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ABSTRACT 

The text addresses the pressing need to find sustainable solutions to the growing global energy 
demand, considering the environmental and climate impacts of the predominant sources. It 
highlights the responsibility of developed countries in leading the search for new energy 
sources, while developing countries face more significant economic and social impacts. The 
detailed analysis of various energy generation technologies in different countries highlights the 
importance of a holistic and adaptive approach in the transition to cleaner energy sources. The 
study provides insights for countries seeking to address the challenges of climate change and 
environmental degradation by diversifying their energy matrices. 
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RESUMO 

O texto aborda a urgente necessidade de encontrar soluções sustentáveis para a crescente 
demanda global por energia, considerando os impactos ambientais e climáticos das fontes 
predominantes. Destaca-se a responsabilidade dos países desenvolvidos na liderança da busca 
por novas fontes energéticas, enquanto os países em desenvolvimento enfrentam impactos 
econômicos e sociais mais significativos. A análise detalhada de diversas tecnologias de 
geração de energia em diferentes países ressalta a importância de uma abordagem holística e 
adaptativa na transição para fontes de energia mais limpas. O estudo oferece insights para países 
que buscam enfrentar os desafios das mudanças climáticas e da degradação ambiental, 
diversificando suas matrizes energéticas. 
 
Palavras-chave: energia sustentável; mudanças climáticas; matriz energética; países em 
desenvolvimento; diversificação energética. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

Challenges and perspectives in search for sustainable 
energy sources: a global analysis 

10 

   
 

Sapiens, v. 7, n. 1- jan./jun. 2025 – p. 8-33 | ISSN-2596-156X | Carangola (MG 

1 Introduction 

 

The search for sustainable solutions to growing energy demand is emerging as a crucial 

challenge in contemporary 21st century society. The imperative to provide the world with 

energy, in the face of exponential shortages, becomes pressing, considering that the 

predominant sources, especially oil derivatives, are significant emitters of greenhouse gases 

(Mikhaylov et al., 2020). These, in turn, are the modulators of our climate, leading to global 

warming, the impacts of which are becoming increasingly discernible (Harvey, 2018). 

In this context, it is essential to underscore the significant influence exerted by the energy 

sector on greenhouse gas emissions, as this sector alone accounts for a substantial share of 

global emissions – estimates indicate that energy production and use are responsible for 

approximately 73% of anthropogenic carbon dioxide emissions (Nejat et al., 2015; 

Schmalensee et al., 1998). This predominance stems primarily from the combustion of fossil 

fuels for electricity generation, transportation, and heating, which intensifies the atmospheric 

concentration of gases such as CO₂, CH₄, and N₂O – key drivers of the planet’s radiative 

imbalance (Kanakidou, 2024). Accordingly, the technological and policy choices made within 

the energy sector have direct implications not only for the trajectory of future emissions but 

also for societies’ capacity to mitigate the adverse effects of global warming and to foster a 

more sustainable and climate-resilient development model. 

Additionally, it is imperative to acknowledge that the challenge related to the transition 

toward renewable energy sources is likely to intensify in the coming years, as technological 

advancements – particularly in the field of artificial intelligence (AI) – impose new and 

substantial energy demands. The growing dependence on AI systems – whose training, 

operation, and data storage processes require high-performance computational centers with 

significant energy consumption – has markedly increased pressure on the global electrical 

infrastructure (Song et al., 2024; Ukoba et al., 2024). Recent studies estimate that the 

development of some large-scale language models alone consumes more energy than hundreds 

of households over the same period (Dauvergne, 2020; Jin et al., 2020). This reality renders 

even more urgent the need to expand access to clean, sustainable, and highly efficient energy 

sources to prevent the ongoing digital revolution from becoming an additional catalyst for 

greenhouse gas emissions.
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It is necessary to consider some of the challenges that this issue imposes on society at this 

crucial moment in history: enabling everyone to have access to forms of energy; minimizing 

the environmental and human health impacts of energy production; mitigating dangerous 

climate change and providing energy security (Kang et al., 2020). Thought must be given to 

what the process of transforming energy procurement looks like regionally and globally, as well 

as the political and financial issues that permeate it if the transition is to be feasible (Mccollum 

et al., 2012). 

It is well known that the most developed and industrialized countries, because they 

consume substantial amounts of energy, have emerged as protagonists in the emission of 

pollutants, assuming a preponderant responsibility for climate change (Vanderheiden, 2011). 

In this context, there is an urgent need for these nations to lead the search for new energy sources 

and the mitigation of greenhouse effects, in addition to reducing the impact on the environment, 

especially on their forests and on developing countries (Wei et al., 2012). 

At the same time, developing countries, with more limited resources to deal with climate 

change, are the most affected, both economically and socially (Sachs et al., 1999; Silva, 2024). 

Thus, tackling environmental issues becomes an essential pillar in the fight against climate 

change and global warming (Glicksman et al., 2023) and will have to take into account the 

socio-economic conditions, as well as the environmental issues of each country or region 

(Ravindranath et al., 2002). 

The preservation of forests, recognized as major carbon dioxide sinks, is a crucial 

component of this environmental strategy (Mitchard, 2018). Nevertheless, a large part of the 

vast forest reserves is concentrated in developing countries, thus outlining a significant part of 

the solution to environmental challenges (Silva, 2023). In this way, it is clear that the fight 

against global warming must be considered holistically, taking into account the conditions of 

each country and region as a whole, especially its environment (Fearnside, 1999). 

In the current context, the economies of both developed and developing countries are 

intrinsically linked to growing energy consumption (Tang et al., 2018). However, in developed 

countries, this consumption is often associated with polluting activities, while in developing 

countries it is linked to environmental degradation (Ahmed et al., 2015). It is essential to design 

new forms of energy production, or rethink those already in use, so that they have the least 

possible impact on the environment, are efficient and thus make it possible to minimize climate 

change (Olabi; Abdelkareem, 2022).



 

 

Challenges and perspectives in search for sustainable 
energy sources: a global analysis 

12 

  
 

Sapiens, v. 7, n. 1- jan./jun. 2025 – p. 8-33 | ISSN-2596-156X | Carangola (MG 

Furthermore, it is essential to emphasize that the success of the energy transition does not 

rely solely on technological advancements or governmental decisions but also depends 

decisively on the conscious engagement of the public. Society must be adequately informed 

about the urgency of replacing fossil energy sources with renewable alternatives, even if such 

a transition initially entails additional costs or adjustments to current consumption patterns. 

This is a strategic and imperative measure to confront climate change and to promote a more 

sustainable environmental future. However, for this engagement to materialize, it is critical to 

counter the widespread misinformation circulating on the internet and social media, which often 

denies the climate emergency or discredits scientifically grounded solutions (Silva, 2025, 

2022).  

This text proposes an analysis of various energy generation technologies in practice 

around the world, through countries that stand out in each of the ways of obtaining them, 

exploring their viability in specific locations and evaluating their replicability in other regions. 

