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INTRODUCTION

Karl Georg Hayer, Professor, Research Director
Oslo University College

This very thorough report by the group of experts reminds us that the most critical
issues raised by nuclear power use have a global reach and are just as crucial today as
they were some thirty years ago. It is worth remembering that in the 70°s and 80°s even
Norway was subject to serious nuclear power development planning. According to these
plans Norway by now should have had some 12-15 nuclear reactors localized to 4-5 nuc-
lear power plants. Due to a strong public opposition this was, at least preliminary, re-
jected by the Norwegian Parliament already in 1975. Similar plans were also rejected in
Denmark, and the two Nordic countries have ever since kept their roles as nuclear power
free zones. In Sweden the Parliament decided gradually to dismantle and phase out all
their existing nuclear reactors, a decision very much highlighted in the broader interna-
tional discussions. However in the later years it has proven difficult for Sweden to keep
to the decision.

Two major nuclear reactor accidents should heavily influence both discussions and
decisions. The first one in March 1979. A loss-of-coolant accident (LOCA) took place in
one of the two reactors at the Three Miles Island nuclear power plant near Harrisburg in
Pennsylvania, USA. Before control was regained the reactor was only a few hours from a
fuel meltdown accident. 140 000 people had to leave their homes for shorter or longer
time. In its effects, uncontrolled emissions of radioactivity to the ambient environment, it
was not a serious accident. But it demonstrated all the potentials of the utmost severity.
And not the least did it demonstrate the necessity to throw all former quantified risk esti-
mates into the garbage can. In USA the accident lead to a moratorium in commissioning
new nuclear reactors. It took 6 years before the Three Miles Island reactor could start up
again, a strong proof of the vulnerability of nuclear power as an energy source if larger or
minor accidents happen.

Based on the almost unanimous recommendations from a public commission some
industrial actors in the mid 1980°s made efforts to restore nuclear power planning in
Norway. Their choice of moment was not very lucky, at least for themselves. 26™ of
April 1986 reactor 4 in the Ukrainian Chernobyl power plant became subject to the most
severe nuclear power accident through all history. As widely recognized extensive land
areas and populations both in Ukraine, Belarus and Russia were in particular seriously hit
by radioactive downfall. But even as far away as the more remote parts of Norway down-
falls were large enough to make immediate counter measures necessary in order to pro-
tect population from long term health effects. Now more than twenty years later some of
these counter measures are still effective, in particular those that were enforced to counte-
ract radioactive Cesium concentration in reindeer and sheep meat generated through
mountain grazing. The total downfall of Cesium 137 and 134 over all of Norway was not
a large volume in common terms. In theory it could be kept in a tea cup. On the other
hand the amount of radioactivity was very large indeed, and at fairly elevated levels is
estimated to be present in Norwegian ecosystems through most of this decennium.



Together with other European countries Norway was taken by surprise. In many
ways. It was the large geographical outreach of quite heavy downfalls. Almost all Euro-
pean countries became victims, many subject to heavily concentrated downfalls at very
large distances from the Chernobyl source. These patterns and distances of radionuclide
spreading were very different from the existing models used in risk estimation and con-
tingency planning. And there were all the biological concentration chains of the radionuc-
lides, many never envisaged before, at least as regards their proven importance. Former
models and estimates of biological halftimes of nuclides were rejected by hard evidence.

Then there was the accident itself. Most European experts — me included — shared
the view that the Russian graphite moderated RBMK reactors were inherently less acci-
dent prone than the Western light water moderated reactors (LWR), whether of the pres-
surized or boiling type. It was generally accepted that the LWR reactors in principle
could be subject to a total, uncontrolled meltdown accident, contrary to the RBMK tech-
nology. This was the so called “China Syndrome”, hot fuel melting its way down in the
ground visually towards China from USA. We were all taken by surprise of the type and
extent of the Chernobyl reactor accident. However not by the release of radioactivity
when the accident took place after all. Of course, the lack of the external safety barrier in
most Russian reactors at that time, so crucial in Western reactors, was heavily criticized.

The report gives a systematic outline of the other major problems usually connected
to nuclear power. They are the safety and deeply ethical problems raised by the continuous
generation of long life radioactive waste. Similar types of problems caused by long term
decommissioning of various types of nuclear fuel cycle plants, reactors, reprocessing and
enrichment units. There are the transport safety issues when linking all the fuel cycle plants
and activities together. And not the least are there the inherent and potentially seriousness
in the connections between nuclear power and nuclear bombs, where the very history of
nuclear power was founded more than sixty years ago. Nuclear reactors are still conti-
nuously generating Plutonium-239, the isotope applied in the Nagasaki nuclear bomb. And
enrichment facilities creating opportunities for the generation of sufficiently enriched Ura-
nium-235, the isotope applied in the Hiroshima nuclear bomb.

In Norway as well as in other European countries the strong opposition against
nuclear power caused energy issues to be focused in new ways, also a great asset of this
report. The large potentials of new forms of energy production from renewable and envi-
ronmentally benign sources, sun, wind, biomass and low temperature heat from the
ground, have become crucial parts of the new way of thinking on energy, the “soft energy
paths”’. And in outlining these paths have also extensive energy saving and gains in ener-
gy efficiency played important roles. In the aftermaths of the nuclear power opposition
and the many no's to further nuclear power it was mostly a matter of change of focus in
discussion. But gradually it has grown to be an integral part of new politics. And as the
future is described today, with the overriding response to issues of climate change, the
soft energy paths are taken as the very backbone of all-European energy development and
policies. Hopefully this report will give its contribution for the similar paths to become a
reality also in Belarus.



EXECUTIVE SUMMARY

In the nearest future the Republic of Belarus, like many other countries of the
world, will have to take a decision on how its energy sector is going to look like in the
coming decades. Energy security and political status of countries would depend on deci-
sions taken in this field.

Critical dependence on import of natural gas, which is becoming more and more
expensive, pushed the Republic of Belarus National Security Council for taking January
31° 2008 a political decision to build a nuclear power plant.

A number of factors have not been taken into account in the course of taking this
decision, which leads to doubts about correctness of the choice.

1. Some input data, used for preparing a feasibility study to build a NPP contained
errors:

- NPP capital construction unit costs, used in analysis and modeling — US$ 1,116
per kW — were definitely underestimated. In accordance with the Russian Federation
Government figures, the cost of capital construction is almost 2 times higher and amounts
to US$ 2,140 per kW (in 2007).

- The NPP feasibility study includes data of the International Nuclear Association,
according to which cost of production of electric power, generated by NPP in France
amounts from € 0.0254 to € 0.0393 per kWh. Figures of the Republic of Belarus National
Academy of Sciences say that commissioning of a NPP into energy system of the repub-
lic would provide stabilized cost of generation of electric power at the level of US$
0.13/kWh between 2025 and 2030, whereas “gas-powered” option of development of
energy system unit costs would rise to the level of US$ 0.18 per kWh in 2025 and US$
0.21 per kWh in 2030. However, this is far from being the truth. In 2008 due to increas-
ing costs of construction of the reactor in Flamanville (France) by 20% from € 3.3 to € 4
bn. estimated cost of generation of electric energy grew from € 0.046 to € 0.054 kWh.
Evaluation of tenders for construction of NPP in Turkey shows that the stated price of
marketed electric power, generated by the Russian-design power generating units,
amounted to US$ 0.2079 per kWh.

2. The decision was taken based on economic calculations, which, however, do not
take into account some matters of principle:

- Experience of construction of nuclear power generating units in Russia proves
that real costs are much higher than the initial planned costs. For example, real costs of
construction of the third power generating unit of the Kalininskaya NPP (commissioned
in 2004) turned out to be more than 2 times higher than envisaged. On top of this, based
on calculations of designers of the second stage of the Balakovskaya NPP, a more than
60% increase in volume of capital investments into construction makes erection of water-
moderated water-cooled power reactors-1000 unprofitable.

- Growth of official costs per capital investments into nuclear generation consider-
ably exceeds inflation indicators: within 7 years costs grew almost 3 times — from RUR
20.2 bn per GW in 2000 to RUR 55.7 bn per GW in 2007.

- Construction of NPP would require to build of non-nuclear capacities for addi-
tional reserve in the hot rotating gas system of 550 MW, which costs circa US$ 0.8 bn.



and 1 GW pumped-hydrostorage plant to compensate poor flexibility of nuclear energy
sector.

- The need to commission an additional hot reserve, based on natural gas, would
result in decreasing NPP efficiency, from the point of view of saving gas, by 0.12 bn. m*.

- Since 2005, following the rise and fall in prices for uranium and oil, the cost of
uranium in relation to oil and gas saw a two-fold increase. Cost of conversion of uranium
in the world market from 2004 grew by more than 40%, since 2005 cost of enriching in-
creased by approximately 45%. In 2009 the cost of disposal of used nuclear fuel from
Ukrainian NPP in Russia increased by circa 17%. All this evidently exceeds the forecast
of 0.5% annual growth in cost of nuclear fuel, used in calculations.

- Reduction of energy consumption, which resulted from economic crisis, will
change long-term trends and makes a decision to build an expensive NPP where the con-
struction would take at least eight years, a quite risky one.

3. Construction of NPP would lead only to partial solution of the problem of depen-
dency on gas import. Nuclear generation would ensure replacement of approximately 4.35
bn. m® of natural gas. Taking no account of natural gas, used as raw material (3 bn. m®). It
means a reduction of import of natural gas for energy sector from 18.5 bn. m® to 14.1 bn. m*
- circa 23% by 2020. Other estimates say that the reduction would reach 3.51 bn. m®or 20%.
Taking into account natural gas needed for additional hot rotating reserve, the reduction ef-
fect would be even lower.

4. Construction, operation and decommissioning of NPP result in considerable
economic and technological risks that should be considered separately.

5. Choosing Russian-made water-moderated water-cooled power reactors (VVER-
1000) as well, means choosing the uranium fuel supplier. None of the countries with
NPPs built by the Soviet Union were able to change nuclear fuel supplier, which is
another proof of monopolistic dependency of Belarus from Russia.

Therefore construction of NPP could only partially solve the problem of replacing
the imported gas. At the same time it would create a lot of new problems, including those
for the Republic of Belarus budget, because initially unprofitable nuclear fuel cycle
would permanently require subsidies during decades. With presence of alternative, less
expensive and more secure ways of reducing consumption of natural gas, the nuclear
scenario is the most expensive and risky.

Considerable reduction of import of natural gas in mid-term perspective (20-30
years) would be possible due to modernization of gas energy sector of the Republic of
Belarus and use of renewable sources of energy.

An alternative innovation scenario, proposed in the present report, provides for re-
ducing consumption of natural gas in the energy sector by almost 50% from 18.5 bn. m*
to 9.3 bn. m* with costs per unit of the saved natural gas by 20-40% lower than in the
nuclear scenario.

Taking into account the above-mentioned it seems expedient, at least, to post-
pone construction of NPP. As maximum, it is necessary to take a decision aimed at
development of a Belarus energy sector with high focus on energy efficiency and us-
ing renewable sources — by 2020 based on biomass and use of wind potential and so-
lar energy in perspective.



1. Structure and Forecast of Energy
CONSUMPTION IN THE REPUBLIC
OF BELARUS

1.1. Existing Structure and Forecast of Energy Consumption
in Belarus

Following collapse of the USSR, energy balance in Belarus has sharply changed to
replacement of coal and fuel oil with natural gas.

In the future, until 2020 natural gas would remain main type of fuel for generation
of electricity and heat. However, its share in total fuel oil shall be reduced from the
present 80% down to 60%". Natural gas provides for 95-96% of generated electricity.
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Figure 1 - Change in structure of consumption of fuel in the Republic of Belarus during 1990-2006,
(here 1 ktoe (ton of oil equivalent) = 10.034 GCal = 1.43 tons of equivalent fuel. Source — |
nternational Energy Agency http://www.iea.org/statist/index.htm)

! The current note considers scenarios only in relation to fuel oil.

7


http://www.iea.org/statist/index.htm

45 000

40 000

35000

30 000

25000

GWh

20 000

15 000 Natural gas

10 000

Fuel oil

5000

0
1990 1991 1992 1993 1994 1995

1996 1997 1998
Years

1999 2000 2001

2002

2003 2004

2005 2006

Figure 2 - Change in structure of consumption of fuel for generation of electricity in Belarus
in 1990-2006. Source — website of the International Energy Agency
http://www.iea.org/statist/index.htm

Table 1 - Balance of natural gas in 2006. Source — International Energy Agency
http://www.iea.org/statist/index.htm

Min. tonsin | MiIn. tons of B
oil equiva- equivalent s | TJoules %
lent fuel M

Own production 0.20 0.27 0.23 8,458 1.1%

22.3
Import 19.12 25.65 0 802,874
Export
Change in stocks -0.21 -0.28 -0.24 -8,805

22.2 100
Total consumption 19.11 25.64 9 802,527 %

16.3
Consumption in energy sector, including 14.03 18.82 6 589,063 | 73%
Condensation Power Plants 3.94 5.28 459 | 165,418 | 21%
Cogeneration (CHP) Plants 6.29 8.45 7.34 | 264,368 | 33%
Boiler Houses 3.79 5.09 442 | 159,277 | 20%
Losses in transportation 0.20 0.26 0.23 8,226 1%
Other branches, including 4.89 6.56 570 | 205,238 | 26%
Industry 1.71 2.29 2.00 71,837 9%
Transport 0.40 0.53 0.46 16,646 2%
Households 1.32 1.77 1.54 55,384 7%
Agriculture 0.03 0.04 0.04 1,352 0%
Other 0.04 0.06 0.05 1,777 0%
Use as raw materials (oil chemistry) 1.39 1.86 1.62 58,242 7%
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The “Belenergo” State Concern is the main consumer of natural gas (58%). Indus-
try and transport account for 18% of the natural gas, by the way, some of oil and chemi-
stry complex enterprises consume more than half of this volume. 90 cities out of 104 and
60 urban settlements out of 110 are heated by burning natural gas.

