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Abstract

Significant structural transformations in the Lithuanian energy sector are expected since Lithuania has an obligation to achieve a mandatory target of 23% share of renewable energy in the final energy consumption in 2020. Inasmuch as the energy sector is inextricable part of the whole economy, it is obvious that these transformations would make direct and indirect influence on the performance of other branches of the economy. In this context, a detailed analysis of possible energy transformations and their impacts on economy is essential prerequisite for the choice of relevant policy measures.

Methodological approach used in this paper consists of two stages: modelling of the future development of the Lithuanian energy sector and evaluation of socio-economic and environmental impacts of structural transformations. In order to analyse the future development of the energy sector, a partial equilibrium model has been created. Wide variety of energy transformation technologies and processes has been included into the model. When applying this model the most attractive energy transformation technologies and domestic resources have been identified, and possible changes in energy balance have been evaluated. Modelling results have been used as a basis for the broader impact analysis. In order to create a background for evaluation of socio-economic as well as environmental consequences, Lithuanian input-output table has been modified and extended. These improvements have allowed evaluation of impacts of structural changes in the energy sector on employment, value added, and greenhouse gas emissions.
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1. Introduction

The development of Lithuanian energy sector is currently being influenced by various new issues. First of all, after the closure of Ignalina nuclear power plant (NPP), Lithuanian dependence on imported energy resources has significantly increased. The state aims to develop new domestic electricity generation capacities in order to reduce the dependence on imports. Secondly, as a member of European Union (EU), Lithuania has an obligation to increase the use of renewable energy sources (RES) in final energy consumption. According to the directive 2009/28/EC on the promotion of the use of energy from renewable sources, RES should make not less than 23% of the total gross final energy consumption in Lithuania in 2020 (in 2005 this share was 15%). In addition, Lithuanian energy sector will be affected by other European directives such as directive 2010/75/EC on industrial emissions (integrated pollution prevention and control) that sets strict bounds on emissions from large combustion plants since 2016. Finally, current increase of prices for energy resources forces to look for the new solutions in order to get less expensive energy for the economy of Lithuania. All these factors as well as other reasons determine expectations of significant structural transformations in the Lithuanian energy sector.
Inasmuch as the energy sector is inextricable part of the whole economy, it is obvious that these transformations would make direct and indirect influence on the other branches of the economy. In this context, a detailed analysis of possible energy transformations and their impacts on economy is essential prerequisite for the choice of relevant policy measures.

The aim of this research is to analyse the possible impact of structural changes in the energy sector on the performance of other branches of the Lithuanian economy.
Analysis presented in this paper consists of the two major stages:

1) Mathematical modelling of the energy sector development;

2) Input-output analysis of wider impacts that could be reasoned by the changes in the structure of the energy sector.

The stages of the research also determine the structure of this paper. Next section consists of brief presentation of methodological principles that have been used for mathematical modelling of the development of energy sector and the results of the modelling. Third part is devoted to the input-output analysis of the wider impacts on Lithuanian economy. In this part, methodological principles and the main assumptions are reviewed and results of input-output analysis are presented. The main conclusions are listed in the fourth part of the paper. 
2. Mathematical modelling of the energy sector development 
2.1. Methodological principles 
In order to analyse the future development of the Lithuanian energy sector, a partial equilibrium model has been created. This model has been developed under MESSAGE (Model for Energy Supply Strategy Alternatives and Their General Environmental Impacts) mathematical modelling package International Atomic Energy Agency, 2007()
. This linear programming package allows deep and flexible analysis of the energy and energy-related sectors, but the level of detailed description of the energy system and other characteristics of the model depend exceptionally on the modeller’s choice. 
In this case, a detailed model has been created in order to describe peculiarities of the Lithuanian energy sector as well as options to use RES in the level of municipalities Galinis, Lekavicius, Miskinis, & Norvaisa, 2011()
. The modelling of the energy sector development has been based on the detailed analysis of all existing and possible technological options 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 has been analysed in parallel with the use of all local or imported non-renewable energy sources taking into account their technical and economical attractiveness and environmental impacts. Analysis has been based on simultaneous modelling of long term development of energy systems at all 60 municipalities of Lithuania. 
General structure of the model is depicted in the Figure 1.
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Figure 1. General structure of modelled municipal energy systems and their interactions with foreign energy markets
As can be seen from Figure 1, the model covers all possible domestic resources for energy production. Within each municipality, these resources are transformed to energy products that are needed for satisfaction of the final demand. Interactions of municipal energy systems (e.g. exchange of energy and non-energy commodities among municipalities) and links with foreign energy markets have been modelled through the national market.
Wide variety of energy technologies for extraction, transformation, transportation, distribution of renewable and non-renewable energy sources has been included into the model. When applying this model the most attractive energy transformation technologies and domestic resources have been identified according to the least cost criterion and consistence with strategic national energy policy goals as well as requirements of European Union. Consequently, possible changes in energy balance have been assessed.