This analysis considers the economic capacity and environmental conditions of the countries, 

offering a comprehensive and well-founded perspective on the options available. 

 

2 Methodology 

 

The methodology adopted in this study analyzes the processes underway in the search for 

sustainable energy sources in different parts of the world. To achieve this goal, parameters such 

as diversity of scope, costs involved, long-term viability and the possibility of replicating the 

models identified were considered. 

 

Selection of Ongoing Processes and their Feasibility: Ongoing processes in various countries 

were selected, covering a variety of approaches in the search for sustainable energy sources. 

This selection aims to capture the diversity of strategies adopted globally, providing an insight 

into the practices being developed and whether they are applicable in other contexts. 

 

Environmental Impact Assessment: The analysis considered the environmental impact 

associated with each way of obtaining energy. Understanding the potential environmental 

impact guided the assessment of the sustainability of these sources, contributing to the 

identification of alternatives that minimize damage to the environment.
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Several forms of energy generation were examined throughout this study, with emphasis 

on their applications across different geographical and socio-economic contexts. Hydropower, 

for instance, was discussed through a case study in a country where this source is predominant 

and compared with other scenarios, given its global relevance. This form of generation is based 

on the gravitational force of falling or flowing water (Bagher et al., 2015). Regarding wind 

energy, the study investigated a country that has gained prominence using wind turbines, 

demonstrating the feasibility of this energy source under various conditions. Wind energy is 

ultimately derived from solar radiation, which is absorbed by the atmosphere and transformed 

into kinetic energy by large air masses (Portilla, 1995). Solar energy initiatives were also 

analyzed, focusing on both photovoltaic and thermal systems in a nation recognized for its 

leadership in this field, with particular attention to efficiency and adaptability across diverse 

geographic conditions.  

The amount of energy delivered by the Sun to the Earth is immense and can be illustrated 

by major atmospheric and oceanic currents, the water cycle, and other natural phenomena 

dependent on this force (Crabtree; Lewis, 2007). In the case of biomass energy, initiatives from 

a country that has consolidated this form of energy utilization were assessed, considering both 

economic and environmental factors. This energy source encompasses any solid, liquid, or 

gaseous fuel – or any electrical energy – originating from organic matter, including plant-based 

materials, urban, commercial, or industrial waste derived from plants, or agricultural and 

forestry residues (Kurchania, 2012). Tidal energy was also addressed, based on the practical 

implementation in a country that employs it on a large scale, illustrating both its effectiveness 

and associated challenges. Tidal energy refers to electricity generated by the rise and fall of sea 

levels caused by tidal phenomena (Greaves et al., 2018). Geothermal energy, in turn, was 

explored through projects that harness the Earth’s internal heat for electricity generation, 

heating, and hot water production in a country where this resource is widely used, 

demonstrating its applicability in diverse regions (Glassley, 2014). Finally, the ongoing reliance 

on fossil fuels – particularly in the United States – was analyzed, despite global expectations of 

their phase-out. This issue was discussed at COP 28, held in Cairo in 2023, and highlights the 

persistence of these sources, which are formed naturally through the decomposition of dead 

organisms and are rich in carbon, the main element responsible for combustion in coal, oil, and 

natural gas (Alpern; De Sousa, 2002).
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Analysis of Practical Examples: For each type of energy listed, practical examples were 

identified and analyzed in countries that adopt these technologies on different scales. This 

approach made it possible to assess the feasibility and specific challenges associated with each 

type of energy source (Gryznova et al., 2019), considering the peculiarities of its 

implementation in different contexts.  

      The combination of these elements in the methodology adopted provides an informed 

approach to the analysis of sustainable energy sources underway on the global stage, 

contributing to an understanding of the practical implications and potential solutions to 

contemporary energy challenges (Sinsel et al., 2020). 

 

3 Results 

 

Countries that are exponents were selected for analysis, addressing the advantages and 

disadvantages that have been perceived in their implementation, with the limits imposed by 

their characteristics, considering the possible replication and implementation in other countries.  

These are the energy sources, their respective countries and an overview of the use of 

these sources at the beginning of 2024 (table 1): 

 

Table 1: Framework Renewable Energy Sources and National Experiences 
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Fonte: o autor (2025) 

 

Solar energy in China: In the first decades of the 21st century, the People's Republic of 

China emerged as a global leader in the adoption and expansion of solar energy, establishing 

itself as a crucial player in the transition to renewable sources. The Asian country has witnessed 

exponential growth in solar power generation capacity, driven by proactive government 

policies, significant investments and technological advances. The Chinese government has 

implemented subsidy policies, ambitious installed capacity targets and strict energy efficiency 

standards, aiming not only to meet the growing demand for electricity, but also to address 

environmental concerns and promote technological innovation. The Chinese solar sector has 

experienced remarkable consolidation, with local companies gaining global prominence in the 

production of solar panels and associated components. In addition, China has played a crucial 

role in the development of more efficient and affordable photovoltaic technologies, contributing 

to the economic viability of solar energy on a global scale. This phenomenon highlights not 

only China's prominence in the sustainable energy arena, but also its impact on global 

geopolitical and environmental dynamics (Liu et al., 2010). 

Tidal energy in Japan: In recent years (since the second decade of the 21st century), Japan 

has been a pioneer in incorporating tidal energy into its energy matrix, demonstrating a 

significant commitment to renewable sources. Faced with the need to diversify its energy mix 

and reduce dependence on fossil fuels, the Japanese government has actively promoted the 

development of tidal energy. The country, located in a region prone to seismic and volcanic 

events, has realized the need to adopt more sustainable and resilient alternatives. Tidal energy,  
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which harnesses the movement of the tides to generate electricity, has gained prominence in 

pilot projects and commercial initiatives in Japan. Substantial investments and strategic 

partnerships have been established to boost the research, development and implementation of 

efficient technologies in this sector. In addition, the country has sought to align its 

environmental and emissions reduction targets with the expansion of tidal energy, aiming not 

only for energy security but also for environmental sustainability in line with international 

commitments. This upward movement reflects Japan's strategic vision of exploring alternative 

and innovative sources to meet contemporary energy challenges, consolidating its position as a 

leader in the transition to a cleaner and more sustainable matrix (Novo; Kyozuka, 2021). 

