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ABSTRACT  
Lithuania is a relatively small country with the population of 3.5 mill, disproportionately powerful energy industry and 
low energy consumption. Installed electricity generating capacities are more than 6 GW, but total power demand is less 
than 2 GW. Lithuania with average electricity consumption about 2900 kWh per person occupies one of the last places 
in Europe. Nuclear is the main source of electric energy in Lithuania: it covers 60 - 86% of total electricity production. 
Comparing consumption of all primary energy sources in all branches of economy nuclear covers about one third (32 – 
37%) of the whole alongside with oil (31 - 33%) and natural gas (30 - 31%).  

At Ignalina NPP Lithuania is operating two the RBMK-1500 type reactors - the most advanced version of the former 
Soviet Union channel type reactor design series. The designed electrical power of RBMK-1500 reactor (1500 MW) is 
the biggest in the world for the single unit. The first unit of INPP was put into operation by the end of 1983 and the 
second unit – in 1987. After Chernobyl accident the maximal allowed electrical power of each reactor at INPP was 
reduced to 1350 MW. The initial RBMK-1500 design at Ignalina NPP at the present time is substantially improved. 
More than 200 million US dollars of western countries support were spent, and numerous safety features were 
implemented. Nowadays both Lithuanian and foreign experts agree, that the safety level of Ignalina NPP is very similar 
to the western type NPP’s of the same age.  

During accession process, one of the main EU requirements to energy sector of Lithuania was to close both reactors of 
Ignalina NPP, which were decided to be unsafe in principle. Despite all efforts of Lithuanian specialists and negotiators 
shutdown of the 1st reactor of INPP is foreseen at the end of 2004 and shutdown of the 2nd reactor is foreseen at the end 
of 2009. Closure of Ignalina NPP will decrease maximal power generating capacity to 2641 MW in 2010 and will cause 
a complex of serious economical, ecological, and social problems. 

Trying to evaluate these problems, an attempt was made to foresee trends of further economy development and energy 
demand for next 20 years. The econometric models, comparative analysis and analytical – expertise evaluation methods 
were used. Three different scenarios of future energy consumption growth were analysed. Results of the performed 
analysis show, that in the year 2020 energy demand should be about 15,3 - 22,1Twh in cases of the slow or very fast 
growth scenario (3197 MW and 4484 MW respectively, taking into account necessary reserves). This leads to a 
shortage of Lithuania’s power generating capacity already by 2010. In 2020 this shortage can increase to 556 MW in 
case of the slow growth scenario and 1843 MW in case of the very fast growth scenario.  

Three possible ways to compensate this shortage – increasing the share of power plants using fossil fuel, broadening the 
exploitation of renewable energy resources, and nuclear option – are analysed. Both economical and ecological 
problems, including the price dynamics of main imported energy resources, especially of oil and natural gas, are taken 
into account. It is pointed out that according to Energy Strategy of Russia average contract price of gas can reach 119 – 
138 $/103 m3 in 2020 (growth of price 138 – 160% compared to 86 $/103 m3 in the year 2000). The unreliability of fuel 
supply from single supplier – Russia – is emphasized.  

Analysis and assessment of positive and negative aspects of different energy generation means shows that perhaps the 
best solution in perspective for Lithuania is the nuclear option. It can be realised by following means: a) extension of 
exploitation of the second unit of Ignalina NPP after the year 2010, b) replacement of existing RBMK-1500 reactors by 
modern BWR or PWR reactors, using existing turbines and infrastructure, and c) construction of new nuclear power 
unit or plant. Results of this study illustrate, that all nuclear scenarios listed above are not only competitive but also 
have evident advantages over energy production based on burning fossil fuels. 
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1 INTRODUCTION 
In May 2004 Lithuania together with 9 other countries became a legal member of the European Union. This 
important decision was approved by the majority of Lithuanian citizens at the referendum, which was 
organized in May 2003. Beautiful perspectives of growth and development are opening up for our country. 
At the same time, process of EU integration raises new challenges for Lithuania in various areas, especially 
in energy sector. The results of solving these new problems will strongly affect well-being of Lithuanians in 
the next few decades. 

