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Abstract: Exploitation of renewable energy sources for power generation has been more and more
important in recent years. This results from the economic issues and the measures taken to ensure
the energy security. The aim of this research was to determine the significance of renewable energy
sources (RES) in the energy mix of Poland, and to elicit the opinions and the level of knowledge
of the society on the use and development of non-conventional energy. The article also presents
advantages and disadvantages of types of RES, the obstacles which hinder the progress of green
energy in Poland, and the proposed measures to expand the share of the RES in the overall energy mix.
The research relied on the statistical data gathered by Statistics Poland. The opinions of respondents
were elicited through a diagnostic survey based on a questionnaire. The research has demonstrated
that the respondents support the development of RES in Poland. However, they also maintain that the
purchase and installation of devices for the production of non-conventional energy are too expensive.
The respondents believe that in order to increase the number of green power plants, subsidies to
encourage RES investment and tax reliefs related to this investment should be bigger.

Keywords: energy; renewable energy sources; energy mix

1. Introduction

Ever since the industrial revolution in Europe, the use of fossil fuels has been on the rise, along with
the growth of the population and the improvement in living standards [1]. Dynamic development of
national economies requires a significant increase in the demand for energy. Consumption of fossil
resources for generation of heat and electricity production equals ca. 75%, for producing fuels—around
20%, and only a few percent are used to make chemicals and other materials [2]. Conventional energy
resources, like carbon, natural gas, and oil, are no longer sufficient to satisfy the demand of the global
economy [3]. A rapid increase of energy intensity in many industries may cause the exhaustion of
these resources. Experts warn that with the current consumption of energy, non-renewable resources
may be used up as soon as 2040 [4]. Power generation in Poland is mostly based on the combustion of
hard coal and lignite; therefore, as the probability of their exhaustion seems real and in order to meet
the obligations towards the European Union, the government of Poland should intensify its actions to
promote renewable energy sources (RES) in the country.

Another related issue is the growing pollution of the environment and the climate change
caused by conventional sources of energy [5-7]. During the process of power generation based on
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conventional resources, many hazardous substances are released into the waters and atmosphere;
besides, the environment is polluted by dust. Thus, many organizations like the European Union
(EU) have begun implementing measures to protect the natural environment and promote alternative
solutions for non-conventional energy sources. The modern society is more aware of the growing
environmental problems on the global scale. This leads to the growing interest in energy from
renewable sources [8], or generated from solar radiation, wind, biomass, water, and geothermal
sources. Renewable sources of energy come in an unlimited supply, they do not emit greenhouse
gasses into the atmosphere, or only a negligible amount thereof, and they are less expensive than the
conventional sources.

For every national economy, attaining energy security is an ultimate goal [9,10]. This term means
the ability of the market economy to achieve the potential to cover all current and future needs of the
recipients for fuel and energy. Energy security of every country means that it is able to provide sufficient
amounts of electricity for a price its recipients are capable of paying, with a simultaneous respect
for principles of nature conservation. The definition of energy security is dynamic and contextual.
The scope of energy security has been extended to place emphasis on dimensions such as environmental
sustainability and energy efficiency [11,12].

Green energy production in Poland is based on biofuels (around 80%), and wind energy generation
has a relatively large share as well (12%). Much less energy originates from waterpower (2%),
biogas (2.88%), and solar power (0.68%), and trace amounts of energy come from incineration of
municipal waste, geothermal springs, and heat pumps [13].

The development of RES in a country guarantees access to the local and renewable resources.
In consequence, the country has more resources for energy production, and, in times of a crisis resulting
not only from the depletion of energy sources, but also from various political and economic conflicts,
it becomes independent of the import of resources from abroad [14].

Poland, like everywhere else in the world, has witnessed a positive trend of the increasing share
of renewable energy in the energy mix of the economy. This development is encouraged by the
national and EU legislation, the advent of new technologies in the energy industry, increased awareness
of ecology and nature conservation in the society, and last but not least, the creation of favorable
conditions for RES micro-installations.

In 2018-2019, the development of photovoltaics was affected by new legal regulations,
which enabled the full launch of an auction system and grants from national programs, including
"My electricity’. The forecasts prepared by the Institute of Renewable Energy indicate that in the
years 2021-2022, which coincide with the finalization of projects that won the auctions in 2018-2019,
most investments will focus in the sector of photovoltaic farms. In 2019, photovoltaics recorded the
highest increase in installed power among all RES, which means it is now the main investment area in
renewable energy generation. In 2025, the total installed power in photovoltaics can reach 7.8 GW [15].

The study by Bédis et al. [16] suggests that Poland has a good potential for the development of
photovoltaics, mostly considering the country’s geographical location and climatic zone (similar location
to Germany’s, which is the leading country in RES) [17]. Other scientists report that Poland has
suitable meteorological conditions for the development of wind farms [18]. Land wind farms will
be developing less dynamically than before, but windmills on the Baltic Sea are a promising option.
The wind reaches relatively high velocities there and does not encounter obstacles, thus offshore
wind farms are more productive than land ones. However, the investment in offshore wind farms is
not feasible until the transmission grid in the northern part of Poland is reinforced so as to be able
to transmit the generated power inland [13]. This is especially important in the context of halting
the intensive increase in wind power generation observed in 2017, which was due to certain legal
regulations that investors in wind farms considered discouraging, such as restrictions concerning
the location and construction of land wind farms, with special emphasis laid on spatial management
principles, natural environment protection, and diminishing the negative impact on the environment
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and surrounding areas [18-20]. It is important to reconcile interests of an investor and of residents
living in the vicinity of an investment project.

