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Abstract

:

The world’s ever-increasing population, combined with economic and technological growth and a new, modern way of life, has led to high energy demand and consumption. Fossil fuels have been the main energy source for many years, but their use has many negative impacts on the environment. This has made the transition to renewable energy sources necessary in order to address climate change and meet the 1.5 °C goal. This paper is a review of the different types of renewables, their potentials and limitations, and their connection to climate change, economic growth, and human health. It also examines consumers’ willingness to pay for renewables in different countries, based on the existing literature. IEA (International Energy Agency) data are analyzed, concerning renewables’ current use, the evolution of their usage, and forecasts about their future usage. Finally, policies and strategies are recommended in order to address climate change and fully integrate renewables as a sustainable energy source.
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1. Introduction


Energy is vital for the satisfaction of basic human needs. It is essential for human health, everyday living, communications and mobility and, in general, economic and social development and well-being [1]. World’s energy needs have increased rapidly in the recent years and, as populations grow, combined with the economic and technological growth, they are expected to increase even more. The global population is predicted to rise to approximately 9 billion by 2050 [2]. According to the U.S. Energy Information Administration (EIA), between 2018 and 2050, the world energy consumption is predicted to rise by nearly 50% [3].



Since the industrial revolution and until now, fossil fuels have been the main energy source, and their usage has grown to nearly 10,000 million tons of oil equivalents. In 2010, fossil fuels provided about 80% of all primary energy worldwide [4] and they are expected to be used in the same significant amount in the future to meet the global energy needs [3]. More specifically, fossil fuels are expected to constitute 78% of total energy consumption worldwide in 2040 [5].



The negative impact of fossil fuels on the environment has been known for a long time. Their burning and usage lead to large emissions of greenhouse gases into the atmosphere, which is a direct cause of global warming and climate change [6]. According to the EPA (United States Environmental Protection Agency), 65% of total greenhouse gas (GHG) emissions are carbon dioxide emissions (CO2) that come from fossil fuel and industrial processes [7].



The United Nations Framework on Climate Change (UNFCCC) in 1992 set the foundations for the reduction of GHG emissions, stating that a reduction is essential in order to avoid catastrophic consequences on the environment [6]. In addition, the United Nations proposed the 17 Sustainable Development Goals in 2015 which include, among others, the topics of clean energy, climate change, and GHG emissions, setting a target of implementing GHG emissions reduction policies and strategies [8].



One of the main reduction measures is the limitation of fossil fuels’ use and the transition to renewable sources [9], as energy is considered to be a key factor in sustainable development [10]. In addition, the limited sources of fossil fuels and their high costs make the transition to renewable sources more essential in order to reassure energy security and meet the energy demand [11]. Renewable energy has an average share of 17.5% in total final energy consumption worldwide over the period 1990–2015 and it is expected to be the fastest growing form of energy in the future [3].



This paper examines the potentials and limitations of renewable energy sources and the advantages and disadvantages of their usage in relation to the environment, climate change, and economic growth. It also presents the customers’ Willingness to Pay (WTP) for renewable energy sources in different countries, as it was calculated by other studies in the recent literature. Finally, it analyzes data that concern the evolution of their usage in the past and the projections of their future usage.




2. Renewable Energy Sources


As renewable energy sources (RES) or alternative energy sources are considered all the energy sources that can be renewed, produce energy over and over, and are inexhaustible [12]. RES include solar energy, wind energy, bioenergy, geothermal, hydropower, and ocean energy [1] and they can be used for power generation, transportation, domestic use, urban heating, etc. [12].



2.1. Potentials and Limitations


Renewable energy sources have a significant number of potentials and advantages. They can improve the environmental quality, since they produce little or no GHG emissions. They distribute energy equally and solve energy security and energy poverty problems, since they can be found in almost every place on earth, while they can be considered as a reliable energy source, compared to fossil fuels. Also, they have a low operation cost and economic benefits and, at a macroeconomic level, they support the employment and stabilize energy prices. They can improve living conditions in a household and can cover most energy needs without running out [13]. In addition, they can have a positive impact on human health, as studies have shown that, because of their little GHG emissions, they do not lead to a large number of health problems, compared to fossil fuels [14].



The main disadvantages of renewable energy sources include their higher initial cost, that can be excessive and a deterrent for users, as well as the cost of storing systems, which is also quite high. Also, renewable energy depends on weather conditions, and unpredictable weather conditions for a long time period could lead to energy deficiency [1]. In addition to that, large land areas are required in order to install the necessary renewable energy technology. According to Brook and Bradshaw [15], renewable energy sources could provide around 50% of the total energy required in the United States, but more than 17% of the land would have to be used [5].



Despite the small obstacles that need to be overcome, renewable energy sources are considered to be the best option in order to meet the world’s energy demands, replace the excessive use of fossil fuels, and satisfy the 7th Sustainable Development Goal (SDG) for affordable and clean energy [1].



