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Abstract

:

The European Commission introduced a package of measures to accelerate the shift to low-carbon energy transition in Europe. In 2014, EU member states agreed to reduce greenhouse gas emissions by at least 40% by 2030 compared to 1990 levels. The binding greenhouse gas emission targets for Member States from 2021 to 2030 for the transport, buildings, agriculture, waste, and land-use and forestry sectors were established. EU Member States should decide on their own how to meet the agreed upon 2030 target and implement climate-change-mitigation measures. All EU MSs have committed to prepare national energy and climate plans based on regulation on the governance of the energy union and climate action (EU)2018/1999, agreed as part of the Clean Energy for All Europeans package approved in 2019. The national plans outline how the EU Member States intend to implement the GHG reduction target by increasing their in energy efficiency, use of renewables, greenhouse-gas-emission reductions, interconnections, and research and innovation. This paper analyzes the energy and climate plans of the Baltic States and systematizes the main climate-change-mitigation policies in the energy sector targeting the household sector. The background of energy and climate planning is provided from a theoretical point of view, encompassing regional, local, and national energy and climate plans. The diffusion levels of renewables in the Baltic States were determined and the energy-climatic-friendly policies followed, by them, they were identified.
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1. Introduction


The European Commission (EC) launched the Europe 2020 Strategy in 2010, promoting smart, sustainable, and inclusive growth in the region. Then this ten-year strategy was followed by the Green Deal [1] and Sustainable Development Goals [2], aiming at a continuation of this expired strategy. Recently, countries are attempting to meet the green attributes of their economy, especially in the context of today’s global energy crisis and economic uncertainty. This unstable socioeconomic situation is also challenging due to the prolongation of the COVID-19 pandemic or Russia invasion of Ukraine. Both of these globally-affected situations induced significant changes in the patterns applied to energy demand, production, and consumption energy sector [3,4]; the development of renewable energy [5]; the targets of greenhouse gas (GHG) emissions reduction, as well as the unavoidable need to follow the global trend of energy production downsizing [6,7].



The negative impact of the COVID-19 pandemic came out as a big problem in the second half of 2021, mainly due to high increases in energy prices and the subsequent steady increase in energy prices after the Russian invasion in Ukraine. Therefore, the main measures of energy consumers’ alleviation from this economic burden were presented by EC and referred to the development of renewable energy resources, increase of energy efficiency, and reduction of climate emissions in alignment of finding new energy suppliers [8].



The ten-year Europe 2020 Strategy sets targets for climate change and energy for the EU region as a whole and for each country individually. Therefore, each one of the EU member states can achieve the EU climate and energy targets for 2020 and 2030 by instrumenting the National Energy and Climate Plan (NECP). However, while the NECP is considered to be the most important instrument for member states to achieve the aforesaid targets, there is currently no comparative assessment of the achievements of NECPs targets implementation in 2020 at the relevant literature. This paper seeks to evaluate the countries achievements to implement the climate change and energy targets linked to household’s sector based on an analysis of the NECPs of selected member states—in this case, the Baltic States. Indeed, as far as the authors are aware, this is the first time a study has jointly examined and integrated the three main research fields of climate, renewable energy, and households, when considering the energy production situation in the Baltic States.



The article is divided into several subsections. The second section is the literature review of scientific studies dealing with energy and climate plans. The third section presents methods and data. The fourth section presents case-study analysis results. The fifth section provides a discussion, and, finally, the conclusions of the research are presented in the section sixth.




2. Literature Review


The National Energy and Climate Plan (NECP) is referring to the adaptation of the EU directives of each EU member state while considering that spatial planning is important to achieve 2030 targets and considering the fact that renewable energy sources (RES) support the technical potential of all types of land-use utilization. NECP also concerns those local governance and municipalities’ actions to be undertaken, such as municipal development plans, long-term plans, significant barriers identification, and improvement opportunities available toward renewable energy use, while understanding the practical implications entailed at developing renewable-energy projects [9].



The implementation of NECP becomes more complicated for those heavily fossil-based economies that are steering for greener alternatives for electricity production; thus, socioeconomic impacts and technological shifts are unavoidable in the near future [10]. This fuel-type shift at a national level is not rational or straightforward, since there are countries among the EU in which a fossil fuel such as lignite has been the predominant power source for Greece for more than one century of electrification [10]. It was proven that even though lignite power production is the certain contributor of the Greek economy, investing in renewables is appreciated as an important opportunity for value added and job creation, but it is also a source of social opposition among all geographically dispersed renewable-based units, mainly photovoltaic plants, wind farms, small hydro units [10]. Another spectrum of critique issues refers to the absence of key determinants of energy planning, such as risk analysis of alternative scenarios, energy mix strategic planning being based on the energy mix and energy storage, undermining of energy savings at the transport and buildings sectors, and the future/forecasted energy prices. Subsequently, it is plausible for a delay of this transition for some years to be reported, enabling strategic energy planners and designers to be prepared while considering the most sustainable paths for that transition, such as the utilization of more alternatives (especially renewables) as the best available option recently [11].



