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Decarbonization of the energy sector in Greece —
is Greek coal mining over?

ABSTRACT: The following paper presents the process of decarbonization of the energy sector in Greece and
points out to different methods the Greek authorities are adopting in order to reduce the emission
of greenhouse gases generated by electricity production. Greece is a country which is modernizing
its energy sector gradually, yet dynamically. One of the prime aims is to reduce the level of energy
produced in coal-fired power plants by focusing on the renewable energy and the gas sector. In 2010
still more than half of the electrical energy was generated by lignite-fired power plants. Almost ten
years later the ratio has dropped to only slightly more than 30%. A significant reduction in coal con-
sumption was possible thanks to investments in renewable energy sources, especially in the wind
and solar energy sectors. Both sectors have seen a large increase in production, making renewable
energy sources already accounting for over 20% of Greek electricity production. Capital-intensive
investments were also made in the country’s gas supply through the expansion of gas-fired power
plants and gas transmission networks. As a result, natural gas remains the main source of energy
for Greece next to coal. Unfortunately, a big challenge in terms of decarbonization is the need for
increased imports of electricity from abroad, due to the insufficient capacity of the Greek energy
sector. Therefore, the main purpose of this paper is to define a Greek model of decarbonization and
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to point out to its benefits and dangers. Greek strategy might serve as an example of how to success-
fully solve the energy issues in the countries with similar energy profile.

Keyworbps: Greece, Greek energy sector, decarbonization, Greek coal, Renewable energy sources

Introduction

Decarbonization of the energy sector has recently become the key element in redeveloping
the energy systems in European countries, especially among the European Union members. In
fact, one of the major targets of the EU climate change program is to reduce the emission of
greenhouse gases. The EU hopes that by 2050 all the member countries will have reached net-
-zero greenhouse gas emissions. Such an assumption raises some questions about the methods
used to achieve this aim. As a matter of fact, energy sectors of the given EU members are highly
diversified, especially when it comes to the energy mix or technological advance. The doubts
mostly concern those countries which still rely quite highly on the mining sector. Coal still
remains strategically important for the Greek economy but Greece can be set as an example of
a country which has managed to drastically lower coal production and consumption, although
the energy mix several years ago was still 70-80% based on coal.

The purpose of the paper is to define the methods and measures Greece has adopted to decar-
bonize its energy sector. Additionally, the article is to point out to the consequences Greek coal
mining has to face.

1. What is decarbonization of the energy sector?

To begin with it must be explained what decarbonization of the energy sector is, how to run
the process, and what its consequences are. In other words — when does decarbonization occur?
How does the process occur and what are the results?

Decarbonization refers to the process of reducing emissions from burning carbon (or CO,)
per unit of electricity generated (Griibler and Naki¢enovi¢ 1996). The CO, emission rate for the
most frequently used fuels varies and amounts to: 93.46 kg/GJ for hard coal, 107.13 kg/GJ — lig-
nite, 55.43 kg/GJ — fossil gas, 73.30 kg/GJ — crude oil and 112.00 kg/G]J for firewood and wood
waste (KOBIZE 2019). As the numbers clearly show, carbon emission (lignite in particular) is
significantly higher than other fuels (e.g. fossil gas), not to mention renewable energy sources
(RES). The main aim of decarbonization is, above all, to protect the natural environment and,
consequently, to improve people’s quality of life and health. It must also be clearly stated that
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the emission of carbon dioxide and other greenhouse gases highly contributes to the process of
ongoing global warming. During the last decade this issue has been frequently raised by the EU
institutions. In 2014 the representatives of the EU member countries voted through the climate
and energy objectives for the year 2030, the most important of which is the one referring to the
40% reduction of greenhouse gases emission in comparison to the year 1990 (EUCO 2014). In
2018 the European Commission presented the European strategic long-term vision to reduce
greenhouse gas emissions (4 Clean Planet for all) (EC 2018). Its main idea is to achieve net-zero
greenhouse gas emission by the second half of the twenty-first century. The issue has also been
addressed to in the Paris Agreement in December 2015, according to which 195 countries agreed
to take actions in order to avoid climate change and to undertake rapid reductions in emissions
(UN 2015). Such an approach proves that both politicians and societies are becoming more and
more aware of what might high greenhouse gas emissions and pollution lead to. These are the
reasons why decarbonization of the energy sector plays such an important role in the whole
program. Decarbonization is a major issue in countries where energy, to a greater or lesser extent,
still relies on coal (hard or lignite) or other solid fuels. Poland and Serbia are among European
countries whose energy sector is dominated by coal. Coal still remains an important source of
energy in Germany, the Czech Republic and Romania, while in countries such as France, Norway
or Switzerland its consumption is close to zero. The countries considered to be global superpo-
wers also have a well-developed coal industry. For instance, China accounts for ca. a half of
global production and consumption of coal and the US follows China’s footsteps (respectively:
9.3% and 8.4%). Among the top four countries one can also find India and Russia (BP 2019). It
is therefore clearly visible that decarbonization is a global problem which casts a shadow on the
future economic and social development.

