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Abstract 

The purpose of the present study is to compare economic efficiency of nuclear power plants and plants on fossil fuel for short-term and 
long-term (until 2050) perspective and further forecasts specification of nuclear power generation development in Russia and in the world 
on the background of world energy as a whole. 

Technical and economic indicators of power plants of different types are systematized taking into account their uncertainty margins. 
Competitiveness of power plants of different types was estimated according to cost of electricity produced. The cost of electricity is presented 
as the sum of components taking into account cost of construction, operational costs, decommissioning costs, fuel costs, and payments for 
emissions. It was demonstrated that if payment for emissions are not included power sources of all the examined types can be competitive 
on the energy markets (under certain conditions), including the markets in Russia. If payments for greenhouse gases emission are included 
in the calculations nuclear power plants become the most cost effective power source. 

Additional comparison of power sources of different types taking into account system effects was performed using the GEM model 
(global energy model). The calculations demonstrated that under all three examined scenarios the scales of nuclear energy use are expected 
to increase. This growth will be the most significant in case of imposition of strict environmental restrictions (approximately by 4 times by 
the middle of the century in Russia and by 3.5 times in the world). 
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Environmental constraints and payments for carbon 

dioxide emissions 

Active discussion is ongoing during several recent decades 
about the effects produced by human economic activities on 

Earth climate. In particular, it is stated in the reports of the 
Intergovernmental Panel on Climate Change (IPCC) [1] that 
probability is high that man-induced impact on the climatic 
system is the dominating reason of climate warming observed 

from the middle of the 20th century. Emissions of greenhouse 
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gases (first of all emissions of carbon dioxide), if continued 

on the existing level and, even more so, in case of increase 
of these emissions, will result in the further growth of con- 
centrations of pollutants in atmosphere, increase of average 
global temperature on the air–ground interface and the di- 
verse negative consequences for nature, economy and human 

health. 
Even reduced intensity of emissions of greenhouse gases 

will not prevent climate changes due to the inertia of the 
climatic system explained by the preservation of previously 

accumulated emission in atmosphere. Imposing limitation of 
2 °C on the increase of global average temperature (compara- 
ble with pre-industrial level) (such increase can be regarded 

as not leading to catastrophic consequences) will require re- 
duction of emissions by the middle of the 21st century by 

approximately 40–70% as compared with 2010 and their cut- 
ting practically to zero by the end of the century [1] . 
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Danger of potential climate changes is officially recog- 
nized in Russia and readiness is expressed both to estab- 
lishing international cooperation in this field and to unilater- 
ally undertaking measures for reduction of greenhouse gases 
emissions [2] . 

“Cost” (“price”, “shadow price”) of carbon dioxide equal 
to the expenditures required for preventing its unit emission is 
the important characteristic of CO 2 emission reduction plans. 
С O 2 cost is determined according to the results of mathemat- 
ical modeling of power generation development [3–5] . If this 
value is instituted for enterprises as the size of payment for 
emissions (other option is to organize emission trading) than 

the correlation between economic efficiency (competitiveness) 
for different energy sources will be changed in favor of nu- 
clear power plants and renewable energy sources (RES) and 

it will become profitable for generating companies to change 
the structure of their generating capacities in such a way as to 

comply with the required restriction imposed on the overall 
emission. 

It is assumed that taxes on emissions will be introduced 

first of all by a limited number of countries making the largest 
contribution in the world emission of carbon dioxide and en- 
joying high levels of economic development [4] . System of 
emission trading currently exists in the countries of the Eu- 
ropean Union. Prices regulated by the market proved to be 
unstable: from several units to several dozens of dollars per 
ton CO 2 . 

With the current policies being pursued by countries of the 
European Union, in Australia, New Zealand and South Korea 
carbon dioxide prices will amount by 2035 to 30–50 $/ton 

CO 2 . Under the scenario of adoption of stricter economic 
restrictions (stabilization of CO 2 concentration at the level 
of 450 ppm (parts per million)) carbon dioxide price will be 
significantly higher (to 100–125 $/ton CO 2 by 2035) [4] . 

