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Abstract: The Greek National Energy and Climate Plan was validated by the Greek Governmental
Committee of Economic Policy on 23 December 2019. The decisions included in this plan will have a
significant impact on the Greek energy mix as the production of electricity from lignite combustion
ceases in 2028, when lignite will be replaced by natural gas (NG) and renewable energy sources (RES).
This work presents an assessment of the Greek National Energy and Climate Plan by analyzing its
pros and cons. The main critiques made are focused on the absence of risk analysis and alternative
scenarios, the proposed energy mix, the absence of other alternatives on the energy mix and energy
storage, the low attention given to energy savings (transport, buildings), the future energy prices,
and the economic and social impacts. This analysis shows that delaying this transition for some
years, to better prepare it by taking into consideration the most sustainable paths for that transition,
such as using more alternatives, is the best available option today.

Keywords: climate change; energy and climate plan; energy price; energy transition; Greece; lignite;
natural gas; RES

1. Introduction

Climate change is one of the main current environmental problems [1] and its mitiga-
tion requires a great effort from scientists to find adapted solutions, from policy makers to
find adapted policy measures, and from different stakeholders to apply them. One of these
measures is the transition from the production of electricity via coal combustion to more
efficient or renewable energy sources.

Coal was and is still today one of the major sources for electricity production in Europe,
as it accounts for 22.9% of the total final energy production in EE27 in 2017 [2]. However,
the target set by the European Green Deal is to decrease greenhouse gas emissions by 40% in
EE27 in 2030, compared to the 1990 emissions [3], and to reach climate neutrality (80–95%)
in the EE countries in 2050 [4]. In that sense, coal’s participation in the EE energy mix has
to decrease to 12% by 2050, with the complete elimination of oil as a power-generating
source [5]. To achieve these goals, several countries set up measures to decrease coal’s
participation in their energy mix. Greece is one of them, as electrical energy production
from lignite was 29.3% in 2019 [6].

All EU countries recently released National Energy and Climate Plans [7]. The Greek
plan [8] sets the goal of greenhouse gas emissions in Greece for 2030 and the main actions
proposed to achieve this goal. It is an important milestone for the current national policy
on energy and climate, as it sets out climate goals at the heart of development policy
in Greece and actions to protect the environment. This plan sets several very ambitious
goals. However, the Greek NECP is one of the most critical for several reasons: Greece
was heavily impacted by the recent economic crisis, and for this reason both economic
growth and available funds are limited; also, Greece is very dependent on local lignite
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production and imported oil; thus, the radical change of the energy mix in just a few years
is very challenging.

The aim of this work is to address the points of this plan that could pose some issues
for the future, and to serve as a guideline for other European NECPs in the cases of similar
issues. This work follows the general structure of several similar policy works on energy
regulations, policies, or research agendas that can be found in the literature [9–13]. It should
be noted that this work assesses some major points in a high-level critique of this plan and
that this work is clearly of an application nature. For each one of these points, a specific
analysis will be conducted to precisely quantify the economic, social, and environmental
pros and cons. These detailed analyses will be presented in future dedicated works.

2. Presentation of the Mains Points of the Greek National Energy and Climate
Change Plan

The purpose of the NECP is described in detail in the introduction of the plan (pub-
lished on the website for the Greek Ministry of Environment and Energy [14]). More
specifically, it is stated that the National Plan for Energy and Climate is, for the Greek
government, a strategic plan for the issues of climate and energy. A detailed roadmap
for the achievement of specific energy and climate objectives by 2030 is given. The NECP
presents and analyzes policy priorities and measures in a wide range of development and
economic activities for the benefit of Greek society, making this text a reference for the
next decade.

It is noted that the NECP is a tool for national policy in the field of energy and for
the mitigation of climate change, which highlights the priorities of, and development
opportunities in, Greece. The aim of the NECP is to be the main tool for the establishment
of national economic, energy, and climate policies over the next decade, taking into account
the recommendations of the European Commission and the UN’s Sustainable Development
Goals. The strategic goals of the Greek government in the field of energy and climate are
set until 2030, and they aim to contribute decisively to the necessary energy transition
in the most competitive way for the national economy, achieving a drastic reduction in
greenhouse gas emissions. In this way, Greece can emerge as one of the member states
with the most ambitious climate and energy goals through a comprehensive and coherent
program of measures and policies for both 2030 and 2050.

The NECP sets specific targets for greenhouse gas emissions from Greece in 2030 and
determines the Greek energy mix until that year by increasing the participation of natural
gas and renewable energy sources [8], as well as by increasing energy efficiency. At the
same time, the NECP identifies the policies and measures that are necessary for achieving
those goals, analyzes the evolution of the Greek energy system until 2030, and reports the
investment needs and the different impacts on society, the economy, and the environment.

In summary, the objectives of this plan [8] are the following:

• Greece will cease the production of electricity from lignite combustion in 2023, except
for the Ptolemaida V thermal plant, which will close in 2028;

• Lignite will be substituted with imported natural gas;
• The RES participation in the Greek energy mix will be 35% in 2030 (60% in the case of

electricity production);
• For the year 2030, GHG emissions will be reduced by 43%, compared to the 1990

levels, and 56%, compared to the 2005 levels;
• The improvement of energy efficiency of the final energy consumption will be 38%

by 2030.