Another critical issue of NECP applicability is whether national power system resources are characterized by adequacy and optimum operation, possibly considered through a thorough long-term scenario-based analysis investigating under what ways the electricity generation mix, the capacity/flexibility/adequacy of the power system, the economic viability of various fast-response resources, and other promising technical solutions are all evolved in order to cope with the regulatory framework implications generated [12]. Such research offered new challenges for the operation of the whole/national power system and simultaneously proposed new opportunities for system operators and energy companies to gain the multiple benefits prospected [12].



From a technological point of view, NECPs are associated with challenging variable renewable electricity (VRE) targets in the EU. VRE was designed to sustain a high-peak-to-average output, while also balancing the lost value of curtailment over the extra costs of higher Simultaneous Non-Synchronous Penetration (SNSP). In a similar study, marginal spilled wind can be higher than the average, thus creating a potentially significant market distortion to reduce the value of adding further VRE [13].



From a methodological point of view, it is noteworthy to better understand the EU’s policies for energy and climate, as that of Börzel’s theoretical framework utilization on Europeanisation, while examining Green Deal responses, strategies, and compliance among EU Member States [14]. Such a final version of NECPs proved a considerable variation in Member States’ strategies. Indeed, regardless of this diversification of EU Member States’ responses, the majority of the critical components are partially addressed, while other components are not discussed. The causality of these classification changes is attributed to the fact that the internal environments of EU Member States sustain stakeholders of different response paces and interests regarding environment, climate, and energy [14].



From a geographical point of view, it can be stressed that the fulfillment of the Paris Agreement at the EU demands the achievement of ambitious climate and energy targets, having the utmost importance target to energy efficiency. Therefore, in the relevant literature, a multi-perspective approach has been designed for an optimal energy-efficiency portfolio, caring to meet the criteria of a balanced, realistic, and cost-optimal energy-efficiency policy portfolio of an NECP extended framework. In such a design, the relevant constraints are technical limitations, socioeconomic disputes, particularities, and political priorities. The latter is mainly declared its financial limitations toward the fulfillment of EE targets into national (Member States’) contexts having varied potentials of advancing cost effectiveness comparing to existing EU-derived policies [15].



A representative geographical coverage, mainly within EU countries, in which the NECP has been reported in the literature refers to a wide plethora of relevant studies from Germany [16], Austria [17], Poland [18], Spain [19], Belgium [20], Italy [21], and the United Kingdom (UK) [22]. The evaluation of different emission reduction measures under discussion is framed by the decarbonization, energy efficiency (expresses in terms of energy savings), and renewables’ deployment. In this multidimensional context, the EU member states are recommended to meet their carbon dioxide/energy/climate-changes reduction goals through (a) decarbonization, (b) energy efficiency, (c) supply security, (d) market integration, and (e) research and development (R&D). Into this general framework of interventions and policies, there should be shorter and exclusively adopted targets, such as (a) emission-reduction targets’ achievement in the transport sector, (b) funding and innovation of the policies selected, (c) financial opportunities of economic development including taxation and economic instruments toward achieving realistic and feasible targets, and (d) technological and industrial policies that are suitable to generate jobs and economic development in the contexts of households and community cohesion [16,17,18,19,20,21,22]. The constraints and the preconditions of proposed interventions toward NECPs’ effectiveness are plentiful and are concerning various key issues, such as (a) statutory advisory councils on energy and climate policies in the European Commission (EC); (b) dispersed NGOs and consulting bodies making proposals for meeting the formal standards imposed by the EU framework; and (c) an adequate capacity of the public administration that can confront the bureaucratic obsolete and dysfunctional NECP approaches of the EU with more flexible, smart, and targeted ones [16,17,18,19,20,21,22].



In our study, the research status of the Baltic States and Latvia was presented in alignment with the three main research fields of climate, renewable energy, and households, supporting the main academic views, the literature-focused research achievements, and the debates generated due to existing problems and the possible causality of disputes reported. Indeed, in the EU, the Baltic States, and Latvia, there is a broad spectrum of defining power industry, including the area and the content, the varied social life, and the economic existence, as well as the comfort and the safety provision. This study covered a wide spectrum of operational interest, including heat/thermal energy, transport/fuel, electricity, and energy resources. Therefore, a wider frame of synergy types (a) between renewables and conventional generation (small-scale synergies) and (b) among energy sectors and power industry (large-scale synergies) were considered to achieve the dimensions of national energy and climate plans, also revealing significant outcomes of economic importance, such as findings in efficiency and competitiveness of costs [23]. In the same geographical context, Latvia’s NECP2030 identified the activities and the policy measures regarding their type and the ways of impacting on the energy users’ choices and actions, since both choices and actions play a decisive role of Latvia’s NECP2030 achievement. In a more detailed analysis, the Latvia’s NECP2030 was organized into 12 activity groups, with each encompassing one or more activity clusters with activities and measures which influence differently the use of RES. It was reported that, due to the recommendation of stringent measures to effectively achieve certain policy goals, there were four activity groups identified for whom the activities might not be sufficient [24].