2.1.1. Solar Energy


Solar energy refers to the energy that comes from the light of the sun or its heat [16]. It is generated either in photovoltaics (PV) or in concentrated solar power (CSP) systems. PVs are panels that can convert sunlight into electricity fast, can be used for personal use and on a bigger scale, and are one of the most important modern renewable energy technologies. They are expected to have a very important role in future energy and electricity generation. CSPs use mirrors to collect solar rays which heat fluid, and the resulting steam moves a turbine to produce electricity [17]. Sun can produce energy endlessly, which means that solar energy could potentially eliminate the use of fossil fuels and meet all energy demands [18]. More specifically, sun can provide “more than 7500 times the world’s total annual primary energy consumption of 450 EJ”, according to the World Energy Council [19]. In addition, solar energy does not pollute and does not harm the environment and human health, while it could provide energy security, since solar power is available everywhere in the planet [16].



Even though the sun generates an infinite amount of energy, the energy used that comes from solar sources is estimated at about 0.04%. The reason for that is related to its cost, since photovoltaic panel installation still is expensive, despite the new technological developments and even though the cost has decreased a lot in the last decade. Even though it has high efficiency and low operating costs that would be economically beneficial in the future, the initial cost and the cost of the energy storing system are still quite high [20].




2.1.2. Wind Energy


Wind energy produces electricity by converting the kinetic energy of air to mechanical and then to electrical energy [11] through wind turbines or wind energy conversion systems. Turbines’ blades rotate pushed by the wind and then turn a connected turbine, producing energy that depends on turbine’s size and blades’ length [21]. In Europe, new wind installations accounted for 15.4 GW in 2019, 27% more compared to 2018, and wind energy fulfilled 15% of EU’s total electricity demand in 2019 [22].



Wind exists in every place in the world, and that makes wind energy available in many locations, providing energy security [1]. In addition, wind energy does not harm the environment, since it does not produce GHG emissions and does not pollute [20], while it seems to have one of the smallest carbon footprints, compared to other forms of energy. It is also considered to be beneficial for rural areas, since their installation in such areas would lead to economic growth.



Wind energy has many positive impacts and is one of the cleanest forms of energy, but there are certain constraints that should be taken into consideration. The main negative impact is on wildlife, directly and indirectly, especially on migratory birds (even though it is considered as the energy source most compatible with animals) [23]. Some other negative impacts include noise, interference with telecommunication signals, and visual unattractiveness [20].




2.1.3. Bioenergy


Biomass energy or bioenergy refers to that form of energy that is produced from the conversion of biomass, which can come directly from land products or from other crop residues [11]. More specifically, food crops, residues from agriculture and municipal or industrial wastes, grassy or woody plants, and even methane fume from landfills can be used for biomass energy production [20]. Also, modern bioenergy uses liquid biofuels, biogas, as well as bio-refineries and other technologies [24].



Bioenergy is renewable, can be produced everywhere, and can be used for electricity, heating, and transportation [25]. Because of these potentials and its wide usage, approximately 75% of the world’s renewable energy involves biomass energy [24]. In addition, it is carbon-neutral, which means that it does not cause any net addition of carbon dioxide to the atmosphere [26]. Bioenergy has also socioeconomic benefits, since its production can stimulate rural employment and income, while it can contribute to the reduction of poverty in developing countries [25].



As for the disadvantages, biomass energy has a low energy density and is not as efficient as fossil fuels [20]. Also, despite it being carbon-neutral, it seems to have a negative environmental impact, since it is often linked to soil and vegetation degradation and deforestation [1]. Bioenergy has great potential, if its disadvantages can be well managed and minimized [27].




2.1.4. Geothermal Energy


Geothermal energy refers to energy extracted from the interior of the earth with natural processes [1]. These natural processes include water and steam, which can transfer geothermal energy to the surface of the earth. There are different technologies that can be used, such as district heating, geothermal heat pumps, hydrothermal reservoirs, etc. Enhanced Geothermal Systems (EGS) are new technologies that are currently being developed [28].



Geothermal energy is considered a sustainable, reliable, and cost-effective source of energy [11], which could be developed everywhere. It was initially used by individuals on a small scale and recently, its usage has started to take bigger dimensions. It is friendly to the environment and has high capacity and efficiency [29]. Also, its use is considered to increase energy security and improve living standards.



The main negative impacts that arise from the use of geothermal energy include the release of certain GHG into the atmosphere, even though their amounts are significantly lower compared to those released by fossil fuels. In addition to that, and even though geothermal energy is considered renewable, the possibility of its depletion and overexploitation has been discussed due to the fact that its replenishment depends on many different factors. Finally, the high initial costs may discourage the users to invest on it [30].




2.1.5. Hydropower


Hydropower is the energy created from moving water, which can be converted into electricity [11]. Hydropower plants can be with or without dams and reservoirs: hydropower with dams has a large storage capacity and can produce energy on a bigger scale, whilst hydropower without dams is recommended for smaller needs and is considered an even more environmentally friendly option [31].



Hydropower is in general a clean energy source that does not harm the environment, since it does not produce waste or GHG emissions, can be fast and easily upgraded, and has a large potential [1]. It is a reliable energy source that has low operating costs and stimulates the socioeconomic development [32], while it has high efficiency and can adjust to different conditions [20]. Hydropower has one of the best conversion efficiencies among energy sources, which reaches 90% (water to wire) [11]. In addition, it provides about 97% of the electricity that is generated by renewable sources [33].



