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Abstract: Hydropower in Europe is playing an increasingly important role as a renewable source
of energy. Its share of the final energy consumption varies from country to country, posing
different challenges in each. The European Union member states are obliged, according to energy
policy, to increase the share of renewable energy. This article presents the challenges related to
the development of hydropower in four countries with different shares of domestic electricity
production from hydropower plants: Albania (100% share in 2019), Slovenia (25.7%), Poland (1.1%),
and Estonia (0.3%). Particular attention is paid to the issues of rational management of water
resources in connection to Europe’s energy policy. As a result of the case study analysis, the challenges
in the development of hydropower are identified, as well as ways to solve them. In addition,
a comprehensive analysis of the impact of social, economic, environmental and climate change factors
on the development of hydropower was conducted. At present, whether the assumed goals of the
European Union’s energy policy will be achieved is impossible to determine for the whole of Europe.
Achieving these goals will be possible only after individual countries prepare comprehensive reports
on the topics of renewable energy sources, including hydropower.

Keywords: hydropower plants; sustainable development; water management; nature protection;
renewable energy sources; international energy policy

1. Introduction

1.1. Background

Hydropower is an element of the entire energy sector of most countries. Hydropower in Europe
is playing an increasingly important role, and the interest in this type of renewable energy source (RES)
results from the need to protect the environment and to mitigate climatic changes, among others [1].
In 2019, hydropower’s share in electricity production was 18% in Europe, but it varied significantly
between countries. Hydropower is used to the least extent in Denmark, The Netherlands, and Estonia
(share in domestic electricity production below 0.5%) and to the greatest extent in Albania (100%)
and Norway (95.8%), according to data for 2019 [2].

Climate and the energy package are important elements in Europe’s energy policy, based on
the belief that the energy supplied to consumers should be sustainable, competitive, and affordable.
This policy is the foundation for the transformation of Europe’s energy system. It assumes achievement
of the stated goals by 2020 and then by 2030, which concern the reduction in greenhouse gas emissions,
increasing the energy efficiency of countries, and increasing the share of RES in the final energy
consumption [3].

The energy goals to be achieved were set not only in the EU, but also in other organizations
operating in Europe, such as Energy Community Treaty (EnC), to which Albania and other Balkan
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countries (Ukraine, Moldova, and Georgia) are parties. It undertook to implement a directive defining
the level of RES use for 2009–2021 [4] and limiting CO2 emissions into the atmosphere [5]. The only
countries in Europe that do not directly implement the EU’s RES policy are Great Britain, Iceland,
Liechtenstein, Switzerland, Belarus, and Russia; Norway, Turkey, and Armenia have observer status [6].
However, multilateral agreements exist between Switzerland, Norway, Iceland, and the EU [7,8];
these countries are also members of other organizations and associations, such as the European
Economic Area [9]. These countries have considerable autonomy in making decisions about their own
energy policy: the EU often uses these ideas and vice versa [10,11]. Depending on the involvement in
the EU energy policy and the size of the energy resources, four groups of countries outside the EU can
be distinguished: challengers (e.g., Russia, Turkey—high resources, no links with the EU), outsiders
(e.g., Belarus—no links with the EU and low resources), shapers (commitment to EU energy policy
and high resources), and followers (members of EnC and Iceland) [12].

Different European countries face various challenges related to the implementation of the EU
energy policy (especially the increase in the share of RES). For example, in Greece, one problem is the
fast pace of electricity consumption (annual increase of 10%), high costs and requirements for new
investments, high losses in the transmission of electricity, the lack of orderly legislation related to
independent producers energy, inadequate spatial development, and the lack of involvement of the
authorities and local communities in the development of renewable energy [13,14]. The plan to remedy
these problems is to increase energy efficiency, introduce financial instruments for the implementation
of RES investments, and adapt the legal system to such initiatives [15].

In Ukraine, the main challenge in the development of RES is the lack of close cooperation with
organizations favoring the development of this type of energy policy, low subsidies for investments
related to RES, dependence on external energy supplies, political instability in Eastern Ukraine,
and security problems [16]. In this case, the main emphasis is integrating with the EU, expanding
international economic cooperation with other countries, gaining greater energy independence,
increasing energy efficiency, tax breaks for individuals and companies implementing pro-environmental
investments in the field of energy, simplifying administrative procedures, and decentralizing energy
distribution [17].

Due to favorable terrain conditions, Austria has large hydropower and biomass potential [18].
Its electricity transmission system is stable, it mainly uses imports from neighboring countries,
and exports are lower than imports [19]. A priority for the development of hydropower is the
construction of many small hydropower plants [20]. However, this is associated with barriers such as
decreasing electricity prices and high construction costs [21], as well as potential environmental costs,
which may result in failing to meet the requirement of the Water Framework Directive, which is to
achieve good water quality in water bodies, in some areas [22]. However, Austria has taken precautions
in this regard by stating that new construction cannot be located in areas where the hydromorphological
elements are in very good condition [23]. An additional obstacle is the instability of energy production
due to different hydrological conditions in different years and seasons; the alternative in this case is the
use of energy from plants. The construction of hydropower plants may cause conflicts between various
interest groups (e.g., residents, investors, and naturalists). Austria is also investing in improving
energy efficiency through the modernization of transmission networks or new technologies and in
hydropower [24]. Despite the various challenges that face this country, it is likely to meet the target of
a 34% share of renewable energy in final energy consumption by 2020; in 2017, it was 33.3% [2].