A holistic overview of the existing literature production in the fields of climate, renewable energy, and households for all the Baltic States is presented in Table 1.




3. Methods and Data


Systematic review of NECP based on content analysis and comparative assessment of RES targets and planned and implemented policies to promote RES in households in selected EU Member States. The additional climate-change mitigation and energy policy documents in selected countries were reviewed to fill up the gap of information on RES targets and their implementation results and jointly examine planned and implemented policies presented in NECP of selected countries, thus ensuring the consistency of review. The case study of three Baltic States was conducted based on a content analysis and a comparative assessment of the Estonian, Latvian, and Lithuanian NECP and other related policy documents aiming at RES promotion in the household sector.



The selected case study of Baltic states included the countries of Estonia, Latvia, and Lithuania. These countries are situated in Eastern Europe and joined the EU in 2004. The main feature of this group of countries is that they were former Soviet Union Member States and regained independence after the collapse of the Soviet Union in 1990. These countries are neighbors to each other in the same geographical area and retain common/shared cultural and socioeconomic experiences from their soviet past and transition toward the EU.



The situational characteristics among the three selected Baltic States of Estonia, Latvia, and Lithuania were compared, identifying the causalities of these differences and proposing policy recommendations that are in alignment with the EU criteria of accession.



A comparative assessment was conducted in association with the case study of three Baltic States. This comparable assessment consisted of the following steps: RES and other related targets of the countries were compared; the trends of RES and the implementation of other targets were compared and discussed by identifying the similarities and the differences, as well as their reasoning; the critical review of the implemented and planned climate-change mitigation and RES-promotion policies in households was performed; and policy recommendations were developed.



The strength of the applied comparative assessment was its simplicity and easiness of both involving quantitative data in the analysis and deploying a qualitative interpretation and systematic analysis of the outcomes derived. The limits of the comparative assessment are also related to the fact that the high degree of simplification and subjectivity make the analysis rigid to be adapted to evolving/rapidly changing data having also liquefied economic characteristics. To some extent, this is a common analysis and planning constraint among countries experiencing transitional characteristics in their economies.




4. Case Study Results


4.1. Comparative Assessment of Climate and Energy Targets Set in NECP


The main targets for GHG-emission reduction, RES, and energy efficiency that are linked to households’ energy consumption set for year 2020 and 2030 in the NECP of Lithuania, Latvia, and Estonia are presented in Table 2. The target set for the EU is also presented in Table 2 by identifying the benchmark countries have to follow.



As one can see from Table 2, the main targets set in the NECPs of the Baltic States linked to the household sector are as follows:




	
GHG reduction targets under the Doha amendment to the Kyoto protocol and Paris Agreement, compared to the 1990 level;



	
GHG reduction targets outside of the EU Emissions Trading System compared to the 2005 level;



	
Share of renewables in gross final energy consumption;



	
Use of renewables in transport;



	
Energy-efficiency targets (primary energy consumption and final energy consumption).








In Table 2, factual data regarding the implementation of targets set for 2020 are given for the Baltic States.



The Effort Sharing legislation has set the annual GHG targets for Member States for the periods 2013–2020 and 2021–2030. These targets are set for sectors not included in the EU Emissions Trading System, such as transport, buildings, agriculture, and waste. National targets are set to deliver a reduction of around 10% in total EU emissions from the sectors covered by 2020 and of 30% by 2030, compared with 2005 levels. The Baltic States have set different GHG-emission-reduction targets outside of the EU Emission Trading Scheme System for 2020 and 2030. Estonia set the lowest GHG-reduction target for 2020, at 13%; Lithuanian set it at 15%, and Latvia at 17%.



In regard to RES targets, Latvia is distinguished with very ambitious targets for the share of renewables in gross final energy consumption for 2020 and 2030, respectively, at 40% and 50%. At the same time, targets for RES in 2020 and 2030 set by Lithuania (23% and 45%) and Estonia (25% and 42%) are quite similar and more ambitious though EU RES targets in final energy consumption for 2020 and 2030 (20% and 32%).



For the use of renewables in transport, the Baltic States have set different targets in their NECPs. Lithuania committed to achieve 10% in 2020 and 15% in 2030 of renewable energy usage in transport, and Estonia committed 10% and 14%, respectively. Latvia has set the least ambitious targets for renewable energy usage in transport: 10% for 2020 and 7% for 2030.



