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[bookmark: _Toc111815409]Introduction
It is an indisputable fact that energy production and consumption is the basis of the economic and social development of humanity (Ayres and Warr, 2009; Cleveland, Kaufmann and Stern, 2000). However, for several decades it has been established that energy production has had a significant impact on environmental sustainability, while at the same time global warming has resulted in increasingly severe weather events, with costs in both capital and human lives. Another parameter that must be added to this is the depletion of natural resources for energy production. 
In view of all the above, States and international organisations have stressed the importance of the energy transition, with the reshaping of the energy mix and the shift from fossil fuels to renewable energy sources. In addition to the issue of environmental sustainability, another factor in strengthening renewable energy production is the energy security of countries and reducing their dependence on fossil fuel imports. This parameter emerges as extremely important, especially today, when, due to the war in Ukraine, Russia has engaged in an energy blackmail of Europe (European Commission, 2022), using energy resources as a weapon, as it has done in previous years (Ghaleb, 2011; Pirani, Stern and Yafimava, 2009). In fact, the restriction of Russian gas flows to Europe has resulted in skyrocketing energy prices and rising inflation. The combination of all the above parameters is pushing the adoption of alternative forms of energy no longer as complementary sources, but as the main sources of energy in the energy mix of countries. 
In this study, the issue of renewable energy sources for Greece is examined. First, a brief overview of energy sources is provided, while then the trends in the use of energy sources worldwide and in Europe are recorded. Next, the energy mix of Greece is presented, with references to the specific characteristics of the country, while then the developments of electricity production using renewable energy sources are analysed. This study concludes with the presentation of the prospects of the renewables in the Greek market.
[bookmark: _Toc111815410]Brief overview of energy resources
The sources used for energy production can be divided into two main categories: non-renewable and renewable energy sources (Elavarasan, 2019; Panwar, Kaushik and Kothari, 2011; Singh, 2006), while its category has sub-categories, as presented in Figure 1.
[bookmark: _Toc111815390]Figure 1. Categories of energy resources
[image: ]
Source: Elavarasan, 2019.
The following is a brief description of the energy resources
Non-renewable energy resources
Fossil fuels take millions of years to form and are thus depleted at a very rapid rate compared to the rate at which they are formed. Their consumption also contributes to the environmental problem, which is why renewable energy sources have been increasingly developed in recent years. The result of this use is the production of 34.81 million tons of carbon dioxide just in one year (Ritchie and Roser, 2022a). Of this amount, 50% is absorbed by the earth's biosphere, while the rest remains in the atmosphere. Carbon dioxide is classified as a greenhouse gas and is therefore, to some extent, responsible for the existence and enhancement of the greenhouse effect. The fossil fuels are the following:
· Oil. Crude oil refers to undiluted oil as extracted from the ground before processing. Oil is at the heart of the economic and political activities of many countries as it has become the world's most important source of energy. The primary use of oil is as a transport fuel and raw material in the plastics industry, followed by energy markets, namely heating and electricity generation
· Coal. Coal is the cheapest, but at the same time the most polluting source of electricity; the cost of this fuel is about 1/5th that of other fossil fuels (Edwards, 2010). To emphasise the importance of coal, it should be mentioned that it is considered as the most important factor of the industrial revolution in Britain, and it should be underlined that the first regions to industrialise in Europe were those with deposits of the fuel, such as Belgium (Murray & Silvestre, 2015; Wringley, 2010). It should also be pointed out that it is easy to store and therefore its price does not show seasonal fluctuations.
· Natural gas. According to Edwards (2010), the use of natural gas as an energy source was essentially formed in the mid-20th century as a fuel that served heating purposes. In many countries in the 1970s, infrastructure was built using natural gas as a fuel. Natural gas gradually came to dominate not only the heating sector but also the electricity generation sector, due to its reduced carbon dioxide emissions compared to the more competitive coal and its high efficiency. It is transported either in gaseous form through pipelines or in liquefied form (liquid natural gas). The operation of pipelines requires specific pressure conditions to achieve gas flow. Therefore, in this case, it is not possible to shut down the pipelines, and in situations of reduced demand, underground storage tanks are required.
· Nuclear energy / uranium. Natural uranium is a mineral that is found in nature in igneous rocks and more specifically in granite. It is used in nuclear power stations to produce electricity. Uranium is classified as a fuel, i.e. energy production through combustion, but in reality energy production from it is done without combustion. By nuclear energy, we refer to the energy released when atomic nuclei are transformed. That is, the dynamic energy enclosed in the nuclei of atoms due to the interaction between the constituent particles. The result of nuclear fission is the release of energy, provided that it is controlled so that it can be safely used to generate electricity.



