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Abstract: The escalating demand for energy worldwide presents a critical challenge amid concerns about environmental
sustainability and energy security. This paper examines the evolving landscape of energy consumption, focusing on India's
rapid growth as a major energy consumer and the global shift towards renewable energy sources. Despite the increasing
adoption of renewables, challenges persist, including intermittency, infrastructure requirements, environmental impacts,
and policy barriers. The review explores various renewable energy technologies, such as solar photovoltaic systems, wind
turbines, hydropower, biomass, and geothermal power, highlighting their potential advantages and drawbacks. While
renewable energy offers significant environmental benefits and economic opportunities, addressing these challenges is
essential for a successful transition to a sustainable energy future.
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I. INTRODUCTION

Since the earth's physical composition cannot change, the globe is quickly turning into a global community as a result of
everyone's increasing daily energy needs. Energy and related services are becoming more and more necessary for human
welfare, social and economic development, and health. For basic human necessities including health, lighting, food, space
comfort, movement, and communication, as well as for generative processes, all civilizations depend on energy services
[1]. India is the fourth largest energy consumer in the world after the United States, China, and Russia. India's energy
consumption has been increasing comparatively speedy charge due to increase in population and living standard as well.
Current centralized energy planning of India is mainly dependent on thermal power plant for energy need and its percentage
share is near about 70% of total installed capacity of power plant. This over dependency creates pressure on fossil fuel.
The main concern arises on the way to shield the fossil fuel for our coming era with simultaneously utilising the exceptional
sources of strength for high and sustained economic increase [2]

The use of renewable energy (RE) has increased substantially on a global scale in recent years, propelled by reasons such
as decreased emissions, energy supply safety, and job creation, all while staying within reasonable financial bounds. The
main motivator in recent years has shifted to the possibility of reducing greenhouse gas emissions. New Zealand was one
of the first nations to utilize a number of significant renewable energy sources. It ranks third among OECD nations in terms
of primary energy supply (five times more than the average) and third in terms of the share of renewable energy (RE) in
the production of electricity. However, the growth of renewable energy (RE) has not kept up with that of many other nations
in recent years, especially in areas like wind power, and over the 20 years starting in 1990, the percentage of RE actually
decreased. The debate that follows examines how RE has developed in New Zealand and proposes several causes for this
state of affairs [3].

Fossil fuel-based non-renewable energy supplies, like petroleum, natural gas, coal, and fuelwood, are widely utilized in
transport logistics, manufacturing, heating homes, and the production of electricity. However, as a result of rising energy
demand brought on by population growth, non-renewable energy supplies are running out [1, 2, 3]. Recent years have seen
an increase in awareness and scientific agreement about the threat posed by climate change to the world community, which
has highlighted the necessity of moving away from fossil fuels and toward renewable energy sources [4]. Because there is
always an urgent requirement for energyi, it is imperative to discover alternate energy sources. The percentage of renewable
energy resources used in urban transportation, heating systems, and electricity generation has significantly increased [5].
Geothermal, wind, biomass, hydropower, and solar energy are the five categories of renewable energy resources that are
the subject of this research (Figure 1).
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Figure 1. The types of discussed in this paper: biomass, solar, geothermal, wind, and hydropower [9].

A wide range of options are available from renewable energy sources for our future that is sustainable. Our route toward a
cleaner energy environment is illuminated by these technologies, which range from using solar collectors to capture the
kinetic power of wind to building massive turbines to capture the sun's radiant energy. This tapestry is further enhanced by
biomass energy, hydroelectricity, and geothermal renewable energy sources, which offer dependable substitutes for
conventional fossil fuels. Every source advances our progress toward a better, more sustainable future by strengthening the
energy ecosystem's resilience and environmental friendliness.

Il. RENEWABLE ENERGY TECHNIQUE

The evolution of power transformer technology has been a dynamic process driven by the need for increased efficiency,
reliability, and environmental considerations. Over the years, several significant advancements and innovations have
shaped the field of power transformers. Here are some key aspects of the evolution of power transformer technology [8-
16]:

e Core Materials: The development of new core materials has been instrumental in improving the efficiency of power
transformers. Traditional transformer cores made of iron were replaced by more advanced materials like silicon steel,
which reduced core losses and improved overall efficiency. Further advancements led to the use of amorphous and
nanocrystalline materials that offer even higher efficiency and lower losses.

