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Abstract

:

Environmental pollution, energy supply and security of supply have become major issues across the world due to climate change, limited energy sources, energy price volatility and energy supply constraints. Energy availability, energy efficiency and the replacement of fossil fuels by renewable energy sources are key factors in the global development of sustainable energy. In many countries with limited fossil fuel resources, the sustainable development of renewable energy sources is an important tool in reducing dependence on imported fuels. Some alternative energy sources, such as wind, solar, tidal and hydropower, seem almost inexhaustible. With the exception of tidal energy, all of these sources have been used extensively and for a long time. This article examines the improvement of energy security and the government’s actions to promote the use of renewable energy sources, focusing on increasing energy efficiency and reducing energy intensity and dependence on energy imports in Lithuania. In addition, the article provides the state of renewable energy sources in Lithuania, aspects of sustainability and future development directions and perspectives.
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1. Introduction


After the closure of the Ignalina (Lithuania) nuclear power plant (NPP), producing electricity at a competitive price in Lithuania became problematic. In 31 December 2009, the second reactor of the Ignalina NPP was shut down and Lithuania switched from being a net exporter to being a net importer of electricity. Currently, Lithuania imports about 70% electricity. Only the electricity produced at Kaunas hydroelectric power plant remained competitive. Nevertheless, further large and small hydropower plants development in Lithuania is not expected, as hydropower in Lithuania is neither economically nor environmentally promising. Unfortunately, the cost of electricity produced by all other power plants operating in Lithuania exceeds the market price. In this context, the expansion of the use of renewable energy sources is one of the key factors in the development of sustainable energy. In addition, the European Union aims to get at least 32% of its energy from renewable sources by 2030, leaving Member States free to set their own national renewable energy target. The Lithuanian National Energy Independence Strategy sets ambitious goals for the development of renewable energy for the future, as it is desired that at least 80% of renewable energy in final consumption and use of 100% of renewable electricity by 2050 [1].



Many countries in the world with limited fossil fuel resources are moving in this direction. The analysis carried out in the case of Japan showed that the most primary energy sources in Japan are biofuels and waste energy, followed by hydropower and geothermal energy [2,3]. Recently, China has focused on the photovoltaic, wind power and biomass industries. According to 2018 data, 97% of all employees working in the field of renewable energy worked in wind power, biomass and photovoltaic sectors [4,5]. In France, in addition to nuclear energy, priority renewable energy sources include wind and solar resources, the development of which seems to be the most promising [6,7]. Spain has one of the largest installed wind power capacities in the world [8,9]. The Swedish government’s goal is to produce 100% renewable electricity by 2040 using currently dominant hydropower combined with wind power capacity [10,11]. The combination of wind power with hydropower, solar energy and biomass energy is the main renewable energy source in Poland [12,13]. Finland has a long tradition of using forest biomass for combined heat and power and heat production, but the use of other renewable energy sources, such as wind energy, liquid biofuels and heat pumps, will increase in the future [14,15]. Reducing the use of fossil fuels in Germany focuses on several types of renewables, with an emphasis on the use of solar, wind, biomass, hydropower and geothermal energy. The national German Energiewende program “from fossil fuels to renewables” pays great attention to energy storage in special batteries and ultra-capacitors, which are characterized by high energy density [16,17,18]. By using ultra-capacitors, it is possible to meet peak energy needs much more efficiently, to reduce the impact of long-term disturbances of wind or solar energy, to increase the flexibility of energy infrastructure (grids, pipelines and storage places), to coordinate energy resource management and optimal usage. In Denmark, electricity produced wind power will remain the cornerstone of the energy system [19,20,21]. Furthermore, a sustainable energy sector is inconceivable without thermal energy and electricity produced from renewable sources. Priority is given here to energy from sea waves and photovoltaics power generation. There is also a strong focus on fuel production from biomass. The growth of the Dutch economy is also linked to the use of renewable energy sources. Their expansion is projected to create over 50,000 new jobs by 2030, and more than half of gas-fired power plants and fossil coal as a fuel will be replaced by solar panels and wind turbines, reaching 75% of electricity generation by 2030 from renewable sources [22]. In addition, much attention is and will be paid to the use of urban bio-waste in the electricity and especially thermal energy production sector [23].