Energy-efficiency-improvement targets in the Baltic States are set for primary and final energy consumption in 2020 and 2030 by taking into account the requirement to achieve 20% (2020) and 32.5% (2030) of final energy savings. Although the Baltic States had set the same target as the EU for 2020, i.e., 10%, only Lithuania and Estonia have set the same targets as EU the for 2030, i.e., 14%; Latvia has set just a 7% target for RES usage in transport for 2030.




4.2. Comparative Assessment of Implementation of Main Targets


The results achieved of Baltic States in GHG emission reduction are presented in Figure 1.



As one can see, in Figure 1, in 2020, Estonia reached a significant GHG-emission-reduction level, and the total GHG emissions of the country was just 29% of the 1990 level, meaning that it was reduced by more than 70%. In Latvia and Lithuania, the GHG emissions in 2020 made 42–43% of total GHG emissions in 1990, meaning that they were reduced by almost 60% compared to the base year’s level. These results of total GHG-emission reduction achieved by the Baltics provide significant overachievement of the EU target set for 2020, i.e., 20% of GHG emission reduction, in comparison with the level in 1990, as Baltic States have established the same GHG-emission-reduction target for 2020 as the EU (20%). In Figure 2, the dynamics of the share of renewable energy in gross final energy of the Baltic States are provided.



Latvia reached the highest share of renewables in gross final energy consumption in 2020—42%. Compared with the target set in Latvia’s NECP, i.e., 40%, the country exceeded the set target in 2020. Estonia set the share of RES in gross final energy consumption at 25%, and in 2020, the country exceeded its target, as the share of RES in final energy consumption was 30% in Estonia. Lithuania had set a RES target for 2020 of 23%, and in 2020, it achieved 27% of RES in gross final energy consumption. Therefore, all Baltic States exceeded their main RES penetration target for 2020. In Figure 3 the dynamics of the share of renewables in transport in Baltics is provided.



Estonia is distinguished from other Baltic States by having a very high achievement of RES usage in transport in 2020, i.e., 12%. Latvia reached 6.7% of renewable energy use in transport, and Lithuania reached 5.5%. The Baltic States have set the same target as the EU for 2020, i.e., 10%; therefore, Latvia and Lithuania underachieved their renewable energy targets in transport in 2020. At the same time, Estonia overachieved its target for 2020. For the year 2030 the EU, Lithuania, and Estonia have set a 14% target -while Latvia has set just a 7% target- for the share of renewables in transport. In Figure 4, the dynamics of the energy-efficiency indicators in the Baltics are provided.



Comparing Baltic States in terms of their targets and their achievement in energy efficiency improvement in 2020, it is possible to state that just Lithuania did not achieved the energy-efficiency-improvement target in 2020. Latvia and Estonia overachieved their energy-efficiency-improvement targets for 2020 in terms of primary and final energy consumption.



Lithuania has set an NECP energy-efficiency-improvement target for 2020 for primary energy consumption of 6 Mtoe and for final energy consumption of 4.3 Mtoe; however, in reality, in 2020, Lithuanian’s primary energy consumption was 7.4 Mtoe, and its final energy consumption was 6.2 Mtoe or 23% higher for primary energy consumption and 44% higher for final energy consumption. Estonia overachieved just energy-efficiency improvement-targets in 2020 for primary consumption by 50%, as the actual final energy consumption in 2020 was the same as target set in the NECP (2.8 Mtoe). Latvia has overachieved both targets for energy-efficiency improvement by 20% for primary energy consumption and by 13% for final energy consumption.




4.3. Analysis of Climate Change Mitigation and RES Promotion Policies in Households


The main policies and measures to promote RES in the electricity sector set for the NECP include GHG-emission reduction in the household sector presented in the NECP of Baltic States cover policy measures to promote RES in electricity sector, district heat, and transport sector. When comparing RES promotion measures in the electricity sector among Baltic States, one can notice that Latvia has a limited set of policies and measures to promote RES in the electricity sector, even though the country reached the highest share of RES in electricity generation in 2020, i.e., 42% (twice higher than EU target), and has also set for 2030 a target (50%) almost twice as high as the EU’s target, i.e., 32%. This is due the fact that Latvia has a high share of hydro in electricity generation due to abundant hydro resources from the river Daugava, thus distinguishing this country from other Baltic States. The country does not need many policies and measures to increase its share of RES in the gross final energy consumption in 2030, as it already reached 42% in 2020 [41]. In our per-country analysis regarding existing policies and measures to promote RES in the electricity sector set for NECP, the following was revealed:



In Lithuania, the main existing policies and measures to promote RES in transport are mandatory blending of biofuels into mineral fuels and excise duty for biofuels. Lithuania has set many planned policies and measures to support RES in transport after 2020. They include provisions on operating costs of generation II biodiesel through mandatory blending; financing generation II bioethanol production facilities; investments for biomethane plant facilities; purchasing provision of public, utility, or other commercial vehicles fueled by compressed natural and/or biomethane gas; and operators’ obligation of natural gas stations while supplying gas for direct consumption in transport [42]. Other promotional and RES-affiliated policies can include co-generation plants using localized and RES renewables, primarily for Vilnius and Kaunas; upgrading/replacing worn biofuel boilers with RES technologies (mainly solar technologies, heat pumps, and heat storage) as that of heating installations in households, homes, and district heating; and using heat from waste generated by industrial deployment of RES (70% electricity, 30% heat), as well as the modernization of the heat metering system [42].