The share of green energy in Poland’s energy mix could be further expanded in the countryside,
which would take advantage of their convenient conditions (geographical location—vast countryside)
as well as multidirectional use of green energy (electricity, heat, and biofuel). The countryside could
become independent of energy and fuel supplies, and a RES investment would definitely create
additional jobs and activate local communities to act for the sake of the environment [21].

There are other limitations to the development of RES, including photovoltaics and wind
power, in Poland. The major ones are the lack of the state’s stable policy towards the RES sector
(coal phase-out progressing too slowly—in 2019, coal made up 77% of all energy carriers used in
Poland, and high costs of implementation of investments, as well as complicated formal and legal
procedures). At present, the share of green energy in Poland’s energy mix is not sufficient. The factors
hindering the use of non-conventional energy sources are high financial cost, lengthy administrative
procedures, and inadequate legislation [22]. With regard to these obstacles, the Polish government
should create more favorable conditions for the development and expansion of green energy through
legislation to reduce the process of launching new installations, and to implement legal measures to
reduce the cost of such installations.

The aim of the research was to determine the significance of renewable energy sources in the
energy mix of Poland, and to elicit the opinions and the level of knowledge of the respondents on the
use and development of non-conventional energy.

2. Materials and Methods

In times of the appreciation of a clean natural environment, its influence on human life and health,
and under the threat of the exhaustion of fossil sources of energy and ever-declining quality of the
Earth’s climate, the use of renewable sources of energy and their impact on human health and energy
security of Poland become ever more important [23,24]. Another incentive to encourage the share
of renewable energy is the EU legislation and its norms imposed to motivate the protection of the
clean environment.

The research relied on the method of a diagnostic survey, including a questionnaire, and on
the processing of relevant source materials, i.e., statistical data. The questionnaire was designed to
study the state of knowledge and individual opinions of Poles on the renewable sources of energy,
the opportunities for growth, and factors which may contribute to a low share of RES in Poland’s
energy mix.

The study was conducted in August 2019, and it involved 236 respondents. The scope of the
questionnaire concerned the current and general knowledge of the renewable energy sources in
Poland and the respondents’ opinions about opportunities for the development of this type of energy.
The questionnaire was addressed to urban and rural residents of Poland. The respondents supplied
their answers in person or online.

To obtain a deep insight into the subject, statistical data generated in an analysis of Poland’s
energy mix performed by Statistics Poland were considered. The data enabled us to demonstrate a
shift in the share of renewable energy in Poland’s energy mix.

3. Results and Discussion

3.1. Concept and Types of Energy: Classification of Energy

The satisfaction of energy needs is important to every man. For instance, without solar radiation,
life on Earth would not be possible. Man has long used available natural resources as energy sources.
Even primitive humans learned to use available natural resources to ease the conditions and improve the
quality of their lives. Only after the industrial revolution did people begin to give more importance to
conventional energy sources [25]. The development in power generation led to significant scientific and
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technical revolutions, e.g., the development of industry and electricity production. These developments
in turn, as well as the growing population, caused an increased demand for energy.

Energy means capability to do mechanical, electrical, or other work, where different types of
activities are propelled by different types of energy [26]. The relevant literature classifies energy as
renewable and non-renewable.

3.1.1. Non-Renewable Energy

Conventional energy is generated through the use of non-renewable resources of energy, or those
which cannot regenerate in a short period of time. This means that their utilization happens more
rapidly than their replenishment [27]. The mostimportant of these are: hard coal and lignite, natural gas,
uranium, and oil.

Fossil fuels have long satisfied energy needs in energy-intense spheres of human life (Figure 1).
However, the dynamic growth of national economies and the increase in the environment pollution
called for a need to seek alternatives to these non-renewable resources.

Fossil fuels

Hard coal and Natural gas Uranium Petroleum

Heating Electricity Powering cars and aircraft

Figure 1. Types of fossil fuels and their use. Source: developed by the authors, based on Reference [27].

Millions of years ago, in a natural process, plants turned into carbon or a sedimentary rock of
organic origin. There are many varieties of carbon, of which the most popular are: peat, lignite,
and hard coal. Lignite has a higher caloric value than peat. It is used as an inexpensive heating
material and for production of wax, petrol, and other synthetic materials [28]. Hard coal contains
75-79% of carbon elements. It can come in diverse chemical composition, depending on the type and
location [29]. This fossil resource has a wide range of applications, as it is used not only in energy
production, but also in everyday life.

The measures undertaken by the Polish state in the energy sector have long focused on the
extraction and processing of the two types of coal, which is why Poland belongs to global leaders in coal
mining. Of the energy in Poland, 88% originates from the processing of these resources. Poland has the
advantages of having rich deposits and experience in extraction, as well as the scientific, engineering,
and technical support, which guarantees access to modern machinery. The cost of producing energy
out of these fossil resources is negligible in comparison to other technologies. The coal reserves
Poland has ensure access to electricity and heating for the next 25-50 years, which guarantees energy
independence [30]. The advantages of coal for the production of electricity can be stated as follows:

e  Of all non-renewable energy sources worldwide, coal reserves are the largest
e  No hazard related to transport, storage, and use

e Low price

e Combustion generates a great deal of energy and heat
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The disadvantages of using coal in power generation are:

e  Emission of carbon dioxide into the atmosphere during power generation
e Limited reserves

e Negative impact on the natural environment (e.g., acid rains)

e Degradation of landscape

e  Emission of dust [31]

In Regulation 1099/2008 of the European Parliament and the Council of 22 October 2008, natural gas
was defined as an underground deposit gas which may take gaseous or liquid form. The 20th century
witnessed a growing demand for this material, both in many industries and in private households.
As the coal deposits in Poland are large, the use of gas is relatively low. For the sake of the environment,
it is worth noting that the use of natural gas should be significantly expanded, as it emits less harmful
greenhouse gases than coal [32]. The benefits of using natural gas in energy generation are:

e High efficiency

e  Short construction time of power plants
e  Versatility

e Low price

e  Ease of transport [33]

Despite its many benefits, natural gas must be handled carefully, as it is poisonous in high
concentration. Besides, carbon dioxide is emitted into the atmosphere during the combustion
of natural gas, though such emissions are lower than in other non-renewable energy sources.
Another disadvantage of natural gas is the high cost of energy generation, which follows from
the unstable cost of fuels [34].