 

2 CURRENT STATUS OF LITHUANIA’S ENERGY SYSTEM 
Lithuania is a relatively small country with only 3,5 million inhabitants. At present, time Lithuania is a state 
with powerful energy industry and low energy consumption. Our energy plants can produce three times more 
electricity than it is necessary for our internal needs. Installed electricity generating capacities are more than 
6 GW, but after 1990 the total power demand decreased to less than 2GW and the total electricity 
consumption decreased to less than 8,3 TWh. At the same time, Lithuania has one of the last places in 
Europe according to electricity consumption per one person (Fig. 1): in 2002 it was around 2900 kWh of 
electrical energy on average per person [1]. 

The energy sector of Lithuania is strongly based on the nuclear energy. From 60% to more than 86 % of 
electricity each year is produced by our single nuclear power plant – Ignalina NPP with its two RBMK-1500 
type reactors (see fig. 2). Comparing the share of nuclear in total energy production it becomes apparent, that 
Lithuania and France are the two countries in the world where this parameter is close to 80 percent (see fig. 
3). Comparison of the share of different kinds of primary energy sources used in Lithuania for different 
branches of economy (see fig. 4) also shows high importance of nuclear fuel: it covers about one third (32 – 
37%) of the whole alongside with oil (31 - 33%) and natural gas (30 - 31%). Despite relatively big changes 
in consumption of coal (1,1 – 1,2%) and hydro resources (2,2 – 2,4%), which took place in period 1990 – 
1992, their input is too small for adequate collation with oil, gas and nuclear and can be neglected in 
approximate evaluation. History of changes in primary energy resources consumption (see fig.5) shows, that 
even in 2002 total consumption has not reached the level of 1990 – 1992 [2]. Proportions between different 
components of total energy mix show typical periodic fluctuations, but for the period 2001 – 2002 the fastest 
growth of the share of nuclear is evident. 

The RBMK-1500 is the most advanced version of the former Soviet Union channel type reactor design 
series. Only two reactors of this type have been built and both of them at Ignalina site. The designed 
electrical power of RBMK-1500 reactor (1500 MW) is the biggest in the world for the single unit. The first 
unit of INPP was put into operation at the end of 1983 and the second unit – in 1987. After Chernobyl 
accident the maximal allowed electrical power of each reactor at INPP was reduced to 1350 MW. 

There are several specific modern reactor design features implemented at Ignalina NPP. It has the most 
advanced accident confinement system between all NPP’s with RBMK reactors. Other implemented 
important safety features are: modern control and protection system, local automatic control, and local power 
level protection zones. Additional improvements, such as reduced void reactivity coefficient, increased 
efficiency of control and protection system, modernized fast acting control rods installation, increased 
enrichment of fuel, etc., have significantly improved the neutronic characteristics of the reactor core and 
increased the reactor safety level.  

The initial RBMK-1500 design at Ignalina NPP at the present time is substantially improved. More than 200 
million US dollars of western countries support were spent, and numerous additional safety features were 
implemented on the basis of the Barselina project, Safety Improvement Programs No.1 and No.2, also 
according to different bilateral agreements with western countries. The Safety Analysis Reports for the both 
units and the Reviews of these reports, prepared by international teams according to all western safety 
requirements have shown, that a safety level of Ignalina NPP is very similar to the western type NPP’s 
having the same age [3]. That is also agreed on by the majority of both Lithuanian and foreign experts. 

Another important specific feature of Lithuania’s energy system lies in the fact, that it is connected to 
common electric grid of the former Soviet Union and at present has no direct connection with electric grids 
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neither of Poland nor of other Western European countries. That is a serious obstacle for electric energy 
export and import organization. 
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Figure 1. Electricity consumption in Europe in 2002, kWh/person 
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Figure 2. The share of electricity produced at Ignalina NPP in total electric energy production of Lithuania 
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Figure 3.  The share of nuclear in total electricity generated in 2002 
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Figure 4.  The share of primary energy sources used in Lithuania’s economy in 2001 - 2002 
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Figure 5.  Changes in primary energy sources use in Lithuania 

It is necessary to mention that electricity, produced at Ignalina NPP, is the cheapest in the country, except 
that produced at Kaunas Hydro Power Plant. The electricity costs are: at Ignalina NPP – 6.62 ctL/kWh, at 
Lithuanian Power Plant – 22.15 ctL/kWh, at other combined heat power plants – 8.01 – 20.29 ctL/kWh, at 
Kruonis Pump Storage Plant – 19.07 ctL/kWh, at Kaunas Hydro Power Plant – 1.66 ctL/kWh (1 US cent = 3 
Lithuanian cents – ctL). The average price of electricity for consumers in year 2002 was 24.14 ctL/kWh. So, 
current rates cover energy production costs, and some deduction is being made to the fund of closure of 
Ignalina NPP. Nevertheless, existing sum in this fund is far less than required for decommissioning of 
Ignalina NPP, and Lithuania is expecting support from EU. Of course, current energy rates are not sufficient 
to cover expenditures of installing new power generating capacities. 