3. Methodology

The Greek National Energy and Climate Plan is analyzed from two points of view:
first, the general concept of this plan is analyzed; then, a specific analysis is conducted for
each one of its parts. For every one of these points, the general methodological approaches
are analyzed and the specific problematic points are revealed. Concrete proposals are
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formulated for these approaches and points. Then, an analysis of the specific parts of the
plan is performed; as previously, the general methodological approaches are analyzed and
the specific problematic points are revealed, followed by concrete proposals. In both cases,
alternatives are suggested for several points, following a high level of argumentation.

More specifically, the critiques analyzed in this article concern the application of a
single scenario and the absence of updating and alternatives, the de-lignification of energy
production and the proposed future energy mix (natural gas and renewable energy sources),
the absence of other alternatives for the energy mix/production (biomass, gasification of
lignite, carbon storage, and energy storage), vehicle electrification and public transport, the
energy savings in buildings, the local production of products and dietary habits, the cost of
energy and its economic and social consequences, the impact on labor issues, employees
education and training, the employees and citizen information, and the regional and
sectoral plans.

Several proposals, based on the general needs of the Greek economy, the protection
of the environment, and the mitigation of climate change are presented for the above
issues. Their general feasibility is also shown. These proposals aim to address the economic
development of Greece, the decrease of energy poverty, with the parallel respect of the
environment and the mitigation of climate change. As mentioned above, only a high-level
critique is addressed in this article; a specific and detailed study is necessary for each one
of the proposals presented here, and these studies will be presented in the near future.

4. Results—Assessment of the Plan
4.1. Implementation of a Single Scenario and the Absence of Alternative Scenarios

The submitted National Energy and Climate Plan is, with a few exceptions, a linear
implementation of a single scenario. However, it should be noted that the energy and
climate sectors are highly unpredictable. Taking this high variability into consideration, the
National Plan should include a risk assessment and multiple alternative scenarios. How-
ever, the possible cases of deviation from, or even the failure of, this linear implementation
are not analyzed, and no alternative scenarios are given.

Obviously, scientific progress leads to better materials, more efficient technologies,
and finally to a decrease in the cost of energy production. In the field of energy, many
technological achievements have been developed in recent years, such as the extraction
of marine shale gas [15] or new photovoltaic materials, such as the recent progress in
chlorinated organic photovoltaic materials, the discovery of two-dimensional photovoltaic
materials accelerated by machine learning, or their new applications, such as in highways
for signal systems, for agricultural and livestock purposes due to the need for water during
periods of intense sunshine, for charging car and boat batteries, etc. [16] However, while
technology has a positive effect on energy production, either in terms of efficiency or
price, geopolitical events can affect the price and availability of energy in the opposite
direction. The price of natural gas, which will be one of the major components of the future
Greek energy mix, can be very significantly affected by these events in the future. The
relationship between the geopolitical situation and energy is interdependent, as geopolitical
changes can affect energy markets and, conversely, energy trends can disrupt geopolitical
dynamics [17].

The 1973 oil crisis is the easiest example. Geopolitically, the Middle East, an important
oil-producing region, is a politically unstable region with two ongoing conflicts, one in
Iraq and one in Syria. Additionally, the political and economic developments in China
have a global impact. Libya is another hotbed of instability in the close-to-Greece region;
moreover, the relationship between Greece and Turkey is often very tense. Other global
tensions, however, especially those concerning oil-producing countries (such as Iran or
Venezuela), have a significant impact on energy prices.

Figure 1 shows the change in the price of crude oil for the period of 1946–2021. This
figure shows a course of sharp changes and alternating increases and decreases in crude oil
price; this price shows a range of variations, from less than USD 20 to near USD 180 during
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this time period. This sharply changing picture is also reflected in Figure 2, which shows the
changes in the price of crude oil during only the last two years (January 2020–October 2021).
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While unexpected health crises, such as the current crisis of COVID-19, along with new
technological advances and geopolitical developments play an important role in the global
supply chain and the energy markets [18], it is a fact that the situation in the international
market becomes even more unpredictable given the uncharted course of the coronavirus,
the announcements about mutations, the preventive measures taken, as well as the course
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of vaccinations. These conditions directly determine consumption, which, in turn, affects
the supply–demand balance and the course of prices.

Figure 3 shows a well-known figure of the evolution of crude oil prices the last
20 years, indicating some major global political events [19]. This figure shows the great
impact of these events on the price of crude oil.
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Recent research has shown the correlation between daily new cases or total number
of deaths due to communicable diseases and adverse stock returns in the Chinese equity
market [20] and presented the negative, direct, and indirect effects of COVID-19 on global
markets [21]. Meanwhile, even the way that COVID-19 is covered by the media, or that
panic is caused by them, seems to affect stock market volatility [22].

In addition to the previous figures, Figure 4 shows the index of prices for the three
fossil fuels.
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The above figures show the instability and uncertainty of the price of fuels; however,
the linear application of only one scenario cannot take into consideration these changes.

