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NUCLEAR POWER PLANTS AS THE BALANCING SOURCE
IN FULFILLMENT OF ENERGY REQUIREMENTS —
FORECAST UP TO 2030

The energetic management in most of the countries, mainly based on the hard coal and lignite
consumption, must be changed up to 2030 and the natural gas energy as well renewable energy should
be more and more significant. As the energy forecast up to 2030 for Poland shows, taking into
consideration growth the national requirement and the necessity of lowering the environmental
pollution (being the effect of Union Directives), it is necessary to introduce the nuclear energy into
energetic balance. The paper shows that the energy development decision makers took into account
renewable energy and nuclear energy, which were neglected in the past by the government and ignored
by coal energy producers. The newest data of nuclear energy in energy balances of various countries
were presented.

EnepretnuHuii MEHEIKMEHT, SKMH y OLIBIIOCTI KpaiH CBITY 0a3yeTbcs Ha KaM STHOMY BYTULI Ta
CIO’KMBAHHI JIIHITY, TOBUHEH 3a3HaTH 3MiH 710 2030 poky, a BUA0OyBaHHS €HEPrii 3 MPUPOTHOTO rasy,
AK OUIBII EKOJIOTIYHO YHMCTOTO JKEpesna eHeprii, MoBUHHO 30imbiuuTHCA. [Ipornosu mist IMombimi 1o
2030 poky, BpaxOBYIOUM 3pOCTAHHS HALIOHAJBHHUX MOTPed 1 BUMOr (3rimHo MpeKTHB €BpPOCOIO3Y)
I0JI0 3HWKEHHS EKOJIOTIYHOTO 3a0pyIHEHHS, TOKa3ylTh, 10 B EHEPreTHMYHUN OallaHC KpaiHu
HEOOXIJTHO BBECTH fAJepHY eHepreTuky. CTarTs Mokasye, IO TENepilllHsd BIAAa, HA BIAMIHY BiX
HOTIEPE/IHBO1, TI0Yala BPaXOBYBaTH MOTPEON BUKOPUCTAHHS BiTHOBIIOBAJIBHOI Ta SAEPHOI €HEPTEeTHKH,
10 paHille IrHOPYBAJOCS 3 OISy Ha BUPOOHMKIB €Heprii 3 KaM’sSHOTo BYriuUIs. Y CTaTTi TakoX
HaBeJICHO HAWHOBIIII JJaH1 TTPO YaCTKY SAEPHOI €HEPTii B eHEpreTHYHUX OajaHcax pi3HUX KpaiH.

Introduction

Together with growth of human population on Earth the energy requirement also grows.
The analysis of current energy consumption rate indicates its exponential character. That is
because the problem of energy supply is crucial and strategic problem of each country
economy.

The important factor forming currently energetic sector development in European
countries is growth of relation between environment and economical activity. The necessity of
political integration in both these areas influenced on increase of costs connected with
development of installations serving limitation of harmful emissions, lowering of energetic
sector expansion, implementation of combustion technologies for environmentally friendly
fuels.
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The improvement of natural environment condition depends mainly on how ecological
politics will be integrated with economy. Otherwise, the economical growth may cause growth
of pollution.

The crucial assumptions of energy politics in European Union are competitiveness and
energetic safety and this is possible by fuel diversity. The Union recommendations in this area
state that the participation of fuels from one direction should not be bigger than 30%.

Currently, the basic energy carriers are still traditional raw materials as coal, oil and
natural gas, which applications caused high air pollution. Because of the environmental
pollution growth people face the problem of searching for other energy sources not causing the
degradation of natural environment.

As it was mentioned before, the crucial problem in world energy politics is minimization
of its harmful influence on environment. It was stated that the biggest threat for environment is
not the possibility of lack of conventional fuels deposits but global pollution caused by their
combustion products: dusts, sulfur, nitrogen and coal oxides. This problem was the topic of
many international conferences, including World Energy Congresses. One of the important
rules of sustainable development is the energy politics allowing fulfillment of energy
requirements, but not being harmful for environment.