Hydropower in Brazil: Brazil has witnessed a remarkable growth in the use of 

hydropower, consolidating its position as one of the main global players in this sector. The 

country's vast territory offers significant hydroelectric potential, and hydroelectric power plays 

a leading role in the Brazilian energy matrix. Over the last few decades, Brazil has developed 

and implemented a series of large-scale hydroelectric projects to meet the growing demand for 

electricity and promote energy security. Among the emblematic projects are the Belo Monte 

Hydroelectric Power Plant and the Itaipu Power Plant, the latter representing a binational 

collaboration with Paraguay (De Sousa Júnior; Reid, 2010). The Brazilian hydroelectric sector 

not only contributes significantly to energy generation but also plays a crucial role in the 

stability of the national electricity system. However, it is important to point out that the 

continued growth of this energy source is giving rise to debates about environmental issues, 

social impacts and the need to diversify the matrix to guarantee long-term sustainability. In this 

context, Brazil is seeking to balance the expansion of hydroelectric power with the promotion 

of renewable sources and the implementation of sustainable practices, with the aim of 

reconciling economic development and environmental responsibility (Von Sperling, 2012). 

Geothermal Energy in the Philippines: The Philippines has emerged as an international 

reference in the utilization of geothermal energy, establishing itself as one of the leading nations 

in the significant exploitation of this renewable resource. Benefiting from a geographically  

favorable location characterized by intense volcanic activity, the Philippine archipelago 

possesses vast reserves of the Earth's internal heat, which has enabled the development of 

geothermal power plants. The country has demonstrated a remarkable commitment to 

diversifying its energy matrix, aiming to reduce dependence on fossil fuels and mitigate the 

associated environmental impacts. The successful implementation of geothermal projects – 

such as those in Leyte and Mindanao – has substantially contributed to the Philippines’ total
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energy generation capacity. The exploration of geothermal fields, coupled with technological 

advancements and strategic partnerships, has fostered a significant expansion in the use of this 

resource, positioning the Philippines as a regional leader in sustainable development and the 

effective adoption of geothermal energy. This scenario reflects not only progress in the nation’s 

energy security but also a firm commitment to environmentally responsible practices and the 

promotion of renewable energy sources (Sussman et al., 1993). 

Biomass energy in China: China has experienced remarkable growth in the use of biomass 

energy, consolidating itself as a major player in promoting renewable sources in its energy 

matrix. The increase in demand for energy, together with the need to reduce greenhouse gas 

emissions, has driven the search for sustainable alternatives, highlighting biomass as a viable 

option. The growing implementation of advanced biomass conversion technologies, such as 

biogas production from agricultural waste and electricity generation from municipal solid 

waste, has played a crucial role in this scenario. Government policies, including financial 

incentives and favorable regulations, have fostered significant investment in the sector. In 

addition, China seeks to address environmental issues and promote rural sustainability through 

the development of bioenergy projects. This growing interest and investment indicates a 

strategic shift towards cleaner and renewable sources, highlighting China's prominent position 

in the international energy transition scenario (Jingjing et al., 2001). 

Fossil fuel energy in the United States: The United States has maintained a significant 

pattern of continued reliance on fossil fuels in its energy mix (Melosi, 1987), despite growing 

environmental concerns and global efforts to mitigate climate change. Oil and natural gas 

exploration and production have been fundamental pillars of the country's economy and energy 

infrastructure, contributing substantially to meeting national energy demand. The shale oil 

boom of the last decade has further boosted domestic oil production, consolidating US energy 

self-sufficiency (Kobek et al., 2015). Although measures have been taken to diversify the 

energy matrix by promoting the use of renewable energies, the existing infrastructure and 

economic interests continue to maintain a high dependence on fossil fuels. This scenario 

highlights the challenges associated with the transition to cleaner sources and underscores the 

complexity of reconciling short-term economic interests with the urgent need to reduce 

greenhouse gas emissions to tackle global climate change. 

Wind energy in Germany: Germany has stood out as one of the world leaders in the 

expansion and successful integration of wind energy into its energy matrix. With a notable 

commitment to promoting renewable sources and reducing greenhouse gas emissions, the
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country has witnessed significant growth in installed wind power capacity. The effective 

implementation of incentive policies, such as feed-in tariffs and auction schemes, has driven 

significant investment in the sector, culminating in an extensive network of onshore and 

offshore wind farms. Germany has reached significant milestones in terms of renewable 

electricity generation, with wind energy playing a crucial role in this progress. Germany's 

energy transition, known as the "Energiewende", highlights the country's emphasis on 

achieving carbon neutrality and promoting environmental sustainability (Von Hirschhausen, 

2014). This scenario underscores not only the effectiveness of German policies in promoting 

wind energy, but also its position as a global benchmark in the transition to cleaner, renewable 

energy sources (Goetzke; Rave, 2016). 

 

4 Discussion 

 

The applicability of the various forms of energy needs to be analyzed, as diversification 

must be the key to tackling climate change and environmental destruction. The countries chosen 

were the energy matrices that stand out and, in order to discuss their potential, the exponents in 

the use of each of the sources were listed. 

China has been actively seeking to diversify its energy matrix, incorporating biomass 

energy as part of its efforts to promote renewable sources. However, the implementation of this 

energy source faces notable challenges (Rosillo‐Calle, 2016). Historical dependence on coal 

and other fossil fuels has resulted in traditional infrastructure and technologies needing to be 

adapted for biomass energy production. In addition, China's population and industrial scale 

intensifies competition for resources, raising questions about the sustainability and availability 

of biomass (Zhou et al., 2009). 

The advantages of biomass energy lie in its renewable nature and its ability to harness 

agricultural and organic waste, contributing to the reduction of waste and emissions, a key issue 

in a highly polluting country such as China (Vassilev et al., 2015). However, the  extensive use 

of land for biomass cultivation can generate environmental pressures, including competition 

with food production and the alteration of ecosystems, something that has to be considered in 

a country with such a large population and several fragile ecosystems (Datta et al., 2019). 

Compared to other sources, biomass can be a more affordable transition option, especially in 

rural areas where there is an abundance of organic waste (Zheng et al., 2010).
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The viability of biomass energy for other countries, rich or poor, depends on various 

factorS (Nunes et al., 2020). In wealthy nations, the existing infrastructure may need significant 

adaptation, and the availability of biomass waste may vary. Poorer countries can benefit from 

biomass as an affordable alternative, contributing to sustainable development and energy 

security (Bhutto et al., 2019). Nevertheless, the efficient management of resources and the 

mitigation of environmental and public health impacts are essential to ensure long-term 

sustainability (Gahlawat, 2017). Thus, the successful implementation of biomass energy 

requires a comprehensive approach, considering local conditions, environmental challenges and 

the need for an equitable energy transition. 

Germany is a global leader in the implementation of wind energy, standing out for its 

commitment to the energy transition and the diversification of its energy matrix (Ziegler et al., 

2018). The challenges faced in implementing wind energy include variability in production due 

to fluctuations in wind intensity, requiring energy storage solutions (Velarde; Carpintero-

Santamaría, 2012). The advantages, on the other hand, are remarkable, involving a significant 

reduction in greenhouse gas emissions, independence from fossil fuels and the creation of jobs 

in the renewable energy sector. 

