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Abstract

The use of renewable energy sources is becoming a modern
phenomenon that saves energy costs and protects the environment in
the long term. The contribution is mapping selected energy and
environmental aspects and evaluating renewable energy sources'
impact on the environment. At present, energy supply is still mostly
provided by sources coming from fossil or nuclear reserves.
Although the concept of the "upper limit of exhaustibility" of these
resources is increasingly used, there are still disagreements between
experts in the field of the life expectancy of the reserves. Population
growth means higher consumer demands, which also results in higher
consumption of energy resources. Environmental degradation has
become a global problem that requires the emphasis of recent studies.
Non-renewable energy is a significant factor in environmental
degradation. Therefore, policymakers have focused on supporting the
production and consumption of energy from renewable sources in all
economic activities to ensure a low-carbon economy.
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Introduction

All life on Earth is based on the intake and consumption of energy, which also applies to human civilization.
In recent decades, environmentalists and stakeholders in the field of the environment have been increasingly
overwhelmed by the impact of environmental degradation and ecological deformations of the Earth's geographical
space (Ali et al. 2019, Alola 2019). Ongoing and somewhat unwanted climatic experiences, which in most cases
lead to ecological disasters, are common signs that indicate these drastic "revolutions™ in the Earth's climate
systems (Kurigi et al. 2017, 2019). Human sustainability is increasingly threatened by increasing human activities,
which include direct and indirect activities on the atmospheric layers and the biosphere (Bekun et al., 2019). The
impact of human engagement on the environment has been continuously measured for several decades by the
response of the environment to economic growth, population dynamics, energy consumption and several other
important factors (Usman et al. 2020). Such environmental impact is consistently attributed to carbon dioxide
(COy) emissions. Specifically, CO, emissions are estimated to account for about 76% and 94% of total
anthropogenic greenhouse gases (GHG) and anthropogenic CO, emissions, respectively (Bekun et al. 2019). The
emissions of GHG, which cause climate change, are currently determined mainly by consumer habits in the
developed world's cities (Campbell-Lendrum and Corvalan, 2007). Therefore, limiting or mitigating their
emissions is necessary to preserve biodiversity. Carbon emissions contribute approximately 75% of global
greenhouse gas emissions (Tolmac et al., 2014, 2016).

Since the beginning of the industrial revolution almost two centuries ago, there have been amazing
technological advances and improvements in human well-being. Environmentalists believe that rapid economic
growth in the world causes not only the depletion of natural resources but also the harmful emissions resulting
from this growth, which pose a threat to the existing and future sustainability of the environment (Tolmac et al.,
2016). GHG emissions into the atmosphere from energy production have increased exponentially in recent decades
(Manish et al. 2006). Climate scientists are increasingly focusing their efforts on the root causes of environmental
change. Environmental experts are very interested in climate change because CO, emissions are released and
absorbed into the atmosphere globally in significant quantities (Tolmac et al., 2014). Lower fossil fuel reserves
are attracting increasing interest in alternative energy sources such as wind energy, biomass, solar energy,
geothermal energy, hydropower (Tolmac et al., 2016; Pavolova et al., 2015) and hydrogen energy for electricity
generation to overcome the current environmental crisis (Sanitka et al., 2019; Ludin et al., 2018; Ang et al., 2022).
The use of fossil resources has a significant impact on the degradation of the environment because they cause high
CO- emissions (Kartal, 2022). On the other hand, the use of renewable resources is increasing. According to the
recently published literature, renewable resources contribute to reducing CO2 emissions because they are naturally
produced, and using such resources does not contribute to CO;, emissions. In addition, some countries prefer
nuclear energy as an option for obtaining energy (Kartal, 2022). For this reason, the use of nuclear energy is also
increasing in some countries. In short, the share of fossil resources in total energy production is quite high, while
the share of renewable resources is increasing daily (lwata et al., 2010). Such a structure of energy production
causes high CO, emissions, climate change and global warming problems, and social changes and effects
(Zaporowski, 2016). For this reason, it is necessary to examine CO, emissions at the level of individual countries,
including a group of countries, especially those that cause a high amount of CO», and to consider adverse effects
on human health (Kartal, 2022). Conventional sources provided 66% of global energy demand in 2017. This
dependence of the world on fossil fuel sources has resulted in several global challenges, the most serious of which
is the issue of climate change. Consequently, these concerns have forced countries to shift their dependence from
conventional energy sources to alternative or modern energy sources (Bekun et al. 2019). The contributions of
each renewable and non-renewable source have changed rapidly in recent years due to the Intergovernmental Panel
on Climate Change (IPCC) and the United Nations (UN) agreements. Their agreement regarding the increase in
the use of renewable energy and the decrease in the use of non-renewable energy changed the share of both energies
in the deterioration of the environment (Kartal 2022). Renewable energy sources (RES) are becoming more and
more popular because they are cheaper and more efficient than conventional energy sources. New green energy
technologies are mostly used in developing regions to ensure a sustainable and clean environment (Chang et al.
2022a). "Energy is said to be renewable when it is sourced from renewable resources such as the sun, wind, water,
or biomass. Renewable energy does not use fossil fuels, coal, or gas, but rather natural resources that can be
replenished within the human lifetime "(Garrett, 2023). RES play a key role in reducing carbon dioxide and other
harmful gases (Solaun and Cerda 2019). The world will have to increase the share of RES from 19% in 2017 to
65% in 2050 to reduce the temperature by 20°C (IRENA, 2019). Renewable energy, among other production
factors, has a decisive role in the growth of economies; therefore, the need to use renewable energy has expanded
dramatically as economies have reached a significant level of development.

Non-renewable energy consumption and economic growth increase the burning of carbon emissions, while
renewable energy consumption reduces CO emissions (Bekun et al., 2019). Panel causality analysis reveals a
backward mechanism. The ever-increasing consumption of natural resources has adverse effects on the ecosystem,
increasing multidimensional environmental degradation and causing negative climate change (Bilgili and Ulucak,
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2020; Rudolph and Figge, 2017). As a result, the long-term goals of socio-economic development are threatened
worldwide. Despite some concerted efforts worldwide, the problem continues to grow (Shahbaz et al., 2017).
These globally accepted problems have attracted the attention of researchers for future policy-making for
sustainable development as well as for environmental sustainability. Over the past five decades, we have witnessed
a gradual, uninterrupted and significant increase in CO by 172% (Cui et al., 2022).

Many papers have been published on renewable and non-renewable energy sources and their exploitation
connected to GHG emissions. In this study, the legislation of the EU that was implemented to limit the emissions
of substances negatively affecting the environment was used as a basis for the study of RES by comparing the
usage of RES and fossil fuels for their impact on the environment on a global scale emphasizing the risks,
challenges and disagreements related to global climate change.

Materials and Methods

Global energy demand has increased significantly in recent decades. If current trends continue, the
International Energy Agency (IEA) predicts that global energy demand will increase by 1.2% by 2035. Although
there has been a slight decline in conventional fossil fuels such as coal, oil and natural gas, they remain the world's
main sources of energy. In 2016, oil, natural gas and coal accounted for almost 90% of the resources for electricity
production (Chang et al., 2022b). The dominance of natural fuels in the electricity market inevitably leads to low
efficiency and major environmental problems, especially greenhouse gases. Recently, due to environmental
concerns caused by fossil fuel energy consumption, renewable energy has become a popular alternative to
conventional fossil fuels. Growing evidence suggests that RES, including solar-, wind- and hydropower, volcanic
energy, and biofuels, can be used to reduce CO; emissions, increase energy efficiency, alleviate energy shortages,
and promote sustainable development (Chang et al., 2022b). In countries with lower levels of economic
complexity, solar and wind increased their relative share of renewable energy generation while the total amount
of renewable energy generation remained stable. Consequently, in the absence of scale effects associated with
renewable energy consumption (as total renewable energy consumption remained constant over the period under
review), such a shift benefitted the environment. Under these circumstances, the transition from older forms of
renewable energy to newer forms, such as solar and wind, has reduced air pollution (Khezri et al., 2022). Energy
demand is expected to increase by 56% by 2040. If the same policy of reliance on fossil fuels continues, increasing
energy demand will increase greenhouse gas emissions. Consequently, climate change mitigation is necessary to
avoid these consequences. RES plays a key role in achieving carbon neutrality, reducing global warming and
climate change, and meeting the goal of the Paris Agreement. RES are considered affordable, sustainable and free
of energy (Cui et al., 2022).