On the other hand, hydropower can interfere with aquatic habitats and their populations and requires monitoring and management of the water quality [32]. Also, it depends on precipitation, and the availability of the water cannot be controlled. Finally, cost-effective technological solutions should be developed, since the initial costs remain really high [20].




2.1.6. Ocean Energy


Ocean energy refers to the energy stored in the ocean, which comes from the interaction between wind and waves [1]. It can be divided into six categories: ocean wave, tidal range, tidal current, ocean current, ocean thermal energy, and salinity gradient [34]. The most common form is wave energy that is produced when a strong wind creates a large wave [1], whose energy is captured by converters and converted into electricity [35]. Ocean energy has a low environmental impact, since it does not produce emissions or waste, it is always available and abundant, and can usually be predicted [36].



The disadvantages of ocean energy include mainly the high costs of the necessary technology. Many issues related to it still need to be discussed, especially its socioeconomic and environmental impacts [37]. In general, the technology for the exploitation of ocean energy is not fully developed yet, and more research is required [36].





2.2. RES and Climate Change


Climate change is an issue that has taken on great dimensions in the last decades and has become a matter of concern for all scientists and policy-makers around the world [38]. The global energy supply and demand have negative environmental impacts, being linked to global warming, air pollution, deforestation, and ozone depletion [10]. Recent data show that fossil fuels are responsible for the majority of GHG emissions that come from human activities [39]. As it was mentioned before, it is considered that a reduction in the use of fossil fuels and a transition to renewable energy sources are among the most effective solutions to climate change.



Renewable energy sources can provide energy with zero or little direct GHG emissions compared to fossil fuels and can ensure a sustainable energy supply [12]. In addition, they do not deplete over time, and research shows that they could provide more than enough energy to meet the global demand. Therefore, they are considered an ideal solution to meet the target of GHG emissions mitigation and to limit the global temperature rise to below 2 °C [40].



Of course, there is a two-way relationship between RES and climate change. According to the IPCC (Intergovernmental Panel on Climate Change) [39], climate change could have an effect on renewable energy sources, since they depend on climate and nature. For instance, climate change could have a negative impact on biomass production and, therefore, biomass energy, and affect its potentials. On the other hand, it is considered to have a slightly positive impact on hydropower. Its impacts on solar, geothermal, and ocean energy are expected to be small and not significant.




2.3. RES and Economic Growth


A higher energy consumption can lead to a greater economic growth, whereas a developed economy could use energy more efficiently and, therefore, favor a reduction in total energy consumption [41]. The possibility that a reduction in CO2 emissions and, therefore, in energy consumption could have a negative impact on the economic growth is something that concerns the scientific community, and lots of researches have been focusing on the causality among economic growth, energy consumption, fossil fuels usage, renewable energy usage, and GHG emissions.



A plethora of studies have shown that there is a bidirectional causality between economic growth and renewable energy consumption. Apergis et al. [42] calculated that a 1% increase in renewable energy consumption in 20 OECD (Organisation for Economic Co-operation and Development) countries (over the period 1985-2005), would have led to a 0.76% increase in their real GDP (Gross Domestic Product). Inglesi-Lotz [43], studying all the OECD countries over the period 1990–2010, estimated that a 1% increase in renewable energy consumption would have led to a 0.105% increase in their GDP. Bhattacharya et al. [44], in their study of 38 countries over the period 1991–2012, found that renewable energy sources could be a significant driver force for economic growth for most countries but also that renewable energy sources could have a negative impact on economic growth in 5 countries, while for 11 eleven countries, they could not establish if renewable energy would have a positive or a negative impact on their economies. Adams et al. [45] examined 30 Sub-Saharan African countries over the period 1980–2012 and estimated that a 10% increase in renewable energy consumption would have led to a 0.27% increase in their economic growth, while a 10% increase in non-renewable energy consumption would have led to a 2.11% increase in their economic growth. The fact that non-renewable energy is more beneficial to the economic growth than renewable energy can be explained by the fact that investments in the field of RES and their technology have just started and their benefits have not been completely reaped. Finally, Halkos and Tzeremes [46], in a study of 25 European countries in 2010, found that the countries’ economic efficiency turns from neutral to positive as RES consumption increases, even though for some cases there was a negative or a neutral effect of RES consumption on their economic efficiency.



There is a rich and constantly growing literature on the linkages between RES and economic growth. Most of the studies indicate that both renewable and non-renewable sources can lead to economic growth and that there is a strong correlation between them. However, it is important that policy decisions are made after studying these relationships, whilst taking into consideration additional factors and contexts that occur in each country individually.




