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ABSTRACT: This paper elucidates the development of electricity production and distribution in Greece from the 1950s to date, in
correlation with national and European energy policy. During this period, Greece experienced a multifaceted energy transition,
including both the transition of ownership of energy generation companies from public to private and a transition from an energy
mix in which coal (lignite) served as a major and inexpensive resource to a mix in which wind power, solar power and natural gas
gained a primary role, but with high costs for energy generation. The correlation between electrical energy consumption and
economic growth is explored in this context, revealing an increase in consumption before the 2009 recession and a decline thereafter.
The study investigates the correlation between escalating electricity prices and legislative dependencies that mandated the purchase
of wind- and solar-generated electricity at exorbitant rates, the closure of cost-effective lignite units, and the reliance on natural
gas—a commodity susceptible to geopolitical shifts. It also shows that, given the structure of the Greek energy mix, the increase in
the share of wind and solar energy in the mix is directly related to the increase in the price of electricity. Highlighting the importance
of energy costs for prosperity, this paper underscores, through the detailed review of the Greek energy “landscape”, that the major
determinants of electricity prices are both the accessibility to natural resources but also their proper and judicious management.
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1. Introduction

Energy is a primary resource for human societies, and its availability is therefore an important issue for prosperity.
Many studies have documented the relationship between energy transitions and their broader impacts on national
economies and public welfare. Stern [1] highlighted the transformative role of energy infrastructure in fostering
industrialization and improving living standards. Sovacool and Brown [2] explored how energy policies and
technological innovations have shaped economic resilience and environmental sustainability globally. Moreover, the
challenges of balancing renewable energy integration with economic stability have been examined in diverse regions,
pointing to the need for harmonized policy approaches [3,4]. Lomborg [5,6] and Tol [7], challenges the cost of energy
transition, which has become obvious lately by the increased energy cost in Germany resulting from “green” politics
[8] which led to a collapse of the industrial production [9]. These insights underline the importance of examining a
country’s energy evolution within a global framework, to assess how past strategies align with or diverge from
international trends. In this paper, we have chosen Greece as an ideal case study country, because of the multiple crisis
that this country suffered in the last 15 years.

Indicators of energy with prosperity can be found in the correlation between energy consumption with Gross
Domestic Product (GDP) per capita, and life expectancy. Those correlations were studied with a contemporary focus
by Sargentis et al. [10], with conclusions that were also relevant to the recent energy crisis, e.g., as covered by the press,
with “The Economist” arguing that “Expensive energy may have killed more Europeans than COVID-19 last winter”
[11] as higher prices of energy caused energy poverty which reduced energy consumption in households. The direct
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correlation of the value of money with the price of energy, which is demonstrated in the recent work of Sargentis and
Koutsoyiannis [12], is an additional indication to this claim. It is clear that a hundred US$ in a country where the cost
of electricity is 1 US$ per kWh would have less purchasing power compared to a country where electricity costs 0.1
USS$ per kWh, as more of the available funds would be consumed by basic energy needs which are attached to the
products of the supply chains.

Furthermore, this shift highlights the importance of comprehending the consequences of such changes for both the
industry and consumers. Considering that the Water-Energy-Food nexus forms a fundamental basis for prosperity [13,14]
(e.g., households utilize electricity for various purposes such as cooking and heating, farmers depend on electricity for
pumping underground water, and most bakeries rely on electricity for baking bread), it becomes evident that the cost of
energy is intricately connected to the overall cost of living [15].

In recent years, there has been an ongoing discussion in Greece regarding the increasing price of electricity and
energy poverty [16]; however, in both the public political debate and the media coverage of this discussion, any
reference to a historical time series of the price of kWh is absent. For this reason, in this work, we traced and depicted
such data, in order to facilitate public discussion on quantitative terms and enable progress in this area. In addition, we
carried out various correlations of the price of energy with other timeseries like GDP per capita and others. Our
investigation confirmed that, while GDP per capita in Greece was rising until 2008, energy consumption also followed
a positive trend. However, during the recent recession, this trend reversed. This correlation provides an additional point
of connection between the consumption of energy and prosperity.