The share of RES in electricity production (Figure 1) and the share of renewable energy in electricity capacity
(Figure 2) in most EU countries has been increasing during the last 10 years (IRENA, 2023ab). The largest
contributor to electricity production is hydropower. Solar and wind energy together make up 50% of the total share
of electricity. Geothermal, ocean, and biomass power plants account for slightly more than 6%.
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Fig. 1. Share of RES in electricity production in EU countries in 2013 and 2022 (IRENA, 2023a).
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Fig. 2. Share of renewable energy in electricity capacity in the EU in 2013 and 2022 (IRENA, 2023b).

The use of renewable resources is key to decarbonizing the energy sector and combating climate change, but

the availability of solar, hydro and wind power depends on weather conditions and future climate change. In
addition, there has been less research on the environmental impacts of the use of RES (Osman et al., 2023). This
review was therefore conducted to discuss (i) the most used RES, (ii) renewable energy needs and costs, (iii)
climate change impacts on RES and their future prospects under climate change scenarios and (iv) the potential
environmental impacts caused by RES that are the most environmentally friendly. For some time, it has been
argued that the world's energy mix is too reliant on its natural resources, such as coal, oil, natural gas and others.
Even though world economies greatly emphasize energy conservation and diversification, fossil fuels are still the
most used fuel worldwide. The adverse effects of fossil fuels on environmental protection, green development and
global warming are significant problems in the energy industry, which pressure economies to find solutions to
reduce these effects without disrupting economic growth. One of the possible solutions in this direction is the
transition to RES. This requires significant improvements in the energy sector in the transition from energy based
on fossil fuels to using energy with zero carbon emissions by relying on natural energy sources (Li et al., 2023).
Excessive use of natural reserves, such as coal, oil, and natural gas, seriously threatens the environment. The most
pressing reason for concern in the energy sector is the use of fossil fuels and their adverse impact on the
environment. The urgency is to minimize negative externalities on the well-being of the environment without
disrupting the process of economic growth. A promising solution in this context is the need for an energy transition.
The energy transition is crucial in reshaping energy consumption towards zero-carbon goals to maintain
environmental sustainability and decarbonize the energy sector. In addition, the transition to renewable sources
can promote sustainable growth, reduce pollution levels and reduce the overall environmental burden (Bashir et
al., 2023). In recent decades, climate change has been recognized as the main environmental problem facing the
world. It is a complex phenomenon arising from complex interactions between three different parameters:
economy, energy, and environment. Energy is essential for economic production and, therefore, also for economic
growth and development of society, but it is also the main source of GHG emissions. The need to reduce CO»
emissions is stronger than ever. According to many studies, renewable energy has one of the most significant cost-
effective potentials for reducing energy-related greenhouse gas emissions. Increasing the supply of renewable
energy would make it possible to replace carbon-intensive energy sources and significantly reduce emissions of
pollutants (Belaid and Zrelli 2019). Currently, some of the most devastating effects of global warming are
witnessed as a result of both economic and non-economic activities. Worst of all, the current wave of GHG
emissions and their adverse effects are greater than in the pre-industrial revolution era. Traditionally, the main
cause of growing GHG emissions are emissions of CO, and other pollutants produced during the production of
goods and services, which are key engines of economic growth and development. Global climate change and
severe weather conditions, including floods, droughts, heatwaves, and heavy rains, have become common over the
past decade due to rising CO- levels; the increase in GHG emissions is simply a consequence of economic growth
and development. Policymakers and governments are generally torn between pursuing greater growth, promoting
sustainable policies to maintain a healthy living environment, and pursuing increased production (Liu et al., 2023).
The methods used in this study are based on analytical and evaluation methods of the current situation in the
impact of renewable energy sources on the environment. The necessary data and information were collected from
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the peer-reviewed literature, which provided an up-to-date analysis of the studied topic. To assess the development
of RES with the premise of environmental protection, the study concentrates on the EU legislative framework that
has been implemented to limit any emissions of harmful substances into the environment. The study of applications
and types of RES compares the usage of RES and fossil fuels to the changes in the environment on a global scale.
This study also emphasizes the risks, challenges and disagreements related to global climate change.

Results and Discussion

Development of RES with the premise of environmental protection. One of today's global challenges,
which can be achieved through tasks at the level of national economies, is forming a low-carbon economy and
increasing the use of RES. This is due to the need to stop or at least reduce the negative impacts of climate change.
Several scenarios were performed to predict the future development of RES on a global scale (Dembicka-Niemiec
et al., 2023). It was found that climate policies would limit the extent of RES development, and the size of RES
would also be affected by technical changes in RES and the ability of RES to integrate with conventional energy
systems (Maslin and Scott, 2011). The breakthrough event for entering a new stage of development of RES was
the signing of the Kyoto Protocol at the end of 1997, which was followed by an international agreement on climate
change and the fight against global warming (Gotowska and Jakubczak, 2011). Climate science has produced
overwhelming evidence that human-caused greenhouse gas (GHG) emissions must fall if global warming is limited
to below 1.5 °C. The Paris Agreement responded to this challenge by legally binding signatory countries to achieve
a climate-neutral world by mid-century. The European Commission also agreed on the European Green Deal, the
aim of which is to support a future with a decarbonized economy and zero net emissions by 2050 (Vieira et al.,
2023). The main reason for the ongoing energy transformation process in the global economy is the need to protect
the environment, especially the climate. Increased public awareness of the destruction of the Earth's ecosystem
and technological development have resulted in an increased importance of RES, which is increasingly replacing
classical sources. In addition to the environmental aspect, renewable energy also offers a chance for greater energy
independence and the possibility of energy production for countries without conventional energy sources. These
factors cause individual countries and their groups to adopt increasingly decisive measures for the development of
renewable energy. In order to protect Earth from uncontrolled economic growth, which could have adverse
consequences on the natural environment, the concept of reducing CO emissions was adopted (Grodzicki and
Jankiewicz, 2022). Considering that conventional energy sources could one day be used and produce a lot of
environmental pollution, implementing the energy mix, especially renewable energy, is a fundamental step towards
sustainable development. The use of renewable energy is essential to reduce greenhouse gas emissions and the
dependence of many countries on fossil fuels and imported energy. Renewable energy can also refer to the concept
of sustainable energy, sometimes called green energy. By definition, green energy has minimal or even zero impact
on the environment (Ang et al., 2022).