2. Renewable Energy


Promoting the use of renewable energy sources (RES) has become an important option in tackling the energy crisis and environmental problems in many countries. Ensuring the sustainable development of renewable energy requires appropriate policy and strategic solutions to reduce greenhouse gas emissions and increase energy efficiency. Figure 1 shows the framework of “green” initiatives to maintain a balance between renewable energy sources, the environment and economic activity.



Globally, renewable energy sources include wind, solar, biomass, geothermal, biogas, tides and ocean and hydrogen energy (Figure 2).



Unfortunately, in the case of Lithuania, due to objective reasons, this list of potentially usable renewable energy sources is shortening, therefore we will review in detail only the most promising and relevant renewable energy sources for Lithuania.



2.1. Wind Energy


The use of wind energy has developed quite rapidly in many parts of the world over the last ten years. The total capacity of wind power industry has increased almost fivefold in the last ten years [24]. Compared to many new renewable energy sources, such as solar energy and biomass, the utilization costs of wind energy are relatively low. Analyzing the use of wind energy in Lithuania, it can be stated that in 2019, wind farms operating in Lithuania produced 1499.4 GWh of electricity, which is about 13% of the final electricity consumption in Lithuania [25]. In 2019, power plants using renewable energy sources in Lithuania produced 2469.1 GWh of electricity, most of which was generated by wind power plants (Figure 3).



According to the Lithuanian Wind Power Association, there are currently 23 wind farms with a capacity of 480 MW in Lithuania, and a total of 546 MW of power plants have been installed, including individual wind farms (Table 1), and this number is growing every year.



Electricity generated in wind farms accounts for more than a half of all electricity generated from renewable energy sources in Lithuania. Figure 4 shows the data of installed capacity of renewable energy power plants by source for 2020.



Unfortunately, Lithuania still lags far behind countries such as Denmark, Ireland, Portugal and Germany in the use of wind energy, where according to the data of 2019, 48%, 33%, 27% and 26% of the country’s electricity needs were produced, respectively. In addition, data from 2018 show that in Lithuania, the peak installed capacity, which describes the amount of electricity that the wind turbine can generate under optimal wind conditions, of 1 kW wind power plants produced an average of 2050 kWh of electricity, while in all EU countries this total indicator is 3200 kWh/kW. This means that a wind power plant of the same capacity in the EU produces on average 1.56 times more electricity than in Lithuania; at the same time—the cost of electricity produced by Lithuanian wind power plant is 1.56 times higher. Another important factor in the development of wind energy is the possibility of wind power plants to be connected to the electricity grid. Nevertheless, wind is currently the most efficient renewable resource. According to the goals set in the Lithuanian National Strategy, wind generation should triple by 2030, and in the long run, wind farms should produce more than 50% of Lithuania’s electricity needs.



Due to improving technologies, electricity is being extracted from wind energy more and more efficiently. According to the International Energy Agency, the price of electricity in onshore wind farms is about $50 per megawatt-hour, compared to $80 per megawatt-hour in 2012. The conditions for the development of wind energy in Lithuania are quite favorable, as there are plains and no natural barriers that can block the wind, but it should be noted that the average wind power is not the same every year and can vary by up to 20%. There are certain obstacles to achieving the goals set in the National Energy Independence Strategy. One of the main obstacles is the cutting of incentives for larger wind farm projects. Another problem faced by project developers build new wind farms is related to the tax environment. In addition, the practice of municipalities to tax wind energy projects at the maximum property tax rate is controversial. Appropriate government assistance is needed to address these issues.




