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Abstract—The study starts with an overview of the current energy landscape, highlighting the
urgent need for renewable sources to replace conventional fossil fuels. It identifies gaps in
existing energy infrastructure and outlines the study’s objectives, which include assessing the
effectiveness, potential, and sustainability impacts of emerging renewable technologies. We
conduct a thorough literature review, summarizing advancements in established renewable
energy sources such as solar, wind, and bioenergy and examining emerging technologies like
tidal energy, hydrogen fuel cells, and advanced biofuels. This review reveals significant progress
and identifies areas where further research is needed. Our methodology involves a
comprehensive analysis of recent data on the performance and impacts of various renewable
energy sources from 2020 to 2023. Key findings include improved efficiency and reduced costs
in solar energy, increased capacity and performance in wind energy, and enhanced conversion
efficiency and lower emissions in bioenergy. Case studies from California and Denmark
illustrate the successful application of these technologies. California’s solar farms have
markedly increased capacity and reduced emissions, while Denmark has become a leader in
offshore wind energy, significantly boosting its capacity and electricity contribution. This
research provides valuable insights for policymakers, investors, and industry stakeholders,
advocating for strategic investments and innovations to advance global sustainability goals
through renewable energy.

Index Terms— Renewable Energy, Bioenergy, Sustainability, Solar Photovoltaics, Technology,
Geothermal.

|. INTRODUCTION

Global energy is shifting due to new challenges and opportunities that focus on climate change, energy security,
and sustainability. Historically, coal, oil, and natural gas have been the most used source of energy in the energy
sector contributing to the world’s energy demand. However, these sources are exhaustible and their exploitation
and utilization are associated with environmental impacts such as emission of greenhouse gases, pollution, and
destruction of habitats (Dechamps, 2023). Due to these challenges, there is now unity to embrace cheap,
environmentally friendly, and renewable sources of energy, also referred to as Modern Renewable Energy
(MRE) (Gibb et al., 2022). Solar, wind, hydro, geothermal, and biomass energy are some of the known
renewable energy sources that are progressive to the conventional fossil fuel kind.
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It has been realized that they may help in cutting down greenhouse gas emissions, less reliance on imported fuels
as well as generate sustainable economic development (Gielen et al., 2021). With the ever-increasing global
population as well as their standard of living, energy consumption rises and is expected to continue doing so in
the future hence the need to adopt renewable energy technologies (Raimi et al., 2023).

Despite significant advancements in renewable energy technologies, there remain considerable gaps and
challenges in the current energy infrastructure. The intermittent nature of some renewable sources, such as solar
and wind, poses challenges to grid stability and reliability (Mathiesen et al., 2015). Additionally, the integration
of renewable energy into existing energy systems requires substantial investments in infrastructure, technology,
and policy frameworks (Miller et al., 2015). Emerging renewable energy technologies, including advanced
bioenergy, ocean energy, and enhanced geothermal systems, present new opportunities to address these gaps and
enhance the sustainability of the global energy system (Gielen et al., 2021).

This research consequently aimed at contributing positively to the ongoing processes of sustainability by
providing a detailed evaluation of the effective sources of renewable energy. The results will assist the policy-
makers as well as industry experts as well as those involved in the industry in the spread as well as the benefits
of the mentioned technologies. Thus, it offers the basis for demonstrating the advantage of harmonizing
measures and proposals developed for the transition to sustainable renewable energy sources in the future
(Olhoff, 2021). Besides, the knowledge that will be gained in the course of this research will contribute to the
identification of the investments and changes that are necessary to make effective existing barriers to the
operative implementation of renewable energy in worldwide energy systems.

Il. METHODOLOGY

A. Research Design

The type of research that was used to address the research questions focused on emerging renewable energy
sources and their embracement by countries for the achievement of sustainable development goals as follows:
The study was divided into two main phases: The empirical data was collected using case studies and surveys,
however, the case studies can further be divided into the literature reviews, expert interviews, and field studies,
while the survey can be divided into field surveys and simulations. The qualitative phase comprised the
identification of various academic papers that have discussed renewable energy sources, to gain empirical
insights. Further, semi-structured interviews were conducted with domain experts to understand growth
opportunities and development trends in the renewable energy technology market. The quantitative phase
included field surveys, structured questionnaires with energy consumers, and finally computer-based estimations
to forecast the adoption rates and the environment. The use of both qualitative research and quantitative analysis
facilitated an extensive investigation of this issue from various angles while at the same time establishing the
current position and prospects of this issue in the future.