Renewable energy resources
· Wind energy. Wind is an inexhaustible source of energy, which is provided free of charge. Wind energy is today a technologically mature, economically competitive, and environmentally friendly energy option. Wind energy is generated indirectly by solar radiation, because the uneven heating of the earth's surface causes large masses of air to move from one area to another, thus creating winds. Wind energy is the most widespread form of energy and can make a significant contribution to reducing atmospheric pollutants. It protects the planet by avoiding emissions of greenhouse gases that destabilise the global climate. Each installed megawatt of wind power prevents the release of 3-3.5 thousand tonnes of carbon dioxide per year. Operating a typical 10 MW wind farm provides the electricity needed by 10,000 families annually (Siemens - Gamesa, 2019) and saves about 3,000 tonnes of oil equivalent. Each kilowatt-hour of electricity generated by wind means one less kilowatt-hour that would probably have been generated in some other polluting way. On average, each kilowatt-hour produced by burning coal or oil releases into the atmosphere about one kilogram of carbon dioxide, 10-20 grams of sulphur dioxide, 1.5-15 grams of nitrogen oxides, 1-5 grams of fine particles and many other hazardous air pollutants (European Commission, 1999). 
· Solar power. Solar power is the practically inexhaustible energy that comes from the Sun, providing light, heat, thermal energy and radiation energy. Solar energy can be harnessed through three main categories of applications: active solar thermal systems, passive solar systems, and photovoltaic systems. The first two exploit the heat emission from solar radiation, while photovoltaic systems use the photovoltaic effect to convert solar radiation into electricity (Lachner, 2019). The latter application (i.e., the use of photovoltaic systems), facilitates access to electricity in areas that are isolated and characterized by high levels of sunshine.  The data that are needed basically for the utilization of solar energy are the hours of sunshine for each month of the year, the total horizontal solar radiation and the soil and air temperatures per hour (Boxwell, 2010). In addition, the heating and electricity needs of the residential, commercial and industrial sectors in the area need to be determined. Besides being inexhaustible, solar radiation is also a provider of large amounts of energy, averaging 1700 kWh of incident radiation per square metre per year. This means that the total energy received by the earth's surface during a year is equivalent to 10,000 times the global energy consumption (Lachner, 2019)
· Hydropower. Hydroelectric power is the production of electricity by using the water that drives the hydro turbines. Hydropower was first used to generate mechanical power and then to generate electricity. In particular, hydroelectric power stations convert kinetic energy into electricity. The turbine is spun by the waterfalls and this in turn spins a generator which produces the electricity (Munoz-Hernandez, Mansoor and Jones, 2013). The cost per unit produced is low, especially when the plants are large. Although hydropower plants generate electricity during peak hours, they can produce electricity continuously and in steady mode. Hydropower projects are classified as small, when the total installed capacity is below 10 MW, and large. The differences between the two categories are many, apart from size (Pdelican, 2019). Large hydropower plants operate during peak hours, as opposed to small hydropower plants which operate continuously and therefore require the installation of a reservoir. It should be mentioned here that during peak hours large plants more than make up for the value of the energy lost during their inactivity.
· Geothermal energy. Geothermal energy is, like solar energy, a practically inexhaustible source. Although it is renowned for its potential for meeting energy needs for cooling and heating, it can also contribute to the production of electricity at low cost and with minimal environmental impact. The geothermal anomaly, i.e., the increase in the temperature of the subsoil that occurs during the normal geothermal gradient, creates a thermal energy potential (Buntebarth, 1984). This thermal energy, due to the geothermal gradient, is expressed in strong energetic power and phenomena such as volcanic eruptions, earthquakes, surface vapour release and hot springs. The geothermal regions with temperatures above a specific temperature are the ones that can be used for electricity generation (Gupta and Roy, 2007). The use of geothermal energy for electricity generation has become widespread due to various factors. Countries where geothermal resources are prevalent wish to develop their own resources instead of importing fuels for electricity generation. In countries where many alternative sources for electricity generation are available, including geothermal energy, it is preferred as it cannot be transported for sale and through it conventional fuels are allowed to be used for higher and better purposes than electricity generation. The sources that have been tested and the potential to be used for electricity generation, and are mostly of the hydrothermal type, are divided into two categories: those below 200°C and those above this temperature. For those that are below, to maintain hot water under pressure a pump is used to regulate this in the geothermal brine. On the opposite side, those sources that are above this temperature and are distinguished for their brine-steam mixture use natural flow. Geothermal sources currently provide direct usable thermal power in more than 30 countries worldwide.