Decarbonization is a long-term process highly dependent on technological advance, especial-
ly when it comes to renewable energy sources. For at least several dozens of years, highly deve-
loped countries have been investing in green energy and it has already visibly outcompeted con-
ventional sources of energy. Renewable energy sources mostly involve hydroelectric, wind and
solar power plants but also geothermal, biomass and biogas power stations. However, the finan-
cial aspect is not the only factor which fosters RES development; internal factors, such a coun-
try’s geographical location, are even more important in the assessment of the RES potential (each
country is faced with better or worse prospects in this field). Another way to decarbonize the
energy sector is to develop nuclear energy and low-emission gas technology. The energy sector
of France can serve as an example of the first way. During the last two decades 70—77% of elec-
trical energy has been produced in nuclear power plants (IAEA 2019). In the perspective of 2—3
decades, the development of the gas sector might function as a temporary solution since this
technology is less harmful for the environment than coal. However, RES technologies are dy-
namically improving and it’s likely that a technological revolution will occur in the near future,
which, in turn, may offer more possibilities in terms of storage and distribution of the energy.

Unfortunately, decarbonization not only brings about positive consequences, such as clean
energy, but also poses a threat for the economy and society of the country. Restructuring of the
fossil fuel sector in a given country seems to be the priority in this aspect. Decarbonization means
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stepping back gradually from all the solutions which have been used to produce energy so far. In
Polish case this is inevitably connected with closing coal mines, shutting down coal-fired power
plants and in the long term perspective (2—3 decades) giving up on the whole coal industry. The
process of transforming the energy sector into low-emission one has to be well-balanced, i.e.
coal and gas-fired power plants should be shut down only after providing an alternative energy
source with the capacity similar to the previous power plant. There is also a risk that leaving
conventional sources of energy too hastily may result in disrupting the supply of the energy in
the country (which will require buying the energy from abroad). The restructuring of the energy
sector may also mean increasing the prices of electric energy, especially during the process of
transformation. When it comes to the social outcomes, decarbonization is a serious challenge for
mining areas, such as Upper Silesia in Poland. Restructuring might call for a complete or partial
transformation of the local industry. Such a change will result in a dramatic drop in the standard
of living, growing unemployment as well as the need to retrain thousands of workers and to
create new places of work.

2. The energy sector in Greece — in the direction of RES

At the beginning of the 215 century many European countries witnessed the beginning of
the process of decarbonization. Greece also happened to be among these countries. Although its
energy sector still relied heavily on lignite even several years ago, during the last decade Greece
successfully managed to implement the energy strategy. What remains crucial in this matter is
the National Renewable Energy Action Plan (NREAP 2009) from the year 2009 and National
Energy Efficiency Action Plan (NEEAP 2014) from the year 2014. These documents point out to
the priorities in the Greek energy sector — the development of renewable energy sources and in-
creasing energy efficiency. The majority of the investments are supposed to happen in the green
energy sector, however the remaining sectors are also being redeveloped, and the gas sector in
particular (Hebda 2019).

