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Abstract: - 

Security of electric energy is crucial, but in energy-based economies throughout the world, renewable resources are more 

appealing due to the high cost and scarcity of fossil fuels, as well as the need to minimise greenhouse gas emissions. The 

potential for renewable energy sources is enormous because they have the potential to, in theory, exponentially exceed 

global energy demand. As a result, these sources will make up a sizeable portion of the future global energy portfolio, 

which is largely focused on expanding its supply of renewable energy sources. The utilisation of renewable energy 

resources now, technological advancements to enhance their usage, their prospects for the future, and their 

implementation are all covered in this essay. The report also illustrates the significance of power electronics and smart 

grid innovations that can enable the appropriate.  

Renewable energy sources are regarded as clean energy sources since they generate little secondary waste, have little 

influence on the environment, and can be sustained for the foreseeable future in light of societal, economic, and 

environmental demands. The sun is where all energy come from. Solar energy mostly manifests as heat and light. The 

environment transforms and absorbs heat and sunlight in a variety of ways. Some of these transitions lead to the flow of 

renewable energy sources like wind and biomass. 
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1. Introduction: - 

Oil, coal, and natural gas-based conventional energy sources have shown to be very effective economic growth drivers. However, 

the global primary energy consumption increased by 1.8% in 2012 [1] due to the fast depletion of traditional energy sources and 

rising energy demand. Many connected groups have promoted vigorous research for more effective, environmentally friendly 

power plants using cutting-edge technology due to particular environmental challenges. Both clean fuel technologies and novel 

energy are being studied and researched as environmental protection concerns rise. In fact, costs associated with social and 

environmental issues, the price of fossil fuels, and the price of renewable energy are all trending in the opposite directions, and 

the economic and policy frameworks required to support the wide adoption of sustainable markets for renewable energy systems 

are rapidly changing. It is obvious that the new renewable energy regime will account for the majority of the energy sector's 

future development. So, switching to renewable energy can help us achieve the twin objectives of lowering greenhouse gas 

emissions, which will reduce the effects of extreme weather and climate change in the future, and assuring dependable, prompt, 

and cost-effective energy delivery. Our energy security may benefit greatly from investing in renewable energy. 

Renewable energy sources come from nature and are constantly replenished. They can be derived from the sun directly (such as 

thermal, photochemical, and photoelectric energy) or indirectly (such as wind, hydropower, and photosynthetic energy stored in 

biomass). They can also come from other environmental processes and natural movements (such as geothermal and tidal energy). 

Energy sources generated from fossil fuels, waste from those fuels, and waste from inorganic sources are not considered to be 

renewable energy sources [2]. An overview of renewable energy sources is shown in Fig. 1 [3,4]. Utilizable energy forms, such as 

electricity, heat, and fuels, are produced from these renewable energy sources. 

2. Description of Renewable Energy Sources: - 

The paper's objective is to provide a summary of the many forms of renewable energy resources, their existing and potential 

future states, their share in various end-use applications, and their advantages, growth, investment, and deployment. The 

discussion will also cover smart grid and power electronics as enabling technologies for various renewable energy sources. 

 
Fig.1. Renewable Energy Resources 

2.1 Biomass: -  

Biomass for bioenergy can be derived directly from the land, such as from crops grown specifically for energy, or from residues 

left over after crops are processed for food or other uses [8–10]. Although biomass energy is sustainable and renewable, it has 

several traits in common with fossil fuels. Although biomass may be burnt directly to provide energy, it can also be used as a 

feedstock to create a variety of liquid or gas fuels (biofuels). Transportable and storage-capable biofuels enable on-demand 
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generation of heat and electricity, which is crucial in an energy mix heavily reliant on erratic sources like wind. The significant 

role that biomass is anticipated to play in future energy scenarios can be attributed to these commonalities [11]. Therefore, 

creating biorefinery and biotransformation technologies to turn biomass feedstock into clean energy fuels is a recently developed 

concept. Fig. 4 [12] depicts the interconversion of different biomass and energy forms in the carbon cycle. Processes that use 

thermochemical and biochemical conversion can turn biomass feedstock into biofuels. As shown in Fig. 2, these procedures 

include combustion, pyrolysis, gasification, and anaerobic digestion. 

