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ABSTRACT 

Krško NPP plant life extension was analysed and evaluated with respect to system, 
economy and ecology viewpoints. From the system perspective it was established that also in 
the extended lifetime the plant will remain in operation as a baseload electricity supplier. The 
systematic review was performed to determine its overall competitiveness against advanced 
coal, gas and new nuclear units. The analysis considered also hydro and renewable sources. 

 
Analysis and evaluations resulted in the conclusion that the Krško NPP lifetime 

extension is the most effective alternative for baseload production due to small additional 
capital investments, low fuel costs, no new siting requirements, lowest climate and 
environmental impact, and reliable and safe operation. 

 

1 INTRODUCTION 

The consumption of electricity in Slovenia is constantly increasing due to customer 
needs, economic growth and general increase of the living standard, but generating capacity in 
Slovenia is not following this trend. NPP Krško (NEK) is in operation for more than a half of 
its design lifetime. An extensive systematic study of system, economy and ecology 
viewpoints of the extension of the lifetime is in place at this time [1]. NEK is a safe and 
reliable source of baseload electricity and a strong support point in the electricity system, 
which stabilises both Slovenian and Croatian grids. Up to now the production of NEK topped 
115000 GWh. Its reliability is in constant increase and the number of automatic scrams is in 
decline.  

Lifetime extension is for the investor and owner a primarily economical question related 
to other options of generating electricity. International technical studies show, that there are 
no technical limitations to extend the lifetime beyond 40 years and at the same time maintain 
or even increase the safety levels, under the condition that appropriate aging management is 
in place and this program is also adequately executed. 
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In the complete study [1] the authors studied all aspects that must be included in 
research and documentation needed for lifetime extension approval. In this paper we present 
only some more interesting topics of the study.  

 

2 ELECTRICITY CONSUMPTION IN SLOVENIA 

Figure 1 shows the electricity consumption growth in Slovenia for the past 25 years 
(from 1980 to 2004). Electricity consumption of consumers connected directly to the high-
voltage transmission lines is presented at the bottom of the graph. Consumption of all other 
consumers connected to the distribution networks is presented in the upper part of graph. In 
the 80’, when Slovenia was still part of the former Yugoslavia, the consumption showed 
steady growth. This was followed by a period of consumption decline due to structural 
changes in Slovenian industry and due to the transition to an open market regime. These 
changes were initiated by the Slovenian independence in the 1991. Major part of this 
consumption reduction came from lower consumption of the heavy industry, i.e. consumers 
directly connected to the high-voltage transmission lines. The year 1993 was the year of 
lowest consumption in recent history, after 1993 the consumption is in constant increase. 
Similar growth rates have been observed also in other comparable European countries.  

 
Figure 1: Electricity consumption growth in Slovenia 1980-2004 

 
Consumption growth predictions were calculated using the sector model MEDEE, 

which takes into account gross domestic product (GDP) growth and inhabitant number 
predictions [2]. The predictions are bounded by two scenarios. The upper scenario (S05-V) 
takes into account higher initial GDP growth rate of 3.9 % per annum. The lower scenario 
(S05-N) takes into account lower initial GDP growth of 3.1 % per annum. Both scenarios take 
into account the decline of population in Slovenia at a rate of 0.2 % per annum. Real GDP 
growth in Slovenia in the last decade was on average 4 % per annum and as such 1.5 % per 
annum higher than average GDP growth in EU.  
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Figure 2: Projections of electricity consumption in Slovenia 2006-2030 

The higher prediction reaches approximately 20000 GWh in 2020, at the same time the 
lower prognosis reaches 17100 GWh. Peak power consumption in Slovenia today is 
approximately 2000 MW, minimum load today is 1000 MW. Currently normal peak loads 
occur in December, minimum loads are observed in summer. It is expected that peak loads 
will increase at the same rate as the total consumption. Minimum loads are expected to 
increase faster than the total consumption. This effect was observed also, for example, in Italy 
in the last decade. Peak power in the year 2020 is expected to reach approx. 3000 MW.  