At the same time, the Intergovernmental Panel on Climate Change (IPCC) has recog-
nized that many parameters affect the emissions of greenhouse gas and, therefore, there is
considerable uncertainty for the prediction of future emissions. For this reason, six groups
of greenhouse gas emission scenarios have been proposed (A1T, A1B, A1F1, A2, B1, and B2)
with a total of 40 scenarios, the implementation of which give different future temperatures
in the Earth’s atmosphere (Figure 5) [23].
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Based on the previous analysis, two additional works must be conducted to com-
plement the NECP. The first one concerns the inclusion of alternative scenarios to cover
the probability that unpredictable factors inhibit the implementation of the initial plan-
ning. The alternative scenarios should take into account both the positive and negative
eventualities, such as:

• The technological developments that will improve the efficiency and effectiveness of
technology and reduce the price of energy produced;

• Economic issues, such as the evolution of the country’s GDP, the price of gas, of RES,
of electricity, etc.;

• Possible schedule delays due to unexpected factors and events (such as a new pan-
demic or a major natural disaster in Greece, e.g., an earthquake), changes in institu-
tional, economic, or social parameters, etc.;

• Geopolitical issues that may affect the availability of an uninterrupted gas supply in
Greece, or a great change in energy prices, etc.

The second necessary work is to have a specific provision for the regular reporting
of the progress of the plan’s actions and, based on this reporting, the establishment of an
annual update of the objectives of the plan, of the policies to be set, and of the actions to be
implemented. It should be noted that this regular reporting and the regular update of the
objectives of the plan are not mentioned in the current plan.

4.2. De-Lignification and Energy Mix

The plan proposes the complete de-lignification of the country in 2028 and the increase
of the participation of natural gas and RES in Greece’s energy mix. This option has some
positive and some negative points. The main positive point is the reduction of greenhouse
gas production. However, this advantage is not so obvious. Natural gas produces 201.96 kg
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of CO2/MWh, compared to 363.6 kg of lignite [24]; or, put differently, natural gas produces
55% of the GHG produced by lignite. However, methane has a 100-year global warming
potential, 25 times that of CO2, or 72 times for a 20-year period [25], and leaks of methane
from the production, transport, and consumption of NG are significant [26]. For the above
reasons, the gain in GHG emissions will be much smaller than initially estimated, as already
reported [27,28]. The additional risk of accidents in the natural gas circuit also decreases
this difference. In conclusion, leaks of 5% of methane can completely cancel this difference.

Aside from the previous statement, there are also some other issues about the proposed
energy mix. The first one is the deterioration of the country’s trade balance, both from the
import of raw materials for the installation of RES and natural gas installations and also
from imports of natural gas to replace a domestic product, lignite. The other negative point
is the energy dependence of Greece on an imported fuel instead of a locally produced one,
leading to higher risks of national energy autonomy.

It is clear that the deterioration of the country’s trade balance will affect the entire
Greek economy, and heavy actions should be proposed to mitigate this. However, the
analysis of these actions and/or of alternative scenarios is not performed in this plan.

It should be also noted that countries that use natural gas to a large extent in their
energy mix, such as the Netherlands, have decided to become independent of it in the
coming years [29]. Taking this into consideration, natural gas can be considered only as a
transition solution, and the cost of replacing lignite with natural gas, which will be also
replaced in two or three decades, is not examined in the NECP.

The proposed energy mix also has several uncertain elements, such as the final price
of the energy, which can be much higher than the current one, or the uncertainty of finding
domestic hydrocarbon reservoirs, as the NECP estimates that the domestic fuel production
will increase from 281ktoe in 2020 to 536ktoe in 2030. However, this last estimation is not
consolidated, and no alternatives are examined in case of failure.

Even if a close economic analysis of the substitution of lignite by natural gas is out
of the scope of this work, some elements are given here. The current cost of electricity
production from lignite is EUR 105/MWh (EUR 35 is the direct cost and EUR 70 is the
emission price) [30], while the corresponding cost for natural gas is EUR 75/MWh, and for
RES is EUR 135.6/MWh [31].

However, these values, and the great instability of prices shown in Figures 1–4, indicate
that the complete abandonment of domestic energy sources (lignite) and the use of only
imported fossil fuels (oil and natural gas) can have a very high cost for the energy in Greece
and, as a consequence, for the entire Greek economy.

Therefore, a more detailed examination of the possibility of continuing to exploit
lignite, an available domestic fuel, for a longer time, instead of completely substituting it
for imported natural gas (at least until the cost of energy produced from RES decreases sig-
nificantly) is proposed. This can be done by using modern, more environmentally efficient
technologies, by combining lignite combustion with biomass combustion or gasification
technology, and using synthetic gas and, in addition, carbon storage technology, as will be
exposed here.

4.3. Biomass Combustion

The development of more renewable energy sources started in a more systematic
manner after the oil crisis of 1973. During this period, scientists adopted a systematic
approach to energy and coined the term biomass [32]. Biomass is a renewable energy
source because the CO2 released from its combustion is bound to the plants for their
development. Therefore, its use as a fuel can have a positive impact on the overall GHG
balance. Due to this positive impact, the use of biomass as fuel has increased during the
last years. In addition, biomass is abundant, which is why biomass energy has become the
world’s fourth largest energy source today, following coal, oil, and natural gas, indicating
its significant economic, societal, and environmental potential [33].
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In several countries affected by the economic crisis after 2008, or even in the case
of citizens with economic hardship in economically developed countries, the shift in the
use of biomass as a heating fuel is mainly due to its lower price, or to the ability to burn
materials that had not previously found a suitable route of exploitation through domestic
combustion. Several citizens of low economic status have used pruning or even organic
waste as heating fuel during the last years [34,35].

