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Energy security in EU (European Union) countries has become a priority, especially after the outbreak of the war in Ukraine.

In addition to the EU becoming independent from oil and gas from Russia, another important factor influencing the

development of alternative renewable energy sources is the increasingly visible climate change in the world and in Europe.

One of the key actions that EU countries should undertake is the transition to a low-emission economy and the associated

use of various renewable energy systems and placing these energy sources wherever the production of clean energy does

not significantly change the landscape and society.

wind energy  wind resources  energy transformation  EU countries

1. Introduction

Renewable energy sources offer significant advantages over fossil fuels, as they are abundant, sustainable, and produce

little-to-no greenhouse gas emissions during operation . By harnessing these clean and renewable sources, EU countries

can substantially reduce their reliance on fossil fuels, thereby decreasing their carbon footprint, contributing to global efforts to

limit global warming, and mitigating climate change impacts . The strategic placement of renewable energy systems is a

critical consideration in the transition to a low-emission economy. By locating these energy sources where they do not

significantly alter the landscape or disrupt communities, the social acceptability and environmental sustainability of such

projects are enhanced .

The societies of individual countries that are observing increasingly unfavorable weather phenomena related to the production

of energy from fossil fuels have become very much involved in the development of innovative clean technology solutions .

Unfavorable weather phenomena, such as heatwaves, droughts, floods, hurricanes, and wildfires, have become more

frequent and severe due to climate change driven by greenhouse gas emissions from burning fossil fuels . These extreme

events have devastating effects on communities, ecosystems, and economies. As a result, there is a growing recognition

among EU societies that relying heavily on fossil fuels is unsustainable and poses significant risks to their wellbeing and

prosperity . All social strata of a given country participate in the energy transformation conducted in this way . Achieving a

successful energy transition involves not only the active involvement of governments and businesses but also the

engagement of citizens, communities, and civil society as a whole . This inclusive approach is crucial for driving the

adoption of renewable energy and ensuring its sustainable development .

In recent years, very intensive work on the use of renewable energy sources (RESs) has been observed in European Union

countries . By involving all social strata in the energy transformation, EU countries can harness the collective efforts and

ideas of their citizens, businesses, and communities to accelerate the adoption of renewable energy technologies and achieve

their renewable energy targets . This comprehensive approach ensures a more balanced and resilient energy system while

fostering a sense of shared responsibility and ownership among all stakeholders in shaping a greener future . Thanks to

these works, the share of renewable energy sources in energy production in the EU in 2017 reached 29.9% . Wind

energy and its solutions are of great importance among renewable energy sources in the EU . In 2018, wind energy

achieved the largest share among renewable energy sources in the EU for the first time. In EU countries, the amount of

electricity produced by wind turbines reached 362.4 TWh , which was a 37.2% increase in relation to 2007. In 2018,

the total capacity of wind farms accounted for 24% of the total installed capacity of all RES installations . In EU countries,

the best conditions for the development of wind energy are in the North Sea and the Baltic Sea and off the Atlantic coast .

Apart from changeable wind conditions, the development of wind power engineering is also influenced by the internal
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conditions of a given country. Wind farms in the EU are installed both on land and at sea . The number of offshore wind

farms depends on the length of the coastline in a given country. According to the analysis, wind farms in the EU are located

primarily on land. Offshore wind farms account for merely 4.1% of the total capacity produced by installations using wind

energy . Historically, onshore wind farms have been more cost-effective to develop and operate compared to their offshore

counterparts . The initial investment for offshore wind projects can be significantly higher due to the complexities of

constructing and maintaining turbines in marine environments . The development of onshore wind farms began earlier and

gained traction in many EU countries before offshore wind technology was widely deployed . As a result, onshore wind

farms have had a head start and established a stronger presence in the energy landscape . In 2021, the largest share of

wind power in the European Union was generated by Denmark (44%), followed by Portugal (26%), Spain (24%), and

Germany (23%). Countries where these values ranged from 20% to 10% include Sweden (19%), Greece (18%), the

Netherlands (15%), Belgium (13%), Croatia, Austria and Romania (11%), and Lithuania (10%). Less than 10% generation

from wind power was generated in countries such as Estonia (9%), Poland (9%), France (8%), Italy (7%), Bulgaria (4%),

Latvia (2%), Hungary (1%), the Czech Republic (1%), and Slovakia (0.04%) .

2. Solutions Related to Wind Energy

In the last fifteen years, many legal acts regarding the promotion of renewable energy sources have been introduced in the

EU . In 2009, the EU leaders set targets, according to which by 2020 approximately 20% of the energy consumed in the

European Union should come from renewable sources . This directive obligated all the EU countries to reach a level of a

10% share of fuels from renewable sources in the transport sector. Based on this directive, all the EU countries defined how

they intended to achieve individual targets and presented action plans regarding the policy of using energy from renewable

sources. Every two years, each EU country is required to submit a report on progress in this area on the basis of relevant

indicators .