We note at this point that in this paper, to avoid ambiguity, we explicitly refer to Wind And Solar Energy Sources
(WASES), rather than using the broader term renewable energy. Hydropower is the major renewable energy source but
is omitted from our discussion, despite the fact that it has a significant contribution to national Greek economy [17,18]
and leads the Global energy mix [19-21]. This choice was made because both the percentage and the role of hydropower
in the Greek energy mix have been stable, mostly, during the study period (and particularly during the last 3 decades
when hydroelectric development has come to a complete stop). Thus, no impacts are to be expected.

This study investigates the historical evolution of Greece’s energy sector, emphasizing the transitions in energy
policy and their socioeconomic impacts. It combines extensive time-series data with a detailed analysis of the interplay
between energy prices, consumption, and economic prosperity. Unlike previous studies, this work offers a quantitative
analysis of how privatization, legislative decisions, and the integration of renewable energy have shaped the energy
landscape. The findings challenge common assumptions about renewable energy economics and provide critical
insights for future policymaking. This comprehensive analysis sheds light on the Greek context and offers insights into
broader European and global renewable energy strategies.

2. History of the Greek Energy Policy

In the 1950s, only a small share of the population of Greece had access to electricity [22] as the country was
emerging from World War II (WW2) and subsequent civil war and the living standards were at a pre-industrial level.
The rules for the electrical supply were described at those times by Law 2979/1922 [23] and the rules for the use of
hydropower were described in the Legislative decree of 1923 [24].

The development of modern Greece was set up by knowledge and guidance directly or indirectly provided by the
USA, which was behind Greek politics since the end of WW?2 and the civil war [25]. The political aspects related to the
reconstruction of Greece were based on the concept of the “New Deal”. The New Deal encompassed a set of initiatives,
public infrastructure projects, financial changes, and regulatory measures implemented by President Franklin D.
Roosevelt in the USA from 1933 to 1938 [26]. The New Deal was based on the thoughts of John Maynard Kyenes [27],
Frank Knight [28] and, Adolf A. Berle, Jr., and Gardiner Means [29]. Berle and Means argued about the modern
corporation and private property and supported that social control of the companies would not prevent their functionality,
but would rather be useful. They also argued that only the large companies dominating their markets are able to pioneer
new technological solutions and improve production.

Other ideological influences of this era were those by William Trufant Foster and Waddill Catchings [30] and by
Alvin Harvey Hansen [31]. Forster and Catchings advocated long-term public infrastructure projects, at a time when
only few economists argued in favor of expanding the role of the state in the economy. In addition, Hansen supported
the possibility of economic recovery through state interventions [32].

The history of economic thought that applauded the New Deal cannot be exhausted in the above lines. It was an
economic experiment in progress which was distinguished by faith in the intervention, the rationalization, the
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organization and the priority of the recovery of the internal market. It was accompanied by the belief in financial
freedom and in the ability to perform excellent results [33-35].

The reformation of Greece is depicted in the Diary of Paul Porter [36] who was the envoy of the US president for
the reconstruction of Greece and it was based on the New Deal. Therefore, immediately after the Greek state created
the Public Power Corporation (PPC; in Greek Anpocia Emiyeipnon Hiektpiopob—AEH) by the Law 1468/1950 [37],
a contract was signed with the American company EBASCO for the modernization of the Energy Reconstruction
Program [38,39].

Influenced by the economics of New Deal, the Royal Decree [40] (Figure 1) which formatted the organization of
the administration of the PPC, stated in Article 3.

PPC shall determine the prices of the electrical energy sold by it aiming, on the one hand, for the prices to be as
low as possible and on the other hand, to allow the realization of incomes higher than costs originating from any
reason, determined on the basis of sound financial principles, as well as the relevant provisions of the present.
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Figure 1. (a) The first page of the Royal Decree (b) Article 3 of the Royal Degree.