Bosnia and Herzegovina, as a non-EU country but a member of the EnC, has been working since
the early 2000s to rebuild the economy toward sustainable development, in cooperation with the
World Bank and the EU [25–27]. It rebuilt its legislation, privatized many enterprises and public assets,
and focused on the development of RES (especially hydropower, but also wind and solar) [28,29].
Nevertheless, only 27% of the hydropower potential is exploited. For this reason, investments into
hydropower are being made [30]. The lack of hydropower development is due to bureaucracy, a lack of
clear legal constraints, as well as poor social, political, and economic conditions for investments at the
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national level (e.g., corruption, plans not adjusted to the possibilities) [31,32]. To reduce these barriers,
a thorough analysis of these types of challenges is needed [33]. Achieving the assumed target of the
share of RES in final energy consumption may not be achieved given the changes in this parameter
and the level from 2017 (18.8% with the target of 34% by 2020) [2,34].

1.2. Study Aims

We aimed to discuss the challenges related to the conditions of development of hydropower
in selected European countries. The article initially analyzes the share of hydropower in electricity
production in various European countries, and on this basis, four countries were selected for further
analysis, i.e., Estonia (0.3% share in 2019), Poland (1.1%), Slovenia (25.7%), and Albania (100%) [2].
They are characterized by a low, similar to the typical, and high share of hydropower in the production
of electricity. Particular attention was paid to the issues of the rational management of water resources
in conjunction with the objectives of nature protection and socio-economic interests in individual
countries (including the implementation of the European energy policy). An initial answer is provided
to the question of what factors determine the degree of hydropower use in the analyzed countries
and whether European Union membership influences the energy policy of non-EU countries.

The research was conducted to verify how selected European countries implement their own
energy policies, emphasizing the development of hydropower, the associated challenges, and how to
solve these challenges by 2030. We assessed which social, economic, and natural factors potentially
affect the level of development of hydropower for each analyzed country. Four case studies are
presented to illustrate the situation in different European countries. The affiliation of countries to
international organizations related to energy and the implementation of their energy goals are also
described. The analysis of the current domestic policies, which are implemented in accordance with
European regulations, is also important. However, the situation in other countries of the world,
and in Europe, may be different than in the countries described here. This paper provides structured
knowledge about the possibilities of and barriers to the development of hydropower, with an emphasis
on the energy policies implemented by countries and in relation to climate change. The findings
can guide the analysis of the factors determining the location of potential new hydropower plants
and contribute to discussions on energy policies related to the renewable energy market. We are aware
that the analyses will be a milestone to achieving comprehensive analyses related to hydropower in
Europe, which can be used in the future by various researchers and institutions in this field.

2. Methodology

First, we reviewed the currently available literature on the subject and statistical data. For this
purpose, databases such as Web of Science, Scopus, Google Scholar, and Multi-Search Engine of the
University of Life Sciences in Wrocław (Poland), Eurostat, International Renewable Energy Agency
(IRENA), were used. The following keywords were searched for: hydropower plants, sustainable
development, water management, nature protection, renewable energy sources, and international
energy policy, along with clarification of the issue, e.g., by the name of the country (Poland, Estonia,
Slovenia, Albania), organization (European Union, Energy Community Treaty), names of hydropower
plants (Michalice, Linnamae, Koman, Mokrice, etc.), names of rivers (e.g., Danube and Drin), or specific
issues (e.g., biodiversity in Vjosa, National Renewable Energy Plan, and impact of climate change on
hydropower). The articles used included knowledge mainly in the field of hydropower, hydrology,
water management, nature protection, and international energy policy.

After analyzing and selecting articles, reports, statistical studies, and other documents relevant
to the analysis, we decided to examine the challenges facing the development of hydropower in
the selected European countries and to analyze factors influencing the development of hydropower.
The above-mentioned countries had different shares of hydropower in the national electricity production
in 2019: Estonia at 0.3%, Poland at 1.1%, Slovenia at 25.7%, and Albania at 100% [2] (Figure 1). This is
also reflected in the hydropower generation per capita in Europe (Estonia = 2.47, Poland = 17.9,
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Slovenia = 63.5, and Albania = 442 with values of parameter ranging from 0.46 to 888, with a median
of 62.4; Figure 2). The locations of selected hydropower plants are shown in Figure 3.

Figure 1. Share of domestic electricity production from hydropower in selected European countries
(data based on [2]).

Figure 2. Hydropower generation per capita in selected European countries (data based on [2,35]).

The data were statistically evaluated with the analysis of correlation relationships between
the studied variables: share of total energy (population density, migration indicator, birthrate,
Gross Domestic Product (GDP) per capita, human development index, and electricity consumption
per capita), social variables (share of total energy, supply from hydropower, overall energy from RES,
share of energy from RES in gross electricity consumption, and CO2 emissions per unit of GDP and per
capita, industry, services, agriculture), and natural variables (average elevation, water resources per
0.1 km2, annual precipitation per year, and specific discharge). The objective of the statistical analysis
was to determine the strength of the correlation using the Pearson linear correlation coefficient with
p < 0.05. The calculations were performed in Statistica 13 (Dell, Round Rock, TX, United States).
As the dependent variables were analyzed quantitatively and the distribution of differences in the
dependent variables did not correspond to a normal distribution, the Wilcoxon test was used to
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select the significance test. To determine the strength of the correlation between the above variables,
weakly correlated factors (p < 0.6) were not considered.

Figure 3. Location of analyzed case studies: hydropower plants in Estonia, Poland, Slovenia,
and Albania (map base: https://www.arcgis.com/home/webmap/viewer.html; accessed on 10 July 2020).

QGIS 2.8.4 (QGIS Development Team) and Excel 2013 (Microsoft, Washington, DC, United States)
were used to create graphic materials.

A schematic presentation of the procedure performed as part of writing the article is shown
in Figure 4.

