islam, M. M., Sarker, S. K., Das, S. K., Das, P., & Tasneem, Z.	
		Next Generation Power Inverter for Grid Resilience: Technology Review
	2024
	Discussed advancements in inverter technology for grid resilience; emphasized IoT integration and AI applications.


	8
	Firdous, Z., Rehman, H., Tariq, M., & Sarwar, A.
	Design and Performance Analysis of New Multilevel Inverter for PV System	
	2023
	Presented a new multilevel inverter design; analyzed performance metrics for PV applications.


	9
	Bolarinwa, M. A., & Elusakin, O. O.
	Economic Analyses of Integrating Solar Inverter into the Existing Energy Systems in Nigerian Healthcare Centers	
	2024
	Analyzed economic feasibility of solar inverter integration in Nigerian healthcare; highlighted cost savings and reliability.


	10
	Bhuvela, P., Taghavi, H., & Nasiri, A.
	Design Methodology for a Medium Voltage Single Stage LLC Resonant Solar PV Inverter	
	2023
	Proposed a design methodology for single-stage LLC resonant inverters; validated through simulations.