Compared to other energy sources, wind energy stands out for its availability in suitable 

areas, offering a cleaner and more sustainable alternative. However, the initial costs of installing 

and maintaining wind farms can be high, although they have declined over the years due to 

technological advances and an increase in the scale of production (Cheng; Zhu, 2014). 

The viability of wind energy for other countries, rich or poor, depends on several factors. 

Nations with robust financial resources and favorable geographical conditions may find wind 

energy an attractive option, considering the reduction in associated costs and the environmental 

benefits. For less developed countries, the initial economic challenges may be more 

pronounced, but the possibility of reducing dependence on fossil fuels and promoting 

sustainable development makes wind energy an option to consider (Tong, 2010). 

The environmental impact of wind energy is relatively low when compared to traditional 

sources of energy generation, with no direct emissions of atmospheric pollutants. However, 

issues such as the visual impact, effects on wildlife and possible noise generated by wind 

turbines have been points of discussion (Yuning Zhang et al, 2016). 

The analysis of the implementation of wind energy in Germany reveals a positive 

scenario, with challenges overcome by substantial economic and environmental benefits 

(Müller; Morton, 2021). For other countries, viability will depend on the ability to



 

Challenges and perspectives in search for sustainable 
energy sources: a global analysis 

 

21 

   
 

Sapiens, v. 7, n. 1- jan./jun. 2025 – p. 8-33 | ISSN-2596-156X | Carangola (MG 

overcome initial costs, exploit favorable geographical conditions and implement appropriate 

policies. Wind energy remains a promising option for making a significant contribution to the 

global transition to more sustainable energy sources (Nelson, 2009). 

The Philippines has stood out internationally for its remarkable use of geothermal energy 

as a significant source in its energy matrix Parte superior do formulário (Fronda et al., 2020). 

However, the implementation of this technology is not without its challenges. The region 

presents considerable geotechnical and volcanic risks, requiring specific technologies and 

careful management of geothermal resources (Pan et al., 2019). Furthermore, although 

geothermal energy is a low-emission source and constantly available, the need for significant 

initial investments and the costs associated with drilling and maintaining geothermal wells can 

be considerable obstacles (Cataldi, 2001). 

The advantages of geothermal energy in the Philippines include the reliability of the 

source, the reduction of greenhouse gas emissions and the diversification of the energy matrix, 

contributing to energy security (Kulasekara; Seynulabdeen, 2019). Compared to other sources, 

geothermal energy stands out for its constant nature, regardless of weather conditions, and has 

a relatively low environmental footprint (Brophy, 1997). 

The viability of geothermal energy for other countries, rich or poor, will depend on the 

specific geology and location (Tester et al., 2006). Nations with volcanic activity or tectonically 

active areas can benefit from geothermal energy, especially if the infrastructure and technical 

expertise are available. Nonetheless, economic viability must be weighed against drilling and 

maintenance costs, and is more challenging for less developed nations (Okolie et al., 2019). 

In terms of environmental impact, geothermal energy is considered a more sustainable 

option, generally associated with lower greenhouse gas emissions compared to fossil sources. 

However, it is crucial to adopt responsible management practices to mitigate possible local  

impacts, such as decreasing geothermal pressure in reservoirs (Dickson; Fanelli, 2005). 

Therefore, analyzing the feasibility of geothermal energy for other countries requires a 

careful assessment of geological, economic and environmental factors, seeking a balance 

between the availability of the resource, the associated costs and the mitigation of 

environmental impacts (Shortall et al., 2015). 

Hydroelectric power plays a fundamental role in Brazil's energy matrix, standing out as 

the country's main source of electricity (De Lima Andrade; Dos Santos, 2015). 
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The extensive implementation of hydroelectric plants has provided significant 

advantages, such as large-scale electricity generation, contributing to energy security and 

reducing greenhouse gas emissions compared to fossil sources. However, the construction of 

large dams and reservoirs faces environmental and social challenges, including the impact on 

river ecosystems, the displacement of local communities and the alteration of natural water 

flows (Ruffato-Ferreira et al., 2017). 

The advantages of hydropower in Brazil include its capacity to respond to electricity 

demand, its operational flexibility and its contribution to regional economic development 

(Raupp; Costa, 2021). However, excessive dependence on this source can make the system 

vulnerable to extreme weather events, affecting the availability of water for power generation 

(Von Sperling, 2012). 

Compared to other sources, hydropower is an economically viable option for countries 

with abundant water resources. However, the costs associated with building and maintaining 

hydropower infrastructure can be substantial, and viability is strongly influenced by the specific 

geographical and climatic conditions of each nation (Fakehinde et al., 2019). 

The environmental impact assessment of hydropower in Brazil highlights the need to 

balance economic benefits with environmental conservation. The sustainable expansion of this 

source requires the implementation of integrated watershed management practices and the 

consideration of cleaner and more resilient alternatives (Nayak, 2023). 

Therefore, although hydroelectric power is a valuable option for countries with favorable 

geographical characteristics, the analysis of its viability must take into account costs, social and 

environmental challenges, and the search for a balance between the various energy sources 

available (Yuksel, 2013). 

Japan has been exploring tidal energy as a promising alternative in its search for 

renewable energy sources (Bricker et al., 2017). However, the implementation of this   

technology faces considerable challenges. Japan's specific geographical conditions, with its 

coastal shores susceptible to earthquakes and tsunamis, make the construction of tidal 

infrastructure a complex and costly technical task. In addition, tidal variability and the need for 

specific technologies to capture the energy of water movements pose operational challenges 

(Neill et al., 2018). 

The advantages of tidal energy in Japan include the constancy of tidal movement, offering 

a predictable source of electricity generation and contributing to the diversification of the 

country's energy matrix. In addition, this source is more predictable and stable than some 
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renewable sources, such as solar and wind, mitigating challenges related to variability (Gorlov, 

2001). 

Compared to other energy sources, the viability of tidal energy in Japan depends on the 

cost-benefit ratio. The initial costs of building tidal installations are high, but long-term 

sustainability and predictability can compensate for these investments. However, for other 

countries, rich or poor, viability will depend on specific geographical conditions and the 

availability of resources for infrastructure and research (Shetty; Priyam, 2022). 

In terms of environmental impact, tidal energy is considered a clean source, with no 

greenhouse gas emissions during operation. However, the construction of coastal infrastructure 

can have local impacts, requiring careful management to avoid damaging marine ecosystems 

(Neill et al., 2021). 

Therefore, the analysis of the feasibility of tidal energy for other countries must take into 

account geographical characteristics, initial costs, the stability of the source and local 

environmental impacts (chowdhury et al., 2021). Japan serves as an example of the challenges 

and opportunities in this field, demonstrating that the adoption of this energy source requires a 

balanced and context-specific approach. 

The use of fossil fuel energy in the United States has been a central part of the country's 

energy matrix, but it is not without its challenges (Yi et al., 2023). The exploration and 

extraction of these resources, such as oil and natural gas, often involve significant 

environmental impacts, such as air pollution, the risk of spills and the degradation of 

ecosystems. In addition, dependence on these sources contributes to greenhouse gas emissions, 

exacerbating climate change (Dorian et al., 2006). 