As of 01 January 2008 installed capacity of all electric power plants of the “Bele-
nergo” Concern amounted to 7,882 MWt. Heat power plants generate 98% of installed
electric capacity in the Republic of Belarus. In addition to heat power plants the energy
system has 26 midget hydropower plants with capacity 10.3 MWt and isolated generating
units of industrial enterprises with installed capacity of 146.8 MWt (as of 2005), planned
capacity of isolated generating units by late 2008 amounts to 324 MW.

The specific expence of fuel in the energy system, on average in 2006 was 274.6
grams of coal equivalent per Kwh (taking into account heat supply.

Gas-fired energy sector in Belarus is exceptionally inefficient. Performance index
in generating electricity by gas-fired thermal power plant is circa 27%, taking into ac-
count that modern technologies ensure performance index in generating electricity of
60% (for condensing plants). Event taking into account considerable share of CHP plants
(more than half of installed electric capacity) efficiency of use of natural gas is poor. For
“Belenergo” fuel utilization factor, taking into account effective supply of heat and elec-
tricity reaches for CHP — only 76%. However, optimal cogeneration may ensure fuel uti-
lization factor reaching 90%.

Equipment is seriously depreciated, thus about 1,000 MWt of capacity are perma-
nently under repairs. Taking into account winter heat loads, 330 MWt of hot and cold re-
serves this results in shortage of capacity reserve.

(The hot reserve is rotating reserve (a some amount of fuel is burning) without
power delivery to consumer. Power may increase 1-2% (of max power) per minute. The
cold reserve is not rotating. Starting time is about 2-6 hours)

Depending on the time of the day, import of capacity in heating season amounts to
500-870 MWt.

Repairs and unevenness of consumption lead to low coefficient of use of installed
capacity. Average time of operation of energy blocks amounts to circa 3,900 hours per
annum (Coefficient of use of installed capacities reached almost 45%).
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Figure 3 - Balance of Electric Power in the Republic of Belarus, source:
State Statistics Committee of Belarus

Traditionally the Republic of Belarus fails to provide itself with electric power,
covering the shortage through import, mainly from Russia and Lithuania, in parallel ex-
porting electric power, mostly to Poland. Growth of production by 12.6% in 2004 re-
sulted in increase of export rather than decrease in imports.

Based on the Belarusian State Statistics Committee data, in 2006 total consump-
tion of electric power in Belarus amounted to 36.2 bn. kWhs, including 31.6 bn. kWhs of
electric power generated by “Belenergo” Concern power plants, export — 5.8 bn. kWhs
and import — 10.1 bn. kWhs.
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Figure 4 - Structure of Consumption of Electric Power in the Republic of Belarus

The Republic of Belarus is the only FSU state, which has the energy efficiency
management system. On annual basis the companies are assigned with plans on energy
saving. Reduction of GDP energy intensity amounts to about 6% per annum. During
2000-2005 the Belarusian GDP grew by 42%, whereas consumption of fuel during this
period of time increased by 6%. During these years the objective was to reduce GDP total
energy intensity by 20-25%.
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Actual reduction amounted to 25.3% and plans for 2006-2010 envisage further re-
duction of these indicators by 26-30%. Based on preliminary data, the 2007 saw reduc-
tion of GDP energy intensity in Belarus by 7.5%, and the 2008 — by 8%. According to the
Resolution of the Council of Ministers of the Republic of Belarus Ne1339, in 20009 it is
planned to reduce energy intensity of industrial products by 9%, utility services — by 3%.?
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Figure 5 - Forecast of consumption of electric power in 2005

In 2005 it was envisaged to increase the use of local fuels by 340,000 tons. Actual

growth amounted to 410,000 tons.

The forecast made in 2005 [2], has been envisaging that in 2010 consumption of
energy would reach 36.9 bn. kWhs, in 2020 — 41 bn. kWhs. This would require an in-
crease in installed capacity by approximately 650 MWt to 8,500 MW.

Table 2 - Structure of consumption of fuel oil in the Republic of Belarus with forecast till 2010. [2]

Types of energy resources 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
Natural gas 228 | 228 | 224 | 2251 | 22.75 | 22.77 | 22.7
of which as raw material 1.4 1.46 15 1.8 2.2 2.2 2.2
Fuel oil 2.14 | 1.60 1.7 1.7 175 | 1.73 | 155
of which from own oil (including solid 0.90 | 090 | 090 | 090 | 0.90 | 0.90 | 0.90
residue of oil processing, starting from
2008)
Coal, including coke 0.28 0.15 0.16 0.17 0.18 0.19 0.20
Liquefied gas 033 | 033 | 032 | 032 | 031 | 0.31 | 0.30
Gas, generated by Oil Refineries 064 | 045 | 045 | 045 | 045 | 045 | 0.45
Domestic heating oil 011 | 009 | 0.09 | 0.09 | 0.09 | 0.09 | 0.09
Other local fuels — total 225 | 256 | 2.80 | 3.16 | 347 | 380 | 4.11
Including:
peat and lignin 060 | 075 | 094 | 107 | 113 | 115 | 1.18
Wood fuel 1.07 1.18 1.22 1.44 1.67 1.97 2.24
Continuation table 2
| Other types of fuel | 058 | 060 | 0.63 | 0.66 | 0.67 | 0.68 | 0.69 |

2 This subject considers scenarios of development of energy sector based on approved plans of energy efficiency.
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Total boiler house and fuel oil: 28.6 28.0 27.9 28.4 | 29.0 29.3 29.4
of which without raw materials 27.1 26.4 26.4 | 26.6 26.8 27.1 27.2
of which own boiler house and fuel oil 355 | 3.86 4.09 | 445 | 475 5.07 5.37
taking into account gas generated by Oil

Refineries, domestic heating oil and other

products

Same, in percentage 13.1 14.6 155 | 16.7 17.7 18.7 19.7
Heat-recovering installations 062 | 064 | 069 | 072 | 0.74 | 0.76 | 0.78
Household waste, wind mills 0.01 0.01 0.01 0.02 0.02 0.02
Local resources consumed to generate 417 | 450 | 479 | 518 | 551 | 585 | 6.17
power — total

Same, in percentage 154 | 17.0 18.1 195 | 205 | 216 | 227

Consumption of electric power, bn. kWhs | 34.46 | 34.7 | 35.0 | 355 | 36.0 | 365 | 36.9
Consumption of heat energy, min. GCal 730 | 732 | 739 | 745 | 752 | 759 | 765

In early 2008 the Republican Unitary Enterprise “BelTEI” prepared a forecast of
needs of the Republic of Belarus in energy till 2025. [20]. Energy consumption in 2020
was envisaged on the level of 47.1 bn. kWhs, which would have required commissioning
about 1,000 MWt of additional capacities (figures 6 and 7).
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Figure 6 - Forecast of “BelTEI” for consumption of electric power till 2020
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Figure 7 - “BelTel” forecast of consumption of heat energy till 2020

The forecast was made, based on assumption that average annual growth of GDP
rates for the period from 2005 to 2015 would amount to 7.9%, and 6% during 2015 —
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2030. The obtained figure of GDP growth in Belarus corresponds to growth rates in Chi-
na, which is unlikely to be achieved. As well, the forecast contains a disputed assumption
that 1% of GDP growth leads to 0.3% growth of energy consumption. Economic crisis
inevitably would introduce corrections into this forecast.

As Belorussian statistical agency reported in January-August 2009 r electric power
production in republic has decreased concerning the same period of previous year on 14,7
%. Thermal energy production has grown on 3,3 %,

Thus power consumption of gross national product unit of Belarus has decreased
for 6 months 2009 on 5,4 % instead of planned 8 % that in the conditions of industrial
recession it is necessary to consider as very good indicator.

For comparison, electric power production in Russia for 8 months 2009 has de-
creased on 6,4 %, in Ukraine — on 17,4 %*.

During 2009-2010 GDP growth rates shall be expected close to zero, which from
the point of view of energy efficiency measures would result in energy consumption de-
crease by about 6-8% per annum.

Therefore, for the present note the forecast of energy balance is considered accord-
ing to [2].

1.2. Sensitivity of the Belarusian economy to prices for natural gas

First of all, cost of production of electric power is determined by the price for nat-
ural gas. Based on data of the Republic of Belarus Ministry of Energy, average cost of
production of electric power in the Belarusian energy system in 2007 was US$ 0.064 per
KWh.

According to the natural gas supply contract with “Gasprom”, price for gas is
linked to average European price with20% discount factor. Starting from Q2 2008 Bela-
rus buys gas at the price of US$ 127.9 per 1,000 m® [4]. In the Q1 2009 gas for Belarus
cost US$ 210 dollars per 1,000 m?, in a second quarter of 158 dollars, in the third and the
fourth — about 115 dollars®. According to the first vice-premier Vladimir Semashko, in
2010 the price for gas can be 166-168 dollars for1,000 m®.°. By 2011 Belarus should be
paying European price for gas.

Modeling resulted in conclusion that if measures are not taken, in 5-7 years at the
level of energy consumption that has taken shape static losses of well-being with prices
for gas increasing up to US$ 230 per 1,000 m*> can make 20% in consumption and de-
crease in gross domestic product by 15.7%. In this connection economic growth appears
to be significantly dependent on amount and efficiency of use of natural gas.

® http://belstat.gov.by/homep/ru/indicators/doclad/aug/4.pdf

* http:/www.gks.ru/bgd/free/B04_03/IssWWW.exe/Stg/d03/177.htm
http://www.ukrstat.gov.ua/

® http://telegraf.by/in_belarus/61788.html

® http://bdg.by/news/economics/9350.html
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2. ENERGY SCENARIOS
IN THE REPUBLIC OF BELARUS

2.1. Nuclear Scenario

In Belarus construction of power station using nuclear fuel was started in 1983,
when in the vicinity of Minsk erection of the Minsk Nuclear Power& Heat Plant begun.
Its electric capacity should have reached 2,000 MWt. Simultaneously consideration of the
issue of construction of the second — Belarusian Nuclear Power Plant has started. After
1986 construction of Nuclear Power Plant was stopped and Minsk CHP Plant No 5 has
been constructed on the basis of Minsk Nuclear Power Plant, 70% of which had been
completed by 1986.

In 1992, after USSR collapsed, the Government of Belarus had approved the pro-
gram of development of energy sector and power supply till 2010. For the first time after
accident at the Chernobyl Nuclear Power Plant in it a separate item had been stipulated
an opportunity to build a Nuclear Power Plant in territory of Belarus.

The Resolution of Chairperson of the Republic of Belarus Council of Ministers,
adopted on 31 March 1998 has led to creation of the Commission on Evaluation of Expe-
diency of Development in Nuclear Engineering in Belarus. The commission consisted of
34 persons, and was headed by the Vice-President of the National Academy of Sciences,
Mr. P. A. Vityaz. Having discussed the problem and ways of its solving, the majority of
the commission’s members arrived at the following conclusion:

1. Ensure maximum use of available resources to introduce energy efficiency
technologies, use sources of alternative energy, reconstruct and build combined-cycle
power plants.

2. Within the nearest 10 years in Belarus it is inexpedient to build nuclear power
plant, but it is necessary to continue activities to ensure development of nuclear engi-
neering in the future.

In 2008 leadership of the Republic of Belarus has returned to consideration of an
opportunity to build nuclear power plant and on 31 January 2008 the Republic of Belarus
Security Council has taken a political decision to build nuclear power plant in Belarus.

State Commission in charge of choosing a place of location of area to build an
NPP in Belarus on 20 December 2008 has decided that nuclear power plant will be
erected at Ostrovetskaya site in the Grodno Region. Minutes of the meeting of the State
Commission and certificate of choosing the place of location of area to build a nuclear
power plant were signed. The choice has been based on results of studying three areas:
Ostrovetskaya in the Grodno Region, Kranopolyanskaya and Kukshinovskaya sites — in
Chaussky and Shklovsky districts of the Mogilyov Region.
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2.1.1. Description of Nuclear Scenario

In conformity with the scenario, in 2015 the first unit of the nuclear power plant
and by 2020 the second power unit should be commissioned’.

