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ABSTRACT

The main producer of electric energy in Lithuaniais Ignalina NPP with its two RBMK-1500 type reactors. It
covers up to 86% of total annual electricity production. The compulsory premature closure of Ignalina NPP due to
the decision of EU authorities will decrease maximum power generating capacity to 3273 MW in the year 2010
(slump of 42% in respect to 5698 MW of the year 2000) and it will cause a complex of serious technical,
economical, ecological, and socia consequences. The most important ones for energy sector are the negative
power balance and the shortage of power generating capacity which can emerge straight after closure of the second
unit of Ignalina NPP.

An attempt has been taken to prove, that the most realistic way for replacement of lost power generating
capacities is the construction of new nuclear or combined cycle gas turbine power plants. The results of the
comparative analysis of their effectiveness and competitiveness are presented in the paper. Estimating the basic
prevailing technical and economical factorsand three possible scenarios of economy growth, the changes of power
balance and levelised cost of produced electricity are compared. It is demonstrated that a new modern nuclear
power plant would be competitive and it would be even a more favourable option in respect to a combined cycle
gasturbine power plant due to the relatively lower energy production cost, especially when estimating the possible
future growth of price for fossil fuel.

Keywords: Power, plant, electricity, price, competitiveness.

1. INTRODUCTION

Two significant and closely related events in Lithuania can be marked in 2004. The first is joining the
European Union, which isvery important to the entire Lithuanian community: it opens new perspectives of growth
and development to our country. The second event is a direct consegquence of the first one: on December 31, 2004
the reactor at the first energy unit of Ignalina NPPwas shut down. This event is of great importance to the energy
sector of Lithuania, because the rate of economy growth in the future can be limited by energy shortage. Thus, the
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process of Lithuania sintegration into EU raises new challenges and problems. According to the EU directives, the
principal problems include: competitiveness of energy market, safety and reliability of energy supply and
environment protection. The results of the solution of these new problems will strongly affect well-being of
Lithuanian people in the next few decades.

2. CURRENT SITUATION IN THE ENERGY SECTOR OF LITHUANIA

Lithuaniais arelatively small country with only 3.5 million inhabitants. At present, Lithuaniais a state with
powerful energy industry and low energy consumption. Until the end of 2004 our energy plants were able to
produce electricity three times more than necessary for our internal needs. Installed electricity generating
capacities were more than 6.2 GW, but after the closure of the 1st unit of Ignalina NPP they decreased to 4.9 GW.
In the period of 1990 - 1995 the total power demand fell down to less than 2 GW and the total electricity
consumption decreased to less than 8.3 TWh. At the same time, according to electricity consumption per capita,
Lithuaniaoccupies one of the last placesin Europe (Fig. 1): in 2002 it was on average about 2900 kWh of electrical
energy per person (Energy in Lithuania, 2003). During the last few years the economy of Lithuania had been
growing very fast: in 2002 gross national product grew up 6,8%, and in 2003 — 9,0%.
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Fig. 1 History and forecast of electricity consumption in some European countries

The energy sector of Lithuaniaisstrongly based on the nuclear energy. Each year from 60% to more than 86 %
of the cheapest electricity is produced by our single nuclear power plant — Ignalina NPP with its two RBMK-1500
type reactors. Lithuania and France are the two countriesin the world where the share of nuclear in the total energy
production is close to 80 percent. Comparison of the share of different kinds of primary energy sources used in
Lithuaniafor different branches of economy also shows great importance of nuclear fuel: it covers about one third
(32 — 37%) of the whole consumed volume alongside with oil (31 - 33%) and natural gas (30 - 31%) (Gylys,
Ziedelis, Adomavicius, 2004).

The RBMK-1500 reactor of Ignalina NPP is the most advanced version of the channel type reactor design
series of the former Soviet Union. Only two reactors of this type were built and both of them at the Ignalina site.
The designed electrical power of the RBMK-1500 reactor (1500 MW) is the biggest in the world for a single unit.
Thefirst unit of INPPwas put into operation by the end of 1983 and the second unit —in 1987. After the Chernobyl
accident the maximum allowed electrical power of each reactor at INPP was reduced to 1350 MW. Since its
commissioning the initial RBMK-1500 design of Ignalina NPP was substantially improved, and several specific
features of modern reactor design were implemented. More than 200 million US dollars of western countries
support were spent for these purposes. The Safety Analysis Reports for both units and the Reviews of these reports
prepared by international teams according to all Western safety requirements have shown that the safety level of
Ignalina NPPis very similar to the western type NPPs of the same age (VATESI, 2002).

