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BBEAEHUE

Kapn I'eope Xetiep, npogheccop, oupexmop yenmpa ucciredoanuil,
Koanedxe Ynueepcumema Ocno

JlaHHBII OYeHb OOCTOSATENIbHBIM OTYET IPYMIbI SKCIEPTOB HAIIOMUHAET HaM, YTO
camble BaKHEHIIME IpOOJIEMbl, CBSI3aHHBIE C MCIOJIb30BAHUEM SACPHOM SHEPTUU UMEIOT
r7100aTbHBIN XapakTep U CErOAHs CTOJb K€ BaXKHBI, KaK M PUMEPHO TPUALATH JIET TOMY
Hazaa. Cinexyer noMHHUTH, 4TO B 1970 u 1980 roasl cepbe3HbIe MJIaHbl PA3BUTHS SAICPHOU
sHepreTuku ObUIH Jaxe B Hopserun. CornacHo 3tum miuanam B HopBeruu kK Hacrosie-
My BPEMEHH JOJKHO ObLIO OBITH MOCTPOEHO OKOJIO 12-15 sinepHBIX peakTopoB, pa3me-
IICHHBIX Ha 4-5 aTOMHBIX JIEKTpOCTAaHIMAX. M3-3a SIpOCTHOTO CONPOTHUBIIEHUS OOIIECT-
BeHHOCcTH [lapnament Hopsermm OTKIOHMI 3TM IUIaHBI, [0 KpaWHEW Mepe,
npeaBapuTenbHo, eme B 1975 r. IlogoOHble miuaHbl ObUTM Takke OTKIOHEHBI U B JlaHuw,
Y 9T JIB€ CKaHJMHABCKUX CTPaHbl C T€X MOP BBICTYNAIM B KAUECTBE 30H, CBOOOIHBIX OT
anepHoy sHepruu. B IlIBenuu [lapiaMeHT pemmnit MocTeneHHo JEMOHTUPOBATh U BBIBEC-
TH BCE JICICTBOBABIIUE B CTPAHE SIIEPHBIE PEAaKTOPhI. J[aHHOE pelIeHne OY€Hb aKTUBHO U
HIMPOKO 0OCY’KIANI0Ch HA MEKIyHApOJAHOM ypoBHe. TeM He meHee, nmo3aHee y llIBennn
BO3HUKJIM CJIOKHOCTH C BBIIIOJIHEHUEM YKA3aHHOI'O PELLICHUS.

JIBe Cepbe3HBIX aBapuy Ha SACPHBIX PEAKTOPax B 3HAYUTEIBHOW MEpE MOBIIUSIN
KaKk Ha OoOCyXJeHue, Tak U Ha pemenus. [lepBas aBapus npousonuia B mapre 1979 r. u
Obuta cBsa3aHa ¢ notepeit xnagareHta (LOCA) Ha oJHOM U3 IBYX p€aKTOPOB Ha aTOMHOMU
anekTpocTaHuu Tpumaiin Ainenn Henoganeky ot Xappucoypra (wrat [leHcunbBanus,
CIIA). Kontponp Hag peakTopoM ObLIT BOCCTAHOBIICH JIMIIB 32 HECKOJIBKO YacoB JI0 pac-
MJIaBJCHUS €Tr0 SACPHBIX TEIUIOBBIACIsIONMX 37eMeHToB. 140 000 4enoBek OBLIM BbI-
HYJICHBl OCTaBUTh CBOM JIOMa Ha 0oJiee MM MEHEe MPOAOKUTENbHBIN nepuoa. C Tou-
KU 3pEHUs MOCIEACTBUN HEyNpaBisieMblil BHIOPOC PajiMOAKTUBHOCTH B OKPYIKAIOIIYIO
cpeny He ObLI CTOJNb yrpoxatomei aBapueil. Ho oH mpomeMoHcTpupoBall Bce BO3MOXK-
HbIe BapHaHTHI UCXOA0B. M He B mocienHeil Mepe, 3Ta aBapus ykaszaja Ha HOTpeOHOCTD
BBIOPOCUTH B MYCOpPHYIO KOP3HUHY BCE MPEKHHUE OIpPEJIeICHHbIE B KOJMYECTBEHHOM BbI-
paxenun oueHku pucka. B CIIIA nannas aBapus npusena K MOPaTOPUIO Ha BBOJ B JCH-
CTBHE HOBBIX sIIEPHBIX peakTopoB. [loTpeboBanocsk 6 net, yToObl peakTop cTaHiuu Tpu-
Maill ANIeH MOKHO OBLIO 3alyCTHTh CHOBA. M 3TO cTajo cepbe3HbIM JJ0KAa3aTeIbCTBOM
YS3BUMOCTH SIIEPHOM PHEPrUM KaK UCTOYHHMKA SHEPTUH, MOCKOJIbKY UMEIOT MECTO Ooliee
VI MEHEEe CEpbE3HbIEC aBapUH.

Ha ocHOBe mOUYTH €IMHOMYIIHBIX PEKOMEHJAMH 00IEeCTBEHHON KOMUCCUH TIPe-
CTaBUTEJIN NPOMBIIUIEHHBIX KPYyTroB B cepeauHe 1980 IT. mombeITanuce BO3BPATUTHCS K
pa3paboTKe MJIaHOB pa3BUTHUS siAepHOU sHepreTuku B Hopseruu. BeiOpanHblii uMu Mo-
MEHT, 110 KpailHell Mepe, A HUX CaMHUX, Hesb3sl ObUIO Ha3BaTh ynadHbIM. [Ipounsomen-
mmii 26 anpens 1986 r. B3peiB Ha 4 sHEproOnoke 3aekTpocTanuuu B UepHoObuie (Yk-
panHa) IpuBeJ K CaMOM Cepbe3HOM aBapuM B sIEPHON SHEPTETUKE 3a BCIO €€ UcTopuio. B



UTOre OOILIENPU3HAHO, YTO OOUIMPHbIE TEPPUTOPUN U HACEJEHHBIE IYHKTH B YKpauHe,
bemapycu n Poccun nmoaBepriauce cepbe3HOMY 3arpsi3HEHUIO paJuOaKTHUBHBIMHU OCaJKa-
mu. Ho 1 B caMbIX ynaneHHbIX pailoHax HopBernmnm ypoBeHBb BBINAICHUS [pPaJInOaKTHUB-
HBIX| OCaJIKOB OBLI IOCTATOYHO OOJIBIIUM, YTO BBI3BAJIO HEOOXOIUMOCTh MPHUHSTHUS 0€3-
OTJIaraTeJbHbIX KOHTPMEp [UIsl 3allUThl 370pPOBbS HACENEHUS OT JOJIOCPOUYHBIX
HOCJIEACTBUIA.

Temneps, 6osee qBaALATH JIET CITyCTS, HEKOTOPHIE U3 3TUX KOHTPMEP BCE €IIE aKTY-
aJIbHBI, 0COOEHHO T€, KOTOphIe ObLIM HANpaBJIeHbl HA MPOTUBOACHCTBUE HAKOIUIEHUIO pa-
JMOAKTUBHOTO 11€3Usl B MSICE CEBEPHBIX OJIEHEH M OBEll, MACYIIMXCSl HAa TOPHBIX MACTOU-
max. O6mme o6vemsl [n30TonoB] nie3ust 137 u 134, Beimasimiero Ha Teppuropun Hopserun
HEJb3s Ha3BaTh OOJIBIIMMU C MPAKTUUECKON TOUKH 3peHUs. TeopeTnyecku, uX MOXKHO Obl-
70 ObI coOpath B YaifHyto yamky. C Apyroil CTOPOHBI, KOJTMYECTBO PaIMOAKTUBHBIX OCAI-
KOB OBLJIO AEUCTBUTEIBHO OUYEHb OOJIBIINM, U, IO OLEHKaM, OHU OyayT MPUCYTCTBOBATh HA
JIOBOJILHO BBICOKOM YPOBHE B HOPBEXCKHX KOCHCTEMAax B TEUCHHE OOJIbLIEH 4acTH HbI-
HELIHETO JECATUIICTHS.

Kak u npyrue eBpomneiickue crtpanbl, HopBeruro 3acranu Bpacmiiox. PazHbimMu
crocobamu: ¢ reorpauueckoil TOUYKM 3pEHHUs TEPPUTOPHs BbIMAJCHUS OCAIKOB Oblia
JOBOJIBHO Oonbioi. [locTpanany mouTH Bce eBpONENCKHUE CTpaHbl, TEPPUTOPUS MHOTUX
U3 HUX OblIa 3apa’keHa paJuOaKTUBHBIMH OCAa/IKAMH C BHICOKMM YPOBHEM KOHIIEHTpaLUU
Ha OYEHb OOJIBIIOM yAAJIEHUU OT UCTOYHMKA paauauuu B UepHoObute. [lanHbie Mogenu u
PacCTOSIHUS PACIPOCTPAHEHUS PAJIUOHYKIUIOB CEPHE3HO OTINYAIUCH OT CYIIECTBOBAB-
IIMX MOJEJIEH, UCIOJIb3YEMBIX IIPU OLICHKE PHCKAa U IUIAHMUPOBAaHUHU HENPEIBHUICHHBIX
o0cTosTenbeTB. M MOsSBUIMCH HOBBIE IETH OMOIOTUYECKON KOHIEHTPAIUH PAaTUOHY KITH-
JI0B, 0 MHOTHUX MX HUX HHUKOTJA HE 3aAyMbIBAINCh paHee, 10 KpallHEN Mepe, B IUIaHE UX
JIOKa3aHHOM Ba)KHOCTH. Beckne nokaszarenbcTBa OTKIOHWIN IPEKHUE MOJEIN U OLIEHKH
OMOJIOTUYECKOTO MOTyBBIBEJICHHUS HYKITHJIOB.

Kpome Toro, 6bu1a 1 cama aBapusi. BOJIBIIMHCTBO €BPONEHCKUX KCIIEPTOB - BKITIOYAs
U MEHsI - pa3fiensio MHeHue, uto peaktopsl PBMK Ha rpaduroBbix 3amemmTensx poccuii-
CKOT'O MPOMU3BOJICTBA OBbLIM, HECOMHEHHO, MEHEE YSA3BUMBI K aBapusM IO CPABHEHUIO C 3a-
naJHBIMU peakTopaMu Ha Jierkoit Boze (JIBP), kak ¢ n30bITOUHBIM JaBICHUEM, TaK U KHIIS-
miero tuna. Cauranock, 4to Ha peakropax JIBP, B mpuHIMIe, MOKET TPOU30UTH aBapHs C
IIOJTHBIM M HEKOHTPOJIMPYEMBIM DPACIUIABICHUEM [TOIUIMBHBIX 3JEMEHTOB| B OTJIMYHE OT
texHonoru PBMK. D10 OblT Tak Ha3bIBaeMbIl “‘kKumatickuti cuHopom”’, KOTia ropsiaee To-
TUIMBO pacTaruiMBaeT cede MmyTh B 3emiie BH3yalbHO 1o Hampasienuto u3 CLIA B Kuraii.
Hac Bcex 3acrtan BpacIiox THUIl M MacuITad aBapuu ¢ peaktopoM B YepHoObute. OjHAaKO HE
BBIOPOCOM PaJIMOAKTUBHOCTH, KOT/Ia, B KOHIIE KOHIIOB, Mpou3onuia apapus. Koneuno, He-
JOCTaTOYHBIA BHEUIHWN Oaphep O€30MacHOCTH B OOJBIIMHCTBE POCCUHCKHX PEaKTOPOB,
CTOJIb B>KHBIN JJIS1 3alIa[JHBIX PEAKTOPOB, MIOABEPICS CEPbE3HOM KPUTHKE.

B otueTte npUBOAUTCS CHCTEMAaTUYECKOE ONMMCAHUE JIPYTUX BAXHEHIINX MPOOIIeM,
KaK MpaBUIIO, CBSA3bIBAEMBIX C SIIEPHOM HEpruei. ITo kacaercs 6€30MacCHOCTU U Cepbe3-
HBIX 3THUYECKUX NMPOOJIEM, BBI3BAHHBIX NOCTOSIHHBIM IPOM3BOJICTBOM JJIUTEIBHO COXpa-
HSIOUINXCS PAJAMOAKTUBHBIX OTX0/10B. [lomoOHBIE THMBI MpoOieM, BBI3BaHHBIE OJTO-



CPOYHBIM BBIBOJIOM M3 CTPOSI YCTAHOBOK C Pa3JIMYHBIMU THUIIAMH LHKJIA SIACPHOTO TOILIH-
Ba, MepepaboTKu U obOoraimeHus, a Takke peakTopoB. VMeroTcst mpobieMbl TPaHCIIOPT-
HOM 0€30MacCHOCTH NPU CBEICHUU BOEUHO BCEX TOIUIMBHBIX YCTAHOBOK M MEPOIPUSITHIA.
W He B moclienHEN CTENEHH CBOWCTBEHHAS W MOTCHUUAIBHO CEPbE3HASI CBSI3b MEKIY
SIEPHOM PHEprueit u sjaepHbpIMU O0MOaMu, Tak KaK caMa UCTOPHS SACPHOM SHEPruu Ha-
CUMTBHIBAET OoJiee MIECTUAECATH JeT. SiepHble PeaKTOPhl HEMPEPHIBHO MPOU3BOAST U30-
TOM TUTyTOHUS 239, KOTOPBIN MPUMEHSIICS B AIepHO 6boMbe, cOpomienHoi Ha Haracaku.
W ycTaHoBKM AJisi 000TalleHus CO3/1al0T BO3MOXKHOCTH MPOU3BOJCTBA JOCTATOYHO 000-
raleHHoro U30Tomna ypasa 235, UCHoJIb30BaHHOIO IPU CO3/IaHUU SAEPHON O0OMOBI, MpH-
MEHEHHOU IPOTUB XHUPOCUMBI.

B Hopserun, xak u B aIpyrux crpaHax EBporbl, cepbe3HOe BO3paxkeHUe [00IIecT-
BEHHOCTH | IPOTUB SIZICPHON SHEPTUH 3aCTABWIIO CKOHLIEHTPUPOBATH MPOOJIEMBI SHEPTE€TU-
KU T0-HOBOMY, YTO TaKXe€ SBJISETCS 3HAYUTENbHBIM JOCTHKEHUEM JaHHOTO OTYeTa.
Bonbioif moreHman HOBbIX (OpM MPOU3BOJICTBA SHEPTUHU W3 BO30OHOBIISIEMBIX M HKOJIO-
TMYECKH YHCThIX UCTOYHHMKOB, COJHIIA, BETpa, OMOMACChl U HU3KOTEMIIEPaTypHOTO Teria
13 3€MJIM, CTaJli KPUTHUECKUMHU 3JIEMEHTAaMH HOBOT'O MOJX0Ja K MPOU3BOACTBY ‘‘dHepauu
U3 60300H06NAeMbIX UcmouHukos™'. I B ONpeleieHuu 3TUX MyTed BaKHYIO POJIb TaKKe
UTpACT 3HAYUTETIbHAsI SKOHOMUS SHEPTUH, U MPEUMYIIECTBA OT Y3PPEKTUBHOTO UCTIOIH30-
BaHUA dHEpruu. Bo3pakeHus: IpOTUB SACPHOM PHEPIrUU U MHOTHE ““HET” B CBSI3U C JAJIb-
HEHIITMM TIPOM3BOJICTBOM U UCIOJIb30BAHHEM SIICPHOM IHEPrUH, TJIaBHBIM 00pa3oM, cMe-
CTHJIM aKIEHTHI B JUCKyccuu. Ho mocTeneHHo BaKHOCTh [BO30OOHOBISIEMBIX MCTOYHHUKOB |
pocia U cTajga HeOThbeMJIEMON YacTbio HOBOM cTpaTeruu. U kak cerojHs onuceiBaercs Oy-
nylee, C HAMBAKHEUIITMM OTBETOM Ha MPOoOJIeMbl U3MEHEHHUST KIIMMAaTa, YUCThIE UCTOYHH-
KU DHEPTMU CUUTAIOTCS OCHOBOM JJIsi Pa3BUTHSI CTpAaTEruu B cepe IHEPreTUKH Ui Been
EBpomnbl. Hageemcsi, naHHbIN OTUET BHECET CBOM BKJIaJl, YTOOBI MOJO0OHBIE UCTOUYHUKH CTa-
JIU IeUCTBUTENHHOCTHIO U B Pecriybnuke benapych.