Nuclear energy

One of the “clean” energy sources is nuclear energy. The construction of nuclear power
plants is a controversial issue. Since a long time there is a “small war” between scientists
presenting the advantages of it and ecologists seeing a potential threat. Both sides are rather
hard to change their points of view. Currently, there is 437 nuclear reactors in 31 countries.
They produce about 17% of energy. This type of energy is very common in countries of Far
East. Also in Europe, the interest in this energy source grew. Table 1 shows the current state of
nuclear power plants in Europe. Table 2 presents the list of countries having nuclear power
plants. Figure 1 shows percentage share of nuclear power plants in energy production in chosen
countries.

The nuclear energy should be treated as the option supporting renewable sources of
energy (OZE).

International Agency of Nuclear Energy forecasts that in 2020 the installed power in
nuclear plants will be from 437 GWe to 542 GWe. The forecasts for 2030 indicates the range
510-810 GWe, while the biggest growth of installed power will occur in countries already
exploiting nuclear power plants (the influence of current economical crisis on nuclear sector
investments was taken into consideration). It is worthy to notice that these values increased in
comparison to forecasts from previous years (before 2008) — for example, comparing to
forecasts from 2001 these values grew twice and considering the economical crisis grew by
8%!

Even in 2001 the “pessimistic” forecast indicated the decrease of installed power till 2020
and currently the “pessimistic” forecast predicts stable and gradual small growth. According to
forecasts the share of nuclear reactors applications to other purposes than energy production
also will increase (sea water desalination, heating production, technological heat production,
hydrogen production).

The growth of energy consumption in nearest perspective and necessity of lowering
environmental pollution caused that the nuclear energy became the balancing source (closing
energy balance) in many countries, including Poland.
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Table 1. European countries having nuclear power plants
or planning their construction (state on 22.05.2010)

Country Working | Reactors in Planned reactors
reactors | construction
Belgium 7
Bulgaria 2 2 2
Czech 6 3
Republic
Estonia (2) together with Lithuania on its territory
Finland 4 1 3
France 59 1 2
Spain 8
Netherlands 1 1
Lithuania 2
Latvia (2) together with Lithuania on its territory
Germany 15
Poland 4
Romania 2 2 1
Slovakia 4 2 2
Slovenia 1 with 1
Croatia
Sweden 10 4
Hungary 4 2
Great 19 8
Britain
Italy 4
Albania (1) together with Croatia on its territory
Belarus 4
Croatia 1
Russia 32 9 27
Serbia (2) together with Bulgaria on its territory
Switzerland 5 3
Turkey 8
Ukraine 15 22
Overall 142(EU), 8 (EU), 10 38 (EU), 66 (outside EU)
52 (outside | (outside EU)
EU)

Sources: [1]

Remark: Countries not being member of EU were marked by cursive
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Table 2. Countries having nuclear power plants (world) (data for 2009)

Number of General Ratio of produced energy to Share in national
Country working | installed power | energy produced in certain energy production
reactors net (MWe) country (TWh) in 2009 (%) in 2009

Argentina 2 935 7,6/109,3 6,95
Armenia 1 375 2,3/5,1 45,10
Belgium 7 5902 45/87 51,72
Brazil 2 1884 13/443,2 2,93
Bulgaria 2 1906 15,3/42,5 36,00
Chine P.R.* 11 8438 71/3714,7 1,91
R(ejgzﬁlllic 6 3678 25,7/76 33,82
Finland 4 2696 22,6/68,7 32,90
France 58 63130 390/518,8 75,17
Spain 8 7516 50,5/288.,9 17,48
Netherlands 1 487 4/108 3,70
India 19 4189 14,7/683,3 2,15
Japan 54 46823 263,1/900,1 29,23
Canada 18 12569 85,3/575,3 14,83
South Korea 20 17705 141,1/405,7 34,78
Mexico 2 1300 10,1/210,6 4,80
Germany 17 20490 127,6/488,8 26,11
Pakistan 425 2,6/96,3 2,70
South Africa 1800 11,6/239,3 4,85
Russia 32 22693 153/858,5 17,82
Romania 1300 10,8/52,5 20,57
Slovakia 4 1762 13,1/24,4 53,69
Slovenia 1 666 5,5/14,4 38,19
USA 104 100683 796,8/3951,1 20,17
Switzerland 5 3238 26,3/66,5 39,55
Sweden 10 9303 50/133,7 37,40
Ukraine 15 13107 77,8/160,1 48,60
Hungary 4 1889 14,6/33.9 43,07
Great Britain 19 10137 62,9/350,7 17,94

Source: [2]

Data: IAEA PRIS (International Atomic Energy Agency, Power Reactor Information System)
* and Chinese Taipei: 6 blocks, general power 4980 MWe
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Fig. 1. Participation of nuclear power plants (EJ) in national energy
production in various countries (%) (state for 25.03.2009).