 
Fig.2. Schematic Representation of the Sustainable Cycle of Anaerobic Co-Digestion Of Animal Manure And Organic Wastes 

 

2.2 Solar Energy: 

Additionally, as shown in Fig.3.[13], the use of biomass-derived fuels would significantly lessen present energy security and trade 

balance difficulties and promote socio-economic improvements for many countries. Biomass-to-energy systems face major 

obstacles in contrast to their advantages. Low energy density of biomass fuels makes their gathering and delivery prohibitively 

expensive. Although it is technically possible to produce power from biomass, the cost of electricity is rarely enough to cover the 

cost of the biomass fuel. The usage of inputs such as land, water, crops, and fossil fuels, all of which have opportunity costs, is 

extensive for bioenergy fuels 

 
Fig.3. Main Features of the Biomass Energy Technology 

Because traditional energy sources are limited and quickly running out, electrical energy serves as the foundation for all 

developmental initiatives in both developed and developing countries [46]. The best use of resources, the impact of pollution 

emissions on the environment, and the usage of conventional energy supplies are all issues that have grown in importance over 

the past several decades [47]. 

Traditionally, photovoltaic cells are used to convert direct solar energy to electricity, taking use of the photovoltaic (PV) effect. 

The photovoltaic (PV) effect depends on photon interactions with energies greater than or equivalent to the bandgap of the PV 

materials. By stacking semiconductors with various band-gap widths, some losses resulting from band-gap restrictions are 

prevented. [48]. Without any pollutants, noise, or vibration, PV modules produce power straight from light. While sunlight is free, 

the cost of producing electricity is quite expensive, although costs are beginning to decline. Low energy density describes solar 

energy. PV modules need a lot of surface area even if they only produce a little energy [49].  
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Fig.4. Grid Connected Photovoltaic System. 

2.3 Wind Energy: - 

Wind energy is one of the renewable energy sources used to generate electricity, and it is expanding quickly. Hydroelectricity is 

its closest competitor in terms of installed capacity. One of the most promising nations in the world for the development of wind 

power is India [54]. Increased installed wind energy capacity is anticipated to be crucial in reducing climate change. However, the 

effects of climate change also affect wind energy. The wind energy sector will most likely profit from some changes brought on 

by climate change, while other changes may have a detrimental effect for wind energy advancements. These "gains and losses" 

will depend on the location in question [55]. Small power requirements in remote locations may make wind power practicable, 

but for greatest flexibility, it should be used in combination with other power generating techniques to assure continuity [56]. 

Studies on the potential for wind energy demonstrate the wealth of the world's wind resources. According to estimates, there is a 

global market for 26,000 TWh/yr of wind energy, albeit only 9000 TWh/yr may really be used [57]. Today, a mature, 

competitive, and essentially pollution-free technology called wind energy is employed extensively throughout most of the world 

to provide power [58]. Through the use of wind turbines, wind technology transforms the energy present in the wind into 

electrical or mechanical power [59]. As shown in Fig. 5, the purpose of a wind turbine is to transform the wind's velocity into 

rotational energy that may be utilised to power a generator. Wind turbines use aerodynamically shaped blades to catch wind 

energy and transform it into rotational mechanical power. Airfoils are used by wind turbine blades to provide mechanical power 

[60]. 

 
Fig. 5. Conversion From Wind Power to Electrical Power in A Wind Turbine. 

2.4. Smart Grid Enables Renewables: - 

Global electric power networks are faced with a variety of difficulties, including ageing infrastructure, rising demand, 

incorporating more renewable energy sources, enhancing supply security, and reducing carbon emissions. Smart grid technologies 

provide strategies to address these issues as well as provide a cleaner, more cost-effective, sustainable, and energy-efficient 

electricity source. The smart grid's evolving nature is seen in Fig. 6. Bidirectional energy and communication flows are made 

possible by the electrical grid infrastructure's use of smart grid tools and technology.  

Improved effectiveness, dependability, interoperability, and security may result from these additional capabilities [62]. Although 

renewable energy sources may be utilised to generate electricity in isolated or standalone systems, their advantages are greatly 

increased when they are incorporated into the electric utility system. Higher degrees and rates of penetration can be 

accommodated with increased usage of smart grid enabling technologies. However, the amount of energy produced from 

renewable sources varies (not dispatchable, intermittent and uncertain). The system faces several issues as a result of the varying 

generation schedules of renewable energy sources. 
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Fig.6. Smarter Electricity Systems [62] 

Conclusion 

Traditional power generation based on fossil fuels is typically seen to be unsustainable over the long run due to the scarcity of 

non-depletable resources and environmental issues brought on by the emissions. As a result, several efforts are being undertaken 

globally to increase the proportion of renewable energy sources in the energy mix. The potential of renewable energy sources,  

which are creative ways to generate power, is immense since they could, in theory, provide all of the world's energy needs. The 

advantages, growth, investment, and deployment of the major renewable energy resources are all discussed in this article, along 

with their current state and prediction for the future. Additionally, an illustration is provided of the function of power electronics 

converters as enabling technology for utilising various renewable energy sources. Additionally, incorporating renewable energy 

sources into a smart grid system would assist to successfully satisfy rising demand for electric energy while taking all obstacles 

into consideration. 
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