Advantages of nuclear for economy of Lithuania are clearly illustrated in history of successful exploitation of 
Ignalina NPP since 1984. Possibility to use its own powerful source of cheap electric energy is an important 
component of economic independence of Lithuania. 

 

3 CURRENT PROBLEMS 
During accession process, one of the main EU requirements to energy sector of Lithuania was to close both 
reactors of Ignalina NPP which were decided to be unsafe in principle. This decision and subsequent 
requirement of EU authorities was not changed despite all explanations made by Lithuanian specialists about 
differences between Ignalina and Chernobyl reactors, numerous safety improvement measures implemented, 
positive results of safety studies and assessments. Negative economic and social consequences to population 
of Lithuania were also not taken into account. The accession negotiations were finished in 2003, and 
Lithuanian parliament approved a new version of the National Energy Strategy, in which shutdown of the 1st 
reactor of INPP is foreseen at the end of 2004 and shutdown of the 2nd reactor is foreseen at the end of 2009. 

Several research projects were started in 2002 – 2003 to evaluate the consequences of INPP closure to 
energy sector and economy of Lithuania in more detail. One of the main purposes of these projects was to 
determine feasibility of possible alternative ways to ensure the reliable supply of energy resources for 
Lithuanian people and economy. Some results of these research projects are presented below. 

One of the studies of future changes in electricity production costs after closure of Ignalina NPP was 
performed at Lithuanian Energy Institute [4]. The mathematical model MESSAGE was used for calculations. 
The results of this study show that closure of Ignalina NPP will cause an increase in electricity production 
costs of about 3 – 3.5 ctL/kWh. It was assumed that prices of natural gas will grow only 0.9% per year, i.e. in 

 5



5th International Conference on Nuclear Option in Countries with Small and Medium Electricity Grids 
Dubrovnik, Croatia, May 16-20, 2004. 

period 2000 – 2020 will increase 18%. The results of another study [5] give rather different value – increase 
in costs of electricity in Baltic energy market will be about 5 – 6 ctL/kWh. 

The next independent study of the same problem started in 2003 headed by Kaunas University of 
Technology. The preliminary results of it [6] show that values presented above seem to be too optimistic due 
to some assumptions and non-conservative initial data used in calculations.  

In this study [6] the dynamics of electric energy consumption in Lithuania and other members of EU was 
analyzed. An attempt to foresee trends of further economy development and energy demand was made. 
Competitiveness of nuclear in the electricity market of the Baltic region, evaluation of nuclear safety and 
acceptability of nuclear energy in Lithuania were covered. The econometric models, comparative analysis 
and analytical – expertise evaluation methods were used for calculations [7,8]. Initial data was taken from 
statistics [9] and the Lithuanian National Energy Strategy [10], approved by the Government of Lithuania in 
2003. Three different scenarios of future energy consumption growth were analyzed. The results of the 
analysis and calculations are presented in fig. 6. 

25

Slow growth Fast growth Very fast growthh 

Figure 6

M

Figur

 

TW
5

10

15

20

1990 1995 2000 2005 2010 2015 2020
 

.  Energy consumption change in the period of 1990 – 2000 and prognosis for energy demand in the period of 
2000 – 2020 for 3 scenarios - slow growth, fast growth and very fast growth 

1500

2500

3500

4500

5500

6500

2000 2005 2010 2015 2020

Capacity
Demand (slow growth)
Demand (fast growth)
Demand (very fast growth)

 

W 

e 7.  Forecast of power generation capacity and energy demand growth for slow, fast and very fast economy 
growth scenarios respectively 

6



5th International Conference on Nuclear Option in Countries with Small and Medium Electricity Grids 
Dubrovnik, Croatia, May 16-20, 2004. 