There were successive laws and decrees [41—44] that determined the operation of the PPC until 1999. Thereafter,
contrary to those ideas and theories, the so-called neoliberal thought [45,46] prevailed in economic politics. This
advocates for minimal government intervention, privatization, and market-driven solutions, including the user-pays
principle, in the provision of public infrastructures.

Following the Directive 96/92/EC [47], the Greek parliament voted the Law No. 2773/1999 [48], where the cost
of the electricity market was liberated, and PPC became a private company by the Presidential Decree No. 333/2000
[49]. In this way, in 1999-2000, PPC lost its public character. After the Law No. 2773/1999 came into force,
Combined Cycle Gas Turbine Power Plant (CCGT) units [50] owned by private companies were installed. The latter
legislation aimed at increasing the consumption of imported natural gas instead of domestically produced lignite.
Different pricing models were introduced during that period in the wholesale electricity market in order to secure the
profitability of the CCGT units.

With these provisions, following additional EU directives [51,52] and the laws which implemented them to the
Greek state [53-57], electricity, which until 1999 was considered as public good that should be sold at the lowest
possible price, came closer to being a regular free-market product, sold with the aim of the involved companies’ profit
[58—61] rather than that of social prosperity. Hence, market models influenced the price of electricity, as also did the
energy mix, determined by both market objectives and general energy policies.

The latter policies forced the development of WASES. As will be seen below, the price of energy has increased in
correlation with the increase of WASES production of electricity. This correlation is supported by direct impacts to
prices and is not subject to the common “correlation does not prove causation” principle. The exact reasons for this
increase, however, can be found both in technical aspects of WASES, like e.g., low-capacity factors [62], andin
institutional ones. Most important among the latter is the subsidies and the regulation by law of the prices of electricity
originating from WASES, thus converting the market environment from liberal to controlled.
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3. Materials and Methods
3.1. Summary of the Methodology

The methodology involves a multifaceted approach to investigate the dynamics of electricity pricing, consumption,
and the influence of energy sources in Greece. The research starts by establishing a baseline for the price of electricity
per kilowatt-hour (kWh) in current values (covering the period from 1968 to 2023).

To complement the pricing data, the study also includes per capita electricity consumption statistics from the World
Bank and Our World in Data, covering the period from 1960 to 2022. This allowed us to estimate the annual cost of
electricity per capita in present-day euros. Further, the study analyzes the impact of wind, solar power, and natural gas
on the energy mix, alongside GDP per capita data from the World Bank, to examine the relationship between energy
costs and economic performance.

The study’s results outline a series of analyses and findings, leading to a discussion of the correlation between
electricity prices and the generation mix, including lignite, natural gas, and renewable energy sources (WASES), while
highlighting how economies of scale and technology adoption impact pricing. It also explores the relationship between
GDP per capita, electric power consumption, and the ratio of energy cost to GDP per capita, providing insights into
economic growth, recession impacts, and energy dependency.

3.2. Data Used

In order to estimate the cost of kWh for an average household in Greece, a request was submitted to the Hellenic
Statistical Authority, which responded that there is no availability of such data. However, the primary data were finally
accessed through PPC [63] (also provided in the Appendix A), in reports of the European Commission (1980-2003)
[64,65], and in the Eurostat Database (2004—2023) [66]. The energy-price data collected by PPC, the reports of the
European Commission and Eurostat Database were then converted in current values based on the Greek monetary unit
evolution value (annual), which is referred on the general Consumer Price Index (CPI) [67].

Additionally, we used data from The World Bank (1960-2014) [68] and Ourworldindata [69] (2014-2022) for the
electric power consumption (kWh per capita), estimating the annual cost of electricity per capita in present values in
euro (1990-2023). Furthermore, we used the GDP per capita for Greece (1960-2022) by the World Bank [70].