PE3IOME

benapych kak U MHOTHE CTpaHbl MUpa B OJMDKaMIlMEe TOJbl JOJIKHA MPUHATH pe-
IIEHHE 110 TOMY, Kak Oy/eT BBITJISACTh SHEpreThKa Ha Onmxaiimue aecaruierus. OT To-
ro, Kakue OyAyT MPUHSATHI PEIlIeHUs, 3aBUCIAT dHEepreTuyeckast 0e30MacHOCTh U MOJIUTH-
YECKOE MOJI0KEHUE TOCY1apCTB.

Kputnyeckass 3aBUCHMOCTb OT HMMIIOPTa BCE JIOPOXKAIOLIETO ra3a MOATOJIKHYJIH
Coger be3zonacnoctu Pecniyonuku benapycs npunsate 31 saBapst 2008 r. nonuruyeckoe
pEILIEHHUE O CTPOUTENBCTBE ATOMHON CTAHIUU.

[Tpu npuUHATHAM 3TOrO pelIeHus: He ObLT YUTEH psifl (PAKTOPOB, KOTOPBIE CTABST MO/
COMHEHHE MPaBUWIBHOCTb CEIaHHOIO BBIOODA.

1. Pan BBOAHBIX JaHHBIX, UCIOJIB30BAHHBIX ISl HAYYHO-?KOHOMHYECKOIO 000C-
HoBaHUA cTpouTenbcTBa ADC, OblTH OIHMOOYHBI:

- YaenbHas CTOMMOCTH KarctpoutelibcTBa ADC, MCHOJIb30BaHHAS B PACUYETHBIX
Mozemsix, — 1116 momn./kBt — Obuta siBHO 3aHM)KeHa. B COOTBETCTBHM ¢ MPaBUTEIBCT-
BEHHBIMHU pemieHusiMu Poccuiickoilt denepannu, CTOMMOCTh KaliCTPOUTENBCTBA MTOYTH B
2 paza Boitie u coctasisiet 2140 nomn./kBt (va 2007 r.)

- IIpu obocHOBaHMM BO3MOXKHOCTH CTpouTenbcTBa ADC HCIONIB30BaINCh JTaHHBIE
BceemupHoii snepHoii accolanyy, B COOTBETCTBUH C KOTOPBIMU C€0ECTOMMOCTh AJIEKTPO-
sHeprun ADC Bo @panuuu cocrasnseT 2,54 u 3,93 eBponenroB/kBt-uac. [lo pacueram
HAH benapycu, BBogx ADC B 3HEpProcucTeMy peciyOJIMKA MO3BOJIUT CTA0MIM3UPOBATH
ce0eCcTOMMOCTh MPOMU3BOJICTBA AJIEKTPOIHEPIrUU Ha ypoBHE 13 nenTos/kBT-yac B mepuon
2025-2030 rr., TOrAa Kak Opu «ra3oBOM» BapHaHTE Pa3BUTHS SHEPrOCUCTEMBI CEOECTOU-
MOCTh MOAHUMETCS 10 ypoBHs 18 mentos/kB1-yac B 2025 r. u 21 nentr/kBt-uac B 2030 .
Opnnako 370 Aaneko He Tak. B 2008 roay B cBsI3M € pOCTOM CTOMMOCTH CTPOSIILIETOCS pEaK-
topa Bo ®namansuie (Ppannus) va 20% c 3,3 1o 4 mipa. eBpo, NPOrHO3HAsE CTOUMMOCTh
AIIEKTPOdHEPrun ObLIa yBenuueHa ¢ 4,6 10 5,4 eBporienros/kBt-uac. B pe3ynbrars! TeHe-
pa Ha crpoutenbeTBO ADC B Typunu 3asBjeHHas 1IeHa Ha OTITYCKAaeMYIO 3JIE€KTPOIHEPTUIO
C 9HEprooJI0KOB poccuiickoro au3aiiHa coctaBuia 20,79 nenros/kBT-yac.

2. DKOHOMHYECKHE pacyeThl, HA OCHOBAHUM KOTOPBIX OBLIO MPUHATO pEUICHUE, HE
YUHUTBHIBAIOT Psijl IPUHIUIINAIBHBIX MOMEHTOB:

- PeasibHasi CTOMMOCTb CTPOMTENIBCTBA MO ONBITY BO3BEACHUS aTOMHBIX YHEProoiIo-
kOB B Poccum Oyner 3HauMTeNnpHO BhINIE M3HaYalbHOW. Hampumep, peanbHas CTOMMOCTD
cTpouTenbCcTBa TpeThero Oioka Kamuaunckoit ADC (BBeneH B 2004 r.) okazamach Oosee
4yeM B 2 pasa BBIIIIE 3asBJICHHOI. A 10 pacueTraM aBTOpPOB MPOEKTa BTopoi ouepenu bana-
koBckoil ADC, yBenuueHue o0beMa KalmuTaIbHBIX BJIOKEHUNU B MPOMCTPOHUTEIHCTBO 00-
nee ueM Ha 60% nemaeT ctpouTenbecTBO SHEProd0koB BBOP-1000 nepenTabenbsHbIM.

- PocT opMHaIbHOI CTOMMOCTH yAeJbHbIX KANBJIOKEHU B ATOMHOM IeHe-
palyM 3HAYMTEIbHO NMPeBbIIIACT HHQISIIUOHHBIC TOKA3aTeJH: 32 7 JIeT CTOMMOCTh
1000 MBT 3Hepro0Jioka Bbipocia noutu B 3 paza — ¢ 20,2 mapa. pyosei B 2000 r. no
55,7 mapa. pyo.ieii B 2007 roay.

- CrpourensctBo ADC noTpedyeT CTpOMTEIbCTBA HESAEPHBIX MOLIHOCTEH s
JIOTIOJIHUTENIBHOTO ropsiaero pesepsa B 550 MBt croumoctsio nopsiaka 0,8 mupa. mosr.
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u ['ADC momnuocteio 1 I'BT 17151 KOMIIEHCAIIMM HU3KOW MaHEBPEHHOCTH SIIEPHOM dHEP-
TETHUKHU.

- HeoOxonuMocTh BBO/AA JAOIMOJHUTEIBLHOTO TOPSYEro pe3epBa Ha OCHOBE rasa
camxaet 3 extuBHOCTE ADC, ¢ TOUKH 3pEHHsI SKOHOMUU Ta3a, Ha 0,12 mupa. ky06. M.

- C 2005 rona mocie B3j€Ta U MajeHUs LeH Ha ypaH U He(Th CTOMMOCTh ypaHa
OTHOCUTENIBHO HEe(TH U raza Bblpocia BaBoe. CTOMMOCTh KOHBEPCHH YpaHa HA MUPOBOM
peiake ¢ 2004 ronga Beipocia 6osee yeM Ha 40%, cTouMOCTbh 0OOralleHHs BbIpOCia C
2005 roga mpumepHo Ha 45%. B 2009 rogy croMMoCTh yTWIM3allMU OTPabOTaBILEro
anepHoro torunBa ykpanHckux ADC B Poccun Beipocia mpumepHo Ha 17%. Bee 310 sB-
HO IPEBBIIIAET HCIIOJIB30BAHHBIM B pacyeTax MPOTHO3 €XEroJHOr0 pocTa CTOMMOCTHU
SIEPHO-TOILTUBHOTO UK B 0,5%.

3. CrpoutennsctBo ADC mpuBeneT TOIBKO K YACTUHYHOMY PEIICHHIO MTPOOIEMBbI 3aBU-
CHUMOCTH OT UMIIOPTA ra3a. ATOMHas reHepalys Mo3BOJIUT 3aMECTUTh IPUMEpPHO 4,35 MIiIpA.
KyO. M raza. be3 ydera rasza, KOTopblii UCTIONB3YeTCsl B KauecTBe ChIpbs (3 mupa. M3), abco-
JIFOTHOE COKpallieHne norpedsemoro raza coctaBut k 2020 r. npumepHo 23% — cHIKeHHe
UMIIOpTa Ta3a Jyist d3HepreTuku ¢ 18,5 mupa. xky6. m 1o 14,1 mupa. xky6. m. [To aqpyrum orien-
KaM, cokpariienue coctaButT 3,51 mupa. ky0. m umm 20%. C ydeTrom raza, He0OX0UMOTO IS
JIOTIOJTHATEIBHOTO TOPSTYero pe3epBa 3 HEKT CoKpaleHus: OyAeT ele HUXKeE.

4. CTpouTensCTBO, SKCIUTyatanus U JeMoHTax ADC BelyT K 3HAYUTEIbHBIM KO-
HOMHMYECKUM M TEXHOJIOTUYECKUM PUCKaM, TPEOYIOUINM OTAEIHHOTO PACCMOTPEHHS.

5. Be16op peakTopa poccuiickoro npousBoacTBa BBOP-1000 o3navaeT u BbIOOP
NOCTaBIMKA ypaHOBOro Ttoruva. Hu onHa ctpana, umeBmas noctpoeHHble COBETCKUM
Corozom ADC, He cMorja CMEHUTh MOCTABILKKA A/IEPHOTO TOIIIMBA, YTO MOATBEPKIACT
Te3uc 00 OYepeHON MOHOIIOIBHOM 3aBucUMOcTH benapycu ot Poccun.

6. CHIDKEeHUE SHEepronoTpedieHus B pe3yIbTaTe 5KOHOMUYECKOTO KpU3Hca JienaeT
penieHue o ctpoutenbeTBe Joporoi ADC, koTopoe OylIeT MpoA0IKAThCS KAK MUHUMYM
BOCEMB JIET, KpalilHE PUCKOBAHHBIM.

Takum o6pazom, ctpouteabcTBO ADC TOIBKO YaCTUYHO PEIIaeT MmpodiaeMy 3ame-
IICHUs MMIIOpTa Ta3a, co3faBas MpU 3TOM MacCy HOBBIX MpoOJieM, B TOM YHUCIE IS
oromxera Pb, Tak kak M3HA4YaNbHO YOBITOUHBIN SAEPHO-TOIIMBHBIN LUK OyAET MOCTO-
SIHHO TpeOOoBaTh IOTALMU Ha MPOTHKEHUM AecATUICTH.. [Ipy Hann4Yuu aabTepHaTUBHBIX
Oojee nemeBbIX W OE30MACHBIX CIOCOOOB COKpAIEHUs MOTPEOJICHHs raza, aTOMHbBIN
CLIEHapUH SABJIAETCSA JOPOTUM U CaMbIM PUCKOBAaHHBIM.

3HAUNTENBHOE COKpAIEHHE UMIIOPTA ra3a Ha CPEeJHECPOUHYIO NepcnekTuBy (20-
30 sieT) BO3MOXHO 3a CYET MOJIEpHU3aLMH T'a30B0i sHepreTuku Pb u ncnons3oBanus Bo-
300HOBIIIEMBIX HCTOYHUKOB 3HEPIHH.

ATnpTEepHATUBHBI WHHOBALlMOHHBIN CLEHApH, MpeasaraeMblii B HACTOALIEH 3a-
MIHMCKE, TTO3BOJIIET CHU3UTH MOTpeOeHre ra3a B a3HepreTuke nodytu Ha 50% c 18,5 mupa.
Ky0. M. 10 9,3 mipa. Ky0. M. IIpH yJeJIbHBIX 3aTpaTax Ha €IUHUILY COKOHOMIIEHHOTO rasa
Ha 20-40% MeHblIIe, YeM B JIEPHOM CIICHAPUH.

C y4yeToM 3TOro BUAMTCS 1eJIecCO0OPa3ZHbIM, KAK MUHHMYM, OTJIOKUTH pellle-
Hue o crpouteibeTBe AJC. Kak MakcuMyM, NPUHATH pellleHHe 0 Pa3BUTHH B pec-
ny0JinKe BO300HOBJIsIeMOil YHepreTukn — 10 2020 roga Ha ocHOBe OMOMACCHI M YTH-
JIM3alMH BeTPOBOI0 MOTEHIMAJIA, 2 B IEPCIEKTUBE M COJTHEYHOM JHEPrHM.



1. CTPYKTYPA U NPOIrHO3
9HEPronoTPEBJIEHMUA B Pb

1.1. CywecTByroLwas CTPYKTypa u NporHo3 aHepronotpednexuns B Pb

[Tocne pacnaga CCCP snepro6ananc benapycu pe3ko U3MEHWICS B CTOPOHY 3a-
MEIICHHS Ma3yTa U yTJisl TPUPOJIHBIM T'a30M.
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PucyHnok 1 — I3MeHeHue cTPYKTYpbI NoTpedJienns Tonausa B beaapycu B 1990-2006 rr.,
(3nech 1 ktoe (TonHa HepTaHOTO 3KkBUBaTeHTa) = 10 034 I'kan = 1 430 TyT. UcTOUHMK —
MupoBoe 3HepreTnyeckoe areHTcTBo http://www.iea.org/statist/index.htm)

B nepcnexruse 10 2020 r. OCHOBHBIM BUJIOM TOTUIMBA AJIS IPOU3BOICTBA JJICK-
TPOPHEPTUU U TEIJIa OCTACTCs MPUPOIHBIN Ta3. OgHAKO ero 10 B KOTEIbHO-TICYHOM
TOIUIMBE OJDKHA OBITh CHIDKEHA ¢ HbHEIHIX 80% 1o 60%' . T'a3 obecneunsaer 95-96%
BBIPAOOTKH AIIEKTPOIHEPTUU.

!B HacTosmeit 3amicKe paccMaTPHBAIOTCS CLCHAPHH IPHMEHHTCIBHO TOIBKO K KOTEIBHO-IIEIHOMY TOILIHBY.
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Pucynok 2 — 3MeHeHue CTPYKTYPbI NOTPe0JIeHUsI TOMJINBA /ISl BLIPAOOTKH 3JIEKTPOIHEPTUHU
B beaapycu B 1990-2006 rr. UcTounuk — caiitT MUpPOBOro 3HEpreTH4ecKoro areHTcTea
http://www.iea.org/statist/index.htm

Taéauua 1 — bananc npupoanoro raza B 2006 r. Uctounuk — MupoBoe 3HepreTuyeckoe areHTCTBO

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

MJIH. T H3. | MJIH. TYT | MJpA. M3 Tx %
Co0cTBEeHHOE MTPOU3BOACTBO 0,20 0,27 0,23 8458 1,1%
HNwmmopt 19,12 25,65 22,30 802874
Okcnopt
H3mMmenenue 3amacoB -0,21 -0,28 -0,24 -8805
Oo1ee moTpebdneHue 19,11 25,64 22,29 802527 100%
[ToTpebaeHUE B SJHEPTETHKE, B T.4. 14,03 18,82 16,36 589063 73%
I'POC 3,94 5,28 4,59 165418 21%
TOI1 6,29 8,45 7,34 264368 33%
KorennHble 3,79 5,09 4,42 159277 20%
[ToTtepu npu TpaHCIOPTUPOBKE 0,20 0,26 0,23 8226 1%
[Ipouee, B.T.4. 4,89 6,56 5,70 205238 26%
[IpoMBITUIEHHOCTH 1,71 2,29 2,00 71837 9%
Tpaucnopt 0,40 0,53 0,46 16646 2%
JomanrHne xo3sicTBa 1,32 1,77 1,54 55384 7%
CenpcKoe X03MCTBO 0,03 0,04 0,04 1352 0%
[Ipouee 0,04 0,06 0,05 1777 0%
Hcnonp30BaHUE B KAUECTBE CHIPhS
(medrexmmus) 1,39 1,86 1,62 58242 7%

OCHOBHBIM NOTPEOUTENEM MPUPOIHOTO T'a3a SIBISIETCS TOCYIaPCTBEHHBIA KOHLEPH

«bemnepro» (58%). IIpoMbIITIEHHOCTh U TpaHCHOPT noTpedisitoT 18% rasa, npuyem
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HECKOJIBKO MpEeAnpUATUA He(YTEXUMHUUECKOW OTPaCId PacXOLyHOT OKOJIO 00Jee MOJI0BH-
HBI 3TOr0 00beMa. 90 ropoaoB u3 104 u 60 mocenkoB ropoackoro tumna u3 110 orarm-
BaIOTCSI Ta30M.