 

3 NPP KRŠKO LIFETIME EXTENSION VIEWPOINTS 

NEK is a baseload energy source and due to its low production costs (they will be even 
lower after 2008 when all loans for its construction will be paid off) several other alternative 
sources can’t compete with it at baseload production.  

The role of the NPP Krško in lifetime extension period (NEK-E) had to be determined 
in the beginning of this study. To determine the future role of NEK-E we have to compare 
different possible sources of baseload energy production. These sources should be able to 
replace baseload generation that is currently covered by NEK. Slovenia owns half of NEK, so 
we need to replace baseload generation capability of 345 MW net, or baseload energy 
production in the order of 2720 GWh per year. The study assessed next 6 alternatives how to 
replace this generation in 2023: 

• NEK-E: NEK lifetime extension 
• COAL: Advanced Coal Gasification Plant (CGP) (imported coal) 
• GAS: Advanced Combined Cycle Natural Gas Plant (CCGP) 
• NEK-N: New Advanced NPP (600 or 1000 MW) 
• Renewable and distributed sources 
• Import of electricity 

 
In the first phase of the study we excluded the alternative based on renewable and 

distributed sources, since it could not deliver the required amount of the energy, and because 
its energy production is stochastic by nature and it is not appropriate for baseload. Due to the 
stochastic nature of renewable sources (wind and solar) the installed capacity of those sources 
should be more than 10 times higher than baseload power required to replace the Slovenian 
half of NEK.  
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We have also excluded additional permanent import as an option. Due to already high 
import dependency (presented in Figure 3) we concluded, that additional import would mean 
a less appealing option, which would cause: reduced security of supply and higher electricity 
prices increase risk. In addition to those two negative effects, permanent import also requires 
additional investments in the high-voltage transmission lines.  

 
Figure 3: Net electricity import values for Slovenia in the years 2003-2006 

The remaining four options were classified as relevant and were studied in more details. 
Table 1 below shows technical and financial parameters of those four alternatives used in the 
study. In the following subsections some important aspects of the study are presented in more 
details. 

Table 1: Alternatives for NEK replacement after 2023 - collection of important 
parameters used in the study 

  Overnight 
investment 
cost (€/kW) 

Economy 
design 

lifetime (y) 

Net Power 
(MW) 

Availability 
factor 

Yearly 
production 

(GWh) 
NEK-E PWR 220 20 696 0.90 5440 
COAL CGP 1150 25 370 0.85 2755 
GAS CCGP 460 25 385 0.85 2865 

NEK-N 600 AP600 1580 40 610 0.90 4810 
NEK-N 1000 AP1000 1315 40 1080 0.90 8515 

 
3.1 Security of electricity supply 

Security of electricity supply is defined by several parameters. Availability factors for 
all alternatives in the Table 1 are comparable. However, due to a low small number (and/or 
frequency) of unplanned shutdowns, the nuclear options offer better solution. Dynamic and 
static stability is ensured with all options. Shutdown of the biggest generator is significant 
problem for the biggest unit NEK-N 1000. From the viewpoint of the diversification of the 
primary energy sources nuclear options offer an advantage. Both COAL and GAS options 
increase our import dependency. Nuclear energy is treated as domestic source [3] and as such 
improves overall energy in-dependency of Slovenia. Nuclear options are also less vulnerable 
to fuel price increase. NEK and other options connected directly to Krško high-voltage 
switchyard offer also a strong supporting point for the Slovenian and Croatian high-voltage 
grids. Strong and stable generator at Krško high-voltage switchyard improves the stability of 
both Croatian and Slovenian transmission systems. 

From all above mentioned factors, it can be concluded, that nuclear power plants are 
offering superior security of electricity supply. 
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3.2 Environmental impact 

Many countries (in fact almost whole word) are currently faced with a problem, how to 
cover the increasing energy demand without degrading and hurting the environment. 

