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_____________________________________________________________________________________________ 

Abstract: A multi-level inverter together with hybrid solar and wind renewable energy system functions as an energy 

management system to supply lossless power to the load within this work. This system receives ongoing data about 

battery storage together with power consumption before performing a comparison against default values. The system 

will shut off the loads any time power consumption exceeds its default value. Our system includes loading priority 

measures to provide users with better convenience. The Purpose of MPPT technology is to enhance the PV module 

power production. Our article follows the existing system design by using a buck converter together with a boost 

converter to operate with the PV module's excessive output voltage when compared to DC-bus standards. Buck 

converters serve as the components that reduce voltage levels. This system will show users Buck-Boost mode switching 

capabilities together with automatic system configuration status updates. A maximum power output of 10 kW serves 

as the measurement basis for confirming the hybrid cascaded multilevel inverter analysis through experimental data 

collected from three-string MPPT systems with EMS. 
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___________________________________________________________________________________ 

I. Introduction 
 There will inevitably be a growing disparity between the supply and demand of electricity. We use non-

renewable energy sources like coal, natural gas, and uranium to generate power. In all weather conditions, this non-

renewable resource generates a consistent production. However, these resources are contaminating the ecosystem, 

which leads to health issues for both humans and animals. The main issue nowadays is the lack of resources to build 

a large number of renewable energy sources in order to solve the power shortfall. Solar, wind, ocean energy, tidal 

power, wave power, hydroelectricity, and so forth are examples of renewable resources. Since solar and wind have 

more advantages and installation features than other renewable resources, they are highlighted among these sources. 

The absence of carbon dioxide emissions, harmful particle emissions, and fuel disposal problems are some benefits of 

solar and wind turbines. Less than 10% of the heating from fossil fuel or nuclear power facilities located on the ground 

should come from gearbox beams. Numerous studies and businesses are concentrating on developing novel electronic 

components based on renewable energy sources and producing electricity using renewable energy. 

 Their focus does not lie on energy efficiency although this concept describes the efficient consumption of 

resources to create results without energy loss. To guarantee energy efficiency proper energy management methods 

must be employed. The present system utilizes the smart grid system for its operations [8]. This system design does 

not enhance energy efficiency because its main focus remains on power management alone. The integration of 

generating systems with commercial electricity faces difficulties because solar energy and wind power plus solar/wind 

hybrid systems function as back-up sources to produce electrical power consistently across all weather situations [1]. 

All renewable energy system output levels remain inconsistent during specific time frames. The daily peak 

production of solar panels occurs when they receive sunlight. The sharp morning and evening angle of sunlight causes 

the panels to produce decreased daily electricity generation capacity. High power generation during summer summer 

is a common challenge when operating solar systems. The operation of wind mills creates maximum energy output 

during wintertime. The energy output of the system is higher in both early and late hours than in the mid-day hours. 
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The combination of powerful energy storage capability and advanced multilevel inverter operates as an interconnected 

system to control output voltage and frequency characteristics at identical levels as the power grid system within the 

smart grid framework. High-capacity energy storage devices and high-efficiency Multi Level inverters must be used 

for power grid connection. The article depends on a combined wind-solar system described in [8] to generate session-

long power output. Our hybrid system can generate enough power since its implementation is possible. Low output 

power from PV modules in operating systems requires boost converters as a power boost solution [3]. Power output 

from PV modules can be utilized to manage a high-power boost converter, buck converter, hybrid cascaded multilevel 

inverter and energy management system applications. 

 

II. Research Method 
Renewable energy systems provide the best benefit because they deliver power without causing damage to 

the environment. Due to their power generation process renewable energy systems leave no pollutants floating in the 

atmosphere. Power facilities along with their nuclear and thermal power stations have produced the majority of the 

electricity supply. Nuclear power facilities display dual risks of being dangerous and producing radioactive waste but 

thermal power plants cause the atmosphere to receive carbon dioxide emissions. The energy production systems 

utilizing renewable resources operate in a notably clean manner. India contains an extensive supply of available 

renewable energy sources. Through specialized technologies solar panels have the ability to convert solar energy into 

electricity. Solar panels activate electrical power generation through conversion of solar energy instantaneously. The 

average efficiency range for single-crystal silicon solar photovoltaic cells exists between 2% and 10%. Researchers 

are developing efficient cells equipped with concentrators for operation under low-light conditions. Wind mills serve 

as the source of energy generation for wind power. The total fresh energy output from a wind power plant matches 

exactly with the amount of energy needed during construction and delivery of materials 

Wind-based power systems generate electrical power outputs ranging between 70 kW and other quantities 

according to [3]. The shortest time to market exists for power boost systems that use horizontal wind turbines when 

compared to conventional power generation methods. The main purpose is to find optimal energy efficiency through 

power consumption management. Through the energy management system [2], the battery system's energy state and 

weather conditions are tracked for determining power load controls based on environmental factors and battery health 

[1]. An improved PV output can be achieved through MPPT by integrating the boost converter together with the buck 

converter. The implemented MPPT system enhances the PV module output to 20KW. 

 

 
 

Fig 1: Block diagram of proposed method for Renewable systems 

 

III. Energy Management System 
A solar and wind power combination functions as a hybrid system which produces abundant energy during 

winter months. The summer period brings high solar resource availability but usually lower wind speed conditions. 

As winter exposes decreased solar resources the wind tends to become stronger. The solar and wind power system 

generated DC energy which was stored in batteries before conversion into AC power through the inverter operation 

to deliver the power to the load. The micro controller obtains constant battery status and power consumption data 

through the regular monitoring of DC current and DC voltage [8]. The PC receives information through the Zigbee 
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network from the acquired values [6]. The PC system checks the actual power consumption against default settings. 

When measured power exceeds the default threshold it will trigger unwanted load shutdowns. 

 

 
 

Fig 2: Online PV String Check Algorithm Flow Chart 

 

 
 

Fig 3: Buck – Boost converter with Microcontroller and Feedback 

 

IV. Cascaded Multilevel Hybrid Inverter 
A thirteen-level multilevel inverter generates AC output without harmonics or losses through the addition of 

several staircase waveforms related to the sinusoidal waveform. The absence of filter components becomes possible 

by using a five-level cascaded hybrid multilevel inverter. The control signal of a hybrid cascaded multilevel inverter 

appears in Figure 5.0. The choice of switching frequency determines the category of modulation techniques that 

multilevel inverters use. Numerous power semiconductor commutations occur during each fundamental output voltage 

period for high-frequency switching methods. Industries commonly utilize SPWM as their preferred method for 
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generating load voltage in phase-shifting manner. The SVM strategy has proved itself to be an interesting alternative 

to three-level inverters. 

 

 
 

Fig 4: Hybrid Cascaded Multilevel inverter 

 

 
 

Fig 5: Control Signal for Hybrid Cascaded Multilevel inverter 
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Fig 6: Output waveform for 5 Level Hybrid Cascaded Multilevel inverter 

 

V. Conclusion 
The proposed system demonstrated higher energy efficiency than typical utility interactive systems while 

achieving this evaluation. Better operation of the energy management system occurs when solar panel installation 

numbers and limited storage capacity are elevated. The integration of boost and buck converters together with online 

checks allows a Hybrid Cascaded Five Level Multilevel inverter to enhance PV module output power to 10 kW 

through multi-power point trackers [8]. The conversion efficiency of the MPPT surpasses 98.25% while operating in 

boost and buck modes together with the tracking function. A renewable energy system produces high output efficiency 

when equipped with an energy management system that integrates a hybrid cascaded multilevel inverter. 
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