· Biomass.  Biomass can be considered any material originating from plants. Biomass energy production is generated during the process of photosynthesis, so it is easily understood how it is done with the help of solar energy. Power plants using biomass usually use raw material, such as the sawdust as well as other wood residues which usually come from the logging industry. The use of agricultural residues also contributes to the production of thermo-chemical energy. Also, all kinds of waste from the food industry is being used. The exploitation of waste for energy production is done through combustion or the use of biogas. The production of electricity using biomass is a sector that is booming worldwide as it is considered by many to be an ideal option. This is the reason why biomass branches are both growing and developing rapidly indicating that it will be a key part of the global energy production
· [bookmark: _Toc111815411]Tidal energy. Tidal energy is a form of power that is produced by the natural rise and fall of tides as caused by the gravitational interaction between the Sun, the Earth, and the Moon. Tidal currents provide sufficient energy for harvesting when water passes via a constriction making the water to move faster. Tidal power leverages the rise and fall of oceanic tides to capture potential or kinetic energy and turn it into other forms of energy, often electricity. The amount of energy created depends on the speed, height, and frequency of the wave, as well as water density (“Wave energy”, 2022). Tidal power is a promising renewable energy source of energy but its production costs, and a limited number of suitable locations are available, while also technological challenges prevent its expansion (“Tidal Power”, 2022). Europe is still the world leader in tidal and wave energy installations and European tidal and wave streams projects produced 50% more electricity compared to the previous year according to statistics released by ocean energy. More specifically, tidal stream capacity continued to rise in 2019, reaching 27.7 MN cumulatively-almost four times as much as the rest of the world. This happens in spite of a slowdown in deployments as developers prepare for bigger projects to hit the water into next years (“European Tidal Power Generation 50% Higher in 2019”, 2020; “Offshore energy”, 2022). 
Renewable energy: necessity and importance
The use of renewable resources to produce energy has been known since ancient times; as Botkin and Keller (2010) mention, the ancient Greeks and Romans used solar energy in their homes. Specifically, the homes of the ancient Greeks were constructed in such a way that they could more easily receive solar energy. The Romans did much the same. The difference is that they were more successful in using solar energy than the Greeks. So, the Romans built glass windows and greenhouses so that they could use more solar energy. They even had public baths, which were heated by the sun.
Since the wheel came into people's lives, they began to make better use of wind and water energy. Thus, the Antares built the first windmills and watermills (Bithas and Kalimeris 2016). Also, already from the ancient civilizations, geothermal energy started to be used. For example, the Romans, in addition to solar energy, used geothermal energy in their public baths, as the baths were heated and had hot water, using ground heat and natural groundwater sources (Dickson and Fanelli 2013).
Although it has been established that Renewable Energy Sources have been exploited since the early years of humanity, they started to play a prominent role in the agenda of important debates in the early 1970s and as a consequence they became widely known in decision making centres. The energy crisis of that period was the trigger that led several countries to seek an escape route and decouple their economies from conventional forms of energy, recognising a number of other advantages that only renewables could offer. However, the initial enthusiasm was quickly dampened by the return of low oil prices and the development of 'green energy' was discouraged.
Since the 1990s, as the unpleasant effects of conventional energy use on the environment began to be recognised, interest in the development of renewable energy sources has been growing again. Thus, in recent years, people's awareness of environmental responsibility has been growing, governments are following a common line and taking joint measures for sustainable development, companies are complying with the laws of the countries and for their part are developing corporate social responsibility programmes, providing a solution to the problem with the final winner being Renewable Energy Sources, which are gaining a larger share in the energy mix.
Some very important points should be mentioned here. The first one is that it is becoming increasingly clear that fossil fuel resources are dwindling and cannot be replaced. As Spash (2017) notes, societies that have been built on non-renewable resources and are dependent on them will collapse and that is because all non-renewables resources are scarce, hence the growth of these societies is based on the depletion of resources. Even back in 1972, Meadows et al. noted that “Collapse occurs because of nonrenewable resource depletion” (Meadows et al., 1972, as cited in Case, Fair and Oster, 2012, p. 646).  
Indicative of the depletion of fossil fuels is that, as shown in Figure 2, the discovery of oil deposits has declined significantly compared to the 1950s and 1970s. It is therefore clear that new deposits will become increasingly scarce, and therefore the amount of oil produced will also be reduced. 
[bookmark: _Toc111815391]Figure 2. Discovery of new oil fields
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Source: Murphy, 2012, p. 3
A second important issue concerns the cost. According to the research (Ellis and Halvorsen, 20002; Weitzman, 1999; Pindyck, 1987; Mueller, 1985; Stollery, 1983), as presented in Table 1, the user cost as a percentage of a competitive price -i.e. the price of the equilibrium between supply and demand, given that there are no unusual macroeconomic conditions—for the crude oil is up to 50%, while for the natural gas is also at the same levels. If one considers that the user cost for gold is only the 5% to 19% and for the iron ore -a basic commodity that is used in all crucial industrial activities- is 10% to 20%, it is assumed that the user of fossil fuels as energy resources has a significant burden.
[bookmark: _Toc111815381]Table 1. User cost (percentage of competitive price)
	Resource
	User cost on competitive price