2.2. Solar Energy


The possibilities of using solar energy are very wide—it can be used for heating and lighting of residential and other buildings, for electricity generation, water heating, in agriculture, for charging electric cars, and for various economic, commercial and industrial needs. Part of the research aims to prove that solar energy is the most efficient renewable energy source for home and commercial use [27,28,29,30]. According to Solar Power European (SPE) statistics, in 2017, the total installed solar power capacity exceeded 400 GW and increased by 32% compared to 2016 [24] and grew by 11% in 2020. It is often assumed that there are very few solar energy resources in Lithuania, and that they are insignificant. However, comparing, for example, the number of sunny hours per year in Vilnius (1588 h per year) with the data for some European cities (Edinburg, there are 1427 h of sunshine per year, Dublin—1453, Brussels—1546, Zurich—1566, Warsaw—1571) we see that there are enough resources to use solar energy in both active and passive ways. The effect will certainly be lower than in countries such as Malta, Greece, Portugal, Spain or southern Italy, where the number of hours of sunshine per year is between 2400 and 2900 h of sunshine per year [31]. In recent years, Lithuania has seen an increase in the amount of energy generated by solar power plants. Solar power plants in 2019 produced 91.1 GWh of electricity, which is 34% more than in 2017 [25]. However, we should not forget the fact that solar power plants need about seven times more peak power than thermal power plants to produce the same amount of energy. In addition, research on the efficiency of innovation in the Lithuanian solar energy industry is currently relatively lacking.



Recently, however, the popularity of solar energy, especially in households, has been growing rapidly due to favorable government decisions. The legalization of remote solar power plants and the planned financial support for their installation paved the way for such a breakthrough. Efficient solutions for the interaction between solar power plants and geothermal heating are particularly popular among household owners. Residents who produce electricity from the sun pay less for it, and the increase in the number of consumers producing nationwide will have a tangible impact on the growth of Lithuania’s energy independence. Solar power plants are predicted to continue to play a key role in the use of renewable energy sources in households in the future.




2.3. Biomass Energy


Biomass energy also successfully increases the share of Lithuania’s renewable energy resources in the total state energy production balance. According to price and quality ratio and contribution to the energy balance, biofuels use has great potential in the future. Countries that are leaders in climate mitigation policies have already proven that biomass is a cornerstone for the world’s transition to carbon-neutral energy in the future. Biomass for energy continues to be one of most important source of total production primary renewable energy in the EU, with a share of 58% in 2017 [32]. The uptake of renewable energy sources envisages increasing the efficiency of biomass energy production and the use of the obtained heat together with electricity in industry and for district heating, using both heat and electricity-producing cogeneration power plants. Sustainable forest management must be ensured here. It is required to ensure that no more biomass is harvested than replanted, that soil fertility and water quality are protected, and that the use of biomass would be closely linked to the protection of biodiversity. In addition, about half a million hectares of uncultivated land can be used for biomass cultivation. Unfortunately, biomass cultivation in Lithuania is developing very slowly.



In the production of fuels from biomass can be used miscellaneous wastes of organic origin. This is wood and its preparation and processing waste generated during the process, straw and oilseed rape, which is designated in agriculture as waste, stock-raising waste, organic waste, obtained in the food industry, selected organic waste from incoming municipal waste, organic substances accumulated in wastewater silt, etc. However, when burning more and more biomass, the environmental aspects of its use are becoming relevant. Despite the fact that biomass is a carbon-neutral renewable energy source, in addition to carbon dioxide, many toxic combustion products and particulate matter are released into the environment. Without taking in to account the specific properties of biomass, boilers and power plants using it can become sources of higher pollution instead of reducing emissions. It is therefore necessary to take measures to reduce polluting emissions by promoting the use biomass as a fuel. Despite a relatively small share of the total energy balance, the household-utility sector still remains a relatively large source of environmental pollution. Although the average annual concentration of fine particulate matter (PM2.5) in 2017 ranged from 3 µg/m3 to 17 µg/m3 and did not exceed the established norm (25 µg/m3), in certain periods of the year in some regions it was higher than the World Health Organization recommended—10 µg/m3. It is therefore important to provide support to the household-utility sector on the possibility of installing cost-effective and energy-efficient heating systems in the building and improving the energy efficiency of the building. Solar batteries, solar collectors, geothermal heating not only free from the hassle of taking care of fuel, but also completely protect from indoor and ambient air pollution and its possible harmful effects on health.