YcTaHOBIIEHHAas MOUIHOCTh BCEX AJIEKTPOCTAHIMEI KoHIepHa "bemsnepro" Ha 1
sHBaps 2008 1. cocrabnsna 7882 MBT. 98% yCTaHOBIEHHOM 3JIEKTPUYECKON MOIIHOCTH
PB npencraBieHo TEIIOBBIMU CTaHIUSAMU. KpoMme TEemIOBbIX 3JE€KTPOCTAaHIIUN B SHEPIo-
cucTteMe paboTaroT 26 MajbIX THUAPOIIEKTpOCTaHIUKA MouHOCThI0 10,3 MBT u Onok-
CTAHIIMKM TPOMBIIIJICHHBIX MPEANPUATHN yCTaHOBIEHHOW MomHOCThi0 146,8 MBT (Ha
2005 r.), rutaHoBasi MOIITHOCTH OJ0K-cTaHiui Ha koHel| 2008 r. coctasiser 324 MBT.

VY enpHbIN pacxoj TOIUIMBA MO 3HeprocuctemMe B cpeanem 3a 2006 r. cocraBui
274,6 rpaMMOB y.T./KBT'4 ¢ yueTom oTITycKa Teria.

['a3oBas sHepretuka bemapycu sBnsercss kpaiine HeadpdextuBnoit. KIII»n. B
cpenueM 1o ra3oBeiM TOC cocrasnsger npumepHo 27% (39% no I'POC u 19% no TILI),
IIPU TOM, YTO HBIHEIIHUE TEXHOJIOTMH Mo3BoJIAIOT fqocturarb KI1/Ixm. 60% (o1 koHaeH-
CallMOHHBIX cTaHuui). Jlaxe ¢ yueroM 3HauutenbHOU goiau TOL] (Oonee monoBuUHbI yc-
TAHOBJICHHON 3JIEKTPUIECKON MOIIHOCTH) 3((EKTUBHOCTD MCIIOJIB30BaHUS TOJIy00ro TO-
rnBa siBisieTcs: Hu3koul. Koaddumuent ucnonpzoBanus torumsa (KUT), yuursiBaromuii
MOJIE3HBIN OTITYCK TEIlIa U 3JeKTpodHepruu coctanisieT no TIL tonsko 76%, mpu ToM,
yTO npu ontuManbHoi koreHepanuu KUT moxer nocturars 90%.

OO6opynoBaHre CUJIBHO W3HOIIEHO, o3ToMy OKojo 1000 MBT momHocTE# mO-
CTOSIHHO HaxoauTcs B peMoHTe. C y4eTOM 3UMMHHUX TEIUIOBBIX HArpy30K, FOPSYEro M XO-
noaHoro pesepna no 330 MBT 310 npuBOAUT K TOMY, YTO YHEPrOCUCTEMA HE UMEET pe-
3epBa MOIIHOCTEH.

HMIiopT MOIIHOCTH B OTONHUTENBHBIN ce30H cocTasisier 500-870 MBT B 3aBucu-
MOCTH OT BPEMEHH CYTOK.

PemMOHTBI 1 HEPaBHOMEPHOCTh MOTPEOJICHUS MPUBOJAT K HU3KOMY KO3(PPHUIIMCHTY
WCIIOJIb30BaHMs YCTaHOBJIEHHOW MomHOCTU. CpeaHee BpeMsi pabOThl SHEPTOOIOKOB CO-
craiseT okojo 3900 yacoB B roa (KMTYM oxono 45%).
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Pucynok 3 - bananc asnexrposnepruu Pecnnyoiukn Besapycs. Uctounnk: I'ockomcerat Pb

Bbenapych TpagummonHo He obecrieunBaeT ceOsl ANEKTPOIHEPTUEH U TIOKPHIBACT Jie-
buIMT 32 cYeT UMIOpPTA, MpeuMyIlecTBeHHO U3 Poccun u JIMTBBI, mapajienbHO SKCIOp-
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TUPYS AJIEKTPOIHEPTHIO, peumylecTBeHHO B [lonbury. ITpupoct npoussoactea Ha 12,6%
B 2004 r. npuBen B JaibHENIIIEM HE K CHIKEHUIO UMIIOPTA, & K YBEIUYECHUIO HKCIIOPTA.

60
MoTtepu B anekTpoceTsax
MpombiwneHHoOCTbIO
T M CTPOUTENBLCTBOM
=
m
4
. TpaHcnopTom
=3
Qo
[
= CenbCKMM X03MCTBOM
Opyrumu otTpacnsamu
1990 1995 2000 2001 2002 2003 2004 2005 2006
Foabl
Pucynok 4 - CTpykTypa notpedJieHus 3J1eKTPO3IHEePruM B pecnyodJnKe
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Pucynok 5 - [Iporuos norpeodJienns 3j1ekrpo3neprun 2005 r.

ITo nanubv [N'ockomcrara Pb, B 2008 romy obuiee norpediaeHue 3J1eKTPOIHEPTHU
no pecmyonuke coctaBmwio 36,8 muipa. kB4, B Tom gmcie BeIpaboTKa 3IEKTPOIHEPTUA
ANEKTPOCTAaHIMSAMU KOHIepHa "bemsnepro" — 34,9 mupa. kBtu, Dkcnopr — 5,8 mipa.
KBT'4, umnopr — 2,4 mapa. kBr-u.

Pecnybnuka benapycs — enunctBenHoe rocyaapctso ObiBiiero CCCP, B koTopoM
CO3/1aHa cHUCTeMa yrpaBieHUs 3HeprocoepexeHueM. [Ipennpuarus exxeroaHo mnoiyqarTr
TJIaHbl M0 SHeprocoepexenuto. CHmkenue sueproemroctu BBII cocraBnser okosno 6% B
roa. B 2000-2005 rr. BBII benapycu Beipoc Ha 42%, B TO BpeMsi Kak noTpeOIeHue Tomn-
JIMBA 32 ATOT K€ MEPHOJ YBEIMUUIOCh Ha 6%. B 3TH TOIBI cTOSUIA 3a/1a4a CHU3HTH 00-
mryto sHeproemkocts BBII Ha 20-25%. Ilo ¢akrty cumxenue cocraBuio 25,3%. Ha 2006-
2010 rr. nocraBieHa 3aja4a YMEHbIIUTh 3TH NoKazarenu emie Ha 26-30%. 1o npeasapu-
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TenabHbIM JaHHbIM, B 2007 1. sHeproemkoctsh BBII B benapycu chuxena na 7,5 %, B
2008 r. — Ha 8%. B cootBeTcTBUE ¢ mocTaHoBiIeHHeM CoBeTa MUHUCTPOB pecmyOauKu
Nel339, mnanupyercst B 2009 r. CHU3UTH SHEPTOEMKOCTh MPOMBIIIJICHHON NMPOAYKIUHU Ha
9%, KKX — Ha 3%.

B 2005 r. mnanupoBanoch yBeJIMYNUTh UCIOJIb30BAHNE MECTHBIX BHJIOB TOIIMBA HA
340 TbIC. T. @akTHUecKku pocT cocTtaBui 410 ThIC. T.

[Ipornos, caenannbiii B 2005 r. [2], npenycmaTtpuBai, uro B 2010 r. sHEproro-
Tpebnenue coctaBut 36,9 mupa. kBtu, B 2020 r. — 41 mupa. kBt-4., yto motpedyeT yBe-
JIMYEHUS] yCTAaHOBJIEHHON MOIIHOCTH IpuMepHO Ha 650 MBT o 8500 MBT.

Tab6umua 2 - CTpykTypa norpedjaeHust KOTeJbHO-NIEYHOT0 TOILUINBA
B Pecnybuuke benapych ¢ nporaosom a0 2010 r. [2]

Bunsi 3Hepropecypcos 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
I'a3 mpupoansIit 22,8 22,8 224 | 22,51 | 22,75 | 22,77 | 22,7
B TOM YHCJIE B KAYECTBE CHIPhS 1,4 1,46 1,5 1,8 2,2 2,2 2,2
MasyTt 2,14 1,60 1,7 1,7 1,75 1,73 1,55
B TOM YHCIIE U3 COOCTBEHHON He(TH 0,90 0,90 0,90 0,90 0,90 0,90 0,90

(BKITIOUAsT TBEPABIN OCTaTOK HedTerepe-
pabotku HaunHas ¢ 2008 rosa)

Vrons, BKIIFoUast KOKC 0,28 0,15 0,16 0,17 0,18 0,19 0,20
I'a3 CcKMKEHHBIH 0,33 0,33 0,32 0,32 0,31 0,31 0,30
I'az HII3 0,64 0,45 0,45 0,45 0,45 0,45 0,45
TormnBo neuHoe OBITOBOE 0,11 0,09 0,09 0,09 0,09 0,09 0,09

[Ipoure MecTHBIE BUBI TOIJIUBA — BCETO 2,25 2,56 2,80 3,16 3,47 3,80 4,11

B TOM 4YHUCJIC:

TOp( U JIMTHUH 0,60 0,75 0,94 1,07 1,13 1,15 1,18
Hposa 1,07 1,18 1,22 1,44 1,67 1,97 2,24
MIPOYrE BUIBI 0,58 0,60 0,63 0,66 0,67 0,68 0,69
HT0r0 KOTEIHhHO-IIEYHOTO TOILIMBA: 28,6 28,0 279 28,4 29,0 293 29,4
B toMm umcne 6e3 ChIphs 27,1 26,4 26,4 26,6 26,8 27,1 27,2

M3 HETO COOCTBEHHOE KOTEJIBbHO-IIEYHOE 3,55 3,86 4,09 4,45 4,75 5,07 5,37
TOIUIUBO ¢ yueroMm raza HII3, Tomnusa
MIEYHOTO OBITOBOTO M MPOYHX IPOTYyKTOB

TO K€ B MPOLIEHTAX 13,1 14,6 15,5 16,7 17,7 18,7 19,7
TennoyTUIn3alOHHbBIE YCTaHOBKU 0,62 0,64 0,69 0,72 0,74 0,76 0,78
KoMMyHan»HO-OBITOBEIE OTXO/IBI, BETPO- 0,01 0,01 0,01 0,02 0,02 0,02
YCTaHOBKH

Pacxon mectubix TOP Ha mpou3BoACTBO 4,17 4,50 4,79 5,18 5,51 5,85 6,17
SHEPTUH — BCETO
TO K€ B MPOLIEHTaX 15,4 17,0 18,1 19,5 20,5 21,6 22,7
[ToTpebaeHME SIEKTPUICCKON SHEPTHH, 3446 | 34,7 35,0 35,5 36,0 36,5 36,9
MIpa. KBTu
[ToTpebaeHME TEIUTOBOM YHEPTHH, MITH. 73,0 73,2 73,9 74,5 75,2 75,9 76,5
I'kan

2 B HaCTOHIIIeﬁ 3aIllUCKE IMPU paCCMOTPCHUUN CLICHAPUECB PA3BUTHUA OHCPICTUKU UCIIOJIB3YIOTCA YTBEPIKIACHHBIC Hpa—
BUTEIbCTBOM Pb mirannr 3HepF006epe>K€HI/IH.
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Mnpa. KBT.u

MnH. M'kan

B nayvane 2008 r. PYII "benTOM" BeimonHuI nporuo3 norpedHoctu PecmyOnuku
benapych B anepronocutensx o 2025 r. [20]. Duepronorpednaenue B 2020 r. mporHo3u-
poBajioch Ha ypoBHe 47,1 mupa. kBt-4., uto motpedoBano 6s1 BBoga okojio 1000 MBT
JIOTIOJTHATEIILHBIX MOIIHOCTEH (pHcC. 6, 7).
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Pucynoxk 6 - IIporuo3 "beaTOU" norpediaenus 3nekTpudeckoii sneprun 10 2020 r.
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Pucynox 7 - Ilporno3 "beaTIOU" norpedaenust Tenmnosoii 3Heprun g0 2020 r.

[Iporuos ObUT ceman UCXOoIs U3 MPEANOI0KEHHs, YTO CPETHETOAOBOM TEMIT pOC-
ta BBII Ha nepuon 2005-2015 rr. coctaBut 7,9%, a Ha nepuoxa 2015-2030 rr. — 6%.
[Tonyuennas Benmuuna pocra BBII B benapycu coorBerctByer Temnam pocra B Kurae,
YTO BPAJ JM OCYHIECTBUMO. B IIpOrHos3e caemaHo Takke CIOpPHOE JOIyIleHue, 4to 1%
pocta BBII Brieuet 0,3% poct 3HepronoTpediaeHus. JKOHOMUYECKUI KpU3UC HEN30EKHO
BHECET IONPABKHU B 3TOT IIPOTHO3.
[To nanubiM benkomcrara B stuBape—deBpane 2009 r npou3BOACTBO IEKTPOIHEP-
I'MU B pecnyOrKe CHU3MIOCh OTHOCUTEIBHO TOTO )K€ Meproja npeasiaymiero roga 2009
r.Ha 11,2%.

14



Cnenyer oxuaath cHmwkenue pocra BBII B 2009-2012 rogax HyJeBbIM, UTO C
Y4ETOM MeEp IO SHEProcOEpeKCHUIO MPHUBEACT K CHUKCHHUIO SHEProNOTPEOSICHUS TPH-
MepHO Ha 8% B TOTT .

B oT10i cBsI3M, /U1 1eseil HaCTOSIIEH 3alMCKU pacCMaTPUBAETCs MMPOrHO3 YHEPIo-
Oananca mo [2].

1.2. YyBCTBUTENLHOCTbL 6EMOpPYCCKOM IKOHOMUKM K LieHe Ha ra3

CebecTorMMOCTh MPOU3BOACTBA AJIEKTPOIHEPTUH B MEPBYIO OUEPEIb OMPEALISIETCS
neHoi Ha ra3. [lo nanaeiM MunncrepctBa sHepretuku PecnyOmuku benapycs, cpennsis
ce0ecTOMMOCTh JIEKTPOIHEPTHH 0 3HeprocucreMe B pecnyonuke B 2007 r. coctaBuia
6,4 nienra/kBTt-4ac.

CornacHo KOHTpakTy MOCTABOK ras3a, lieHa Ha ra3 MpuBs3aHa K CpelIHeeBpOIeii-
CKOH IIeHe C ydeToM moHmxkaroniero kodddumuenra. Co Broporo kBapraia 2008 roma
benapych nokymnaer ra3 no 1iene 127,9 gonnapa 3a teicauy kyoomeTpos. 1o onenke mpa-
BUTENIbCTBA benapycu cpeansisi BXxoqHas 1ieHa poccuiickoro raza B 2009 romy coctaBut
$148 3a 1 Thic. Ky6. M. * K 2011 romy Benapych f0o/KkHa BBIHTH Ha OILIATY rasa 1o eBpo-
MIEHCKOM IICHE.

B pesynbrare monenupoBanus [4] ObUIO YCTaHOBJIEHO, UYTO, €CIM HE OyIyT mpel-
MPUHATHI MEPBI, Yepe3 5-7 JeT NpU CIOKUBIIEMCS YPOBHE SHEPTONOTPEOICHUS TTOBBI-
meHue 1eH Ha ra3 g0 230 momn. CIHIA 3a 1000 M3 MoxkeT npuBecTd K cHrbkeHHio BBII
Ha 15,7% u xoneunoro norpedienus Ha 20%. [IoaToMy poCcT S5KOHOMUKH OKA3bIBAETCS B
3HAYUTENBHON 3aBUCUMOCTH 3((HEKTUBHOCTH UCIIOJIb30BAHUS MPUPOJTHOTO Ta3a.

> B Poccum BEIpa0OTKa S1EKTpodHeprun B sHBape-(espaze 2009 I. COKPAaTHIOCH MO CPABHEHHIO C SHBAPEM-
¢espanem 2008 roga na 7,2%, B nekadbpe 2008 mo cpaBHeHuio ¢ aekadpem 2008 r. Ha 7% (IO OmMEpaTHBHBIM JaH-
HeIM ['ockoMcTata P®) www.gks.ru. [lorpebnenne anexTposHepriun B YKpanHe B sHBape-¢pespaie 2009 r. ymamo
oTHOCcUTENBHO Havyana 2008 r. Ha 14,4%.
http://www.elec.ru/news/2009/03/05/proizvodstvo-elektroenergii-snizhaetsya-iz-za-umen.html

4 http://www.interfax.by/news/belarus/51105

http://www.vovremya.info/news/1238168742.html
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2. QHEPTETUMECKME CLEHAPUM PB

2.1. flpepHbIn cueHapum

CrpourensctBo B benapycu anekrpocraniuu, paboTaroiei Ha sIepHOM TOIUIHBE,
yke HaunHaioch B 1983 romy, korma moxg MHUHCKOM Hayana BO3BOJAWUTHCS MHUHCKas
ATOII (aToMHas neKkTporieHTpaib). Ee MomHocTh qomxkHa Obia coctaButh 2000 MBT.
OnHOBpeMEHHO Hauaj IMpopabaThIBaThbCs BOMPOC cTpouTenbcTBa bemopycckoit ADC.
[Tociie 1986 roma crpoutensctBo ADC Tak u He ObUIO HauaTo, a Ha Oa3ze MuHCKOU
ATDOII, xotopas xk 1986 r. 6su1a 3aBepiieHa Ha 70%, Obuta moctpoeHa Munckas TOLI-S5.