Scenarios of fast or very fast growth seem to be more credible taking into account present low level of 
energy consumption in Lithuania compared to the other EU countries and possible acceleration of economy 
growth after EU accession. In the period of 2000-2003 Lithuanian economy grew by 4-5%, according to 
statistics, and that is substantially more than was foreseen in Lithuanian National Energy Strategy [10]. It can 
be accepted as some sort of validation of such hypothesis. 

The forecasted changes of maximal electric power demand by the economy of Lithuania versus maximum 
power generation capacity of all energy plants in Lithuania are shown in fig. 7. 

The results presented above indicate, that total closure of Ignalina NPP will lead to shortage of power 
generating capacity already in 2010. The extent of shortage depends on the scenario of economy 
development and energy consumption growth. It ranges from –50 MW in case of slow growth to –583 MW 
in case of very fast growth. In 2020 the extent of shortage of electric power generating capacity can reach –
556 MW in case of slow growth and –1843 MW in case of very fast growth. 

 

4 POSSIBLE SOLUTIONS 
The shortage of power generation capacity could be compensated in several ways: 

1. Increasing the share of power plants using fossil fuel. This way requires to operate all existing 
thermal power plants on full power mode and to install gradually new power generating capacities, 
based on burning natural gas or heavy oil. 

2. Broadening the use of renewable energy resources. 

3. Construction of a new nuclear power plant, unit or reactor. 

The first way to compensate the energy shortage after closure of Ignalina NPP is very attractive and popular, 
especially among specialists, economists and politicians related with gas and oil business. At first sight, 
broadening the usage of fossil fuel can be assumed as the cheapest and simplest solution. Currently, already 
installed thermal and hydroelectric power plants can cover all energy demands of present day Lithuanian 
economy, prices for fuel on the market are not high, and no urgent actions are needed.  

However, looking at the perspective, the first way will lead to numerous and serious technical, economical, 
and ecological problems. One of them is aging of the equipment in our energy sector. A major part of the 
main equipment at existing thermal and hydroelectric power plants is more than 40 years old and requires 
large investments for reconstruction. Large investments are also needed to install new power generating 
capacities.  

In addition, the first possible solution leads to dependence on the prices and reliability of supply of fossil 
fuel. Both natural gas and oil for thermal power plants are imported to Lithuania from a single source, which 
is Russia (via Byelorussia). In the Energy Strategy of Russia [11] for the period 2000 – 2020 it is planned to 
restore the previous export volume of oil and gas to the level of 1990 and maintain it or increase it (see fig. 
8). In the same document forecast of development shows gradual but inevitable growth of prices for primary 
energy resources, especially for natural gas (see fig. 9). For example, average contract price for gas might 
reach 119 – 138 $/103 m3 in 2020 (growth of price 138 – 160% compared to 86 $/103 m3 in the year 2000). 
Although long-term forecasts of price changes for primary energy resources are not exact and reliable, the 
possibility of such changes should not be ignored, as they can strongly affect the economic effectiveness of 
many branches in the energy industry. The reliability of supply can’t be simply evaluated using just ordinary 
economic criteria due to dependence on politics, but it’s importance never can be overestimated. Good 
example of low reliability of fuel supply from Russia was well demonstrated in February, 2004. Then during 
the “gas war” between Russia and Byelorussia supply of natural gas was fully interrupted not only for 
Byelorussia, but also for Lithuania. 

Still more difficult problems are awaiting us in the field of ecology. Lithuania has signed the Kyoto protocol 
and undertook obligations not to exceed 5,2 mln tones of CO2 emissions per year. The existing Lithuanian 
thermal power plants, operating on full power mode, will produce around 5,0 mln tones of CO2 per year. It 
would be very difficult to fulfill requirements of Kyoto protocol; otherwise, Lithuania should pay serious 
penalties for exceeding limits of emissions. In addition, Lithuania has signed agreement with the EU, which 
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prohibits burning heavy oil with sulphur content more than 1%. Heavy oil, produced from Russian oil, has 
sulphur content up to 6%. Due to this factor, using of oil with high sulphur content in power industry is 
practically impossible. Apart from requirements related to sulphur content in oil, there are some EU 
requirements for each member country to decrease emissions of SO2, NH3, NOx, VOC (volatile organic 
compounds). Plans to decrease these emissions in Lithuania and investments needed for attainment of this 
goal are presented in table 1 [6, 12]. Volumes of emissions from all main sources (industry, energy sector, 
agriculture, transport) are included in this table. Planned values are determined on the basis of two possible 
scenarios: 