In Latvia, just a few policies and measures were identified to promote RES in transport in NECP: reducing of the use of private vehicles by optimizing movement of public transport and other modes of transport and promoting increasing RES quantities in vehicles. The promotion of such vehicles by biogas purification facilities and the extensive biomethane use should be related to long-term sharing of RES in public and commercial transport [41]; promotion of RES in district heating, while ensuring reduction in energy consumption and increasing the use of RES in DH (district heating); and improvement of energy efficiency in LH (local heating) and individual heating in regard to meeting a more efficient use of the heating system and its technologies used [41].



In Estonia, the main policies to promote RES in district heating are renewable energy support and support for efficient heat and power cogeneration and development of heating sector, focusing on boiler houses and heating networks at district and local heating systems [43]. Estonia is distinguished from other Baltic States by its very high share of RES in transport due to domestic-waste-based biomethane usage. Estonia’s existing measures to promote RES in the transport sector are increasing the share of biofuels in the transport sector and support for purchasing electric vehicles. Planned measures are quite ambitious though; in 2020, the country has achieved a very high share of RES in transportation, including electrification of railways, and electrification of ferries [43].



Though Latvia and Lithuania have underachieved their RES targets in the transport sector for 2020, just Lithuania was planning in NECP many additional policies and measures to promote RES in transport after 2020.





5. Discussion


The draft NECPs were assessed by the European Commission in June 2019 [45]. Subsequently, the NECPs’ goal for 2030 [46] is to achieve changes in the use of energy with a possibly better impact on climate and environment [17]. However, when examining NECPs’ operation and success, we cannot examine these things in way that is as detached from the EU’s energy/climate goals for 2020 and 2030 [45]. Therefore, NECPs are viewed in the light of a long-term “climate neutral” vision for 2050. On the national level, we can evaluate how successful or not individual EU Member States can be at achieving the EU’s 2020 targets and how they can best achieve 2030 goals. In this context, there is some criticism of the planning process required by the Regulation on the Governance of the EU. Therefore, it is technically most feasible for expert contributors originated only from those countries who have assessed their respective (national) energy/climate plans, as these are the nine EU countries (reference year 2019): Austria, Belgium, France, Germany, Italy, the Netherlands, Poland, Spain, and the UK [45].



In the Baltic States, the NECP2030 synergies between climate policies and strategic domains can be deployed through applying the Climate Policy Integration (CPI) approach. CPI was defined as integration of activities to mitigate climate change and adaptation activities at all policymaking levels and stages. In such a way, other policy sectors and commitments can reduce or prevent contradictions between climate policy and goals and policies and goals of other sectors. NECP2030 aims at guiding policies and policy instruments that achieve changes in production and utilize the energy resources of sustainable economic orientation and joint functionality in alignment with climate goals. The NECP2030 policy measures have been organized into 12 activity groups. However, it should be signified that there are policies that are not synergistic with climate policy or are even of a competitive nature vis-a-vis climate policy [47].



Based on the aforementioned analysis, a critical point is that each EU Member State demands its own responsibility to prepare a NECP and to set achievable climate targets, while performing meaningful measures and policies to achieve these set targets. Annex 4 of the Latvian NECP2030 provided such an integrated overview of policies and measures to achieve the climate targets. The NECP actually does not provide information on the impact of the policies or which measures are more important and which are of low significance. Similarly, the measures in Annex 4 of the NECP were not determined by industry experts but by ministry officials. The NECP impacts were described by the depth of measures’ effectiveness and the developmental stage. In such a way, the assessment of how energy policies are impacting on the effectiveness of the policy and the level of development is realistic by using relevant indicators. In this context, it is widely accepted and commonly recognized that multicriteria analysis and composite index method can be utilized as the most suitable methods to measure the promotion of energy efficiency in a variety of socioeconomic sectors, including the construction sector (built environment) [48,49,50,51]. However, low-impact measures were comprehensive horizontal measures, such as measures related to the principle of “energy efficiency first” and review of energy-efficiency obligation schemes. The feature of such NECPs’ indicators showed high sustainability rates in which possible side effects and transparency of policies can be interrelated [52,53,54,55,56].