Based on calculations, made by the Republic of Belarus National Academy of
Sciences, commissioning of nuclear power plant with total capacity of 2,000 MWt into
power supply system of the republic during 2016-2018 will provide for stabilization of
cost of production of electric power in Belarus at the level of US$ 0.13 per kWh during

2025-2030, whereas with “gas” option of developing power supply system the costs will
rise to the level of US$ 0.18 per kWh in 2025 and US$ 0.21 kWh in 2030.

25,02

15,02 //\xz\

10,02 /\’\ Reduced Tariff

Tariff
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Figure 8 - Expected costs for generation of electric power [21]

Authors [21] link reduction of tariffs with commissioning of the NPP first power
generation unit.

Nuclear generation shall replace natural gas in the amount of 5 million tons of fuel
equivalent. By 2020 the share of nuclear generation in total balance of fuel and heating
oil will make 16%, in generation of electric power it would reach approximately 30-32%.

Table 3 - Forecast of structure of consumption of fuel and heating oil by 2020, based on scenarios
of development with and without of NPP (in mlIn. tons of coal equivalent), based on state program
of modernization of fixed assets 2005 [2]

Years
Types of energy resources - 2015 - - 2020.
2005 | 2010 | With | Without | With | Without

NPP NPP NPP NPP
Natural gas 228 | 22.7 | 23.01 20.51 | 2423 | 19.23
Including as raw materials 1.46 2.2 3.0 3.0 3.0 3.0
Fuel oil 1.6 1.55 1.6 1.6 1.4 14
Coal 0.15 0.2 0.2 0.2 0.2 0.2
Liquefied gas 0.33 0.3 0.32 0.32 0.2 0.2
Gas generated by Oil refineries 045 | 045 | 045 0.45 0.45 0.45
Domestic heating oil 0.11 | 0.09 | 0.12 0.12 0.1 0.1
Local and other 256 | 411 5.75 5.75 6.3 6.3

" Other sources say that the first unit shall be commissioned in 2016 and the second one — in 2018.
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Continuation table 3

Including:

Peat and lignin 0.75 | 1.18 1.3 1.3 14 14
Wood fuel 1.18 | 2.24 3.2 3.2 3.5 3.5
Other types, including hydropower plants 0.62 | 0.69 1.25 1.25 1.4 14
Nuclear fuel 2.5 5
Total 28.0 | 29.4 | 31.45 3145 | 32.83 | 32.88
Purchased electric power 1.54 14 1.26 1.26 1.12 1.12
Total: 29.54 | 30.8 | 32.71 32.71 34.0 34.0

Therefore, by 2020 pure growth of consumption of primary fuel and energy re-
sources should make about 3.34 min. tons of coal equivalent fuel (taking no account of
natural gas as raw material and import of the electric power). This growth should occur
due to local resources, basically peat, hydroelectric power stations and wood fuel. Ac-
cording to the State Comprehensive Program of Modernization of Fixed Production As-
sets in the Belarusian energy system, energy efficiency and increase in share of own fuel
and energy resources used in republic in 2006-2010 (hereinafter the Program), envisages
for increase in volume of production and consumption of local fuels and energy resources
from circa 4.5 min. tons of equivalent fuel in 2005 up to 6.17 min. tons of equivalent fuel
by 2010, including (in min. tons of equivalent fuel):

Wood fuel and waste of timber cutting 2.24
Peat and lignin 1.18
Other types of fuel 0.69
of which:

Wood processing waste 0.37
Hydroelectric power station 0.07
Thermal secondary power resources 0.78
Household waste and wind turbines 0.02
Accompanying gas and products of processing of own oil 1.26

According to the Program, it is envisaged to reduce, as well, energy intensity of
GDP by 25-30% to the level of 2005.

Proceeding from the suggested scenario, by 2020 electric generation (41 bn.
kWhs/year) may look approximately as follows: ®

- NPP —13.1 bn. kWhs (with efficiency of use of installed capacity of 75%);

- Hydroelectric power station — 0.5 bn. kWhs;

- Wind — 0.01 bn. kWhs;

- Import — 3 bn. kWhs;

- Turbine expansion engine installations (60 MWt, with efficiency of use of in-
stalled capacity of 60%) — 0.3 bn. kWhs;

- Thermal power stations, using local fuels (17 MWt by 2010, with efficiency of
use of installed capacity of 60%) — 0.1 bn. kWhs;

- Fuel oil — 1.7 bn. kWhs;

& Considerable adjustments to the suggested scenario appeared in the last 3 years, including those related to increase
of share of coal.
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- Natural gas (approximately) — 22.3-25.3 bn. kWhs (with and without import tak-
en into account).

As it is evident from the referred estimates, the scenario assumes exceptionally
low involvement of renewable sources of energy into generation of electric power — 0.9
bn. kWhs or 2.1% of total amount of generate electric power by 2020 (taking into ac-
count turbine expansion engine installations). The largest part of energy, based on local
fuel and energy resources is intended for generation of energy for heating.

Comparison of financial flows for nuclear and traditional gas scenarios, made in
2005 in Sosny Institute, has shown that economic benefit of construction of the nuclear
power plant in comparison with construction of new gas-fired capacities is achieved only
during 20-th year after commencement of construction [3].

2.1.2. Reduction of Consumption of Gas in the Nuclear Scenario

On the country level, by 2020 absolute reduction of consumption of gas in energy
sector will make circa 23% — from 18.5 bn. m® down to 14.1 bn. m®. Other sources [3]
say that reduction will reach 20% — from 18.5 bn. m* down to 14.9 bn. m°.

Specific (not absolute) reduction of gas consumption also will occur due to mod-
ernization of gas-fired capacities (including due to use of combined-cycle plant technolo-
gies) and increase of efficiency of electric power generation. According to forecasts
about 2,220 — 3000 MWt gas-fired capacities should be modernized, therefore burning
the same volume of gas would result in increasing generation of electric power.

Based on the fact that the State Production Association “Belenergo” consumes
58% of all volume of gas including raw gas, at present “Belenergo” consumes now about
11.5 bn. m® per annum of all volume of imported gas (19.8 bn. m® in 2005). Reduction of
gas consumption due to nuclear generation will result in decrease in gas consumption by
“Belenergo” accordingly from 11.5 bn. m* down to 7.2 bn. m°.

Thus, the aggregate heat of combustion of gas burnt by “Belenergo” in the nuclear
scenario by 2020 will make 67 bn. kwWhs. Based on scenario’s 22.3-25.3 bn. kWhs,
which “Belenergo” will generate it is possible to evaluate approximately the efficiency of
burning of the remained volumes of gas: efficiency of electric power generation by burn-
ing gas will amount to circa 33.3-37.8%. This provides for potential of further decrease in
consumption of gas, taking into account the best global practice®.

Irrespective of the decision to build nuclear power plant the use of local fuel and
energy resources would provide for a significant contribution to saving of natural gas —
by replacing potential import of gas in the amount of 6.3 min. tons of equivalent fuel by
2020.

% It is assumed that gas-fired thermal power plants are concentrated at State Production Association “Belenergo”.
Isolated generating plants remain an issue, as their power should reach 453 MWt by 2010. Their input can be con-
siderable: with efficiency of use of installed capacity of 60% — 2.4 bn. kWt/hours. Taking into account that iso-
lated generating plants do not use the “Belenergo” natural gas the efficiency of electric generation of “Belenergo”
reaches 27.6-31.8%.
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2.1.3. Cost of Capital Construction in the Nuclear Scenario

According to the Russian government, the cost of nuclear generation in 2007 was
RUR 55.7 bn. per 1,000 MWt [5], which at the rate of US$ 1 (in 2007) equals RUR 26
making about US$ 2.14 bn. per 1000 MBrt. Cost of construction of 2,000 MWt capacity
nuclear power plants (without an additional infrastructure) theoretically will result in US$
4.28 bn. in 2007 prices.

Taking into account construction of infrastructure, additional expenses will
amount up to US$ 1.5 bn. [7]. Total capital expenditures in this case will reach US$ 5.78
bn.

These costs do not include creation of additional hot reserve of capacities of 550
MWt (US$ 0.8 bn.) and construction of hydro-accumulation (pumped storage hydro)
power plant with 1 GWt capacity. Cost of hydro-accumulation power plant depends on
concrete site, but its construction can cost US$ 2 bn.

In the course of construction, undoubtedly, there will be a rise in price of construc-
tion of nuclear power plant. The Russian experience shows that cost increase considera-
bly exceeds inflation: more than two times in excess of the declared cost for 4 years of
construction (as well, see section 4).

In order to evaluate the cost of capital in the construction of the nuclear power
plant, it is possible to compare it with costs of activities in the field of energy efficiency
and use of local fuels and energy resources. With aggregate consumption of fuel oil (28
min. tons of coal equivalent in 2005, taking no account of gas used as raw material) total
saving of power resources, resulting from energy saving activities at the end user stage by
2010 will amount to 4.6 min. tons of coal equivalent 16% to the 2005 level).

Due to local fuel and energy resources it is envisaged to receive an additional 3.74
min. tons of equivalent fuel of primary energy (6.3 in 2020 — 2.56 in 2005) that actually
allows covering growing energy consumption without increasing consumption of natural
gas. During 2006 — 2010 local fuel and energy resources are to provide an additional 1.67
min. Tons of equivalent fuel (Table. 1) Cost of activities aimed at using local fuel and
energy resources to 2010 amounts to US$ 0.75 bn. Economic benefit of replacement of
imported gas of local fuel and energy resources (mainly, wood fuel) and activities in the
field of energy efficiency is much higher compared with costs of construction of nuclear
power plant®,

19 In spite of considerable figure of potential of local fuels and resources, which would be used, considerable part of
these resources cannot be referred to as renewable sources of energy. In accordance with [2], these are fuel oil
(1.55 min. tons of equivalent fuel), peat and lignin (1.18 min. tons of equivalent fuel), gas generated by Oil refine-
ries (0.45 min. tons of equivalent fuel), wood fuel (2.24 min. tons of equivalent fuel), other and hydropower sta-
tions — 0.68 min. tons of equivalent fuel.
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Table 4 - Comparison of economic benefit in energy efficiency, based on use of own fuel and energy
resources in 2006-2010 and construction of nuclear power plant

Cavital in- Expected economic ef- Unit capital
P fect, thousand tons of costs, US$/ton
vestments, coal equivalent per an- | of fuel equiva-
US$ min. a P q
num lent
Energy efficiency 1,852.2* 4,600.0* 402.6
Local fuel and energy resources 747.8* 1,380.0** 542
NPP/
. . 4,280.0/ 856/
NPP + infrastructure + additional hot 6.580.0 5,000.0 1316
reserve

*Taking no account of “Belenergo” Concern facilities.
**Additional volume of replacement of imported fuel, obtained during 2006 — 2010.

Specific costs of energy efficiency activities are more than 2.2-3.3 times lower
than construction of nuclear power plant, if recalculate cost of saving of 1 ton of equiva-
lent fuel. Accordingly, introduction of local fuels and energy is 1.6-2.4 times cheaper
than NPP construction.

To evaluate the cost of modernization and commissioning of new capacities in gas
generation it is possible to use following data. Estimated cost of modernization of the
Minsk thermal power station-3 with 230 MWt capacities on the basis of combined cycle
plants is US$ 160 min. or US$ 700 per kW™, On the other hand, according to practice of
construction of combined cycle plants in Russia, now approximate cost of construction of
combined cycle plants is RUR 37,000-38,000 per KW of installed capacity® or about
US$ 1,450/kW (with US$ 1 equal to RUR 26).

Thus, taking into account that till 2020 it is envisaged to modernize and commis-
sion 2,220-3,000 MWt of gas generation, the cost of modernization and commissioning
of new capacities will be circa US$ 3.2-4.4 bn. in 2007 prices.

2.2. Innovation Scenario Based on Renewable Energy Sources

There is no officially recognized or seriously discussed non-nuclear scenario,
based on significant share of renewable sources of energy™. However, such scenario can
be evaluated based on available data about renewable sources of energy potential, sec-
ondary resources and energy efficiency in gas generation.

1 http://minsk-old-new.com/minsk-2854-ru.htm http://www.interfax.by/news/belarus/51105

12 http://finance.rol.ru/news/article16D27/default.asphttp://finance.rol.ru/news/article16 D27/default.asp

3 Nuclear scenario envisages significant activities in the sphere of energy efficiency and development of renewable
sources of energy; however these are not going to be sufficient to exclude construction of a nuclear power plant.
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2.2.1. Potential of renewable sources of energy
Below there are various evaluations of potential of renewable sources of energy.