	Crude oil
	40% to 50%

	Natural gas
	40% to 50%

	Uranium
	10% to 20%

	Copper
	20% to 30%

	Bauxite
	5% to 20%

	Nickel
	10% to 30%

	Iron ore
	10% to 20%

	Gold
	5% to 10%


Source: Pindyck and Rubinfeld, 2013, p. 587
Here, we should include another crucial parameter: the cost of the energy resources should include the environmental cost, i.e., the damage to the environment of fossil fuels use. According to IPCC, an increase in temperature of 2.5oC would cost almost 2% of world’s GDP, while according to the German Institute for Economic Research an increase of 1oC would cost over €1.5 trillion per year in the world economy from 2050 onwards, hence every emitted tonne of CO2 emitted has a cost of €58. Taking this figure into account, the global carbon debt in 1990 would have been €568.7 billion, and this is the corresponding cost of one single year. This damage and this cost should be included to the price of the fossil fuels, so that the price would mirror the ecological debt that we create by using non-renewables, as presented in Figure 3.
[bookmark: _Toc111815392]Figure 3. Framework of the calculation of ecological debt
[image: ]
Source: Hinojal, and Aurrekoetxe, 2010, p.152
Having stated the above, it is clear that renewables should be used in a wider scale in order to produce energy. What is needed, in order this to be realised, is a radical change, or, in the terms of Krausman (2017) a “coevolutionary change”. As presented in Figure 4, this change involves knowledge, values, the sense of the absolute importance of the environment, technology, social organisation, and values.
[bookmark: _Toc111815393]Figure 4. Factors of coevolutionary change
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Source: Krausman, 2017, p. 113
[bookmark: _Toc111815412]Trends in the use of energy sources worldwide and in Europe
As presented in Figure 5, the three main energy resources for the production and consumption of energy are the oil, coal and gas, i.e., all three of them are fossil fuels. 
[bookmark: _Toc111815394]Figure 5. Global energy consumption by source
[image: ]
Soource: Ritchie and Roser, 2022b
As shown in Figure 6, looking at the data by five-year period since 1980 (with the latest data year being 2019), we see that non-renewable energy sources have been and remain the largest share of energy sources, while renewable energy sources have always been lower than 18%. This shows a significant backlog: despite all the agreements that have been made on climate, despite all the agreements to limit pollutants, despite all the measures taken by some governments, overall humanity has not realised the huge responsibilities we have.
[bookmark: _Toc111815395]Figure 6. Non-renewable and renewable resources as percentage of the total energy production, World, 1980-2019
[image: ]
Source: own production, data from Ritchie and Roser, 2022bb
However, a closer analysis sheds more light on the causes of the stagnation in the preference for fossil fuels. A major paradigm is the one of Europe. As presented in Figure 7, Europe has seen a significant increase in the use of renewable energy sources, from 5.1% in 1990 to 11.1% in 2010 and 16.3% in 2019. Thus, from 1990 to 2019, renewable energy sources have increased by 219%.