The advantages of fossil fuels in the US have historically included the accessibility and 

abundance of these resources, contributing to energy autonomy and economic growth.  

However, growing environmental awareness and the costs associated with mitigating 

negative impacts have led to a reassessment of their long-term viability (Goldemberg, 2006). 

Compared to other energy sources, fossil fuels face challenges in terms of sustainability 

and diversification of the energy matrix. Emerging technologies, such as renewable energies 

and energy storage, are gaining ground as cleaner and more sustainable alternatives (Wang et 

al., 2014). 

The viability of using fossil fuels for other countries, rich or poor, depends on several 

factors (Armaroli; Balzani, 2011). Rich countries may have the necessary 
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infrastructure to exploit and use these resources more efficiently and safely. However, for 

poorer nations, dependence on fossil fuels can be limited by the costs associated with 

infrastructure, as well as local and global environmental impacts. 

The economic and environmental cost of fossil fuels, considering their role in climate 

change and pollution, has led many countries to consider transitions to cleaner sources 

(Arutyunov; Lisichkin, 2017). Therefore, analyzing their viability requires careful 

consideration of the associated costs, not only in economic terms, but also in relation to social 

and environmental impacts, encouraging the search for more sustainable and innovative 

alternatives. 

China has emerged as a global player in the implementation of solar energy, 

demonstrating a remarkable expansion in this sector over the years (Liu et al., 2010). The 

challenges facing the integration of solar energy in the country include the need to overcome 

the variability in solar irradiation, especially in northern regions, and to tackle issues related to 

energy storage (Li; Huang, 2020). Furthermore, despite the progress made, China still relies 

substantially on conventional energy sources, which implies challenges in the transition to a 

cleaner and more sustainable matrix. 

The advantages of solar energy in China are vast (Korsnes, 2019). The large-scale 

production of solar panels, combined with favorable government policies and an attractive 

investment environment, has resulted in considerably reduced installation costs (Geall; Shen, 

2018). Solar energy offers a renewable source, mitigating greenhouse gas emissions and 

contributing to the diversification of the energy matrix, crucial aspects in the search for a 

sustainable transition. 

Compared to other energy sources, solar energy stands out for its availability and potential 

for application on various scales, from residential systems to large solar parks. Its viability for    

other countries, rich or poor, is influenced by accessibility to solar resources, investment 

capacity and infrastructure (Hossain et al., 2011). In wealthier nations, solar energy can be an 

economically viable and sustainable option, while in poorer countries, the reduction in the cost 

of solar equipment has made this source an attractive alternative for meeting energy demands, 

especially in regions with good solar irradiation (Sampaio; González, 2017). 

The environmental impact of solar energy is generally lower compared to traditional 

energy sources, since it does not emit atmospheric pollutants during the generation of electricity
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(Hernandez et al., 2014). Nevertheless, the production and disposal of solar panels raises 

environmental concerns related to materials and waste. 

The analysis of the implementation of solar energy in China highlights not only its 

environmental and economic benefits, but also the challenges inherent in this energy transition. 

The Chinese experience serves as a valuable case study for other countries, indicating that the 

viability of solar energy depends not only on the availability of solar resources, but also on the 

formulation of effective policies, adequate investments and careful environmental 

considerations (Li; Huang, 2020). 

 

5 Final considerations 

 

The analyses presented in this article yield multiple conclusive points that not only 

address the objective outlined in the introduction but also offer significant contributions to 

academic discourse, social engagement, and public policy formulation. Firstly, the study 

confirms the inherent complexity of the global transition toward sustainable energy sources, 

demonstrating that no single model is universally applicable. The technical, economic, 

geopolitical, and environmental viability of each energy source is fundamentally contingent 

upon regional conditions, institutional capacities, and the degree of political commitment to 

sustainability. 

Secondly, it is evident that the experiences of countries such as China, Germany, the 

Philippines, Japan, and Brazil provide both inspiring models of energy diversification and 

concrete illustrations of persistent limitations and challenges – such as high initial costs, 

localized environmental impacts, and socio-economic resistance. These limitations have been 

critically addressed throughout the article, underscoring the need for adaptive public policies, 

international financial support, and an informed public engagement to ensure a feasible and 

equitable energy transition. 

From an academic perspective, this study contributes to the critical systematization of 

energy strategies adopted across distinct contexts, enhancing the understanding of replicability 

and the enabling or constraining factors associated with each approach. Socially, the work 

highlights the urgency of informing the public about the importance of progressively replacing 

fossil fuels with renewable alternatives – even when this implies short-term costs – as a means 

of ensuring long-term collective well-being. In this regard, the article emphasizes the need to
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 combat climate misinformation, frequently spread across social media platforms, as a 

prerequisite for the strengthening of evidence-based environmental policies. 

Finally, in terms of public policy, this study offers concrete insights into the development 

of integrated energy plans that consider local specificities, available scientific and technological 

potential, and internationally assumed commitments in the fight against climate change. By 

recognizing both the opportunities and the limitations inherent in each energy matrix, the article 

invites policymakers, scholars, and citizens to collectively, critically, and sustainably rethink 

the energy future of the planet. 

 

Acknowledges 

 

The author thanks the Research Productivity Scholarship Program (PQ) of the Minas 

Gerais State University (UEMG) for the scholarships and the opportunity to encourage 

research. He would also like to thank UNIFOR and its research center CEPEP for their support. 

 

REFERENCES 

 

AHMED, K.; SHAHBAZ, M.; QASIM, A.; LONG, W.. The linkages between deforestation, 
energy and growth for environmental degradation in Pakistan. Ecol. Indic. 49, 95–103, 2015 
 
ALPERN, B.; DE SOUSA, M.J.L.. Documented international enquiry on solid sedimentary 
fossil fuels; coal: definitions, classifications, reserves-resources, and energy potential. Int. J. 
coal Geol. 50, 3–41, 2022. 
 
ARMAROLI, N.; BALZANI, V.. The legacy of fossil fuels. Chem. Asian J. 6, 768–784, 2011. 
 
ARUTYUNOV, V.S.; LISICHKIN, G. V. Energy resources of the 21st century: Problems and 
forecasts. Can renewable energy sources replace fossil fuels. Russ. Chem. Rev. 86, 777, 2017. 
 
BAGHER, A.M.; VAHID, M.; MOHSEN, M., PARVIN, D.. Hydroelectric energy advantages 
and disadvantages. Am. J. Energy Sci. 2, 17–20, 2015. 
 
BHUTTO, A.W.; BAZMI, A.A.; KARIM, S., ABRO, R.; MAZARI, S.A.; NIZAMUDDIN, S.. 
Promoting sustainability of use of biomass as energy resource: Pakistan’s perspective. Environ. 
Sci. Pollut. Res. 26, 29606–29619, 2019. 
 