Another important finding on the NECPs’ feasibility and functionality is defined by the components of energy-sustainability strategies, such as energy sufficiency, energy efficiency, and renewable energies, especially in urban facilities at the built environment. In such an analysis, the investigation of the depth and effectiveness of the European governments follow this strategy, it can be approached by conducting a systematic analysis of all available European NECPs and Long-Term Strategies (LTSs). Therefore, the collection and grouping of such NECPs’ sufficiency-related policy measures enables the determination of those differences, or convergences, among the countries filed. In such a study, it was reported that most sufficiency policies are driven to the transport sector, when classifying also modal-shift policies to change the service quality of transport as sufficiency policies. Moreover, the types of sufficiency policy instruments are considerably varied from one sector to the other. For instance, research has been directed/attributed to financial incentives and fiscal instruments in the transportation sector, information has been directed/attributed to the construction sector, and financial incentive/tax instruments have been directed/attributed to cross-sectoral application. In such an analysis, regulatory instruments play a minor role in the sufficiency policy in the NECP’s EU Member States. Similar to energy efficiency, energy sufficiency is mainly referred to as micro-level individual behavior change; nevertheless, NECPs are not considered as policy actions that enable societal change, yet [57].




6. Conclusions


Based on the theoretical overview and the research findings of this study, it can be denoted that the implementation level of the EU’s setting of targets enabled researchers and planners to monitor the progress and to rank countries’ effort and fulfillment of commitments in seeking sustainable, smart, and inclusive growth in a measurable manner. In this respect, our study did not only take into account the level of achievement of the target, but also investigated NECPs abiding policies and measures among the three selected EU member states: Estonia, Latvia, and Lithuania. Such an approach allowed us to assess the national efforts and the progress of strategies devoted to achieve climate change and energy goals for selected sectors. The analysis of implementation of the objectives not only reflected on the national efforts, but also served as a supporting tool for the further development of policies and measures with a positive environmental footprint, especially those targeting to reduce GHG emissions.



In 2020, the Baltic States achieved significant GHG-emission reductions and total GHG emissions; for example, Estonia reduced the total GHG emissions more than 70% and Latvia by almost 60% compared to the base year (1990) level, even though other countries set just 20% reduction targets for this year.



The Baltic States have exceeded their targets for renewables in gross final energy consumption in 2020. Latvia set the target of 40% but reached 42% in 2020. Estonia set its target to 25% but reached 30% in the same year. Lithuania set its target to 23% but achieved 27% of RES in gross final energy consumption.



Estonia is distinguished from other Baltic States with very high achievements of RES usage in transport in 2020, i.e., 12%. Latvia reached 6.7%, and Lithuania reached 5.5% of renewable energy use in transport. The Baltic States set the same target as the EU for 2020, i.e., 10%; therefore, Latvia and Lithuania underachieved, and Estonia overachieved their renewable-energy targets in transport in 2020.



When comparing Baltic States in terms of their achievement of energy-efficiency-improvement targets in 2020, one can notice that just Lithuania has not achieved energy-efficiency-improvement targets in 2020. Latvia and Estonia overachieved their energy-efficiency-improvement targets for 2020 in terms of primary and final energy consumption.



When comparing policies and measures to promote RES in sectors linked to households in the Baltic States, one can notice that Latvia distinguished less developed planned policies and measures to promote RES after 2020, especially in the electricity sector. As the country is in a very good position in the achievement of all targets set for 2020 in NECP, the planned measures are mainly a continuation of successful policies implemented up to 2020. In addition, Latvia has a very high share of RES in electricity generation due to plenty of hydro resources and does not need additional measures to promote RES in the electricity sector.



Lithuania and Latvia are experiencing problems in regard to the implementation of RES targets set for the transport sector, thus fostering many additional policies to promote RES in transport, such as for the support of the following: use of natural and biomethane types of gas, especially for vehicles of public and commercial use; the expansion of natural gas stations, supplying gas for direct consumption in transport; operating costs of generation II biodiesel through mandatory blending; support for financing generation II bioethanol production facilities; and investment support for biomethane plant facilities.



Estonia significantly exceeded RES targets in the transport sector due to domestic waste-based biomethane usage; the country is planning to implement further polices and measures such as the transition of public transport to biomethane and electricity, the development of railway infrastructure, and the electrification of railways and ferries.



Lithuania is the only country among the Baltic States that has not implemented the energy-efficiency-improvement targets set for 2020; therefore, more policies and measures should be developed to promote energy-efficiency improvement in the country, especially in the residential sector, where a huge energy-saving potential exists due to the slow paths of energy renovation of residential buildings.