Therefore, what kind of natural energy resources are available in Greece? One of the most
impressive natural resource is undoubtedly lignite which can be found in different parts of the
country. The newest research indicates that lignite deposits amount to 7.5 billion tons placed in
four coal-mining areas. The richest one is located in Western Macedonia (1.5 billion tons) where
80% of Greek coal is mined. The next two coalfields: Drama (900 MT) and Elassona (170 MT)
are also located in the north of Greece. Greeks can mine coal in Megalopolis (225 MT) in the
Peloponnese (Tzeferis 2015) (Fig. 1). It is reported that so far 30% of the coal resources have
been mined and if the production remains stable, the resources will last for the next 40 years
(Euracoal 2020). Crude oil and natural gas resources are reported to be rather scarce, however
there are some hopes that newly discovered hydrocarbon resources next to Crete might turn out
to be useful.
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Fig. 1. The most important lignite deposits in Greece
Source: Euracoal 2020

Rys. 1. Najwazniejsze poktady wegla brunatnego w Grecji

Without any doubts, Greece’s enormous potential encourages RES development. Natural-
ly, the strongest renewable energy source is solar energy — Greece can boast of having 250
sunny days a year, which amounts to 3,000 hours annually. What is also important is the fact
that Greece’s solar potential is equally placed all over the country so there are no geographical
limitations to the location of solar power stations (Hebda 2019). Wind energy also seems to be
a viable energy source. The fact that Greece is surrounded by the sea while its territory is mostly
mountainous makes this country a perfect place to generate energy from wind. The islands on
the Aegean Sea, in particular the Cyclades and the northern areas of mainland Greece have
the greatest chance to develop wind power stations (Chatziargyriou et al. 2016). Greece also
comes first in the European ranking of geothermal potential. What is more, this kind of energy
is easily accessible technologically-wise and also profitable — tectonic and volcanic activity has
led to thermal energy being accumulated not very deep in the ground and also to the creation of
multiple water reservoirs with low, average and high enthalpy (Hebda 2019). However, when
it comes to hydroenergy, Greece’s situation seems to be far less satisfactory. Its potential is not
that impressive in that matter, mainly due to the fact that the country is susceptible to long-term
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droughts. It is estimated that the energy capacity amounts to ca. 6,300 GW (12 TWh annually),
45% of which is currently being used (Neubarth 2018).

During the last decade the Greek system of electric energy production has undergone a com-
plex process of restructuring. At present, there are three dominating sources of energy: fossil gas,
coal and renewable energy sources. Greece uses hydro energy, to a lesser extent. In 2018 the pro-
duction of electric energy amounted to 50,901 GWh and although this indicator has been stable
for a couple of years now, it is still 20% lower than in 2008 (63,700 GWh). Such a result is a con-
sequence of withdrawing from coal mining which accounted for almost 70% of the energy ge-
nerated in the previous years. Despite that fact, in 2018 coal-fired power plants produced 17,221
GWh (33.9%) of the energy which was only slightly less than gas-fired power plants which pro-
duced 17,252 GWh (33.96%). In the meantime, renewable energy power stations (mostly wind
and solar) produced 10,942 GWh (21.54%) which means that their production doubled over the
decade. Hydroelectric power stations also play a crucial role in Greek energy sector — they ge-
nerated 5,486 GWh (10.6%) (Fig. 2). Unfortunately, the amount of electric energy produced in
2018 was not enough for Greece and hence about 6,800 GWh (11.81%) were imported, mostly
from Bulgaria and North Macedonia (GEMR 2019).

Greece still has 6 lignite-fired power plants at its disposal. Most of them are located in We-
stern Macedonia which is a coal-mining area (the biggest one is Agios Dimitrios, near the city
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Fig. 2. Gross electricity generation by fuel [% and MW] in Greece (2018)
Source: GEMR 2019

Rys. 2. Produkcja energii elektrycznej wg zrodta [% and MW] w Grecji (2018)