Profitability of nuclear power plants

Because of the high cost of construction and equipment of nuclear power plant and
relatively low cost of nuclear fuel and maintaining this power plant, the price of produced
energy depends mainly on bank credit interest rate and forecasted period of this power plant
exploitation. As the result, common observed elongation of nuclear power plants work — also
these built in 60-ies and 70-ies — till 50 or even 60 years causes that although the high costs of
reactors shutting down and managing with combusted fuel and radioactive wastes are taken
into account while the energy price is established, the nuclear energy becomes more and more
competitive comparing with other technologies. The additional benefit is high and still growing
power availability coefficient in nuclear power plants, which achieved 77% in 2006 (world
average), while in 14 countries was above 80% (in Finland, exploiting in Lovissa reactors of
the same type as these which were being built on Zarnowiec in Poland — above 90%). These
factors caused that the nuclear energy prices drastically lowered, in most of the countries below
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the level of prices of energy from other sources; it occurs mainly in Republic of Korea and
Japan, but also in United States, especially after introducing new Energy Law in 2005 (US
Energy Act) [3].

7%

Bigger availability

Start of new blocks

[0 Growth of power of already working blocks

Fig. 2. Sources of growth of energy production in nuclear power plants

Radioactive wastes

The problem of long-living highly active radioactive wastes and combusted nuclear fuel is
very important in debates over the future of nuclear energy. It seems that it is clear among
specialists that the best and completely safe solution is final storing of such wastes in stable
geological formations; current lack of such type of stockyards is effect of the fact that there is
still time to solve this problem (combusted fuel is stored on power plant area for dozen years).
From other side, the experience obtained during research, construction and lasting from March
1999 exploitation of American stockyard WIPP in Karlsbad (New Mexico), where military
transuranium wastes are being stored in rock salt layers seem to confirm the positive opinion
about deep stockyards.

Future of nuclear energy

As it was mentioned above, although there are protests against nuclear energy
demonstrated by various political movements in the whole world, the economical and
ecological regards and mainly issue of energy safety — the easiest available by nuclear energy
caused that there is significant growth of interest in further development of nuclear energy. Not
only growing number of started and designed reactors proves that opinion but also the technical
and organizational solutions accepted and prepared for future reactors and power plants.

Conclusions

Factors for investments into nuclear energy:

v growing demand for energy;

v low and stable price of energy produced in EJ;

v lack of competition from renewable sources of energy which cannot work in the
basis of network load and/or are dependent on weather conditions;

v concern of dependency of energy supply from abroad;

v growing prices of oil and natural gas;

v lack of monopoly of the market of nuclear energy, nuclear fuel cycle and nuclear

power plants components production;
overrun of nuclear technology and big experience in nuclear blocks work;
v natural environment (lack of CO, emissions by nuclear power plants);
v stimulation of many scientific and economical fields by nuclear energy.
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Factors making hard the investments into nuclear energy:

e necessity of relatively high costs for nuclear energy power plants construction;

e necessity of additional costs connected with preparing future workers, informing society,
building infrastructure and scientific and research backup (concerns countries not having
nuclear power plants yet);

e in some cases the necessity of adjusting national energy system to possibilities of
transferring power from big energetic blocks (above 1000 MWe).