2.4. RES and Human Health


Studies have shown that climate change in general and especially fossil fuels usage can cause a series of serious health problems, through the emission of carbon dioxide, particulate matter, and other pollutants. More specifically, research shows that air pollution can provoke cardiovascular and respiratory diseases [14] and can increase developmental problems in childhood, which may persist into adulthood [47]. According to WHO [48] estimations, each year approximately 7 million people die prematurely, due to the effects of ambient and household air pollution. In addition, the WHO also estimated that the annual economic cost of the impacts of air pollution on health and mortality in 2010 in WHO European Region was US $1.575 trillion. A transition to renewable energy sources could benefit public health. Since RES reduce GHG and other dangerous pollutants emissions, their usage could improve air quality and, therefore, have a positive effect on human health [14].




2.5. RES and Willingness to Pay


To achieve the transition from fossil fuels to renewable energy sources and green electricity, it is important to achieve consumers’ acceptance. According to Sardianou and Genoudi [49], tax deduction is the most popular incentive for consumers to adopt RES, followed by energy subsidies and doubling of the price of conventional sources. It is obvious that financial incentives determine consumers’ decision to transit to RES, and the economic characteristics of households are strong factors that affect consumers’ decisions, too.



WTP for renewable energy sources has been studied in recent literature for different countries and households. For the United States, it has been calculated that the average consumer is willing to pay $162/year (13% increase in their electricity bill) in order to support a national clean energy standard (NCES) that requires 80% of clean energy by 2035 [50]. Also, Mozumder et al. [51] estimated that consumers in southwest USA are willing to pay approximately $10/month (14% increase in their electricity bill) for a 10% share of RES and $25/month (36% increase in their electricity bill) for a 20% share of RES.



In China, according to Zhang and Wu [52], most of the responders are willing to pay for green electricity, and the mean payment ranged from 7.91 to 10.30 yuan/month (US $1.15–1.51/month). Research for Australia indicated that about 83% of the responders are willing to pay for RES, and the mean payment was estimated at $28/quarter [53].



In Germany, research showed that the responders accept to pay for renewable energy and are willing to pay 9.21 eurocent/kWh for an increase from 0 to 33% of the share of RE and 14.4 eurocent/kWh for an increase from 0 to 66% [54]. For Italy, Bigerna and Polinori [55] estimated that the median WTP for green electricity from RES is between €4.62 and €8.05 bimonthly per household, while the results estimated by Hanemann et al. [56] for Spain showed that consumers are willing to pay a €29.91 increase in their monthly bill for green electricity. For an area of Athens in Greece, it was estimated that the WTP for RES being included as sources of electricity is €26.5/quarterly electricity bill [57], while for the island of Crete in Greece, the mean WTP for RES is estimated at €16.33/quarterly electricity bill [58]. Contrariwise, in the UK, it is estimated that the consumers’ willingness to pay is smaller than the average installation costs of RES technologies [59].



Also, according to Sundt and Rehdanz’s [60] study, consumers from Finland and the US seem to express the largest willingness to pay per household and per month when it comes to green electricity generated from renewable sources. They also found that consumers from Chile, Italy, and Germany express the highest willingness to pay per kWh.





3. Renewable Energy Sources Overview


In 2017, renewable energy sources provided 13.9% of the world’s total primary energy supply, according to IEA (International Energy Agency) data [61]. More specifically, biofuels and waste provided 9.5% of the total primary energy supply, hydropower 2.5%, and solar, wind, and other RES 1.8%. Fossil fuels provided more than 80% of the total energy supply (Figure 1).



IEA provided data for the period 1990–2017. To have a better understanding of how energy supply looks like today, in 2020, we used these time series to obtain forecasts for the next three years, relying on exponential smoothing, an appropriate time series analysis technique. The selection of the appropriate forecast method was based on various forecast accuracy measures, like mean absolute percentage error, mean square deviation, etc. (Minitab Statistical Software was used). As Figure 2 shows, the shares of energy supply sources have not changed dramatically, but there seems to be a small increase in the share of renewables. Fossil fuels remain still the number one energy supplier, while renewables provide 14.5% of the world’s energy supply. The share of solar, wind, and other RES increased from 1.8% to 2.4%.



In total, renewable energy sources produced 1.936.923 tonnes of oil equivalent in 2017. These were distributed to different sectors. For instance, 41.7% of total renewable energy supply in 2017 were used in the residential/commercial & public services sector, which also includes the agriculture/forestry, fishing and non-specified industries. A large percentage (35.1%) of renewable energy supply is used in electricity plants (Figure 3).



We also obtained forecasts for renewables’ consumption in 2020 based on IEA time series [61], which showed that renewables’ share in transport and in the residential sector increased a little. In general, the biggest renewables’ consumers have not changed (Figure 4).



When it comes to electricity generation, fossil fuels provided more than 64% of world’s electricity in 2017, while renewables provided about 25%. Among the renewables, hydropower was the most widely used, since it provided 16.3% of total electricity (Figure 5). Similarly, based on our forecasts, in 2020, fossil fuels will generate most of the world’s electricity, even though the usage of coal seems to be decreasing. Renewables will provide about 27.5% of electricity in 2020; there will be an increase in the share of wind energy and biofuels and a decrease in the share of hydropower, which still remains the most widely used generator of electricity among the renewables (Figure 6).