The performed research has also limitations, since the study did not assess the national output, which can directly determine the effort required to meet climate change and energy goals. Therefore, further research is needed to include a comprehensive assessment of countries’ capacity to meet such goals.
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Figure 1. GHG emission reduction, %, 1990 = 100%. Source: Created by authors. Based on Reference [44]. 
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Figure 2. Dynamics of the share of renewables in gross final energy consumption in Baltics. Source: Created by authors. Based on Reference [44]. 
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Figure 3. Dynamics of the share of renewables in transport in Baltics. Source: Created by authors. Based on Reference [44]. 
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Figure 4. Profile of energy efficiency improvement indicators in Baltics during 1990–2020. Source: Created by authors. Based on Reference [44]. 
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Table 1. Literature overview of climate change, renewables, and household sectors in the Baltic States.
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	References
	Contribution





	Total references: 8
	Climate overview in the Baltic States



	[25]
	Identification of high-quality land use and land cover (LULC) can detect inaccuracies in Baltic regions of interest that support regional climate modelers’ estimates for the uncertainty in the land use forcing. In this context, the European Space Agency Climate Change Initiative Land Cover (ESA CCI LC) dataset can run together with independent, regional, and specified LULC datasets to validate globally whether regional issues are also found elsewhere.



	[26]
	Synoptic scale and mesoscale wind directional patterns and the differences in the Principal Component Analysis (PCA) results between observation and model data were analyzed for typical wind-direction patterns in the Baltic States, showing that the PCA method is able to identify and rank the wind-direction climate features, thus supporting a systematic climatic investigation for the whole region.



	[27]
	Considering that 8 out of 9 Baltic coastal States are EU Member States, the EU is steering its interest through EU legislation and EU adaptation strategy for the Baltic Sea Region to activate state actors gaining from cooperation to tackle eutrophication and flood risks identified by climate change. In this context the Council of the Baltic Sea States proposed concrete and coordinated flood-risk strategies for the marine region.



	[28]
	PCA was deployed to derive climate indices that describe the main spatial features of the climate in the Baltic states (Estonia, Latvia, and Lithuania) for the years 1961–1990 by correlating coefficients of principal components and initial variables that were valued as important at locations with less distinct seasonality, warmer climate, and wetter climate. For the long-run period of 2071–2100, an overall increase for all three indices was forecasted, along with minimal changes in their spatial pattern.



	[29]
	The energy efficiency, consumption of renewables, and reduction of GHG emissions were studied for the Baltic States, i.e., Estonia, Latvia, and Lithuania, on achieving EU climate commitments of increasing the share of renewables and the improvement of energy efficiency.



	[30]
	A comprehensive investigation was focused on long-term changes in the Baltic Sea, which can be extrapolated to tackle environmental problems of water-exchange processes at shelf seas, brackish seas, and large estuaries, all related to eutrophication, and climatic impacts’ concern.



	[31]
	The development of efficient water-resource-management systems and validation of climate-change impact models both locally and globally is notable. In this context, river-discharge changes in three Baltic States were studied in alignment with changes in the main climatic variables, such as precipitation and air temperature, using observed data and methods of empirical statistical analyses at the periods of 1923–2003, 1941–2003 and 1961–2003.



	[32]
	A research framework for climate change mitigation at the energy sector of the Baltic States was developed by comparing and measuring already implemented tools—legal, fiscal, market- in these countries. The regional climate change mitigation policies and measures are driven by efforts to meet EU accession standards by environmental directives at the energy sector.



	Total references: 6
	Renewable-energy overview for the Baltic States



	[33]
	An in-depth comparative analysis of RES deployment trends during 2010–2019 in the Baltic States was conducted in alignment with EU energy policy documents, showing the primary roles of the sectors: heating and cooling, GHG emissions, and transportation in a wider deployment perspective of RES at the Baltic States.



	[34]
	Corporate social responsibility (CSR) was coupled with renewable energy projects, considering CSRs’ evolution and domination over business practices, aiming at integrating sustainable development into a companies’ business models. In this context, public relations of CSR should result in communication and dissemination of products and results, expecting a feasible development of sustainable energy. There is also an imperative need for policymakers and planners to create more ethical and conscious sustainable companies and to instill an environmentally alarmed citizenship about personal and collective attributes of environment, health, and well-being.



	[35]
	This research study investigated the main barriers of renewables and the success of policies dealing with them. The deployed case studies in the Baltic States revealed policies and their impacts on overcoming barriers in the main energy-related sectors of heating and cooling, power, and transport. It was also concluded that, among the Baltic States, these were a few measures that could be implemented in these sectoral levels of analysis, while considering many social, economic, technological, and regulatory barriers encountered. These countries achieved the lowest results in approaching RES targets in transport.



	[36]
	A set of strategic goals for the renewable energy in the Baltic States necessitates a background of social awareness, perception, and acceptance; thus, a new model of renewable energy strategies’ development was proposed to integrate the existing local renewable-energy-strategy characteristics with the social dimension. In such a way, a prosperous future of renewable energy for the Baltic States by the EU should be shaped in which the constraints of such a sustainable energy development can also be considered.