A very strong climate and energy policy, which has been implemented in the EU for about a dozen years,
aimed at limiting emissions of harmful substances into the environment, has led to a gradual shift away from
conventional energy sources. The increase in demand for energy while reducing its extraction from conventional
sources means that the dynamic development of renewable energy is necessary so that the economy will not be
too dependent on energy imports (Tutak and Brodny, 2022). The EU is therefore taking very large-scale
operational and strategic measures to use other sources for production, such as wind, solar, mechanical water
energy, biomass and geothermal energy, as well as tidal waves, ocean heat, wave energy and ocean currents.
Directive 2009/28/EC, in turn, imposed on the EU-27 member states the need to increase the share of energy
obtained from RES in their total energy consumption, as well as in transport, heating and cooling and electricity
production within the scope of indicative targets. At the pan-European level, the directive focused on increasing
the share of energy consumption produced from RES to 20%, while in transport, this consumption was supposed
to be at least 10% by the end of 2020. On the other hand, the 2018 Renewable Energy Directive set a target by
2030 for the share of renewable energy in the EU's energy mix to be at least 32% (Vieira et al., 2023; Pavolova et
al., 2012). The constant increase in the global average temperature makes the environment more and more
expensive and physically demanding to live in, which poses a significant risk to public health in all countries,
developed or developing, rich or poor. Sources of excess carbon emissions are widespread, with the World Health
Organization finding that worsening outdoor air pollution causes about 4.2 million premature deaths annually. In
addition, global warming amplifies the negative impact of seawater acidification, leading to coral bleaching and
the irreparable destruction of marine life (Magazzino et al., 2022). Despite the extensive focus of world economies
on diversification and energy conservation, fossil fuels remain the primary fuel consumed worldwide. Thus, there
is great concern in the energy sector about the adverse impact of fossils on environmental protection, green
development and global warming, which encourages economies to find ways to minimize the negative
consequences of energy use without disrupting the growth process. A potential solution in this direction lies in the
transition of energy to renewable sources (Afshan et al., 2022).
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Applications and types of RES. It should be noted that growth and energy are positively linked. Economic
growth increases the level of energy use, especially the need for fossil fuels. Renewable sources are ecological and
low-carbon sources of energy. Solar, wind, geothermal and hydropower do not produce GHG. Many countries
have recently adopted renewable energy technologies to protect the environment. In addition, various factors such
as the security of energy supply, energy dependence, climate change, energy price fluctuations, health problems,
and environmental disasters have promoted the consumption of RES in developing economies (Akbar et al., 2021).
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Fig. 3. Total renewable energy capacity in MW of EU countries in 2013-2022 (Khezri et al. 2022).
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Fig. 4. Average total renewable energy capacity in MW by EU countries for 2013-2022 (Khezri et al. 2022).

Production and life processes based on fossil fuels cause fundamental environmental and social problems
(Tschulkow et al., 2020). Earth is experiencing substantial changes in the ozone layer, air and water resources
along with rising temperatures. Therefore, it is more urgent to use more sustainable resources to mitigate these
destructive processes (Zhuang et al. 2020). RES such as wind (Bout et al., 2021), solar (Tina et al., 2021), biomass
(Ribo-Pérez et al., 2021) and geothermal energy (Di Fraia et al., 2020), as well as other sources (Stancin et al.,
2020), can provide an economic and ecological alternative to fossil fuels to satisfy growing global energy demand.
Figure 3 shows the total renewable energy consumption for electricity production from 2010 to 2020 (Ang et al.,
2022).
According to the IEA's Global Energy Outlook in 2021, total renewable energy consumption has shown a
significant increase, from 4098 TWh in 2010 to 7627 TWh in 2020 (Bak et al., 2021). EU countries' total renewable
energy capacity increased from about 0.4 TW in 2013 to about 0.7 TW in 2022 (Figure 3) (Khezri et al., 2022).
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Hydropower contributes the largest share of renewable energy capacity for electricity production worldwide,
although the growth rate of hydropower is the lowest compared to other RES. Meanwhile, decarbonization control
also requires using new technologies and energy sources (Bak et al., 2021). Renewable energy applications have
attracted international interest for various reasons, including the development of renewable energy technologies,
the depletion of fossil fuels, sustainable development and energy security. In the 21% century, renewable energy
has gained great importance because non-renewable energy sources were overused, together with their escalated
emissions (Amjith and Bavanish, 2022). The average total renewable energy capacity (Figure 4) is different in the
EU countries (Khezri et al., 2022).

Among the above systems, the implementation of solar thermal collectors is expected to grow rapidly
(Lemence and Tamayao, 2021). Solar energy (SE) is radiant ionizing energy emitted by the Sun and one of the
energies that is highly utilized worldwide (Alhamrouni et al., 2020). Two main types of SE systems are solar
thermal energy and photovoltaic energy, which are commonly implemented in developing and developed
countries. Researchers are also gradually improving these two SE systems to achieve better efficiency.
Photovoltaic (PV) energy is one of the popular SE technologies as a prospective energy source in the future
(Alhafadhi et al., 2020). Current photovoltaic energy provides approximately 2% of the worldwide electricity
demand (Bughneda et al., 2021). According to the International Energy Agency, the gross area of solar systems
reached 686 million m? in 2018, which is expected to grow by 191% by 2030 and by 745% by 2050 to reach 2000
million m? and 5800 million m?, respectively (Lemence and Tamayao, 2021; Bednarova et al., 2023). Wind energy
is usually considered a cost-effective and environmentally friendly source of energy. It is the second main
preference of renewable energy for electricity generation after hydropower due to its relatively simple/light
infrastructure, cost-effectiveness and technological maturity (Herbert et al., 2007). Wind energy is converted into
electrical energy in power plants based on wind turbines. Wind turbines can convert kinetic energy into electrical
energy without any combustion, reducing CO,, SOy and NOy environmental pollution (Moldovan et al., 2021).
Wind turbines play a key role for countries that are heavily dependent on fossil fuel imports. Biomass energy is
also an attractive alternative to get rid of dependence on fossil fuels, thus mitigating the greenhouse effect. It is
also an effective waste management strategy (Lovrak et al., 2020). Biomass energy is available in several forms,
such as agricultural and energy crops, municipal waste, wood waste and their waste products, which are used for
direct combustion and co-combustion with fossil fuels (Mancusi et al., 2021; Rajnoha and Kanova, 2022).
Hydropower is the oldest and most common type of renewable electricity source available, and one of the main
RES used worldwide, accounting for 70% of all renewable energy measures undertaken as of 2016. It comes from
water flows from lakes and mountain ranges and is produced by converting kinetic energy into mechanical energy
in hydropower plants (Bhattacharjee and Nayak, 2020; Kostikova et al., 2022). Hydropower is a proven and cost-
effective renewable energy source, and electricity is produced from the collected energy of moving water from
higher to lower altitudes. Compared to other sources of renewable energy, hydropower has the highest conversion
efficiency for electricity production, which is approximately 90%. Hydropower accounts for 20% of electricity
production worldwide. Hydropower can be adjusted to meet the load requirement with a maximum capacity factor
(Ang et al., 2022). Therefore, there are different types of hydropower, such as pumped storage systems, small
hydropower and cascade hydropower. Global hydropower capacity is expected to increase by 17% between 2021
and 2030. Although electricity generation is only one of the many purposes of reservoirs, storage hydropower
provides the flexibility to integrate intermittent renewables into the power system (Dujardin et al., 2017). However,
due to the uneven spatiotemporal distribution of water resources in the basin, possible risks of insufficient water
supply are also being considered. For example, recent work has focused on joint distribution and conditional
expectation models to analyze the association of water supply, hydropower, and environmental variables to assess
multiple risks in water resource systems (Chen et al., 2020). For hydropower production frequencies higher than
90%, the expected values of water supply sufficiency and sustainability of water use drop significantly, which
creates possible risks of insufficient water supply and damage to the environment above the dams. Most developing
countries rely primarily on hydropower, which is cost-effective and highly efficient, while countries with abundant
renewable resources are gradually moving towards sustainable measures. Geothermal energy is thermal energy
from the radioactive decay of mineral raw materials and from the primitive structure of the planet Earth. In general,
the geothermal gradient increases by 0.03 °C.m™* with the depth of the Earth so that 99% per cent of the Earth's
temperature is higher than 1000 °C (Ang et al., 2022). The geothermal energy inside the Earth is abundant and
inexhaustible compared to other intermittent renewable sources such as solar energy, wind energy, and hydropower
(Barbier, 2002). In addition, geothermal energy is naturally stable and has no CO, emissions (Li et al., 2015).
Hydrogen energy is known as a non-toxic and clean energy carrier that contains high specific energy on a mass
basis. For example, the energy content of 9.5 g of hydrogen equals 25 g of gasoline (Polat et al., 2012). Hydrogen
energy can be stored to generate electricity. Through direct or electrolytic methods, hydrogen is stored for a certain
time before being released to achieve a chemical reaction to produce electricity (Koohi-Fayegh and Rosen, 2020).
Hydrogen energy is sustainable because it can be generated from renewable and non-renewable energy sources
(Koohi-Fayegh and Rosen, 2020) and thus can be used in various sectors such as transportation, commercial,
institutional and residential areas (Dincer and Rosen, 2004).
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In addition to the positive sides of the RES, there are also some limitations that must be considered. Using a
photovoltaic system may contaminate the watercourse with toxic chemicals used in the heat transfer system,
negatively impacting the environment when toxic chemicals are disposed of in the system (Baechler and Lee,
1991; Bradley, 1998). Animals, especially birds, hit the support systems and propellers, and the production of
noise and vibrations may occur with the use of wind energy (Suaad, 2013; Pimentel et al., 2002). The use of
hydropower may affect the ecology of the watercourse connected to sediment transport, fish migration and
flooding (Ang etal., 2022). Air pollution due to the release of pollutants, soil and vegetation degradation connected
to erosion and overexploitation and also economic disadvantages in the form of an increase in food price and risk
of food security may result from the use of biomass energy (Ang et al., 2022; Robertson et al., 2008; Headey and
Fan, 2008). Air pollution is also a problem of geothermal energy due to the production of hydrogen sulfide, which
is also connected to the release of toxic metals (Energy Information Administration, 1991).