• Basic reference scenario (REF), estimating possibilities of current emission control strategies; 

• Maximum feasible pollution reduction scenario (MFR), which estimates employment of all 
conceivable pollution reduction technologies. 
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Figure 8.  Planned Russia’s export volumes of primary energy resources 
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Figure 9.  Hypothesis of price changes for primary energy resources - oil and gas, exported from Russia 

Table 1.  Rate of decreasing emissions and investments needed 

Year 2010 (REF) Year 2010 (MFR)Type of emission Year 1990 
kilotons % kilotons % 

Investments required, 
mill Euro/year 

SO2 213 107 -50 20 -91 99 
NH3 79 81 +1 53 -33 217 
NOx 152 110 -28 56 -63 - 
VOC 104 89 -19 49 -53 314 
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Renewable energy sources - wind, solar, biogas - are propagated in some sources of mass –media. A large 
part of population is persuaded that main future energy problems can be solved using these energy sources. 
However, experience of most technologically developed countries shows, that at the present time renewable 
sources at best can cover only a few percent of total energy demand and they can‘t compete with thermal or 
nuclear energy plants comparing energy production costs. Strong opinion exists among scientists, which 
suggested objective to generate 20% of electricity from renewable sources by year 2020 is unrealistic [13]. 

Looking forward to energy future of Lithuania, opinions and conclusions of various authors are rather varied. 
In the study [4] it is stated that for construction of new NPP investments of 1740 Euro/kW installed power 
would be required at discount rate of 10%. If prices of natural gas grow less than 0.9% per year (18% until 
2020), at these conditions construction of new NPP is not economically reasonable and less attractive than 
construction of new CHP plants using natural gas.  

Analysis and assessment of positive and negative aspects of different energy generation means, performed in 
the study [6], indicate that perhaps the best solution for the future of Lithuania is the nuclear option. The 
study also covers technical, economic and political evaluation of different possible scenarios of nuclear 
energy production in the future including: 

• Extension of exploitation of 2 unit of Ignalina NPP after 2010 until designed technical resources of 
equipment durability will be depleted. This is the cheapest scenario, which would allow Lithuanian 
economy to benefit from cheap nuclear energy until 2017 without any big additional investments. 

• Replacement of present RBMK-1500 reactors by modern BWR or PWR reactors, using existing 
turbines and infrastructure. This new original idea seems to be quite promising. The BWR-90 type 
reactor with power 800 MW could be commissioned during 2,5 year, and total expenses for its 
construction should be no more than 500 million US$. Price of 1 kW of installed power could be less 
than 1000 US$. Such reliable and safe nuclear reactor, complying with all requirements of EU, could 
pay dividends after 3 years of exploitation. 

• Construction of a new nuclear power unit using the existing infrastructure of INPP. 

• Construction of completely new nuclear power units. This scenario is the standard and most 
expensive, but still pre-eminent compared to scenarios based on fossil fuel burning. New nuclear 
plant could be built in 4 years, and its commissioning would require investments of about 1500 US$ 
for 1 kW of installed power. If prices of natural gas would increase more than 0,9% per year 
(planned increase is 3 – 4% per year), the primary cost of 1 kWh of “nuclear“ electricity would be 
the same or less than primary cost of 1 kWh of electricity produced at combined cycle gas turbine 
power station (10,5 – 10,8 Ct/kWh). 

Results of this study [6] illustrate that all nuclear scenarios listed above are not only competitive but also 
have evident advantages over energy production based on burning fossil fuels. 

 

5 CONCLUSIONS 
• Lithuania has well organized and effectively working energy infrastructure, based on the use of 

nuclear power. 

• Ignalina NPP safety level is very similar to the western NPP’s, built at the same time. There are no 
safety reasons or economical background for shutdown of INPP in 2005 – 2010. 

• Premature closure of Ignalina NPP will cause increasing shortage of generated power after 2010. It 
will also result in growth of energy prices for consumers, lower energy supply reliability and social 
and ecological problems. 

• Feasible nuclear scenarios based on extension of INPP operation until full design time (2015 – 2017) 
and construction of new nuclear unit or plant is the best perspective option for further development 
of Lithuanian energy sector. 
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