BRICKER, J.D.; ESTEBAN, M.; TAKAGI, H;, ROEBER, V.. Economic feasibility of tidal 
stream and wave power in post-Fukushima Japan. Renew. Energy. 114, 32–45, 2017.



 

Challenges and perspectives in search for sustainable 
energy sources: a global analysis 

 

27 

   
 

Sapiens, v. 7, n. 1- jan./jun. 2025 – p. 8-33 | ISSN-2596-156X | Carangola (MG 

 
BROPHY, P.. Environmental advantages to the utilization of geothermal energy. Renew. 
Energy 10, 367–377, 1997. 
 
CATALDI, R.. Social acceptance of geothermal projects: problems and costs. Proc. Eur. 
Summer Sch. Geotherm. Energy Appl. Oradea/RO 343–351, 2001. 
 
CHENG, M.; ZHU, Y.. The state of the art of wind energy conversion systems and 
technologies: A review. Energy Convers. Manag. 88, 332–347, 2014. 
 
CHOWDHURY, M.S.; RAHMAN, K.S.; SELVANATHAN, V.; NUTHAMMACHOT, N.; 
SUKLUENG, M.; MOSTAFAEIPOUR, A.; HABIB, A.; AKHTARUZZAMAN, M.; AMIN, 
N.; TECHATO, K.. Current trends and prospects of tidal energy technology. Environ. Dev. 
Sustain. 23, 8179–8194, 2021. 
 
CRABTREE, G.W.; LEWIS, N.S.. Solar energy conversion. Phys. Today 60, 37–42, 2007. 
 
DATTA, A.; ROY, S.; HOSSAIN, A.. An overview on biofuels and their advantages and 
disadvantages. Asian J. Chem. 31, 1851–1858, 2019. 
 
DAUVERGNE, P.. AI in the Wild: Sustainability in the Age of Artificial Intelligence. MIT 
Press, 2020. 
 
DE LIMA ANDRADE, A.; DOS SANTOS, M.A... Hydroelectric plants environmental 
viability: Strategic environmental assessment application in Brazil. Renew. Sustain. Energy 
Rev. 52, 1413–1423, 2015. 
 
DE SOUSA JÚNIOR, W.C.; REID, J.. Uncertainties in Amazon hydropower development: 
Risk scenarios and environmental issues around the Belo Monte dam. Water Altern. 3, 2010. 
 
DICKSON, M.H.; FANELLI, M.. Geothermal energy: utilization and technology. ProQuest 
Eb. Cent, 2005. 
 
DORIAN, J.P.; FRANSSEN, H.T.; SIMBECK, D.R.. Global challenges in energy. Energy 
Policy 34, 1984–1991, 2006. 
 
FAKEHINDE, O.B.; FAYOMI, O.S.; EFEMWENKIEKI, U.K.; BABAREMU, K.O.; 
KOLAWOLE, D.O.; OYEDEPO, S.O.. Viability of hydroelectricity in Nigeria and the future 
prospect. Energy Procedia 157, 871–878, 2019. 
 
FEARNSIDE, P.M.. Forests and global warming mitigation in Brazil: opportunities in the 
Brazilian forest sector for responses to global warming under the “clean development 
mechanism.” Biomass and Bioenergy 16, 171–189, 1999.



 

Challenges and perspectives in search for sustainable 
energy sources: a global analysis 

 

28 

   
 

Sapiens, v. 7, n. 1- jan./jun. 2025 – p. 8-33 | ISSN-2596-156X | Carangola (MG 

FRONDA, A.; LAZARO, V.; HALCON, R.; REYES, R.G.. Geothermal energy development: 
The Philippines country update. In: Proceedings World Geothermal Congress. p. 1, 2020. 
 
GAHLAWAT, I.N.. A feasibility and viability analysis of Biomass combustion products with 
implied impact on health as well as environment. Integr. J. Soc. Sci. 4, 26–31, 2017. 
 
GEALL, S.; SHEN, W.. Solar energy for poverty alleviation in China: State ambitions, 
bureaucratic interests, and local realities. Energy Res. Soc. Sci. 41, 238–248, 2018. 
 
GLASSLEY, W.E.. Geothermal energy: renewable energy and the environment. CRC 
Press, 2014. 
 
GLICKSMAN, R.L.; BUZBEE, W.W.; MANDELKER, D.R., HAMMOND, E.; CAMACHO, 
A.. Environmental protection: law and policy. Aspen Publishing, 2023. 
 
GOETZKE, F.; RAVE, T.. Exploring heterogeneous growth of wind energy across Germany. 
Util. Policy 41, 193–205, 2016. 
 
GOLDEMBERG, J.. The promise of clean energy. Energy Policy 34, 2185–2190, 2006. 
 
GORLOV, A.M.. Tidal energy. Elem. Phys. Oceanogr. 103–108, 2001. 
 
GREAVES, D.; IGLESIAS, G.; WILEY.. Wave and tidal energy. Wiley Online Library, 
2018. 
 
GRYZNOVA, E.; DAVYDOV, V.; GREBENIKOVA, N.; PUZ’KO, D.; KARAKOTOV, S;, 
NADYKTA, V.; IVANOV, D.; BYKOV, V.. The study of the environmental efficiency of 
energy production from various sources of raw materials, in: IOP Conference Series: Earth 
and Environmental Science. IOP Publishing, p. 12044, 2019. 
 
HARVEY, L.D.D.. Global warming. Routledge, 2018. 
 
HERNANDEZ, R.R.; EASTER, S.B.; MURPHY-MARISCAL, M.L.; MAESTRE, F.T.; 
TAVASSOLI, M.; ALLEN, E.B.; BARROWS, C.W.; BELNAP, J.; OCHOA-HUESO, R.; 
RAVI, S.. Environmental impacts of utility-scale solar energy. Renew. Sustain. energy Rev. 
29, 766–779, 2014. 
 
HOSSAIN, M.S.; RAHIM, N.A.; SOLANGI, K.H.; SAIDUR, R.; FAYAZ, H.; MADLOOL, 
N.A.. Global solar energy use and social viability in malaysia. In: IEEE Conference on Clean 
Energy and Technology (CET). IEEE, pp. 187–192, 2011. 
 
JIN, D.; OCONE, R.; JIAO, K.; XUAN, J.. Energy and AI. Energy AI 1, 100002, 2020. 
 
JINGJING, L.; XING, Z.; DELAQUIL, P.; LARSON, E.D.. Biomass energy in China and its 
potential. Energy Sustain. Dev. 5, 66–80, 2001.