3.3. The Price of Energy

The collected and processed data on the price of kWh for a typical household (with average energy consumption) in Greece
are presented in Figure 2. Remarkable is the low prices during the decade 20002010 and the increased prices thereafter.
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Figure 2. Prices of electricity after conversion (in current €/kWh) for a typical household in Greece 1969—2023 [63—66].
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Using the above data, we analyzed the ratio between price of energy per capita to GDP per capita. We also
estimated the ratios of WASES generation to total energy generation and natural gas generation to total energy
generation. With the timeline of the energy prices at our disposal, we could now investigate the correlation of electricity
prices with the changes in the structure of the energy mix in Greece as defined by the percentages of energy generated
from lignite, natural gas, and WASES. This is presented in Section 4.

4. Results
4.1. GDP Per Capita and Electric Power Consumption

The comparison of GDP per capita and electric power consumption per capita in Greece (Figure 3) reveals a notable
relationship between the two. Up to 2008, there is a clear upward trend in GDP per capita, indicating economic growth
during this period. The formal declaration of a recession in 2009, as indicated by the Law 3845/2010 [71], marked a
turning point in the economic trajectory. The recession is illustrated by a declining trend in both GDP and energy
consumption per capita (Figure 3). The ratio of the cost of energy per capita to GPD per capita is shown in Figure 4.
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Figure 3. GDP per capita (€) [70]; Electric energy consumption (kWh per capita) 1990-2023 [72].
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Figure 4. Ratio: Cost of energy per capita to GDP per capita.

Correlating these trends with electric energy consumption per capita (Figure 3), a significant pattern emerges.
During the period of economic growth (1990-2008), there is a parallel increase in electric power consumption,
suggesting a positive correlation between economic prosperity and energy usage. Conversely, in the recession period
following 2009, there is a noticeable decline in electric power consumption, reflecting the economic downturn. This
correlation emphasizes the sensitivity of electricity consumption to economic conditions, with increased economic
activity driving higher energy demand, while economic contraction results in reduced energy consumption. Even if this
period was a shock for households, the usage of energy was decreased and the prices of energy were rising, the ratio of
cost of energy per capita to GDP per capita was increased showing the dependance in modern way of living with energy usage.
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4.2. The Role of Energy Mix and Technology in Prices of Electricity (1990-1999)

The contribution of the different energy sources, namely lignite, natural gas, and WASES, in the energy mix is
depicted in Figure 5.
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Figure 5. Prices of electricity and natural gas [73] and percentage of different sources in the energy mix 1990-2023 [74].

During the period from 1990 to 1999, lignite accounted for approximately 70% of the energy mix, showcasing a
substantial reliance on this particular energy source in Greece. PPC played a pivotal role during this time, adapting to
technological advancements and capitalizing on economies of scale. The curve illustrated in Figure 6 indicates that, as
the proportion of energy generated from lignite increased, there was a concurrent decrease in energy prices.
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Figure 6. Price of electricity in relation to electricity generation by lignite. For comparison the ratio of lignite generation to total
electricity generation is also plotted.
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This alignment suggests that PPC strategically leveraged technological progress and economies of scale to optimize
energy production, emphasizing its commitment to providing affordable energy to the population. This strategy strikes
a balance between energy affordability and the use of domestic resources to meet the population’s energy needs,
aligning with PPC’s mission to provide cost-effective energy solutions. Discussion—The role of politics in prices of
electricity (2001-now).

Two significant processes are to be highlighted regarding Greece’s energy sector as it enters the new millennium:
the privatization of PPC and the “de-carbonation” process. These two processes, however, are not only relevant to
Greece, as they have involved most European countries to varying degrees. The former, the privatization of national
energy infrastructure, underscores a shift in perspective, treating energy as a product rather than a public good, which
had implications for market dynamics and consumer relations. The latter, i.e., the effort for decarbonization, refers to
the European Union’s policies known as combating climate change [75]. This move signifies a commitment to the
technologies of WASES, reflecting a trend toward reducing reliance on fossil fuels for electricity generation.