Risks, challenges and disagreements related to global climate change. Currently, subsidies and support
for RES implementations between industry, governmental and non-governmental organizations are constantly
developing. Authorities are looking for environmental, energy and development programs at different, local,
regional and global levels in order to expand policy, economy and production of RES in developed and developing
countries (Bayer et al., 2013; Pavolova et al., 2012b). Politics is a significant driving force for the development of
renewable energies. Many studies have summarized the policies and development status of different countries.
Scientists applied empirical methods to analyze the effects of government policies on the development of RES.
Boie (2016) classified government policies into production and investment incentives. In October 2014, the
European Council (EC) adopted the Framework for EU climate and energy policy until 2030, which included,
among other things, a binding goal of reducing EU greenhouse gas emissions by at least 40% below 1990 levels
by 2030. The same goal The EU has collectively set its reduction target under the Paris Climate Agreement. Based
on this framework, the entire EU climate and energy legislation was comprehensively revised in the following
years. The document analyzes the options for the transition to a low-carbon economy, which would lead to the
fulfilment of the ambitious goals of the EU in reducing greenhouse gas emissions or would lead to climate
neutrality by the end of the first half of this century. In this context, eight scenarios were analyzed, of which the
two most ambitious scenarios would achieve a 100% reduction in emissions (after considering negative emissions),
which would mean reaching climate neutrality as early as 2050. These two scenarios are in line with "the 1.5 °C"
ambitious goal of the Paris Agreement. At the EC in December 2019, all member states signed up to the goal of
climate neutrality for the EU by 2050, while some member states (Sweden, Finland, Austria) chose even more
ambitious goals at the national level. The agreement contains measures and a plan of key policies related to the
whole range of issues — from ambitious reduction of emissions through investment in top research and innovation,
transformation of the entire industry, economy and agriculture to the protection of the natural environment in
Europe. According to this agreement, the above-mentioned 40% reduction target for the EU by 2030 should also
be reviewed (the EC proposes a 50% to 55% reduction target). The European Green Deal is a package of political
initiatives, the purpose of which is to direct the EU on the path of green transformation with the ultimate goal of
achieving climate neutrality by 2050. It supports the transformation of the EU into a fair and prosperous society
with a modern and competitive economy. It emphasizes the need for a holistic and cross-sectoral approach in
which all relevant policy areas contribute to the ultimate climate goal. The package includes initiatives on climate,
environment, energy, transport, industry, agriculture and sustainable finance, all of which are closely linked. The
Commission presented the European Green Deal in December 2019, and the EC took note of it at its December
meeting. The Green Agreement includes initiatives to align EU legislation with EU climate goals. The renewable
energy sector should be a dynamic industry that actively supports the country's economic development and reduces
differences from the EU. The more renewable resources are introduced into the system, the higher the costs will
be in the form of subsidies. The most important topics on the use of renewable resources that have been reflected
in environmental organizations are those related to the location of wind power plants and the construction of small
hydropower plants in protected areas. Non-governmental organizations most often do not have problems directly
with producers or investors but with authorities that need to implement legislation. According to the national action
plan in the field of renewable energy, the financial mechanism resulting from the awarding of green certificates is
based on the transfer of financial costs to the consumer (residents or economic entities) for whom the green energy
component is reflected in the value of electricity bills. The EU energy industry will face significant challenges in
the coming decades. New ways of achieving energy security and transition to carbon neutrality (Rabbi et al., 2022)
were selected as typical cases in this document. Although some countries face many serious environmental
challenges, there are real opportunities to make fundamental changes in their economies. The transition to an
ecological and low-carbon economy brought several advantages in addressing food, energy, and water security
and in achieving sustainable development. By the second half of this century, the energy sector will transform
from fossil to zero-carbon (IRENA, 2019). Energy-related CO, emissions need to be reduced to limit climate
change. The energy transition can create vast socio-economic opportunities by supporting the decarbonization of
communities. The degree of environmental hazard reduction will ultimately depend on the policies adopted, the
speed with which they are implemented, and the deployment of resources (Liu, 2022). The development of RES
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is significantly limited by the internal costs of energy and the way in which it is implemented (da Silva, 2010).
The key to the global implementation of green energy will have to be based on pragmatism and political and
strategic wisdom, correlated with massive financing of research and development in the field of energy and
technology. Of course, reasonable time planning will always include risks — directly referring to the danger posed
by the widespread use of nuclear and even hydropower, which will also significantly damage the biodiversity of
plants and animals in rivers and streams. If everything was quick, perfect and sure, it would be possible to find out
that instead of saving the planet and human society, there would be a gigantic step towards economic and social
self-destruction (Bakalar et al., 2021; Chenic et al., 2022; Al-mulali, 2014). RES are an alternative to traditional
primary non-renewable energy sources such as fossil fuels. Obtaining energy from these sources is much less
ecological than renewable sources. The use of renewable energy in the energy mix significantly reduces the
harmful impact of the energy sector on the natural environment, mainly by reducing emissions of harmful
substances, especially greenhouse gases (Rajchel and Walawender, 2018). Irregularity in the operation of RES
systems causes a significant difference between the average and maximum output, which is not observed in the
case of system power plants, e.g. coal, nuclear or gas. In order to cover the gap in energy production in case of
wind or solar failure, the country must maintain sufficiently large operational energy reserves — both rotating and
stationary (Miciuta, 2015). In addition to wind and solar energy, agricultural and forest biomass is a particularly
important RES. The reason is the universality and availability of this raw material (Zaporowski, 2016; Raheem et
al., 2016). In addition, biomass is a solid and more stable fuel and does not depend on the weather like solar or
wind energy. Every year, there is a significant increase in the global use of RES in the energy system. EU member
states face the need to build competitive internal energy markets and respond to global problems resulting from
climate change (Miciuta 2015). Economic development is closely related to the level of total energy consumption,
as well as emissions into the environment. Therefore, renewable energy systems with improved energy efficiency
are gradually emerging and are designed to achieve sustainable economic and financial development (Ouramdane,
2021). The EU is one of the leaders in this transition and aims to achieve a sustainable economy, products and
markets (Bluszcz and Manowska, 2020).