Table 5 - Evaluations of renewable sources of energy and secondary resources potential

Technical | Economic Technical potential Economic poten-
Type of resource potential potential (other sources, except | tial (other sources,
[2] [2] [2]) except [2])
Wood fuel and wood 6.6 3.06 4.45 [13] taking into
processing waste, min. account energy planta-
tons of equivalent fuel tions (lower estimate)
Hydrological resources 2.27 bn. 0.39 bn. 0.11—0.;5 mln. tons of
kWhs kWhs equivalent fuel
Wind energy potential, 2.4 6.62 224 9] 2.24-15.65 [9]
br. KWhs 1.9—_2.0 min. tons of
equivalent fuel [13]
Biogas, obtained from 0.162 0.026 1.25-1.75[13]
processing of cattle breed-
ing, min. tons of equiva-
lent fuel
Solar energy, min. tons of 71 0.003 0.25-0.5 heat [13] 0.25
equivalent fuel electric power [13]
Household waste, min. 0.47 0.02 0.5 [131 (taking account
. of lignin and crop sec-

tons of equivalent fuel tor)
Phytomass, min. tons of 0.64 0.05 0.3
equivalent fuel
Lignin, min. tons of 0.983 0.05
equivalent fuel
Crop sector waste, min. 1.46 0.02-0.03
tons of equivalent fuel
Low potential heat of 1.4 (heat 1.5-2 [13]
Earth of technological secondary
discharges, min. tons of resources)
equivalent fuel
Combustible secondary 0.58
resources, min. tons of
equivalent fuel
Turbine expansion en- 60 MWt 0.25 min. tons of

gines

equivalent fuel [13]

Boiler house steam ener-
gy

0.32 min. tons of
equivalent fuel [13]

In the nearest decades the most perspective directions of development of renewa-
ble sources of energy are the wind energy and generation of energy, based on biomass.
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2.2.2. Wind Energy Installations and Plants

Prior to 1960-ies in territory of modern Belarus circa 20 thousand various wind
energy generating units were in operation. The situation has sharply changed in 1960-ies
when centralization of electric power supply has been carried out in all territory of the
USSR, including Byelorussian Soviet Socialist Republic.

Opportunities of developing wind power engineering in the Republic of Belarus
have been already examined. “Wind power generation in Belarus should develop more
intensively and on the basis of experience already accumulated in the country”, — said
Sergey Sidorsky, the Prime Minister of Belarus, taking the floor at session of Presidium
of the Council of Ministers, considering the draft program of development wind power
engineering branch in Belarus for 2008-2014 [22].

Annual wind power engineering potential, technologically accessible for use by
existing wind energy generating units with nominal wind speed of 14 m/sec is evaluated
circa 224 bn. kWhs [9]. Regions with optimum wind conditions, with average annual
speed of wind exceeding 5 m/s at height of 10 m above surface of the ground are Minsk,
Vitebsk and Grodno [10]. Average speed of winds in Belarus in the winter is higher than
in the summer and in the afternoon is higher than at night. Global climate change leads to
increase in strong winds. Therefore in due course of time the potential wind power engi-
neering will increase.

To specify places of location of existing wind energy generating units in other dis-
tricts and regions there exists wind power engineering atlas developed by “Belenergoset-
project” and wind power engineering databank developed by Scientific and Production
Enterprise “Vetromash” [11]. In territory of Belarus there are 1,840 sites suitable for con-
struction wind energy generating installations where 5 to 20 of such units can be placed
at each site.
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Figure 9 - Map of division into districts, based on wind speed in Belarus
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From technical point of view, it is believed that the share of unstable wind energy
generating installations in the network should not exceed 30-40%. Assuming as basis the
growth of power consumption in the Republic of Belarus up to 41 bn. kwWhs by 2020 and
share of wind power in electric balance as 30% the volume of electric power that can be
put into the network by wind energy generating installations in Belarus will make 12.3 bn.
kWhs. The volume of a wind resource offered for use is within economically accessible
potential of wind power engineering in the Republic of Belarus — 15.65 bn. kWhs [12].

Using wind energy generating installations with individual capacity of 2 MWt, ge-
nerating 3.5 min. kWhs per annum at average annual wind speed of 5.7 m/sec at height of
30 m above the surface to achieve the objective (12.3 bn. kWhs) it is necessary to com-
mission 3,514 wind energy generating installations with aggregate installed capacity of
7,028 MW1.

Results of calculation of financial flows are provided below to evaluate costs of
wind generation for 7,028 MWt wind energy generating units with the following assump-
tions:

- Manufacturing and erecting of installations — 10 years,

- Initial cost of wind energy generating unit — US$ 1,000/ KW (the price achieved
in Western Europe in 1998);

- Annual reduction of costs for manufacturing — 5%;

- Wind energy generating unit service life of 20 years and then dismantling. Cost
of dismantling is 6% of wind energy generating unit cost, proceeds from recycling scrap
metal — 8%.

1
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Figure 10 - Proceeds (financial flow) for wind energy generating unit with 7,000 MWt capacity

Calculations show that payback of the project will happen 10 years after com-
mencement of construction, which is comparable with time of payback of nuclear genera-
tion. The cost of generation of electric power without cost of financial services would be
US$ 0.0301 /kwh.

 Learning factor, characterizing reduction of costs when production is doubled: for the European countries in the
first decade of 21 century varied from 0.75 in England to 0.94 in Germany (Energy [r]evolution. A sustainable
world energy outlook. — Greenpeace International, European Renewable Energy Council, 2007);
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Use of wind potential in the proposed volume allows excluding construction of
nuclear power plant and reducing consumption of imported natural gas by approximately
4.1 bn. m*®.

As the cycle of construction wind energy generating unit takes less than a year it is
possible to adjust promptly commissioning of wind energy generating capacities depend-
ing on dynamics of energy consumption. Experience of Germany shows that if generation
of electric energy by wind power stations does not exceed 14% of the total generation in
the system, then to compensate for dip in generation in windless weather no reserve ca-
pacities are required. For the wind-generated energy exceeding 14% in the energy sys-
tem, the volume of reserve capacities ranges between 8 and 15.3% from the wind power
stations, i.e. 300-570 MWi.

As well, it is expedient to manufacture wind energy generating units for small
wind speeds (with vertical axis). In this case Belarus receives both: an independent ener-
gy source, reduction in import of fuel and energy resource and an opportunity to export
wind energy generating units, first of all, to Russia. Horizontal axis wind energy generat-
ing units prevailing in the world are designed for higher wind speeds and are almost not
appropriate for Central Russia conditions.

15 Replacing gas-fired capacities with performance of 32%
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2.2.3. Use of Biomass in Generation of Energy

Use of waste, generated by wood processing and agriculture as fuel can provide at
least 3 min. tons of equivalent fuel. According to [13], this amount can grow to 4.45-8.9
min. tons of equivalent fuel solely in forestry (basically due to energy plantations). Birch,
willow, poplar, spruce and pine are considered plantation cultures.

According to [2], it is envisaged to use, as well, biomass of fast-growing plants at
depleted peatlands of 180,000 hectares. Here it is planned to receive up to 0.3 min. tons
of equivalent fuel of biomass or 1.7 tons of equivalent fuel per hectare per annum. For-
eign experience of cultivation of energy cultures shows that it is possible to get 5-6 tons
of equivalent fuel per hectare. Thus, using the best practice of cultivation of energy cul-
tures it is probable to get from the depleted peatlands up to 1 min. tons of equivalent fuel
of biomass. In case 1 min. hectares is used to cultivate energy cultures (about 5% of the
Republic of Belarus territory) it is likely to receive additionally circa 5 min. tons of
equivalent fuel.

The Republic of Belarus has a significant potential of animal breeding waste. Cal-
culation of technical potential of biogas generation based on animal breeding waste is
presented in the table.

Table 6 - Calculation of technical potential of biogas generation,
based on animal breeding waste® [13]

Store-cattle Milk Pigs Poultry | Total
COWS
Manure output, kg/capita per day 50 45 35 0.3
Biogas output, m*/capita per day 2.43 1.62 0.2 0.02
Head of livestock, min. heads (in 2007) 25 1.45 35 29.4
Manure output, min. tons per annum 45.6 23.8 4.5 3.2 77.1
Biogas output, bn. m® per annum 2.2 0.9 0.26 0.2 3.5
Biogas output, min. tons of equivalent fuel 1.3 0.5 0.15 0.1 2.1

According to [13], economically accessible potential of biogas is 1.25-1.75 min.
tons of equivalent fuel.

In addition to biogas, manure processing results in production of fertilizers. Com-
pared with fertilizers received from manure in usual way, productivity increases by 10-
15%. Production of fuel, decrease in environmental pollution and production of fertilizers
make generation of biogas from manure and vegetative waste economic already today.
Experts of the republic should take a closer look at experience of Republic of Tatarstan,
where majority of farms are equipped with biogas installations.

2.2.4. Potential of Energy Efficiency in Gas Generation

Efficiency of modern use of natural gas in the Republic of Belarus can be eva-
luated on example of State Production Association “Belenergo”, which is the major con-
sumer of natural gas in the Republic of Belarus, consuming about 11.5 bn m* per annum.

18 Output of biogas, generated from manure is increased if manure is mixed with plant breeding waste.
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Total heat of combustion of gas, used by the State Production Association “Bele-
nergo”, with heat of combustion 1 m*- 9.4 kWhs is 108.1 bn. kWhs. The State Produc-
tion Association “Belenergo”, generating practically all electric and almost half of ther-
mal energy, per annum supplies about 30.37 bn. kWhs of electric energy). The share of
gas 1n fuel balance of the State Production Association “Belenergo” amounts to 95.7%
[2]. Based on this, it is possible to evaluate that combustion of gas results in generation of
29 bn. KWhs of power. Average efficiency of electric energy in gas generation is 26.9%
that is a low parameter, as efficiency of electric energy in gas generation can reach 60%
in condensation mode and 40% in cogeneration mode.

The State Research and Development Enterprise “Zorya — Mashproject” already
accumulated successful experience of modernization of steam-power units of Berezovs-
kaya State District Power Plant (Beloozersk, Brest region). From July 2003 till December
2004 the power plant underwent installation and commissioning as gas-turbine super-
structure to existing boilers PK-38R — 4 gas-turbine units GTE-25 25 MWt each. The
State District Power Plant capacity went up from 330 to 420 MWt and the total consump-
tion of fuel gas grew only by 5%. Specific consumption of equivalent fuel decreased
from 370 grams of equivalent fuel per kwh down to 307 grams of equivalent fuel per
KWh.

Based on example of modernization of the Minsk thermal power station-3 it is
possible to show that decrease in specific consumption can make from 320 grams/kWh at
efficiency of 36% down to 179.2 grams/kWh with efficiency of 52-54%.

The installed capacity of gas generation (which will be presented mainly by ther-
mal power plants) to generate 14.1 bn. kWhs in the innovative scenario will require circa
3,500 MWt with coefficient of use of installed capacities of 45%. Increase in efficiency
of new capacities from 26.9% to 40% can save at the referred volume of generation of
electric power 1.8 bn. m® of gas or 2.1 miIn. tons of equivalent fuel. Taking into account
increase the coefficient of fuel use supply of heat by thermal power plant would not be
reduced.

2.2.5. Description of Innovation Scenario
Proceeding from the proposed potential of renewable sources of fuel, by 2020 bal-
ance of fuels and energy resources in energy sector can look approximately as follows:

- Fuel oil — 1.4 min. tons of equivalent fuel;

- Coal — 0 min. tons of equivalent fuel;

- Liquefied gas — 0.2 min. tons of equivalent fuel;

- Gas, generated by Oil refineries — 0.45 min. tons of equivalent fuel;

- Domestic fuel oil — 0.1 min. tons of equivalent fuel;

- Peat and lignin — 0.75 min. tons of equivalent fuel;

- Wood fuel — 4.45 min. tons of equivalent fuel;

- Biogas — 1.25 min. tons of equivalent fuel;

- Plant growing waste — 1.46 min. tons of equivalent fuel;.

- Wind engineering — 12.3 bn. kWhs — 4.3 min. tons of equivalent fuel;
- Turbine expansion engines — 0.65 bn. kWhs — 0.25 min. tons of equivalent fuel,
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- Turbines in boiler houses — 0.85 bn. kWhs — 0.32 mIn. tons of equivalent fuel,

- Heat utilization units — 2 min. tons of equivalent fuel;

- Hydropower plants — 0.4 bn. kWhs — 0.15 min. tons of equivalent fuel;

- Import of electric power — 1.12 min. tons of equivalent fuel;

- Natural gas — 10.7 min. tons of equivalent fuel;

- Potential of energy efficiency in gas generation of electric power (increase of ef-
ficiency in generation of 14.1 bn. kWhs from 26.9% to 40%) — 2.1 min. tons of equiva-
lent fuel.

Total — 28.9 min. tons of equivalent fuel taking into account use of potential of
energy efficiency in generation of electricity.

Taking into account phytomass (energy cultures) which can be grown at depleted
peatlands and others places, renewable sources of energy potential can be increased by
some min. tons of equivalent fuel.

Balance in electric power engineering, based on envisaged consumption 41 bn.
kWhs by 2020, may look as follows:

- Fuel oil — 1.7-bn. kWhs;

- Wood fuel — 2.5 bn. kWhs (based on consumption of 1.25 min. tons
of equivalent fuel by thermal power plants and 3.2 25 min. tons
of equivalent fuel in boiler houses)*".

- Biogas — 2.5 bn. kWhes;

- Plant growing waste — 3 bn. kWhs*®;

- Wind turbines — 12.3 bn. kWhs;

- Hydropower plants — 0.4 bn. kWhs;

- Turbine expansion engines — 0.65 bn. kWhs;

- Steam generated by boiler houses — 0.85 bn. kWhs;

- Import — 3 bn. kWhs;

- Natural gas — 14.1 bn. kWhs.