During the accession process, one of the main EU requirements to the energy sector of Lithuaniawasto close
both reactors of Ignalina NPP. This requirement of the EU authorities was not changed during the accession
negotiations despite all explanations made by Lithuanian and Western specialists on the differences between
Ignalina and Chernobyl reactors, numerous safety improvement measures implemented, positive results of safety
studies and assessments. Negative economic and social consegquences to the popul ation of Lithuaniawere also not
taken into account. Realization of this requirement started in December 2004, when the 1st reactor of IgnalinaNPP
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was shut down. The shutdown of the 2nd reactor is foreseen by the end of 2009 (Lithuanian Energy Institute,
2003).

3. FORECAST OF ENERGY CONSUMPTION AND POWER DEMAND

Under the existing circumstances one of the essential problems is the evaluation of the changes in future
energy demand for the quickly developing economy of Lithuania. For this purpose, several research projects were
carried out (Norvaisa E., Galinis A., 2004, Elkraft System, COWI, Lithuanian Energy Institute, 2002, Gylys J.,
2004). Among other questions the consequences of the INPP closure to the energy sector and economy of
Lithuania were evaluated and feasibility of possible alternative ways to ensure the reliable supply of energy
resources was analyzed. Mathematical model MESSA GE and simulation model MAED were used for calculations
(Charpentier J.P, Molina PE., Smith J.J., 1986). The results of these studies reveal that the real consequences of
INPP closure depend on the rate of economy growth and the numerous economic parameters accepted as initial
conditions, such as oil and gas prices. Assuming the natural gas price growth only 0.9% per year, i.e. increasein 18
in the period of 2000 — 2020, the closure of Ignalina NPP will cause an increase in electricity production costs of
about 0.87-1.02 EUROct/kWh (Norvaisa E., Galinis A., 2004). The results of another study (Elkraft System,
COWI, Lithuanian Energy Institute, 2002) yield a rather different value — increase in costs of electricity in the
Baltic energy market will be about 1.45-1.74 EUROct/kWh.

The next independent study of the same problem was performed in 2003-2004 under the guidance of the
authors of this paper (GylysJ., 2004). Its preliminary resultsindicate that some values presented above seem to be
too optimistic due to some assumptions and non-conservative initial data used in calculations.

In the first stage of the study (Gylys J., 2004) the dynamics and the future trends of electric energy
consumption in Lithuania and other states — members of EU were analyzed. Three methods of prognostication
supplementing each other were chosen: the econometric model, comparative analysis and analytical — expertise
evauation method. The following items were taken into account: available statistical data concerning the rates of
the growth of Lithuanian economy and gross national product; changesin structure of economy and energy export
volume; possible internal and external investments; possible economic and financia difficulties; the data foreseen
in the Lithuanian National Energy Strategy (Lithuanian Energy Institute, 2003) and directives of EU. Three
different scenarios of the future economy growth were anayzed. Some results of the performed calculations are
presented in Fig. 2, 3.

These results show that electric energy consumption in Lithuania should gradually increase since 2000. In a
case of the slow economy growth it should reach 25.35 TWh in 2040, in acase of the fast growth—28.95 TWh, and
in acase of very fast growth — 33.51 TWh (see Fig.2).
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Fig.2. Energy consumption change in the period of 1990 — 2000 and prognosis for energy
demand in the period of 2000 — 2040 for three scenarios - slow growth, fast growth and very
fast growth of economy
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Assuming the minimum rate of the energy consumption growth, corresponding to the planned one in the
Lithuanian National Energy Strategy, backwardness of Lithuaniawith respect to the average level of electrification
of other European states should increase: thisindex for Lithuaniain 2020 should correspond to the analogous value
of European countriesin 1980 (see Fig. 1). The real electric energy consumption in Lithuania during the period of
2000 — 2003 grows at an intermediate rate between fast and very fast foreseen scenarios (see Fig. 3).