Conclusions

The existence of human society on Earth is based on the need and satisfaction of consumption and energy
needs, and with development, these energy demands are constantly increasing. The supply of the decisive amount
of energy is currently ensured by the so-called conventional energy sources — fossil or nuclear. Since the
environment is significantly and irreversibly polluted and devastated by the processing and burning of these fuels,
this method of energy production is not the most suitable for sustainability and literally the survival of the entire
living world. Innovations and research are constantly continuing to improve and develop the current state of RES
in terms of economic, technical and energy conversion efficiency. Environmental problems such as climate
change, global warming and ozone depletion are more serious/catastrophic/destructive. To solve this problem,
more developed industrial countries are cooperating to increase the use of renewable energy technologies. At the
same time, it is necessary to carry out various research and innovations, and introducing newer methods and
components is very welcome for a more efficient and affordable production of energy from renewable sources.
The current task in the energy industry is to find ecologically clean, energy-efficient and safe solutions that will
ensure sustainability and energy supply for ever-increasing consumption, economic efficiency and energy
portability (networks and distribution systems), as well as stability of energy supplies and a clean environment at
the same time and reducing burdens from the past as well as compatibility with other related human activities and
accessibility for various developed regions.

The use of RES as a domestic energy source increases the security and diversification of energy supplies and
simultaneously reduces the economy's dependence on unstable oil and natural gas prices. Their use is based on
advanced and environmentally friendly technologies, and they significantly contribute to reducing greenhouse gas
and pollution emissions. Increasing the share of RES represents an important element in the package of measures
to achieve the goals of the Kyoto Protocol. RES contribute to strengthening and diversifying the structure of
industry and agriculture. They support innovation and development of information technologies, open space for
new directions, and are one of the pillars of building a knowledge-based economy. The rational management of
domestic RES is in accordance with the principles of sustainable development. Increased use of RES has an impact
on improving the health of the population.

Solar energy has the greatest overall potential. Considering the financial and technological possibilities, the
assumption is that solar energy is mainly used to produce heat and domestic hot water. Current photovoltaic
technology makes it possible, without major structural changes, to integrate photovoltaic generators into the energy
distribution system, ensuring the share of several per cent of the annual electricity consumption. Compared to
other technologies, the use of photovoltaic potential is currently more financially demanding.
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Geothermal energy has the second-largest overall potential. The properties of geothermal water predetermine
the use of this energy, mainly for heating and medical purposes. The technical potential is also significantly lower
due to technological problems related to the chemical composition of geothermal waters.

Biomass has the greatest technical potential. Biomass has a great perspective in the production of heat,
especially in central heating systems, less so in households, in the form of pellets, briquettes, wood chips and
straw. A relatively quick solution to the increased use of biomass is co-combustion with fossil fuel in thermal
power plants and in the combined production of electricity and heat. In the case of larger facilities, one of the
important factors is the optimization of logistics costs. Hydropower is the most used renewable source for
electricity production, and it covers over 98% of electricity production from RES. Hydropower, like most RES, is
created because of solar activity, which helps evaporation from water surfaces, then the formation of water vapour
clouds, and finally returning to the Earth's surface in the form of precipitation, which creates a closed water cycle.
The energy that the water produces in this way can then be used to produce electricity in hydroelectric power
plants. The use of hydropower potential is approximately 57%. The global use of wind energy is constantly
increasing, and many countries are using this renewable source. Countries such as China, the United States of
America, Germany, India and Spain are leaders in the field of wind capacity. These countries invest significantly
in wind energy infrastructure, which leads to a significant reduction in carbon emissions and a transition to a more
sustainable energy mix. Continuous advances in wind turbine technology have played a key role in the growth of
wind energy. Turbines have become more efficient, more reliable and cheaper over the years. Technological
innovations such as taller towers, larger rotor diameters, and improved rotor blade designs have greatly increased
energy harvesting, making wind power more competitive than conventional energy sources. In addition, research
and development efforts focus on integrating wind energy into energy storage systems, improving grid stability,
and exploring the potential of offshore wind energy. Hydrogen energy represents about 2% of the EU's energy
mix. Almost all hydrogen — up to 95% - is produced using fossil fuels, which releases 70 to 100 million tons of
CO; annually. Based on the research, RES could supply a substantial part of Europe's energy in 2050, of which
hydrogen could represent up to a fifth. It could cover 20-50% of energy demand in transport and 5-20% in industry.
It is mostly used as a raw material in industrial processes but also as fuel for space rockets. Due to its properties,
hydrogen can be a good fuel because:

e its use for energy purposes does not cause greenhouse gas emissions; the only by-product of the process is
water,

e it can be used to produce other gases as well as liquid fuels,

e the existing infrastructure for gas transportation and storage can be adapted for hydrogen,

e it has a higher energy density than batteries, so it can be used to transport long distances and heavy goods.

Today, everyone is aware that energy is needed to live — whether in the form of heat, light, or other forms of
energy. However, few people are willing to acknowledge that the current way of using fossil fuels is limited in
time and that the life of creation on the planet is at the expense of nature. Few human activities affect the
environment to such a serious degree as the current energy use. This manifests itself in the growing threat of global
climate change, acid rain and smog in cities or, ultimately, nuclear power plant accidents. It is precisely classic
energy sources, and the way industry and society use them that cause irreparable damage to nature and people's
health. The use of RES is one of the ways of understanding nature protection as a whole and providing a perspective
for the sustainable development of society.

References

Afshan, S., Ozturk, 1. and Yaqoob, T. (2022). Facilitating renewable energy transition, ecological innovations and
stringent environmental policies to improve ecological sustainability: Evidence from MM-QR method.
Renewable Energy, 196. https://doi.org/10.1016/j.renene.2022.06.125

Akbar, M., Hussain, A., Akbar, A. and Ullah, 1. (2021). The dynamic association between healthcare spending,
CO2 emissions, and human development index in OECD countries: evidence from panel VAR model.
Environment, Development and Sustainability, 23. https://doi.org/10.1007/s10668-020-01066-5

Al-mulali, U. (2014) Investigating the impact of nuclear energy consumption on GDP growth and CO2 emission:
A panel data analysis. Progress in Nuclear Energy, 73. https://doi.org/10.1016/j.pnucene.2014.02.002

Alhafadhi, L., The, J., Lai, C. and Salem, M. (2020). Predictive adaptive filter for reducing total harmonics
distortion in PV systems. Energies, 13(12). https://doi.org/10.3390/en13123286

Alhamrouni, 1., Danial, M., Salem, M., Awalin, L.J. and Ismail, B. (2020). Design of 2LC-Y DC-DC converter
for high voltage/low current renewable energy application. Test Engineering & Management, 83.

Ali, R., Kurigi, A., Abubaker, S. and Kisi, O. (2019). Hydrologic alteration at the upper and middle part of the
Yangtze river, China: towards sustainable water resource management under increasing water exploitation.
Sustainability, 11(19). https://doi.org/10.3390/su11195176

961



Tomas BAKALAR et al. / Acta Montanistica Slovaca, Volume 28 (2023), Number 4, 952-965

Alola, A.A. (2019). The trilemma of trade, monetary and immigration policies in the United States: accounting for
environmental sustainability. Science of The Total Environment, 658.
https://doi.org/10.1016/j.scitotenv.2018.12.212

Amjith, L.R. and Bavanish, B. (2022). A review on biomass and wind as renewable energy for sustainable
environment. Chemosphere, 293. https://doi.org/10.1016/j.chemosphere.2022.133579

Ang, T., Salem, M., Kamarol, M., Das, H.S., Nazari, M.A. and Prabaharan, N. (2022). A comprehensive study of
renewable energy sources: Classifications, challenges and suggestions. Energy Strategy Reviews, 43.
https://doi.org/10.1016/j.esr.2022.100939

Baechler, M.C. and Lee, A.D. (1991). Implications of environmental externalities assessment for solar thermal
powerplants. In: Proceedings of the 13th ASME-JSME International Solar Energy Conference, Reno, USA,
17.-22.03.1991.