One critical decision which arguably had major implications for the price of energy in Greece was the law
3468/2006 [76] (Figure 6). Koutsoyiannis [20] noted:

This law...determines prices for different renewable energies ranging between 73 and 500 €/MWh, which
indicates a generous subsidy, given that even the retail price for household connections is lower (currently
53 €/MWh at night).

The introduction of Law 3468/2006 [76] marked a significant policy shift in Greece’s energy sector, stipulating
that the price of generated electricity from WASES should be approximately up to 24 times higher than that generated
from lignite [77]. A distinctive feature of this legislation was the network’s obligation to purchase wind and solar energy,
regardless of its utility.

Gradually, after 2000 a noteworthy surge in WASES is observed (Figure 6) [78,79]. Despite the logical expectation
that economies of scale and technological advancements would drive down unit costs with increased quantities, Figure
7 indicates a counterintuitive trend. Contrary to the expectation that a greater presence of WASES would result in lower
electricity prices (in the popular imagination, they are thought of as gratis), it is observed that as the share of energy
from WASES in the energy mix grows, electricity prices also increase (Figure 7). This observation opposes the
conventional understanding that a higher abundance of WASES, would naturally lead to cost reductions. Apparently,
this pattern contradicts the fundamental role of PPC, as stated in its institutional law.
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Figure 7. Price of electricity in relation to electricity generation by WASES. For comparison the ratio of wind and solar generation
to total electricity generation is also plotted.
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While economies of scale favor the use of lignite [80], which results in cheaper electricity, there is a reverse trend
for WASES. The more electricity is generated from wind and solar energy, the more expensive it becomes. Similar
trends are observed elsewhere, such as in California, which leads the way in the installation of WASES in the United
States [81]. As a result, it seems that electricity prices in California are much higher than the national average [82].

This phenomenon prompts a deeper analysis of the factors influencing the cost dynamics of wind and solar power.
Potential considerations may include the complexity of integrating WASES into existing energy infrastructures, the
need for complementary technologies to address intermittency issues, or specific policy and market dynamics affecting
the pricing structure. Addressing this apparent discrepancy between expectations and observed costs is essential for
understanding the role of WASES.

Furthermore, recent legislative measures have introduced a complex framework for determining electricity prices
[83,84]. While these regulations aim to address various aspects of the energy market, data show that the availability and
affordability of resources have played a crucial role in influencing electricity prices. This fact is also highlighted by the
role of the increase in the price of natural gas, which is influenced by geopolitical conflicts. With the change in pricing
policy in 2016, natural gas is the crucial determinant of the electricity price, as it is usually the last source entering the
energy mix.

The emergence of geopolitical issues in 2022 disrupted the natural gas market (Figure 5), leading to increased
prices. Consequently, this geopolitical impact resulted in a notable rise in electricity prices, emphasizing the
interconnectedness of global events and energy market dynamics. On the contrary, even though electricity production
from oil had a significant share (15.3%) in 2008, the skyrocketing of oil prices [85] did not affect the price of electricity,
as domestically produced lignite contributed 52.3% in the generation of the energy mix.

In terms of public opinion, this was a highlight for a shift towards a more detailed investigation of practices and
policies defining energy prices. Relevant questions had already been raised in the context of the impact of WASES: (a)
in water-energy and food nexus [86,87]; (b) landscape [88-93] and (c) to the stochastic dynamic of the energy
production of WASES (stability of the energy grid) [94-97].