[Tocne pacnaga CCCP B 1992 r. IlpaButensctBoM benapycu Obuta ogoOpeHa mpo-
rpaMma pa3BUTHS YHEPTreTUKH W dHeprocHabdxenus no 2010 roga. Brnepsrsie mocie aBa-
pun Ha YepHOoObUIbCKOM ADC B HEHl OTIAENBHBIM MYHKTOM ObLila MPEIyCMOTPEHA BO3-
MOYHOCTb CTPOUTEIBCTBA HA TEPPUTOPHUH CTPAHBI AaTOMHOM 3JIEKTPOCTAHIIMH.

Pacniopsoxennem nipencenarens CoBera MunuctpoB Pecny6nuku benapycs ot 31
MapTta 1998 roma Owvuta cozmana Komuccus mo oOleHKe I1eJecoO00pa3HOCTH pPa3BUTHS B
benapycu aromHoil sHepretuku. Komuccuto B coctaBe 34 yenoBeK BO3IJIaBUI BHIIE-
npesuneHT HannonansHol akagemun Hayk [1.A. Butass. O6cyauB npobiaemMy U myTH e
peleHus, KOMUCCHUS OOJIBITMHCTBOM T'OJIOCOB MIPHUHSJIA CIEAYIONIEe 3aKIII0OUEHHE:

1. Maxcumanvho ucnonv3osams umerowuecs pecypcol OJisi peanusayuu dHepeo-
cbepezarowyux MexHoN02Ull, UCNONb308AHUS AIbMEPHAMUBHBIX UCOYHUKO8 IHEP2UL, pe-
KOHCMPYKYUU U CMPOUMENbCmea napo2azosvlx YCmaHoGoK.

2. B meuenue oOnuxcaiiwux 10 nem 6 benapycu meyenecoobpasno cmpoums
AMOMHYIO CMAHYUIO, HO HEO0OXO0OUMO NPOOOIHCUMb PAbOMbl NO NOO20MOBKE K PA36U-
MUK AMOMHOU IHepeemuKu 8 0y0yuiem.

B 2008 rony pykoBoacTBo Pb BepHyIOCh K paCCMOTPEHUIO BO3MOKHOCTH CTPOH-
tenbctBa ADC 1 31 staBaps 2008 1. Coset besonacHoctu Pecnybnuku benapycs npuHsin
MOJINTUYECKOE PELICHHE O CTPOUTENbCTBE aTOMHOM cTanuuu B PecniyOnuke benapycs.

['ocynapcTBeHHasi KOMUCCHS IO BBIOOPY MecCTa pa3MEIlEeHUsl 3€MENIbHOIO y4yacTKa
s crpoutenberBa B benapycu ADC 20 nexabpst 2008 r. npuHsia peiieHre, 4To aTOMHast
ANEKTPOCTAHIMS OyJIeT cTpouThes Ha OcTpoBerkoil 1wiomaake B ['pogHeHCcKoi o01acTu.
[Tonmucanpl MPOTOKOJ 3aceqaHMsi TOCKOMHCCUM M aKT BbIOOpa MecTa pa3MElIeHUs 3e-
MEJIBHOTO y4acTKa JUIsl CTPOUTENBCTBA aTOMHOW cTaHIMK. BpiOop ObLI caenaH 1o pesyib-
TaTaM M3ydeHus Tpex miomanok: Octposerkoit B ['ponnenckoit obnactu, Kpacnonomnsiu-
ckoil u Kykmmnosckoit — B HaycckoM 1 1lIknoBckom paiionax MoruneBckoit 001acTu.

2.1.1. Xapakmepucmuka s10epH020 CyeHapus
B cootBerctBuM co cuenapuem, B 2015 romy momkeH ObITh BBEJCH MEPBBIN 010K
ADC 1 k 2020 T. BTOpOii 3Hepro6Iok.”

> [o ApyruM JaHHBIM HepBbIil GIIOK J0IKeH GBITh BBeaeH B 2016 roay u BTopoii B 2018 roxy.
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[To pacueram HAH benapycu, BBog ADC cymmapsoii moiHocThio 2000 MBT B
sHeprocucteMy pecrnyonuku B nepuoa 2016-2018 rr. mo3BoiUT cTabUIM3HPOBAThH cebe-
CTOMMOCTb MPOU3BOJICTBA 3JIEKTPOIHEPTUU SHEPrOCUCTEMON pecyOanKu Ha ypoBHE 13
neHToB/kBT-uac B mepuoa 2025-2030 rr., Torna Kak mpu «ra3oBOM» BapHaHTE Pa3BUTHUS
HHEProCUCTEMBI Ce0ECTOMMOCTh OIHUMETCS 10 YpoBHs 18 nentos/kBt-uac B 2025 r. u

21 uenr/xkBt-uac B 2030 r.

25,02

20,02 —\
f / \_’\
7 —
8 1502 — N\
N —
g 10,02 JNbrotHbIN Tapud
=
Tapud
5,02
3aTparbl
0,02 : : : : | |
2012 2014 2016 2018 2020 2022 2024
oAbl
Pucynoxk 8 - OsxxkuaeMble 3aTpaThbl Ha IPOU3BOJCTBO 3JIEKTpPo3Heprum [21]
ABTOpBI [21] CBSI3BIBAIOT CHIDKEHHE Tapuda ¢ BBOJIOM MEPBOr0 IHEProdIoKa
ADC.

Tadauua 3 - Ilporuo3 cTpyKTypsbl oTpedaeHus KOTeJIbHO-NIe4YHOro Tomimsa 10 2020 roga
1o cueHapusam passutus ¢ AJC n 6e3 ADC (MJIH. T y.T.) U3 r0C. IPOrpaMMbl MOJAECPHU3ANMHA
OCHOBHBIX GoHa0B 2005 1. [2]

T'onbr
Bust anepropecypcon 2015 2020

PP 2005 2010 0e3 ADC | ¢ ADC | 6e3 ADC | ¢ ADC
I"a3 mpupoaHbIi 22,8 22,7 23,01 20,51 24,23 19,23
B ToM umcnie B kKauecTBe ChIPhS 1,46 2,2 3,0 3,0 3,0 3,0
MazyTt 1,6 1,55 1,6 1,6 1,4 1,4
Vroub 0,15 0,2 0,2 0,2 0,2 0,2
T"a3 CcKMIKEHHBIN 0,33 0,3 0,32 0,32 0,2 0,2
I'az HII3 0,45 0,45 0,45 0,45 0,45 0,45
TomnBo neuHoe OBITOBOE 0,11 0,09 0,12 0,12 0,1 0,1
MecTHbie U poyne 2,56 4,11 5,75 5,75 6,3 6,3
B Tom uuce:
TOp( U JIMTHUH 0,75 1,18 1,3 1,3 1,4 1,4
JIpoBa 1,18 2,24 32 3,2 3,5 3,5
npouue BUuasl, B ToM uncie ['9C 0,62 0,69 1,25 1,25 1,4 1,4
S nepHoe TOIIMBO 2,5 5
Hroro 28,0 29.4 31,45 31,45 32,88 32,88
TTokymnHas 37€KTpOIHEPT U 1,54 1,4 1,26 1,26 1,12 1,12
Bcero 29,54 30,8 32,71 32,71 34,0 34,0
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SnepHas reHepalus 10/KHA 3aMECTUTh Ta3 B 00beMe 5 MTH. T y.T. Jlonst saepHoit
reHepaluy B 001eM OamaHce KOTeIbHO-TIEYHOTo ToriuBa coctaBuT K 2020 rogy 16%, B
MIPOU3BO/ICTBE dIEKTpodHEpTrun mpuMmepHo 30-32%.

[Tpu >TOM aOCONIOTHBINA MPUPOCT MOTpedieHust nepBuuHbIXx TOP momken cocta-
BUTH O0K0JIO 3,34 MuiH. T y.T. K 2020 roay (6e3 y4eTa raza B Ka4eCTBE ChIPbsi U UMIIOpPTa
ANeKTpodHeprun). [Ipupoct 1omKeH MPOU30UTH 32 CUET MECTHBIX PECYPCOB, B OCHOBHOM
topda, 'DC u nperecHoro torusa. B coorBeTcTBHM ¢ ['0CYy1apCTBEHHOM KOMITJIEKCHOM
MPOrpaMMOi MOJIEPHHU3AIIUN OCHOBHBIX MPOU3BOICTBEHHBIX (DOHIOB OEIOPYCCKOM IHEP-
TE€TUYECKON CHUCTEMBI, SHEProcOepeKEeHNs W YBEJIMYECHHs JOJU HCIOJIL30BaHUS B pec-
myOJIMKe COOCTBEHHBIX TOILTUBHO-3HEpreTndeckux pecypcoB B 2006-2010 romax (manee
[Iporpammoii), mpenycMaTpuBaeTcsl yBeJlndyeHue o0beMa MPOU3BOACTBA U MOTPEOICHUS
MECTHBIX BHUJIOB TOIJIMBHO-3HEPI€TUYECKUX pecypcoB ¢ 4,5 miuH. T y.T. B 2005 roay no
6,17 mnH. Ty.T. K 2010 rogy, B ToM yucie (B MJIH. T y.T.):

- IPOB U OTXOJIOB JIECO3arOTOBOK 2,24
- Topda ¥ TUTHUHA 1,18
- IPOYUX BUIOB TOIUIMBA 0,69
U3 HUX:

- OTXOJIOB JIEPEBOOOPAOOTKH 0,37
-I'aC 0,07
- TEMJIOBBIX BTOPUYHBIX S3HEPIOPECYPCOB 0,78
- KOMMYHaJIbHO-OBITOBBIX OTXOJIOB U BETPOYCTaHOBOK 0,02
- IOTYTHOT'O Ta3a U MPOAYKTOB MepepadOTKH U3 COOCTBEHHOU 126

)

HeTH

B cootBercTBuM ¢ IIporpaMmon, npeanonsaracTcsl TakkKe CHU3UTh JHEPrOEMKOCTh
BBII na 25-30 npouenrtoB k ypoBHio 2005 roaa.

Ucxons u3 npemyioxkeHHoro cueHapus, k 2020 roay anekrpudeckas reneparus (41
MIIp/. KBT-4acOB/T0T) MOXKET MPUMEPHO BBIMIIAACTh CIICAYIOMMM 00pa3oM’:

- ADC — 13,1 mupa. kBr-yacos (mpu KUYM 75%)

-I'9C - 0,5 mupa. kBr-uac

- Berep — 0,01 mipa. kBr-uac

- UMIIopT — 3 Mapa. KBT-yac

- Typbonerannepusie ycranoBku (60 MBt, KUYM 60%) — 0,3 muipa. kBr-uac

- TOILI Ha mectHbIX Buaax toruea (17 MBt k 2010 r., KUYM 60%) — 0,1 mapz.
kBr-yac

- Masyt — 1,7 mapa. kBr-uacos

- I'a3 (opuenTHpOBOUHO) — 22,3-25,3 mipa. kBT-4yacoB (¢ yuerom u 6e3 ydyera um-
nopra).

Kak BUHO U3 TPUBOJUMBIX OLIEHOK, CLIEHApUI MpEArnonaraeT KpaiiHe HU3KYyI0 BO-
BieueHHOcTs BUD B anexTporenepanuto — 0,9 mupa. kBr-yac wnm 2,1% B 061iem 00be-
Me MPOU3BOIUMON 31eKTpodHepruu K 2020 r. (¢ yuyeToMm TypOOIeTaHIePHBIX YCTAHOBOK).
bonbias yacTe 3HEPruu Ha OCHOBE MecTHBIX TOP npenHazHaueHa [uisd NOJIy4YEHUs SHEp-
TUH JIJIS1 OTOTUICHHUS.

6 B TeucHue OCJIICAHUX 3 JeT MOSBHINCH 3HAUYUTEIbHBIC KOPPEKTUPOBKHU IMPEAJIOKCHHOI'0 CliICHApHd, B TOM YUCJIC
CBA3AaHHBIC C YBCJIIMYCHUCM JOJIN YTJIA.
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CpaBHeHUE (PUHAHCOBBIX TOTOKOB ISl IAEPHOTO U TPAJAULIMOHHOTO Ta30BOrO Clie-
HapueB, BbinoiHEHHOE B 2005 1. B mHcTUTyTe COCHBI, MOKa3al0, YTO SKOHOMHYECKUI
abdext ot crpoutenbctBa ADC MO CPaBHEHHIO CO CTPOUTEIIBCTBOM HOBBIX Ta30BBIX
MOIITHOCTEH 10CTUTraeTcsl TOIbKO Ha 20-M ro/ly 1ociie Hayajaa CTPOUTENbCTBa [3].

2.1.2. CokpaweHue nompebneHus 2a3a 8 S0epHOM CueHapuu

B macmtabax crpansbl, 10 2020 1. abCoMOTHOE COKpallieHne moTpedasieMoro rasa
B SHEPreTUKe cocTaBUT npuMepHo 23% — ¢ 18,5 mupa. M3 no 14,1 mupa. m3. o npyrum
oneHkaM [3], cokpaienue coctaBut 20% — ¢ 18,5 mupa. m3 go 14,9 mupa.m3.

VY nenbHOE (He aOCONIIOTHOE) COKpaIlleHNe MOTPeOIeHUS Ta3a TaKKe MPOU30MIET 3a
CYET MOJICpPHM3AIIMN Ta30BBIX MOITHOCTEH (B ToM ymcie 3a cueT [1I'Y-TexHomoruii) u mo-
Beimiennst KII/[»n. [To mporuosam, nomkHO ObITE MonepHH3UpoBaHo ot 2220 go 3000
MBT ra3oBbIX MOIIHOCTEH, B pe3yibTaTe 4Yero Npu CHKUTAHUM TOTO K€ oObeMa ra3
JTOJIKHA YBEITUYUTHCS BRIPAOOTKA SJIEKTPOIHEPTUH.

Ucxons u3 toro, uro I'TIO «bemsnepro» norpedisier 58% oT Bcero o0bema rasza
BKJTIO4as cbipbeBoit ra3, ['TIO «bemuepro» motpediiseT B HacTOsIIEEe BpeMs IPUMEPHO
11,5 mapa. m3 B rox u3 Bcero oobeMa ummnoptupyemoro rasza (19,8 mapa. m3 B 2005 r.)
Coxkparienne noTpebieHus raza 3a CUYeT SACPHON TeHepalluy MPUBEJET K CHIKEHUIO TI0-
Tpebnenus raza ['TIO «bemnepro» coorBercTBenHo ¢ 11,5 mupa. M3 o 7,2 mupa. m3.

Takum oOpa3zom, 001asi TemioTa cropanus rasa, cxkuraemoro I'TIO «bemsueproy»
B simepHoM crieHapuu K 2020 r. coctaBuT 67 Mipa. kBr-uacoB. Mcxons U3 clieHapHBIX
22,3-25,3 mapa. kBr-yacoB, KoTopble OyAeT MpOU3BOAUTEH «bemdyHepro», MOXKHO MpHU-
MEPHO OIICHHTbh, KakoBa OyAeT 3((HEKTUBHOCTh CXKUTAHMS OCTABIIMXCS OOBEMOB Trasa:
KIIJI»1. ra3oBoit reHepaiuu coctaBut npuMepHo 33,3-37,8%, uTo coxpaHseT MOTESHIIHAI
NANbHEHIIero CHIKEHNs OTPEeOICHHS ra3a ¢ y4eTOM HAWTy4Iieii MUPOBOiT PAKTHKH. '

HezaBucumo ot pemienust o ctpoutenbctBe ADC 3HaYUTENbHBIN BKIIAJ B SKOHO-
MUIO Ta3a MpeJIoiaraeTcs JOCTUYb 3a CUET UCIOIb30BaHusl MeCTHBIX TOP — 3amenienue
NOTEHIIMAJILHOTO UMIIOpTA ra3a B 00beme 6,3 MITH. TOHH ycJIOBHOrO ToruinBa K 2020 r.