Bak, I., Barwinska-Malajowicz, A., Wolska, G., Walawender, P. and Hydzik, P. Is the European Union Making
Progress on Energy Decarbonisation While Moving towards Sustainable Development? (2021). Energies,
14(13). https://doi.org/10.3390/en14133792

Bakalar, T., Pavolova, H. and Tokar¢ik, A. (2021). Analysis and Model of River Basin Sustainable Management
by SWOT and AHP Methods. Water, 13(17). https://doi.org/10.3390/w13172427

Barbier, E. (2002). Geothermal energy technology and current status: an overview. Renewable and Sustainable
Energy Reviews, 6(1-2). https://doi.org/10.1016/S1364-0321(02)00002-3

Bashir, M.F., Pan, Y., Shahbaz, M. and Ghosh, S. (2023) How energy transition and environmental innovation
ensure environmental sustainability? Contextual evidence from Top-10 manufacturing countries. Renewable
Energy, 204. https://doi.org/10.1016/j.renene.2023.01.049

Bayer, P., Dolan, L. and Urpelainen, J. (2013). Global patterns of renewable energy innovation, 1990-2009.
Energy for Sustainable Development, 17(3). https://doi.org/10.1016/j.esd.2013.02.003

Bednarova, L., Pavolova, H., Simkova, Z. and Bakalar, T. (2023). Economic Efficiency of Solar and Rainwater
Systems-A Case Study. Energies, 16(1). https://doi.org/10.3390/en16010504

Bekun, F.V., Alola, A.A. and Sarkodie, S.A. (2019). Toward a sustainable environment: Nexus between CO2
emissions, resource rent, renewable and non-renewable energy in 16-EU countries. Science of the Total
Environment, 657. https://doi.org/10.1016/j.scitotenv.2018.12.104

Belaid, F. and Zrelli, M.H. (2019). Renewable and non-renewable electricity consumption, environmental
degradation and economic development: Evidence from Mediterranean countries. Energy Policy, 133.
https://doi.org/10.1016/j.enpol.2019.110929

Bhattacharjee, S. and Nayak, P.K. (2019). PV-pumped energy storage option for convalescing performance of
hydroelectric ~ station  under  declining  precipitation  trend. = Renewable  Energy, 135.
https://doi.org/10.1016/j.renene.2018.12.021

Bilgili, F. and Ulucak, R. (2020). The Nexus Between Biomass — Footprint and Sustainable Development. In
Encyclopedia of Renewable and Sustainable Materials, 1st ed.; Hashmi, S., Choudhury, I.A., Eds.; Elsevier:
Amsterdam, NL, 2020, Volume 2, pp. 175-192. https://doi.org/10.1016/B978-0-12-803581-8.10600-9

Bluszcz, A. and Manowska, A. (2020). Differentiation of the Level of Sustainable Development of Energy Markets
in the European Union Countries. Energies 2020, 13, 4882. doi:10.3390/en13184882

Boie, 1.( 2016). Determinants for the Market Diffusion of Renewable Energy Technologies — An Analysis of the
Framework Conditions for Non-Residential Photovoltaic and Onshore Wind Energy Deployment in
Germany. PhD Thesis, University of Exeter, Devon, UK.

Bout, C., Gregg, J.S., Haselip, J. and Ellis, G. (2021). How Is Social Acceptance Reflected in National Renewable
Energy  Plans? Evidence  from Three  Wind-Rich Countries. Energies, 14(13).
https://doi.org/10.3390/en14133999

Bradley, R.L. (1998). Renewable Energy: Not Cheap, Not Green? Strategic Planning for Energy and the
Environment, 17(3). https://doi.org/10.1080/10485236.1998.10530522

Bughneda, A., Salem, M., Richelli, A., Ishak, D. and Alatai, S. (2021). Review of multilevel inverters for PV
energy system applications. Energies, 14(6). https://doi.org/10.3390/en14061585

Campbell-Lendrum, D. and Corvalan, C. (2007). Climate Change and Developing-Country Cities: Implications
For Environmental Health and Equity. Journal of Urban Health, 84. https://doi.org/10.1007/s11524-007-
9170-x

Chang, L., Saydaliev, H.B., Meo, M.S. and Mohsin, M. (2022a). How renewable energy matter for environmental
sustainability: Evidence from top-10 wind energy consumer countries of European Union. Sustainable
Energy, Grids Networks, 31, 100716. https://doi.org/10.1016/j.segan.2022.100716

Chang, L., Taghizadeh-Hesary, F. and Saydaliev, H.B. (2022b). How do ICT and renewable energy impact
sustainable development? Renewable Energy, 199. https://doi.org/10.1016/j.renene.2022.08.082

Chen, L., Huang, K., Zhou, J., Duan, H., Zhang, J., Wang, D. and Qiu, H. (2020). Multiple-risk assessment of
water supply, hydropower and environment nexus in the water resources system. Journal of Cleaner
Production, 268. https://doi.org/10.1016/j.jclepro.2020.122057

962



Tomas BAKALAR et al. / Acta Montanistica Slovaca, Volume 28 (2023), Number 4, 952-965

Chenic, A.S., Cretu, A L, Burlacu, A., Moroianu, N., Virjan, D., Huru, D., Stanef-Puica, M.R. and Enachescu, V.
(2022). Logical Analysis on the Strategy for a Sustainable Transition of the World to Green Energy—2050.
Smart Cities and Villages Coupled to Renewable Energy Sources with Low Carbon Footprint. Sustainability,
14(14). https://doi.org/10.3390/su14148622

Cui, L., Weng, S., Nadeem, A.M., Rafique, M.Z. and Shahzad, U. (2022). Exploring the role of renewable energy,
urbanization and structural change for environmental sustainability: Comparative analysis for practical
implications. Renewable Energy, 184. https://doi.org/10.1016/j.renene.2021.11.075

da Silva, C.G. (2010). The fossil energy/climate change crunch: Can we pin our hopes on new energy technologies?
Energy, 35(3). https://doi.org/10.1016/j.energy.2009.11.013

Dembicka-Niemiec, A., Szafranek-Stefaniuk, E. and Kalinichenko, A. (2023). Structural and Investment Funds of
the European Union as an Instrument for Creating a Low-Carbon Economy by Selected Companies of the
Energy Sector in Poland. Energies, 16(4). https://doi.org/10.3390/en16042031

Di Fraia, D., Macaluso, A., Massarotti, N. and Vanoli, L. (2020). Geothermal energy for wastewater and sludge
treatment:  An  exergoeconomic analysis. Energy Conversation and Management, 224.
https://doi.org/10.1016/j.enconman.2020.113180

Dincer, I. and Rosen, M.A. (2004). Exergy as a driver for achieving sustainability. International Journal of Green
Energy, 1(1). https://doi.org/10.1081/GE-120027881

Dujardin, J., Kahl, A., Kruyt, B., Bartlett, S. and Lehning, M. (2017). Interplay between photovoltaic, wind energy
and storage hydropower in a fully renewable Switzerland. Energy, 135.
https://doi.org/10.1016/j.energy.2017.06.092

Energy Information Administration (1991). Geothermal Energy in the Western United States and Hawaii:
Resources and Projected Electricity Generation Supplies. Office of Coal, Nuclear, Electric, and Alternate
Fuels, uU.S. Department of Energy. Available online:
https://inis.iaea.org/search/search.aspx?orig_q=RN:23012725 (accessed on 18 01 2023).

Garrett, C. (2023) Renewable energy sources: definition, types and stocks. Awvailable online:
https://climate.selectra.com/en/environment/renewable-energy (accessed on 18 01 2023).