Petroleum is believed to be one of the essential sources of energy. It determines the energy market
and energy security countrywide. Petroleum in Poland is mostly imported. The national deposits
are too small to ensure the energy security of the country. Poland’s deposits satisfy merely 3% of the
national demand for this resource. The main supply of petroleum comes through the Druzhba pipeline,
which connects Siberia with Central Europe and further with Germany, to which petroleum is supplied
through the territory of Poland. In recent years, the development of the energy infrastructure in Poland
has concentrated on the expansion of storage capacity for petroleum and liquid fuels. Such measures
positively contribute to a greater energy security of the country [35]. Among the disadvantages of
using petroleum in energy generation are:

e  Risk of failure or leakage during extraction or transport

e  Emission of hazardous compounds into the atmosphere during combustion
e  High cost of power generation

e Dependency on petroleum exporters

The benefits are:

e  Direct exploitation of deposits
e  Convenient distribution through pipelines
e Easy storage [34]

Uranium belongs to the chemical group of actinides. It is widespread in the earth’s crust. It can
also be found in ocean waters in large amounts, but in low concentration. The largest deposits of this
element are in Australia, Kazakhstan, Canada, and Russia [36]. Uranium is used in the generation
of nuclear power. In Poland, it can be found in Podlasie in the village of Rajsk, and in the Sudety
mountains, e.g., in Kowary mine. The benefits of nuclear power are as follows:

e Low failure rate of power plants
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e Low emission of pollutants

e Low consumption of fuel

e  High concentration of power

e Long operating life (provision of a large number of jobs)

The shortcomings of this type of energy are:

e Radiation risk

e  High cost of safety measures

e  High cost of storage of radioactive waste
e  Public concern [34]

A review of the literature provides many examples of advantages and disadvantages of
conventional energy. The greatest advantages of non-renewable energy are:

e  Relatively low cost of power generation

e  Technological competence

e High volume and power per unit of mass
e  Accessibility of energy resources

The most often cited disadvantages are:

e  Air pollution due to exhaust emissions into the atmosphere
e  Global contamination risk of nuclear power plant failures

e  Exhaustion of fossil fuels

e  Problems with waste storage (mostly radioactive)

e Irreversible changes to landscape [26]

3.1.2. Renewable Energy

Renewable energy is energy generated through natural processes. It is generated by exploitation
of renewable energy resources, i.e., solar radiation, water, wind, energy from solid and liquid biomass,
geothermal energy, and tidal and ocean currents [37]. An increase in the general consumption and
an acceleration in the shift from conventional to renewable energy are stimulated by environmental
motives. Non-conventional sources, unlike non-renewable ones, do not produce energy residues,
i.e., sulfur monoxide and dust emitted into the atmosphere. Despite the constant progress in the energy
generation technology, no emission-free devices have yet been invented. A significant advantage of
RES, in times of increased energy expansion, is the fact that they are inexhaustible and their deposits
have remained stable since the beginning of the Earth and Solar System (Table 1).

The accessibility of renewable energy sources is determined by the local topography, the extent of
woodland and farmland, number of bodies of water, and geographical location. As these factors come
into play, the accessibility and amount of renewable energy sources differs across the country [38].

There are two types of hydropower which exist in the natural environment: one related to rivers
and the other one to oceans. In the first case, electricity is generated in river power plants, where the
velocity of a water flow and the difference in water levels of the rivers are exploited. In the case of
ocean energy generation, turbines are propelled by movements of water resulting from tides, waves,
and ocean currents (Figure 2).
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Table 1. Classification of renewable energy sources.
Primary Sources of Natural Energy Technical Energy Form of
Energy Transformations Transformations Generated Energy
tion, melting of i .
water evaporation, me-tng ot ice water power plants electricity
and snow, precipitation
. . h 1
. atmospheric currents wind farms therma enerey and
wind electricity
energy of waves wave power plants electricity
ocean currents ocean current energy electricity
plants
. ocean thermal energy -
heating atmosphere and 1 electricity
c , plants
5 Earth’s surface
g i heat pumps thermal energy
solar radiation
collectors and thermal
thermal energy
solar plants
solar radiation PV cells and solar power -
electricity
plants
photolysis fuels
heating and thermal thermal energy and
biomass biomass production power plants electricity
conversion devices fuels
e .
£ Lo heat d geoth 1 th 1 d
& radioactive decay geothermal sources catmg and geotherma ermat energy an
m power plants electricity
§
§ gravity tidal moves tidal power plants electricity
Source: developed by the authors, based on Reference [26].
Hydropower
. Ocean
River .
- tides
- flow
. - waves
- level difference
- currents

Figure 2. Classification of hydropower Source: developed by the authors, based on Reference [26].