Despite the current problems with the use of renewable energy sources, research confirms that renewable energy has a negative impact on CO2 emissions on a global scale [33]. It can be said that renewable energy is the most common an important solution for reducing CO2 emissions, as renewable energy plants emit the least CO2 of all power plants.




2.4. Geothermal Energy


In 2020, European geothermal electricity generation capacity reached 3.5 GWe. The number of operating plants is projected to double over the next 5–8 years [34]. In Lithuania, as in the whole world, geothermal energy resources extraction may be associated with hot dry rocks (using the heat of surface soil and bedrock), hot groundwater and low temperature groundwater (<20 °C). Of the renewable energy sources, geothermal energy is used the least in Lithuania so far and Lithuania lags far behind the EU average. Although these resources are renewable and inexhaustible, their use is limited by the fact that these resources are not available in all areas of Lithuania, requiring significant investment in technology and equipment (the main part of the costs consists of drilling deep wells). In addition, the extraction of this energy is limited by technical problems related to the operation of power plants. However, with the rapid development of technology, new regions, previously considered unviable, are beginning to be absorbed. Until ten years ago, the economic limit of geothermal electricity production was linked to a temperature of 200 °C. Now this cartel has been lowered to 120–150 °C, and some geothermal power plants in the world already uses reservoirs with a temperature of only 100 °C [35]. Therefore, the possibilities to establish geothermal power plants in Lithuania are becoming a reality and should not be postponed to a long-term perspective.




2.5. Hydropower Energy


As mentioned earlier, the situation in Lithuania is not favorable for the development of hydropower energy. Moreover, energy produced in hydroelectric power stations on the plains cannot be considered as ecological. In addition to large floodplains, destroyed agricultural land and forests, and their biodiversity, hydroelectric ponds emit gases that cause global warming. Although the amount of these gases is relatively lower than in the case of thermal power plants, it accounts for a quarter of the greenhouse gas emissions of a gas-fired thermal power plant of analogous capacity. Increasing the development of hydropower plants would irreversibly destroy most of the remaining natural rivers in Lithuania, radically change the landscape, and lose unique habitats, forests, meadows and agricultural land.




2.6. Hydrogen Energy


Recently, there has been an increasing focus on hydrogen energy technologies. Unlike petrol or diesel, hydrogen combustion generates water vapor and does not emit greenhouse gases. For this reason, hydrogen technologies are considered promising in the search for alternative energy sources that can replace fossil fuels and do not contribute to climate change. Recently, however, most of the hydrogen has been produced from natural gas. This process is quite polluting because it results in the formation of greenhouse gas methane. The focus here must be on the production of clean hydrogen by electrolysis of water using only renewable energy sources, such as solar or wind energy [19,36,37]. Hydrogen technologies currently used in the EU account for a small share of total energy consumption, but the European Commission expects this share to rise to 14% by 2050 [38,39]. In order to exploit the potential of hydrogen energy in Lithuania, it is necessary to mobilize both the investment and legal environment, as well as market opportunities and scientific potential.





3. Energy Efficiency


Energy efficiency is one of the key factors in climate change mitigation strategies, improving energy security and ensuring environmental sustainability. As greenhouse gases are mainly generated by energy production and use, energy efficiency can have a significant impact on reducing greenhouse gas emissions. In addition, the need for energy investment and energy imports is declining, saving consumers money. Energy efficiency is described as the fastest and cheapest way to ensure security of energy supply and address environmental and economic challenges. That is why EU legislation has introduced measures for a number of greenhouse gas emitting sectors, and the EU itself has set energy efficiency targets for 2030. The European Union has set itself the goal of improving energy efficiency at the EU level by at least 32.5% by 2030, while Lithuania has an obligation to save at least the total amount of final energy from 1 January 2021 to 31 December 2030, which corresponds to 27.2792 TWh. In accordance with the law of the Republic of Lithuania on improving energy efficiency, the responsibilities of the Lithuanian ministries to achieve the set goal are shown in Figure 5.



The main energy efficiency measures planned to achieve the set goals by 2030 are the following: increasing energy efficiency in enterprises (projected energy savings of 1.1 TWh); railway electrification (projected energy savings 3.36 TWh); implementation of sustainable urban mobility plans (projected energy savings of 2.95 TWh); promotion of electric vehicles (projected energy savings of 6 TWh) and others (Figure 6).