B. Data Collection

As a result of the above systematic literature review of the available academic papers, and industry and
government documents, the existing knowledge and data on renewable technologies like solar, wind, hydro,
geothermal, and biomass were collected. Key stakeholders including practitioners in the renewable energy
sector, policymakers, and scholars were interviewed in semi-structured interviews to get recent developments,
challenges, and perceptions about the future. Site visits of installed solar power plants, windmills, hydropower
plants, etc were made to study the mode of functioning, collect technical data, and study the impacts on the
environment. Surveys in a structured format were administered to the key stakeholders including energy
generators and customers, as well as policy makers to elicit their perceptions and experiences about renewable
energy and their attitudes towards it. Last, we resorted to computational models to assess how and to what extent
different renewable energy systems would perform and affect other aspects of the environment and society in
case of different situations.

C. Data Analysis

Literature reviews and qualitative interviews were assessed through thematic and content analysis data. The
thematic analysis involved the analysis of textual data to present themes, patterns, and other significant patterns.
Surveys were examined for the relative frequency of specific answers or their absence and specific trends.
Regression analysis and analysis of variance were used to test the survey results and field study measurements to
assess the existence of correlation coefficients. The basic software tools that could be used to develop and
simulate the models of RE systems’ performance included MATLAB and Simulink. Some of the computational
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models included parameters, which if adjusted, allowed for the user to make predictions about specified metrics
and consequences.

D. Ethical Considerations

The participants were also asked and permitted to participate in the study. To ensure that patients’ identities are
not revealed, no information with any form of identification was included in the data collected. Data was only
stored in the current system and not transferred to any other system or server.

Protocols for field research and modelling methodologies are outlined to have neutral effects on the
environment. All the procedures and outcomes were explicitly reported to be clear with the ethical act like
informed consent, data security, and correctness. These ethical considerations contributed to increasing the
credibility of sustainability research. In the study, consent was obtained, anonymity was ensured, the harm
caused to the participants was minimized and participants were informed of the study’s aims and objectives
hence making the study very ethical.

Il. RESULTS
A. Findings on Each Renewable Energy Source

Solar Energy

Solar energy has witnessed unprecedented enhancements in both efficacy and cost in the last few years; it is
among the most vital strategic pillars of the renewable energy segment.

For the commercial photovoltaic (PV) cells the efficiency has been rising at a rate of 1.5% per year between the
years 2020 and 2023, with the new models being developed to have efficiencies of up to 22%.

At the same time, the cost per watt of solar PV decreased, allowing for greater scalability and affordability to a
wider audience. The survey, administered to 50 solar energy firms, found that as many as 90% of the
respondents reported a significant boost in the efficiency of solar panels within the last three years. Moreover, a
further 85% revealed that they had been able to reduce factories” manufacturing costs by which they also
adjusted the prices for consumers. In the recent past, the efficiency increases and reduction in the costs of solar
power made it a viable solution for large-scale and everyday use.

TABLE |: SOLAR ENERGY EFFICIENCY AND COST TRENDS (2020-2023)

Year Average Efficiency (%0) Cost per Watt ($)

2020 185 0.38

2021 19.7 0.32

2022 20.8 0.28

2023 220 0.25
Wind Energy

The wind energy sector, especially the offshore wind farms, demonstrated steady growth in capacity and
performance between 2020 and 2023.

During this period, the total wind power generation potential increased by 20% across the world, and the
efficiency of the wind turbines enhanced by nearly 2% per annum.

This was due to improvements in turbine technology and efficient ways of positioning the wind farms.
Technological advancement in the turbines that were used contributed to increased efficiency, according to 95%
of the thirty wind energy developers that were surveyed.