The implemented policies have resulted in a substantial increase in the price of electricity in Greece, a trend that
is evident across the entire European Union in 2023 (Figure 8). The average cost of electricity price in EU in 2002 was
0.21 €/kWh while in 2023 was 0.27 €/kWh (increased 19%). The average cost of electricity price in Greece in 2002
was 0.11 €/kWh while in 2023 was 0.23 €/kWh (increased 109%). Furthermore, if those price changes are also seen
from the perspective of lower customer power of the average person due to the high inflation changes of the last two
decades the importance of those results for prosperity is even higher.
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Figure 8. Price of electricity (depreciated in current €/kWh) in countries of EU (2002, 2010, 2020, 2023) [66]. The shade part
indicates the evolution of prices in Greece.

Price of electricity (€/kWh)

5. Conclusions

Our work delves into Greece, as a detailed case study, but its inferences refer to all European and other countries
that are intertwined in such policies and politics. In Greece, the production and distribution of electricity evolved from
being a public good, produced from a cheap natural resource (lignite), to becoming a profitable commodity due to larger
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contribution of expensive technologies, and eventually resulting in a higher cost to the consumers. The cause of this
was primarily found in both the technical and legislative aspects and the integration of wind energy, solar energy and
imported natural gas to the national energy mix. We also used the processed data to examine how electricity
consumption correlates with economic development. We found that, before the 2009 recession, energy consumption
was increasing, whereas after the recession—particularly during the economic crisis of the 2010s—it showed a
declining trend. A critical issue raised from this work is the transparency in energy pricing and its correlation with
political conditions. The historical analysis of Greece’s energy market reveals how both novel political views and a lack
of clarity in the financial mechanisms behind renewable energy subsidies and market reforms transformed the energy
market and contributed to overall inefficiencies in the price market. As the investment in WASES is in question for
their impact: (a) in Water-Energy and Food nexus; (b) in landscape and (c) in their stochastic nature of energy
production [98] (stability of the energy grid), Greece and other nations undergoing similar transitions should include
the increasing cost of electricity price in relevant discussions. Scientific and social study of all the above-mentioned
parameters of renewable energy management and design can enhance social cohesion and foster public trust and
economic stability. Moving forward, societies should re-evaluate the energy transition costs and incorporate public
consultation.

Overall, the analysis of real-world data on energy production, consumption, and price, in the case of Greece, is an
indication of the following: Aspirations of modern economic thinking related to energy (also labelled as contemporary
“green” ideologies [98]), namely the market “liberation” and transformation of energy from a good to a commodity, the
introduction of the natural gas to replace conventional fossil fuels, and the rapid development of WASES, are all prone
to lead to substantial increases of energy costs and decline of social prosperity. These factors reversed the trends of
several decades in the 20th century, during which prosperity increased as energy costs steadily declined. In this regard,
we propose that even though the future of national and European energy policies should include environmental,
ecosystem, and landscape considerations, emphasis should also be placed on ensuring that policies should not be
benefiting industries (by means of subsidizing) at the cost of European citizens.
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Appendix A

Year Price of Electricity (PPC) (Drachma/kWh) Year Price of Electricity (PPC) (€/kWh)
1968 1.2130 2002 0.0755
1969 1.1840 2003 0.0786
1970 1.1770 2004 0.0803
1971 1.1490 2005 0.0840
1972 1.1550 2006 0.0868
1973 1.2370 2007 0.0915
1974 1.6270 2008 0.1011
1975 1.7760 2009 0.1050
1976 1.8850 2010 0.1050
1977 2.0680 2011 0.1068
1978 2.1110 2012 0.1184
1979 2.3000 2013 0.1275
1980 2.9180 2014 0.1285
1981 4.5090 2015 0.1301
1982 5.2130 2016 0.1245
1983 5.8100 2017 0.1227
1984 6.6330 2018 0.1235
1985 7.7200 2019 0.1334
1986 9.8450 2020 0.1454
1987 10.9930 2021 0.1621
1988 11.8950

1989 12.4260

1990 15.0640

1991 17.3070

1992 19.7250

1993 19.8490

1994 20.5470

1995 22.2220

1996 23.3540

1997 23.7850

1998 24.6460

1999 25.3720

2000 23.8850

2001 24.7360
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