Figure 4. The course of the article writing procedure.

https://www.arcgis.com/home/webmap/viewer.html
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3. Case Study Analysis

3.1. Albania

At present, Albania is fully dependent on hydropower due to its natural conditions: it is a
mountainous country (70% of the area), and the rivers have large slopes. Its energy potential is
large; however, only about 35% of this power is used. Total electricity production in 2013 amounted
to 6.956 GWh, of which over 5.8 GWh was from the production from the Drin River Cascade
(hydropower plants Fierza, Koman, Vau, and Dejës; total installed capacity: 1350 MW; locations shown
in Figure 3) [36]. This production does not cover the domestic electricity demand, and 50% is imported
from abroad. In addition, this demand is growing every year by 4–6% on average [37].

Over the years, especially after the change in the political system, the aim has been to modernize
the existing hydropower network—all large hydropower plants are over 30 years old. An example
of such modernization is the Drin River Hydropower Rehabilitation Project. It was implemented in
1995–2017 and cost about EUR 14.3 million [38]. Due to the implementation of the project, the efficiency
of electricity supply for the population improved, and the number of socio-economic problems
decreased. Due to the increase in the efficiency of electricity production, the import index decreased
and the export index increased. However, the gross domestic product in Albania is growing every
year, which could have been affected by this project (in 1995, Albania’s Gross Domestic Product (GDP)
was EUR 2.0 billion, and in 2013, it was EUR 10.8 billion). There was no negative environmental
impact of the project and there was no need for an Energy Information Administration (EIA) due to its
rehabilitation nature [39].

Contrary to the project described, the Albanian Ministry of the Environment’s decision regarding
a planned project to create a hydropower plant in the Vjosa (Aoös) River basin has raised strong
controversy, as it is a habitat for rare organisms (e.g., endemic Isoperla vjosae, Bembidion brunoi,
and Oxynoemacheilus pindus; 143 species of macroinvertebrates related to the riverbed) [40] and provides
an important socio-economic function (fishing and tourism) [41]. The decision of the Ministry of the
Environment caused a wave of protests among pro-environmental organizations, which used a number
of actions to stop this project, e.g., an international campaign with the participation of scientists,
politicians, nature conservationists, and local communities, highlighting the tourist attractions in the
region through the organization of canoeing trips [42]. Due to these actions, the construction of a
hydroelectric power plant on Vjosa River has not been completed; by 2021, further decisions are to be
made regarding plans for the development of hydropower in the river basin [43].

As the above examples show, despite conventional energy in Albania being practically nonexistent,
problems remain with reconciling social, economic, and environmental interests with new investments.
However, this country is developing dynamically, as evidenced by, for example, changes in applicable
law in which certain contentious issues are regulated. An example is the inclusion in the National
Renewable Energy Plan for 2015–2020 [44] of entries from the Renewable Energy Directive, which is in
force in the EU. The second example is EU-funded environmental projects, which focus on improving
the current system of protected areas: the Instrument for Pre-Accession Assistance Transition Assistance
and Institution Building—National Program for 2013. As such, the provisions arising from both the
Water Framework Directive and the Birds and Habitats Directive will be implemented [45].

3.2. Estonia

Estonia, unlike Albania, has the lowest share of hydropower among the considered group of
central and Eastern European countries. The main energy source is bituminous shale (over 70% of
energy production in 2019), and this country has the two largest power plants for this raw material
(over 70% of energy production in 2014) [2]. According to the National Energy Action Plan, the adopted
target is a 25% share of RES in the final energy consumption in 2020 (in 2014, this level was 26.5%;
the target was achieved in 2011), which is in line with climate policy in the European Union (Directive
2001/77/EC). Biomass is the dominant renewable energy source in this country (over 95%) [46].
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Hydropower in this country is treated as a supporting energy source, next to biofuels and wind
energy. There are only 47 small hydropower plants with a total installed capacity of approximately
8 MW, and annual production is 30 GWh (i.e., less than 1% of energy produced). This condition is
due to natural conditions: Estonia is a lowland country, the rivers are small in length, and due to
topographic conditions, the flow rates are low, which means they do not have high energy potential.
The largest power plant is Linnamäe on the Jägala River, with a capacity of 1.2 MW (Figure 3 shows its
location), which produces 7000 MWh of energy annually, supplying electricity to 3000 households.
The second power plant is Keila-Joa on the Keila River, with a capacity of 365 kW and an annual
production of 2500 MWh [47].

Despite the few hydropower plants in this country, the largest of them shows that they negatively
impact living organisms. The ecological status above the damming is good and that below is poor [48].
A significant decrease in the number of salmonids as well as decrease in fish mortality has been observed
since the hydropower plant began to operate. According to the water management plan, the main
activities are the construction of a natural fish pass and restoration of natural spawning grounds. This
area is part of the Jägala Natura 2000 site Special Habitat Protection Area, which was created in 2005 to
protect species from the Annexes to the Habitats Directive: headfish, lamprey, and Atlantic salmon,
as well as valuable habitats: lowland and foothill rivers with hairpiece communities. It is one of the
498 existing protected areas in Estonia under the Habitats Directive [46,49].

Estonia has dynamically adapted to EU recommendations (as regulated by Directive
2009/28/EU [4]), and due to support measures such as investment subsidies from the EU and the
state budget, technological modernizations, and the system of guaranteed tariffs, the share of RES is
developing dynamically (especially in bioenergy, but also in hydro energy) [45,50,51]. Despite this good
situation, hydropower is also associated with problems (e.g., impact on water environment), and it
is necessary to constantly strive to minimize the various impacts. An example of such minimization
is the modernization of the Linnamäe hydropower plant in 2001 (replacement of all elements of the
hydro unit, including high-speed turbines with low-speed ones, and dam reconstruction).