For heat generation, renewables only accounted for about 8% in 2017, while fossil fuels provided world’s heat for more than 88%. Among the renewables, biofuels were the most widely used, since they provided 4.37% of world’s total heat generation (Figure 7). In 2020, based on our forecasts, renewables will account for almost 9%, and the share of biofuels and waste in heat generation will increase compared to 2017. The share of coal will also increase a little, but that of oil and natural gas will decrease (Figure 8).



According to OECD (Organisation for Economic Co-operation and Development) data [62], renewable energy production (as a percentage of primary energy supply) in 2017 was the largest in the Democratic Republic of the Congo (97.38%), Ethiopia (90.76%), and Iceland (87.9%). In contrast, the countries that did not use at all renewable energy sources are Bahrain, Brunei, Kuwait, Oman, and Qatar (Figure 9). OECD data state that African countries used a bigger percentage of renewable energies in their total energy supply, compared to European countries and the USA. According to our forecasts for 2020, these percentages are not going to change radically: the Democratic Republic of the Congo will still have the biggest share of renewable energy (98.2%), and Ethiopia and Iceland will follow, while the countries that did not use at all renewables will continue to do so in 2020, too.



According to IRENA (International Renewable Energy Agency) data [63], the total installed capacity of renewable energy sources (maximum output of electricity that renewables can produce) was estimated at 2536853.6 MW in 2019, and hydropower accounted for almost 47%, having the largest installed capacity among the renewables (Figure 10). The total installed capacity doubled in the period 2010–2019 and, even though hydropower has had consistently the largest capacity over the years, other forms of energy showed greater increases: for instance, the installed capacity of solar energy increased by 1311% from 2010 to 2019.



3.1. Evolution of RES Usage


As it was presented in Figure 1, renewables provided 13.9% of the world’s total energy supply in 2017. This percentage has not changed radically over the years: in 1990, renewables provided 1,123,029 tons of oil equivalent, which was 12.8% of the world’s total energy supply. Even though the energy supply provided by RES in tons has increased over the years, the world’s total energy supply has increased, too; this is why the RES percentage remains about the same. There was an increase in the use of every type of renewable source (Figure 11), but there was also an increase in the usage of fossil fuels, to meet the increased energy demand [61]. We used IEA data and time series to provide forecasts about RE supply in 2018–2021. Based on those, it is expected that every type of renewables will provide more energy in the next few years. Especially, wind and solar energy supply will radically increase, reaching 375,739 ktoe in 2021.



More specifically, according to IEA data [61], the average annual growth rate of renewables from 1990 to 2017 was 2%, a little higher than the average growth rate of total primary energy supply, which was calculated to be 1.7%. Figure 12 shows that solar photovoltaics and wind power had the biggest annual growth rates, followed by biogases.



In the electricity sector, renewables provided approximately 19.9% of the world’s electricity in 1990, which was less compared to 2017, when they generated about 25% of the world’s electricity. There was also an increase in their share in heat generation; in 1990, RES provided only 1.73% of world’s total heat generation, which increased to 7.82% in 2017 (Figure 13). We predict that, in 2021, renewables will provide more than 28% of world’s total electricity and more than 9% of world’s total heat.



According to IRENA [64], investments in renewables have been increasing over the years. Between 2004 and 2005, there was a rapid increase in renewables’ investments that reached +55%, and since then, they kept growing. In 2018, RE investments accounted for $288.3 billion, less than in 2017, when they accounted for $324.9 billion (–11%). Most of them were in solar energy (48.9% of total RE investments in 2018) and in wind energy (45.6%). Investments in small hydropower were high in 2013 ($58.7 billions) but have kept decreasing ever since (Figure 14).



All data presented show that renewables’ usage has increased over the last 17 years. However, despite this increase, the world’s CO2 emissions not only remain high but keep increasing too: the total CO2 emissions increased by 60% from 1990 to 2017. This is not due only to the increase of the world’s population: economic and technological growth, combined with a new, modern way of life have led to a higher energy demand and, therefore, higher CO2 emissions per capita (Figure 15). This fact makes it obvious that, in order to reduce GHG emissions and their catastrophic results on the environment, it is necessary not only to increase RES share but also to reduce the world’s total energy demand and usage.




3.2. Projections


Lately, more and more countries have been setting goals to reduce their GHG emissions and to transit to clean forms of energy, such as renewable sources. According to the International Renewable Energy Agency [65], in order to reduce the impact of climate change and limit the global temperature rise to below 2 °C, it is necessary to increase the share of renewables in the final energy consumption from 19% (2017) to 65% by 2050. In addition to that, it is important that the share of renewables in world’s electricity generation is increased from 25% (2017) to approximately 85% by 2050.



According to IEA’s projection report that was published in 2019 [66], the share of modern renewables (excluding the traditional use of biomass) in power demand is expected to increase from 26% in 2019 to 30% in 2024 (Figure 16), while the world’s electricity capacity based on renewables will grow by 50%. China is predicted to account for 40% of all renewable capacity growth, and solar photovoltaics will be the driving force of the growth of world’s renewable power capacity. This transition in the field of electricity is very important in order to minimize GHG emissions; however, it is equally important to decarbonize other sectors, like transport, buildings, and industries, for which the transition to renewables is considered much difficult [66].