CO2 emission analyses in European countries with bigger nuclear programs (France, 
Belgium, Sweden, Switzerland, …) have shown an important role of NPPs concerning the 
total green house gas (GHG) emissions of those countries. It was shown that it is impossible 
to replace baseload production of NPPs without simultaneous additional increase of GHG 
emissions. For example, France with its nuclear program has reduced its CO2 emissions by 
30 % in the period from 1982 to1992 and in the same time doubled its electricity production. 

GAS and COAL option are significant sources of gaseous emissions. Nuclear option has 
the smallest land use per installed power or produced energy. Since extending lifetime of 
existing NEK needs no new space, this means an additional advantage of the NEK-E option. 
Radioactive releases from NEK are well below allowed limits and are hardly measurable in 
the environment. Advanced NPPs are also demonstrating extremely high safety levels, high 
protection against radiation and high operational safety.  

Radioactive waste disposal is technically feasible and as such not a technological 
problem, but mainly a problem of public acceptance. This is also a case for Slovenia, where 
technology solutions for low and intermediate level radioactive waste (LILW) repository were 
selected and present no major problem for expert communities. However, siting of LILW 
repository, which is currently being performed, is receiving strong public attention. Public 
and social acceptance is treated separately later in this paper.  

 
3.3 Economy 

Main input parameters for calculations presented in this section are collected in Table 2. 
 

Table 2: Cost categories for economic evaluation [2][4][5][6][7][8][9]
 COAL GAS NEK-N 600 NEK-N 1000 NEK-E 

Fuel price (€/GJ) 2.5 4.5 0.5 0.5 0.5 
O&M fixed cost (€/kW) 41 14 64 64 87 
O&M variable (€/MWh) 2.10 1.50 0.36 0.36 0.38 
CO2 coupon (€/MWh) 8.53 4.69    

Decommissioning costs (€/MWh)   4.16 4.16 2.04 
 
The analysis showed that the most economic solution is the extension of the lifetime 

(NEK-E). The most important advantage of this solution can be summarized in one sentence. 
With small investment we extend the lifetime of the unit with lowest fuel costs. In the above 
mentioned calculations we took into account CO2 coupons at the cost of 15 €/tCO2 for COAL 
and GAS options. The costs of decommissioning, costs of spent fuel management and 
disposal, and costs of radioactive waste management and disposal were taken into account for 
all nuclear options.  

Using data presented in Tables 1 and 2 we calculated long-term production costs for all 
alternatives, taking into account 5 % and 10 % discount rates. Due to volatility of natural gas 
prices we took into account two different gas prices: a low price of 4.5 €/GJ and the price of 
gas in Europe in 2006 which reached levels of 7 €/GJ. Results are presented in Table 3.  

 
Table 3: Long-term electricity generation cost for two discount rates 

 COAL GAS - low GAS -2006 NEK-N 600 NEK-N 1000 NEK-E 
5 % 47.30 39.92 54.91 32.72 30.38 22.61 

10 % 57.26 42.93 57.92 47.15 42.41 24.31 
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There is also an indirect financial influence of NEK lifetime extension on the 

decommissioning fund. With the lifetime extensions the instalments into the fund could be 
reduced from the current value, which is approximately 4 €/MWh, to approximately 
2 €/MWh. 

The results of the long-term production cost analysis are slightly different for two 
different discount rates. NEK-E is the cheapest in both cases. In the case of the high discount 
rate NEK-N 1000 is in the second place and GAS with low natural gas prices is in third place. 
But with recent gas prices even COAL option is cheaper than GAS with prices of last year.  

In the case with 5 % discount rate, the first three places are reserved for nuclear options, 
with NEK-E being the cheapest solution.  

Taking into account all results we can state that the NEK lifetime extension is from the 
economy viewpoint very sensible decision. It is by considerable margin the cheapest option 
even taking into account high investment capital return rates of 10 %.  

 
3.4 Public Acceptance and Social Impact 

Public acceptance of new electricity generating capacities is more and more reflected 
through institutions of civil society and through the media. Currently different electricity 
sources have significantly different social acceptance. Renewable sources in general have 
significantly higher public support than other sources currently in Slovenia. However, when it 
comes to particular projects and sites no general conclusions can be drawn, since hydro plants 
on Mura river, new hydro units on upper parts of Sava river and windmills on Karst are 
strongly opposed.  