However, the combustion of biomass has a significant negative impact: the high
emission of pollutants, mainly of particulate matter (PM) [36]. The increased use of biomass
for domestic heating in recent years has led to a very poor air quality in Greek and many
European cities, especially in winter. This poor air quality has serious consequences for
both quality of life and human health, and these consequences will strongly appear in the
next years. The European Respiratory Society has already highlighted the serious effects
of biomass-burning on human health in cities in developed countries, and recommends
limiting its use [37]. However, the poor air quality comes from the domestic combustion of
biomass, where no pollution control system exists. Central power plants using biomass
and equipped with pollution-control systems are widely available. Biomass co-firing has
already received wide acceptance in many European countries, mostly in the northern
and central parts of Europe, such as the United Kingdom, Germany, and the Nordic
countries [38]. From this point of view, the use of biomass combustion to produce electrical
energy for central power plants can be a very serious alternative to lignite combustion.
This alternative is not proposed in this plan. Very roughly, the following data can show the
feasibility of this alternative.

The consumption of lignite in Greece is 4.5 million tons of oil equivalent [39] or
46 million tons of lignite [40]. The typical thermal power of wood is quite similar to that
of lignite, of course depending on the wood type [41]. The total timber production in
Greece was almost 1.1 million m3 in 2013 [42]; considering an average density of wood of
600 kg/m3 [41], almost 0.7 million tons of wood was produced in Greece in 2013. However,
in other neighboring or European countries with an equivalent or smaller surface area than
Greece, the production is several times higher: 6.1 million m3 in Bulgaria, 5.5 in Croatia,
15.3 in the Czech Republic, 7.6 in Estonia, 7.0 in Lithuania, 6.0 in Hungary, 17.4 in Austria,
8.0 in Slovakia, etc. [42]. Moreover, the forest cover of Greece is about 3.9 million hectares,
with 3.5 million available for wood production [43]. In addition to the previous data,
52 thousand acres of forests were burned in Greece in 2018. Considering a wood density of
about 10 m3/acre (although, depending on the tree species, it can reach up to 40 m3/acre),
the total volume of burned forests corresponds to 0.5–4 times the annual timber production
in Greece [44,45]. The data for the forest fires of 2021 are even worse, as 1.55 million acres
of the total forest area was burned in Greece [46], which corresponds to 4.2% of the total
forest area (of 36.8 million acres) [47].

It is important to mention that funds allocated in 2021 for fire protection was only
EUR 1,700,000, which corresponds to only 10% of the costs requested by the relevant
institutions [48]. This indicates that, with a very small increase of this fund, a significantly
decreased amount of forest fires will occur in the future, allowing for the better exploitation
of forests for timber to be used as fuel, rather than being devastated by fires.

The above data and calculations are approximate and, of course, a more detailed anal-
ysis is necessary. However, the above data show that a ten-times increase in the total timber
production in Greece in the coming years could be an achievable goal. This production
could be specifically focused on the mountainous areas of Western Macedonia, where the
majority of the lignite mines are found today, but also on the many mountainous/semi-
mountainous areas of Greece that are currently bare of forests and could accommodate
special fast-growing tree plantations. This amount could replace about 15% of the current
lignite consumption and will have several advantages, such as:

• Zero contribution to the emission of CO2, because the CO2 produced from biomass
combustion is absorbed by the plants for their development;
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• For equal energy production, natural gas produces about 55% of the emissions of
CO2 from lignite; however, the replacement of 15% of the quantity of lignite with
wood corresponds to the net production of carbon dioxide equal to 85% of the original
production. This decrease can be achieved with less effort than the complete transition
to natural gas (the disadvantages of this transition were shown previously);

• Biomass will be a domestic product and, thus, the dependence on energy imports will
be lower;

• The stimulation of jobs in Greece, and especially in the province, instead of the current
decrease in the number of jobs due to the closure of the existing thermal plants;

• The development of a cutting-edge technology and the creation of a Greek know-how
that can be exported; this will have multiple benefits for Greek society and economy;

• The possible co-combustion of waste will be another option;
• The protection and upgrade of Greece’s rural and mountainous environment by stimu-

lating ecosystems, reducing erosion, changing microclimate areas to less-warm, etc.

The decentralized electricity production, i.e., the creation of plants in many areas, e.g.,
1–2 per county, will be more efficient due to the shorter transportation distance of biomass.
This will also have a positive impact on the control of particles emissions, as the pollution
will not be emitted in the same area.

The above (approximate) analysis shows that this route, albeit complementary to the
import of natural gas, should be better exploited. In this case, the future use of lignite,
combined with carbon capture technologies, may be more advantageous for the Greek
economy than the transition to natural gas. A comprehensive study is necessary to take
into account all the pros and cons of this alternative. Of course, a comprehensive technical
and economic study should be carried out, including the external costs of this alternative,
ensuring that there are no major environmental nuisances or degradations [49].

The above analysis shows that the further exploitation of biomass, a domestic product,
can replace lignite to a certain extent with zero-equivalent CO2 emissions, and it is therefore
proposed that this is taken into consideration.