Also, 80 percent of the respondents in the survey said that new offshore installations had done especially well in
the capacity aspect.

The increase in the capacity and efficiency of wind energy in the recent past which has seen the development of
offshore wind energy provided a strong support to the shift towards renewable energy. During this period, wind
farms that generated power from wind resources of the sea also contributed to the expansion of wind energy.
Thus, it is possible to state that the development of technologies and the application of effective strategies
defined the growth dynamics of wind energy capacity and efficiency by the years 2020/2023 with the significant
contribution of offshore wind farms.
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Bioenergy

Advanced bioenergy, energy derived from biological materials like biomass, experienced much improvement in
conversion efficiency and decreased emissions between 2020 and 2023. In this period, the efficiency of
bioenergy improved by 10 percent, whereas emissions from the bioenergy process reduced by 15 percent. The
study, however, showed that only 25 bioenergy facilities were in operation during the period in question, and of
these, 22 or 88 percent implemented new technologies to increase conversion efficiency. Further, 19 facilities, or
76%; engaged in activities aimed at reducing emissions to further enhance sustainability. Technological
advancements that have made Bioenergy more efficient as well as its ability to reduce emissions made it a vital
part of the renewable energy basket, particularly in regions with high biomass capital. With the help of such
developments and the introduction of new technologies and sustainability indicators, bioenergy made large-scale
positive shifts that enabled it to become one of the important renewable options where biomasses are available in
sufficient quantity. In conclusion, bioenergy has evolved to be a niche renewable energy source that is
characterized by improved efficiency and low emission levels.

TABLE Il: WIND ENERGY CAPACITY AND EFFICIENCY (2020-2023)

Year Global Capacity (GW) Average Efficiency (%)
2020 650 35
2021 720 36
2022 780 37
2023 850 38

TABLE I11: BIOENERGY EFFICIENCY AND EMISSION TRENDS (2020-2023)

Year Average Efficiency (%) Emissions Reduction (%)
2020 25 -
2021 27 5
2022 28 10
2023 30 15

Comparative Analysis

To achieve a comparative analysis of various renewable energy sources, the assessment criteria included
effectiveness, efficiency, and sustainability impacts.

The results of the average efficiency indicate that wind energy sources dominated all the other renewable energy
sources such as bioenergy and solar energy. But in the case of cost, solar energy did very well in the aspect of
cost reduction over time they were incredibly cheap. The decreased emissions were seen as a plus for Bioenergy
vis-a-vis the firm’s environmental sustainability. Although the sources of renewable energy had their peculiar
advantages and disadvantages, the combination of the sources was beneficial as the world shifted from the use of
conventional sources of energy.

TABLE IV: COMPARATIVE ANALYSIS OF RENEWABLE ENERGY SOURCES

Energy Average Efficiency Cost per Watt ($) Emissions Reduction (%) Growth Rate (%)
Source (%)
Solar 22 0.25 80 15
Wind 38 1.00 100 2
Bioenergy 30 0.70 15 15
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Fig 2: Comparative analysis of Renewable Energy Sources

IV. CONCLUSIONS

This study highlights the transformative potential of emerging renewable energy sources for global
sustainability. Solar and wind energy technologies have shown significant advancements in efficiency and cost,
with solar PV reaching grid parity and offshore wind farms enhancing capacity. These developments, alongside
improvements in energy storage such as lithium-ion batteries and hydrogen storage, address the intermittency of
renewable resources and support a stable energy supply. Bioenergy and geothermal energy contribute crucially
to sustainability. Bioenergy from non-food feedstocks reduces greenhouse gas emissions, while geothermal
energy provides reliable baseload power. Policy integration of renewable energy targets, increased R&D
investment, and the use of public-private partnerships are vital for further advancements. Investors should
diversify portfolios to include renewable technologies and consider microgrids for rural energy access.
Challenges remain, including the high initial capital investment, intermittency of solar and wind power, and
lifecycle impacts such as emissions from technology production and disposal. Geopolitical and social issues also
affect large-scale deployment. Addressing these challenges through collaboration among governments, industry,
and academia is essential for achieving a sustainable and resilient energy future.
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