In July 2021, in the European Green Deal package, the Commission presented the Renewable Energy Directive, aiming to

increase renewable energy sources to 40% by 2023 . In May 2022, after the Russian invasion of Ukraine, the European

Commission decided to accelerate the transition to clean energy and reduce dependence on Russian oil (RED III) (RED—

Renewable Energy Directive) as part of the REPowerEU plan. On 9 November 2022, it was decided that power plants using

renewable energy sources would be considered an overriding public objective (RED IV) . This decision represents a

significant step forward in the European Union’s commitment to advancing renewable energy and combating climate change

. The RED IV directive builds upon the existing Renewable Energy Directive (RED) framework, which was first introduced

in 2009 to set binding targets for renewable energy use across the EU member states . The primary objective of RED IV is

to further accelerate the transition towards a low-carbon and sustainable energy system by promoting the development and

integration of renewable energy sources into the region’s energy mix .

RED IV is expected to set even more ambitious targets for the share of renewable energy in the EU’s overall energy

consumption . The directive is likely to call for higher percentages of renewable energy use by a specific timeline,

encouraging member states to accelerate their renewable energy investments and deployments .

In July 2021, the European Commission published a legislative package entitled “Fit for 55: delivering the EU’s 2030 climate

target on the way to climate neutrality” . The main targets included an increase in the use of renewable energy in buildings

to 49% by 2023, a new benchmark of a 1.1 percentage point increase in the use of renewable energy in industry, an annual

increase of 1.1 percentage points in the use of renewable energy sources for heating and cooling purposes in the member

states, and an indicative annual increase of 2.1 percentage points in the use of renewable energy sources and waste-based

heating and cooling processes . After the EU decided to increase the use of renewable energy sources in individual EU

countries, in September 2020, the European Commission established a mechanism for financing energy from renewable

sources  based on Art. 33 of the Regulation  in the “Clean energy for all Europeans” package. This mechanism is still

being implemented in EU countries . Its main goal is to help the countries meet their individual and collective renewable
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energy targets. The energy generated owing to this financing mechanism will be included in the renewable energy targets of

all the countries striving to achieve carbon neutrality by 2050 . As part of the REPowerEU plan, the European

Commission made important assumptions regarding the resources of individual types of renewable energy. The plan assumes

that by 2025, the capacity of photovoltaic systems will have doubled to reach 320 GW, and by 2030, systems with a capacity

of 600 GW will have been installed . Regarding biomass and biofuels, the EU directive  assumes that by 2030, the

share of advanced biofuels and biogas in the transport sector will have increased to 3.5% . In the last three years, a very

large development in wind power engineering, especially with regards to onshore wind energy, has been observed throughout

Europe, including in the EU. In 2022, the most energy in the entire European Union was generated by wind and photovoltaic

power plants. It is worth noting that for the first time in history, renewable energy sources outnumbered other power

generation technologies . Since 2020, the amount of wind energy in the European Union has been systematically

increased in relation to the total amount of renewable energy produced in the EU. The European Parliament has been

developing strategies and directives that assume an increase in the production of energy from wind farms . Recognizing

the urgent need to transition to renewable energy sources and combat climate change, the European Parliament has played a

pivotal role in shaping the EU’s energy policies and setting ambitious targets for the expansion of wind energy . The

European Parliament has consistently pushed for more ambitious renewable energy targets to be set at the EU level. These

targets have provided a clear roadmap for member states to increase their share of renewable energy in their energy mix and

have been a driving force behind the expansion of wind energy projects .

In November 2020, the Commission published a special EU strategy regarding offshore renewable energy . According to

this strategy, the production of electricity from offshore renewable sources is to reach 60 GW (gigawatts) by 2030 and 300

GW by 2050. In February 2022, the European Parliament adopted a resolution (2021/2012(INI)) (INI—own-initiative

procedure) on the strategy for wind energy, which assumes that wind energy generation should range from 70 to 79 GW .

According to the report “Wind Energy in Europe: 2021 Statistics and the outlook for 2022–2026”, onshore wind energy

installations in EU countries generated 14 GW, whereas offshore installations generated merely 3.4 GW. This report assumes

that in the years 2022–2026, 27 EU countries will build new wind farms with a capacity of ca. 18 GW. To achieve such a

result, individual countries must provide 32 GW per year, which will result in a 40% share of wind energy in electricity

generated by renewable sources in the EU. The increase in renewable energy resources is related to the economic efficiency

of individual renewable energy generation technologies . The economic efficiency of individual technologies in the EU

countries has been specified in the document of the European Commission “Energy sources, production costs and operation

of electricity generation technologies, heat production and transport”  as an attachment entitled “Second Strategic Energy

Review”. This document compares the costs and efficiency of different technologies used to produce energy from renewable

sources. The following parameters were taken into account: capital expenditure, operating costs, and the total cost of energy

production .