2.2. Structural changes in the Lithuanian energy sector
Various scenarios with different assumptions about fuel prices, legislative requirements, and prices for greenhouse gas allowances have been analysed using the model. However, in the further analysis of socio-economic and environmental impacts of structural changes in the Lithuanian energy sector, one of the most believable scenarios will be used. Nevertheless, it should be noted that all the scenarios analysed show quite similar trends for the development of Lithuanian energy sector, and some quantitative differences do not have major importance.
Despite the fact that the energy sector is considered as very rigid and inert due to large investments that are usually required, results of the present analysis show that significant changes in Lithuanian energy sector should be expected. In the results presented below, indicators after 2008 are obtained from the model solution. The changes of the structure of final energy sources are depicted in Figure 2. 
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Figure 2. The structure of energy used in Lithuania

Figure 2 clearly indicates two phases of structural changes in Lithuanian energy sector. First phase is associated with the closure of Ignalina nuclear power plant. As a consequence, Lithuania becomes net electricity importer and the share of other resources increases. Second phase could be characterized by the gradual increase of the role of renewable energy sources (straw energy plants and other agricultural products, wind energy etc.) and decrease of fossil fuel (natural gas, oil products) consumption. According to the results of modeling, the share of natural gas could decrease form 34.4% in 2008 to 29.3% in 2020, while the share of agricultural products as an energy source could increase from 0.4% in 2008 to 5.1% in 2020.
The most significant changes could be expected in supply of electricity and district heat. A detailed decomposition of electricity sources is shown in Figure 3.
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Figure 3. Electricity supply by the type of energy source

Detailed modeling of the development of the energy sector has showed that the closure of Ignalina NPP has negative impact on the competitiveness of domestically produced electricity. Due this influence, Lithuania fails to export electricity and becomes net importer. According to the results of the model, after closure of Ignalina NPP, electricity producing subsector shifts to the use of natural gas and oil products. However, the electricity becomes more expensive. The shift from nuclear fuel to other fossil fuels should be temporal issue, inasmuch as currently existing electricity generating capacities are able to use these fuel types only. In the long-term development, growth of “green electricity” production is expected in a line with development of new power plants that use natural gas in more efficient way. It is expected that in 2020 the mix of electricity sources will be diversified among fossil fuel, renewable energy sources, and import. 
It should be noted that at the current moment Lithuanian government is seeking to build a new nuclear power plant, which should be in operation in 2020-2022. Therefore, in this research, it has been assumed that the new NPP would be fully operable after the period analyzed and this important structural change of the Lithuanian energy sector practically has no significant impact on the results of present analysis.

Looking to the other pillar of Lithuanian energy sector, district heating, even more significant structural changes are expected. District heat production by types of fuel or energy is shown in Figure 4.
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Figure 4. District heat supply by the type of fuel

District heating subsector should avoid sharp structural changes such as the closure of Ignalina NPP in electricity subsector. District heating is based on relatively smaller capacities widely distributed among the municipalities of the country. Therefore, gradual shift to the broader use of renewable energy sources may be expected. The results of modeling show that at the end of the period analyzed, around 55-60% of district heat will be produced from RES. The main renewable energy sources used in district heating sector should be wood and wood products, agricultural products, biogas (from sewage, municipal, agricultural waste, and other sources), and municipal waste for direct burning.
As has been mentioned before, structural changes analyzed can be described by two main properties: closure of Ignalina nuclear power plant and broader use of renewable energy sources instead of fossil fuel in the energy sector (especially, for production of electricity and for district heating). It is obvious that above described transformations in production of electricity and district heating would make direct and indirect influence on the performance of other branches of the economy. Intuitively it could be expected that directions of impacts of closure of Ignalina NPP and broader use of RES are opposite, but their scale remains unclear. Therefore, input-output framework has been employed for detailed quantitative analysis.

3. Input-output analysis
In order to evaluate socio-economic as well as environmental consequences of structural change in Lithuanian energy sector, a static input-output analysis has been performed.