54



www.czasopisma.pan.pl P N www.journals.pan.pl
=

POLSKA AKADEMIA NAUK

of Kozani). There is also one power plant in the Peloponnese (close to Megalopolis). Two of the
power plants are supposed to be shut down in 2021. The total amount of power generated by
coal-fired power plants equals 3,904 MW (in 2013 it was 5,288 MW) (GEMR 2019). The gas
sector has been dynamically expanding in recent years, therefore the number of gas-fired power
plants has been increasing. There are currently 13 units, with various capacities, built along the
already existing gas pipeline which stretches from the border with Bulgaria and Turkey and goes
through the east coast to Athens and Corinth. Taking the low CO, emission level into conside-
ration, most of the gas-fired power plants were built in Attica and Boeotia — regions with a high
population density. Additionally, Greek gas supply sources can be quite easily diversified which
makes new investments attractive. Although 80% of the gas supply comes from Russia, an incre-
asing amount of the fuel is being imported from other countries, such as Azerbaijan or Algeria
(Kastis and Kitsios 2017). The growing importance of gas-fired power plants is clearly visible
through increasing energy capacity which in 2018 reached the level 0f 4,900 MW (GEMR 2019).
Until quite recently, the Greek energy sector was also facilitated by oil-fired power plants which
mostly supported energetic system of the islands, such as Crete, Euboea, Rhodes and Chios
(Kastis and Kitsios 2017). In fact, the most important of these power plants were redeveloped
and transformed into gas-fired ones, for instance the plants in Aliveri (Euboea), Chania (Crete)
and Soroni (Rhodes).

In the last two decades the Greeks have made progress in building RES infrastructure (Fig. 3).
Several wind and solar power stations were opened in various parts of the country. According to
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Fig. 3. Historical data of RES electricity generation in Greece [TWh]
Source: GEMR 2019

Rys. 3. Dane historyczne dotyczace wytwarzania energii elektrycznej z OZE w Grecji [TWh]
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the data, in 2018 the capacity of wind power stations amounted to 2,555 MW while solar power
stations — 2,491 MW (at the beginning of the 215 century the data was almost non-existent).
Geographically wise, wind, as a source needed to produce electric energy, is most intensively
used in Central Greece (907 MW), in the Peloponnese (550 MW) and in Eastern Macedonia and
Thrace (375 MW). Solar power plants, though, are built in northern Greece, i.e. Central Mace-
donia (329 MW) as well as in Central Greece (317 MW) and in the Peloponnese (310 MW).
Investments in remaining RES are rather unpopular due to the fact that small hydroelectric po-
wer stations (239 MW), biomass and biogas (82 MW) generate very scarce amount of electric
energy (Kastis and Kitsios 2017).

Bearing all the above in mind, it seems clear that the future of Greek coal-mining industry is
a challenge. Without any doubts, coal is a raw material which can serve as a significant source
of energy for a few decades ahead (due to rich natural resources). However, according to the
green energy policy, decarbonization of the energy sector is of utmost importance. Coal-fired
power plants are being gradually shut down and it is likely that most of the remaining ones
will be closed in the next few years. As it has already been mentioned, lignite is mostly mined
in Western Macedonia (Ptolemaida — Florina coal mine, about 38 MT in 2015) and to a lesser
extent in the Peloponnese (Megalopolis coal mine 8 MT in 2015). Since the production depends
on the demand of local coal-fired power plants, its level has been dropping for about a decade.
Only in 2010 the production amounted to almost 65 MT, in 2015, it has dropped to about 50 MT,
and finally in 2018 it was a mere 38 MT (Quandl 2019). It is believed that due to the decrease
in consumption, the level of mining will be dropping continuously and consequently, shutting
down coal-fired power plants might force mines ultimately to close. Additionally, since trans-
portation makes lignite less valuable and affects its quality, this only Greek raw material is not
even fit for export.