e Insulation Systems: Insulation plays a crucial role in the performance and reliability of power transformers. The
evolution of insulation systems has focused on enhancing dielectric strength, thermal stability, and resistance to
electrical and environmental stresses. Materials like oil-impregnated paper (OIP) and mineral oil were traditionally
used, but modern transformers have seen the adoption of advanced insulation materials such as ester liquids and solid
insulation systems like epoxy resin and composite material The twin threats of peak oil and climate change have
brought a renewed attention to energy research. It has also brought renewed interest in the history of energy sources,
technologies and uses. This historical setting is central to our understanding of sociotechnical energy transitions [1],
an area of study which seeks to unpack the processes which led to the dominance of certain energy systems,
characterised by specific combinations of technology and fuel. Also more ‘standalone’ historical studies of the
development or deployment of energy technologies can provide useful insights for the current energy debate. For
example an exploration of the evolution of design of wind turbines in different countries [2] helps to explain why
Denmark has been particularly successful in the development of this sector, whilst early efforts in the US and Germany
did not succeed.

e Solar Photovoltaic (PV) Systems: Renewable energy technologies are expected to play a major role in mitigating
pressing societal challenges such as climate change and resource depletion, while contributing to domestic energy
security. Solar photovoltaic (PV) power has been shown to have a particularly great physical potential for electricity
generation among the several possibilities available. However, the fact that solar PV electricity generation is restricted
to daytime hours, is weather-dependent in the area, and experiences significant annual fluctuations pose three
significant obstacles to its wider application. As a result, there are frequently large disparities between the amount of

242 | Research Journal of Engineering Technology and Medical Sciences (ISSN: 2582-6212), Volume 07, Issue 01, March-2024



Suryawanshi and Gupta et al.

electricity PV plants supply and how much they consume. These demand-supply imbalances are becoming more
common as PV is deployed, endangering the integrity of the electrical grid [10].

e Wind Turbines: Remote, man-free power facilities are known as wind turbines (WTS). In contrast to traditional power
plants, wind turbines (WTSs) are subject to a wide range of extreme weather conditions, such as mild to strong winds,
tropical heat, electricity, arctic cold, hail, and snow. Owing to these external fluctuations, WTs experience loads that
are continually changing. This leads to extremely variable operating conditions, which in turn cause significant levels
of mechanical stress. As such, a WT's operational unavailability can occur up to 3% of the time during its lifespan.
Furthermore, for a wind project, operation and maintenance (OM) costs can make up 10%—20% of the overall cost of
energy (COE), and for a wind turbine (WT) toward the end of its useful life, this number can rise to 35%.[11]

e Hydropower: Hydropower stands as a significant renewable energy asset globally, yet its advancement comes with
environmental and social concerns. Challenges such as environmental degradation and climate change can
detrimentally affect hydropower generation. However, through meticulous planning and system design, it is feasible
to develop sustainable hydropower projects that effectively manage these challenges. Thoughtfully executed projects
have the potential to provide a consistent supply of sustainable energy. Therefore, staying informed with up-to-date
knowledge is crucial for energy planners, investors, and other stakeholders to make well-informed decisions regarding
hydropower projects [12].

e Biomass; biomass, a naturally occurring non-fossil organic material containing intrinsic chemical energy with
potential to offset fossil fuel emissions, could be a good alternative to fossil fuels [9]. Biomass resources from
agriculture, forestry and urban waste are comprised of a variety of distinct materials including wood, crop residues,
sawdust, straw, manure, paper waste, household wastes and wastewater [10]. Biomass-crop residues, if used as an
alternate source of energy, have a heating value of about 3 x 106 kcal Mg—1; if compared with biofuels it is about 50%
that of coal and 33% that of diesel fuel and gives an estimated fuel value of 18.6 x 109 J Mg—1 (equivalent to 2 barrels
(bbl.) of diesel). [13]
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Figure 2 Main features of biomass energy technology

Geothermal Power The world now faces a challenge as a result of the explosive increase of industrial production, the
discovery and use of fossil fuels, and the enormous emissions of greenhouse gases. Massive emissions of greenhouse gases,
including carbon dioxide, have resulted in a number of issues, including air pollution, sea level rise, global warming, and
ecological ecosystem degradation. Low emissions of carbon are therefore a global problem. The complete development
and usage of geothermal energy may effectively cut carbon emissions and safeguard the ecological environment because
it is a clean and renewable energy source. As a result, this analysis outlines the features and drawbacks of geothermal
energy generation, as well as the coupling of geothermal energy with other renewable energy sources (hydropower, wind
energy, and geothermal energy poly-generation) [14].