The literature on renewable energy distinguishes two fundamental types of hydropower stations:
impoundment and diversion ones. The former type has a reservoir, where water is collected and stored.
In this type of hydro-electric station, electricity can be produced at any time. The other type does not
have a water reservoir. Such hydropower stations are built in lowland areas. The amount of generated
electricity is regulated through the natural power of flowing water. Other frequent types of power

stations are:

e (Cascading

e  Small reservoir stations

e Impoundment facilities with large reservoir

° Diversion stations with no reservoir

e  Pumped storage stations [26]
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The largest hydropower station in Poland is a pumped storage plant called Zarnowiec in
Czyrmanéw on Zarnowieckie Lake. It was built in 1983 with the installed capacity of 716 MW.
The plant is fully automated and all the activities activating and deactivating the hydro-units are
controlled remotely [39]. The greatest benefits of hydropower are saving of other natural resources,
decrease in the use of conventional sources of energy (decrease in atmospheric pollutants harmful
to the environment), lower cost of power generation, advanced automation of electricity production,
and constant access to the water source. On the other hand, the greatest drawback of hydropower
is interference with the natural environment, e.g., silting of riverbeds or alteration of landscape.
Besides, large impoundment facilities may be conducive to the appearance of hazardous compounds,
like methane. Other disadvantages are the high cost of construction and the level of noise [40].

Waves on the surface of seas and oceans are caused by wind, the Moon, and the atmospheric
pressure. The energy generated by waves has been used by people in wave power stations. This was
induced by the energy crisis in 1973. Ever since then, scientists have researched and designed projects
exploiting wave energy. The three most important types of such power stations are pneumatic,
attenuators, and point absorbers. Despite a large potential of sea waves, the power stations are not
economical and cannot satisfy the need for energy security. On top of that, the amount of power they
generate cannot be foreseen with any precision. Such power stations are used to supply energy to
power sea installations, like signal buoys [41].

Wind is the moving mass of air, whose movement results from differences in atmospheric pressure.
It flows from the areas of higher to lower pressure. Wind energy is connected with solar energy.
Apart from solar radiation, the direction and strength of wind is determined by sea tides and the
rotational movement of the Earth [26]. Wind generates mechanical energy, which is then converted
to electricity. A great advantage of the potential of wind as an energy source is its availability in
every location in the world. However, the location of a wind farm may be more or less effective,
which depends on the topography of the location. Wind turbines will be more effective in plain
or coastal areas [42]. In Poland, the best conditions for wind farms are in Pomerania and in the
north-eastern part of the Suwalki region. Besides land wind farms, there are also off-shore wind farms,
the first of which was constructed in Denmark. The construction cost of such wind farms is 50% higher
than of those inland. This is offset by better wind parameters, and more coherence and predictability
of wind in comparison to inland farms [26].

One of the most popular forms of RES is solar radiation, which is a basic energy source. People use
it to produce thermal energy and electricity. It is present in every part of the world and is easily
accessible. It is environmentally friendly, as no harmful substances are emitted to damage the natural
world. The main problem of solar farms is the limited ability to store energy. The amount of generated
power depends on the number end efficiency of the devices, state of the air, and the helioenergetic
conditions [43]. Solar energy is exploited through three conversion mechanisms:

e  Photovoltaic—electric
e  Photothermal—thermal
e  Photobiochemical—chemical bonds

Electricity is produced in photovoltaic cells, which are the smallest element of a solar panel.
The more cells there are, the greater the capacity of the panel. At present, photovoltaic cells are
used to illuminate houses and streets and to provide electricity where the access to a grid is not
possible. They also power calculators, watches, meteorological stations, etc. Solar collectors are used
to produce biomass, biogas, methanol, and rapeseed oil. In Poland, more and more photovoltaic
devices are installed in more and more households as a source of heat and electricity. However,
the helioenergetic conditions in Poland are not sufficient to satisfy energy demand [43]. The advantages
of solar energy are:

e  Wide availability of the energy source
e  No cost of power consumption (after return on investment)
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e  Environmentally friendly (no emissions of harmful substances)
e No impact on earth’s energy balance (does not exhaust itself)

The drawbacks of this type of energy are:

e  High cost of installation

e  Seasonality (the generated power depends on the weather conditions, time of day, and season)
e  Problems with storing the energy

e  Requires a large area for installation [26]

Biomass is believed to be the least capital intense and the most promising source of renewable
energy in the energy mix. The relevant literature furnishes many definitions of biomass: to quote the
amended law on renewable energy of 7 June 2018, biomass is understood as “biodegradable parts of
products, waste, and biological remains of agriculture, including vegetable and animal substances,
forestry, and related industries, including fishery and acquaculture, as well as processed biomass,
in particular in the form of pellets, briquette, biochar, and biocoal, and biodegradable parts of industrial
waste or communal waste of vegetable or animal origin, including waste from recycling installations and
waste from water and sewage treatment, in particular sewage sludge, in accordance with provisions on
waste related to the qualification of energy recycled from thermal waste processing” [44]. Biomass can
take three forms:

e Solid, e.g., wood
e  Gaseous, e.g., biogas
e Liquid, e.g., bio-oil [45]