3.3. Slovenia

The Slovenian energy policy is regulated by the National Renewable Energy Action Plan 2010–2020;
this act is an implementation of the EU energy policy. The most important assumptions of this document
are an increase in the share of RES in final energy consumption to 25% and a 10% share of RES in
transport in 2020, an increase in energy efficiency, and a reduction in final energy consumption.
In Slovenia, these assumptions are implemented, and the renewable energy use rate is improving
annually; in 2019, it accounted for 21.9% of the share in final energy consumption compared to 18.3%
in 2014, of which hydro energy accounted for 44.4% [2,52].

Despite the increase in the share of RES, the development of hydropower in this country is a
complicated issue. An example is the planned Mokrice hydropower plant on the Sava (Krka) River
(location in Figure 3) [53]. The plant will be located in a Natura 2000 area, Krka, which is near the
Croatian border (created in 2004). The venture will have both negative and positive consequences.
Threats resulting from the construction of a hydroelectric power plant comprise, among others:
destruction of valuable river habitats and protected fish populations, threats to tourism, impacts to the
quality of drinking water, changes in the hydrological regime, and resettlement of the population [54,55].
The opportunities related to the construction of this power plant are new jobs, the competitiveness of
the Slovenian energy sector, better quality of life, increased flood safety, increased energy efficiency,
and energy exports outside the country [56,57]. The investor envisages using environmentally friendly
technologies that will minimize the environmental impact of the project [58]. Many countries
are involved in the analysis of the implementation of this type of investment on the Sava River,
which belongs to the Danube catchment area. They are affiliated, for example, under The International
Commission for the Protection of the Danube River (ICPDR), which deals with the sustainable
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and equitable use of water in the Danube catchment area. It consists of 14 countries, including
Slovenia [59].

Based on the presented example of Mokrice hydropower plant, cooperation between specialists
from various disciplines, as well as from different countries, is necessary (cooperation is one of the goals
set in the 2030 Agenda for Sustainable Development [60]). Comprehensive planning and the impact
assessment of the activities, including the development of compensatory measures and a monitoring
system [61], are necessary. This is in line with the principle of sustainable development, considering
natural, social, and economic interests [62].

3.4. Poland

Poland is a country with a low share of hydropower compared to other countries in central
and Eastern Europe [2]. In 2018, hydropower accounted for only 1.1% of the total energy production,
with the overall share of renewable sources in energy production being over 11.3% (with the target
level of 15% by 2020 and 20% by 2030, which is regulated by Polish Energy Policy until 2030 [63]) and is
constantly growing [64]. Among RES, wind energy dominates; in the overall production, hard coal
and lignite dominate and, to a lesser extent, crude oil and natural gas [2]. In Poland’s energy policy,
the most emphasis is placed on the use of coal, but also on renewable energy sources, especially
biomass. Hydropower plays a marginal role in the country’s energy balance [65].

In Poland, the challenge facing the development of hydropower is the constant changes in the
energy law through adjusting to EU law, and the complicated process of obtaining approvals for
the implementation of hydropower investments. However, due to the well-developed engineering
technology and conditions for the construction of small retention reservoirs, the hydropower potential
in this country is high (around 19 PJ) [65,66]. The share of renewable sources in the final energy
consumption increased from 6.9% in 2004 to 11.3% in 2018 [2,3].

In recent years, Poland has experienced more hydrological extreme phenomena, including
droughts and floods, as a result of climate change [67]. As a response to the flood of the millennium in
the Odra River basin in Southwestern Poland in 1997, areas were protected against such phenomena [68].
An example is the construction of the Michalice water reservoir on the Widawa River in 2001, together
with a small hydropower plant with a capacity of 0.045 MW (location shown in Figure 3) [69].
The construction of this hydropower facility helped to improve the energy balance of the region,
providing electricity for residents (150–180 MW of energy annually) and profit to the local authorities
(about €22,500 annually) [70]. The water reservoir serves tourism, anti-flood, and natural (habitat
for the development of fish and birds) functions, and it is a source of water for irrigation [71].
The issues of water management in these facilities are regulated by the provisions of water law permits,
water law surveys, and water management instructions, which are documents from the provisions of
the Water Law in force in Poland, implementing the provisions of the Water Framework Directive [72].
As shown by our own research, the hydropower plant, the fish pass, and the reservoir did not perform
their functions due to the lowering of the water level on the Widawa River above the reservoir,
inadequate adaptation of water management documents, too low efficiency of the installed devices,
and inappropriate design of the fish pass in terms of the requirements for the passage for fish [72–74].
As a result, in 2009–2010, the turbine sets were replaced, and documentation was changed under the
Rural Development Program for 2007–2013 [75]. Due to this investment, the hydropower plant works
in continuous mode and performs its functions, which are important for the local community.

As a summary, Figure 5 presents the main challenges facing the development of hydropower in
Europe resulting from our case study analyses.
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Figure 5. Main challenges facing the development of hydropower resulting from the conducted analysis.

4. Results and Discussion

4.1. Implementation of Energy Policy in Albania, Estonia, Poland, and Slovenia

The countries described have met the energy goals imposed by the EU to varying degrees.
In Estonia, the assumed level of RES in final energy consumption has been achieved (25%): it was 26.5%
in 2019. Slovenia and Poland have not achieved this goal (25% and 15%, respectively), achieving shares
of 21.9% and 11.3%, respectively. Albania has dynamically implemented its energy policy, and the
share of RES in final energy consumption is 27% (the goal for 2020 is 38%) [2,3].