4.4. Gasification of Lignite

The gasification of lignite and the production of fuel gas is another alternative; how-
ever, this alternative is not considered by this plan. This technology, used in several parts
of the world in the past, is found in recession after the mid-20th century due to the high
competitiveness of oil and gas prices, but is again on the rise because of the necessity to
reduce greenhouse gas emissions [50].

It is therefore proposed that the use of this alternative technology is explored in more
technological, economic, and environmental detail. The gaseous fuel could be used for
electricity generation or in large central plants (industry, hot water production, etc.), or
even be considered as an addition to the domestic natural gas network.

The above process could continue the use of lignite, in combination with the use
of biomass and carbon capture technologies, and continue to produce energy with do-
mestic raw materials, lower costs for the Greek economy, and lower CO2 emissions. A
comprehensive technical, economic, and environmental study is again necessary to take
into consideration all the pros and cons of this alternative.

4.5. CO2 Storage

The use of CO2 storage technology is not mentioned in this plan and is proposed only
at one point, concerning future research actions.

It is true that this technology has, so far, been used worldwide in a limited number of
facilities [51]. However, many countries, such as Canada, or the Netherlands in the port
of Amsterdam [52], invest significantly in this technology. The plan proposes a research
action for this technology, but only after the end of lignite production. In this case, the
implementation of carbon storage technology will be of very limited value.
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An immediate examination of the technological and economic uses of this technology,
in combination with the continued use of lignite and in biomass combustion, is proposed
here. This alternative can possibly have lower CO2 emissions than the use of natural gas
combustion [53]. In addition, a combination of an existing domestic source (lignite) with a
new one (biomass), and a combination of a mature technology and infrastructure (lignite
combustion) with a new one (biomass combustion and carbon storage) will be used.

4.6. Energy Storage

It is well known that the production of electricity from RES does not necessarily go
hand-in-hand with consumption. The highest production of energy from photovoltaics
occurs during the sunshine hours of the day, falling to zero during evening hours, when
a peak in consumption occurs. The energy produced by wind turbines is quite unstable,
as it depends on the windy hours. Moreover, the distribution of winds in the year and in
space is also of high variability. In contrast to that, energy production from thermal plants,
using fossil fuels or biomass combustion, and from hydropower plants, can be adapted to
energy consumption.

Therefore, in order to efficiently use the energy produced from certain RES, such as
wind turbines and photovoltaics, it is necessary to store the energy produced during the
low consumption hours in order to use it during the high consumption hours. The main
available energy storage techniques are pumped storage hydropower (using the pumping
of water from a reservoir of low elevation to one of high elevation during low consumption
hours and then allowing the flow of water from the high to low reservoir for the production
of electric energy during peak hours), batteries, and hydrogen [54].

This plan mentions storage in batteries or in gas production (e.g., hydrogen), without
giving specific data, but pumped storage hydropower is not included. However, pump
storage could be an efficient way of storing energy. In addition, the creation of new water
reserves could be very beneficial for agricultural purposes. The storage of energy in
batteries on the level of an entire country can be quite problematic, as the cost of these
batteries may be too high. Moreover, the environmental consequences of this very high
amount of necessary batteries are not negligible [55,56].

Therefore, it is proposed that the alternative of pumped storage hydropower, instead
of the battery storage that is proposed in this plan, is developed.

4.7. Vehicle Electrification

One of the actions of the NECP to reduce the use of fossil fuels is to increase the
electrification of vehicles. The plan presents an estimation for the development of electric
mobility in Greece until 2030. However, the estimated numbers are rather high.

The total market for new passenger cars is projected to increase from 103,431 units in
2018 (reference year) to 275,133 units in 2030, which corresponds to an annual increase of
8–11%, which is rather high. It should be noted that sales of 280–320,000 units/year took
place in Greece during the period of 2000–2006.

However, the economic development of that past period cannot be compared to the
current economic situation of Greek households. In addition, the plan estimates that
Greece’s GDP will be approximately the same as in 2008, when the economic crisis started,
only by 2030. It should be noted that the rest of the European countries will have recovered
much earlier from this economic crisis and will be at much higher corresponding levels of
GDP in 2030. Having gone through a severe economic crisis, with declining incomes, high
unemployment, and a large exodus abroad, especially of young scientists, it is probably
very difficult to have such a large increase in the market for new passenger cars. Additional
components that support this argument are:

• The market of passenger cars is much more saturated than in the period of 2000–2006;
• The implementation of sustainable mobility should lead to an increase in the use of

public transport, so the needs for passenger cars will be lower in the future;
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• This plan estimates an additional reduction in the country’s population, as a result
of either a decrease in births or migration abroad. It should be noted that the num-
ber of births per woman in Greece was only 1.4 in 2017, a value that is one of the
lowest not only in Europe, but also worldwide. Low birth rates and migration of
the Greek population abroad are both signs of economic recession and not of high
economic growth;

• A high increase in the prices of residences (both for acquisition and rent) has occurred
since 2017. Is should be noted that the index of the prices of dwellings constantly
increased from 1997 to 2008 and then constantly decreased until 2017, due to the
economic crisis. It is estimated that this increase will continue in the coming years [57].
This increase absorbs a higher and higher percentage of the income of households,
and is rather competitive to the automobile markets, as it reduces disposable income
for the purchase of a passenger car.