References: 1. Word Nuclear Association, Word Nuclear News, IAEA Power Reactor Information
System (PRIS) , 2010. 2. IAEA Power Reactor Information System (state for 03.06.2010). 3. US
Energy Act . IAEA, 2007 a. 4. Nuclear Technology Review 2007, Vienna 2007 a. 5. Nuclear Power
Reactors in the World, Reference Data Series no 2, Vienna 2007b. 6. www. iaea.org/cgi-
bin/db.page.pl/pris.main.htm. 7. www. iaea.org/cgi-bin/db.page.pl/pris.main.htm. 8. EURATOM
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KOHIEIITYAJIBHBIE IIOAXO/IbI B YIIPABJIEHUU
OPITAHU3ALIMOHHBIMU UBMEHEHUSMU HA TIPEAIIPUATUN

Jocmimkena mpoOiema 3a0e3MeUeHHsT  PUHKOBOTO YCHIXY IMIANPUEMCTBA IUIIXOM TOJIMIIEHHS
peamizamii TpPOEKTIB opraHizamiiiHoro po3BuTKy. CQopMylboBaHI KIIOYOBI UYWHHUKH YCHIXY
MIPOMHUCIIOBOTO TTIAMPUEMCTBA 1 BIJMOBIJIHA KOHIICMINS HOro misutbHOCTI. Po3pobiieHa MeToauko-
IHCTpyMEHTaJIbHa OCHOBA PO3BUTKY OpraHi3allii i 3alporoHOBaHA CTPYKTypHA CXeMa BJIOCKOHAJICHHS
YOpaBIiHHS ii PO3BUTKOM.

HccnenoBana mnpoOnema oOecriedeHuss  PHIHOYHOTO Yyclexa MpEeANnpUsATUs MyTeM YIydIleHUs
peanu3aiyy MpoeKTOB OpraHu3alMoOHHOTo pa3BuTus. ChopMyIHpPOBaHbI KIIIOUEBbIE (PaKTOPHI ycrexa
MPOMBIIIJICHHOTO MPEANPUATUS U COOTBETCTBYIOLIAs KOHUEMNIMS €ro nesTelbHOCTH. Pa3pabortana
METOJIMKO-MHCTPYMEHTAaJIbHasl OCHOBA PAa3BUTHsI OpPraHM3allMM M IPEUIOKEHA CTPYKTypHas cxema
COBEPILIEHCTBOBAHUS YIIPABIICHUS €€ Pa3BUTHEM.

BBenenue. B HacTosiniee Bpems, KOrjla HalllM IPOMBIIUICHHBIE TPEANPUATHUS YKe
BTOPOM JECATOK JIET paboTalT B YCIOBHUSAX pPBIHKA, KOTJa MPOWIEHA «HIDKHIS TOYKa»
SKOHOMHUYECKOTO CIajia B CTpaHe, KOrjaa 3apadoTaiio MpOU3BOJICTBO U HAMETUIIACh YCTONUMBAs
teHneHuust pocra BBII [1], rnaBHOW 3amadeil Bce OONBIIETO 4YHCIAa OTEYECTBEHHBIX
TOBAPOIPOU3BOIUTEIICH SBJISETCS HE TOJIBKO M HE CTOJBKO BBDKMBAHHUE, CKOJIBKO JajbHEMIIee
YKpEIUJIEHUE YK€ 3aBOEBAHHBIX KaKUX-TO, YCTh €II€ CIa0bIX, HO BCE YK€ PHIHOYHBIX MO3UIIMMA
[2].

Pemienue »TOi 3agaum 3aBUCUT OT TOTO, HACKOJBKO PYKOBOACTBY NPEANPHUATHSI
yIacTcsl opranu3oBaTh 3Q(OEKTUBHYIO TTPOU3BOJCTBEHHO-XO3IMCTBEHHYIO €T0 JCSITEIBHOCTD C
Y4YETOM peajuil CeroJHSIIHUX BHEIIHUX YCIOBHIi, 4TO TpeOYeT B MEPBYIO OUEPEb:

—  aJICKBAaTHOM OLIEHKW TEHJCHIIMI U XapakTepa U3MEHEHUN MaKpOCpe/Ibl IeSITEIbHOCTH
NPEINPUATHS;

— 00OCHOBaHUS pallMOHAIBHBIX CHOCOOOB  aJanTalldd  CHUCTEMBbl  YIIpaBJICHUS
MPEINPUATHEM K TOCTOSHHBIM U3MEHEHHSIM YCIOBUM €T0 JEATEIIbHOCTH;
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