The energy independence of the selected countries differs; Estonia has a particularly favorable
situation, being only about 9% dependent on energy imports. Slovenia is the most dependent country
out of the four: 44.6% of its energy is imported from other countries. Importantly, however, dependence
on external energy supplies has reduced in all cases, similar to the demand for energy (this tendency
is most pronounced when comparing 2005 with later years, i.e., with the date of accession of these
countries to the EU) [76].

Each country has a different potential for developing RES, which they use to varying degrees.
The highest share of hydropower according to installed capacity from RES was recorded in Albania
and Slovenia (99.95% and 80.67% in 2018, respectively), the lowest was recorded in Estonia (1.15%),
and intermediate capacity was recorded in Poland (24.76%) (Figure 6). However, only Albania uses
hydro energy quite effectively [77].

In central and Eastern Europe, to which the analyzed countries belong, it is necessary to diversify
energy sources, suppliers, and routes to ensure the security and stability of the energy supply. The focus
should be on cooperation between EU neighboring countries in the context of energy policy, which may
allow the integration of markets in a wider European range (from regional to international). This is
a region with special potential related to energy; the internationalization and liberalization of local
markets is needed [78,79].

The most important issues concerning the energy policy implemented by the countries described
in the article (documents, goals, obstacles, and development plans) are described in Table A1 in
Appendix A. Although Albania, Estonia, Poland, and Slovenia use other energy sources, they have
similar goals and plans related to the development of renewable energy, increasing energy efficiency,
and reducing greenhouse gases. They also struggle with obstacles related to the implementation of the
new law, the diversification of energy sources, economic problems (e.g., the regulation of fees between
consumers and suppliers), and the lack of certain administrative and legal regulations (e.g., introducing
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relief when replacing traditional furnaces with highly efficient ones) [2,44,50,52,72,78–81]. In all of the
above countries, long-term goals have been defined, regardless of membership in the EU.

Figure 6. Percentage of renewable energy sources by installed capacity in Albania, Slovenia, Estonia,
and Poland in 2018 (data based on [77]).

4.2. Preliminary Analysis of the Relationship between the Level of Hydropower Use and Selected Social,
Economic, and Environmental Factors

We performed a preliminary analysis of the relationship between the degree of use to verify
what influences the degree of use and the development of hydropower in the analyzed countries,
and of the relationship between the share of hydropower in total electricity production and selected
social, economic, and environmental factors. The results are presented in Table 1 for the analyzed
countries and the selected social, economic, and environmental factors, which may influence the share
of hydropower in electricity production. The highest correlation (statistically significant) was recorded
for the share of hydropower in the total energy supply (0.998) and for the share of renewable sources
in the final electricity consumption (0.996). These values are almost proportional, with the highest
values in Albania, and the lowest in Estonia and Poland. This is due to the use of other energy sources
by these countries: coal in Poland (from RES, wind energy) and biomass in Estonia.

Another statistically significant measure is the emission of carbon dioxide per capita (−0.989),
which results from the higher use of hydropower decreasing the level of this greenhouse gas in the
atmosphere. No gases are emitted into the air occur during the operation of hydropower plants.
Higher use of renewable sources in each country is also of importance in this phenomenon.

A statistically significant relationship (0.959) was found for the annual rainfall: the higher the
values, the higher the hydropower use. This may be due to this rainfall feeding rivers that have higher
unit runoff values from the surface (correlation 0.932), and the countries are located at higher altitudes
(correlation 0.910), which experience higher precipitation totals.

In terms of economic development, this comparison showed that more agricultural countries
are more predisposed to develop hydropower (correlation 0.943), which is probably due to the
general relationship with the degree of use of RES in electricity consumption, rather than to
hydropower alone (the more plant material from agriculture, the more raw material is available
to be used, e.g., biomass and biofuels). The opposite is true for services, where the more developed a
country, the lower the share of hydropower (correlation −0.874). This is consistent with the human
development index, which considers factors influencing the living conditions of people in a given
country (correlation −0.876).
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Table 1. Analysis of the relationship between the share of hydropower in the total electricity production
and selected social, economic, and environmental factors [2,3,31,35,44,80–88].

Parameter Country Albania Slovenia Estonia Poland Correlation Coefficient r

Share of hydropower in total electricity production
(%) 100 25.7 0.3 1.1

economic Factors

Share of total energy supply from hydropower (%) 30.13 5.65 0.04 0.16 0.998 *
Overall energy from renewable sources (%) 34.9 21.1 30 11.3 0.657

Share of energy from renewable sources in gross
electricity consumption (%) 92.5 32.3 19.7 13.0 0.996 *

CO2 emissions per unit of GDP (kg CO2/2015 €) 0.34 0.25 0.42 0.53 −0.465
CO2 emissions per capita (t CO2/capita) 1.5 6.3 8.8 7.6 −0.989 *

Industry (%) 18.8 36.9 29.4 31.0 −0.769
Services (%) 57.9 60.3 66.6 64.0 −0.874

Agriculture (%) 23.3 2.8 4.0 5.0 0.943

Social factors

Population density (people/km2) 105 103 31 124 0.305
Migration indicator (%) −4.93 1.12 −3.16 −0.49 −0.601

Birth rate (%) −0.11 0.01 0.07 −0.11 −0.504
GDP per capita (€) 4653 22259 13152 19657 −0.754

Human Development Index 0.791 0.902 0.882 0.872 −0.876
Electricity consumption per capita (MWh/capita) 2.3 7.1 6.8 4.3 −0.728

Environmental factors

Average elevation (m.a.s.l.) 708 492 50 173 0.910
Water resources per 0.1 km2 1.52 1.59 0.5 0.21 0.725

Annual precipitation per year (mm) 1485 1074 671 600 0.959 *
Specific discharge (m3/s·km2) 29 20 8.2 5.5 0.932

*—statistically significance, bold font—values relevant to the analysis.