Moreover, the estimated rate of electric vehicle penetration (24–30% by 2030) may be
overestimated. Electric vehicles, from almost non-existent today, are projected to have a
quite-high penetration in 2030. Given the current available technology for electric cars
(such as the number of kilometers that an electric vehicle can travel, sufficient for urban
travel but not always for long-distance, or battery life, etc.), the necessary infrastructure to
be created to recharge a car’s battery, especially in public places, and the higher prices of
electric cars compared to conventional vehicles, the above objective for the penetration of
these cars may not be met so early. Several researchers already expressed their reservations
about the announced rapid introduction of electric cars to the market [58]. It should also be
noted that, as an additional difficulty, the battery-charging infrastructure of electric cars in
public places is quite problematic in Greek cities, due to the general insufficient width of
sidewalks and, moreover, to the high lack of parking availability in all Greek cities.

Due to the higher price of electric vehicles compared to conventional ones, high
financial incentives for their purchase will probably be required, and this will be another
additional charge for the Greek national budget and the Greek National Balance, as all
these vehicles are imported.

For the above reasons, the existence of several scenarios with alternatives is more
than necessary.

4.8. Public Transportation

Although there is a specific chapter in this plan on the electrification of passenger
cars, the increase of public transportation in Greece is not taken into consideration. It is
well known that the use of public transportation emits lower CO2 emissions than the use
of passenger cars [59], and this difference is even higher in a complete product life-cycle
analysis, with all the external costs taken into consideration, since the total impact of
policies or measures in the long term are unclear [60].

Greece has one of the lowest percentages of train-passenger kilometers, and the second
lowest percentage of railways for the transportation of goods in the EU [61,62]. Moreover,
Greece showed a very high decrease in the share of public transport in total passenger
traffic, from 28% in 2000 to 18% in 2018 [62].

The shift to public transport is therefore of paramount importance, and this action
should be immediately taken into consideration in this plan.

4.9. Energy Savings

The remarks concerning the energy savings are analyzed as a function of the type of
the building: public administration buildings or residential buildings.

4.9.1. Energy Savings in Public Administration Buildings

The plan provides an annual energy upgrade of 3% of the total surface of the buildings
of the central public administration. Some facts should be mentioned here. The first is
that the ages of Greek public administration buildings are quite high [63]. In addition,
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many of them are listed; therefore, they require a specific process for their restoration and
the targeted energy results cannot be achieved easily. Moreover, the procedures for such
upgrades in the public sector are very time-consuming. These facts show that the target of
the energy upgrade of 3% of the total surface each year is very probably unattainable, at
least during the first years. On the other hand, there is an urgent need to upgrade much
more than one-third of the total buildings’ area by 2030.

The above shows that it is initially necessary to radically review and accelerate the
current procedures for the energy upgrade of public buildings, of course with the necessary
protection of listed buildings, and set a more ambitious target. The energy-saving measures
must be first implemented, as saving energy is one of the most efficient measures to
decrease CO2 emissions.

4.9.2. Energy Savings in Residential Buildings

In Greece, there were about 3 million households and more than 6 million residences
in 2019 [63]. More than 55% of these residences were built before 1980, i.e., they have very
poor energy performance [63]. The plan proposes the energy upgrade of 60,000 residences
per year, a number that corresponds to less than 10% of all residences by 2030. This
percentage is obviously very small.

If the estimated economic growth is taken into account (the country’s GDP will be
by 2030 equal to that of 2008), it seems that the disposable income of citizens for energy
upgrades will not be very high. This statement indicates that either there will be financial
difficulty in upgrading many buildings, or that large public funds will be required for
subsidizing this upgrade. For an estimated cost of EUR 10,000–15,000 for a residence of
80–100m2 (depending on the climatic zone, the age of the residence, the exposure, etc.), the
total cost will be more than EUR 60 billion. For comparison, the public revenues, spending,
and the Program of Public Investment of the Greek state was, in 2019, EUR 53.02, 57.79,
and 6.75 billion, respectively, and the GDP of Greece was EUR 192.75 billion in 2020 [64].

The plan also proposes an increase of the use of domestic natural gas. Taking into
consideration the current coverage of Greece in the use of natural gas (only 5.4% of the
residences used natural gas from 2011–2012 [65]) and the large and time-consuming projects
required to increase the natural gas network, there are high reservations for the rapid
penetration of the use of natural gas. Therefore, it is necessary to change the priorities
and practices followed so far in order to achieve this goal. At this point, we can again
express the previous comment concerning the choice to use domestic natural gas while
other countries choose to abandon it.

4.10. Local Production of Products, Dietary Habits

There are several additional measures to decrease the emission of greenhouse gases.
One of them is local/global production/consumption. The large penetration of global-
ization led to the high increase of the transportation of products on a global scale. How-
ever, a very effective action to decrease CO2 emissions is to enhance the local produc-
tion/consumption of products, as their transportation is significantly decreased. This
policy has proven to be one of the most effective policies/actions to reduce greenhouse gas
emissions from product transport (e.g., “food-kilometers”) in the case of food transport [66].