2.1.3. Cmoumocmb Kancmpoumesnbcmea e 10epHOM CyeHapuu

ITo oueHKe pOCCUICKOTO MPABUTENHCTBA, CTOUMOCTD SIIEPHOM Te€HEpAIIMU COCTaB-
nsna Ha 2007 rox 55,7 mapa. poccuiickux py6:aeit 3a 1000 MBT [5], uto npu kypce 1
nomt.- 26 py6neir (ma 2007 r.) cocraBmsier mpumepHo 2,14 mmpa. momn. 1000 MBT.
Croumoctb ctpoutenbctBa ADC momHocThio 2000 MBT (6e3 momosiHuTeNnbHOM MH(ppa-
CTPYKTYpBI) 000ii1eTcsi TeopeTuiecku B 4,28 Miapa. 1011 B ieHax Ha 2007 .

C yueToMm cTpouTeNbCcTBa MHOPACTPYKTYPHI TOMOTHUTEIbHbBIE 3aTPAaThl COCTABST
no 1,5 muapa. pomn. [7]. CyMMmapHble KalnuTalbHBIE 3aTpaThl B 3TOM CIIy4ae JOCTUTHYT
5,78 mupa. noJu.

B 3Tu 3atpatrbl He BXOJIUT CO3/1aHUE JOMOIHUTEIBLHOIO TOPSIYEro pe3epBa MOIIHO-
cteit B pazmepe 550 MBT (0,8 Mapa. 10J101.) U CTPOUTENHCTBO THIPOAKKYMYJIUPYIOIIEH

’ Tpennonaraercs, uto TOC Ha rase ckoHnentpuposanbl Ha ITIO «bemnepro». Ocraercst BOIPOC MO GIOK-
CTaHIMAM, MOITHOCTh KOTOPBIX JOJDKHA OBITH foBeaeHa 10 453 MBT k 2010 r., BKJ1ag OJOK-CTaHIIUN MOXKET OBITh
cymectBeHHbIM: Tipu KUYM 60% — 2,4 muipa. kBr-uac. Eciii npuHsTE BO BHUMaHUE, YTO OJIOK-CTAHIMU HCIIOJIb-
3y1oT ra3 He ['TIO «bemsuepro», To KI1Jaa. I'TIO «bensuepro» cocrasur 27,6-31,8%.
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anektpoctaniuu ('ADC) momHocThio 1 I'BT. Croumocts 'ADC 3aBUCUT OT KOHKPET-
HOM IJIOIIAJKH, HO MOXHO OLIEHUTh €€ CTPOUTEIBCTBO B 2 MIIPJ. TOJLI.

B mpouecce cTpouTenbcTBa, HECOMHEHHO, MPOU30MIET YIOPOKAHUE CTPOUTENb-
ctBa ADC. Poccuiickuii ONbIT MOKAa3bIBAET, YTO YJOPOKAHUE 3HAYUTEIBHO MPEBHIIIAET
uHGpIAIMI0: 0ojiee YeM JBYKpPaTHOE NPEBBILICHUE 3asBJICHHOW CTOMMOCTH 3a 4 roja
CTPOUTENILCTBA (CM. TaKXke pasnen 4).

Jlnst olleHKHM CTOMMOCTH KamcTpouTelbcTBa ADC MOXKHO COMNOCTAaBUTH €€ CO
CTOMMOCTBIO MEPONPUATUN B 00JaCTU 3HEProcOEpekeHUs] M MCIOJIb30BaHUS MECTHBIX
TOP. Ilpu obmem noTpebsieHnH KOTENbHO-IIEYHOTO TOIUIMBA 28 MIIH. TOHH YCJIIOBHOTO
torumBa B 2005 T. (0e3 ydera rasza, UCIOJIb3YEMOTO B KA4€CTBE ChIPhS) CyMMapHasi KO-
HOMMUS SHEPTrOPECYPCOB B Pe3yJIbTaTe SHEProcOeperaronx MEpONpUITUA Ha CTaIUU KO-
HeuHoro notpeburens k 2010 roxy coctaBuT 4,6 MIIH. TOHH ycioBHOTO ToruBa (16% ot
ypoBHs 2005 r.)

3a cuer mectHbhix TOP mpenmnonaraercss moay4uTh AOMOIHUTENBHO 3,74 MIH. T
y.T. iepBuuHOM 3Hepruu (6,3 B 2020 r — 2,56 B 2005 1.) uTO paKTUUECKH MMO3BOJISIET T10-
KPBITh pacTyliee dHepromnorpedienne 6e3 pocta moTpedIIeHUs MPUPOTHOTO Ta3a. M3 Hux
B iepuoy ¢ 2006 o 2010 rr. npeamnonaraeTcs MOJIYyYUTh JOMOTHUTENbHO 1,67 MIIH T y.T.
(tabn. 1) CTouMOCTh MEPONPUATUH 1O KCHOIb30BaHUI0 MecTHBIX TOP mo 2010 r. co-
craisier 0,75 mupa. Aot DKoHOMUYECKUH 3PQEeKT OoT 3aMelleHUusT UMIOPTUPYEMOTO
raza MecTHbIMU TOP (B OCHOBHOM JIPEBECHBIM TOIUIMBOM) M MEPOIPHUSATHH B 00JIaCTH
SHEProcOEpPEKEHIs TOPa3 o BhILIE, YeM pu crpoutenscree ADC.®

Tab6amnua 4 - CpaBHeHHe IKOHOMUYECKOro 3 exTa B 3HeprocéepekeHNH, OT HCMOTb30BAHUSA
cooctBeHHBIX TOP B 2006-2010 rogax n crpouteabecrea AJC

OskuIaeMBIH Y nenbHbIE Kalu-
SKOHOMHUYE- TaJIbHBIE BIIOKE-
KanuransHble BI0XKEHHS, cxuii >kt s
. gomapos CIHA TBIC. T y.T. B nomr. CIIA/T
rof y.T.
DHeprocOepekeHue 1852,2%* 4600,0* 402,6
Mecrtubie Buasl TOP 747,8%* 1380,0%* 542
ADC/
4280,0/ 856/
+ _
ADC I/IH(I)paCTPyKTy 6580.0 5000,0 1316
pataomn.ropsumii pe3eps

*Bbe3 yuera 00beKTOB KOHIIepHA "beranepro”.
**[IpuBeZICH OMOJIHUTENBHBIN 00bEM T'0JIOBOI0 3aMEIICHHUS HMIIOPTHOTO TOIUIMBA MoTydaeMbiil B 2006-
2010 rr.

VY nenbHasi CTOMMOCTh MEPONPUATUIA B 00JIaCTH 3HEprocoepexeHus: 0osee 4eM B
2,2-3,3 paza aemieniie, 4eM cTpoutesbcTBo ADC B nepecyeTe Ha CTOUMOCTh SKOHOMUH |

8 HecmoTpss Ha BHYHMIUTENbHYIO 1Py moTeHImara MecTHbIX TOP, KOTOpBIA MmpeamnonaraeTcsi OCBOUTh, 3HAYH-
TeJNBHAs JOJIS STHX pecypcoB He oTHocutcs kK BUD. B coorserctBum ¢ [2], 3T0 MaszyT (1,55 muH. T.y.T.), TOpd U
qurapH (1,18 mun. 1.y.1.), a3z HII3 (0,45 MiH. T.y.T.), 1poBa (2,24 miH. T.y.T.), mpoune u [ OC — 0,68 MiH. T.y.T.
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TOHHBI YCJIOBHOTO TOIuBa. COOTBETCTBEHHO BHEApeHUE MecTHhIX BuaoB TOP B 1,6-2,4
pasa JenieBie sIEPHOTr0 CTPOUTEIbCTRA.

JIns OLIEHKH CTOMMOCTM MOJIEPHHM3allMM M BBOJA HOBBIX MOIIHOCTEN B ra30BOM
TeHEepalMu MOXHO HCIIOJIb30BaTh clieayiomre JaHHble. CTOMMOCTh MOJEpHU3ALUU
Munckoi TOII-3 ¢ BBogoM 230 MBT momiHocteit Ha ocHoBe [II'Y onenuBaercsa B 160
MiH. gomr. win 700 mosur/kBr.” C apyroif cTOpOHBI, B COOTBETCTBHH C MPAKTHKON
ctpoutenbctBa [II'Y B Poccum, nmpubnusurenbHas cTOMMOCTh crpourtenbeTBa IIINY-
CTaHIMI 00XOoAMTCS B HacTosiiee Bpems B 37-38 Thic. poccuiickux pyOmieit 3a KMIoBaTT
YCTAHOBJICHHOM MOIMHOCTH' * M mpumepro 1450 mosun./kBt mpu xypce 1 momm.- 26
pyOmeii.

Takum obpaszom, ¢ yueTom Toro, uto g0 2020 roga mpeamoaaracTcss MOJASpPHU3A-
uus v BBoJ 2220-3000 MBT razoBoii renepanuu, CTOMMOCTb MOJIEPHU3ALIMKI U BBOJIa HO-
BBIX MOIIHOCTEW COCTaBUT NpUMEpHO 3,2-4,4 Mipa. 1oJul. B ieHax 2007 r.

2.2. IHHOBaLUMOHHBbIN cLeHapui Ha ocHoBe BUJ

OdurmansHO TPU3HAHHOTO WUJIH BCEPHE3 00CYKAAEMOT0 Oe3bsIACPHOTO CIIEHAPHS,
OCHOBAaHHOTO Ha 3HaunTenbHON gome BHUD mer.'' Ho Takoii CLIEHApUil MOYKHO OLICHUTH
Ha OCHOBE MMEIOLINXCS JAAHHBIX O noTeHuuanax BUD, BTOpUYHBIX pecypcoB U 3HEPro-
3¢ (PEKTUBHOCTH B Ta30BOIl T€HEPALIUH.

2.2.1. MlomeHyuan 80306HO8/IsIEMbIX UCMOYHUKO8 3Hep2uU
Hwuxe IIPUBCACHBI PA3JIMYHBIC OICHKHU ITIOTCHIXAJIA BUD.

Tabauna 5 - Ouenku norenuunana BUD u BTOpuUHBIX pecypcoB

TexHuueckuii IKOHOMHYECKUI
. | Dxonomuue-
TexHu4ecKuii . NMOTEeHNA MOTEeHIUAT
Bupn pecypca CKMil 1o-
noreHuuaJi [2] (Ip. HCTOYHUKH (Ap. HCTOYHUKH
TeHmuaia [2]
Kpome [2]) Kpome [2])
[peBecHoe TOMINBO U 6,6 3,06 4,45 [13] ¢ yueTom
OTXOJIBI JICPEBOOOpa- SHEProIUTaHTALINMA
OOTKH, MITH. T Y.T. (HIKHSS OI[EHKA)
I'mopopecypcsl 2,27 mapg. 0,39 mnpa. 0,11-0,15 muH. TYT
kBr-uac kBT-uac
2,4 6,62 224 9] 2,24-15,65 [9]
Berponorenmuan,
B 1,9-2,0 muH. TYT
mipa. KBty [13]
Bbuoras u3 oTxon0B 0,162 0,026 1,25-1,75 [13]
’KUBOTHOBO/ICTBA,
MJIH. T y.T.

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

10 http://finance.rol.ru/news/article1 6D27/default.asphttp://finance.rol.ru/news/article1 6D27/default.asp
11 B aToMHOM CIieHapUH MPEII0JIaraloTcsl 3HaUUTEIbHBIE MEPOIIPUSTHS B 00JIaCTH 3HEProcOepesKeHNsT U Pa3BUTHS
BUD, HO mpu 3TOM HEAOCTATOUHBIE sl UCKIIOUEHUs cTpoutenbctBa ADC.

21



IIponoskenue Tadauubl 5

71 0,003 0,25-0,5
ConnHeuHas sHEpTHUs, teroBas [13]
MJH. T y.T. 0,25
3JIEKTPOIHEPTUS

[13]

KommyHansHBIE OTXO- 0,47 0,02 0,5[13]

JTBL, (c yuerom nUrHUHA

MJIH. T Y.T. 1 OTXOJIOB pacre-

HHEBOJICTBA)

duromacca, 0,64 0,05 0,3

MJIH. T Y.T.

JIuraus, 0,983 0,05

MJIH. T Y.T.

OTX0BI paCTEHUEBOI- 1,46 0,02-0,03

CTBa,

MJIH. T Y.T.

HuskonorenuuansHoe 1,4 1,5-2 [13]

TEIUIO 3€MJIM ¥ TEXHO- | (TCIUIOBBIC BTO-

JIOTUYECKHE BHIOPOCHI, | PUYHBIC pecyp-

MJIH. T y.T. CBI)

I'oproune BTOpUUHBIE 0,58

pecypchl, MIH. T y.T.

TypOoneranaepusie 60 MBT 0,25 MIH. T y.T.

YCTaHOBKHU [13]

OHeprus napa KoTeib- 0,32 MIH. T y.T.

HBIX [13]

Haunbonee nepcnekTUBHBIMU Ha OnmyKailliie AECATUIECTUS HalpaBICHUSMU pa3-
Butusa BUD sBnstoTCs BETpOBasi SHEPreTUKa U YHEPreTUKa Ha OCHOBE OMOMACCHI.

2.2.2. Bempoeasi aHepa2emuka

Eme B 1960-e roas! Ha TeppUTOpUM COBPEMEHHOM benapycu 3KCIulyaTupoBajioch
okoiio 20 Teic. BOY paznuunoro HazHaueHus. CuTyauus pe3ko u3MeHuiuach B 1960-x
rojax, Korja Obuia OCyIIeCTBICHA LIEHTPATU3AIUS JIEKTPOCHAOKEHUS Ha BCEHl TeppUTO-
puu CCCP, Bxmouast BCCP.

Bo3moskHOCTH pa3BUTHs BETpOo3HEpreTHku B Pb yxxe paccMmarpuBanucs. "Bempo-
aHepeemuxa ¢ benapycu donxcna paseusamvcs 6onee unmeHcu8Ho u Ha 6ase yoce HaKo-
NJIeHHO20 6 cmpaHe onvima', — 00 3TOM 3asiBUII NpeMbep-MUHUCTP cTpanbl Cepreii Cu-
nopckuit Ha 3acenanuu [Ipesuanyma CoBeta MUHUCTPOB, I/i€ paccMaTpUBAJICS MPOEKT
MIpOorpaMMBbl Pa3BUTHS BETpodHepreTuueckoit orpaciu benapycu na 2008—2014 rr. [22]

['omoBOI BETPOIHEPreTUUECKUA MNOTEHUUAN, TEXHOJOTUYECKH JOCTYHHBIN ISt
MCIIOJIb30BaHMsI CyILIECTBYOIMMU BOY ¢ HOMUHaNbHOW pacueTHON CKOpOCThIO BeTpa 14
M/c, cocTaBisieT okoio 224 mapa. kBr-uac [9]. Haunbonee OmaronpustHeie 00JaCcTH MO
BETPOBBIM YCIIOBHSM, CO CPEIHETOJ0BOI CKOPOCTHIO BeTpa Oosee 5 mM/c Ha BeicoTe 10 M
OT MoBEepXHOCTH 3emun: MuHckasi, Burebckas u I'ponnenckas [10]. CpenHsisi CKOpOCTh
BeTpoB B bemapycu 3uMoi BbIIIE, YeM JIETOM U JHEM BBIIIE, YeM HOUYb0. [ obampHOE
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M3MEHEHNE KIIMMAaTa MIPUBOJUT K YBEJIMYCHHIO JI0JIM CWIBHBIX BETpOB. [loaTOMy co Bpe-
MEHEM IOTEeHIIMa BETPOIHEPTeTUKH Oy1eT YBEITNUNBATHCS.

Jlnst yrouHeHus MecT pa3MelleHus cymectByomux BOY B apyrux paitonax u o0-
JacTAX UMEEeTCsl BETpOIHEepreTUYEeCKuil aTiac, pa3paboTanHblil B «bensHeproceTbnpoek-
Te», a TaKK€ BETPOIHEpPreTHyYecKui OaHK AaHHbIX, paspadoranHbiii B HIII'TI «Betpo-
mainy [11]. Ha tepputopun pecryOnuku BoisiBiaeHo 1840 1uiomanok s CTpOUTENbCTBA
BETpOdHEpreTnyeckux ycraHoBok (BOY), roe moxno pasmectuts ot 5 1o 20 BOY Ha
KaXI0H 13 INIOMIaJ0K.