The other factors did not show such large dependencies. This analysis showed that the largest
role in the development of hydropower in the given countries is played by natural conditions (location
above sea level, individual runoff, and total rainfall), the use of renewable resources (which also results
from the adopted energy policy), and socio-economic factors (the level of development of the country).
However, these analyses should be treated as preliminary, as they are aimed at conducting further
analyses considering other factors potentially influencing the development of hydropower, as well as
including a larger number of countries in the list.

Apart from the above-mentioned environmental, social, and economic factors, the development
of the energy sector is influenced by climate change. Research has shown that this impact depends
on the region and hydrological characteristics [89,90]. The most vulnerable areas are mountain areas,
which are dependent on glacial water [91], as well as desert areas (e.g., the Middle East) [92] or
the Mediterranean climate [93]. Running water is also more at risk than standing water due to its
inability to store water [94]. All predictions state that extreme hydrological phenomena will intensify
and the amplitude of flows will increase, which will reach much higher values in the cold months
and lower values in the summer months, so the efficiency of hydropower plants may significantly
decrease [90,95,96]. The hydrological cycle may also be disturbed, as indicated by a notable increase in
evapotranspiration and a decrease in the annual total rainfall due to increasing temperatures [97–99].
All these factors will impact the development of hydropower [100]. The projected impact of climate
change on the hydropower sector according to various studies is presented in Table 2.
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Table 2. Summary of the expected impact of climate change on the hydropower sector in various
regions of the world on the basis of a literature review.

Region Predicted Impact of Climate Change on Hydropower Reference

World

Changes in hydropower generation by 2050: Africa = 0%, Asia = 9.7%,
Europe = −2.7%, North America = 1%, South America = 1%,

Oceania = 0%, Total = 9.0%
Edenhofer et al., 2011 [101]

Change from −5% to +5% by 2080; the greatest decline in the
Mediterranean, Middle East, and North Africa, and the greatest increase

in hydropower potential in Scandinavia and Central Asia
Turner et al., 2017 [102]

Decrease in global hydropower production of −0.4% (Representative
Concentration Pathway RCP 8.5) to −6.1% (RCP 2.6) by 2100 van Vliet et al., 2016 [103]

Europe

Decline in hydropower potential of 7% by 2070 (+30% in Scandinavia,
−20% to −50% in Southern Europe) Lehner et al., 2005 [104]

Increase in hydropower generation of 10% with a temperature increase
of 1.5 ◦C, of 20% with 3 ◦C; potential increase in Western, Northern,

and Eastern Europe, decrease in Southern Europe
Tobin et al., 2018 [105]

Canada Hydropower potential decrease by 1.8% by 2040, increase of 9.3% in
2070 and 18.3% in 2100 Minville et al., 2009 [106]

China

Increase in gross hydropower potential (GHP) by 1.7% to 2% in 2050
and by 3% to 6% in 2100; developed hydropower potential (DHP):
−2.2% to −5.4% and −1.3 to −4%, respectively; spatial diversified DHP

in China (positive and negative trends)

Liu et al., 2016 [107]

Italy (Alps) Increase in hydropower production of 2.90% in 2050 and 6.95% in 2100
(due to melting glaciers) Duratorre et al., 2020 [91]

Portugal Hydropower generation decrease by 41% in 2050 Teotónio et al., 2017 [93]

Scotland
Hydropower more affected by climate change than in Scandinavia (high
altitude countries), but less than in the Alps (glacier dominated) and in

Mediterranean Europe
Sample et al., 2015 [108]

Sub-Saharan
Africa

Hydropower generation changes by 2050: Mozambique = −9.5%,
Namibia = −21.2%, South Africa = −11.6%, Zimbabwe = −10.4%,

Burundi = +13.1%, Rwanda = +15.1%, Uganda = +14.9%, Tanzania =
+12.9%

Hamududu and Killingtveit, 2012
[109]

Switzerland Hydropower generation higher about 4.1% by 2070 under average
hydrological conditions and lower under dry conditions (−22.1%) Savelsberg et al., 2018 [110]

Zambezi Decline in hydropower generation by 10–20% in drier climate
and marginal increase in wetter climate (in 2050) Spalding-Fecher et al., 2017 [97]

An additional factor that should be considered in the analysis is the use of the available
hydropower potential, i.e., economically viability and technically feasibility [111]. There are countries
that, despite high water resources, are no longer able to build new hydropower plants due to their
unprofitability [112]. For example, Alpine countries have the technology and resources to implement
new projects, but lack water resources available that are profitable for hydropower development [91].
This is most often the case in Europe and North America, where 75% and 69% of the hydropower
potential is used, respectively [103]. In Europe, the only major region with considerable potential
for the construction of hydropower investments is Southeastern Europe (Balkans) [113]. In Europe,
some countries have low water resources and the prospects for the development of hydropower
plants are low, such as in Malta and Cyprus [114]. Among the continents that have not used their
technical hydropower potential to a large extent are Africa, Asia, and South America (7%, 22%,
and 33% of the potential is used, respectively). This is due to the lack of financial and technical
resources, and, especially, these are areas valuable for biodiversity (e.g., Amazon Valley and Nile
Valley), and the construction of hydropower plants could seriously disturb this [115]. This is no
different in the analyzed four countries; for example, the Danube river basin in Albania and Slovenia
(Drin and Sava Rivers) is a naturally valuable area (including numerous endemic aquatic organisms,
as well as European endangered freshwater snails and fish, containing 52% and 28% of all species
in Europe, respectively [116,117]). The area has a large hydropower potential; construction of 1315
hydropower plants is planned, especially in Serbia and Bosnia and Herzegovina [113]. Overall, 50% of
the world’s technical hydropower potential is used [103]. Desert countries, due to the lack of water,
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do not have hydroelectric power plants, but they often depend on the production of energy from this
source [118].

