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The different options for life extension of the operating nuclear power units have been analyzed in the report
with regard for their economic efficiency. A particular attention is given to the option envisaging the reduction
of reactor power output and its subsequent compensation with a steam-gas topping plant. Steam generated
at its heat-recovery boilers is proposed to be used for the additional loading of the nuclear plant turbine so as
to reach its nominal output. It would be demonstrated that the implementation of this option allows to reduce
total costs in the period of power plant life extension by 24-29% as compared with the alternative use of the
replacing steam-gas unit and the saved resources could be directed, for instance, for decommissioning of a
reactor facility.

Introduction

The most important direction for development of the nuclear power in Russia is to scale up generation of
electricity for replacing the fossil fuel and making the gas and oil resources available for export. However, the
reform of economics in Russia had depreciated the amortization funds in the nuclear power. As of 1998, the
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investments in the nuclear power were financed in the amount of only 24 % as compared to the planned
value [1]. The significance of non-capital-intensive options for introducing new capacities has therefore been
increased. The proposed options include:

" increase of the capacity factor for NPPs;

• complete "suspended" construction of the power objects;

" life extension of the existing power units.

One of the options for life extension of the existing reactor facilities is to maintain so-called "mild wear"
regime, in particular, at the expense of reduction of reactor power output, e.g. by 50% under possible
simultaneous reduction of the coolant parameters. The plant owner can compensate for loss of power using
the alternative source of energy. In the regions where gas fuel is inexpensive, a steam-gas unit (SGU) may
be used to this end. In this case two ways of compensation are envisaged:

• construction of a stand-alone SGU of respective power output (the simplest option in terms
of technical and organizational expenses involved);

• construction of a gas-turbine topping plant at the nuclear power unit in such a way that
steam generated at the heat-recovery boilers can be delivered for the additional loading the nuclear
steam turbine whose life time is longer than the design life of the power unit.

The previous studies [2, 3] on the options for extending the life time of WER-440 accompanied by reduction
of its output and the use of the gas-turbine topping plant for compensation of power losses have been
focused on thermal engineering problems. The present study is concentrated on the cost-efficiency analysis.

Background and options

Life extension of nuclear power units seems the most efficient due to the specific features of the electricity
cost pattern. Figure 1 shows the respective data for SGU and NPP taken from the study [4].
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Figure 1. THE PATTERN OF COSTS FOR ELEN6RICITY GENERATION,
US cent/kW.h

As was illustrated by the analysis, the cost pattern of electricity generated by NPP and SGU is rather
similar in most countries all over the world, including Russia. The major contribution to cost of NPP-
generated electricity comes from the capital cost component that includes payment for credit, depreciation
expenses, decommissioning expenses, etc. After expiration of the design life time of nuclear power units,
accumulation of required amortization fund and decommissioning fund as well as after payment of credits, in
case of extension of the life time the capital costs will be decreased almost to zero, whereas the cost of
electricity production (fuel + operating costs) will be 2-3 times less than the cost of electricity generated at
SGU replacing the reactor facility. This ratio determines the economic efficiency of extending the life time of
nuclear power units.

Two schemes (see Figure 2) have been considered for extending the life time of a nuclear power unit where
VVER-440 has been taken as the reference unit.

(The major) option 1.

By the end of its design life time a nuclear power unit would be brought to "mild wear" operating regime at
lower power level Np (the coolant parameters could be reduced accordingly). Thus, the life time can be
extended, for example, by 10 years and the safety of NPP can be enhanced. The loss of unit power will be
compensated by construction of a steam-gas topping plant with steam generating capacity sufficient for the
steam turbine to reach its nominal output. After expiration of the added life time of the power unit, the reactor
should be finally shut down and the decommissioning process will start. The topping steam-gas plant should
be designed such as to maintain the nominal output of the steam turbine and continue its operation.

Option 2.

It differs from option 1 by selecting the output of the steam-gas topping plant such as total output of the
power unit be maintained almost at the nominal level. The steam turbine in this case would be left
underloaded. This option can be preferable if the financial resources are limited or no increase in the
electricity demand is predicted.
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Figure 2. The schemes for replacing the power output of the nuclear power unit

DECOM — decommissioning;
NR — reactor output;
OLT —the life time of the nuclear power unit;
Atecr — duration of extended life time;
AtDEcoM — duration of decommissioning;
GTU — gas-turbine unit (topping plant).

Technical information

The main technical data and thermal schemes for the proposed option of extending the life time of WER-440
power unit with reduction of the reactor power and using of the gas-turbine topping plant for compensation of
the power loss are provided in [2, 3].