EU Member States are encouraged to prioritize energy efficiency policies aimed at reducing dependence on energy imports, reducing emissions and reducing energy bills. Renewable energy production contributes to mitigating climate change and increases countries’ security of energy supply by reducing import dependence. An approach to reducing emissions based on technological innovation and energy efficiency is very important for the manufacturing industry, as relatively high energy consumption in the case of low efficiency is one of the main source damaging the environment [40]. Here, it is essential to make the right decisions, both legal and economic, to encourage industry to invest in energy-saving and emission-reducing technologies and, ultimately, to reduce carbon emissions. Energy technology innovation is closely linked to energy efficiency and renewable energy sources, while the impact of energy innovation and some forms of renewable energy sources on carbon emissions is still underestimated. It is important to mention that in 2015 the Energy Efficiency Fund, financed by the European Regional Development Fund, was established by a tripartite agreement between the Ministry of Finance, the Ministry of Energy of the Republic of Lithuania and the Public Investment Development Agency. Lithuania, in compliance with the provisions of its energy strategy and international obligations, is developing and improving the legal framework that would promote sustainable energy development. The projected changes in energy consumption by 2030 due to the efficient use of energy resources are presented in Figure 7.



The main measures in increasing the efficiency of energy use and reducing pollution in the most important sectors of the Lithuanian economy would be the following (Table 2).



In addition, municipal decisions play an important role in reducing pollution and promoting energy efficiency. Long-term planning decisions should be based on an assessment of future climate scenarios and the threats posed by climate change, with a particular focus on predictable extreme events (rains, heat waves, floods, droughts, forest fires, etc.) [41].




4. Greenhouse Gas Emissions


The biggest impact on the greenhouse effect is made by carbon dioxide, methane, nitrous oxide and fluorinated gases (F-gases). According to the United States Environmental Protection Agency, the percentage distribution of these greenhouse gases in 2019 was as follows: carbon dioxide—80%, methane—10%, nitrous oxide—7%, and various fluorine gases—3% [42]. Most carbon dioxide is emitted by burning coal, oil products, natural gas, solid waste and as a result of certain chemical reactions, e.g., cement manufacture. The main sources of methane are coal, natural gas, oil production and transportation. Methane emissions also result from agricultural practices and the decomposition of organic waste in landfills for municipal solid waste. Nitrous oxide and fluorinated gases are typically emitted in smaller quantities during a variety of industrial and agricultural activities. Unfortunately, F-gases is the fastest growing class of greenhouse gases in the world, especially in developing countries [43,44,45].



A few years ago, together with the EU, Lithuania aims to reduce its total greenhouse gas emissions (GHG) up to 40% by 2030 compared to 1990 levels, by 2040 reduce up to 60%, and by 2050 reduce up to 80% [2], but for the new European Commission, which took office in autumn 2019, such ambitions proved too weak and in 2020 it was decided to reduce CO2 by 60% by 2030 and make Europe a climate-neutral continent by 2050. The implementation of such plans depends to a large extent on the expected funding from EU and national sources, so the package of possible measures to achieve the final goal is not entirely clear. Similar carbon reduction targets have been set by China, because the Chinese government also committed in the Paris Agreement that by 2030 China’s carbon dioxide emissions per unit of GDP will fall by 60–65% compared to 2005 [46,47,48]. Lithuanian industrial and energy companies participating in the EU Emissions Trading System (ETS) together with operators of other EU Member States must reduce their greenhouse gas emissions by a total of 43% compared to 2005. Lithuania’s GHG emission reduction target, which is not covered by the EU Emissions Trading System (non-ETS) by 2030, is −9% compared to 2005, as set out in the Effort Sharing Regulation (ESR) [49]. Figure 8 shows the gaps between projected emissions and ESR targets for 2030.