[bookmark: _Toc111815396]Figure 7. Non-renewables and renewables resources as percentage of the total energy production, Europe 1990-2019


[image: ]
Source: own production, data from IEA, 2022
As presented in Table 2, Europe records a significant reduction of using coal as an energy source, from 241,6 million Terajouls (TJs) in 1990 to 112.9 million TJs in 2019, while also there is a reduction of oil, from 319,2 million TJs in 19990 to 259 million TJs in 2019. On the contrary there is a massive increase in wind and solar power and in biofuels and waste. 
[bookmark: _Toc111815382]Table 2. Energy production per resource, Europe, 1990-2019 (in million Terajouls – TJs)
	 
	Coal
	Natural gas
	Nuclear
	Hydro
	Wind, solar, etc.
	Biofuels and waste
	Oil

	1990
	241.6
	173.5
	97.7
	17.7
	2.3
	24.9
	319.2

	1995
	188.3
	180.6
	106.5
	20.1
	2.7
	29.2
	303.5

	2000
	169.5
	207.5
	114.5
	21.8
	4.5
	33.3
	297.7

	2005
	167.9
	235.9
	121.1
	20.4
	7.0
	43.5
	306.9

	2010
	157.8
	238.9
	112.7
	23.1
	12.7
	62.4
	278.6

	2015
	147.1
	191.9
	105.6
	22.7
	24.4
	69.0
	255.8

	2019
	112.9
	209.3
	101.7
	22.4
	33.8
	76.5
	259.0


Source: own production, data from IEA, 2022
In fact, as presented in Table 3, while oil was the leader in the energy mix in all years, there is a reduction on its share, since in 1990 had a share of 36,4%, while in 2019 its share dropped to 31,8%. Also, coil decreased to 13,8% from 27,5%. Nuclear power has a small increase, but the wide increase is in the renewables. It should be highlighted that natural gas increased from 19,8% to 25.7%
[bookmark: _Toc111815383]Table 3. Percentage of energy resources in the energy mix, Europe, 1990-2019
	 
	Coal
	Natural gas
	Nuclear
	Hydro
	Wind, solar, etc.
	Biofuels and waste
	Oil

	1990
	27.5%
	19.8%
	11.1%
	2.0%
	0.3%
	2.8%
	36.4%

	1995
	22.7%
	21.7%
	12.8%
	2.4%
	0.3%
	3.5%
	36.5%

	2000
	20.0%
	24.4%
	13.5%
	2.6%
	0.5%
	3.9%
	35.1%

	2005
	18.6%
	26.1%
	13.4%
	2.3%
	0.8%
	4.8%
	34.0%

	2010
	17.8%
	27.0%
	12.7%
	2.6%
	1.4%
	7.0%
	31.4%

	2015
	18.0%
	23.5%
	12.9%
	2.8%
	3.0%
	8.4%
	31.3%

	2019
	13.8%
	25.7%
	12.5%
	2.7%
	4.1%
	9.4%
	31.8%


Source: own production, data from IEA, 2022
[bookmark: _Toc111815413]Energy mix in Greece and the developments regarding renewable resources
Regarding the energy mix of Greece, a number of elements should be noted:
First, what should be noted is that there has been a significant decrease since 2005. This decrease can be justified on the basis of the economic crisis that occurred in Greece in 2009, where it is indicative that in the period 2009-2015 the country's GDP decreased by 25%. Thus, the decrease in income is the most important parameter for the decrease in total energy production.
Second, as documented in Table 4, the use of energy resources has changed. Most importantly, there has been a huge reduction in the use of lignite. Lignite in 1990 produced 337.72 thousand TJs while in 2020 the production decreased to 70.97 thousand TJs. This is the biggest indication that Greece has achieved de-lignification: lignite was the country's main energy source for many decades.