Onshore wind energy is the cheapest form of electricity generated from renewable energy sources. The investment costs in

this case range from EUR 1000 to EUR 1370/kW, whereas electricity from offshore farms is more expensive, reaching EUR

1750 to EUR 2750/kW. Wind energy is also unrivalled when it comes to operating costs, which for onshore farms amount to

EUR 33–42/kW, and in the case of offshore farms, costs range from EUR 71 to EUR 105/kW. Also, production costs are

lower, reaching €50–93/kW . Based on the above-presented information, the European Commission has concluded that

the costs of producing wind power, especially onshore energy, in the years to come will be the lowest of all electricity

generation technologies . The wind power sector has witnessed remarkable technological advancements and innovations

over the years. Improved turbine designs, enhanced manufacturing processes, and better materials have led to increased

efficiency and reduced production costs. As technology continues to evolve, the efficiency and performance of wind turbines

are expected to improve further, driving down the overall cost of wind energy production .

The development of wind power engineering must comply with the principle of sustainable socio-economic development,

taking into account an increase in the quality of life and natural environment improvements . It is important that solutions

related to the production of wind energy should have a positive impact on the natural environment and should reduce
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greenhouse gas emissions into the atmosphere . The development of wind power engineering and its technologies results

in a significant reduction in so-called environmental costs, i.e., the costs involved in the production of energy using

conventional power generation technologies . The advantages of wind energy also include the fact that wind is a source of

renewable energy that will never run out. Another benefit is the partial independence from electricity suppliers, especially in

places where power outages occur . Wind energy also can be produced not only on wind farms—there are modern

innovative wind turbines that can be installed on the roofs of residential houses, office buildings, and production halls. An

innovative solution that is currently gaining popularity is placing wind turbines in the structures of bridge carriers and in

movable boards or advertising billboards .

Wind power engineering as a source of energy encounters many obstacles related to the implementation of new solutions,

which makes the development of this cost-effective technology difficult .

Barriers related to the development of wind power engineering that are mentioned in the subject literature can be divided into

the following groups: legal and financial barriers, educational barriers, and technical and ecological barriers .

In the European Union, there are no regulations applying to visual and noise encumbrance related to wind farm operations,

whereas individual countries have legal instruments that allow citizens and NGOs (non-governmental organizations) to block

the establishment of wind farms and the installation of wind turbines. The legal instruments that can be used to block the

development of wind power engineering include the environmental impact assessment procedure. The process of assessing

the environmental impact is usually time-consuming as it must be conducted whilst consulting with the local community.

Moreover, it may generate economic losses for the investor in the event that permission to build a new turbine is not granted.

In accordance with legal requirements in the EU , investors of large wind farms are forced to follow the environmental

impact assessment strategy. In addition to legal and economic barriers, large wind farm investors frequently encounter social

resistance, i.e., reluctance or fear of local residents. Sometimes, despite the conducted and positively completed

environmental impact assessment procedure, wind farms are not built due to the strong opposition from residents and non-

governmental organizations . An example of this could be the construction of a wind energy test center in north-western

Jutland, which was to consist of five to seven wind turbines located on land . The opposition of non-governmental

organizations and the local community was so great that the investment was not completed. Another barrier hindering the

development of wind farms and the introduction of new innovative solutions is the lack of legal regulations regarding protected

areas of cultural heritage as well as the resistance of ecologists . The EU is introducing many amendments that regulate

these issues. Any legal changes deriving from community law must be applied in accordance with the provisions of the

legislation of the country concerned. Currently, the EU is working on procedures regulating, among others, issues related to

cultural heritage, protected areas, and local spatial development plans. All these regulations should be useful in the

implementation of wind energy projects .

An important obstacle is also the information and education barrier; therefore, it is necessary to get through to local

communities by launching information campaigns, in which people are informed in a clear and comprehensible way about

investments related to the construction of wind farms and development of wind power engineering. Both the advantages and

disadvantages should be presented in order to prevent future investments from being blocked by local residents, such as non-

governmental organizations . The lack of knowledge about the benefits of using wind energy among the society is a

significant problem in EU countries and affects the development of wind farms. Education should be conducted for all

renewable energy sources . Significant obstacles include technical barriers connected with limited access to new

technologies and devices used in wind power engineering as well as difficulties in the planning and forecasting of the

available capacity and volume of energy produced at wind farms . The European Union continues to implement technical

solutions that support the infrastructure necessary for large-scale wind energy production. One of the solutions is to connect

offshore wind farms directly to the mainland via a radial connection. This is related to the concept of so-called hybrid projects

regarding islands where wind turbines and onshore power hubs are located . Another example of an innovative solution

used in wind power engineering involves vertical-axis wind turbines—an alternative to horizontal-axis wind turbines used so

far . Other innovative solutions are so-called mini power plants, i.e., home wind farms that can be used extensively in
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single-family housing . Such solutions can be found in Scandinavian countries. It should be noted, however, that a home

wind turbine does not cover the full demand for electrical energy, but merely ca. 25% .
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