2.2.6. Cost of Capital Construction in Innovation Scenario

Cost of wind energy generating units with aggregate capacity circa 7,028 MWt is
US$ 7 bn.

Specific cost of biogas installations amounts to US$ 2,000 per KW. Based on ge-
nerating 2.5 bn. kWhs (circa 380 MWt with efficiency of use of installed capacities of
75%) the cost of biogas installations would be US$ 0.76 bn. At the same time due to pro-
duction of fertilizers the payback period for biogas installations decreases considerably
and may take several months.

Cost of thermal power plant using wood raw material and waste of plant growing
can be compared with the cost of coal-fired thermal power plants — US$ 2500 per kW.
Taking into account generation of 5.5 bn/ kWhs using wood and waste of plant growing

17 Share of organic fuel in generation of electric power may seriously vary depending on use by thermal power
plants and boiler houses.
18 With efficiency of thermal power plants using waste of plant growing, biogas and wood fuel of 25%.
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the required capacity would be 840 MWt with efficiency of use of installed capacities of
75% worth US$ 2.1 bn.

Based on calculation of US$ 1,450 per KW, cost of modernization and/or commis-
sioning of new 3,500 MWt capacities, based on cogeneration units would be US$ 5.08 bn.

2.3. Summary Data on Nuclear and Innovation Scenarios

To simplify comparison, identical parameters of absolute growth of energy con-
sumption are adopted in both scenarios: growth of consumption of electric energy from
circa 34 bn. kWhs to 41 bn. kWhs in 2020 and growth of consumption of primary re-
sources in fuel oil balance from 28 min. tons of equivalent fuel up to 31 min. tons of
equivalent fuel.
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Figure 11 - Nuclear Scenario, balance of domestic fuel oil, (miIn. tons of coal equivalent)

The nuclear scenario does not provide for cardinal escape from gas dependence —

decrease in consumption of gas is 23%. At the same time, there is a necessity of solving
the problems traditionally inherent for atomic engineering (see Section 4).
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Cost of capital construction in electric power industry (on available data) is taken
for evaluation of cost of scenarios.

Table 7 - Comparison of the nuclear and innovative scenarios in the Belarusian electric power
industry till 2020

. . . Costs of capi-
Nuclear scenario com- Innovation scenario
. . tal construc-
missioned / upgraded commissioned / up- tion, US$ per
capacities, MWt graded capacities, MWt 1KW
Gas generation 3,000 3,500 1,450
Nuclear generation 2,000 0 2,140
Wind energy generating units 5 7,000 1,000
Biogas installations 0 380 2,000
Generation using waste wood 0 840 2,500
and plant growing waste
Peat and lignin No data No data
Hydro power plants No data No data
Turbine expansion engines 60 100 No data
Steam energy of boiler houses No data No data No data
Solar energy 0 No data No data
Cost of investments in US$ bn. 8.63/10.9* 14.9
Amount of replaced gas in 4.35/4.23** 9.2
energy sector, in bn. m®
Specific cost of the replaced 2[2.6*** 1.6
gas, US$ bn/bn. m®

*Taking into account infrastructure and additional hot reserve

**Taking into account gas to ensure additional hot reserve (about 0.12 bn. m®)

***Taking into account cost of infrastructure, additional hot reserve and gas volume to ensure
additional hot reserve
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In the innovative scenario within 15 years decrease in consumption of gas in ener-
gy sector is considerably higher than in nuclear, — almost by 50% or 9.2 bn. m® from 18.5
bn. m*to 9.3 bn. m.

The innovative scenario appears to be more expensive that the nuclear one in abso-
lute values because it allows saving almost 5 bn. m® of natural gas more than the nuclear
scenario.

If recalculated by specific cost of saving of gas volume unit, the innovative scena-
rio appears 20-40% cheaper. It is proved to be true by official data of cost of using own
fuel and energy resources, in which a significant share is taken by renewed sources.

Use of one of the Kyoto protocol financial mechanisms — projects of joint imple-
mentation can become an additional source of financing for the innovation scenario. In
the cost of reduction of emissions, where 1 ton of CO, is worth US$ 10, the sum received
under project of joint implementation for use of biogas would reach US$ 250 min.

Taking into account specific expenses accompanying the nuclear scenario, the in-
novative scenario becomes even more attractive.

From the point of view of cost of generated electric power, both scenarios are
comparable. However, taking into account economic risks, fuel restrictions, subsidizing
of atomic engineering the innovative scenario is, at least, more stable.

Table 8 - Comparison of economic effect of using own fuel and energy resources (for 2006-2010)
and construction of NPP (based on the data of the Republic of Belarus Government, [2, 9])

Capital invest- Expected economic Specific capital in-
ments, in US$ effect, in thousand vestments, in US $/
min. tons of equivalent fuel | tons of equivalent fuel
Local of fuel and energy re- 7478 1,380.0 542
sources
NPP/NPP + infrastructure 4,280.0/5,780.0 5,000.0 856/1,156
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3. CORRECTNESS OF ECONOMIC
CALCULATIONS IN THE COURSE OF TAKING
DECISION TO BUILD A NUCLEAR POWER
PLANT IN THE REPUBLIC OF BELARUS

Political decision to build a nuclear power plant in the Republic of Belarus was
accompanied by economic calculations and scientific estimates. According to estimates
of experts of the Sosny Institute of Power and Nuclear Researches [3], the nuclear scena-
rio is cheaper from the point of view of long-term macroeconomic parameters in compar-
ison with modernization of gas generation, based on combine-cycle plant technologies.
According to point of view of the National Academy of Sciences [8], the nuclear power
plant stabilizes the cost price of the electric power in the Republic of Belarus energy
supply system at the level of US$ 0.13 per kWh rather than the predicted US$ 0.18-0.21
per kWh by 2025-2030 in the “gas” scenario [8].

However, estimates of experts justifying advantage of construction of the nuclear
power plant contain a number of basic discrepancies which demands additional calcula-
tions and double checking of the received results.

Choosing alternatives. As it is mentioned in [7], for the last 25 years in no coun-
tries of the world with market economy any private company has dared investing in nuc-
lear engineering without support of the state or without granting guarantees of purchase
of the generated energy. In Russia the program of support of nuclear engineering pro-
vides for allocation of circa RUR 1 trillion (US$ 40 bn. in the 2008 prices).

The guarantee of purchase of the generated energy means that the power supply
companies should buy energy of the nuclear power plant, even if it is going to be more
expensive than energy of other power plants. This fact best of all testifies that statements
about the low cost price of nuclear energy are not always fair.

Comparing cost of construction of nuclear power plants and combined cycle
plants. The comparative characteristic of nuclear power plant and combined cycle plants
iS very important in choosing energy sector scenarios. Economic preference of this or that
scenario depends on what primary capital investments are required to develop gas and
nuclear generation.

In the proposed nuclear scenario the cost of nuclear power plant is obviously unde-
restimated. According to the point of view of experts of the Sosny Institute of Power and
Nuclear Researches [3], specific cost of combined cycle plants is almost equal to capital
construction cost of the nuclear power plant of US$ 1,116 per kW against US$ 1,126-
1,299 per kKW for combined cycle plants. At the same time, data for nuclear generation is
taken as of 2000 while cost of combined cycle plants is referred to as of 2007-2008 and
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even this figure is, most likely, overestimated taking into account experience of construc-
tion of combined cycle plants in the Republic of Belarus.

Technical and economic characteristics of 30 year old equipment are used for
comparison. (Shlyakhin P.N. Steam and Gas Turbines, M, “Energy”, 1974). During this
time characteristic of gas turbines and especially combined cycle plants have been im-
proving much faster in comparison with “purely” steam ones, including for nuclear pow-
er units. World experience of construction of nuclear power plants show that cost of con-
struction of nuclear power units 1.5-2 times exceed the cost of construction of combined
cycle plants.

By the way, trends of growth of cost of these two technologies, on the example of
foreign experience show that this gap increases. For example, according to Cambridge
Energy Research Associates Inc. report from 2000 to early 2008 materials for construc-
tion of nuclear power plant have grown by 173%, whereas for gas only by 92%.

Growth of cost of nuclear power plant during construction. In the course of con-
struction cost of nuclear power plant grows taking into account growing requirements to
safety of nuclear power plants, and initially underestimated cost of capital investments.
As a result, during construction of the nuclear power unit, which takes 5-7 years, the cost
of nuclear generation, grows considerably. For example, the cost of construction of third
unit of the Kalininskaya nuclear power plant has exceeded the estimated one by 110%
(see Section 4)

Growth of cost during construction is a very important factor in evaluating pay-
back and profitability of nuclear projects. So, analysis of sensitivity of the project to in-
crease in volume of capital investments into construction of the nuclear power plant (2
power units VVER-1000) is prepared for the second stage of the Balakovskaya NPP.
Analysis, executed by authors of the Balakovskaya NPP project has shown that the
project has a net discounted income equal to zero with increase in volume of capital in-
vestments into industrial construction by 60% [14]. In case of construction, for example,
of the third unit of the Kalininskaya NPP the excess was 110%.

Taking account of natural gas required to increase hot rotating reserve. The
nuclear power plant should work in base mode, and is not designed to regulate capacity
of power supply system. In such mode there are no restrictions on speed of dumping load,
however, the rise of load is carried out very slowly, by steps with time delay at each step
to prevent damage to fuel. Therefore, the number of unloading of units is very limited
and intended mainly for scheduled and emergency dumps of loading or stopping units in
case of equipment is damaged. According to the National Joint Stock Energy Company
“Energoatom”, the number of regime unloading of units of the nuclear power station in
Ukraine within the year ranges between 0 and 4 — 6.
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Figure 13 - Load of NPP in Ukraine in 2004 in accordance with actual repairs. Source:
website of the “Energorynok” State Enterprise’’

Now capacity of the largest power units in “Belenergo” is 330 MWt. After com-
missioning in 2010 of PGU-450 combined cycle plant at the Minsk thermal power plant-
5 capacity of the largest unit will reach 450 MWt. Construction of the nuclear power
plant with 1,000-1,150 MWt capacity of power units will demand creation of additional
hot reserve of at least 550 MWit.

When equipment is in hot reserve (with 50% of nominal capacity) the consump-
tion of fuel increases approximately by 10%, i.e. the 1,000 MWt of hot reserve consumes
260,000 tons of equivalent fuel per annum. In this connection it is necessary to introduce
a correction into calculation of fuel balance of the republic by quantity of additional gas
required to maintain a reserve for the nuclear power plant — circa 140,000 tons of equiva-
lent fuel per annum.

Taking account of cost of regulating capacities. Integration of nuclear generation
of approximately 25% of total installed electric capacity with share in generation of elec-
tric power of 32% is a complex technological task. According to [2], it will lead to com-
plexity in passing daily dips, necessity to build special regulating capacities (pumped-
storage hydropower plants, heat accumulators, etc.) Cost of regulating capacities, as
well, should be considered in the nuclear scenario.

In this situation in Ukraine, operational planners of the State Enterprise “Energo-
rynok” and National Energy Company “Ukrenergo” have to envisage within a year re-
strictions of generation of the nuclear power plant, even with minimizing of load on
thermal power plants below minimum level — admissible for “survivability” of plants.

Figure 14 shows that base loading in the Republic of Belarus is circa 3,300 MWit.
Peak loads show extent of acuteness of future problem of daily and weekly regulation of
capacity of gas-fired thermal power plants with commissioning of the 2000-2300 MWt
nuclear power plant.

9 http://www.er.gov.ua/doc.php?p=1316&wid=4d3ace59e03811eb6ae055ddh366ff00
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Figure 14 - Typical weekly schedule of electric load of united energy system of Belarus
in heating season (2007)

Taking into account an average regulating opportunity of condensing plants units
at the level of 0.46 construction of nuclear power plant, as well, will require construction
of hydro-accumulating power plant of at least 1,000 MW! capacity.

Evaluating costs of nuclear power plant tariff taking account of international
experience. According to the data provided in [8] with reference to the International
Atomic Energy Association, at present, the cost price of electric power, generated by
nuclear power plants in France is € 0.0254 and €0.393 per kWh at discounting rate of 5
and 10% accordingly.

However, in practice it is far from being like this. In 2008 growth of cost of reac-
tor under construction in Flamanville (France) by 20% from €3.3 to 4 bn., Areva Compa-
ny has increased the predicted cost of the marketed electric power from €0.046 to €0.054
per kWh that is obviously higher than the declared of € 0.0254 — €0.393 per kWh.

Concerning cost of energy of the Russian nuclear power plants abroad it is neces-
sary to refer to results of the recent tender for construction of the nuclear power plant in

| Turkey where the Russian company Atomstroyexport turned out_to be the only partici-
pant of the tender. The Atomstroyexport bid quoted the price of US$ 0.2079 per kWh for
the supplied electric power from the Russian designed power units. Even if the discount
rate is taken into account the cost price with such supplied price will obviously exceed
the threshold of “stabilizing cost price” of US$ 0.13 per kWh. In this connection expert
community in the Republic of Belarus should investigate a situation around the tender for
construction of the nuclear power plant in Turkey and [find out] the reason of difference
between cost price of the Russian designed nuclear power plants in Russia and abroad.