[bookmark: _Toc111815384]Table 4. Total energy supply by source, Greece, 1990-2020 (in thousand TJs)
	 
	Coal
	Natural gas
	Hydro
	Wind, solar, etc.
	Biofuels and waste
	Oil
	Total

	1990
	337.72
	5.78
	6.37
	2.48
	37.40
	505.37
	895.12

	1995
	351.24
	1.84
	12.70
	3.68
	39.15
	538.03
	946.64

	2000
	378.39
	71.37
	13.30
	8.24
	42.26
	622.97
	1136.52

	2005
	374.79
	98.54
	18.06
	11.86
	42.49
	709.70
	1255.43

	2010
	329.21
	135.42
	26.86
	21.12
	45.03
	580.03
	1137.67

	2015
	234.73
	112.08
	21.95
	41.94
	58.54
	469.34
	938.58

	2020
	70.97
	206.35
	12.05
	61.77
	53.50
	381.44
	786.08


Source: own production, data from IEA, 2022
As presented in Table 5, the major energy resource is oil, although its share in the country’s energy mix reduced from 56.5% in 1990 to 48.5% in 2020. Natural gas rapidly increased, taking the place of coal as the second major energy resource. This decision is not without cost, as it will be further discussed in the next chapter.
[bookmark: _Toc111815385]Table 5. Percentage of energy resources in the energy mix, Greece, 1990-2020
	 
	Coal
	Natural gas
	Hydro
	Wind, solar, etc.
	Biofuels and waste
	Oil

	1990
	37.7%
	0.6%
	0.7%
	0.3%
	4.2%
	56.5%

	1995
	37.1%
	0.2%
	1.3%
	0.4%
	4.1%
	56.8%

	2000
	33.3%
	6.3%
	1.2%
	0.7%
	3.7%
	54.8%

	2005
	29.9%
	7.8%
	1.4%
	0.9%
	3.4%
	56.5%

	2010
	28.9%
	11.9%
	2.4%
	1.9%
	4.0%
	51.0%

	2015
	25.0%
	11.9%
	2.3%
	4.5%
	6.2%
	50.0%

	2020
	9.0%
	26.3%
	1.5%
	7.9%
	6.8%
	48.5%


Source: own production, data from IEA, 2022
Regarding the hydropower, there is a wide variance in the energy supply during the whole period, since in 1990 the hydroplants produced 6,3 thousand TJs, while in 2010 produced 26,8 thousand TJs and in 2020 produced 12 thousand TJs.
[bookmark: _Toc111815398]Figure 8. Energy supply of hydropower, Greece, 1990-2020 (in TJs)
[image: ]
Source: own production, data from IEA, 2022
As presented in Table 6, there was a wide increase during the periods until 2010, but in the next periods there was a decline, with most significant the decline between 2015 and 2020, amounted to a decrease of 45.1%.
[bookmark: _Toc111815387]Table 6. Percentage change in the supply of hydropower per period
	1990-1995
	99.5%

	1995-2000
	4.7%

	2000-2005
	35.8%

	2005-2010
	48.7%

	2010-2015
	-18.3%

	2015-2020
	-45.1%


Source: own production, data from IEA, 2022
What is should be noted here is that this decrease cannot be explained by the installations, since the total installed capacity has not changed significantly during the years, as presented in Figure 9. For the period 2015-2020, the average annual hydroelectric generation from Hydroelectric Power Plants was at 3,938 Gwh (DEI, 2022)
[bookmark: _Toc111815399]Figure 9. Hydropower capacity in Greece, 2008-2021 (in megawatts)
[image: ]
Source: Jaganmohan, 2022
As for the hydropower, in fact the trend is expected to remain almost the same, since it is almost not possible for the private sector to be active in this field
Regarding the energy supply of wind and solar, as presented in Figure 10 there is a constant positive trend, that continued even in the period of the big economic crisis. While in 1990 the wind and solar power produced 2,4 thousand terajouls, in 2010 produced over 11 thousand TTJs and in 2020 skyrocketed to 61,7 thousand TJs.