Gotowska, M. and Jakubczak, A. (2011) Ocena poréwnawcza odnawialnych zrodet energii w Polsce iw
pozostatych krajach UE. Roczniki Naukowe Stowarzyszenia Ekonomistéw Rolnictwa i Agrobiznesu, 13.
Grodzicki, T. and Jankiewicz, M. (2022). The impact of renewable energy and urbanization on CO2 emissions in
Europe - Spatio-temporal approach. Environmental Development, 44,

https://doi.org/10.1016/j.envdev.2022.100755

Headey, D. and Fan, S. Anatomy of a crisis: the causes and consequences of surging food prices. Agricultural
Economy, 39(s1). https://doi.org/10.1111/j.1574-0862.2008.00345.x

Herbert, G.M.J., Iniyan, S., Sreevalsan, E. and Rajapandian, S. (2007). A review of wind energy technologies.
Renewable and Sustainable Energy Reviews, 11(6). https://doi.org/10.1016/j.rser.2005.08.004

IRENA, 2019. Global energy transformation: A roadmap to 2050. 2019 ed.; International Renewable Energy
Agency: Abu Dhabi, UAE.

IRENA, 2023a. Renewable energy statistics 2023, 1st ed.; International Renewable Energy Agency: Abu Dhabi,
UAE.

IRENA, 2023b. Renewable capacity statistics 2023, 1st ed.; International Renewable Energy Agency: Abu Dhabi,
UAE.

Iwata, H., Okada, K. and Samreth, S. (2010) Empirical study on the environmental Kuznets curve for CO2 in
France: The role of nuclear energy. Energy Policy, 38(8). https://doi.org/10.1016/j.enpol.2010.03.031
Kartal, M.T. (2022) The role of consumption of energy, fossil sources, nuclear energy, and renewable energy on
environmental degradation in top-five carbon producing countries. Renewable Energy, 184.

https://doi.org/10.1016/j.renene.2021.12.022

Khezri, M., Heshmati, A. and Khodaei, M. (2022) Environmental implications of economic complexity and its
role in determining how renewable energies affect CO2 emissions. Applied Energy, 306B.
https://doi.org/10.1016/j.apenergy.2021.117948

Koohi-Fayegh, S. and Rosen, M.A. (2020). A review of energy storage types, applications and recent
developments. Journal of Energy Storage, 27. https://doi.org/10.1016/j.est.2019.101047

Kostikova, K., Gawlik, A., Koniuszy, A., Rabe, M., Jakubowska, A., Sniegowsky, M., Bilan, Y. and Streimikiene,
D. (2022). Analysis of sea waves energy resources in the Baltic Sea and technical possibilities of their usage
for energy generation in Poland. Acta Montanistica Slovaca, 27(3). https://doi.org/10.46544/AMS.v27i3.20

Kurigi, A., Pinheiro, A.N., Sordo-Ward, A. and Garrote, L. (2017). Trade-off between environmental flow policy
and run-of-river hydropower generation in Mediterranean climate. European Water, 60.
https://doi.org/10.13140/RG.2.2.23257.21608

Kurigi, A., Pinheiro, A.N., Sordo-Ward, A. and Garrote, L. (2019). Influence of hydrologically based
environmental flow methods on flow alteration and energy production in a run-of-river hydropower plant.
Journal of Cleaner Production, 232. https://doi.org/10.1016/j.jclepro.2019.05.358

963



Tomas BAKALAR et al. / Acta Montanistica Slovaca, Volume 28 (2023), Number 4, 952-965

Lemence, A.L.G. and Tamayao, M.M. Energy consumption profile estimation and benefits of hybrid solar energy
system adoption for rural health units in the Philippines. Renewable Energy, 178.
https://doi.org/10.1016/j.renene.2021.06.090

Li, K., Bian, H., Liu, C., Zhang, D. and Yang, Y. (2015). Comparison of geothermal with solar and wind power
generation systems. Renewable and Sustainable Energy Reviews, 42.
https://doi.org/10.1016/j.rser.2014.10.049

Li, S., Samour, A., Irfan, M. and Ali, M. (2023). Role of renewable energy and fiscal policy on trade adjusted
carbon emissions: Evaluating the role of environmental policy stringency. Renewable Energy, 205.
https://doi.org/10.1016/j.renene.2023.01.047

Liu, H., Khan, I., Zakari, A. and Alharthi, M. (2022). Roles of trilemma in the world energy sector and transition
towards sustainable energy: A study of economic growth and the environment. Energy Policy, 170.
https://doi.org/10.1016/j.enpol.2022.113238

Liu, M., Chen, Z., Sowah, J.K., Ahmed, Z. and Kirikkaleli, Z. (2023). The dynamic impact of energy productivity
and economic growth on environmental sustainability in South European countries. Gondwana Research
2023, 115. https://doi.org/10.1016/j.gr.2022.11.012

Lovrak, A., PuksSec, T. and Dui¢, N. (2020). A Geographical Information System (GIS) based approach for
assessing the spatial distribution and seasonal variation of biogas production potential from agricultural
residues and municipal biowaste. Applied Energy, 267. https://doi.org/10.1016/j.apenergy.2020.115010

Ludin, N.A., Mustafa, N.1., Hanafiah, M.M., Ibrahim, M.A., Teridi, M.A.M., Sepeai, S., Zaharim, A. and Sopian,
K. (2018). Prospects of life cycle assessment of renewable energy from solar photovoltaic technologies: A
review. Renewable and Sustainable Energy Reviews, 96. https://doi.org/10.1016/j.rser.2018.07.048

Magazzino, C., Toma, P., Fusco, G., Valente, D. and Petrosillo, 1. (2022). Renewable energy consumption,
environmental degradation and economic growth: the greener the richer? Ecological Indicators, 139.
https://doi.org/10.1016/j.ecolind.2022.108912

Mancusi, E., Bareschino, P., Brachi, P., Coppola, A., Ruoppolo, G., Urciuolo, M. and Pepe, F. (2021). Feasibility
of an integrated biomass-based CLC combustion and a renewable-energy-based methanol production
systems. Renewable Energy, 179. https://doi.org/10.1016/j.renene.2021.06.114

Manish, S., Pillai, 1.R. and Banerjee, R. (2006). Sustainability analysis of renewables for climate change
mitigation. Energy for Sustainable Development, 10(4). https://doi.org/10.1016/S0973-0826(08)60553-0

Maslin, M. and Scott, J. (2011). Carbon trading needs a multi-level approach. Nature, 475.
https://doi.org/10.1038/475445a

Moldovan, M., Rusea, I. and Visa, I. (2021). Optimising the thickness of the water layer in a triangle solar thermal
collector. Renewable Energy, 173. https://doi.org/10.1016/j.renene.2021.03.145

Miciutla, 1. (2015). Polityka energetyczna Unii Europejskiej do 2030 roku w ramach zréwnowazonego rozwoju.
Studia i Prace WNEiZ US, 42.

Osman, A.l., Chen, L., Yang, M., Msigwa, G., Farghali, M., Fawzy, S., Rooney, D.W. and Yap, P. (2023). Cost,
environmental impact, and resilience of renewable energy under a changing climate: a review. Environmental
Chemistry Letters, 21. https://doi.org/10.1007/s10311-022-01532-8

Ouramdane, O., Elbouchikhi, E., Amirat, Y. and Gooya, E.S. (2021). Optimal Sizing and Energy Management of
Microgrids with Vehi-cle-to-Grid Technology: A Critical Review and Future Trends. Energies, 14(14).
https://doi.org/d0i:10.3390/en14144166

Pavolova, H., Senova, A. and Bakalar, T. (2012a). Increase of Alternative and Renewable Energy Sources
Utilization in Slovakia by 2020 in Comparison to Other Selected EU Countries. Mechanical Engineering and
Materials, 152-154. https://doi.org/10.4028/www.scientific.net/ AMM.152-154.495

Pavolova, H., Csikosova, A. and Bakalar, T. (2012b). Brownfields as a tool for support of regional development
of Slovakia. Sustainable Cities Development and Evironment, 209-211.
https://doi.org/10.4028/www.scientific.net/ AMM.209-211.1679

Pavolova, H., Culkova, K. and Bakalar, T. (2015). Utilization of geothermal energy in Slovakia. Acta Montanistica
Slovaca, 20(4).