3.1. Methodology and assumptions 
In principle, input-output or similar analysis that encompasses broad socio-economic impacts should be a part of mathematical modelling of the energy sector development at the level of particular technology. In this case, it would be possible to include all the impacts by each technology or production chain in the energy model. Technically, this approach requires knowledge of detailed structure of fixed and variable operation and maintenance costs as well as sources of primary resources and decomposition of investment cost. However, in the present research detailed analysis of inputs in each technology modelled was hardly possible because of the lack of relevant information and size of the model: it consists of 60 types of fuels and about 8 thousand technologies and processes. Therefore, it has been decided to evaluate aggregated changes in the energy sector.
As the main purpose of this paper is evaluation of structural change, two situations have been compared: actual situation in 2008 and expected situation in 2020 that has been obtained after detailed modelling of the energy sector development. From methodological point of view, some difficulties appear because of different approaches used in the dynamic modelling of energy sector and the static analysis of socio-economic consequences. In fact, the model of the development of energy sector covers some points related to the present analysis. A good case in point is the modelling of demand for district heating. Despite of fact that final demand for district heat is slowly decreasing due to renovation of multifamily houses, results of the modelling show moderate increase in production (and consumption) of district heat. This result can be explained by the increase of heat consumption in some energy-related processes such as production of biofuel etc. 

In order to make the results of modelling for 2020 comparable to the actual indicators of 2008, additional calculations have been performed. Concentrating on the structure of the energy sector, it has been assumed that the quantities of district heat and electricity produced remains stable in the level of 2008, while fuel consumption, expenses for operation and maintenance, and other factors depend on the new structure of the sector that have been obtained from modelling (see Figures 2 and 3). To express efficiencies of technologies in the relevant level, consumption of each fuel type has been corrected proportionally to the production quantities. In this way, indicators “after structural changes” (for 2020) have been made fully comparable to the indicators of 2008 (“before structural changes”).
Impact of new investments has not been included into this analysis, as the source of financial resources and demand for domestically produced equipment remain unclear. However, previous analysis of changes in district heating shows that if a large part of newly installed equipment was produced domestically, net positive impact on Lithuanian economy could be expected Lekavičius, 2011()
.
Lithuanian input-output (I-O) table for 2008 has been created using supply and use tables published in Eurostat database Eurostat, 2012()
. The I-O table has been created by products according to CPA2008 classification system which is concordant with NACE rev. 2 classification of economic activities. In the later explanations, notions e.g. “energy sector” and “energy producing sector” are used interchangeably.
For the analysis of structural changes in energy sector (specifically, in supply of electricity and district heating), an additional input-output table have been created. In fact, this I-O table is modified and balanced version of the actual I-O table. Adjustments have been based on differences between actual situation in 2008 and after modelling calculated indicators for 2020. The main adjustments have been made in the structure of the energy sector. Differences in consumption of particular fuels have been attributed to the sectors described in input-output table according to the peculiarities and source of each fuel. E.g., wood and wood products have been attributed to products of forestry and logging whereas expenses for biogas have been allocated among agriculture, sewerage, waste management and remediation. Changes in expenses for operation and maintenance have been apportioned according to the actual structure of the Lithuanian energy sector. In addition, export and import values have been corrected according to the results of mathematical modelling of the energy sector development. 
Input-output analysis has been performed using classical principles of this kind of analysis Suh, 2009()
. Therefore, this analysis has similar limitations as other applications of input-output analysis: constant relationships among sectors, homogenous production of each sector, constant returns to scale, absence of externalities Martinez, 1998()
, absence of capacity constraints Karkacier & Gokalpgoktolga, 2005()
 etc. Nevertheless, in this research, there has been demonstrated how the change in the nature of relationship between the energy sector and remaining sectors can be analysed in the input-output framework. 

Due to practical reasons, a small linear programming model has been created using GAMS (General Algebraic Modelling System) package 
 ADDIN EN.CITE 
(McCarl et al., 2011)
 instead of using matrix algebra. The usage of this model allows full reflection of input-output relationships as well as a possibility to describe more complicated constraints in a flexible way. Using this model, adjustments described above have been fully integrated and the balanced I-O table has been created. Comparison between this table and actual I-O table allows highlighting of broad economic consequences of changes in the Lithuanian energy sector on other branches of the economy. 
Indirect changes of work places as well as greenhouse gas emissions have been calculated using results of comparison described above. It has been assumed that changes in activity of any sector would cause appropriate change in GHG level.
Mathematically this can be expressed as following:
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are actual level of emissions e and total output in sector j, accordingly. Therefore, emission technical coefficient shows what amount of greenhouse gas is produced due to production of conditional unit of production in the sector j. 
Currently, Air Emissions Accounts by activity are calculated by NACE rev. 1 only. Therefore, only approximate results, obtained from calculations using aggregated data, are able to be presented. However, according to the information that has been obtained from Statistics Lithuania, Air Emissions Accounts by NACE rev. 2 are going to be calculated in October 2012, and the results will be able to be adjusted.
3.2. Impacts of the structural changes in the Lithuanian energy sector