The growth of economy will also cause an increase in Lithuanian energy system power demand. The forecast
of changes in the maximum power demand is presented in Fig. 4. The calculation has been done taking into
account the foreseen volumes of electric energy consumption and duration of the required maximum power
demand. The maximum power demand for Lithuanian economy by 2040 can reach 6257 MW in acase of very fast
growth, and 5046 MW in a case of slow growth. At the same time, total power-generating capacity of the
Lithuanian energy system is saltatory decreasing dueto the closure of the IgnalinaNPP (see Fig. 4). These changes
can lead to the shortage of power generating capacity aready in 2010. The extent of the shortage depends on the
scenario of economy development and energy consumption growth. It ranges from -50 MW in a case of slow
growth to -583 MW in a case of very fast growth. In 2020 the extent of the shortage of electric power generating
capacity can reach -556 MW in a case of slow growth and —1843 MW in a case of very fast growth.
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4. PROGNOSIS OF POWER BALANCE

Quantitative evaluation of future changes of power generating capacities is not a simple problem. Trends,
rates and results of these changes will be strongly defined by market laws and the future situation in Baltic,
European and even world electricity and fuel market (Rogner H., Langlois L. 2000, Kidd S., 2000). During
analysis of the possible scenarios of power balance in Lithuanian energy system, the following conditions were
taken into account:

. closure of Ignalina NPP which causes decrease in power generating capacity of 1300 MW in 2005 and
another decrease in 1300 MW in 2010;

. aging, repair and reconstruction of existing thermal and hydro power stations;

. planned commissioning of new combined cycle gas turbine (CCGT) power plants;

. construction of new power plants, using renewable energy sources —wind, solar, biogas,

. possible exploitation of the existing hydro pump storage power plant;

. feasible construction of a new nuclear power plant or unit;

. power reserve, required for the reliable performance of the entire energy system.

The expected changes of the power balance in the Lithuanian energy system in the period up to 2040 for three
accepted scenarios of economy growth rate are presented in Fig. 5,6.

The results of the performed analysis show, that after the closure of both units of 1gnalina NPP the power of
remaining and planned to install electric power plants should suffice the needs of Lithuanian economy up to 2020
only in acase of dow growth and up to 2011 in a case of very fast growth (see Fig.5). This conclusion istruthful, if
thereisapossibility to load and to use the existing standby hydro pump storage power plant. Otherwise, the power
of remaining and planned to install electric power stations should suffice the needs of Lithuanian economy up to
2016 only in a case of slow growth and up to 2010 in a case of very fast growth.

The most attractive scenario of further development of Lithuanian energy sector is based on the construction
of two new nuclear power units on the site of existing IgnalinaNPP. If the power of each unit were 1250 MW, they
together with the other existing and planned to be installed electric power plants should suffice the needs of
Lithuanian economy up to 2033 in a case of slow growth and up to 2021 in a case of very fast growth (see Fig. 6).
This conclusion is also truthful, if there was a possibility to load and to use the existing standby hydro pump
storage power plant. Therefore, continuation of nuclear power usage could extend the positive power balance of
Lithuania minimum for 10 years.

In the study (Gylys J., 2004) several other scenarios of further development of the Lithuanian energy sector
were scrutinized: the construction of a single nuclear power unit with power 800, 1250 or 1600 MW, the
construction of two units with power 800 MW each, the replacement of present RBMK-1500 reactors by modern
Western type EPR or SWR ones. However, despite specific advantages and disadvantages all of them do not make
it possible to ensure the power balance as long as the above-mentioned scenario with two units with power 1250
MW does.

5. FEASIBILITY AND COMPETITIVENESS OF A NEW NUCLEAR POWER PLANT

Thus, after the closure of Ignalina NPP Lithuanian state - the former exporter of electricity becomes its
importer. Seeking for the energy and economic independence, Lithuania should search for the ways to replace the
lost power generation capacities. The solution of this problem is of great importance to the entire Baltic region: it
could afford increasing energy supply reliability and safety for all Baltic States (Commission of the European
Communities, 2000).

One of the merest ways to compensate the possible energy shortage in the future is installation of new big
combined cycle gas turbine (CCGT) power plants burning natural gas. Teking into account the available
worldwide experience, modern-day trends in the world energy sector and specific circumstances of Lithuanian
economy, the most serious front-running rivals in our nearest energy development future are nuclear power plants
and CCGT power plants. In the study (Gylys J., 2004) an attempt was taken to compare and evaluate feasibility and
competitiveness of these two means on the basis of the main prevailing technical and economical factors:

. volume of investments for construction of a new power plant;

. level of adiscount rate;
. changes of the cost of natural gas;
. loading level of anew power plant.
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Fig. 5. Expected changes of power balance in Lithuanian energy systemin the period up to
2040 for three accepted scenarios of the economy growth rate after the closure of Ignalina NPP
if no nuclear units are installed
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Fig.6. Expected changes of power balance in Lithuanian energy systemin period until 2040
for three accepted scenarios of economy growth rate after closure of Ignalina NPP if two
nuclear units with power 1250 MW will beinstalled in 2015