 

Challenges and perspectives in search for sustainable 
energy sources: a global analysis 

 

29 

   
 

Sapiens, v. 7, n. 1- jan./jun. 2025 – p. 8-33 | ISSN-2596-156X | Carangola (MG 

 
KANAKIDOU, M.. Human impact on atmospheric composition. In: EPJ Web of Conferences. 
EDP Sciences, p. 3., 2024 
 
KANG, J.-N.; WEI, Y.-M.; LIU, L.-C.; HAN, R.; YU, B.-Y.; WANG, J.-W.. Energy systems 
for climate change mitigation: A systematic review. Appl. Energy 263, 114602, 2020. 
 
KOBEK, M.L.P.; UGARTE, A.; AGUILAR, G.C.. Shale gas in the United States: 
transforming energy security in the twenty-first century. Norteamérica 10, 7–38, 2015. 
 
KORSNES, M.. Wind and solar energy transition in China. Routledge, 2019. 
 
KULASEKARA, H.; SEYNULABDEEN, V.. A review of geothermal energy for future power 
generation. In: 25th International Conference on Advances in Electrical Engineering 
(ICAEE). IEEE, pp. 223–228, 2019. 
 
KURCHANIA, A.K.. Biomass energy, in: Biomass Conversion: The Interface of 
Biotechnology, Chemistry and Materials Science. Springer, pp. 91–122, 2012. 
 
LI, J.; HUANG, J.. The expansion of China’s solar energy: Challenges and policy options. 
Renew. Sustain. Energy Rev. 132, 110002, 2020. 
 
LIU, L.; WANG, Z.; ZHANG, H.; XUE, Y.. Solar energy development in China - A review. 
Renew. Sustain. Energy Rev. 14, 301–311, 2010. 
 
MCCOLLUM, D.L.; KREY, V.; RIAHI, K.. Beyond Rio: Sustainable energy scenarios for the 
21st century. In: Natural Resources Forum. Wiley Online Library, pp. 215–230, 2012. 
 
MELOSI, M. V.. Energy and environment in the United States: The era of fossil fuels. Environ. 
Rev. 11, 167–188, 1987. 
 
MIKHAYLOV, A.; MOISEEV, N.; ALESHIN, K.; BURKHARDT, T.. Global climate change 
and greenhouse effect. Entrep. Sustain. Issues 7, 2897, 2020. 
 
MITCHARD, E.T.A.. The tropical forest carbon cycle and climate change. Nature 559, 527–
534, 2018. 
 
MÜLLER, K.; MORTON, T.. The space, the time, and the money. Wind energy politics in East 
Germany. Environ. Innov. Soc. Transitions. 40, 62–72, 2021. 
 
NAYAK, N.R.. Energy and Development: Assessing the Viability of Hydroelectricity Trade in 
the Himalayas. Strateg. Anal. 1–20, 2023. 
 
NEILL, S.P.; ANGELOUDIS, A.; ROBINS, P.E.; WALKINGTON, I.; WARD, S.L.; 
MASTERS, I.; LEWIS, M.J.; PIANO, M.; AVDIS, A.; PIGGOTT, M.D.. Tidal range energy 
resource and optimization–Past perspectives and future challenges. Renew. energy 127, 763–
778, 2018.



 

Challenges and perspectives in search for sustainable 
energy sources: a global analysis 

 

30 

   
 

 
Sapiens, v. 7, n. 1- jan./jun. 2025 – p. 8-33 | ISSN-2596-156X | Carangola (MG 

 

 
NEILL, S.P.; HAAS, K.A.; THIÉBOT, J.; YANG, Z.. A review of tidal energy—Resource, 
feedbacks, and environmental interactions. J. Renew. Sustain. Energy 13, 2021. 
 
NEJAT, P.; JOMEHZADEH, F.; TAHERI, M.M.; GOHARI, M.; MAJID, M.Z.A.. A global 
review of energy consumption, CO2 emissions and policy in the residential sector (with an 
overview of the top ten CO2 emitting countries). Renew. Sustain. energy Rev. 43, 843–862, 
2015. 
 
NELSON, V.. Wind energy: renewable energy and the environment. CRC Press, 2009. 
 
NOVO, P.G.; KYOZUKA, Y.. Tidal stream energy as a potential continuous power producer: 
a case study for west japan. Energy Convers. Manag. 245, 114533, 2021. 
 
NUNES, L.J.R.; CAUSER, T.P.; CIOLKOSZ, D.. Biomass for energy: A review on supply 
chain management models. Renew. Sustain. Energy Rev. 120, 109658, 2020. 
 
OKOLIE, S.T.A.; OZUOR, O.; FAKEHINDE, O.; ONGBALI, S.O.; FAYOMI, O.S.I.; AGU, 
F.A.. Study of Nigeria geothermal energy resources’ viability, brief production techniques and 
transportation. Energy Procedia 157, 1475–1485, 2019. 
 
OLABI, A.G., ABDELKAREEM, M.A., 2022. Renewable energy and climate change. Renew. 
Sustain. Energy Rev. 158, 112111. 
 
PAN, S.-Y.; GAO, M.; SHAH, K.J.; ZHENG, J.; PEI, S.-L.; CHIANG, P.-C.. Establishment of 
enhanced geothermal energy utilization plans: Barriers and strategies. Renew. energy 132, 19–
32, 2019. 
 
PORTILLA, S.. Wind energy,. In: Summaries of the First Course on Alternative Energies, 
1995. 
 
RAUPP, I.; COSTA, F.. Hydropower expansion planning in brazil-environmental 
improvements. renew. SUSTain. Energy Rev. 152, 111623, 2021. 
 
RAVINDRANATH, NIJAVALLI H, SATHAYE, J.A.; RAVINDRANATH, N H, SATHAYE, 
J.A.. Climate change and developing countries. Springer, 2002. 
 
ROSILLO‐CALLE, F.. A review of biomass energy–shortcomings and concerns. J. chem. 
Technol. Biotechnol. 91, 1933–1945, 2016. 
 
RUFFATO-FERREIRA, V.; DA COSTA BARRETO, R.; JÚNIOR, A.O.; SILVA, W.L.; DE 
BERRÊDO VIANA, D.; DO NASCIMENTO, J.A.S.; DE FREITAS, M.A.V.. A foundation for 
the strategic long-term planning of the renewable energy sector in Brazil: Hydroelectricity and 
wind energy in the face of climate change scenarios. Renew. Sustain. Energy Rev. 72, 1124–
1137, 2017. 
 
SACHS, J.; PANAYOTOU, T.; PETERSON, A.. Developing countries and the control of 
climate change. Technical report, CAER II, Discussion Paper, 1999. 



 

Challenges and perspectives in search for sustainable 
energy sources: a global analysis 

 
31 

   
 

Sapiens, v. 7, n. 1- jan./jun. 2025 – p. 8-33 | ISSN-2596-156X | Carangola (MG 

 
SAMPAIO, P.G.V.; GONZÁLEZ, M.O.A.. Photovoltaic solar energy: conceptual framework. 
Renew. Sustain. Energy Rev. 74, 590–601, 2017. 
 