3. The energy policy of Greece — “accelerated” decarbonization

The current energy policy of Greece has been framed in a few documents which break down
the strategy into the key energy sectors. The most important document is the National Renewable
Energy Action Plan (NREAP 2009) from 2009 and the National Energy Efficiency Action Plan
(NEEAP 2014) from 2014. Another document — the National Energy and Climate Plan (NECP)
is being currently drafted. It is a long-term plan which is supposed to standardize the Greek
energy strategy. The document signed by the Greek government in 2009 — National Renewable
Energy Action Plan, is still of key importance. One of the reasons why the country decided to
move towards renewable energy sources was that, at the time, coal was still the main source
of electric energy in Greece (78% in 2010). Taking international obligations to protect natural
environment into consideration (Directive 2009/28/EC), it became necessary to diversify the
energy sector as soon as possible. Greece was obliged to implement the climate and energy
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package 20-20-20, paying special attention to renewable energy sources. It was stated that 20%
of the gross energy consumption in 2020 will be produced by RES and this will be achieved
by investing in cutting-edge technology and by increasing energy efficiency. It was also duly
noted that in terms of RES, Greece’ s potential was quite significant so it was highly probable to
generate energy through wind turbines or photovoltaic panels. Due to the fact that in 2008 RES
accounted for only 7.8% of the gross energy consumption in Greece (most of the energy was
generated from biomass), some dynamic actions had to be taken in order to reach the estimated

20% (NREAP 2009). For this reason some legal regulations were imposed. They shortened and

simplified the procedures for RES development. One of such documents was issued on June 4,

2010 (L3851/2010) and it simplified the process of granting permissions, it rationalized the sys-

tem of the feed-in tariffs, removed local obstacles and implemented detailed regulations on RES

use in buildings (Eberle at el. 2014).

National Renewable Energy Action Plan pointed to three areas of RES development:

1. Electric energy — the increased participation of RES in the production of electric energy was
supposed to be facilitated by building RES power stations, extending industrial infrastructure,
shutting down old and inefficient coal-fired power plants. When it comes to the safety of
energy supply and costs of RES investments Greece wad divided into two areas:

+ Integrated system (continental) which was to be gradually redeveloped. One of the aims
was to shut down the least efficient lignite-fired power plants and to reconstruct them so
that they are suitable for biomass co-firing (to reduce CO, emission). Another challenge
was to open large RES power stations, in particular wind power stations and big hydro-
electric power stations, which were supported by smaller photovoltaic, hydro, geothermal
and biomass power stations. Investing in gas-fired power stations also played an impor-
tant role in the energy sector.

4+ Dispersed system (islands) — the aim was to shut down oil-fired power stations and pro-
mote RES. Each and every island shows a significant potential in terms of renewable
sources (solar and wind energy in most cases, some of them also geothermal). A trans-
mission grid between the islands and mainland Greece is also planned (NREAP 2009).

2. Heat engineering — the main aim of the redevelopment is to increase investments in biomass,
solar and geothermal energy to provide a heating and cooling system for households and
factories. Thanks to financial incentives (subventions to buy necessary equipment) as well as
the simplification of administrative and legal procedures, Greek heat engineering was aiming
at a decentralized, more efficient and autonomous model (NREAP 2009).

3. Transport — some steps were taken to promote fuel-efficient vehicles and to increase the
consumption of biofuels in transport. In order to facilitate production and the distribution of
biodiesel cars, crucial infrastructure was going to be built. This issue also concerned Greek
farmers who were supposed to produce biomass and use biofuels (NREAP 2009).

The influence of RES on these three aspects varies. It is estimated that RES will play the most
vital role in electric energy production (40%), in heat engineering (20%) and transport (10%).
Following these actions, Greece is hoping that in 2020, 20% of the gross energy consumption
will be generated by RES. This rating is supposed to be achieved through increasing the power
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capacity of wind power stations to 7.5 GW, photovoltaic power plants to 2.5 GW, hydroelectric
power stations to 1.5 GW, biomass power plant to 250 MW and geothermal power plants to
120 MW (NREAP 2009).

The second document about Greek energy strategy is the National Energy Efficiency Action
Plan from the year 2014. Along with the National Renewable Energy Action Plan they form
the pillar of the sustainable energy policy. Its main aim is to reduce energy consumption from
20.5 Mtoe to 18.4 Mtoe in 2020 (NEEAP 2014). The target ratings are supposed to be reached
through increased energy efficiency, RES investments and efficient energy consumption. In the
years 2007-2012 numerous investments in modern technology generated energy savings at the
level of 8.7 TWh, the majority of which (7.3 TWh) was reported in transport. However, since
there hasn’t been any visible change in terms of energy efficiency in the industry sector, the rede-
velopment of factories, involving renewable energy sources and, in this way, reducing industrial
energy consumption is recommended (NEEAP 2014). There are also several other programs
which take commercial recipients into consideration, for instance: “Save energy at home” or
“Energy redevelopment of residential buildings” (NEEAP 2014). What is more, the Greek trans-
mission grid has also increased its efficiency — so far annual energy loss from the transmission
on the power grid has been about 6%. Therefore, to minimize the loss, the transmission grid and
supporting infrastructure is supposed to be rebuilt and modernized (NEEAP 2014).