Additional external expenses due to macroeconomic impact (decreasing gross national product and state
payment balance), the problem of energy supply reliability, the negative impact due to environment, and the
maintenance of power reserve were also estimated. The comparative analysis was performed using the method of
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levelised cost of electricity (LCOE). Calculationswere done using the STEL L A 8.0 software. The basic version for
comparison of nuclear and CCGT power plants was defined by the following parameters: total electrical power
—1250 MW, loading level — 80% (7000 hours per year), discount rate — 7%, overnight investment costs — 1317
EURO/KW for nuclear and 579 EURO/kW for CCGT, the proportion between loan and joint-stock capital —50:50,
the basic cost of natural gas— 1.81 EUROct/kWh (current level).

The obtained results indicate that the comparison of electricity production costs at a nuclear power plant and
CCGT power plant in respect to overnight investment costsis not favorable for the nuclear (see Fig. 7), especially
at the low plant loading level (7000 hours per year). Statistical data demonstrate that the volume of power reserve
is decreasing both in NORDEL system and UCTE system (UCTE, 2004, NORDEL, 2004). The growing
electricity request in entire Europe will strengthen the possibilities of export of Lithuanian electricity, and the
energy plant loading level up to 8000 hours per year isreditic. In this case, the overnight investment costs for the
construction of anew nuclear power plant could be reduced to 1119 EURO/KW, and anuclear plant becomes more
competitive than CCGT power plant.

The strongest impact to competitiveness of NPP over CCGT power plant is conditioned by the changes in
price of natural gas (seefig. 8). Thisfigure shows that the electricity production cost at NPP becomes equal to the
cost at CCGT power plant, if the price of natura gas increases by 20% in respect to nowadays price level. In the
Energy Strategy of Russia (Ministry of Energy of the Russian Federation, 2003, Dmitrievsky A.N., Milovidov
K.N., 2000) for the period 2000 — 2020 the possible gradua but inevitable growth of price for primary energy
resources, especialy for natural gasis foreseen. For example, the average contract price for gas might reach 119 —
138 $/103 m® in 2020 (growth of price 38 — 60% in comparison with 86 $/103 m® in year 2000). Although the
long-term forecasts of price changes for primary energy resources are inexact and unreliable, the possibility of
such changes should not beignored, asthey can strongly affect the economic effectiveness of many branchesin the
energy industry. Due to dependence on politics the reliability of supply cannot be simply evaluated using just the
ordinary economic criteria, but itsimportance can never be overestimated.
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Fig.7. Dependence of electricity production costs at a nuclear power plant and CCGT
power plant in respect to overnight investment costs

Summarizing al the results of performed calculations and estimating the external expenses of electricity
production, the levelised cost of electricity produced at NPP and CCGT could be 3.87 EUROct/kWh and 4.36
EUROCt/kWh, respectively at low plant loading level (7000 hours per year). If the favorable opportunities for
energy export existed in the market and plant loading level increased up to 8000 hours per year, the levelised cost
of electricity produced at NPP and CCGT power plant could be 3.46 EUROct/kWh and 4.22 EUROCct/kWh,
respectively.
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These data assuredly demonstrate that a new modern nuclear power plant built instead of closed Ignalina NPP
could successfully compete with CCGT power plant. Alongside with the above analyzed, there are series of realy
existing but not fully economically estimated problems, such as social problems of laid-off staff of Ignalina NPP,
reliability of supply of primary energy sources, state economical independence, environment sustainability policy.
Taking into account the impact of these not thoroughly covered problems, continuation of nuclear energy usagein
Lithuania seems to gain an advantage over the traditional energy production technologies based on burning fossil
fuels.
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Fig.8. Dependence of electricity production cost at a nuclear power plant and CCGT power
plant in respect to the changes of fuel price

5. CONCLUSIONS

1.  Premature closure of Ignalina NPP can cause increasing shortage of power generating capacities just
after the shutdown of the second unit (in the beginning of 2010).

2. Ingallation of new power plants will be necessary for power balance in Lithuanian energy system.

3. The construction of a new nuclear power plant or new combined cycle gas turbine power plantsisthe
most realistic way for Lithuanian energy sector development in the nearest future.

4.  Duetoreatively lower energy production cost, especially estimating the possible future growth of price
for fossil fuel, a new modern nuclear power plant would be competitive and even a more favourable option in
respect to traditional energy production technologies based on burning fossil fuel.
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