As shown in the above conclusions regarding the development of hydropower in the four
European countries, an important element of a correct analysis is having reliable data on economic,
social, and environmental factors, as well as on the impact of climate change on water resources,
the sustainable socio-economic development of the world, and the environment. The database
proposed in the article (18 social, economic, and natural factors) does not exclude an increase in
the number of factors; however, access is required to reliable data intended for a wide group of
recipients who care about the issues of sustainable development and the rational use of renewable
energy sources. All the factors analyzed here change dynamically, and it is difficult to examine them
only from the current perspective. Often the organizational, political, and legal framework governing
the development of this RES in a given country and, to some extent, progressive human activity,
constantly changes and modifies the environment (which is reflected, for example, in climate change).
This makes determining the direction of these changes difficult, unpredictable, and error-prone. In the
future, we plan to address this challenge through a comprehensive study for the whole of Europe or a
very large part of it, using modeling tools, e.g., hydrological phenomena in various scenarios of air
temperature increase for a specific time period.

5. Conclusions

To summarize, the selected countries have different local specificities; therefore, the challenges
facing the development of hydropower are different in each. The key to solving them is the mutual
cooperation between various environments, integration of energy markets, and diversification of
the used energy sources, with a proportion of renewable sources. This will enable the harmonious
and sustainable development of each country in accordance with the assumptions of the sustainable
development policy, supporting solutions reconciling natural, social, and economic interests.

In addition, whether the assumed objectives of EU energy policy will be achieved cannot be
clearly determined. Achieving these goals is possible because the share of renewable energy in the
final energy consumption in the selected countries is growing. Each of them has implemented this
policy; regardless of membership in the EU, all regulations are implemented on a local basis. In other
countries, this implementation occurs on different principles through various types of agreements
between countries or membership in economic organizations (e.g., Switzerland, Iceland, and Norway).
Some individual European countries are not involved in the EU energy policy (e.g., Belarus and Russia).

Although Albania, Estonia, Poland, and Slovenia use different energy sources, they have
similar goals and plans related to the development of renewable energy, increasing energy efficiency,
and reducing greenhouse gases. They struggle with various obstacles related to the implementation
of the new energy law, the diversification of energy sources, economic problems (e.g., regulation of
fees between consumers and suppliers), and the lack of certain administrative and legal regulations
(e.g., introducing relief when replacing traditional furnaces with high-efficiency ones).

As a result of the preliminary analysis, we established that the largest roles in the development of
hydropower in the analyzed countries are played by altitude, unit runoff, average annual rainfall, the
share of RES in final energy consumption, the degree of economic development, and the standard of
living of the population (the share of agriculture and services and the human development index value).

The hydropower potential is considerably influenced by climate change and the saturation of
countries with hydropower, which is profitable to use when locating new hydropower plants.
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Appendix A

Table A1. The most important information regarding energy policy in Albania, Slovenia, Estonia, and Poland [2,11,18,20,39,78–81].

Parameter Country Albania Slovenia Estonia Poland

Main gross inland energy
consumption fuel Hydropower and oil Nuclear power Biomass Coal

The most important
documents of the energy

policy (binding)

1. National Renewable Energy Plan
for 2015–2020

2. National Energy Policy 2013
3. Albanian Law of Energy

Efficiency 2005
4. Albanian National Strategy

of Energy

1. National Renewable Energy Action
Plan 2010–2020

2. Energy efficiency target declared by
Slovenia under the EU Directive
(2012/27/EU)

3. Energy Act of 2014

1. National Renewable Energy Action
Plan 2010–2020

2. Estonia National Development Plan
of the Energy Sector until 2030

3. General Principles of Climate
Policy until 2050

4. National Development Plan of the
Energy Sector Until 2030

5. Energy efficiency target declared by
Estonia under the EU Directive
(2012/27/EU)

6. National Renewable Energy Action
Plan (NREAP)

7. National Development Plan of the
Energy Sector until 2020

1. National Energy Efficiency Action
Plan for Poland, 2017

2. Renewable Energy Act of Poland
(Amended)

3. National Renewable Energy Action
Plan (NREAP) of Poland

4. Polish Energy Policy until 2030
5. Energy Law Act
6. Polish Energy Policy until 2040

Energy targets to be
achieved by 2030 (in the
case of Albania by 2020)

• 38% share of renewables in final
consumption (specific levels for
cooling/heating, transport,
and power)

• diversification of energy sources
(including wind, solar, geothermal
energy) and independence from
external energy supplies

• increasing the share of biofuels and
similar combustible materials from
renewable energy sources (RES) to a
minimum of 10%, used in transport

• increase in energy efficiency by at
least 32.5%

• reaching at least 32% share of RES in
final energy consumption

• reduction of greenhouse gas
emissions by at least 40% compared
to 1990

• electricity sharing of at least 15%
with neighboring EU countries

• 18% share of renewable energy
in transport

• reduction in greenhouse gas
emissions in the energy sector by at
least 70% compared to 1990

• maintaining energy consumption at
the same level as in 2010

• an increase in the share of renewable
energy sources in final consumption
and electricity generation to 50%

• 80% share of RES in heat production
and 14% in transport

• 60% share of coal in the production
of electricity

• 21% share of RES in final
energy consumption

• improvement of energy efficiency
by 23% compared to 2007

• reduction of carbon dioxide
emissions by 30% compared to 1990
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Table A1. Cont.