The present analysis has been performed using I-O table that consists of 61 products. However, due to the convenience, only aggregated results have been presented in this paper. Structural changes in the Lithuanian energy sector may have different impacts on the performance of particular branches of the Lithuanian economy. Comparing two cases described above it has been determined that total output may decline by 415.71 million LTL2008. Changes in output by sectors are shown in Figure 5.
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Figure 5. Changes in output due to structural change in the energy sector

Largest negative changes have been observed in output of mining and quarrying and energy products. Decrease in output of mining and quarrying can be explained by the shift from fossil fuel (natural gas, heavy fuel oil, nuclear fuel) to renewable energy sources. The main reasons of fall of output in energy sector are decrease of competitiveness of domestically produced electricity and decrease of electricity own-use in the energy sector due to more efficient technologies. However, due to changes in the structure of the energy sector, output of agriculture, sewerage and waste management, manufactured products, and forestry may increase considerably.

Despite the fact that negative changes in total output are expected, a deeper analysis suggests that value added may even increase. Cumulative effect on value added has been estimated in the level of 66.27 million LTL2008. Changes in value added by sectors are shown in Figure 6.
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Figure 6. Changes in value added due to structural change in the energy sector

Negative change in value added of mining and quarrying is observed due to tremendous dependency on imports (natural gas, nuclear fuel, and large share of oil is imported): large decrease of output in this case means large decrease of imports and only moderate absolute decrease of value added. In contrast, value added in the sectors with domination of domestic production increases substantially. According to the results of modeling, the main “winners” are sectors that produce renewable energy sources and (due to indirect impact) transport services.

Changes in output and value added have impact on employment in Lithuania. It is expected that due to structural change in the Lithuanian energy sector and in particular due to the broader use of renewable energy sources, 3.15 thousand additional work places might be created. However, it should be noted that a large part of this value (1.18 thous.) is self-employed persons in agriculture. Currently this sector experiences structural changes also, and the main trend is creation of large-scale farms which are able to take advantage of economy of scale. Therefore, it could be anticipated that relative number of persons employed in agriculture will decrease.

Detailed information about changes in work places are shown in Figure 7.
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Figure 7. Changes in employment due to structural change in the energy sector
It can be concluded that structural change in the Lithuanian energy sector might have a positive socio-economic impact. However, increase of domestic production consequently leads to the increase of direct emissions. Impact on greenhouse gas emissions is shown in Table 1.
Table 1. Impact of structural changes in the Lithuanian energy sector on greenhouse gas emissions (with exception of energy sector)
[image: image15.emf]CH4 CO CO2 CO2_BIO HFC N2O NH3 NMVOC NOX PM10 SOX

Products of agriculture 1776.40 86.71 5.25 0.73 0.00 191.00 551.97 26.35 47.00 4.86 6.87

Products of forestry 1.74 77.94 4.44 0.52 0.00 0.16 0.17 20.34 39.99 3.81 5.44

Mining and quarrying -20.96 -131.40 -50.45 -0.02 0.00 -1.22 -0.02 -227.45 -113.83 -24.09 -263.57

Manufactured products 0.37 11.17 3.47 0.32 6.06 6.86 0.07 9.80 6.01 0.97 3.25

Sewerage and waste management -3540.92 -58.18 -2.83 -0.35 0.00 -17.18 -0.17 -7.11 -20.16 -2.68 -6.83

Transportation services 995.45 5455.22 309.19 0.00 0.00 13.55 21.62 845.76 2860.75 204.19 387.02

Other products and services 0.23 9.95 0.55 0.03 11.47 0.02 0.03 10.99 3.95 0.23 0.87

Total, except energy products -787.69 5451.41 269.61 1.24 17.53 193.19 573.66 678.67 2823.72 187.30 133.04

Percentage change -0.51 5.51 2.56 0.26 0.06 1.06 1.97 1.29 5.51 3.80 0.65



As is shown in Table 1, only emissions of CH4 should decrease. Nonetheless, Table 1 does not suggest that expected structural changes in Lithuanian energy sector are environmentally unfriendly. Conversely, this calculation does not include emission decrease in the energy sector (due to change of structure, past emission data are not suitable for analysis of this sector). Moreover, it is important to note that this moderate increase of emissions is related to the creation of public wealth.
4. Conclusions

Detailed analysis of the development of Lithuanian energy sector shows significant shift to broad and diversified usage of renewable energy sources.
Expected structural changes in the energy sector have positive impact on the Lithuanian economy. Taking into account assumptions that have been used in the analysis, because of structural change in the energy sector value added should increase and additional work places could be created. The largest positive impact should be observed in sectors that produce renewable energy sources. 
Some assumptions that have been used for static analysis presented in this paper should be replaced as in the further research dynamic version of input-output analysis should be fully integrated into the mathematical modelling of energy sector development.
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