Althude, m

« 350 B s

50-30
ofurE P -
E w-x0
R s

S
o
4.5
£ 3
T
* O%io

Pucynok 9 - Kapra paiionnpoBanusi ckopocreii Berpa benapycu

C TeXHMYECKOI TOUKH 3pEHUs, MPUHITO CUUTATh, YTO AOJs HeycToHunBbiXx BUD B
cetu He noypkHa npeBbimath 30-40%. Eciau npuHATH 32 OCHOBY POCT 3JIEKTpOIOTpedIie-
Hug B Pb 1o 41 mnpa. kBt-uac k 2020 rogy u 105110 BETPOBOW SHEPTETUKU B 3JIEKTpHUYE-
ckoM Oanance 30%, TO 00BEM BIEKTPOIHEPTUU, KOTOPBIN MOXKET OBITh TOCTABJIEH B CETh
Berponapkamu Pb cocraBut 12,3 mipa. kBr-uacos. [Ipeanaraemsiii Kk yTuiau3anun 00b-
€M BETPOBOTO pecypca YKIaJAbIBAETCS B SKOHOMUYECKH IOCTYIIHBIA MOTEHIMAT BETPO-
sHepretuku Pb — 15,65 mapa. kBr-uac [12].

[Ipu ucnonb30BaHUM BETPOIHEPreTUUECKUX ycTaHOBOK (BOY) eannununoil mor-
HOCTBIO 2 MBT, ¢ BBEIpaOOTKOM 31eKTpoIHEPTUH 3,5 MITH. KBT4 B TOJ MPU CpeTHETO0-
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BOM ckopocTH BeTpa 5,7 m/c Ha BeicoTe 30 M OT 3eMJIH, AJi JOCTUKEHUS MOCTaBICHHON
e (12,3 mupa. kBt-uac) neobxomumo BBectu 3 514 BDOVY o0miel yctaHOBICHHOU
MoImHOCThIO 7 028 MBT.

JI1s1 OLIEHKH CTOMMOCTH BETPOBOM T'€HEPALIMM HHXKE MPUBENICHBI PE3yJIbTaThl pac-
yeTa (PMHAHCOBBIX MOTOKOB JiJisi BeTpornapka 7 028 MBT npu cienyromux mpeamnoioxe-
HUSX:

- MPOU3BOJICTBO U MOHTAXX YCTAHOBOK pa3BepThiBaeTCs B TeueHue 10 ner,

- HayasibHast croumocth BOY — 1000 momn./xBt (1ieHa, nocturnytasi B 3anagHoun
EBpormie B 1998 1.);

- IPOU3BOACTBO pa3BopaunBaercs B Pb, MHBeCTUIIMU B MOATOTOBKY MPOU3BOJICTBA
Ha UMEIOIICHCs TpOMBIIITIeHHOH 6a3e cocTaBat 100 MitH. 1071, ;

- ©XKETOHOE CHIDKCHHE 3aTpaT Ha IPOM3BOICTBO — 5% '

- cpok ciyx0bs1 BOY — 20 ner, mocne dyero ona aemontupyercs. CTOUMOCTh Je-
MoHTaxa -6% ot croumoctu BOY, Bepyuka oT yTrunn3auuu MetaionoMa —8%.

0,8

—— [Ipopaxa anekTpoaHeprumn

0,6

e IHBECTULIUN
0,4

e [1@HEXKHBIW MOTOK

0,2

s [INICKOHTUPOBAHHbIN
AOeHeXHbIN NoToK 8%

Mnpa. $.

= [INCKOHTUPOBAHHbIN
AeHeXHbIn notok 13%

--------- Pacxoabl Ha JKcnnyatauuro

| ] | |
) T T T T T T
2009 2014 2019 2024 2029 2034 2039 2044

oAbl
Pucynok 10 - Beipyuka (1eHeskHbIi IOTOK) A1 BeTponapka momHoctbo 7 000 MBT

Kak BuaHO M3 pacdeToB, OKyIaeMoCTh IPOEKTa mpousoiiaer uepes 10 ner nocie
Hayasia cTpoutenabcTBa. CeOecTOMMOCTh MPOU3BOJICTBA IIEKTPOIHEPTUU O€3 CTOMMOCTHU
¢uHaHCOBBIX ycayr cocTaBuT 3,01 nenta/kBr 4.

YTunuzanuss BETPOBOTO MOTEHIIMANA B MPEIOKEHHOM O0BEME IO3BOJISAET HC-
KIIFOUUTH CTPOUTENHCTBO ADC U COKpaTUTh MOTPEeOICHUE UMIIOPTUPYEMOTO TTPUPOJTHOTO
raza npuMepHo Ha 4,1 mupa. M3."

Tak Kak IUKJI CTPOUTENBCTBA BETPOYCTAHOBKH 3aHMMAET MEHEE I0Jia, TO MOXKHO
OTIEPATUBHO KOPPEKTUPOBATH BBOJ BETPOIHEPTETUUCCKUX MOITHOCTEH B 3aBUCUMOCTH OT
JTMHAMUKU SHEPTONOTPEOICHUSI.

Kak mokazan ombIT ['epManun, ecinu BoIpaOOTKA SJEKTPOIHEPTUH BETPOIICKTPO-
CTaHIMSAMU He TpeBbimaeT 14% ot oOuieil BHIpabOTKH M0 SHEPTOCUCTEME, ISl KOMIICH-
CalMy MPOBAJIOB IeHepallii B 0E3BETPEHHYIO MOT0/y PE3€pPBHBIC MOIIHOCTU HE TpeOy-
tores. [ monu BeTposHepruu, npesbimaromieit 14% oT BeIpabOTKU MO IHEProcucTeMe,

12 Koadppurment obyuenns (learning factor), xapakTepu3yiomuii CHIDKEHHE 3aTPAT MPH YIBOCHHH IPOM3BOJCTBA.
Jlna eBpormeiickux cTpaH B nepBoM AecatwieTun 21 Beka BapeupoBaiics oT 0,75 B Aurmuu 1o 0,94 B I'epmanun
(Energy [r]evolution. A sustainable world energy outlook. — Greenpeace international, European Renewable energy
council, 2007).

" [Tpu 3amenenny ra3oBsix MomHocTed ¢ KITTam 32%.
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00beM pe3epBHBIX MOIIHOCTEN cocTaBisaeT oT 8§ A0 15,3% ot momuoctu BOC, To ecTh
300-570 MBT.

[lenecooOpa3HO MPOU3BOACTBO BETPOIHEPTETUUECKUX YCTAHOBOK JUISl MAJIBIX CKO-
pocrteii BeTpa (¢ BepTHKaJIbHOM 0cbi0). B aToM cimyuyae benapych noiydaer He TONBKO He-
3aBUCHMBIN MCTOYHUK DHEPTUM U CHIKEHHE nMnopra TOP, HO 1 BO3MOXHOCTB 3KCITOp-
TUpPOBaTb BETPOYCTAHOBKM B COCEIHUE CTpaHbl, npexae Bcero B Poccuro.
[IpeoGnanaroniye B MUpEe BETPOYCTAHOBKM B TOPU3OHTAILHOM OChIO paccuMTaHbl Ha 0O-
Jiee BBICOKHE CKOPOCTH BETPA U IJIOXO MOAXOIAT K YCIOBUSAM CPEIHEPYCCKOW PaBHUHBI.

2.2.3. Ucnonb3oeaHue 6uomacchki 8 IHep2emuke

Hcnonb3oBaHue MpOU3BOAMMBIX B HACTOSIEE BPEMSI OTXO/I0B J€PEBOOOPAOOTKH U
CEJIBCKOT0 XO0351CTBA B KAUECTBE TOIIMBA MOXKET 00ecleunTh He MeHee 3 MIIH. T y.T. B
cooTBeTCcTBUHU C [13], 3Ta BenmumHa MoXeT Bo3pactu A0 4,45-8,9 MiIH. T y.T. TOJIBKO B
JIECHOM XO351CTBE (B OCHOBHOM 3a CUET PHEPTreTHUUECKUX IIaHTanuit). B kauecTse mian-
TallMOHHBIX KYJIbTYp 0003HaueHbI Oepe3a, uBa, TOMOJb, €1b, COCHA.

B cootBercTBUM c [2], mpennonaraeTcsi TakKe MCIOJIB30BaTh OMOMacCy OBICTpO-
pacTymux pacTeHud Ha BbIpaboTaHHBIX Top(dsHukax Ttwomanso 180 000 ra. 3mech
npearnoiaraeTcs noiaydath a0 0,3 MiaH. T y.T. Onomaccel win 1,7 T y.T. ¢ TeKTapa B TOJI.
3apyOeKHBII OIBIT BBIPAITUBAHUS SHEPTETUUECKUX KYJIBTYP MOKA3bIBAET, YTO BO3MOXKHO
noytyueHue 5-6 TOHH YCJIIOBHOTO TOILJIMBA ¢ rekTapa. Takum oOpa3oM, MpHU UCIOJIH30Ba-
HUW HaWjIydllleld MPaKTUKU BBIPAIIUBAHUS SHEPTETUUECKUX KYJIbTYP BO3MOXHO MOJTy4e-
HUE C BBIPAOOTAaHHBIX TOPPSHUKOB 10 1 MIH. T y.T. OMOMaccel. A B clly4ae UCIOJIb30Ba-
HUg | MIH. ra yroawid Juisi BBIpAIlMBaHUS YHEPreTUYECKUX KyJIbTyp (0okoio 5%
tepputopuu PB) BO3MOXHO JOMOTHUTENBHOE MOMYUYEHUE MOpsAIKa 5 MJIH. TOHH YCJIOB-
HOT'O TOIUIMBA.

B Pb takxe mpencraBieH 3HAYUTENbHBIN MOTEHIMAT OTXOJO0B JKMBOTHOBOJICTBA.
PacueT TexHHYECKOTO MOTEHIIMAIA TPOU3BOICTBA OMOra3a Ha OCHOBE OTXOJIOB KUBOTHO-
BOJICTBA MPUBEJICH B Ta0JIHUIIE.

Tadauua 6 - PacyeT TeXHU4eCKOIro NMOTEeHHAIA IPOU3BOACTBA OMOrasa
HAa OCHOBE O0TXO0/I0B KHBOTHOBOXCTBa * [13]

KPC na MOIOMHEIE CBUHBH IITuna Hroro
0TKOpMe KOPOBBI
Brixom HaBO3a, KI/TOJN B CYTKH 50 45 3,5 0,3
Brixon 6morasa, M3/Toi1. B CyTKH 243 1,62 0,2 0,02
[Toronosre, MitH. To10B (2007T.) 2,5 1,45 3,5 29.4
Brixon HaBO3a, MIIH. T B TOJI 45,6 23,8 4.5 3,2 771
Brrxon 6uorasa, Miaps. M3 B rof 2,2 0,9 0,26 0,2 3,5
Beixon Ouorasa, MITH. TYT B TOJ 1,3 0,5 0,15 0,1 2,1

B cootBercTBuM C [13], 5KOHOMHYECKHU JOCTYIHBIN MOTEHIIMAN OMOTa3a 10CTUTaeT

1,25-1,75 mnH. T y.T.

14 BI)IXOI[ Ouorasa u3 HaBoO3a YBCJINYINUBACTCA, €CJIM HABO3 CMCHIMBATHL C OTXOAaMU PACTCHUCBOACTBA.
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Kpome Ouorasza npu nepepaboTke HaBo3a MOIy4aroT ynoopenus. [1o cpaBHeHuo ¢
y100peHneM, MoJy4aeMbIM U3 HaB03a OOBIYHBIM CIIOCOOOM, YPOKaHHOCTh YBEIMUNBAET-
cs Ha 10-15 %. TlonyuyeHue TOMIMBA, CHUKEHUE 3arpsI3HEHUST OKPY KaloIEel Cpesibl U Mo-
Jdy4yeHHue y100peHHit JenaloT MPOU3BOICTBO OMOra3a U3 HaBo3a U PACTUTENIbHBIX OTXOIOB
HYKOHOMHUYECKH BBITOJHBIM YK€ ceromHs. CHeruamucTaM peciyOauKd CTOUT MPHCMOT-
perbes K onbiTy PecnyOnuku TatapcTaH, B KOTOpOM OOJBIIMHCTBO (pepM OCHAIIEHO OHO-
ra30BBIMU YCTaHOBKAMH.

2.2.4. MlomeHyuan sHep203aghghekmuesHOCMU 8 2a30801 2eHepayuu

D¢ PeKTHBHOCTH COBPEMEHHOTO HCIONb30BaHUs MpHpoaHOro raza B Pb moxHO
oueHuth Ha npumepe I'TIO «bensHepro», KOTOPBIN SIBISAETCS OCHOBHBIM MOTPEOUTEIEM
npupoaHoro raza B Pb. B 2006 r. notpe6nenue cocraBmwio npumepno 11,5 mupa. m3 B
roJI.

CyMMapHas TemioTa cropanus rasa, ucnonub3dyemoro I'TIO «bemsnepro», npu Te-
miote cropanus 1 ky6. m — 9,4 kBt-uac coctasnser 108,1 mapa. kBr-uacos. I'TIO «ben-
HHEPro», MPOU3BOAIIECE NPAKTUUYECKH BCIO AJEKTPUUECKYIO U JI0 MOJIOBUHBI TEIIOBOM
SHEPTHH, OTIYCKACT €XKETOTHO TMOJIE3HON MpOoayKIuu B oobeme mpumepHo 30,37 mapa.
kBT1-uac snextpuueckoii sHeprun. [ons rasa B torumBHOM 6anance ['TIO «bemnepro»
coctaBisieT 95,7% [2]. Ucxons U3 3TOro, MOXHO OIEHHUTh, YTO Ha OCHOBE Ta3a BhIpaba-
ThIBaeTcs 29 mupa. kBr-yacos aiekrpodneprum. Cpennnii KILJIan. no rasosoii rene-
pauuu coctaBiseT 26,9%, 4To sBJIsSETCS HU3KUM MoKaszareseM, Tak kak KII/I»1. B razo-
BOM reHepanuu MoxeT nocturath 60% B KoHAeHcannoHHOM pexume u 40% B
TEII0(UKATUOHHOM.

['TI HIIKT "3ops — Mammpoekt" ye UMEeT yCHEIHbIA ONBIT MOJASPHU3ALNY T1a-
pocuinoBbix 010k0B bepezosckoit ['POC (r. benoosepck, bpectckas obnacts). B nepuoa
c utonst 2003 r. mo nexadbpp 2004 r. Ha 3MEKTPOCTAHLMU OB YCTaHOBJIEHBI U BBEJICHBI B
HKCIUTyaTallMIO B KaUeCTBE ra30TypOUHHOM HaJCTPONKH cylecTByromux koriaos [IK-38P
— 4 razotypOuHHBIX ycTaHOBKHU [ 'TD-25 moutHocThi0 25 MBT kaxknas. Momuocts 'POC
yBennuuiaacs ¢ 330 no 420 MBT, a cyMMapHBIii pacxo/ TOIJIMBHOTO ra3a BBIPOC TOJIBKO
Ha 5%. YenbHBIN pacxo] YCIOBHOIO TOIUIMBA CHHU3WICS ¢ 370 rpamMm yCIOBHOIO TOII-
nuBa Ha kB1-uac no 307 ry1/ kBt-yac.

Ha npumepe monepuusanun Munckoir TOL[-3 MOXHO moOKa3aTh, YTO CHUKEHHE
yAETIBHBIX Pacxo/0B MOXeT cocTaBUTh ¢ 320 r/kBT-uac npu ko3P puIMeHTe MOJIE3HOrO
neiictBust 36% mo 179,2 r/kBt-u, mpu KI1J] 52-54%"

YcTaHoBI€HHas MOIIHOCTh T'a30BOM reHepauuu (KoTopast OyAeT MpesicTaBieHa B
ocHoBHOoM TOII) mst mpousBoacTBa 14,1 mipa. kBT-4acoB B MHHOBAIIMOHHOM CIICHAPUH
notpedyet nopsaka 3500 MBT npu KUYM 45%. [Tossimenue KIIJ] HOBBIX MoliHOCTEH
¢ 26,9% no 40% MOXET CIKOHOMHUTH MPHU yKa3aHHOM OObeMe MPOM3BOICTBA 3JIEKTPO-
sHepruu 1,8 mipa. ky6. m raza win 2,1 man T y.1. C yuerom yBenundenus KUT ormyck
temta ¢ TOL He cokpaturcs.

