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Overview
Since 2010, due to closure of Ignalina Nuclear Power Plant dependence of Lithuania on energy supply increased significantly (the national economy currently depends on Russia for 100% of its natural gas, for more than 90% of its crude oil and almost 100% of coal requirements). Reduction of this dependence on energy import from one country is one of the most important priorities of the Lithuanian energy policy. In order to increase energy security the following measures are planned in the National Energy Strategy [1]: construction of a new nuclear power plant; putting into operation of powerful interconnection lines Lithuania-Poland and Lithuania-Sweden for integration of the country’s power system into power systems of Western European and Scandinavian countries; building of regional liquefied natural gas import terminal in the Baltic region; broader use of existing (in Latvia) and new natural gas storages in the Baltic States, diversification of  primary energy sources and supplies, and increasing the contribution of renewable and local energy resources, etc.  
Currently one of the main strategic objectives in the country’s energy policy is faster development of indigenous and renewable energy resources. It corresponds with an ambitious plan presented in the Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the promotion of the use of energy from renewable sources. The Directive provides mandatory national targets for each the EU-27 country, which are consistent with a target of at least 20% share of energy from renewable sources in the Community’s gross final energy consumption in 2020. This overall national target for the share of renewable energy sources in the Lithuanian gross final consumption in 2020 is 23%.Presented paper describes current status, future options and rational trends of broader use of renewable energy sources in the Lithuanian energy sector (technological development, impact to energy balance, related financial needs, etc.).
Methods
Reasoning of a wider application of renewable energy sources is based on the detailed analysis of all existing and possible technological changes and energy flows at municipal level starting from realistically possible sources and finishing with the use of separate energy types, obtained from those sources, for satisfying society needs in the whole country. Utilisation of renewable energy sources is analysed in parallel with use of all local or imported non-renewable energy sources, used for energy and non-energy purposes taking into account their technical and economical attractiveness and environmental impact. Study period covers time span until 2045 during which dynamics of the Lithuanian energy sector is analysed. Mix of various energy forms selected and technological changes obtained serve for covering of exogenously given society demand of various energy forms, correspond to the least cost criterion and are in consistence with strategic national energy policy goals and requirements of European Union. Analysis is based on simultaneous modelling of long term development of energy systems at all 60 municipalities of Lithuania. Up to 60 energy and commodity types and broad variety of existing and possible technologies for extraction, transformation, transportation, distribution of renewable and non-renewable energy sources, including electricity and district heat generation are taken into consideration. Interactions of municipal energy systems and links with foreign energy markets is realised through the so called "national energy market". This, together with general structure of municipal energy systems is represented in Fig. 1. In order to perform the above described analysis an optimisation model was developed and realised using the MESSAGE software package. Model was applied for analysis of various scenarios.
Results

Based on comprehensive analysis, the reasonable share of renewable sources in the gross final consumption in 2020 could reach at least 21%. This target could be achievable for Lithuania without any support schemes in a case when the functioning of the energy sector is based on free market principles. A key factor promoting the wider use of energy from renewable sources is the external costs when using fossil fuels. These costs could be partly assessed for energy facilities as a charge for CO2 emission. Taking into consideration the impact of these charges, the volume of consumption of renewable energy sources over the next decade could increase by 1.8-2 times. In this case the share of energy from renewable sources in the gross final consumption in Lithuania would reach 26-29% in 2020.  The higher value is expected in a case of low prices for renewable energy sources, the lower – in the case of high prices for renewable energy sources. Use of renewable energy sources is different in different sectors. In gross electricity consumption it is 27-31% in 2020. Very high potential for wider use of energy from renewable sources is related with modernization of the district heating systems and changes in their fuel balance. So far natural gas is dominating in the fuel balance of this sector with a 19% share of biomass. Based on the performed analysis, the rational share of biomass in this sector is expected to increase up to 53-62% over next decade.
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Figure 1. General structure of municipal energy systems and their interactions with foreign energy markets.
Conclusions

1. The 26-29% target for the overall share of renewable energy sources from the gross final energy consumption and the 10% target for renewable energy in transport could be appropriate and achievable objectives for Lithuania. Increased investments in the renewable energy sector will reduce dependence on imported fossil fuels, will create favourable environment for development and implementation of new energy conversion technologies, mitigation of climate change, creation of new working places, etc.
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