Renewable heat is expected to expand by one-fifth in the period 2019–2024, but its share in total heat demand is not expected to increase by more than 12% (Figure 16). More specifically, biofuels, that are the largest renewable heat generators, are forecasted to lead growth, with a 12% increase.



In most countries, the share of variable renewables (solar and wind energy) for 2018 was really low. More specifically, their share was under 10% for 121 countries around the world in 2018, between 10% and 20% for 14 countries, and between 20% and 40% for only 9 countries. According to IEA data [61], it is predicted that the number of countries that will use solar and wind power in highest percentages will increase by 2024, resulting in a highest share of variable renewables in many countries (Figure 17).





4. Conclusions


The excessive usage of fossil fuels and the GHG emissions that their burning produces are among the main driving forces of climate change. To limit their negative impact on the environment and the global temperature rise to below 2 °C, a transition to renewable energy sources is considered essential. Renewables are energy sources that are inexhaustible and can produce energy infinitely.



Renewable energy sources include solar energy, wind energy, biomass, geothermal energy, hydropower, and ocean energy. They have a number of advantages, since they can improve environmental quality and solve energy poverty problems, and are considered as a reliable energy source. Their main disadvantages include their high initial costs and their dependence on weather conditions.



A transition from fossil fuels to renewable energy sources is considered one of the most effective solutions for climate change, since it can ensure a carbon-free sustainable energy supply and meet the world’s energy demand. Because of their carbon-neutrality, RES are considered beneficial for human health: air pollution can provoke a plethora of health problems, which can be prevented with renewables’ usage. They also seem to have a positive impact on economic growth in most cases, since studies have shown that usually there is a bidirectional causality between them, and an increase in their usage would lead to an increase in countries’ GDP.



Consumers’ acceptance is important for the integration of renewables. Studies have shown that, usually, consumers are willing to pay for RES and green electricity, especially in the USA, Finland, Chile, Italy, and Germany.



According to IEA data, renewables provided 13.9% of the world’s total primary energy supply in 2017, while fossil fuels provided more than 80%. Most of that energy was used in the residential/commercial and public services sectors and for electricity generation. More specifically, in 2017, renewables provided about 25% of world’s electricity but only 8% of world’s heat. Historical data show that those shares have increased since 1990, and forecasts show that they are expected to increase more up to 2024.



Historical data show also that, even though the usage of renewables has increased over the years, world’s CO2 emissions have increased over 60%. This can lead to the conclusion that, even though the transition to renewable energy sources is important, energy saving and the reduction of energy consumption are equally important.



To limit global temperature rise to below 2 °C, it is important that the share of renewables in the final energy consumption is increased to 65% by 2050, according to the International Renewable Energy Agency. To achieve this goal and according to all data presented, we can recommend the following:




	
Governments and decision-makers should focus on the integration of renewables and on the increase of RES shares in the total energy supply and demand. It is important that each country and each region are studied individually, so that all local factors are taken into consideration (local climate, economy, public needs), and the best solution is chosen.



	
Governments and decision-makers should also focus on the wider context of climate change and global warming. They should promote decarbonization, energy saving strategies, and mitigation measures for GHG emissions in sectors such as transport, power generation, and industry, where fossil fuels are still the driving force.



	
Research in the field of RES should be increased in order to improve the existing technologies. Improvements such as larger storage capacity and lower initial costs would solve the small obstacles that come with RES usage and, therefore, help increase their shares worldwide.



	
Awareness about climate change should be increased, not only at the country level but also at the individual level. Improvements in education and early warning could promote higher levels of individual responsibility and a more efficient use of energy in each individual household, as well as a higher integration of RES.



	
Developed countries that have economic resources to invest in research and development, education, and promotion of sustainable development and renewables’ usage should help developing countries that do not have the necessary economic resources to integrate environmentally friendly policies and address the challenges of climate change together.
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Figure 1. World Total Primary Energy Supply 2017 (Source: IEA). 
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Figure 2. World Total Primary Energy Supply 2020 (authors’ forecasts). 
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Figure 3. Renewables’ Consumption by Sector 2017 (Source: IEA). 
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Figure 4. Renewables’ Consumption by Sector 2020 (authors’ forecasts). 
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Figure 5. Electricity Generation by Source 2017 (Source: IEA). 
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Figure 6. Electricity Generation by Source 2020 (authors’ forecasts). 
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Figure 7. Heat Generation by Source 2017 (Source: IEA). 
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Figure 8. Heat Generation by Source 2020 (authors’ forecasts). 
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Figure 9. Renewable energy 2017 (as a % of primary energy supply) (Source: OECD). 
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Figure 10. Installed capacity of world’s renewable energy in 2019 (Source: IRENA). 
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Figure 11. Evolution of renewable energy (RE) supply from 1990 to 2021 (Source: IEA and authors’ forecasts). 
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Figure 12. Average annual growth rates of world renewables supply from 1990 to 2017 (Source: IEA). 
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Figure 13. Evolution of RE share (%) in total electricity generation and in total heat generation from 1990 to 2021 (Source: IEA and authors’ forecasts). 
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Figure 14. Global trends in Renewable Energy Investment from 2010 to 2018 (Source: IRENA). 
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Figure 15. Evolution of CO2 emissions/capita from 1990 to 2017 (Source: IEA). 
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Figure 16. Forecasts of the share of modern renewables by sector (Source: IEA). 
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Figure 17. Distribution of variable renewable shares across countries (Source: IEA). 