Solid biofuels are organic substances, currently used in the energy industry as fuel to produce
electricity and thermal energy. Biofuels include firewood, sawdust, wood chips, grasses, grains,
charcoal, agricultural, horticultural waste, and waste from the furniture industry. The process of
biomass fermentation produces biogas. It is a flammable gas, mostly composed of methanol and
carbon dioxide. The type of biogas depends on the origin of the fermented waste. The most frequently
used waste for producing biogas comes from vegetable and animal waste, landfills, sewage sludge,
breweries, slaughterhouses, and other food-processing plants. Liquid biofuel used in transport is also
produced from plants, i.e., grains, potatoes, beetroots, energy crops, etc. The biofuel generated through
conversion processes may also serve as substitutes or additions to petrol and diesel oil. Biofuels include
bio-liquids, which are used in the production of electricity and thermal energy [43]. The greatest
advantages of using biomass in the energy industry are:

e Economic activation of rural communities

e  Creating additional jobs

e Constant access to sources and media of energy
e  Use of the overproduced food

e  Use of the generated waste

e  Developing wastelands

e Increase in energy security

On the other hand, the disadvantages of biomass are:

e  Risk of decreasing the biodiversity of crops

e Increase in atmospheric pollution from biomass combustion

e Toxic and carcinogenic emissions from pesticide-contaminated biomass combustion
e  Smaller power generation capacity in comparison to fossil fuels

e  Seasonality of some plants [26]
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Another RES is geothermal energy, which occurs as a result of the difference in temperatures
between the Earth’s inside and its surface. The temperature in the inner core of the Earth reaches
6000 °C, while dropping to 15 °C on the surface. Such a vast difference in temperature values drives
the constant flow of heat from the inside of the Earth to its surface. At present, this type of energy
is used to produce electricity and directly as a source of heat. The advantage of geothermal sources
over other renewable media of energy is that geothermal energy is supplied on a regular basis,
independent of external factors, like the weather [25]. Geothermal sources have a wide range of
applications: besides electricity and heat generation, they can be utilized in tourism, health resorts,
animal husbandry, fruit drying, and heat pumps. Geothermal power generation has been developing
rapidly in many countries.

The greatest benefits of this type of energy are the local character of the energy resources
(opportunity of extraction at the point of use), independence of the weather, and no negative impact
on the natural environment. The most important drawbacks are the risk of water and atmosphere
contamination, and accessibility. Even though Poland does not lie in a seismic area, it has very good
geothermal conditions. The first geothermal heating plant in Poland was established in the village of
Baniska Nizna in Lesser Poland in 1993. The heating plant has the capacity of 41 MWt and produces
heating and commercial thermal energy. The plant uses the energy from thermal water, which is
extracted from three wells. Next, the geothermal water is transferred through a pipeline to heat
converters, where it warms up the network water. Finally, the geothermal water is sent back to the
well through absorbent holes [46].

The review of the energy sources presented above suggests many opportunities of generating
energy. The selection of a source is determined by the geographic location, climate conditions,
owned technology, public awareness and economic situation of the country. Poland, owing to its
geological conditions, has a potential to increase the use of RES. These types of energy could have a
larger share in the overall energy mix when the financing of the RES sector and public awareness are
raised to a satisfactory level.

3.2. Prospects for Development of Renewable Energy Sources in Poland

The introduction of the Energy Law Act of 1997 in Poland gave rise to many legal regulations
which encouraged the investment into non-conventional energy sources [38]. A financial support
scheme was designed to encourage entrepreneurs to commit to a greater use of RES and consequently,
to improve the country’s chance of meeting the long-term EU targets set by the Directive of the
European Parliament and Council of 2009. The directive assumed that the share of RES in Poland
should reach 15% of the overall energy consumption by 2020.

Annual publications of the Ministry of Energy showed in 2016 that the share of the energy
generated from renewable sources reached 13.53% in the total energy consumption. This fell short of
the intended target by 0.32%, thus implicating a slowdown in the development of the renewable energy
in Poland, which may have been caused by the amendments to the law on renewable energy and in
the system of public support. Thus, Poland will not be able to increase the share of non-conventional
resources in the total energy consumption even to the minimum level of 15% in 2020. The increase
of this share in the fuel and energy mix will require large financial investment. However, in the
long-term, this process will be profitable, as it will enable the state to avoid paying penalties for
breaking EU norms, to reduce the coal extraction cost, and to expand the number of installations [47].
Besides, the increase in the consumption of renewable energy will improve the condition of the natural
environment and raise the quality of life.

Every country strives to raise the competitiveness of its economy. This objective can be met
through innovative solutions which facilitate progress in various industries, like the energy sector.
Poland was pursuing this goal when the Ministry of Energy presented their document Poland’s Energy
Policy until 2040. The document is an action plan and set the objectives for various sectors of the
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energy industry, where the government should seek modernization. It was assumed that Poland
should concentrate on:

e Increasing energy security

e Increasing economic effectiveness

e  Reducing negative impacts on the environment

e Limiting CO, emissions

e  Expanding the financing of RES, which will lead to its development and creation of new jobs [13]

The measures envisaged by the PEP (Poland’s Energy Policy) strategy which concern solely the
non-conventional sources of energy should concentrate on the following areas:

e  Electrical power engineering
e  Transport
e  Heating and cooling

In the first area, progress will not start in earnest until 2025. The share of green energy will
remain at the same level until new mechanisms are introduced to support the development of the
infrastructure conducive to the development of renewable energy. This aim will be achieved through
photovoltaic, progress in electricity from offshore wind farms, progress in bioenergy from vegetable
waste and biogas and, to the smallest extent, the development in hydro-energy from hydroelectric
power stations. In the second area, i.e., transport, the growth of renewable energy will require large
investment. As electric engine cars will become more popular, the network of EV charging stations will
need to be expanded. The plan also envisages the expansion of biofuel production. The next step will
involve benefits and incentives for EV purchases and financial reliefs for low-emission transport. In the
area of heating, the largest developments are foreseen in biomass and biogas, as Poland has a good
availability of resources and a significant production capacity in this field. On top of this, geothermal
and solar energy will become more prominent, particularly in locations with good insolation [13].