For many years Greece has been struggling with insufficient capacity of electric energy
which forces the country to import significant amounts of the energy. Additionally, the process
of shutting down coal-fired power plants is also moving quite rapidly which makes the issue
rather problematic. Also the Greek policy seems to be quite inconsistent in that matter. On the
one hand, Greece promotes decarbonization but on the other, it still supports projects helping the
Greek coal industry, such as the investment which started in 2015 and aims to build a coal-fired
power plant in Ptolemaida 5 with the power capacity 660 MW. The investment is supposed to be
ready in 2021 and is going to cost EUR 1.4 billion, which makes it one of the largest energy in-
vestments in all of Greece (Energypress 2019). For a couple of years oil-fired power plants have
been gradually shut down and therefore the energy connection between Lavrion and the island of
Syros is going to be built (NS Energy 2019). Such a connection will enable electric energy to be
transmitted from Attica to the Cyclades and will consequently eliminate energy systems harmful
to the natural environment. In the case of all the islands located in significant distance from the
mainland, the planned investments will mostly focus on the redevelopment of power plants to
make them use low emission fuel (fossil gas instead of crude oil). One such example is a gas-
fired power plant in Rhodes — it was opened in 2017 and has the capacity 115 MW (Terna 2019).

Fossil gas has been playing the key role in the energy security and the process of the decar-
bonization in Greece. This raw material has been gradually replacing coal in the production of
electric energy, so currently gas-fired power stations are a crucial element in the Greek energy
sector. What happened to be of significant help were the multiple international projects happen-
ing in the region, including Greece. When it comes to the diversification of the energy supply
in Greece, the Trans-Anatolian Gas Pipeline (TANAP) played a crucial role in developing the
gas sector. Additionally, opening the Trans Adriatic Pipeline (TAP) will undoubtedly strengthen
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the international position of Greece since it will become a transit country (Hebda 2014). Two
gas interconnectors are also planned: Greece—Bulgaria (IGB Project) and Turkey—Greece—Italy
(ITGI). The first investment is of higher priority since it will increase gas transmission from the
planned terminal LNG FSRU Alexandroupoli, through Bulgaria and into the direction of Central
Europe (Hebda 2015). In July 2019 the IGB Project was granted permission to construct an in-
dependent gas transmission system and to start building in Greece (31 km from Komotini to the
Greek-Bulgarian border) (Caspian Barrel 2019). The ITGI project, despite its beginning in 2002,
still hasn’t been fully completed. Although the Turkish-Greek section (Karacabey — Komotini,
296 km) has been operating since 2007, the remaining part of the gas pipeline from Greece to
Italy hasn’t been constructed (Komotini — Otranto, 807 km) (Hydrocarbons Technology 2019).
What also works to its disadvantage is the fact that TAP project partially overlaps with the in-
terconnector Greece—Italy. Recently, a concept of a new gas connection has emerged — project
EastMed (Eastern Mediterranean Pipeline, 1900 km). It is supposed to connect fossil gas depo-
sits in the eastern part of the Mediterranean Sea with Greece, through Cyprus and Crete, and with
a further possibility to transmit the gas to Italy (Fig. 4).
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Fig. 4. Gas networks in Greece
Source: Assmann 2019

Rys. 4. System przesylowy gazu ziemnego w Grecji
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Greece is not only interested in international investments or gas interconnectors but also
in the gasification of the country. As it was already mentioned, gasification in Greece is quite
inconsistent. On the one hand, there are areas with a well-developed gas grid, on the other; vast
territories of the country remain without any gas infrastructure. For this reason, the government
is planning to expand gas network by 1600 km between 2017 and 2022. The first stage is going
to focus on creating a grid between 18 cities from three regions: Central Greece, Central Ma-
cedonia and Eastern Macedonia with Thrace. At further stages the grid might be expanded to
Western Macedonia (GEMR 2019). Additionally, there is a plan to distribute more fossil gas
to the energy center located in Megalopolis, the Peloponnese, which may lead to shutting down
coal-fired power plants.