'* http://minsk-old-new.com/minsk-2854-ru.htm
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2.2.5. Xapakmepucmuka UHHO8aUUOHHO20 CyeHapus

Ucxons uz mpennoxxennoro norennuana BUJ, x 2020 roxy 6ananc TOP B aHEp-
TeTHKE MOKET BBITJISIACTh MPUMEPHO CIEAYIOIUM 00pa3oM:

- Ma3yT — 1,4 MIH. T y.T.

- yroib — 0 MJIH. T y.T.

- ra3 CKMKEeHHBIN — 0,2 MITH. T y.T.

- ra3z HII3 - 0,45 muiH. T y.T.

- TOIJIMBO NeyHoe ObIToBOE — 0,1 MIIH. T y.T.

- Top¢ v auravH — 0,75 MIH. T y.T.

- IpEBECHOE TOIUINBO — 4,45 MJIH. T y.T.

- Ouoras — 1,25 MJIH. T y.T.

- OTXOJIbl pacTeHUEBOACTBA — 1,46 MIIH. T y.T.

- BeTpoBas 3HepreTuka — 12,3 mupa. kBt-u — 4,3 miH. Ty.T.

- typOoaeranaepubie ycranoBku — 0,65 mupa. kBr-uac — 0,25 mutH. T y.T.

- TypOuHBI B KOTenbHBIX — 0,85 mupa. kBt-yacoB — 0,32 MiH. T y.T.

- TEIUIOY TWJIM3AMOHHbBIE YCTAHOBKH — 2 MJIH. T Y.T.

-19C - 0,4 mapa. kBt-yac — 0,15 muH. T y.T.

- IMIIOPT 3J€KTpodHepruu — 1,12 MaH. T y.T.

-T'a3 — 10,7 MaH. T y.T.

- MOTEHIM A SHEPro3(PPEKTUBHOCTU B Ta30BOM 3JIEKTPOreHEPALNU (ITOBBIILIEHUE
KIT[{pn. mpu Beipabotke 14,1 mupa. kBr-gacos ¢ 26,9% no 40%) — 2,1 MaH. T y.T.

Bceero — 28,9 MuiH. T y.T. ¢ y4eTOM peaju3aluy NOTEHIHaa 3HeprodpexTuBHO-
CTH B 3JIEKTPOI€HEPALIMH.

C yuerom guToMacchl (3HEPreTUYECKUX KYJBTYp), KOTOPbIE MOKHO MOJIy4YaTh Ha
TOp(sIHBIX BBIPAOOTKAX M APYTHUX YTOAbsIX, MoTeHIman BUD mMoxeT ObITh YBETUYEH ellle
Ha HECKOJIbKO MUJUTMOHOB TOHH YCJIIOBHOT'O TOILIMBA.

bananc B anexkTposHepreTHke, MUCXOAS M3 IMPOrHo3upyeMoro mnorpebienus 41
miapa. kBt-yac k 2020 1., MOXET BBITJISICTh CIETYIOIUM 00pa3oMm:

- Ma3yT — 1,7 mapa. kBr-uac

- IPEBECHOE TOIUIUBO — 2,5 MuipA. KBT-uac (13 pacuera ucrnonb3oBanus 1,25 miH.
Ty.T. Ha TOL u 3,2 MiH. T y.T. B KOTEJTBHBIX)'

- Obuoras — 2,5 mipa. kBt-uac

- OTXOJIBI PACTEHHEBOICTBA — 3 MIpA. KBT-uac'’

- BETpoBas 3Heprerrka — 12,3 mupa. kBr-yac

-T'9C - 0,4 mupa. kBt-uac

- TypOoaeTaniepHbie ycTaHoBKU — 0,65 mupa. kBt-uac

- map korenbHbIX — 0,85 Mapa. kBr-yac

- uMnopT — 3 mMapa. kBt-uac

-T'a3 — 14,1 muapna. kBt-uac.

16

Jlonst opraHMYecKOro TOIUTMBA B BHIPAOOTKE AJICKTPOIHEPTHH MOXKET CHIIHO BapbUPOBATHCS B 3aBUCHMOCTHU OT
Joneit ucnosibzoBanus B TOL] 1 B KOTENbHBIX.
" TIpu KITJT DLl Ha 0TX0AaX PACTEHHEBOACTBA, GHOrase M APEBECHOM TOIIHBE 25%.
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2.2.6. Cmoumocmb kancmpoumesibcmea 8 UHHO8aUUOHHOM CUeHapuu

CrouMocCTh BeTponapkoB oO01Ieil MomHoCThIO TIopsiaka 7 028 MBT cocraBnsier 7
MJIPA. J0JL1.

VnenbHass CTOMMOCTh OHOra3oBBIX YCTaHOBOK cocTaBisger mnopsaka 2000
noiu./kBt. Ucxons u3 mpomsBoacTBa 2,5 mipa. kBtu-uacoB (mopsiaka 380 MBT mpu
KUYM 75%) croumocTh OMOra3oBbIX YCTaHOBOK cocTaBuT 0,76 mJjpa. aoJu1.

Croumocts TOL| Ha OCHOBE IPEBECHOTO ChIPbS M OTXOJIOB PACTECHUEBOJICTBA
MO>KHO CPaBHHUTH CO CTOMMOCTBIO yroibHbIX TOC — 2500 momn./kBt. C yyerom mpowus-
BojACTBa 5,5 Mip. KBT-uacoB Ha OCHOBE APEBECHHBI U OTXOJOB PACTEHUEBOACTBA TpE-
oyemast MomrHOCTh coctaBuT 840 MBT ipu KUYM 75% cToumocTsio 2,1 Mapa. 1051,

Ucxons u3 pacuera 1450 nomn./kBT, crTouMocTh MOACpHU3AIMK W/UITU BBOJA HO-
BbIX 3500 MBT MomHOcTei Ha ocHoBe [II'Y coctaBut 5,08 mapa. goJ.

2.2.7. Pucku uHHog8ayuUOHHO20 cueHapusl.

MO>KHO BBIICIIUTH CIEAYIOIINE PUCKU

1. CobcTBeHHO 3K0oTHYecKre. K HUM OTHOCSITCS BO3JIEHCTBUS Ha OKPYIKAIOIIYIO
cpeny, HE XapaKTepHBbIE [1JIsl Ta30BOM U IEPHOI reHepalii, a UMEHHO:

- YMEHBIIICHUE KOJTMYECTBA OPTaHUKH, MOIMA/IAIOIICH B TTOYBY BCJIEICTBUE COKHUTa-
HHSI OMOMACCEHI,

YMeHbllIeHue 3arnacoB Topda,

- IIIyM OT BE€TPOYCTaHOBOK,

2. CHuXeHue MpPOU3BOJCTBA OMOMAcChl (MPOAYKTUBHOCTH CEIBCKOTO U JIECHOTO
xo3siiicTBa). Kpaitne manoBepositeH. Kak ypoxaitHOCTh, Tak U BaJIOBOI cOOp MPOIyKIIUU
pactenueBojicTBa nocneanue 10 net HeykioHHO pociu. OO1iiee MorojoBbe CKOTa MoCIe
crazia 1990-x rogoB HaXOAUTCS MPUMEPHO HA OJHOM YpPOBHE.

3. Pucku, cBsi3aHHbIE C U3MEHEHUEM Kinmata. Cpelid CIeACTBUI U3MEHEHHUS K-
Marta jis benapycu OyayT:

- TIOBBIIIICHUE KOJIMYECTBA OCAJIKOB;

3TO MPUBEIET K POCTY MPOAYKTHBHOCTH OMOMACCHI M BOJHOCTH PEK. YTO MOJIOKH-
TEITBHO CKKETCs Ha BBIPaOOTKE deKkTposHeprun BUD;

- CHIDKCHHIO YMCJIa COJIHEYHBIX JTHEH, YTO MOBBICUT MOTPEOHOCTh B OCBEIICHUU U
OJTHOBPEMEHHO CHU3UT BO3MOXHOCTb MCIIOJIb30BaHUSI COJITHEUHOUN YHEPTUH;

- ocnabJIeHue CpeHel CHIIBI BETpa, YTO CO BPEMEHEM CHU3HT BBIPAOOTKY JJIEK-
TPOSHEPIUU BeTpoyCTaHOBKaMI/Ilg;

- YBEJIMYEHUE KOJIMYECTBA UYPE3BBIUAWHBIX MOTOJHBIX CHUTYallMil: 3aMOPO3KOB C
o0Jie/IcHEeHNUAMH, YparaHHbIX BETPOB, BOJH Kapbl. DTO MPHUBEIET K HEOOXOAUMOCTH TO-
BBIIIICHUSI MAHEBPEHHOCTH M HAJIEKHOCTH SHEPTOCUCTEM U 0ObEKTOB SHEPTETUKH.

4. TexHu4YeCKHE PUCKH, CBA3AHHBIE C CO3JaHUEM OOBEKTOB HETPAIUIIMOHHOMN BET-
posHepreTuku. HeBenuku, Tak Kak pedb HIET 00 alpoOMPOBAHHBIX TEXHOJIOTHUSX U 00b-
eKTaX HEOOJBIION MOIITHOCTH.

5. Opranu3aiuoHHbIC PUCKU, CBSI3aHHBIC C CO3JaHUEM OOJIBIIOTO YHCIIA JIOKAh-
HBIX 00BEKTOB HETPATUIIMOHHON BETPOIHEPTETUKH:

18 CZICJ'IaTB BI)Ipa6OTKy COJIHEYHOMU QJICKTPOIHCPIUHU HE3aBHUCHMOH OT NOTroAbl MO3BOJIAKOT NPOCKTHI PA3SMCIICHU
(bOTOE)J'[eMeHTOB Ha BO3AYIIHBIX ITapax, MNOJHUMACMbIX BBIIIC 00J1aKOB
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- pa3zpaboTKa CXEMbI pa3MEIICHUs] 00OBEKTOB PHEPTreTUKU C YUYETOM MECTHBIX yC-
JIOBHUM;

- OpraHm3aiys MPOeKTUPOBAHHUS, CTPOUTEIBCTBA U IKCILTyaTalluy OOJIBIIIOTO YHC-
712 00BCKTOB.

OTH PUCKHU B YCJIOBUSIX IIEHTPATM30BAHHON SKOHOMHKHU CJIETyEeT MPU3HATh BEChMa
CYIIECTBEHHBIMU.

6. KaapoBbie pucku — opranuzaius MoAroTOBKH KBATU(PUITUPOBAHHBIX KAJAPOB.

Ha peanu3zanuio rocrnporpaMMbl MOJATOTOBKH KaApOB IS SJIEPHOW DHEPTCTHKU
benapycu na 2008-2020 roast notpedyercst okoso Br523 mupa. (oxono 186 muH. gost.
CH_IA).19 DTa cyMMa HE BXOAMT B 3aTPaThl MO SAEPHOMY CLIEHAPUIO.

[ToaroToBka crienuaIMCTOB JJIsi BO30OHOBIISIEMON PHEPTETHKU B PECITyOJIMKE Be-
JIeTCs, HO BHUMaHUE TOCyAapCTBa K Hell HECPAaBHUMO MEHbIIIE.

2.3. CBoAHbIe AaHHbIe NO AAePHOMY U UHHOBALMOHHOMY CLieHapuaM

Jlnst yripoiiieHus: cpaBHEHHs B 000UX CIIEHApUAX MPUHATHI OJJMHAKOBBIE TTOKa3aTe-
U abCOMIOTHOTO POCTa SHEProMOTPEOSICHUS: POCT MOTPEOJIEHUS AIEKTPUUECKON IHEP-
run ¢ 34 mupa. kBr-uacoB no 41 mupa. kBruacoB B 2020 rogy u poct motpebdieHus
NEPBUYHBIX PECYPCOB B KOTEJIBHO-IIEYHOM OasiaHce ¢ 28 MIIH. T y.T. 10 31 MIJIH. T y.T.
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Pucynok 11 - ATOMHBIIi clieHapHii, 02JaHC KOTEeJIbHO-NIEYHOI0 TOIIUBA, (MJIH. T y.T.)

B aromMHOM cueHapuum HET KapIMHAIBHOIO yXOJa OT Ia30BOM 3aBUCUMOCTH —
CHIDKEHHME ToTpedisieHus raza cocrasiser 23%. [Ipu sTom nosiBisieTcs He0OX0IUMOCTh
pereHus npo0sIeM, TPaJUIIMOHHO MPUCYIIUX JUIsl aTOMHOM HEPTreTUKH (CM. pasnen 4).

" Tlocranosnenne Cosera munuctpos Pecry6muku bemapycs ot10 centsabps 2008 T. Ne 1329 «O6 yTBepKaeHAN
I'ocynapcTBeHHOI ITporpaMMBbl ITOArOTOBKH Ka/IpOB JUIS siiepHOM sHepreTuku Pecny6muku benapychk na 20082020
TOJIBD».
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Pucynok 12 - UHHOBaUMOHHBIH clleHAPHIi: 0aJIaHC KOTEJIbHO-NIEYHOI0 TOIIUBA (MJIH. T y.T.)

B unHOBaImoHHOM crieHapuu 3a 15 JieT CHUKeHUe MOoTpeOsIeHNs ra3a B SHEPreTu-
K€ 3HAYUTEJBHO BBIIIE, YeM B sepHOM, — outu Ha 50% wim 9,2 mapa. ky0. m ¢ 18,5
MIIpI. Ky0. M 10 9,3 mupa. kyO. m.

J1J1s1 OTICHKM CTOMMOCTH CIICHAPHEB B3ATa OIICHKA CTOMMOCTH KallCTPOUTEIhCTBA B
AIIEKTPOIHEPTETUKE (1O JOCTYIHBIM JIAHHBIM).

Tab6muma 7 - CpaBHeHHe SIIEPHOT0 U HHHOBAIIMOHHOTO ClleHAPHS B jiekTpodHepreTuke Pb 10 2020 r.

. . NHHOBaLMOHHBII
SlnepHblii cueHapui . Ynenabnas crou-
cueHapuii
BBoaumbie/ MmonepHu- MOCTb KancTpou-
Broaumbie/ MmogepHu-
3upyeMble MOLIHOCTH, TeJbCTBA,
3upyeMble MOLIIHOCTH,
MBT J0J11./KBT
MBT
I'a3oBas reneparus 3000 3500 1450
ATOMHas TreHepanus 2000 0 2140
BetpoBble ycTaHOBKH 5 7000 1000
buorasoBsle ycTaHOBKH 0 380 2000
I'enepanus Ha IpeBECHOM 0 840 2500
TOIJIMBE U OTXO0JaX pac-
TEHHEBOJICTBA
Topd u nurauH H.I. H.JI.
I'2C H.I. H.I.
TypOomeranaepHbIe yc- 60 100 H.J.
TaHOBKH
DHeprus mapa KoTeJb- H.JL H.. H.J.
HBIX
ConHe4Has SHEpreTHKa 0 H.I. H.J.
CTOMMOCTH KaIlBJIOJKE- 8,63/10,9%* 14,9
HUM, MIIPJ. JTOJUI.

30



IIponoskenue Tadauubl 7

Kon-Bo 3amemaemoro rasa 4,35/4,23*%* 9,2
B DHEPreTHKE, MIPI. M3
VenbHas CTOUMOCTh 3a- 2/2,6%** 1,6

MEIIIaeMOT0 rasa, MIIp.
JIOJUL./MIApA. M3

*C yueToM HHPPACTPYKTYPHI U JOMOTHUTEIEHOTO TOPSYEro pe3epBa

** C yueToM rasa ajist obecreueHus JOINOIHUTENBLHOTO ropsiuero pesepsa (mpumepHo 0,12 mapa. m3)

*#% C y4eTOM CTOMMOCTH HH(QPACTPYKTYPBI, JOTOIHUTEIHHOTO TOPSIYero pe3epBa U o0beMa rasza s

o0ecrmeveHus! TOMOJTHUTEIEHOTO TOPSYero pe3epaa

VHHOBAIMOHHBIN CLIEHAPHI OKa3bIBACTCS JOPOXKE SIEPHOTO0 B aOCOJIOTHBIX 3HA-
YEHHUAX 3a CUET TOr0, YTO MO3BOJISIET IKOHOMUTH MOYTH Ha 5 MIIpA. KyO. M raza OoJibliie,
YEeM SJICPHBIN CLIEHAPUU.

B nepecuere Ha yAenbHYI0 CTOMMOCTh SKOHOMHH €MHUIIBI 00bEMa ra3a WHHOBA-
IIMOHHBIN crieHapuii oka3bpiBaeTcs Ha 20-40% nemieBie. DTO MOATBEpKIaeTCS OQHUIIN-
aJbHBIMU JTAHHBIMH CTOMMOCTU HCIOJb30BaHUsI coOcTBeHHBIX TOP benapycu, B KOTO-
PBIX 3HAYUTEILHYIO JIOJ0 3aHUMAIOT BO30OHOBIISIEMbIE HCTOYHUKH.