The following projects will contribute to the development of the RE in Poland:

e  Offshore wind energy (new wind farms of projected capacity up to 14 GW)

e  Production of energy for own needs:

e  Energy clusters (dealing with the local energy security and independence)

e  Energy cooperatives (producing energy for own needs and selling the surplus on to the national
system, e.g., “New Energy”)

e  Prosumers (producers and consumers in one person) [13]

3.3. Renewable Energy Sources in Light of Own Research

3.3.1. Characteristics of Respondents

The survey was conducted online in August 2019. It involved 236 participants aged between 19
and 67, with a slight majority of men (119 participants, 50.42%) over women (117, 49.58%). The largest
group of participants was aged 46-50 (34.32%), then 36—45 (29.24%), 19-25 (19.49%), and 25-35 (11.86%).
The smallest number of participants, 5.08%, were people aged over 60 years. As Figure 3 shows,
over 85% of the respondents were city residents, while the other 15% lived in rural areas. Most of the
respondents, 119 participants (50.42%), declared living in a city of over 500,000. The smallest number
of respondents, 24 (10.17%), lived in towns of under 50,000 inhabitants.
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Figure 3. Place of residence, a—village residents, b—city under 50,000, c—city 50,000-150,000, d—city
150,000-500,000, e—city over 500,000. Source: developed by the authors, based on own research.

The largest number of respondents (50 participants, 21.19%) declared net monthly income in
the household of over 3000 EUR. The second largest group, 30 participants (12.71%), was in the
1001-1150 EUR bracket, followed by 29 participants (12.29%) in the EUR 401-750range. The fewest
respondents—16 participants (6.78%), declared their income to be between EUR 200 and 400 (Figure 4).
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Figure 4. Average monthly net income in the household. a—EUR 200 to 400, b—EUR 401 to 750,
¢—EUR 751 to 1000, d—EUR 1001 to 1150, e—EUR 1151 to 1500, f—EUR 1501 to 2000, g—EUR 2001 to
3000, h—over EUR 3000. Source: developed by the authors, based on own research.

3.3.2. State of Knowledge of the Renewable Energy Sources Dents

An overwhelming majority of the respondents (233 people, 98.73%) declared knowing the term
renewable energy sources. Only 2 respondents had never heard this term. Nearly all of them supported
the development of renewable energy sources (97.5%), and 6 respondents (2.5%) did not offer an
opinion in this matter.
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The respondents were asked to define renewable sources of energy. Most of them, 208 (99.14%),
knew the definition, 6 participants (2.54%) admitted they did not, and 22 of the subjects (9.32%) did
not have an opinion.

Only 24 respondents (10.14%) declared that their knowledge of renewable energy sources was
very good, and 75 participants (31.78%) as good. The largest number, 121 (51.27%) evaluated their
knowledge as average. The smallest number, 16 participants (6.78%), said their knowledge of the
subject was poor.

The survey respondents were also asked what sources of renewable energy they have personally
encountered. The largest number of 205 subjects (86.86%) pointed at solar energy collectors,
195 respondents (82.63%) marked wind farms, and 158 (66.95%) of the participants indicated
hydroelectric stations. The smallest number of the respondents (18.64%) had seen biogas stations,
biomass power plants (19.92%), and tidal and wave energy stations (19.07%) (Figure 5).
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Figure 5. Contact with types of renewable energy. Respondents could select more than one answer.
a—wind farms, b—biogas power plants, c—hydroelectric stations, d—biomass energy plants, e—solar
collectors, f—geothermal devices, g—tidal and wave energy stations, h—biofuels, i—never met.
Source: developed by the authors, based on own research.

Over half of the respondents, 124 (52.54%), had never used renewable energy sources, 82 (34.75%)
subjects said they had used them, and 30 (12.71%) said they could not answer.

The respondents were asked to assess which sources of energy had the best potential of
development. The largest number, 177 (75%), chose solar energy, 140 (59.32%) wind energy,
78 (33.05%) nuclear power, and 77 (32.63%) hydro-energy. The fewest of the respondents, 25 (10.95%),
selected primary energy (Figure 6).

Of the respondents, 169 (71.61%) maintained that solar energy was the most eco-friendly, followed
by wind farms (152, or 64.41%) and hydropower (117, or 49.58%). The smallest number of the
participants pointed at biomass (33, or 13.98%), nuclear power (29, or 12.29%), and primary energy
(28, or 11.86%).

In another entry, the respondents answered which energy source, in their view, dominated in
Poland (Figure 7). Most of them chose wind energy—87 respondents, or 36.86%, followed by primary
energy (59, or 25.0%) and solar (42, or 17.8%). Only 3 people chose geothermal energy (1.27%) and
only one person (0.42%) selected biomass energy.
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Figure 6. Assessment of development potential of energy type. Respondents could select more than
one answer. a—wind, b—solar, c—hydro, d—geothermal, e—nuclear, f—biomass, g—primary energy.
Source: developed by the authors, based on own research.
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Figure 7. Dominant energy source in Poland. Respondents could select more than one answer. a—wind,
b—solar, c—water, d—geothermal, e—nuclear, f—biomass, g—primary energy. Source: developed by
the authors, based on own research.

Nearly half of the respondents, 114 (48.31%), believed that renewable energy sources have the
capacity to satisfy man’s energy needs. Only 41 respondents (17.37%) said this was impossible, and 81
(34.32%) offered no view in this matter. On the basis of the relevant literature, it can be concluded that
most scientists, quoting own research, believe that renewable energy is not able to replace conventional
energy, but can only play a supplementary role. One of the problems is that no adequate storage
technology has been invented yet to store the energy from renewable sources [48].
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Less than half of the respondents, 101 (42.80%), said they were ready to pay a higher price for
the services relying on renewable energy, while 61 respondents (25.85%) expressed the opposite view,
and 74 (31.36) had no firm conviction about this.