At the same time it is necessary to consider the indisputable fact that growth of
nuclear power plants tariff in Russia is restrained inter alia due to numerous subsidies.
Underestimation of share of subsidies in nuclear engineering in calculations of the Bela-

| rusian experts leads to erroneous estimates of the nuclear power plant tariff. Among the
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schemes of subsidizing of the Russian energy sector it is necessary to allocate at least the
following:

- Direct budget subsidies,

- The foreign assistance,

- Tax privileges.

Annually the Russian Federation Federal Budget allocates significant means to
atomic engineering within the framework of Programs, like “Safety of Nuclear Industry
of Russia”, “Safety of Nuclear Power Plants and Research Nuclear Installations”, “Safety
and Development of Atomic Engineering”. In total within the framework of these pro-
grams up to RUR 2.5 bn. was allocated annually (data as of 2004). Till 2015 circa RUR
700 bn. of budgetary resources will be allocated solely for construction of new nuclear
power plants within the framework of one more program, aimed at development of nuc-
lear complex.

One more example of direct subsidizing, which is possible to refer to, is maintain-
ing, at the expense of the state of the internal forces military units providing physical pro-
tection of NPPs and nuclear technological cycle objects. It is difficult to evaluate the vo-
lume of resources to maintain military units, however to protect each NPP circa one
company of internal forces is required. Much more servicemen are needed to protect
some of the nuclear technological cycle enterprises. For example, protection of Mountain
and Chemical Plant is protected by internal forces regiment.

Within the framework of foreign gratuitous assistance Rosatom receives or re-
ceived assistance within the following (but far from limited to) international programs:

- Swedish International Project;

- European Commission TACIS Program;

- The USA International Program of Nuclear Safety;
- The Great Britain Nuclear Safety Program

Based on results 2003 activities took place within 152 international projects worth
US$ 164 min. In August, 2003 Finland solely allocated to “Rosenergoatom” circa RUR
300 min. to improve safety of the Leningradskaya Nuclear Power Plant. In 2003 the
German Government has allocated gratuitous assistance up to €7.02 min. for implement-
ing projects on physical protection of nuclear materials in territory of the Russian Federa-
tion. According to Chamber of Accounts data, in 1998-2000 more than US$ 270 min.
was received from foreign states and organizations as international assistance to finance
activities, related to disposal of radioactive waste.

Due to adoption of the Law “On Exemption of Property Tax of Enterprises, En-
gaged in Storage of Radioactive Materials and Radioactive Waste”, amendments have
been approved to the Russian Federation Tax Code, according to which organizations,
engaged in storage of radioactive materials and radioactive waste, are exempted of prop-
erty tax — 2.2% of the real estate cost. Taking into account solely the cost of property of
operating storehouses, Rosatom can receive up to RUR 2 bn. of latent subsidies in the
form of tax exemption.
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Aggregate subsidies, taking into account failure to implement social programs, ac-
cording to [16], reduce the cost price of nuclear energy approximately by 30%.

It is possible to state that similar schemes of subsidizing are envisaged in Belarus,
as well. For example, according to the recently adopted Law of the Republic of Belarus
“On Atomic Energy” it is assumed that “for a nuclear power plant or its unit a fund for
decommissioning is formed due to the means received from sale of electric and thermal
energy and rendering of other services, and due to other sources, which are not contra-
dicting to the legislation”. Actually the Law opens a way to use budgetary funds to form
the fund for decommissioning of the nuclear power plant from operation and other ar-
ticles of expenditures, typical only for atomic engineering.
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Figure 15 - Change of price of unenriched uranium (protoxide, UsOg) within 20 years
till February 2009, US$/Ib %

Evaluating growth of uranium fuel cost. According to [3], researches aimed at
optimizing the Republic of Belarus power supply system adopted growth of fuel cycle
cost by 0.5% per annum. Cost of fresh fuel approximately by one third is formed from
cost of natural uranium. A stable price before, from mid 2003 natural uranium price has
sharply grown from US$ 10-12/Ib. to US$ 130/Ib. by 2007 or more than 10 times (Fig.
15). And though the major growth has fallen on spot market of uranium, nevertheless,
contract prices have grown considerably, as well. Shortage of supply in the natural ura-
nium market the tendency of accelerated growth of cost of uranium is only becoming
more expressed.

% Ux Consulting Company, LLC http://www.uxc.com
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Figures 15 and 16 show that since 2004 the price for uranium grew together with
oil price, and price for uranium began to fall prior to oil prices — since August 2007.
However, if oil price has returned practically to initial condition, prices for uranium have
remained at quite high level — as of 9 February 2009 uranium was worth US$ 48/Ib. or 4
times higher than prior to 2003. Thus, it is possible to draw a conclusion, that the ura-
nium market reflects objective tendencies of uranium price rise, connected with limited
offer of uranium in the market.

The last 4-5 years markets of conversion and enrichment of uranium saw a proved
significant growth.
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Figure 17 - Change of price for services to convert uranium U;Og to UFs, US$ per kg UF®
for various processors?

Figure 17 shows that cost of conversion since 2004 has grown from US$ 7 to ap-
proximately US$ 10 per kg, an increase of more than 40% during 5 years. Cost of

21 Ux Consulting Company, LLC http://www.uxc.com
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enrichment also experiences spasmodic growth — from US$ 110 to US$ 160 per unit of
separation activities (since 2005 growth of approximately 45%).
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Figure 18 - Change in prices for services to enrich uranium, US$ per unit of separation activities®

On the background of reduction of prices for oil and natural uranium services on
uranium enrichment continue to rise in price.

Evaluation of growth of cost of disposal of the depleted nuclear fuel. Speaking
about cost of disposal of depleted nuclear fuel, it is necessary to note that here, as well a
steady growth is observed exceeding 0.5% per annum. So, in 2009 Rosatom has in-
creased prices for storage and reprocessing of depleted nuclear fuel from the Ukrainian
nuclear power plants by approximately 17% from US$ 360 per kg to US$ 423 per kg.

In this connection it is possible to state that in the nearest decades rates of growep
of fuel cycle cost at all stages will obviously be exceeding the declared 0.5% per annum.

Choice of discounting rate. In calculations [3], the underestimated discounting
rate of 5 or 10% is used. Therefore, the average discounting rate of 7-8% is assumed. It is
possible in case the state subsidies are available (construction in the country or preferen-
tial export credits). For comparison an average interest rate for loans and credits, ex-
tended by the World Bank is 13%.

22
Tam xe.
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4. RISKS OF THE NUCLEAR SCENARIO

Below there are additional risks that should be considered in the process
of decision-making to develop nuclear generation in the Republic of Belarus.

4.1. Risks of Accidents

In opinion of the experts speaking in favour of construction of the nuclear power
plant in RB, modern nuclear power plant design of new (third) generation have much
smaller risk of leak of radioactivity outside the reactor unit — 10" per reactor per annum.
For comparison the risk of accidents with radioactivity leaking outside reactor unit for the
Chernobyl type reactors is evaluated 10 per reactor per annum.

There is an opinion in nuclear branch that tank-type reactors cannot blow up by
definition as they possess natural safety: disappearance of decelerator as a result of reac-
tor zone overheating leads to discontinuation of nuclear reaction. However, under certain
conditions thermal explosion of tank-type reactors is possible. As an example it is possi-
ble to refer to the accident at submarine in the Chazhma bay in 1985, where explosion
has occurred exactly on tank-type reactor.

The fact about risk of large-scale accident at modern nuclear power plant is
present and it is high enough is confirmed by plans of Rosatom, which is not going to
build nuclear power plants in immediate proximity Moscow and Saint-Petersburg in spite
of the fact that these cities experience the sharpest shortage of capacities possessing, at
the same time, a necessary infrastructure, professional staff and so forth.

A similar situation has taken shape in the Republic of Belarus as well. It is decided
to abandon a civil-engineering project of building a NPP near capital of the republic,
though nearness of Minsk and presence of LEP-750 transmission line, passing close to
Minsk creates favorable technological and economic preconditions for construction of
nuclear power plant near Minsk.

The official recognition of danger of NPP is noted in the State Comprehensive
Program of Modernization of Main Production Assets of the Belarusian energy system,
energy efficiency and increase in share of use in the republic of own fuel and energy re-
sources in 2006-2010 according to which admits that NPP is an object with increased po-
tential danger to environment.

Risks of large accident resulting from plane crash. Power generating unit VVER-
1000 proposed for construction has a protective coat, capable to sustain impact of crashed
sport plane weighting 20 tons, however, passenger planes with fuel onboard can weight
ten times more. Here it is necessary to note that no country of the world can boast having
100% guarantee of protection against attack on NPP, using an aircraft.
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The risks of large accident connected with poor quality of construction. The
Russian nuclear engineering experiences sharp shortage of professional builders. Out of
55,000 builders needed today Rosatom has only 5,000 professional builders. Low appeal
of nuclear branch is connected, inter alia, with low wage of builders. For example, at
construction of the second unit of the Volgodonskaya NPP in the Rostov region a profes-
sional builder receives RUR 6,300 a month (data as of early 2006) As a result construc-
tion involves labor with poor skills. For example, the labor involved in construction of
fast neutrons reactor BN-800 at the Beloyarskaya NPP in Sverdlovsk region is poor
skilled workers from Tajikistan and Azerbaijan. According to 2003 data, none of workers
was subjected to security check. Statistics evidences about quality of this labor: after
commencement of works the number of murders and robberies in the city of Zarechny
(the city serving the Beloyarskaya NPP) has increased 5-6 times. In the NPP territory
thefts of nonferrous metal have sharply increased.

The risks of accidents connected with power supply system failures. Failures in
power supply system lead to risks connected with the fact that switching of station to an
independent mode (diesel engine-generators) may not work. In 1992 a hurricane resulted
in disconnecting the Kola NPP. Emergency diesel engine-generators have not provided
prompt supply energy to stop reactor.

The risks of accidents connected with long period of operation. Design of new
nuclear power plants envisages operation of power units during 60 years. Such policy
starts covering the running reactors, designed for 30-year operation. However, experience
of extension, for example, of the third unit at Novovoronezhskaya nuclear power plant
shows that after 30 years in operation susceptibility of breakdown increases. The third
power unit has been commissioned in December 1971. After expiry of the term of opera-
tion (30 years), functioning of the third unit at Novovoronezhskaya nuclear power plant
has been extended for 5 years. Upon termination of validity of the first extension license,
Rostekhnadzor has issued one more. In 2007 Rostekhnadzor has found cracks in welded
connections of branch pipes of “hot” and “cold” collectors of the first steam and gas ge-
nerator of the Novovoronezhskaya nuclear power plant third unit. This incident only con-
firms the point of view about dangers of long — up to 40-60 years — period of operation of
nuclear power units.

The risks of accidents connected with social and economic crises. In case of so-
cial and economic crisis as it has happened in mid 90-ies in Russia, nuclear power plants
are exposed to threat of accidents because of social protests. In the Russian atomic engi-
neering history there are examples when workers of the nuclear power plant occupied
nuclear station, raising economic demands.

Risks of accidents connected with military actions. The concept of safety of the
existing nuclear power plants till now has been assuming their operation only in peace
time. Meanwhile, majority of the European nuclear power plants are located in territory,
where in the twentieth century operations with application of heavy weapons were re-
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peatedly conducted. Hit of a single artillery shell, a rocket or an aerial bomb in any of
buildings of the nuclear power plant will not lead to catastrophic consequences. Howev-
er, two exact hits would be enough for a nuclear power plant to launch an avalanche cata-
strophic process. So, if one shell damages and stops a turbo-generator, and the second
shell puts out of order a reserve diesel engine-generating power station then circulation of
water in the first contour will stop completely.

In passive cooling systems the stock of water is insufficient to ensure cooling of
active reactor zone for adequately long time. Active systems of cooling cannot function
without supply of electric power. In this case fusion of reactor active zone due to a resi-
dual thermal emission and emission of radioactive substances outside the first contour is
inevitable.

If buildings of the nuclear power plant are subjected to series of aimed shots,
breaking through protective environment of the reactor building, the emission of radioac-
tive substances into atmosphere and contamination of large territory is inevitable. A unit
of fire of one tank or the attack plane is enough for utter annihilation of nuclear power
plant as power object and contamination of large territory. Conventional weapon applied
against a nuclear power plant, becomes weapons of mass destruction®*.

As well, the scenario of using heavy weaponry in peace time should not be re-
jected. For example, the scenario of terrorist attack using a mobile howitzer system,
which can be placed several kilometers away from the nuclear power plant outside physi-
cal protection perimeter of the plant.

The risks connected with transportation and storage of radioactive waste and
depleted nuclear fuel. In addition to risks, related to operation of nuclear power plant
there are plenty of risks connected with transportation and storage of radioactive waste
and depleted nuclear fuel. The issue of storage of radioactive waste has not been studied
completely till now, as periods of storage exceed, at least, hundreds years and for dep-
leted nuclear fuel, ideally — hundreds of thousand years. Here it is necessary to note that
already today there are problems of leakage of radioactive nuclides outside storages areas
in France and Germany after some decades of storage of radioactive waste.