3. LITERATURE REVIEW;

Liu, W., et al. (2011) [15] examines the role of renewable energy in fostering sustainable development in China amid rapid
economic growth and escalating energy demands, necessitating a delicate balance between supply, demand, and
environmental concerns. It advocates for a shift towards renewable energy to address energy security and environmental
challenges, emphasizing energy conservation, efficiency enhancement, and the substitution of fossil fuels with renewables.
Drawing inspiration from Denmark's successful transition to a 100% renewable energy system, the paper assesses China's
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current renewable energy landscape, comparing it with Denmark's, and explores the feasibility of a similar transition in
China. Despite acknowledging challenges and uncertainties in estimating and harnessing renewable energy resources, the
paper underscores the importance of energy conservation and efficiency as vital components of China's sustainable energy
development strategy. Ultimately, it suggests that achieving a 100% renewable energy system in China is technologically
feasible and reliant on domestic resources, albeit requiring concerted efforts and strategic planning.

Maxmut O'g'li et al. (2023). [16] Renewable energy sources have emerged as a crucial solution to the dual challenge of
meeting global energy demand while mitigating climate change by reducing greenhouse gas emissions. This scientific
article provides a comprehensive examination of various renewable energy sources such as solar, wind, hydroelectric,
geothermal, and biomass. It discusses their advancements, challenges, and potential in today's energy landscape, reviewing
recent research and developments in each area. Furthermore, the article evaluates the technical and economic feasibility of
these sources and addresses the barriers hindering their widespread adoption. It also explores the role of policy frameworks,
technological innovations, and international collaborations in facilitating the transition towards a sustainable and renewable
energy future.

De Jonghe, C., et al. [17] aims to transition towards a secure, sustainable, and competitive energy market, it has taken
proactive measures to promote electricity generated from renewable energy sources (RES-E) and mitigate CO2 emissions.
This paper initially examines qualitative approaches involving both price- and quantity-based strategies for RES-E
deployment and CO2 mitigation. Subsequently, a simulation model is developed to quantitatively assess the impact of
various policy mechanisms, including tradable green certificate systems, premium mechanisms, tradable CO2 allowance
systems, and CO2 taxes, on RES-E deployment and CO2 mitigation. The study employs a three-regional model
representing the Benelux, France, and Germany. Initial simulations implement each measure independently, followed by
analyses of combined scenarios involving both RES-E support and CO2 mitigation measures. The findings demonstrate
significant indirect effects, particularly regarding the impact of RES-E supporting measures on CO2 emission reductions.
Furthermore, the interactions between different measures highlight the potential for substantial influence on the price levels
of quantity-based strategies.

Gawusu, S., et al. (2022) [18]. Decentralization of Renewable Energy (RE) has emerged as a pathway towards energy
sustainability, catalyzed by advancements in blockchain technology. RE sources have experienced substantial growth,
driven by the privatization of the energy sector and enhanced incentives and policy initiatives. However, sudden weather
fluctuations have introduced challenges in managing electricity systems, necessitating flexibility measures for safety and
stability. Blockchain, an emerging technology permeating various online transactions, holds promise in addressing these
challenges, yet its precise role in RE remains unclear. This study undertakes a comprehensive exploration of blockchain
theory and its current status within the RE domain. Findings indicate a significant focus on integrating blockchain into RE,
reflecting efforts to overcome challenges in its evolution and transition towards sustainable energy alternatives to fossil
fuels.

Reference Study Objectives Results
Xydis, G et al. | Investigates efforts | To analyze methods for | Proposed Wind-Hydro Plants
(2013) [19] for maximizing | increasing renewable | and hybrid systems can

renewable  energy | energy utilization and | increase renewable energy
penetration in Greek | reducing fuel costs in | penetration up to 90-100%

islands' autonomous | autonomous grids. and reduce fuel costs
grids. significantly.
Agostini, C. | ldentifies barriersto | To  determine key | Major barriers include grid
A. etal. (2015) | renewable  energy | obstacles hindering the | connection constraints,
[20] adoption in Chile. deployment of renewable | longer permit processing
energy technologies in | times, land/water  lease
Chile. securement, and limited

financing access.
Monfared, M., | Investigates control | To compare various | Current hysteresis control,
& Golestan, S. | strategies for small- | control strategies and | voltage oriented control, and

Nasirov, S. et | scale renewable their implementation | proportional-resonant based

al (2012) [21] | energy sources | aspects for small-scale | control are discussed, with a
connected to single- | renewable energy | comparative study supported
phase grids. systems. by simulations and

experiments.
Aghaei, J., & | Explores Demand | To assess the latest DR | Discusses DR definitions,

Alizadeh, M. | | Response (DR) as a | definitions, classifications, benefits,
et al (2013) means for handling | classifications, benefits, | costs, and effects on
[22] Renewable Energy | and costs, and analyze electricity prices, along with a

Resources (RERs). | successful DR | review of recent DR literature
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implementations and analysis of successful
worldwide. implementations.