Parameter Country Albania Slovenia Estonia Poland

Obstacles to
achieving goals

• losses in industry and external
electricity supply (technical and
non-technical reasons)

• instability of supply from
hydropower, depending on
hydrological conditions

• social objections to the
implementation of hydropower
investments in protected areas

• allocation of funds by the
government between new
hydropower investments and the
use of other renewable
energy sources

• unsustainable energy transmission
system and low efficiency, resulting
in high energy bills and
non-payment of bills by consumers

• lack of coherent legal and
administrative regulations
regarding the development of
sustainable heating systems

• unregulated issue of electric
vehicles contributing to the
reduction in CO2 emissions

• dependence on external electricity
supplies (47.9% of energy
from abroad)

• problems with subsidizing
investments in social panels due to
exhaustion of funds (feed-in tariffs
and premiums)

• execution of orders by foreign
capital of countries that do not
consider EU energy targets

• insufficient cooperation between the
public sector, investors,
non-governmental organizations,
and local administration in
RES investments

• administrative barriers to the
implementation of wind energy
(contrary to national defense issues)

• possible problems with financing
investments increasing energy
efficiency (weakening CO2 emission
allowances in the energy sector)

• complex building renovation
processes aimed at increasing their
energy efficiency and the
sector’s under-financing

• outdated systems of heat energy
transmission and related price
regulations unfavorable
for consumers

• exploitation of conventional raw
materials with growing demand for
electricity supply, outdated
power grid

• dependence on external supplies of
natural gas; political pressure on
price formation

• poor regulation of the electricity
market between consumers
and suppliers

• public opposition to the
construction of nuclear
power plants

• technological gaps in the effective
use of renewable energy

• no regulations for households for
the emissions of combusted fuels

Energy policy
development plans

• further diversification of renewable
energy sources

• investing in more energy-efficient
solutions to better use the country’s
natural resources

• construction of new high-power
hydropower plants (using the
potential of rivers)

• development of financial support
mechanisms for investments related
to RES

• promotion of the use of RES among
the public, regulation of the rules of
energy transmission between
consumers and suppliers

• focus on electricity production from
biomass and biogas with high
energy efficiency

• simultaneous development of the
renewable energy market and
economic development

• public sector as the main source of
clean technologies’ implementation

• strengthening education and
training in the field of
energy management

• larger role of public administration
in decisions concerning the
exploitation of RES

• biomass as the main source of RES
• investments in wind energy,

considering environmental and
national security requirements

• higher share of biofuels and
domestic production of biomethane,
as well as electrification of vehicles
to increase the share of renewable
energy in transport

• government support to increase the
energy efficiency of buildings and
the use of the Energy Service
Company model

• improvement of regulations
between consumers and heating
companies regarding the efficiency
of transmitted energy

• rational and optimal use of own
energy resources

• development of electricity
generation and grid infrastructure

• diversification of oil and gas
supplies and development of
network infrastructure

• development of energy markets
(competitive energy market)

• implementation of nuclear energy
• development of RES
• development of heating

and cogeneration
• improving the energy efficiency of

the economy
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88. Sapač, K.; Medved, A.; Rusjan, S.; Bezak, N. Investigation of Low- and High-Flow Characteristics of Karst
Catchments under Climate Change. Water 2019, 11, 925. [CrossRef]

89. European Environment Agency. Climate Change, Impact and Vulnerability in Europe 2016: An Indicator-Based
Report; EEA Report 1/2017; European Environment Agency: Copenhagen, Denmark, 2017.

90. Ranzani, A.; Bonato, M.; Patro, E.R.; Gaudard, L.; De Michele, C. Hydropower Future: Between Climate
Change, Renewable Deployment, Carbon and Fuel Prices. Water 2018, 10, 1197. [CrossRef]

91. Duratorre, T.; Bombelli, G.M.; Menduni, G.; Bocchiola, D. Hydropower Potential in the Alps under Climate
Change Scenarios. The Chavonne Plant, Val D’Aosta. Water 2020, 12, 2011. [CrossRef]

92. Berga, L. The Role of Hydropower in Climate Change Mitigation and Adaptation: A Review. Engineering
2016, 2, 313–318. [CrossRef]

93. Teotónio, C.; Fortes, P.; Roebeling, P.; Rodriguez, M.; Robaina-Alves, M. Assessing the impacts of climate
change on hydropower generation and the power sector in Portugal: A partial equilibrium approach.
Renew. Sustain. Energy Rev. 2017, 74, 788–799. [CrossRef]

94. Spänhoff, B. Current status and future prospects of hydropower in Saxony (Germany) compared to trends in
Germany, the European Union and the World. Renew. Sustain. Energy Rev. 2014, 30, 518–525. [CrossRef]

http://bip.namyslow.eu/4174/modernizacja-malej-elektrowni-wodnej-w-michalicach.html
http://hdr.undp.org/en
http://gsociology.icaap.org/dataupload.html
https://ec.europa.eu/eurostat/statistics-explained/index.php/Water_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php/Water_statistics
http://dx.doi.org/10.1515/johh-2017-0045
http://dx.doi.org/10.3390/w11050925
http://dx.doi.org/10.3390/w10091197
http://dx.doi.org/10.3390/w12072011
http://dx.doi.org/10.1016/J.ENG.2016.03.004
http://dx.doi.org/10.1016/j.rser.2017.03.002
http://dx.doi.org/10.1016/j.rser.2013.10.035


Water 2020, 12, 3542 20 of 21

95. Ali, S.A.; Aadhar, S.; Shah, H.L.; Mishra, V. Projected Increase in Hydropower Production in India under
Climate Change. Sci. Rep. 2018, 8, 12450. [CrossRef]

96. Kundzewicz, Z.W.; Mata, L.J.; Arnell, N.W.; Döll, P.; Jimenez, B.; Miller, K.; Oki, T.; Şen, Z.; Shiklomanov, I.
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