· 
 
[bookmark: _Toc111815400]Figure 10. Energy supply of wind and solar power, Greece, 1990-2020 (in TJs)
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Source: own production, data from IEA, 2022
As presented in Table 7, the increase is constant in every period. On the other hand, the increase of 2010 to 2015 was almost doubled, while the increase of 2015 to 2020 was at 47.3%. 
[bookmark: _Toc111815388]Table 7. Percentage change in the supply of wind and solar power per period
	 
	Wind and solar

	1990-1995
	48.5%

	1995-2000
	123.9%

	2000-2005
	43.9%

	2005-2010
	78.1%

	2010-2015
	98.6%

	2015-2020
	47.3%

	
	


Source: own production, data from IEA, 2022
According to the analysis of Greenpeace (2006), three scenarios are formed regarding wind energy: the first scenario states that wind power would provide 6.6% by 2030 and 6.6% by 2050, the second scenario states that the contribution of wind power would range from 15.6% in 2030 to 17.7% by 2050 and the third scenario states that the contribution of wind power to global electricity demand would range from 29.1% in 2030 to 34.2% by 2050 (Greenpeace 2006). 
In November 2010, the European Wind Energy Association agreed with the European Commission's Communication on the Investing in the Development of Low Carbon Technologies plan which states that wind energy will be able to contribute up to 33% of the EU's electricity by 2030 and up to 50% by 2050 (Figure 11).
[bookmark: _Toc111815401]Figure 11. Expected increase in EU’s share of electricity provided by wind power
[image: ]
Source: European Wind Energy Association, 2010, p. 10.
In general, areas with an average annual speed of more than 10m/s are considered to have high wind potential. Areas with an average annual speed of more than 6 m/s are selected for the installation of wind farms. The above limits are indicative and subject to change in line with technological development and market conditions. Given that the main volume of electricity generation in Greece is wind energy, it is worth noting that it is a technologically mature, economically competitive, and environmentally friendly energy option. 
Greece is a place that makes extensive use of wind energy, an energy that is practically inexhaustible. Wind energy is an inexhaustible resource that can also help with the problem of climate change. The rapid development of technology has also penetrated the wind turbine sector. As a result of this, the efficiency of the wind turbines is increasing, contributing to sustainable development.
As for the solar power, although the solar radiation reaching the boundaries of the atmosphere is constant everywhere, this is not the case for the radiation reaching the ground, which has a power of more than 1000 Watt/m2. This depends on the time of year, the time of day, the presence of clouds, fog, and dust, and is attenuated more and more the smaller the angle of incidence on the surface of the ground and, consequently, the longer its path through the atmosphere.  This last factor is the most important in determining the average intensity of the electrical energy reaching the ground. The closer to the equator, the shorter the path of the solar radiation and the greater the angle of incidence up to 90°, the more intense its effects become. In this respect, Greece is one of the most favoured regions of our planet. The combination of its latitude and high sunshine results in an annual average of 1570 kWh of solar energy (Figure 12). As a result, it is possible, throughout the Greek territory, to exploit solar radiation for thermal uses in an economically beneficial way. 
[bookmark: _Toc111815402]Figure 12. Solar resource map of Greece
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Source: Solargis, 2022
Also, as presented in Figure 13, the solar radiation although it differs among the seasons, as expected, having the highest values between the end of spring and the mid of autumn, even in the lowest season of the winter has a radiation of 500, meaning that even in this period the production of solar energy is low but is still active.
[bookmark: _Toc111815403]Figure 13. Solar radiation in Greece per season
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Source:Kambezidis, 2021,  p. 12
Nevertheless, in Greece there is a number of installed photovoltaic systems. The main applications are small stand-alone systems for the electrification of isolated areas. The possibility of generating electricity in both remote and residential areas, without any impact on the environment, makes the use of photovoltaic systems attractive.  Regarding the energy supply of biofuels and waste, as presented in Figure 14 the production of energy can be considered as significant, since in 1990 biofuels produced 37 thousand TJs, while in 2015 produced 58,5 thousand TJs. 
[bookmark: _Toc111815404]Figure 14. Energy supply of biofuels and waste, Greece, 1990-2020 (in TJs)
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Source: own production, data from IEA, 2022
As presented in Table 8, there was an increase of 30% in the period 2010-2015 and this should be the reason of the decline by 8,6% in the next period, since the investments of the previous periods were very big.
[bookmark: _Toc111815389]Table 8. Percentage change in the supply of biofuels and waste per period
	 