However, this action is completely missing from this plan. In addition, this policy can
strengthen the Greek economy and Greek businesses, and help with the creation of new
jobs, especially in small cities or suburban areas. The dynamic integration of this policy is
proposed in this plan. Specific policies and actions must be implemented immediately, as
this policy will bring only positive results.

The food sector is responsible for a large proportion of greenhouse gas emissions,
stemming from the production of primary food products, their process, transport, etc. [67].
Greece has an average consumption of 3353 kcal/cap/day calories in 2017, against the
2000 calories a day for women and 2500 for men that is recommended by the WHO [68].
Meat consumption in Greece is 76.7 Kg/cap/year [69], compared to 63.12 Kg/cap/year in
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Europe in 2013 [70]. The decrease in extra calories and meat consumption can be two very
efficient methods for the decrease in the greenhouse gas emissions of a country [67], with a
very low cost and, moreover, with several other significant health advantages. However,
there is no mention in this plan about these, or similar, alternative and low-cost measures
for the decrease of greenhouse gases emissions.

4.11. Energy Price, Social Impact, Energy Poverty

The causes of energy poverty are low incomes, high fuel prices, and the poor thermal
conditions of houses [71,72]. A total of 35% of Greeks have debts to energy bills (first
place among the member countries of the European Union) and the percentage of Greeks
who cannot keep their home warm is very high, ranking Greece in third place among the
member states of the European Union [73].

It is, therefore, absolutely necessary that the actions of the plan should focus on
mitigating energy poverty. However, there are some reservations about the effectiveness of
the proposed actions. Reducing energy poverty requires either a high increase in income
or a high decrease in the price of energy. However, the plan does not foresee either of those
two options. Based on projected GDP growth in Greece, the Greek GDP will reach that of
2008, i.e., before the economic crisis, only in 2030.

The plan estimates a decrease in the price of RES in the coming years without provid-
ing more information about the final prices or about how this decrease will take place. It
should be noted that it is very difficult to obtain the real cost of energy production of RES
from official sources and, thus, this point cannot be verified.

It should be noted that the complete de-lignification and change of the energy mix of
Greece in such a short period of time carries the risk of a significant increase in the final
price of electricity. In recent years, from 2006 to 2017, there has been an increase of 28%
in the price of electricity for medium-sized industries and 177% for households [74]. The
current worldwide increases in fuel and energy prices are another example. Therefore,
several reservations can be expressed about the announced decrease of energy prices in the
coming years. In addition, the plan does not present alternative scenarios if the projected
final energy price does not occur, nor possible actions or legal shields in case of speculative
trends from the liberalized energy market.

Therefore, the decrease of energy poverty mentioned in the plan seems to be very
difficult to achieve. It is proposed here that more generous, but also more specific measures
to deal with this phenomenon are adopted. The control of household energy prices is the
first of those measures.

Is should be noted that the environmental and social impacts from the energy transi-
tion to the main lignite area of Greece, that of Western Macedonia, are analyzed in another
work [75].

4.12. Education, Public Awareness

The change of the energy mix of Greece with the shift to RES and natural gas, the
gradual change of the fleet of vehicles to electric cars, and the actions of energy-upgrading
buildings, etc., will bring significant changes in many technical professions directly related
to the above issues.

It is obvious that not only these professions must be protected from any downgrading,
but also that a substantial improvement of their role as well as their working conditions
should take place. To upgrade these professions, the role of education and training should
be enhanced, in addition to institutional and legislative upgrading. Education and training,
both conventional and lifelong, and both in presence and distance, need to be upgraded
to issues related to energy, the environment, and climate change. These issues need to be
more strongly integrated at all levels of education, starting from the lowest, even that of
primary school. However, in Greece, during the last years, there is a severe lack of technical
workers to face the necessary technical works of the energy transition, and this is not taken
into consideration in this plan.
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Additionally, it is already known that well-informed and sensitized citizens can
implement environmental protection actions much better than those who are not properly
or fully informed [76,77]. Several points of the plan refer to citizens/consumers’ actions
on energy and climate change; however, these points are quite unclear. A specification of
the increase of public information and awareness on issues of the safe and proper use of
energy, energy savings, environmental protection, and climate change is proposed.

4.13. Regional and Sectoral Plans

The plan proposes individual regional plans to better implement the objectives of the
project in the regions of Greece. According to the National Statistical Authority of Greece,
the regions of Greece have an imbalanced contribution to the country’s GDP [78]. Special
mention should be given to regions with a small contribution, so as not to exclude these
regions or to have them find themselves at second speed from the actions to be developed.

However, in addition to regional targeting, a sectoral dimension of this plan is missing.
The establishment of a sectoral plan is probably more important than those of regional
plans and should be established very soon.

5. Discussion

The main pillars of a National Energy and Climate Plan should first take into consid-
eration the future energy mix of the country to mitigate climate change. However, energy
is one of the main pillars of society and economy. For this reason, available energy, for
example, without power interruptions or blackouts, and energy at an affordable price must
be ensured so that the economy can function efficiently, but also to protect the disposable
income of citizens and small enterprises. The high price of energy is the main reason
for energy poverty, a very significant social problem in Greece, but also in many other
countries in Europe or worldwide.