4.2. Investment Risks, Related to Cost
and Period of Construction of NPP

The risks connected with initially high cost of new power units. In Russia cost of
construction of nuclear power plant is considerably takes the lead over inflation. During 7
years official specific cost of capital investment has grown almost 3 times — from RUR
20.2 bn. in 2000 to RUR 55.7 bn. in 2007 [5, 6]. This tendency corresponds to global
processes. According to report, prepared by Cambridge Energy Research Associates Inc.,
the cost of materials for construction of the nuclear power plants have grown by 173 %
from 2000 to early 2008, whereas for wind energy generation similar growth was 108%,
for coal 78% and gas 92%.

2 http://www.t3000.ru/index.php?option=com_content&task=view&id=16&Itemid=27
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Initially high cost of nuclear power units finds its reflection in tariffs of nuclear
stations. Approximately 20% of the Russian nuclear engineering proceeds (in 2007 RUR
15 bn.) goes to construction of new power units and other infrastructure. In conditions of
the set tariff level in the wholesale market (approximately US$ 0.02 per kWh) this is ob-
viously not enough for construction of new nuclear power plants. The investment poten-
tial of internal resources Rosatom at all does not satisfy plans of the government, aimed
at accelerated development of nuclear engineering — construction of 2 power units per
annum that demands circa RUR 130 bn. per annum. Moreover, the nuclear power plant
tariffs prevent execution of the program of simple replacement of decommissioned power
units — 3.7 GWt by 2020. Existing deductions are sufficient only for construction of one
reactor in 3-4 years. To solve the problem an increase in tariff approximately 2.5 times
from US$ 0.02 (in 2008) to US$ 0.05 per kWh is needed.

Therefore the Russian Government had accepted the Federal Target Program,
aimed at development of nuclear complex, according to which it is supposed to subsidize
construction of the new nuclear power plants from the federal budget. The size of subsi-
dies on new construction amounts to circa RUR 670 bn. till 2015.

In this respect a potential investor needs to understand precisely that construction
of nuclear power units is expensive. Payback of the investments will occupy the longest
period if at all it would be possible, especially in the countries with regulated energy
market.

The risks connected with growth of cost during construction. Experience of
completion of third unit at Kalininskaya nuclear power plant has shown that cost of 50 %
completion of object has appeared comparable with design cost of 100 % _construction
from zero. Cost of completion of Kalininskaya nuclear power plant appeared as follows.
According to Chamber of Accounts, the rest of budget cost of construction on launching
complex of construction of power unit 3 of Kalininskaya nuclear power plant taking into
account objects of social sphere as of 1 January 2001 amounted to RUR 8.2 bn. or 48.7%
of capital investments. However, according to official data, only in 2001-2004 RUR 23.2
bn. was allocated to complete this power unit. In late 2004 the power unit has been com-
missioned, but, nevertheless, another RUR 4.1 bn. was allocated for its operational de-
velopment in 2005. As a result total cost of power unit amounted to RUR 35.9 bn. instead
of the declared RUR 16.8 bn. or more than in 2 times exceeded the declared cost. Cost of
completion that is more correct to evaluate growth of cost of construction, reached RUR
27.3 bn. and more than 3 times has exceeded the declared cost. Even with inflation taken
into account such excess is significant.

Similar situation is taking shape with construction of nuclear power units in Fin-
land and France. Cost of reactor in Finland (1,600 MWt) has grown during construction
from contractual €3.2 bn. to €4.7 bn., at the same time the project is far from end. The
declared cost of Flamanville reactor has grown by 20% from €3.3 to €4 bn. It has led to
the company increasing the predicted cost of the sold electric power from €0.046 to
€0.054 per kWh.

Growth of cost during construction is the major factor in evaluating payback and
profitability of nuclear projects. So, analysis of sensitivity of the project “to increase in
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volume of capital investments into construction of the nuclear power plant” (2 power
units VVER-1000) is prepared for the second stage of the Balakovskaya NPP. Analysis,
executed by authors of the Balakovskaya NPP project has shown that the project has a net
discounted income equal to zero with increase in volume of capital investments into in-
dustrial construction by 60% [14]. In case of construction, for example, of the third unit
of the Kalininskaya NPP the excess was 110%.
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Figure 19 - Growth of cost of construction of third power unit of the Kalininskaya NPP (RUR bn.)

The risks connected with increase of period of construction of nuclear power
plant. Period of construction of one nuclear power unit lasts 5-7 years unlike other ener-
gy sectors, for example, wind energy where hundred megawatt capacity wind energy ge-
nerating plants can be built within 1-2 years.

At the same time the declared periods, as a rule, are not maintained. The delay in
construction of the nuclear power plant in Finland is three years after 3 years from its
commencement. Thus, every year of construction means a one year delay. Initially it was
planned to build a reactor in 4 years, now it turned to be 7 years. Similar problems have
emerged at construction of the power unit in France.

One of the preconditions to long-term construction in the Russian nuclear complex
is shortage of professional builders. According to Rosatom plans, the number of profes-
sional builders should grow from 5,000 in 2006 to 55,000 by 2009 which is very unlike-

ly.
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4.3. Risks, Related to Fuel Supply

For today the unique large operating uranium deposit in Russia provides only 16-
18% of the required needs for natural uranium — 3,200 tons per annum out of almost
20,000 tons of natural uranium needed (with supply to foreign nuclear plants). The
“TVEL” company, responsible for fuel supply of the Russian and foreign nuclear plants,
gets the difference, which is missing fuel, from “warehouse stocks”. Thus, there is a sub-
sidizing of nuclear engineering due to even uranium stocks, accumulated in Soviet times,
mainly as a result of implementation of military programs.
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Figure 20 - Structure of coverage of needs in raw materials of the branch till 2020 [15]

According to Rosatom data, stocks in storage covering needs in uranium by 30%
will be exhausted by 2015 — the period of scheduled commissioning of the first nuclear
power unit in Belarus. It is assumed that this source of uranium will be compensated due to
opening new mines. The question of opening of new deposits in the declared volume is de-
batable. Besides circa 20-25% of needs in uranium now becomes covered due to import of
the depleted uranium from Western Europe (See Fig. 20 item “Import of Uranium and Raw
Materials from Countries other than CIS”). Contracts on import of this uranium should end
in 2009. There exists a probability, that these contracts will be prolonged, as it is reflected
in [15]. However, because of danger of storage of the depleted uranium, imported in the
form of uranium hexafluoride, it is most likely that these contracts will not be extended.

Taking into account retirement of these two sources, shortage of uranium will
reach circa 50% of the present consumption level. Based on plans of growth of consump-
tion of uranium due to new contracts to supply fresh fuel including abroad the shortage
can reach the order of 20,000 tons of uranium — circa half of the global production of
natural uranium.

Till September 2008 Rosatom considered the Australian companies as a possible sup-
plier of uranium. However, after events of August, 2008 in the Caucasus, as it is impossible
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to trace, whether Australian uranium will be enriched at the Russian military facilities®,
Special Commission of the Australian Parliament did not recommend the Government of
Auwustralia to conclude a new contract in the field of use of atomic energy with Russia, open-
ing uranium stocks of Australia to the Russian companies. The situation with Australia
shows, that the risks related with supply of nuclear fuel, are aggravated with problems in the
international relations and the limited number of countries-suppliers of natural uranium.

The situation in the Russian Federation is not unique. In 2005 the world production
of uranium has reached circa 40 thousand tons with annual consumption of 69 thousand
tons. Uranium shortage for the time being is covered by warehouse stocks and secondary
sources. Based on IAEA forecasts by 2020 annual production of uranium will grow only to
65-70 thousand tons, whereas consumption would grow to 82-85 thousand tons.
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Figure 21 - Global mining of uranium and the need in uranium?®

As well, it is necessary to consider that now a significant part of nuclear fuel in the
world market emerges due to dilution of the Russian weapon uranium. The uranium re-
ceived from nuclear warheads covers 17% of the global market of enriched uranium. Af-
ter 2014 when the contract on sale of the Russian weapon uranium (so-called contract
VOU-NOU) will expire, it is necessary to expect a sharp decrease in offer on the ura-
nium market and sharp growth of cost of nuclear fuel, possible in this respect.

4.4. Some Risks, Related to Unforeseen Growth
of Maintenance Component of the Tariff

Growth of tariff in connection with shortage of uranium. Till now the Russian
atomic engineering existed due to the Soviet stocks of uranium and operating mines,
opened in the USSR. Opening and arrangement of new deposits demands significant fi-

% There is no technological distinction between Rosatom civil and military plants enriching uranium.
% Ux Consulting Company, LLC http://www.uxc.com/fuelcycle/uranium/uxc_graph_u-prod-67-on.gif
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nancial resources. In this connection there is a probability, that partially these costs will
be covered due to the tariff.

Growth of tariff with growth [of cost] of temporary storage services. According
to [16], cost of storage of depleted nuclear fuel of the Russian nuclear power plants in the
centralized federal storehouse until 2005-2006 was approximately US$ 60 per kg of
heavy metal. Some estimates, which can be made, by referring to construction of the Ba-
lakovskaya NPP second stage, cost of temporary storage of depleted nuclear fuel from
the Russian nuclear power plants has grown up to US$ 130 per kg of depleted nuclear
fuel. Cost of storage of depleted nuclear fuel of the Ukrainian nuclear power plants has
grown in 2009 in comparison with 2008 from US$ 360 to US$ 423 per kg of heavy met-
al. Therefore, no one can evaluate in the long-term prospective the real cost of storage,
but it is clear that it only will grow, and grow considerably. The Rosatom representatives
stated that “now people understand that it is impossible to calculate real cost of storage
of fuel imported from abroad. We could accept it for 60 or 70 years, but what would hap-
pen in 100 years? In fact, nobody is able to count such costs” [17].

However, even in the short-term perspective the existing means are obviously not
enough to ensure safe storage. For example, there is no appropriate system of physical
protection of the centralized storehouse in the Krasnoyarsk region. In 2002 first Green
Peace group of activists, and then FSB have freely entered the territory of storehouse and
freely have left it.

Growth of tariff related to growth of cost of decommissioning of nuclear power
units. Now tariff of nuclear power plants envisages deductions of 1.3% of the nuclear
power plant proceeds for decommissioning of nuclear power units from operation. At the
same time, according to S. Antipov, the “Rosenergoatom” Concern former General Di-
rector “Shortage of means for decommissioning of power units has reached circa RUR 6
bn. in 2004, whereas by 2010 it may exceed RUR 8.5 bn.” [18].

It is important to consider that shortage 6 times exceeding annual deductions for
decommissioning from operation, exists in a situation when the first 4 power units with
aggregate capacity circa 1 GWt are withdrawn from operation, whereas the deduction is
made of the proceeds received as a result of operation of 23 GWt capacities. In this con-
nection “Rosenergoatom” Concern considers an issue of increasing deductions up to
2.3% [19].

4.5. Economic Risks, Related to Integration of NPP
and Increase of Accidents in Power Supply Network

Construction of the nuclear power plant will lead in more than 50% of the electric
power in the country generated by two plants — the nuclear power plant (2,000 MWt) and
the Lukomlskaya State District Power Plant (2,430 MWt). Such concentration of capacity
is fraught with large power interruptions in the system and heavy losses for economy.
“Perfidy” of work in peak mode is in long-term influence on damageability and break-
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down susceptibility of units and their elements (boilers, turbines and generators) and
amount of various repairs rather than in over expenditure of fuel in each cycle (i.e. in de-
crease in blocks profitability). The majority of accidents at plants happen more often at
start-up of units from “cold” condition — explosions of boilers, damages of turbo genera-
tors’ shafts and breakage of turbine blades which sometimes lead to human victims. The
damage from accidents is estimated in dozens and hundreds of million dollars.

4.6. Transhoundary Risks of Nuclear Power Engineering
Nuclear power plants in the Baltic Region

Construction of nuclear power plant in the Republic of Belarus is envisaged in wa-
ter catchment basin of the Baltic Sea — environmentally vulnerable area, which has li-
mited water exchange with open part of the ocean. It means that in case of accidents at
nuclear power plants, accompanied with discharge or dumping radioactive nuclides it
would impact other countries and sea ecosystems around this semi-closed environmental
space.

It is necessary to take into account that in the Western part of the Baltic Sea there
takes place a process of decommissioning of nuclear power plants and ideas of new con-
struction are abandoned [23].

Condition of power units

a) operational

b) planned

c) being decommissioned

d) run in excess of designed resource

e) planned export of nuclear power generated electricity

At the same time in the south and east of the Baltic Sea new project of nuclear
power plants are being promoted. So, in the southern part political decisions have been
taken to build at least 6 new power units for nuclear power plants a couple of hundreds of
kilometers away from each within the nearest 15 years. It means that each separate solu-
tion does not take into account aggregate or cumulative risk of all nuclear power plants
for each country and for the Baltic Sea region in general.