SCHMALENSEE, R.; STOKER, T.M.; JUDSON, R.A.. World carbon dioxide emissions: 
1950–2050. Rev. Econ. Stat. 80, 15–27, 1998. 
 
SHETTY, C.; PRIYAM, A.. A review on tidal energy technologies. Mater. Today Proc. 56, 
2774–2779, 2022. 
 
SHORTALL, R.; DAVIDSDOTTIR, B.; AXELSSON, G.. Geothermal energy for sustainable 
development: A review of sustainability impacts and assessment frameworks. Renew. Sustain. 
energy Rev. 44, 391–406, 2015. 
 
SILVA, H.. Brazilian amazon : environmental and economic tragedy. Rev. Sertão Sustentável 
5, 90–99, 2023. 
 
SILVA, H.M.. Discovery of the hole in the ozone layer: environmental awareness and fighting 
scientific fake news. Ethics Sci. Environ. Polit, 2015. https://doi.org/10.3354/esep00217 
 
SILVA, H.M.. The BRICS at Humanity’s Environmental Crossroads: Challenges and 
Commitments in Tackling Climate Change. Transatl. Policy Q. 54–63, 2024. 
https://doi.org/10.58867/DDEH8278 
 
SILVA, H.M.. Information and misinformation about climate change: lessons from Brazil. 
Ethics Sci. Environ. Polit. 22, 51–56, 2022. 
 
SINSEL, S.R.; RIEMKE, R.L.; HOFFMANN, V.H.. Challenges and solution technologies for 
the integration of variable renewable energy sources—a review. Renew. Energy 145, 2271–
2285, 2020. 
 
SONG, Y.; WANG, Z.; SONG, C.; WANG, J.; LIU, R.. Impact of artificial intelligence on 
renewable energy supply chain vulnerability: Evidence from 61 countries. Energy Econ. 131, 
107357, 2024. 
 
SUSSMAN, D.; JAVELLANA, S.P.; BENAVIDEZ, P.J.. Geothermal energy development in 
the Philippines: An overview. Geothermics 22, 353–367, 1993. 
 
TANG, E.; PENG, C.; XU, Y.. Changes of energy consumption with economic development 
when an economy becomes more productive. J. Clean. Prod. 196, 788–795, 2018. 
 
TESTER, J.W.; ANDERSON, B.J.; BATCHELOR, A.S.; BLACKWELL, D.D.; DIPIPPO, R.; 
DRAKE, E.M.; GARNISH, J.; LIVESAY, B.; MOORE, M.C.; NICHOLS, K.. The future of 
geothermal energy. Massachusetts Inst. Technol. 358, 1–3, 2006. 
 
TONG, W.. Wind power generation and wind turbine design. WIT Press, 2010.



 

Challenges and perspectives in search for sustainable 
energy sources: a global analysis 

 
32 

  
 

Sapiens, v. 7, n. 1- jan./jun. 2025 – p. 8-33 | ISSN-2596-156X | Carangola (MG 

 
UKOBA, K.; OLATUNJI, K.O.; ADEOYE, E.; JEN, T.-C.; MADYIRA, D.M.. OPTIMIZING 
RENEWABLE ENERGY SYSTEMS THROUGH ARTIFICIAL INTELLIGENCE: REVIEW 
AND FUTURE prospects. Energy Environ. 35, 3833–3879, 2024. 
 
VANDERHEIDEN, S.. Globalizing responsibility for climate change. Ethics Int. Aff. 25, 65–
84, 2011. 
 
VASSILEV, S. V; VASSILEVA, C.G.; VASSILEV, V.S.. Advantages and disadvantages of 
composition and properties of biomass in comparison with coal: An overview. Fuel 158, 330–
350, 2015. 
 
VELARDE, G.; CARPINTERO-SANTAMARÍA, N.. Energy Synergism: A Framework for 
Energy Stability. Fusion Sci. Technol. 61, 33–37, 2012. 
 
VON HIRSCHHAUSEN, C.. The German “Energiewende”—An Introduction. Econ. Energy 
Environ. Policy 3, 1–12, 2014. 
 
VON SPERLING, E.. Hydropower in Brazil: overview of positive and negative environmental 
aspects. Energy Procedia 18, 110–118, 2012. 
 
WANG, Q.; CHEN, X.; JHA, A.N.; ROGERS, H.. Natural gas from shale formation–the 
evolution, evidences and challenges of shale gas revolution in United States. Renew. Sustain. 
Energy Rev. 30, 1–28, 2014. 
 
WEI, T.; YANG, S.; MOORE, J.C.; SHI, P.; CUI, X.; DUAN, Q.; XU, B.; DAI, Y.; YUAN, 
W.; WEI, X.. Developed and developing world responsibilities for historical climate change 
and CO2 mitigation. Proc. Natl. Acad. Sci. 109, 12911–12915, 2012. 
 
YI, S.; ABBASI, K.R.; HUSSAIN, K.; ALBAKER, A.; ALVARADO, R.. Environmental 
concerns in the United States: Can renewable energy, fossil fuel energy, and natural resources 
depletion help? Gondwana Res. 117, 41–55, 2023. 
 
YUKSEL, I.. Renewable energy status of electricity generation and future prospect hydropower 
in Turkey. Renew. Energy 50, 1037–1043, 2013. 
 
YUNING ZHANG, NINGNING TANG, YUGUANG NIU, X.; DU. Wind energy rejection in 
China: Current status, reasons and perspectives. Renew. Sustain. Energy Rev. 66, 322–344. 
https://doi.org/10.1016/j.rser.2016.08.008, 2016 
 
ZHENG, Y.H.; LI, Z.F.; FENG, S.F.; LUCAS, M.; WU, G.L.; LI, Y.; LI, C.H.; JIANG, G.M.. 
Biomass energy utilization in rural areas may contribute to alleviating energy crisis and global 
warming: A case study in a typical agro-village of Shandong, China. Renew. Sustain. Energy 
Rev. 14, 3132–3139, 2010. 
 
ZHOU, X.; XIAO, B.; OCHIENG, R.M.; YANG, J.. Utilization of carbon-negative biofuels 
from low-input high-diversity grassland biomass for energy in China. Renew. Sustain. Energy 
Rev. 13, 479–485, 2009.



 

 33 

   
 

Sapiens, v. 7, n. 1- jan./jun. 2025 – p. 8-33 | ISSN-2596-156X | Carangola (MG 

 
ZIEGLER, L.; GONZALEZ, E.; RUBERT, T.; SMOLKA, U.; MELERO, J.J.. Lifetime 
extension of onshore wind turbines: A review covering Germany, Spain, Denmark, and the UK. 
Renew. Sustain. Energy Rev. 82, 1261–1271, 2018. 
 
 
 
 
 
Recebido em: 04/11/2024 

Aprovado em: 16/04/2025 

 

 

 

 

  