	Biofuels and waste

	1990-1995
	4.7%

	1995-2000
	8.0%

	2000-2005
	0.5%

	2005-2010
	6.0%

	2010-2015
	30.0%

	2015-2020
	-8.6%


Source: own production, data from IEA, 2022
As regards tidal power, in Greece there is no tidal power stations. The Euripus Strait is a channel that is subject to strong tidal currents that reverse direction about four times a day. Tidal flows are very weak in Eastern Mediterranean, but the strait is a remarkable exception. Water flow peaks at about 12 kilometers per hour. The Euripus channel tidal energy potential is examined by researchers, and it is considered as an exploitative renewable resource of energy for the future. Recently, some companies have completed the installation of the first wave energy converter (WEC) modules in the port wall of Heraklion, Crete, and in the island of Halki, in Dodecanese (“European Tidal Power Generation 50% Higher in 2019”, 2020; “Offshore energy”, 2022). 
Discussion
Based on all of the above, a number of issues can be pointed out.  The first element that can be concluded is that in Greece there is a significant strengthening of renewable energy sources. The analysis has shown that for several years now renewable energy sources have been increasing and has had a larger share in the country's energy while the non-renewable energy sources have been decreasing gradually.
This development is very important for the country, with benefits in multiple dimensions. One important dimension is that, apart from coal, both oil and gas are imported into the country. Therefore, the more a country uses these resources for energy production, the more it becomes dependent on third countries. As a result, the country's energy security is reduced. On the contrary, renewable energy sources are produced within the country and can supply all parts of the country. Thus, renewable energy sources increase the country's energy security and autonomy.
A second element is that energy imports cost the country money, putting a strain on the balance of payments. Thus, the money, instead of staying in the country, is exported abroad to the countries from which the energy resources are imported.
A third element is cost. It should be noted that the cost of producing renewable energy gaps decreases as capacity increases, as shown in Figure 15.
[bookmark: _Toc111815405]Figure 15. Cost of production on wind energy production
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Source: Timmons, Harris and Roach, 2014, p. 18
An important point to mention is the clean energy produced by each energy source. As shown in Figure 16, coal has the highest energy efficiency compared to all other energy sources but is tending to decrease throughout the world because of the significant negative effects it has on the environment. Hence, after coal, we can see that hydropower and industrial wind are more efficient than the conventional oil which is used in the present.




[bookmark: _Toc111815406]Figure 16. Net energy efficiency of different energy sources
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Source: Murphy, 2012, p. 2

According to Jacobson and Delucchi (2011), it is feasible, through a system consisting of 3,800,000 5MW wind turbines, 43,000 300MW solar panels, 5,350 100MW geothermal installations, 270 new hydroelectric installations, 720. 000 marine wave energy devices of 75MW and 490,000 tidal energy turbines of 1MW, can reduce electricity demand by 30% without having special land use requirements. Although the proposed system comes with a cost, one should consider that with the current prices of oil and natural gas and the high risk of not having the volume needed due to the Russian decisions, the investment is being considered as profitable.
Thus, the conclusion that can be drawn is that renewable energy sources have significant advantages at all levels: the environment, the economy, social sustainability, the stability of the overall system. Greece is at the forefront of this energy transition, having chosen to shape an energy mix that enhances future sustainability.
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