At the same time, Latvia needs to reduce its greenhouse gas emissions in the non-ETS sector by 6%, Poland by 7%, and Estonia by 13% until 2030 in comparison to 2005 [50,51,52]. National emission reduction targets are set on the basis of the principles of fairness, solidarity, cost-effectiveness and environmental benefits. Given the different capacities of the Member States to take action, the regulation differentiates the objectives according to the share of GDP per capita.



The strategic direction of Lithuania’s climate change mitigation is to achieve that the country’s economy grows faster than the amount of greenhouse gas emissions increases. The most significant source of GHG in 2019 was carbon dioxide, which accounted for 68.4% of the country’s total greenhouse gas emissions, expressed in CO2 equivalent [53]. This was followed by methane (14.5%) and nitrous oxide (14.3%). Meanwhile, hydrofluorocarbons, nitrogen trifluoride and sulphur hexafluoride together accounted for only 2.8% of total GHG emissions in Lithuania (Figure 9).



In 2019, 20.37 million tons of total GHG were emitted into the atmosphere in Lithuania. The largest source of GHG generation is the energy sector, which is dominated both in the general context of all emissions and in CO2 emissions, which in 2019 accounted for 58.4% of the total emissions and 80.7% of the total national CO2 emissions (excluding land use, land-use change and forestry), in 2019 [54]. The main sectors here are transport and the energy industries, which generated 52.9% and 19.2% of the total CO2 emissions in energy section, respectively, in 2019. The second and third most important sources of GHG emissions are the agricultural sector, which accounts for 20.9% of the total national GHG emission and industrial processes and product use sector, which accounted for 16.7% of total national GHG emissions. In the agricultural sector, the most significant sources in 2019 were methane and nitrous oxides emissions, while in the industrial processes and product use sector, the largest emissions were accounted for by ammonia production, nitric acid production and cement production [55,56]. The waste sector accounts for a relatively small share of the total CO2 emissions (Figure 10).



Past statistics show that between 1990 and 2000, GHG emissions fell sharply as a result of declining industrial production (Figure 11).



When the economy started to grow again, emissions increased, but slightly. This was mainly due to energy efficiency and other significant measures taken to reduce emissions [55]. Therefore, public authorities have a key role to play in promoting the renovation and modernization of public and residential buildings through energy efficiency measures to improve the energy performance of buildings, modernize urban street lighting systems, create a healthy urban ecosystem, increase water use efficiency, and legalize compulsory waste recycling [56,57]. There are already many technological solutions that help reduce energy costs: heat pumps, wind turbines, solar collectors, recuperative air conditioning systems and so on. In addition, compared to other countries that are most advanced in the use of renewable energy sources, Lithuania still does not have sufficient measures to promote the use of renewable energy. The attitude of every member in society towards waste sorting, the choice of a less polluting vehicle, the choice of alternative energy systems in the household, the overall reduction of energy consumption, the use of green electricity produced from renewable energy sources, becomes a very important factor here. It is important to educate the population and explain how an insulated home, an economical light bulb, an economical heating or water supply system will save energy and money.




5. Conclusions


The level of carbon dioxide in the atmosphere is already such that climate change cannot be stopped by reducing CO2 emissions alone. Although CO2 is the main concern at the moment, mainly from fossil fuel combustion, methane gas could become no less important in the near future due to the so-called positive feedback loop: global warming is melting the perennial Arctic frost, releasing methane into the atmosphere and the climate continues to warm, so even more frost melts, more methane is formed, and so on. It is crucial to realize that the longer the postponement of climate change mitigation and adaptation measures, the more efforts will be needed in the future to reduce the negative impacts in all areas. Here, technological progress and the rapid uptake of new technologies are becoming a key factor in the sustainable development of the renewable energy industry.



In order to promote “Green” initiatives, reduce CO2 emissions and to ensure a more even and efficient development of renewable energy sources, one of the measures would be continuous close cooperation between businesses operating in the field of renewable energy resources, municipal policymakers and scientific institutions, providing open access to technical-economic performance indicators. Effective energy use is one of the best ways to reduce emissions of greenhouse gases and other pollutants.