	[37]
	This study assessed the future perspectives for joint implementation (JI) activities implemented jointly (AIJ) in the Baltic States, taking into consideration the directives and implementation of these Baltic States’ EU accession. The institutional structure of relevant responsible institutions and the legal framework for the implementation of JI in Baltic States were investigated through the experience of Testing Ground Facility in Baltic Sea Region.



	[38]
	Earlier and recent policies and measures implemented in the Baltic States aimed at supporting the use of RES. This study framed the present renewable situation in Baltic States and analyzed policies and measures in place, aiming to enhance the use of renewables, considering specified and localized RES promotion patterns (including the economic ones, structural funds) of energy policies in the Baltic States.



	Total references: 2
	Household overview in the Baltic States



	[39]
	To gain a better understanding and evaluate the environmental impact caused by consumption in the Baltic States, a carbon-footprint analysis for these places was conducted for the period of 2000–2019, considering the sustainable consumption and the development of pro-environmental behavior. It was proven in the Baltic States that the majority of households considered the linkage of carbon footprint with the three main consumption categories of transport systems, agro-food, and housing.



	[40]
	This study overviewed the consumption-related household CO2 equivalent (CO2e) emissions for the three Baltic States, namely Estonia, Latvia, and Lithuania, for the period of 1995–2011, with the aid of a multi-regional input–output model. The estimation of life-cycle emissions for all major household consumption items concluded that the household carbon footprints in all the Baltic States were significantly increased by 47% in Estonia, 20% in Latvia, and 52% in Lithuania during the aforesaid period. While fluctuated findings were reported regarding the levels of significance in the fields of expenditures for housing, per capita life-cycle emissions, food and transport, and production processes related to food consumption, the study signified the fact that lowering consumption-related emissions should be materialized by changing household behavior, decarbonizing of energy and transport sectors, reducing lifecycle emissions associated with trade, and supporting imports from low-carbon regions, including local modes of production.







Source: Created by authors. Based on References [25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40].
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Table 2. National and EU energy and climate targets for 2020 and 2030.
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Target

	
EU

	
Lithuania

	
Latvia

	
Estonia




	
2020

	
2030

	
2020

	
2030

	
Implementation 2020

	
2020

	
2030

	
Implementation 2020

	
2020

	
2030

	
Implementation 2020






	
GHG reduction targets under the Doha amendment to the Kyoto protocol and Paris Agreement, compared to 1990 level

	
−20%

	
At least −55%

	
EU-level target

	
−58%

	
−20%

	
−65%

	
−59%

	
−20%

	
−70%

	
−71%




	
GHG reduction targets outside the EU Emissions Trading System, compared to 2005 level

	
−10%

	
−30%

	
+15%

	
−9%

	
+0.1%

	
+17%

	
−6%

	
+7%

	
+11%

	
−13%

	
+17%




	
Share of renewables in gross final energy consumption

	
20%

	
32%

	
23%

	
45%

	
27%

	
40%

	
50%

	
42%

	
25%

	
42%

	
30%




	
Use of renewables in transport

	
10%

	
14%

	
10%

	
15%

	
5.5%

	
10%

	
7%

	
6.7%

	
10%

	
14%

	
12.2%




	
Energy efficiency targets



	
-Primary energy consumption in 2003



	
-Final energy consumption in 2030



	
-Final energy savings (EED, Art. 7)






	
20% 1474 Mtoe N/A

	
32.5% 1273 Mtoe 956 Mtoe

	
PEC-6 Mtoe FEC-4.3 Mtoe

	
PEC-

5.4 Mtoe; FEC-4.5 Mtoe

	
PEC-7.4 Mtoe FEC-6.2 Mtoe

	
PEC-5.4 Mtoe

FEC-4.5 Mtoe

	
PEC-4.1 Mtoe

FEC-3.6 Mtoe

	
PEC-4.3 Mtoe

FEC-3.9 Mtoe

	
PEC-6.5 Mtoe

FEC-2.8 Mtoe

	
PEC-5.4 Mtoe

FEC-2.9 Mtoe

	
PEC-4.3 Mtoe

FEC-2.8 Mtoe








Source: Created by authors. Based on References [41,42,43]. As one can notice from the information presented in Table 2, the Baltic States have set the same GHG-emission-reduction target as the EU for 2020 in their NECP, i.e., a 20% reduction compared to the year 1990. However, for 2030, Lithuania selected the same target as the EU—at least a 55% reduction of GHG emissions as compared with the year 1990, and the other Baltic States have established their own stricter targets for 2030. Estonia committed to reduce GHG emissions by 70% in 2030 as compared to its level in 1990. Latvia set a target to reduce total GHG emissions by 65% in comparison with the level in 1990. Lithuania adopted the EU target, i.e., at least a 55% reduction of GHG by 2030 compared to the 1990 level.
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