Zografakis, N. | Assesses  energy- | To evaluate energy- | Recommends special energy
(2011) [23] saving and | saving practices, | and environmental awareness
renewable energy | recommend sustainable | campaigns, supportive
practices in hotels | energy integration, and | policies, and optimal sizing
and explores the | analyze optimum sizing | of hybrid systems for wider
potential of hybrid | approaches for hybrid | renewable energy penetration
renewable  energy | systems. and economic benefits.

systems.

4. ADVANTAGES AND CHALLENGES OF DEPLOYING RENEWABLE ENERGY

Deploying renewable energy offers numerous advantages, including significant environmental benefits through reduced
greenhouse gas emissions, improved air and water quality, and enhanced energy security by decreasing dependence on
imported fossil fuels. Moreover, it creates economic opportunities, driving job creation, stimulating local economies, and
fostering technological innovation. However, challenges persist, notably in managing the intermittency and variability of
renewable sources, integrating them into existing grids, addressing land use conflicts and environmental impacts,
overcoming technological limitations, navigating policy and regulatory barriers, and fostering public acceptance through
effective community engagement. Despite these challenges, the transition to renewable energy is crucial for achieving a
sustainable and resilient energy future.

Environmental
Benefits

o X
ritv. an

Independence

Economic

Table 1 Summary of the related work

Fig. 3 Advantage of Renewable energy

Renewable energy sources offer significant environmental benefits by emitting minimal or no greenhouse gases during
operation, mitigating climate change, and reducing air and water pollution, thereby enhancing public health and
environmental quality. Additionally, relying on indigenous renewable energy resources enhances energy security by
decreasing dependency on imported fossil fuels and reducing vulnerability to supply disruptions and price fluctuations in
global fuel markets. Moreover, renewable energy deployment creates economic opportunities by generating employment,
stimulating economic growth, and attracting investment in local communities. Long-term cost savings can be achieved
through reduced fuel costs and increased energy efficiency, providing economic benefits at both individual and societal
levels. Continued research and development in renewable energy technologies drive innovation, resulting in cost
reductions, performance improvements, and advancements in renewable energy storage and grid integration technologies,
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enhancing reliability and flexibility. Harvesting abundant and inexhaustible renewable resources such as sunlight, wind,
and water promotes sustainable land and water use practices, ensuring long-term energy sustainability and preserving
ecosystems and biodiversity for future generations.
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Fig. 4 Challenges of Renewable Energy:

The intermittent and variable nature of some renewable energy sources, like solar and wind, poses challenges, necessitating
solutions for energy storage and grid balancing to ensure reliability. Integrating renewable energy into existing grids
requires substantial infrastructure upgrades and investment in smart grid technologies to manage fluctuating supply and
demand patterns effectively. However, large-scale deployment of renewable energy infrastructure can lead to land use
conflicts, habitat disruption, and environmental impacts, underscoring the importance of careful planning and mitigation
measures. Despite technological advancements, certain renewable energy technologies still face limitations in energy
storage capacity and efficiency, potentially hindering their cost competitiveness against fossil fuels in some regions.
Additionally, inconsistent policies, regulatory uncertainty, and the lack of financial incentives may impede renewable
energy deployment and investment, slowing the transition to a low-carbon energy system. Public resistance and concerns,
including visual impacts, noise, and land use issues, can further complicate the siting and development of renewable energy
projects, emphasizing the necessity of community engagement and stakeholder involvement for successful implementation.

5. CONCLUSION

The transition to renewable energy sources is imperative for addressing the dual challenges of climate change and energy
security. While renewable energy offers significant environmental benefits and economic opportunities, challenges such
as intermittency, infrastructure requirements, and policy barriers must be overcome. Effective solutions require a
multifaceted approach, including advancements in technology, infrastructure development, policy formulation, and
community engagement. By addressing these challenges, renewable energy can play a pivotal role in shaping a sustainable
and resilient energy future for generations to come.
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