Schematic diagram of the NPP with steam-gas topping conformably to WER440 reactor is presented in
Figure 3.
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Figure 3. Heat Flow Sheet of WER-440 Unit with Steam-Gas Topping:
GTP - gas-turbine plant; GDS - gas-distributing station; SV - stop valve;
CV-control valve; S-separator; SS1, SS2 - steam superheaters;
FH1, FH1, ... FH8-feedwater heaters; FWEP-feed water electric pump;
D - deaerator; CP - condensate pump; ME - main ejector; SE - sealing ejector;
TST-topping steam turbine; HRSG - heat recovery steam generator; M - mixer.

Superheated steam of high and low pressure is generated in two separate circuits of the heat recovery steam
generator (HRSG) at the expense of exhaust gases from gas turbine plant (GTP). High pressure steam is
directed to topping counter pressure turbine of high pressure which can work on the same shaft as the GTP
or with a separate electric generator. Principal limitation - minimum upgrading of the NPP main turbine -
should be met. The steam from the topping steam turbine is fed to a mixer (heat exchanger of mixing type),
where it is mixed with saturated steam from the NPP steam generator and directed to the NPP turbine inlet.
Using heat exchangers of mixing type is a basic distinction from other technologies. Application of diverse
heat flow sheets is possible; the CCNGP (combined cycle nuclear-gas power plants) at supercritical
parameters appears to have considerable promise, in so doing the CCNGP efficiency reaches 48 % and
more.

Low pressure steam from the HRSG is fed to the inlet of low pressure cylinder of the NPP steam turbine.

The turbine manufactured both in Russia and by foreign firms such as ABB, Siemens, GE with the power of
100... 200 MW may be used as gas-turbine plants.

Preliminary estimates have indicated that the placement of steam-gas topping beyond the NPP at a distance
of 1 km solves practically the problem of safety ensuring while fuel gas being supplied to the NPP; in so
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doing, pressure and temperature losses in connecting pipelines are 0.3 MPa and 10 °C, respectively, and
the efficiency decreases by 0.04 % (abs.). A cost of the pipelines is about 1 % of the GTP cost.

The results of the analysis

Two options have been considered for life extension of WER-440 facility. In the first case reactor power is
reduced to 50% while the steam turbine is additionally loaded by steam from the heat-recovery boilers which
are the part of the gas-turbine topping plant. The main condition for the first option is to maintain nominal
output of the steam turbine. Due to the gas-turbine topping plant, total output of the power unit is increased
to 1275 MW and the unit can be classified among NPPs of 1000 MW output range. In the second option
total output of the power object (the nuclear power unit + the gas-turbine topping plant) remains at its
nominal level (~ 440 MW). The cost of electricity during extension of the nuclear power unit life time have
been evaluated. The respective costs for a stand-along SGU of the same output have been taken as the
reference basis (100 %). The ratio of the cost of electricity generated by SGU to the production cost of
electricity generated by NPP unit has been evaluated as 2.5. The steam turbine part accounts for 16% of the
cost of electricity generated by SGU. The evaluation results are summarized in Figure 4.

In case the life time of the nuclear power unit is extended at the expense of reactor power reduction, the
greatest economic effect is estimated if the steam turbine part of the nuclear power unit additionally loaded
to its nominal output by steam from the heat-recovery boilers of GT topping plant is used instead of the
steam turbine part of the substitutional SGU. The resultant total cost of electricity for the power unit (see the
bottom bold line in Figure 4) are reduced by 24-29 %. The substantial economic effect can be explained by
two reasons: (a) the cost of electricity for NPP unit by the end of its design life time become lower due to
elimination of such components as credit payments, depreciation expenses, decommissioning expenses,
etc. and (b) more efficient use of the steam turbine output of the nuclear power unit.

In addition, life extension of the nuclear power unit provides an opportunity to postpone such complex and
expensive procedure as decommissioning of the nuclear power unit.

Life extension for 10 years (using option 1 - the output of WER440 reactor is reduced to 50% and the gas-
turbine topping plant output is selected such as to maintain nominal output of the steam turbine) allows to
accumulate about 600 mln USD, for example, to finance decommissioning of the nuclear power unit.
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Figure 4. Structure of the cost of electricity for the power unit, %
(the costs of stand-along SGU of the same output are

assumed as the reference basis of 100 %).

Conclusions

Life extension of NPP is the cost-efficient approach since the costs of electricity of the nuclear power unit
provided that it will continue operation after expiration of the design life time are 2 to 3 times less than under
the normal operating conditions.

In case the life time is extended due to reduction of reactor power output it is economically efficient to
compensate the loss of power with a gas-turbine topping plant instead of the SGU, because steam
generated at the heat-recovery boilers can be used for the additional loading of the nuclear plant turbine so
as to reach its nominal output. The implementation of this option allows to reduce total costs of electricity by
24-29%.
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