Some studies show slight growth of public acceptance of nuclear energy in the world, 
especially in the USA, where several lifetime extensions have been granted, in Finland, where 
a new reactor is under construction, in France, where a new construction is expected in fall 
this year.  

Important factors for increased public acceptance of nuclear energy are: good safety 
record, no emissions of GHG and other toxic gases into the air, low production of solid waste, 
and stable and reliable electricity production.  

 
3.5 Waste Management and Decommissioning 

A NEK lifetime extension will finally influence also the amount of produced 
radioactive waste. The amount of low and intermediate level waste (LILW) and the amount of 
spent nuclear fuel (SNF) will increase. This will increase also the total costs associated with 
LILW and SNF management. Since fixed costs associated with the construction of a 
repository are high and only slightly influenced by the increased amount of waste generated in 
NEK extended lifetime and later disposed in the repositories, the relative costs of LILW and 
SNF management calculated per unit of produced electricity will be reduced.  

The amount of LILW generated in the extended lifetime is expected to stay on the 
current level of approximately 50 m3/y. 20 years of extended lifetime will eventually generate 
1000 m3 of additional operational LILW. For this amount of waste no additional capacity in 
the planned LILW repository will be needed.  

Lifetime extension will not significantly influence the amount of decommissioning 
waste. It is expected that final decommissioning will produce 5540 t or approximately 
13000 m3 of LILW. Total amount of LILW at the end of the extended lifetime amounts 
together to approximately 20100 m3. This is 14 % more if compared with total LILW waste 
produced in NEK designed lifetime (17600 m3). 
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Reracking of the spent fuel pit in NEK in the year 2003 allows another reracking in the 
case of lifetime extension. With this additional reracking the spent fuel pit would accept all 
SNF generated in 60 years up to 2043. Additional costs associated with this second reracking 
are estimated on 5 M€. No additional spent fuel pit cooling is necessary.  

 

4 CONCLUSIONS 

Study of system, economy and ecology viewpoints of the Krško NPP lifetime extension 
showed, that lifetime extension is the best solution among all suitable technology options 
available for commercial application before 2020.  

The most prominent advantages of NEK lifetime extension found in this study are: 
• Keeping the role of the existing support point of the 400 kV transmission 

network during normal operation of the network and during network transients,  
• Positive role of NEK as a low GHG emission source of electricity. Replacing 

NEK with a coal or a gas burning plant would mean strong increase of CO2 
emissions of the Republic of Slovenia. This would endanger commitments to the 
Kyoto protocol signed and accepted by the Republic of Slovenia. 

• Land use; NEK lifetime extensions requires no additional land. 
• Economy of operation; NEK has the lowest operation costs compared to any 

alternative technology.  
 

A weak point of the NEK lifetime extension is only its public acceptability. However, 
public acceptability of NEK lifetime extension is not only influenced by NPP operation, but 
also by slow progress of LILW repository siting and by small still unresolved open issues 
with the Croatian owner of the NEK. Both problems can be solved and should be solved 
before NEK lifetime extension.  

The amount of low and intermediate waste and the amount of spent nuclear fuel will 
increase with the NEK lifetime extension. However, relative costs associated with waste 
management and calculated per unit of produced electricity will be reduced.  

 
The nuclear safety legislation in the Republic of Slovenia is currently based on the 

system of periodic safety review (PSR). After successful PSR the nuclear installation receives 
an operation licence, which is time limited to a period of maximum 10 years. This legal 
system is based on the Radiation Protection and Nuclear Safety Act [10] adopted for the first 
time in 2001 and amended in 2003 and 2004. First PSR in Krško NPP was in 2003. Based on 
Slovenian Nuclear Safety Authority decree of August 2005 next (2nd) PSR is due in 2013. 
Since the PSR performed at the end of NEK design lifetime (in 2023) will be already the third 
one, we are not foreseeing any major problems in the implantation of this PSR. 
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