It is known that risks related to functioning of nuclear power plants are the
highest in the initial period of their operation and by the time when they are about
to deplete their resource. Commissioning, within a number of years, of six power
units in Belarus, Lithuania and Russia (Kaliningradskaya nuclear power plant) and
simultaneous decommissioning of the Ignalina nuclear power plant would result in
highest probable emergency situations at NPP. However, these transnational risks
have not been taken into account in the course of decision-taking to build a nuclear
power plant.
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4.7. Economic Risks, Related to Decommissioning of Power Plants

As a rule, all life cycle of nuclear power plant is not considered in the course of
economic evaluation of nuclear engineering. Modern power units of nuclear power plant
are planned by designers to generate electric power within approximately 50-60 years,
the time, during which main elements of the equipment lose their properties, allowing
their safe operation, and the “know-how” of energy generation becomes morally out-
dated. From the moment of the termination of operation the nuclear power plant’s unit —
the source of energy and income is transformed to the object consuming energy and re-
sources.

Up to hundred thousand tons of the equipment and structures of such power unit
become waste with significant part contaminated with radioactivity. It means that such
object should be isolated reliably from habitat to prevent an opportunity of radioactive
nuclides penetrating into biosphere and through food chains to humans. Besides it is ne-
cessary to exclude an opportunity of unauthorized access to this radioactive waste.

Concerning buildings and structures of the decommissioned nuclear power plants
choosing one of the alternative strategies is possible:

- Immediate, stage-by-stage dismantling of the least polluted objects;

- The postponed dismantling in 50 and more years following decay of the signifi-
cant part of radioactive nuclides.

In the course of decommissioning from operation a separate issue is recycling of
depleted nuclear fuel, which is unloaded from reactor to the pools with cooled water, lo-
cated next to reactor. Some years later fuel cores are moved to the pools of temporary
storehouses cooled by the electric power. Then, in process of cooling cores, these are
placed into special containers where depleted nuclear fuel continues to be cooled due to
natural air circulation.

At present in the world there are no technologies of reprocessing of depleted nuc-
lear fuel that are safe for the nature and economically justified. Special danger of dep-
leted nuclear fuel is caused by presence of radioactive nuclides there, which practically
did not participate in millions of years of evolution of living systems on Earth. Among
such radioactive nuclides, for example, is Plutonium (*°Pu), which has half-life period
exceeding 24,000 years. During life of the nuclear power unit from the beginning of op-
eration prior to exhausting resource up to thousand tons of depleted nuclear fuel, contain-
ing tons *°Pu is generated.

Depleted nuclear fuel should be isolated reliably from biosphere during hundreds
thousand years. In the USA, following the Supreme Court’s decision reliability of isola-
tion of the depleted fuel cores should be guaranteed for the period of 1 million years. At
present there are no technological solutions, capable of solving this problem.

Modern data about cost of decommissioning power units from operation contain
plenty of uncertainties, related to difference of decommissioning possible scenarios, na-
tional policies of disposal of radioactive waste, depleted nuclear fuel, level of develop-
ment of technologies in different countries, etc.
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Table 9 - Costs of decommissioning of NPP units in different countries [23, 27]

Type of reac- | Cost, in
Ne | NPP, country tor; capacity, US$ Notes
MWt min.
1 | Big-Rock BWR, 70 25.0 Upon unloading of depleted nuclear fuel the reactor
Point, USA body is removed. Total weight of radioactive waste
was 290 tons. Storage of depleted nuclear fuel was
left at the site — 43.3 ha. NPP used to occupy 182.2
ha.
2 | Fort-Saint HTGR, 330 173.9 | Immediate dismantling option is adopted. Turned
Vrain, USA into gas turbine power plant.

3 | Maine Yankee) 900 ~500 | Immediate dismantling to “green lawn” condition.
Dry storage of depleted nuclear fuel is created
close to the power plant’s territory. NPP territory
after dismantling was reclaimed.

4 | Tokai Mura, GCR, 166 772.5 | Dismantling started in 2001, would be over in

Japan 2017. 177,000 tons of radioactive waste is generat-
ed in the course of dismantling, of which 18,000
tons are highly active.

5 | Stadte, Germa- PWR, 672 668.4 | First NPP, decommissioned after adopting the Law

ny on closure of NPP. 150 of 300 persons left at the
process of dismantling.

6 | Biblis-A, Ger- PWR, 1225 141.2 | Evaluation of costs for full decommissioning of

many power unit.

7 | Lovisa-1, Fin- VVER, 440 166.5 | Evaluation of costs for decommissioning to “brown

land lawn”.

8 | Greisvald, VVER, 5x440 | 4,000 | Evaluation of costs for full decommissioning of 5

Germany power units to the “Technopark™ stage during
1990-2035. Up to one third of operations personnel
is involved in decommissioning of former NPP.

8 | Inganlinskaya RBMK, 1,500 | Evaluation of costs for full decommissioning of 2

NPP, Lithuania 2x1500 (3,300) | power units to the “Technopark” stage. Activities
of decommissioning started at 1 power unit. Dep-
leted nuclear fuel would be temporarily stored in
“dry storage” containers. Costs of activities have
more than doubled in some years after commence-
ment.

In a number of countries the state and maintaining organizations have made such
evaluations. For example, the US Council on National Resource (NRC) and Nuclear
Energy Agency (NEA) has estimated the cost of decommissioning from operation as 10 —
15% from cost of construction of object. [24]

Official French sources estimated €258.86 per kW of the installed capacity (data
as of 1998). [25]

Estimation of cost of decommissioning from operation of the power unit with
VVER-400 reactor, according to IAEA, can make US$ 350 min. with immediate disman-
tling and US$ 300 min. in case dismantling is postponed by 40 years (US$ 795 and US$
690 per kW of the installed capacity respectively). [26]

At the same time, practical experience of decommissioning from operation shows
that the referred figures are essentially underestimated. So, in Germany expenses for de-
commissioning of power units of the nuclear power plant with VVER-440 have more
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than 2 times exceeded the IAEA predicted. In the course of decommissioning from op-
eration of 6 power units of nuclear power plant “Nord” costs would amount to €3.2 bn
(US$ 4.4 bn.) or US$ 1,700 per KW. The “Nord” nuclear power plant will be decommis-
sioned during 45 years from 1990 till 2035 to the condition of “brown lawn”, creating a
technopark at the site of the former nuclear power plant. At the same time there will be
unresolved problem of depleted nuclear fuel, which is in temporary (for 50 years) store-
house. [23]

Originally Lithuania planned to spend €1.2 bn. for decommissioning from opera-
tion of the two RBMK-1500 (2x1500 MWe electric power) power units during 30 years.
This was evaluation of costs of decommissioning to condition of “brown lawn”, the or-
ganization of depleted nuclear fuel temporary storage in metal concrete containers and
organization of technopark. Later some years after commencement of the decommission-
ing program this sum has increased to €2.5 bn. or US$ 1,100 per kW of the installed ca-
pacity. In the future these expenses will undergo an increase as the technology of recy-
cling of 3,400 tons of graphite (inhibitor of neutrons in RBMK reactors), carbon-14
containing radioactive isotope (with half-life period of 5,400 years) is not developed yet.
By the way, the technology of long-term isolation or burial in the territory of Lithuania of
the depleted nuclear fuel is not developed yet.

Expenses for decommissioning (Maine Yankee) 900 MWt electric capacity power
unit from operation to condition of “green lawn” reached circa US$ 500 mln., having ex-
ceeded expenses for construction (US$ 340 mlin.). At the same time, the depleted nuclear
fuel is in temporary storehouse as technologies of long-term storage or burial of depleted
nuclear fuel do not exist in the USA.

4.8. Social Risks, Related to Decommissioning of Power Plants

Construction of nuclear power plants in Central and Eastern Europe were accom-
panied by creation of “atomgrads” — satellite cities of nuclear power plants, with popula-
tion ranging from 30 to 70 thousand inhabitants. The nuclear power plant becomes a city
factory. Social infrastructure and the budget of nuclear settlements completely depend on
the nuclear power plant overall performance.

“Atomgrad’s” inhabitants, as a rule, do not have historical roots connecting them
with local culture. It can become a source of social conflicts with inhabitants of the
neighboring settlements, who perceive the nuclear power plant and “atomgrad’s inhabi-
tants as threat to their traditional way of life.

The inevitable decommissioning from operation of the nuclear power plant after
exhausting fuel resource causes serious social crisis connected with one-stage loss of the
large number of highly paid jobs as well as main source of receipts of local budgets. [23]
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5. TRENDS IN WORLD POWER GENERATION

The choice of technologies in energy sector of the future is rather little. According
to the Russian expert community view, stipulated in the Concept of Energy Sector Strat-
egy of the Russian Federation till 2030 [1], energy sources which will change developed
economic, balance and environmental representations are determined as follows:

- Fast neutrons nuclear power with full fuel cycle,

- Non-conventional renewable sources of energy,

- Non-traditional non-renewable resources (gas-hydrates, etc.)

- Probably, thermonuclear power.

Here it is necessary to pay attention that among the listed technologies thermal
reactors are not mentioned — a basis of modern global nuclear power, which is proposed
to be developed in Belarus. The main reason — fuel restrictions in connection with close
depletion of cheap stocks of uranium.

Speaking about technology of thermonuclear synthesis, it is necessary to refer to
opinion of E. P. Velikhov — one of the leaders of the Russian program of thermonuclear
synthesis, — who has determined, that in case of success, commercial capacity of reactors,
based on thermonuclear synthesis by the end of 21 centuries will not exceed 100,000
MW or some percents of the modern established capacity of all electric energy industry
of the world that is insignificantly little.

Extraction of gas-hydrates is at a stage of scientific study. In case such extraction
would be launched the product will be liquefied natural gas which Belarus in any case
should be purchasing from abroad.

The Russian expert community thinks that only atomic engineering on the basis of
plutonium and renewable power generation will remain among real sources for the near-
est century perspective.

At the same time, the technology of plutonium power engineering with closed
cycle till now is not developed. But it is already known, that this technology is extremely
dangerous from the point of view of non-proliferation of nuclear weapons, more incident-
prone and extremely expensive.

Among all technologies the most perspective and reliable are technologies on the
basis of renewable sources of energy. At present, three technologies are leaders in the
field of alternative power: generation of energy based on biomass, solar and wind energy
engineering. The greatest volumes of investments and growth of capacities during the last
years occur in wind power. Owing to fast perfection and reduction in price of solar photo
cells it is expected, that after 2020 the solar power would become the leader of growth.

Taking into account limitation of stocks of cheap uranium and the significant risks
accompanying atomic engineering, it is possible to draw a conclusion that at present only
the renewable power engineering can provide energy safety and stable development both
on global and national levels.

- It is now already 24 months since a last reactor was finished and added to the
grid, globally! 1t was Cernavoda 2 reactor in Romania, which took 24 years to build and
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is based on very outdated dangerous technology. So despite the talk of nuclear renais-
sance, we have seen just one nuclear zombie waking up - and for already two years the
nukes industry did not deliver any single new nuclear unit!

- And in the same period of last 24 months, 3 reactors were permanently retired
and shut down. So the bilance of nuclear power is minus three reactors in past two years.

- In contrast, renewable energy is expanding massively. In 2008, new added ca-
pacity of only wind reached 27,050 MW globally! Assuming 20 % load factor of wind,
those wind turbines built in just one single year will deliver 47 TWh of electricity every
year. In terms of electricity production, this is an equivalent of eight large 1,000 MW
nuclear reactors!

- Last time nuclear industry was able to put 8 large reactor to a grid in year's time
was 16 years ago! That was in 1993, with 9 new reactors totalling 9,000 MW of new ca-
pacity. So it is already 16 years since nuclear industry was able to deliver as much new
electricity in a year's time, what wind can do today!

- And that is only wind, not mentioning solar, biomass, geothermal or small hy-
dro... Newly added capacity from all renewable energies combined was 40,000 MW in
year 2008. Of that, 6,500 MW represents solar PV connected to grid in a single year
(again, compare that to zero, or even minus three reactors in the same period of time).

- The renewable industry have seen total investment of 120 billion USD globally
in 2008, double the amount compared to 2006 (63 billion). Well, the nuclear industry
keeps it hidden huch subsidies were pumped into reactor development, but i bet that from
normal investors that would be a tiny fraction of this massively growing RE budget.

- And final note on investment costs. The price of new, 3rd generation EPR reac-
tor in Finland reached 5.5 billion EUR already, which translates to 3,440 EUR/KW or
5,050 USD per kW of installed capacity, and this is still not end of the story. US utilities
announced revised figures for new reactors there, and concluded the price tag to be any-
where between 5,000 and 8,000 USD/kW (and this is still before construction actually
started, so additional escalation is likely). Compared to that, wind turbines can be
built at the cost around 1,500 USD/kKW.

- Even if we assume wind capacity factor being 3-4 times lower than in a nuclear
reactor (which may be very optimistic for nuclear power plant), this makes wind already
a cheaper source. Wind becomes even more cheaper if fuel, maintenance and decomis-
sioning costs are included in the consideration (the levelized cost of nuclear electricity
doubles if those additional expenses are included).
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