Over the last few years, Greece has witnessed a rapid growth in the use of renewable energy
sources. It is a consequence not only of the EU directives but, above all, the actions taken by the
Greek government, local authorities and investors, whose main aim is to increase the participa-
tion of green energy in electric energy production. On the one hand, Greece is undergoing the
process of decarbonization, yet, on the other, it is also investing in the gasification of the energy
sector. As a result, Greece has been struggling with insufficient power capacity. This insuffi-
ciency is supposed to be facilitated with green energy; therefore Greece is using its potential
and is dynamically developing their wind and solar energy capacities. In fact, the total amount
of energy generated in wind power stations in 2016 amounted to 5.1 TWh, which constituted
10.5% of the total amount of electricity produced. In the years 2010 and 2016 solar power sta-
tions increased their capacity from 0.16 TWh to 3.9 TWh (7% of the total amount of electricity
produced), therefore it is clearly visible that Greece has experienced a “solar boom”.

What proves a growing interest in wind power is the fact that several energy companies are
willing to invest in the wind sector, for instance Greek Terna Energy, German Anemos, French
EDF, Spanish Iberdola, Luxembourg Eren — Groupe or Italian Enel Green Power, while the
most important wind turbine suppliers are Danish Vestas, German Enercon and Spanish SGRE
(GEMR 2019). One of the largest projects aims to build wind power stations in Crete (Crete
Wind Parks) with a capacity of 950 MW and to integrate them with the energetic network in
continental Greece (through undersea Ariadne Interconnection). The project is supposed to cost
EUR 2.5 billion and it will enable Greece to shut down oil-fired power plants in Crete and trans-
form the sources of energy into green energy. As a result, the high costs of distribution and sto-
rage of oil will be reduced. One of the crucial stages of the project is connecting the electric
networks between Attica and Crete — the energy surplus can be transmitted to the mainland and
at the same time power shortages might be easily solved (EC 2017). New wind power plants are
also going to be built on other islands and regions, for instance the Peloponnese, Central Greece,
Eastern Macedonia and Thrace.

During the recent years Greece has made significant progress in using solar energy to gene-
rate electricity. Between 2010 and 2020 the government spent more than EUR 5.5 billion on the
development of solar energy (Chaviaropoulos 2019). More importantly, new solar technologies
are being installed in different regions of the country (both in the north and in the south) as well
as on some islands. Currently photovoltaic cells cover 160 km? of the country (0.03%), while
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coal-fired power plants more than 1000 km2. One of the most expensive solar energy invest-
ments which is going to be ready in 2021 is the Kozani solar park (15 km from the city of Kozani
in Western Macedonia). The total power of photovoltaic cells is supposed to equal 204 MW.
The Kozani solar park is going to be the biggest solar power station in Greece and one of the
largest in the region. What is more, this is yet another project realized by the Greek company
Juwi Hellas which is a part of a German holding Juwi (Jovanovi¢ 2019). Within the next decade
the capacity of solar and wind power stations is supposed to be doubled in comparison with the
year 2020 (Fig. 5).
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Fig. 5. Long-term forecast of RES installed capacity in Greece [MW]
Source: GEMR 2019

Rys. 5. Planowany przyrost mocy elektrycznej zainstalowanej w elektrowniach OZE w Grecji [MW]