Figure 17. Distribution of variable renewable shares across countries (Source: IEA).



[image: Energies 13 02906 g017]








© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
Heat Generation by Source 2017
Solar thermal

001%_ Other sources
37%

Geothermal
03% Nucle

Waste
32%
Biofuels

44%

~__ Coal
416%

Natural gas
43.0%

37%





media/file4.png
World Total Primary Energy Supply 2020

Coal

27 0%

Biofuels and _ " Matural gas
waste - 22.1%

9_5'5“;'1:11 solar, _II

etc. l
o Hydro \‘ Muclear
2.4% Y 4 8%






media/file30.png
15.02

8.15

Evolution of t CO2 emissions/capita from 1990 to 2021

15.96

13.8

IEA data

Authors'
Forecasts

\lﬂ.'?g

Morth America

Europe 54

——

World 4.49

e 3,91
Asia

Central & South

% 142

r

1995

2000

2015

Africa

2020





media/file18.png
no data

0%-10%

10%-20%

20%%-30%

30%0-40%

40%-50%

50%-60%

60%-T0%

T0%-80%

80%-90%

90%-100%






media/file21.jpg
Evolution of RE supply from 1990 to 2021 (ktoe)

R





media/file26.png
Evolution of RE share (%) in total electricity generation and in total heat
generation from 1990 to 2021

__m—

19.86
353
1.73
2EER3EF3ERE

5.72

IEA data

Authors'
Forecasts

8.83

p——

2013

2018

Share in total heat

generaticm





media/file27.jpg
Global trends in Renewable Energy Investment from 2010 to 2018 (USD billion)

B kMot torerpy | wGotbenmslenersy ——
sl bydroper o By Tt Wave sndOcesn nersy
aWindEnagy





media/file3.jpg
World Total Primary Energy Supply 2020

oil Coal

316% 27.0%

Biofuels and Natural gas

waste 21%

9>%Rind, solar,

etc.

Hydro

2en X Nuclear
Lon 48%





media/file22.png
Evolution of RE supply from 1990 to 2021 (ktoe)

Authors'
IEA data Forecasts
1Eb0 I
140000
Biofuels and waste
1220000
10000 o
0000
G000
Hydro
200000
200000 /’_
o Wind, solar, etc.
0
o ok o o of o gl oo B B s b ook b b B P e W o e D e B . W
FTIFIIFITA A SFFSFFFFF I ses s





media/file19.jpg
1200000

1000000

800000

600000

400000

200000

Installed capacity of world's renewable energy

sources in 2019 (MW)
1189448
ssein 00
123506
. 13931 5306
Sdlar Wind  Bioenergy Geothermal Hydropower ~Ocean





media/file7.jpg
Renewables Consumption by Sector 2020

Transport
Industry 4.60%

10.00%
Other
200%
Heat plants
050%

Combined heat
& power plants
300%

Residential/Com
‘mercial & Public
240%

Electricity plants;
3550%





media/file28.png
350

300

250

200

150

100

2010

Global trends in Renewable Energy Investment from 2010 to 2018 (USD billion)

mBiomass & Waste-to-Erergy

w Small hydro power

mWind Energy

m Geothermal ener gy

mSolar Energy

2016

w Liquid Biofuds

mTide, Wave and Ocean Energy






media/file10.png
Electricity Generation by Source 2017
Solar thermal vy Tide
Solar PV 0.04% 4.4% 0.004%  Other sources

1.7% \_\ RV
Geothermal ____
) Coal

Hydro - 38.3%

Muclear ___
10.2%
Waste
0.4%
Biofuels
1.9% Qil

3.3%

Namral gas
229





media/file33.jpg
Distribution of variable renewable shares across countries

w0
8
o
m

s
w %

o

s e

» 10 e

0% 1020% 2040%





media/file32.png
Forecasts of share of modern renewables by sector

35.00%
Renewable electricity
29.40%
30.00% voson  ZT0% 28.60%
25.90% ' "
23.90% 24.90%
5 231 .
25.00% 3 10°% 3.10%
20.00%
o0 Renewable heat
| 11.60% 11.80%
9.80°% 10.10% 10.30% 10.60% 10.80% 11.10% 11.30%
10.00%
Renewable transport
5.00% ——3.20% 3.20% 3.40% 3.40% 3.50% 3.60% 3.60% 370%  3.80%
0.00%

2015 2016 2017 2018 2019 2020 2021 2022 2023





media/file14.png
Heat Generation by Source 2017
Geothermal Solar thermal
0.3% Nucle 0.01% _ Other sources
0.2% 37%

Waste

3%
Biofuels
4.4%

Matural gas
43.0°%






media/file11.jpg
Electricity Generation by Source 2020

Tide
0043, Other sources

|/ 01%

Solar thermal Wind
60% 04

Solar Py _ 0.04% |
31% \

Geothermal ___
0.3%
Coal
Hydro — 37.0%
15.9%

Nuclear _
95%

Waste

04% )
21%

.