Cost of electricity 

Competitiveness of electric power plants of different types 
is determined in the first approximation by the cost of elec- 
tricity [6–9] . This cost can be presented as the sum of com- 
ponents accounting for the cost of construction, annual op- 
erational costs, decommissioning costs, fuel costs, as well as 
payments for emissions as follows: 

S = 

k 

(CF × H (1 − β)) 

[
F ( exp (σ�T ) − 1) 

[(σ�T ) + δ + (F − σ ) ε] 

]

+ 

pσ/ (σ − μ) + ap∗
11 . 7 × 10 

3 η
, 

where k is the specific capital cost, $/kW; CF is the capacity 

factor; H is the number of hours per year (8760 h/yr); β is 
the energy consumption to cover internal needs of the plant 
(fraction of production); F = σ /(1 – exp(–σT )) is the capital 
recovery factor; σ = ln(1 + d ); d is the annual discount rate; 
T is the service life of the energy source, years; �T is the 
duration of construction, years; δ, ε are the annual fixed ex- 
penses and dismantling costs (fraction of capital investments), 

respectively; p is the fuel price, $/toe; η is the efficiency; 
μ= ln(1 + ν); ν is the annual rate of fuel price increment; a is 
the emission factor, t С O 2 /toe ( a = 2.8 for coal and 1.7 for 
gas); p ∗ is the price of carbon dioxide emissions, $/ton С O 2 . 

Use of electricity cost criterion is justified for evaluation of 
power generating technologies efficiency when it is required 

to exclude economy of scale effects of the power generation 

project from the results of investigation (in contrast to the 
net present value criterion) and to determine quality of the 
project using specific indicators. The best among several en- 
ergy sources is the one ensuring the least cost of electricity 

produced. 

Comparison of parameters of nuclear and non-nuclear 
energy sources 

Technical and economic indicators of modern and potential 
energy sources are characterized by significant uncertainty. 
Taking into account non-uniformity and insufficient reliability 

of the published indicators when used as information sources 
it is reasonable to use publications of the recognized organi- 
zations containing data collected and processed using unified 

methodology [9,10] . 
It was assumed that the examined projects include the new 

power plants to be commissioned in 2015 (in Russia and in 

other countries) and power plants continuing their operation 

during the whole established service life (20 years and more). 
Thus, the data refer to energy sources of different types oper- 
ated in different economic and geographic conditions during 

the period lasting from the present moment until the second 

or the third quarter of the 21st century. 
The following power generation technologies are exam- 

ined: electric power plants operated on coal or natural gas, 
nuclear power plants and renewable energy sources. 

Coal (bituminous and lignite coal) fueled electric power 
plants are consisted for the most part of power units with 

super-critical and ultra-supercritical steam parameters with 

unit power equal to 300–1000 MW and with efficiency of 
40–45%. Power plants operated on natural gas include com- 
bined cycle gas turbine units in 14 countries; they require 
lesser capital investments compared to coal power units, have 
lesser carbon dioxide emissions and higher efficiency reach- 
ing up to 59%. 

As applied to nuclear power generation the collected tech- 
nical and economic indicators characterize 20 light water re- 
actors in 12 OECD countries, three countries non-members 
of the OECD and three industrial organizations including 17 

pressurized water reactors, two boiling water reactors and the 
project of third generation nuclear reactor of General Electric 
Company. Power units have, as a rule, electric power equal 
to 1000–1600 MW. 

In connection with the fact that cost of transportation of 
nuclear fuel does not add significant contribution to total ex- 
penses this cost was accepted to be the same and equal to 

some average value. 
Only wind and solar power installations were selected from 

wide enough spectrum of RES. It is explained by the fact that 
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