Conclusion

Greece has been struggling with the economic crisis for over a decade. The crisis has visibly
weakened the economy of the entire country. Despite that fact, the energy sector is being dynami-
cally redeveloped — there have been numerous investments in renewable energy sources, mostly
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solar and wind power stations. Within a few years significant progress has been made which led
to a gradual decrease in the production of electric energy in coal-fired power plants. A huge po-
tential of RES in Greece along with a well-overthought energy strategy promote investments in
wind turbines and photovoltaic cells. In this aspect Greece is one of the European leaders. Apart
from green energy, gas engineering is also on the rise, mostly due to the fact that Greece has
been exploring new possibilities of obtaining the raw material. One example is building the TAP
gas pipeline and expanding the whole gas infrastructure. For several years fossil gas has been
increasingly important in electrical energy production. The existing power plants have been re-
developed and equipped with gas units which contributed to the sustainability of the energy mix
in Greece. The favorable geopolitical location of Greece makes it possible to diversify the key
energy sources. Although over the years most of the energy has been imported from Russia, this
dependency is not as problematic as in the case of Central European countries. The expanding
process of gasification leads to increased import but it may also be a chance to strengthen Greek
mining industry. For this reason Greece has high expectations of exploring its hydrocarbon resour-
ces located on the coastal strip stretching from north-western Greece to Crete.

The redevelopment of the energy sector and dynamic reduction of coal engineering and
industry also present some threats in terms of the energetic stability of the country. After all, at
the beginning of the 215t century coal was a resource which was generating 70-80% of elec-
tric energy. Reducing the production and shutting down coal units made Greece increasingly
dependent on imported electric energy. What is more, Greece can boast of having rich coal
resources as well as long traditions in the coal industry. So, as a matter of fact, withdrawing
from coal in the production of electrical energy means closing multiple mines, all the more
so because coal is extracted mostly to meet the energetic demand of local power plants. Other
challenges are retraining the workers and post-mining reclamation which will undoubtedly
generate huge costs on economic and social level. Nevertheless, decarbonization is progres-
sing and it is likely that within the decade the coal industry will be marginalized in the energy
sector of Greece.
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Wiktor HEBDA

Dekarbonizacja sektora energetycznego w Grecji — czy to
koniec greckiego gornictwa weglowego?

Streszczenie

W artykule podjeto problematyke dekarbonizacji sektora energetycznego w Grecji, zwracajac szcze-
g6lng uwage na metody, jakimi panstwo greckie dazy do redukcji gazéow cieplarnianych pochodzacych
z produkcji energii elektrycznej. Grecja jest przykladem panstwa, ktore w dynamiczny i sukcesywny spo-
sob modernizuje sektor energetyczny. Jednym z kluczowych zatozen pozostaje obnizenie produkcji energii
w elektrowniach weglowych w nastepstwie rozwoju odnawialnych zrédet energii oraz sektora gazowego.
Problem jest istotny, gdyz jeszcze w 2010 r. ponad potowe energii elektrycznej dostarczaly elektrownie
weglowe operujace na weglu brunatnym. Natomiast niespelna dziesieé lat p6zniej odsetek ten obnizyt si¢
do nieco ponad 30%. Znaczna redukcja zuzycia wegla byla mozliwa dzigki inwestycjom w odnawialne
zrodia energii, zwlaszcza w sektorze energetyki wiatrowej oraz stonecznej. W obu sektorach odnotowano

64



N

www.czasopisma.pan.pl ?@ www journals.pan.pl

istotny wzrost, dzigki czemu odnawialne zrodta energii stanowia juz ponad 20% w greckiej produkeji pradu
elektrycznego. Poczyniono réwniez kapitatochtonne inwestycje w gazyfikacje panstwa poprzez rozbudowe
elektrowni gazowych oraz sieci przesytowych gazu. W efekcie gaz ziemny obok wegla pozostaje gtdownym
zrodtem energii dla Grecji. Niestety duzym wyzwaniem w aspekcie dekarbonizacji jest potrzeba zwigkszo-
nego importu energii elektrycznej z zagranicy, co wynika z niewystarczajacych mocy produkcyjnych grec-
kiej energetyki. Glownym celem artykutu jest okreslenie greckiego modelu dekarbonizacji oraz wskazanie
na korzysci i1 zagrozenia z niego wynikajace. Grecka strategia energetyczna moze postuzy¢ jako przyktad
rozwigzania problemdéw energetycznych dla innych panstw o zblizonym profilu energetycznym.

Stowa KLUCZOWE: odnawialne zrédta energii, dekarbonizacja, Grecja, grecki sektor energetyczny, grecki
wegiel
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