In the view of 158 participants (66.95%), the greatest disadvantages of using renewable energy are
expensive installations and dependence on the climate and weather (157, or 66.53%). Another drawback
indicated in the survey was insufficient production capacity (77 subjects, or 32.63%) and interference
with the landscape (71, or 30.08%). A few respondents (10, or 4.24%) selected the answer “other” and
presented their own suggestions of the RES shortcomings (Figure 8). The most important of these
were: unreliable power generation, lack of consistency, necessity to transfer energy over long distances,
tight connection of a power plant with the location (which meets specific conditions), lack of storage
capacity to store the produced energy, the market for green certificates and its anomalies, which hinder
the development of this type of energy, while the new technologies are so expensive that they cannot
be a feasible alternative without “subsidies”.
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157
160
140
120
100
77 71
80
40
20
0
b

C d e

23
B o=

-7 9
f

a g h

Figure 8. Assessment of the greatest disadvantages of renewable energy. Respondents could select more
than one answer. a—expensive installations, b—technical problems in use of devices, c—too little energy
capacity, d—dependence on climate and weather, e—interferences with landscape (e.g., raising wind
farms on farm land or flooding areas for reservoirs for hydroelectric stations), f—turbine noise,
g—interferences with radio and TV signal, h—other. Source: developed by the authors, based on
own research.

In the next questionnaire entry, the respondents were asked to choose the greatest benefits of
renewable sources of energy. Most of them (196, or 83.05%) chose the reduction in air pollution and the
care of the natural environment (165, or 69.92%). Less than half of the subjects chose the infinity of
energy resources (100, or 42.37%) and the decrease in the use of fossil fuels (97, or 41.10%) (Figure 9).

The respondents were asked about the factors which could contribute to the increase in
the share of renewable energy in the energy mix. They decided that the optimal contribution
would be financial incentives for investment in RES—187 (79.24%), and tax reliefs—159 (67.37%)
(Figure 10). Some respondents (8, or 3.39%) selected “other” and pointed at: clear legal regulations,
unambiguous executive regulations, possibility to sell energy back to the grid, common European
energy market—tighter cooperation and better trans-border flows, the government investment in
nuclear power, and complex projects for construction of small and micro-power plants.
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Figure 9. Assessment of greatest benefits of renewable energy resources. Respondents could select
more than one answer. a—reduction in air pollution, b—infinity of energy resource, c—man-made
reservoirs limit the risk of floods, d—-care of the natural environment, e—reduction in the use of
fossil fuels, f—use of free energy (e.g., solar, wind, and hydro), g—self-regulation of energy resources,
h—economic benefits. Source: developed by the authors, based on own research.

187
159
9
77
66
' ' :
A

a b C d e f

Number

200
180
160
140
120
100
80
60
40
20

Figure 10. Factors contributing to the increase in the share of renewable energy in the energy
mix. Source: developed by the authors, based on own research. Respondents could select more
than one answer. a—subsidies for investment in renewable energy, b—tax reliefs, c—care of the
climate and environment, d—increased energy independence, e—exhaustion of non-renewable energy
resources, f—other.

In light of a dramatic decline in the quality of air and increasingly frequent weather anomalies
around the planet, every country should make it a priority to limit the use of conventional energy
and replace it, to the largest possible extent, with renewable energy resources. Primary energy still
dominates in Poland’s energy mix. Apart from the deteriorating climatic conditions, Poland as an EU
member state is under obligation to implement such changes in accordance with the ratified agreements
concerning the protection of the environment and energy security.
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3.3.3. Analysis of the Energy Mix

The present chapter investigated Poland’s energy mix. The considerations are based on data
supplied by Statistics Poland. Following the definition found in the encyclopedia by Polish Scientific
Publishers PWN, the energy mix is “a listing where the inward register includes the sum of energy fed
into the studied system and the energy generated in this process, and the outward register includes the
sum of useful and lost energy” [49]. Table 2 enumerates the total amount of the generated primary
energy and the amount of energy from renewable resources in Poland, in comparison to the member
states of the European Union. Years 20132016 witnessed a positive trend of the growing share of
renewable resources in the total generated energy. This growth in Poland reached 1.5 percentage
points, while in the EU it equaled 15.7 percentage points. In the analyzed period, overall generation
of power in the EU decreased from 792.1 Mtoe in 2013 to 755.4 Mtoe in 2016; in Poland, this value
dropped by 4.2 Mtoe in the same period.

Table 2. Generation of primary energy.

2013 2014 2015 2016 2013 2014 2015 2016

Countries Generation of Primary Power
Total (Mtoe) from Renewable Sources (Mtoe)
Poland 70.6 66.9 67.6 66.4 8.5 8.1 8.8 9.0

EU-28 792.1 774 7674 7554 195 197.9 205.8 210.7

Source: developed by the authors, based on Reference [50]. EU, European Union.

In the years 2013-2017, the total of the generated primary energy was at a similar level, with small
fluctuations. It peaked in 2013, at 3,006,461 TJ. In further analysis, we observed a positive trend of the
increasing share of renewable sources in the general energy mix: this value went up from 11.9% in
2013 to 14.1% in 2017. This followed from the increase in the generation of power from renewable
sources by nearly 7% in 2017 against year 2013 (Table 3).

Table 3. Generation of primary energy, including energy from renewable sources.

Specification 2013 2014 2015 2016 2017
(1))
Total generation of primary energy 3,006,461 2,853,825 2,869,751 2,804,263 2,722,815
Generation of primary energy from 358,343 339,835 372,050 380,134 383,168
renewable sources
(%)
Share of renewable energy in the total 11.9 11.9 13 13.6 141

generation

Source: own elaboration based on Reference [51].