In line with the commitments made in the EU directives, Lithuanian government’s strategy is based on the rapid expansion of renewable energy-related industries, while promoting job creation and implementing environmental and global warming mitigation solutions. As one of the most popular and important sources among renewable energy, wind energy, supported by government action, has been experiencing a huge explosion of growth in recent years and shows great potential for reducing emissions in the future. Biomass also has the largest energy future in Lithuania, from which biofuels are produced. Government policy has a major role to play here. The government should control the level of investment in the renewable energy industry, adjust investment in relevant industries, improve the efficiency of capital use. The government should influence policies such as taxation and interest rates, further improve financial subsidy policies related to modern technological innovation, improve differentiated incentive policies to assess the specific situation of a company, strengthen coordination and efficient use of resources between ministries and departments, and fully assess the impact of innovation synergies on enterprises. It is therefore essential to fully promote the use of renewable energy, to support voluntary environmental policies in industry and to increase energy efficiency through various measures. Businesses should be encouraged to develop and use “Green” technologies through tax incentives.



When replacing old energy sources with new ones, the government should be obliged to subsidize households to purchase energy-saving equipment.



It is very important to strengthen the already existing regional co-operation between Lithuania and the other Baltic States and Poland to expand it to new areas and to increase the geographical coverage to include the Nordic countries, which is especially important in ensuring energy security.
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Figure 1. Framework of “Green” initiatives. 
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Figure 2. Technology based on the use of renewable energy sources. 
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Figure 3. Electricity production from renewable energy sources in 2019. 
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Figure 4. Installed capacity of power plants according to the renewable energy source in 2020. 
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Figure 5. Obligations to save energy distribution between ministries (from 1 January 2021 to 31 December 2030). 
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Figure 6. The main measures envisaged for energy efficiency. 
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Figure 7. Energy efficiency: primary and final energy consumption. 
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Figure 8. GHG emission targets for Lithuania by ESR, %. 
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Figure 9. Lithuanian greenhouse gas emissions by gas in 2019. 
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Figure 10. Lithuanian greenhouse gas emissions by economic sector in 2019. 
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Figure 11. Lithuanian GHG emissions by sectors during the period from 1990 to 2019, kt CO2 eq. 
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Table 1. Electricity capacity and generation [25,26].
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	Technology
	Capacity in 2020, MW
	%





	Non-renewable
	2493
	73



	Renewable
	922
	27



	Hydropower plants
	117
	3.4



	Solar power plants
	148
	4.3



	Wind farms
	539
	15.8



	Bioenergy (biofuel, biogas) power plants
	118
	3.5



	Geothermal
	0
	0



	Total
	3415
	100
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Table 2. Main measures in increasing the efficiency of energy use and reducing pollution in the sectors of the Lithuanian economy.
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	In Energy
	In Transport
	In the Industry
	In Agriculture
	In Forestry





	
	-

	
grid capacity increase,




	-

	
public education and raising awareness by promoting the reduction of electricity consumption,




	-

	
replacing overhead power lines with underground ones,




	-

	
improving the security of electricity supply facilities.






	
	-

	
development of informative transport systems,




	-

	
bridges, roads and railway update using more resistant materials and newer technologies,




	-

	
development of urban transport system,




	-

	
society promotion of exercise public transport,




	-

	
development of infrastructure of bicycles and others non-motorized transport measures.






	
	-

	
raw materials and energy use increasing efficiency and reduction of imports,




	-

	
waste and wastewater handling infrastructure adaptation to rains and floods,




	-

	
production, storage and transportation equipment customization to a changing climate conditions,




	-

	
investment protection against flooding means.






	
	-

	
farm consolidation, diversification of activities,




	-

	
ecological farming, fertile drained land use,




	-

	
protective vegetation strips and buffer zones installation around intensively worked plots of land,




	-

	
insurance benefits, mutual assistance funds,




	-

	
selection and use of more resilient animals and agricultural crops.






	
	-

	
afforestation of unused and unsuitable agricultural land,




	-

	
implementation of a sustainable forestry policy, use of deforestation waste for biofuel production,




	-

	
breeding tree species that are more resistant to winter storms and summer shrubs,




	-

	
avoid the dominance of homogeneous trees when reforestation,




	-

	
forest fire prevention, risk management.
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