As a first step, a policy maker should guarantee that his proposal is efficient. If, for
some reason, this proposal cannot be implemented, efficient alternatives should be applied.
It is very strange that the Greek NECP lacks a risk analysis and proposes no alternatives to
cover the probable cases of failure. This is a major shortcoming of this plan and should
be restored as soon as possible, especially taking the very high increase of energy prices
during 2020 into consideration. Greece, especially, is characterized as the most expensive
wholesale electricity market in Europe, with the wholesale price at EUR 157 per MWh, a
70% increase since the beginning of the year [79].

Energy mixes and alternative technologies are the other critical points of this plan.
The very rapid de-lignification of the country and the transition to natural gas can lead to a
very problematic situation. The first point is that the decrease in greenhouse gas emissions
will not be as high as is expected, mainly due to leaks of natural gas and its high global
warming potential [26–28]. Additionally, the deterioration of the country’s trade balance
from the transition to natural gas is not taken into consideration in this plan. However, this
is a major point, as the trade balance of Greece is, generally, highly negative. For example,
the trade balance of Greece reached its highest point in 2015 (EUR -1.8 billion), during the
debt crisis due to the collapse of aggregate demand, while it reached its lowest point on
2020 (EUR -12.52 billion) because of the collapse of tourism. Moreover, the trade balance of
Greece becomes more negative when the GDP increases [80].

The energy dependence of Greece is also not taken into consideration, as a local
product, lignite, is substitute with an imported one. A very specific analysis, using several
scenarios of energy prices, should have been conducted to prove the advantages of this
transition. However, this analysis is not shown in this plan. It is also clear that natural gas
will be used only for some decades, and this statement adds a supplementary cost for the
replacement of the infrastructure created only for a limited period of time.

More sustainable alternatives, such as the combustion of biomass, the gasification of
lignite, or carbon storage, are not considered in this plan. However, the precise economic,
environmental, and social evaluation of these alternatives, using different scenarios, should
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have been completed first. The same is valid in the case of energy storage, which is
necessary due to the high future penetration of RES, where no comparative analysis, with
different scenarios, is provided. Pumped storage hydropower, one of the established
techniques for energy storage, is not compared with the other techniques to prove that
storage in batteries has a lower cost, is more efficient, and more environmentally friendly.

The plan proposes a gradual shift to electric passenger cars. However, the targets set
are overestimated and cannot be reached very easily. Moreover, the increase in the use of
public transportation, one of the most efficient methods for decreasing CO2 emissions from
the transport sector, is not taken into consideration in this plan.

Energy saving is one of the most efficient ways to decrease greenhouse gas emissions.
However, the proposed energy savings in public buildings and private residencies are too
low and, moreover, will not be achieved very easily. Energy-saving measures must be first
implemented before examining a radical change to an energy mix, which will probably not
be adequate for the new consumption of energy.

Other alternatives for the mitigation of greenhouse gas emissions, such as the en-
hancement of local production/consumption, or the very low action of changing dietary
habits, which also have several other advantages for human health, are not taken into
consideration in this plan. In addition, the establishment of a circular economy is not strong
enough in this plan.

The social impacts of this energy transition are weakly taken into consideration in this
plan. Some examples are the provision for technical workers, and their education/training,
or the social awareness and information of citizens.

The absence of sectoral plans is another shortcoming of this plan; these plans should
be established as soon as possible.

Finishing the list of main shortcomings, the future low energy price is not guaranteed
in this plan. It is mentioned that future energy prices will be lower than the current ones
without providing, however, a precise analysis. Even if there are some actions to tackle
energy poverty, achieving this with a low economic growth, high energy prices, and a low
percentage of dwellings renovated each year is impossible.

From the previous analysis, a more detailed examination of the possibility of con-
tinuing to exploit lignite, an available domestic product, for a longer time, instead of its
complete substitution with imported natural gas, (at least until the cost of energy produced
from RES decreases significantly) is therefore proposed. This can be done by using mod-
ern, more environmentally efficient technologies, by combining lignite combustion with
biomass combustion or gasification technology, and by using synthetic gas and, in addition,
carbon storage technology, as is exposed here.

There is also a very strong necessity to ensure the availability of all forms of energy at
an affordable price. It is proposed that special care is taken to verify the projected reduction
in the prices of energy and that actions, institutional initiatives, and other arrangements
are taken so that the final price of energy does not increase and, additionally, so that any
speculative trends are avoided.

6. Conclusions

The Greek National Energy and Climate Plan set the priorities of the Greece in the
terms of Energy and Climate. A complete de-lignification by 2028 is proposed. The future
energy mix will be mainly composed of natural gas and RES.

This plan has several shortcomings: there is no risk analysis and no alternative
scenarios are proposed; the participation of other energy sources, such as biomass or the
gasification of lignite, is not considered; energy storage is mainly focused on batteries and
hydrogen, while pump energy storage is not considered; the targets set for the electrification
of the passenger car fleet are too difficult to achieve, and at the same time, there is no
provision for the enhancement of sustainable mobility by increasing the participation of
public transportation; energy savings in buildings are not so ambitious; the tackling of
energy poverty is almost impossible; and the same goes for the control of energy prices.
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It is suggested that this transition be delayed for some years, taking into consideration
the most sustainable paths for transitioning, such as using more alternatives.
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