Pimentel, D., Herz, M., Glickstein, M., Zimmerman, M., Allen, R., Becker, K., Evans, J., Hussain, B., Sarsfeld,
R., Grosfeld, A. and Seidel, T. (2002). Renewable Energy: Current and Potential Issues: Renewable energy
technologies could, if developed and implemented, provide nearly 50% of US energy needs; this would
require about 17% of US land resources, BioScience, 52(12). https://doi.org/10.1641/0006-
3568(2002)052[1111:RECAPI]2.0.CO;2

Polat, T., Yalgin, A. H. and Sahin, H. M. (2012). Hidrojenin Niikleer Enerji ile Uretim Yollarinin incelenmesi.
Politeknik Dergisi, 15(2).

Rabbi, M.F., Popp, J., Maté, D. and Kovacs, S. (2022). Energy Security and Energy Transition to Achieve Carbon
Neutrality. Energies, 15(21). https://doi.org/10.3390/en15218126

964



Tomas BAKALAR et al. / Acta Montanistica Slovaca, Volume 28 (2023), Number 4, 952-965

Raheem, A., Abbasi, S.A., Memon, A., Samo, S.R., Taufig-Yap, Y. H., Danquah, M.K. and Harun, R. Renewable
energy deployment to combat energy crisis in Pakistan. Energy, Sustainability and Society 2016, 6.
https://doi.org/10.1186/513705-016-0082-z

Rajchel D. and Walawender A. (2018). Energia odnawialna w krajach Unii Europejskiej i w Polsce z
uwzglednieniem gospodarstw domowych. In: ,, Stare i nowe” problemy badawcze w geografii spoleczno-
ekonomicznej, 1st ed; Sitek, S., ed.; Polskie Towarzystwo Geograficzne Oddziat Katowicki, Uniwersytet
Slaski Wydziat Nauk o Ziemi, Sosnowiec; Poland; Volume 8, pp. 161-176.

Rajnoha, R. and Kanova, M. (2022). Impact of FDI in Economic Value Added: Empirical Study in Terms of
Renewable Natural Resources Mining within Wood-processing Industry. Acta Montanistica Slovaca, 27(2).
https://doi.org/10.46544/AMS.v27i2.19

Ribo-Pérez, D., Herraiz-Caiicte, A., Alfonso-Solar, D., Vargas-Salgado, C. and Gémez-Navarro, T. (2021).
Modelling biomass gasifiers in hybrid renewable energy microgrids; a complete procedure for enabling
gasifiers simulation in HOMER. Renewable Energy, 174. https://doi.org/10.1016/j.renene.2021.04.083

Robertson, G.P., Dale, V.H., Doering, O.C., Hamburg, S.P., Melillo, J.M., Wander, M.M., Parton, W.J., Adler,
P.R., Barney, J.N., Cruse, R.M., Duke, C.S., Fearnside, P.M., Follett, R.F., Gibbs, H.K., Goldemberg, J.,
Mladenoff, D.J., Ojima, D., Palmer, M.W., Sharpley, A., Wallace, L., Weathers, K.C., Wiens, J.A. and
Wilhelm, W.W. (2008). Sustainable biofuels redux. Science, 322(5898).
https://doi.org/10.1126/science.1161525

Rudolph, A. and Figge, L. (2017). Determinants of Ecological Footprints: What is the role of globalization?
Ecological Indicators, 81. https://doi.org/10.1016/j.ecolind.2017.04.060

Santika, W.G., Anisuzzaman, M., Bahri, P.A., Shafiullah, G.M., Rupf, G.V. and Urmee, T. (2019) From goals to
joules: A quantitative approach of interlinkages between energy and the Sustainable Development Goals.
Energy Research & Social Science, 50. https://doi.org/10.1016/j.erss.2018.11.016

Shahbaz, M., Solarin, S.A., Hammoudeh, S. and Shahzad, S.J.H. (2017). Bounds testing approach to analyzing the
environment Kuznets curve hypothesis with structural beaks: The role of biomass energy consumption in the
United States. Energy Economics, 68. https://doi.org/10.1016/j.eneco.2017.10.004

Solaun, K. and Cerda, E. (2019). Climate change impacts on renewable energy generation. A review of quantitative
projections. Renewable and Sustainable Energy Reviews, 116. https://doi.org/10.1016/j.rser.2019.109415

Stan¢in, H., Mikul¢i¢, H., Wang, X. and Dui¢, N. (2020). A review on alternative fuels in future energy system.
Renewable and Sustainable Energy Reviews, 128. https://doi.org/10.1016/j.rser.2020.109927

Suaad, J. (2013). Environmental impacts of wind energy. Journal of Clean Energy Technologies, 2013, 1(3).
https://doi.org/10.7763/JOCET.2013.V1.57

Tina, G.M., Scavo, F.B., Merlo, L. and Bizzarri, F. (2021) Analysis of water environment on the performances of
floating photovoltaic plants. Renewable Energy, 175. https://doi.org/10.1016/j.renene.2021.04.082

Tolmac, D., Prulovic, S., Lambic, M., Radovanovic, Lj. and Tolmac, J. (2014). Global Trends on Production and
Utilization of Biodiesel. Energy Sources, Part B, 9(2). https://doi.org/10.1080/15567241003773226

Tolmac, J., Josimovic, Lj., Prvulovic, S., Cvejic, R., Radovanovic, Lj., Blagojevic, Z. and Brkic. M. (2016).
Results of research on the energetic and economic efficiency of the use of biomass for heating an agricultural
farm. Energy Sources, Part B, 11(1). https://doi.org/10.1080/15567249.2011.574188

Tschulkow, M., Compernolle, T.. Van den Bosch, S., Van Aelst, J., Storms, 1., Van Dael, M., Van den Bossche,
G., Sels, B. and Van Passel, S. (2020). Integrated techno-economic assessment of a biorefinery process: The
high-end valorization of the lignocellulosic fraction in wood stream. Journal of Cleaner Production, 266.
https://doi.org/10.1016/j.jclepro.2020.122022

Tutak, M. and Brodny, J. (2022). Renewable energy consumption in economic sectors in the EU-27. The impact
on economics, environment and conventional energy sources. A 20-year perspective. Journal of Cleaner
Production, 345. https://doi.org/10.1016/j.jclepro.2022.131076

Usman, O., Alola, A.A. and Sarkodie, S.A. (2020). Assessment of the role of renewable energy consumption and
trade policy on environmental degradation using innovation accounting: Evidence from the US. Renewable
Energy, 150. https://doi.org/10.1016/j.renene.2019.12.151

Vieira, L.C., Longo, M. and Mura, M. (2023). From carbon dependence to renewables: The European oil majors'
strategies to face climate change. Business Strategy and the Environment, 32(4).
https://doi.org/10.1002/bse.3185

Zaporowski, B. (2016). Zrownowazony rozwdj zrodet wytworczych energii elektrycznej. Polityka energetyczna
19, 35-48.

Zhuang, H., Guan, J., Leu, S., Wang, Y. and Wang, H. (2020). Carbon footprint analysis of chemical enhanced
primary treatment and sludge incineration for sewage treatment in Hong Kong. Journal of Cleaner
Production, 272. https://doi.org//j.jclepro.2020.122630

965