In 2018, the largest amount of renewable energy in Poland was generated from solid
biofuels—252,821 TJ (68.88%), followed by wind energy—46,076 TJ (12.55%) and liquid
biofuels—37,920 TJ (10.33%). The smallest share in the energy produced from renewable sources was
composed of geothermal energy—991 T (0.27%), heat pumps—2498 TJ (0.68%), and solar power—3465 T]J
(0.94%) (Figure 11).

In 2013-2015, Poland used more solid biofuels for energy production than the EU average.
The situation was reversed in 2016. The consumption level of solar, hydro, and geothermal energy and
biodegradable communal waste in Poland is significantly lower than in EU countries. The opposite
situation was noticed in the case of liquid biofuels (Table 4).
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Figure 11. Generation of power from renewable sources in Poland in 2018 by the media (TJ).
a—solid biofuels, b—wind energy, c—liquid biofuels, d—biogas, e—hydro-energy, f—communal waste,
g—solar power, h—heat pumps, i—geothermal energy. Source: developed by the authors, based on
Reference [51].

Table 4. Structure of energy generated from renewable sources by sources for Poland and EU-28 (%).

Source 2013 2014 2015 2016

o Poland 80.2 76.6 74.6 71.1
Solid biofuels EU-28 463 441 446 777
Solar power Poland 0.3 0.4 0.6 0.7
EU-28 55 6.1 6.3 6.3

Hvdro-ener Poland 2.5 2.3 1.8 2.0
4 8y EU-28 16.4 163 14.3 14.3
Wind ener Poland 6.1 82 10.6 12.0
&Y EU-28 10.4 11.0 12,6 12.4

Biogas Poland 21 26 26 29

& EU-28 7.2 7.6 7.7 7.9
P Poland 8.2 9.2 9.2 10.2
Liquid biofuels EU-28 6.5 71 6.6 6.5
Ceothermal ener Poland 0.2 03 02 02
8 gpu2s 3.0 31 3.1 32
Biodegradable Poland 04 0.5 0.5 0.9
communal waste EU-28 4.6 4.7 4.7 4.7

Source: developed by the authors, based on Reference [50].

Years 2014-2018 in Poland witnessed a positive tendency of the increasing share of renewable
sources in the total gross energy consumption. In 2014, that value stood at 309,100 TJ, while in 2018,
it reached 349,793 TJ, a growth of 13.6%. The largest year on year increase in that period occurred in
2018—11,773 TJ (Figure 12).
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Figure 12. Total gross energy consumption from renewable sources in years 2014-2018 (TJ).
Source: developed by the authors, based on Reference [51].

In recent years, the ratio of renewable sources of energy in Poland’s energy mix has been constantly
growing. This is a positive trend, although the degree to which these resources are exploited is still
too low, and lower than in most EU countries. As fossil fuels are becoming exhausted and the state
of the natural environment is declining, Poland should focus on making the most of its renewable
energy resources.

4. Conclusions

Renewable sources of energy will become more and more prominent in the global energy
generation in the coming years. This follows from the declining state of the natural environment and
the growing energy intensity of many industries. Higher consumption of energy is also driven by the
global population growth and the need to provide decent living standards around the world.

The research objective was achieved with the use of answers collected via survey and elaborated
in addition to some data obtained from Statistics Poland (GUS). The data-based conclusions were
interpreted in the light of relevant scientific literature.

The survey results demonstrated that nearly all respondents who participated in the study
declared the knowledge of the term renewable energy resources (99.14%). The respondents have
a diverse level of knowledge in the investigated area. A slight majority considered their state of
knowledge to be average (51.27%). This may follow from the fact that most survey participants do not
use renewable energy resources and do not know any RES power plants in their locations. According to
the respondents, the most popular RES facilities in Poland are solar power plants (86.86%) and wind
farms (82.36%). The respondents maintained that photovoltaic facilities are the most environmentally
friendly and have the best outlook for development.

Energy from solar and wind power can improve Poland’s energy safety. However, taking into
account the identified barriers (legal, financial, impact on the natural environment), the role of these
sources of energy in Poland’s energy mix must not be overestimated and any actions taken in this area
should be preceded by comprehensive analysis.
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Although they appreciated the importance and benefits of renewable energy, the respondents
claimed that these resources will not fully satisfy the demand for electricity, and that they would
be unwilling to bear higher cost of using renewable energy. As they are aware of the growing air
pollution, the respondents (83.05%) pointed at the improvement in air quality as the greatest advantage
of renewable energy resources. Despite many benefits of the use of renewable resources, the survey
participants were discouraged by the high cost of installations and the dependence of RES power
stations on the local and atmospheric conditions. The respondents expressed the view that the best
encouragement for the increased share of the renewable resources in the energy mix would be expanded
subsidies and tax reliefs.

The data collected by GUS (Central Statistical Office) show that energy from renewable resources
has recently been increasing its share in Poland’s ultimate energy mix (from 309,100 TJ in 2014 to
349,793 TJ in 2018). In 2018, most energy from renewable sources came from the use of solid biofuels
(252,821 TJ). Despite the constant progress of the RES sector in Poland, their share in the energy mix is
still far from being sufficient (14.1% in 2017) to meet the norms adopted by the EU.

Poland’s government institutions should prioritize measures leading to a greater use of
non-conventional sources of energy. To this end, the action plan envisaged in Poland’s energy
policy until 2040 should be implemented. This will ensure Poland is not financially penalized for
failing to meet the energy obligations set by the European Union in the future. The development of
RES can also contribute to the improvement in air quality and creation of new jobs. An increase in the
energy security of Poland will be the crowning achievement.
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