Natural gas
2.9%





media/file6.png
Renewables Consumption by Sector 2017

Transport
Industry 4.40%
10.50%

Other
4.80%
Residential/Com
Heat plants mercial & Public
0.50% services
Combined heat 41.70%
& power plants
3.00%

Electricity plants
35.10%





media/file15.jpg
Heat Generation by Source 2020

Geothermal Solar thermal
0.02% . Other sources

39%

35%

Biofuels _— 8
50%

_—. Coal
428%

Natural gas _/
41.3%

\_oi

29%





nav.xhtml


  energies-13-02906


  
    		
      energies-13-02906
    


  




  





media/file16.png
Heat Generation by Source 2020

Ceotheral Solar thermal
0.3% U 02% __ Other sources
Nuclear -
3.9%
Waste __0.2% 2%

35
Biofuels 2

5.0

Coal
42 8%

Matural gas J
41.3%





media/file2.png
World Total Primary Energy Supply 2017

il

31.8%

Biofuels and _
Matural gas
222%

waste
9.5%, ..
"Wind, solar,
Bl Hydro Muclear
1.8% 2 584 h

4.9%





media/file20.png
Installed capacity of world's renewable energy

sources in 2019 (MW)

1189448
1200000

1000000

800000

586434 622704
600000

400000

200000 123806

. 13931
u —

Sol ar Wind Bioenergy Geothermal Hydropower  Ocean

530.6






media/file23.jpg
Average annual growth rates of world renewables supply from
1990 to 2017

e
300
a0
.y B
o
15008
O 2

1000% I

& & &






media/file5.jpg
Renewables Consumption by Sector 2017

Transport
Industry 140%
1050%

Other

450%
Residential/Com

Heat plants mercial & Public

050%
Combined heat

& power plants
300%

a.70%

Electricity plants
3510%





media/file24.png
Average annual growth rates of world renewables supply from
1990 to 2017

40.00% 3701

35.00%

30.00%

25 0% 23.40%

20.00%

15.00%
11L.30%  1120%

10.00%
5.00% 3.50%
S e 2.40%
1.70% . 1%,
0.00% | O . -—
-\\4" 5 = ; {’} & *»-*'} 2 > & -i‘k
. F C 3 & A¥ ¥ ; 5 &
i a o h & ¥ oo g ol
l_-ic_"’-- g - 'Q:' -"';;' £ .b" r Lq" -.-...-’l:- u-I.L—
i ¥ o . '\*E} ~ "‘:\:Hi \e'\
Y ' o &
& >0
. ) -\;:\“"
3* o
s;_'&





media/file29.jpg
Evolution of t CO2 emissions/capita from 1990 to 2021

»

Autbons
1EA data
159 Forecasts

1 1502

ns
1

& 0

19%0 1995 2000 008 200 s 0





media/file1.jpg
World Total Primary Energy Supply 2017

Coal
27.1%

oil
31.8%

Biofuels and
Natural gas

2229

waste
7% Wind, solar,

Nuclear
19%






media/file31.jpg
15.00%

1000%

so0%

o00%

Forecasts of share of modern renewables by sector

Rencwableclctriclty
o 4
2680%
o B0
e BWS

210%

Rencwable st
0%

s loix T M0am  losox Lk nXx M

Rencwable trancport

Sa aam MM0N A% 3N% 36N 3% W% 3N%

05 2006 2017 2018 209 2020 2001 a2 2023





media/file25.jpg
‘Evolution of RE share (%) in total electricity generation and in total heat
‘generation from 1990 to 2021

FE R RIS BB A B REREsREREE

o
i
ms
o
m





media/file12.png
Electricity Generation by Source 2020
Tide
004, . Other sources

|/_ 0.1%

Solar thermal Wind

Solar Py __ 0.04% 60% O
3l%

Ceothermal

—

Coal
—37.0%

MNuclear __.
9.5%

Waste
0.4%

il
27%

Biofuels
2 1%

\

Matural gas
2.9%





media/file9.jpg
Electricity Generation by Source 2017

Solar thermal wing  Tide
Solar PV 0.04% — 4.4%  0.004%_ Other sources
17% | 01%
Geothermal ___
03%

Coal
Hydro 383%

16.3%

Nuclear __
102%
Waste _/
Gl Oll

L 33%
Natural gas
29%





media/file0.png





media/file8.png
Renewables Consumption by Sector 2020

Transport
Industry 4.60%
10.00%

Other
4.00%

Heat plants
0.50%

Combined heat
& power plants
3.00%

Electricity plants
35.50%

Residential/Com
mercial & Public
services
42.40%





media/file34.png
120

20

2018

10%

Distribution of variable renewable shares across countries

10-20%

2024
2018

13
9

20-40%

201 2024
1

—

4%





media/file17.jpg