JIOMOMHUTENbHBIM MCTOYHUKOM (DUHAHCUPOBAHWS HWHHOBAIIMOHHOTO CIEHAPUS
MOJKET CTaTh UCIOJIH30BAHUE OJTHOTO U3 (PMHAHCOBBIX MeXaHM3MOB KHOTCKOro mpoTOKO-
Jla — MPOEKTOB COBMECTHOTO OCYIECTBICHUS. [Ipr CTOMMOCTH coKpallieHusi BHIOpocoB 1
T CO, 10 momnapoB cymma, nosrydaemasi o [1ICO a1t mpoeKToB yTHIIM3AINH OHOMACCHI,
COCTaBUT 0KO0JI0 50 MIIH. TOJJIapOB B TOJI.

Tadauna 8 - CpaBHeHHe 3KOHOMHYeCKOT0 3¢ deKTa NCIoIb30BaHUA COOCTBEHHBIX TP
(Ha 2006-2010 rr.) u cTpoutesbcTBa ADC (10 JaHHBIM NpaBuTeabCTBA PB, [2, 9])

YaeabHbie Ka-
KanurajabHble BJ0- O:xunaemMblii IKOHO- NUTAJIbHbIE
JKeHus, Mu4yeckuii 3¢ dekr, BJIOKEHMH,
MUTH. poJutapos CLIHA THIC. T Y.T. nosi. CLIA/T
y.T.
MectHble Buabl TOP 747,8 1380,0 542
ADC/ADC+unrdpacTpykTypa 4280,0/5780,0 5000,0 856/1156

C yuerom cnenu(puyecKux 3aTpaT, CONPOBOXKIAIOIINX S/IEPHBINA CLICHApUH, HHHO-
BAI[MOHHBIN CLIEHApUI CTAaHOBUTCH elle 0ojiee MPUBIEKATEIbHBIM.

C TOYKM 3peHHs] CTOMMOCTH BBIpAOATHIBAEMOM 3JIEKTPOIHEPruu, 00a cCueHapHs
cpaBHUMBI. HO ¢ y4eTOM Maccel SKOHOMHMYECKUX PUCKOB, TOIUIMBHBIX OTPAaHUYECHUU,
cyOCHIMPOBAaHNS ATOMHOM SHEPreTUKY MHHOBALMOHHBIN CLIEHapHil Kak MMHUMYM Ooliee
cTaOuIIeH.

OCHOBHBIE PUCKH pealn3alii MHHOBALMOHHOIO CLIEHApUsS CBS3aHBl C MOJArOTOB-
KO KaJpoB M NPUBS3KE K MECTy OOJBIIOr0 KOJMYECTBA HEOONBIINX OOBEKTOB — B KO-
HEYHOM CYETE C BHUMAHUEM OPraHOB BJIACTH.
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3. KOPPEKTHOCTb 9KOHOMMYECKUX
PACHYETOB NPU NPUHATUMU PELLEHMA
O CTPOMTEJNIbCTBE ASC B Pb

[Tonmutuueckoe pemenue o ctpoutensctBe ADC B Pb conpoBoxaanocs 3KOHOMHU-
YECKMMHU pacyeTaMy U HAayYHbIMHU OLIEHKaMH. B COOTBETCTBHHU C OLEHKON COTPYJIHUKOB
WHCTUTYTA SHEPreTUYECKUX U SIACPHBIX HccienoBaHuii CocHbl [3], aTOMHBIN clieHapuid
OoJsiee NemIeBbId ¢ TOYKH 3PEHUS JOJITOCPOUYHBIX MAKPOIKOHOMHUYECKUX IMOKa3aTelied 1Mo
CpPaBHEHHIO C MOACPHHM3ALMEN ra30Boil renepaunu Ha ocHoBe [11'Y-texHonoruii. B coot-
BeTCTBUM C mo3unmer HanwmonaneHol akamemuu Hayk [8], ADC crabunusupyer cebe-
CTOMMOCTB JIEKTpO3HEpruu B s3Heprocucreme Pb Ha ypoBHe 13 1ienToB 3a kBT-4ac BMecTo
nporaozupyemsix 18-21 nenrax 3a kBr-uac k 2025-2030 rr. B «ra30BoM» clieHapuH [8].

OpnHako B OLEHKAaX JKCMEPTOB, 0OOCHOBBIBAIOMIMX BBITOAHOCTH CTPOUTENIHCTBA
ADC, npucyTCTBYyeT psAll NPUHLUUNHAIBHBIX HETOYHOCTEH, 4TO TPEOYeT NOIMOJIHUTENb-
HBIX PaCYETOB U NEPENPOBEPKHU MOIYUEHHBIX PE3YIIbTATOB.

Buioop anemepnamue. Kak ormedeHo B [7], 3a mocineanue 25 JIeT HU B OJIHOU
CTpaHE MUpPA C PHIHOYHOW 3KOHOMUKOW HHU OJIHA YAaCTHAas KOMIIAHUS HE PellInjach UHBE-
CTHUpPOBATh B aTOMHYIO PHEPreTHKy 0e3 MOJAEepKKU rocyAapcTBa Wiau 0e3 MpeaocTaBlie-
HUs TapaHTUH NOKYNKH IIPOM3BEICHHOW sHepruu. B Poccum mporpamma moanep:kku
SJIEPHON PHEPTEeTUKU MpeayCMaTpUBAET BbIJeNeHHE mopsiaka 1 TpaH. pyoneit (40 mupa.
nosutapoB B 1ieHax 2008 r).

["apaHTHs NOKYIIKHA MPOU3BEACHHON SHEPIHH O3HAYAET, YTO SHEPrOKOMITAHUU JTOJIK-
HBI OyIyT OKymaTh 3Heprui0o ADC, 1axe B TOM Cilydyae, eclid OHa OyJIeT JOpOXKe SHEPTrUuH
JPYTUX JEKTPOCTAHIMK. DTOT (PAKT JIydIlle BCErO CBUIECTEIbCTBYET O TOM, YTO YTBEPIKIE-
HHE 0 HU3KOH ce0ECTOMMOCTH SIIEPHON SHEPTUH CIIPABEIIMBO JAaJIEKO HE BCET/a.

Cpasnenue cmoumocmu cmpoumenvcmea AIC u IIT'Y-cmanyuii. CpaBHUTEb-
Hast xapakrepuctuka ADC u TII'Y-cTaHnmii sBisercs TPUHIMIHAIBHON NPU BBIOOpE
SHEPreTUYECKUX CIIEHApUEB. B 3aBUCMMOCTH OT TOro, KakMe W3Ha4ajJbHbIE KAMBIOKEHUS
TpeOyIoTCS B pa3BUTHE Ta30BOM M aTOMHOM T'€HEpaluu 3aBUCUT SKOHOMHUYECKas IMpej-
MOYTUTEIBHOCTh TOTO WJIA HHOTO CLIEHAPUSL.

B npennoxxeHHoMm sijepHoM crieHapuu ctoumMocTb ADC ABHO 3aHMKeHa. B coot-
BETCTBUU C TOYKOW 3pEHHUS IKCIEPTOB MHCTUTYTA IHEPTreTUUECKUX U SAEPHBIX MUCCIIEI0-
Banuii CocHbl [3], yaenpHas croumocts [II'Y craHumii modyru paBHa CTOMMOCTH Kall-
ctpoutenbetBa ADC 1116 gomn./kBt mpotus 1126-1299 nomn./xBt pns [I'Y-cranmuii.
[Ipu sTOM gaHHBIE AJi1 aTOMHOW reHepauuu B3sThl Ha 2000 roa, B TO BpeMsi Kak CTOU-
MocTh [II'Y-Texnonoruit mpusenena Ha 2007-2008 rr. u Ta, CKOpee BCErO, 3aBBIIIEHA C
y4yeToM oribiTa crpoutenbersa [1I'Y-cranuuii B camoit benapycu.

[Ipu cpaBHEHMM MCTOJB30BAaHBI TEXHUUECKUE U DIKOHOMUYECKHE XapaKTEPUCTUKU
obopynoBanus 30-netneit gaBHoctu. (lnsxun I1.H. [1apoBbie u ra3zoBbie TpyOuHBI. M.
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"Oueprus", 1974). 3a 310 BpeMs XapaKTepUCTUKU T'a30BbIX TypOUH U OCOOEHHO Mapora-
30BBIX YCTAHOBOK COBEPIIEHCTBOBAJIUCH 0o0jiee ObICTPHIMU TEMIAMH 10 CPABHEHHUIO C
"yucTO" MapoOBBIMHU, B TOM YHCIIE JUUISl AaTOMHBIX YHEProOJI0KOB. MHpPOBOIl OMBIT CTPOU-
tenbcTBa ADC MOKa3bIBAET, YTO CTOMMOCTb CTPOMTEILCTBA ATOMHBIX HHEPrOOJIOKOB B
1,5-2 pa3a npeBblaeT CTOUMOCTh cTpouTenbeTBa [1I'Y -cranuu.

[Ipuuem TeHAEHIMU POCTAa CTOMMOCTH 3THUX JABYX TEXHOJIOTMI Ha MpUMEpPE 3apy-
OEKHOTO OMbITa MOKAa3bIBAIOT, YTO 3TOT pa3phiB yBeanuuBaeTcs. Hanpumep, B cooTBET-
ctBuu ¢ gokmnanom Cambridge Energy Research Associates Inc., MaTepuaiibl st CTpou-
tenscTBa ADC Bripocin ¢ 2000 r. k Hayany 2008 roga Ha 173%, B TO Bpemsi Kak s
ra3oBoil Bcero Ha 92%.

Pocm cmoumocmu AIC ¢ npouyecce cmpoumenvcmea. B nponecce cTpouTeb-
ctBa crouMocTh ADC pacTeT ¢ y4yeToMm pactylux TpeboBanuii k 6e3omacHoct ADC, a
TAKK€ M3HAYAJIbHO 3aHM)KCHHOW PACUYETHOM CTOMMOCTH KamlBJOXEHUW. B pesynbrare B
MpoLIecCe CTPOUTENHCTBA ATOMHOTO YHEPro0I0Ka, KOTOpOe 3aHUMaeT 5-7 JIeT, CTOUMOCTh
aTOMHOM TIeHepalH, pacTeT 3Ha4YuTelbHO. Hampumep, CTOMMOCTh CTPOMTENBCTBA
Tpethero Omoka Kamnnunckoit ADC npeBbicuiia pacuetnyto Ha 110% (cM. pazzaen 4).

Poct crommocTr B mporecce CTpOUTEIbCTBA SBIISCTCS MPUHIUIHAIBHBIM (DaKkTO-
POM MpHU OLEHKE OKYMAaeMOCTH M PEHTA0EIbHOCTH aTOMHBIX MPOEKTOB. Tak, B MPOEKTE
BTOpOi ouepenan bamakoBckoii ADC (2 suepro6moka BBOP-1000) mpucyrcrByeT aHanm3
YYBCTBUTEJIIBHOCTU MPOEKTA Ha YBEJIUYECHHE 0O0bEeMa KalUTaJIbHBIX BIOXKEHUH B MPOM-
CTPOUTENBCTBO. BhINoHEHHBIN aBTOpamu npoekra banakoBckoit ADC aHanu3 mnokasai,
YTO MPOEKT UMEET YUCTHIA TUCKOHTUPOBAHHBIN JOXOJ PaBHBIN HYJIO MPU YBEIUUYECHUU
o0beMa KalnuTaJbHBIX BJIOKEHUH B IMpomcTpouTenbcTBo Ha 60% [14]. B ciywae co
CTPOMTENILCTBOM, Hampumep, Tpethero 6soka Kammaumuckoir ADC mpeBbINICHHE COCTa-
Buiio 110%.

Yuem zaza, neobxo0umozo ona ysenuuenua 2opavezo spauijaouiezocs pe3eped.
ADC nomxHa paboTtaTh B 0a30BOM peXuUMeE, U HE MpeAHa3HaueHa Uil PeryIupOBaHMS
MOIIIHOCTH 3HEProcUCTEMbI. B TakoM peXrMe HeT HMKAaKUX OTpaHMYE€HHUH 10 CKOPOCTHU
cOpoca Harpy3Kkd, OJTHAKO MOJbEM Harpy3KH OCYIIECTBIISIETCS OYEHb MEIJIEHHO, CTYyIle-
HSIMU C BBIIEPKKOM MO BpEMEHU Ha KaXKIO0M CTYINEHHU Ui MPEAOTBPAIICHHS MOBPEXKIE-
HUs ToruiBa. [1oaToMy Ynciio pa3rpy3ok OJOKOB OYE€Hb OTPAaHMUYEHO U MPEJIHA3HAYEHO B
OCHOBHOM JJIs IIJIAHOBBIX M aBapHMHBIX cOPOCOB HAarpy3Kd WJIM OCTAaHOBOB OJOKOB MpHU
noBpexaeHuu obopyaoBanud. [lo undopmaruun HADK "DueproaTtom", uncio pexum-
HBIX pa3rpy3ok 6;10koB ADC YkpauHsl B TeueHUH roaa koaeodnercs ot 0 1o 4 — 6.
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Pucynok 13 - Harpy3ka ADC Ykpaunbl B 2004 roay B COOTBETCTBUM ¢ (PAKTHUECKUMH
peMonTamu. McTOUHHK: caiiT rocnpeanpusaTus YKpaunb! "IHepropbinok" >

Ceilfyac MOIIHOCTH caMbIX O00JbIINX 3HEProodmsokoB "bemdHepro" cocrasiser
330 MBrT. nocne BBoga B 2010 r. III'Y-450 na Munckoit TOII-5 camast kpymnHasi MOIII-
HocTh coctaBuUT 450 MBT. CrpourtensctBo ADC ¢ mouiHocThio 3Heprodiokos 1000-
1150 MBT notpedyeTt coziaHusi JONOJHUTEILHOIO TOPSYEro pe3epBa B pa3Mepe Kak MU-
HuUMyM 550 MBT.

[Tpu HaxoxeHun o0OpyAOBaHUS B ropsiueM pesepse (¢ MomHocThio 50% OT HO-
MUHaJIbHOW) pacxo] ToIuMBa Bo3pactaeT npumepHo Ha 10%. To ectb ropsiunii pe3eps B
1000 MBT notpebnsier 260 ThiC. T y.T. B TOJ. B 3T0i1 CBSI3U B pacueT TOIUTMBHOTO OayaH-
ca peciyOJIMKH HeOOXOJUMO BBECTH MOMPABKY Ha KOJIMYECTBO JOMOJIHUTENBHOIO rasa,
HeoOxonuMoro i noanepkanus pezepsa s ADC — npumepHo 140 TeIC. T y.T. B TOI.

Yuem cmoumocmu pezynupyrowyux mowinocmeii. VInrerpanys aToMHON TeHepa-
1IMU B 00BbeMe puMepHO 25% OoT 00111Ieil YCTaHOBJICHHOM 3JIEKTPUUECKON MOIIHOCTHU MPHU
J0Jie B BBIPAOOTKE 37eKTpodHeprun 32% sBISETCS CI0KHOM TEXHOJOTUYECKOM 3a/1adeil.
B cootBeTcTBUM C [2], 3TO NPUBENET K CIOHCHOCU 8 NPOXOHCOCHUU CYMOYHBIX NPOBA-
7108, HEOOXOOUMOCMU COOPYHCEHUSI CNEYUATIbHBIX Pe2YIUPYIOWUX MOWHOCMEU (2UOPOAK-
KYMyaupylowei cmanyuu, akkymyasamopog meniomsl u m.n.) CTOUMOCTb pPEryupyro-
X MOIITHOCTEH TaKke JT0JDKHA OBITh yUTEHA B SIACPHOM CIICHAPUU.

B Takoii cutyanumn Ha YKpauHe, Ipu onepatuBHOM muianupoBanuu ['T1 "Duepro-
peiHOK" 1 HOK "VkpaHepro" BbIHYXIE€HBI IIpeAycMaTpUBaTh B TEYEHHE T'OJja OrpaHuYe-
Hue BbIpaboTkn ADC, paxe ¢ MmMuHuMH3anuer padbotel TOC HWKEe MUHHUMAIBHO-
JIOITYCTUMOT'O YPOBHS "KUBY4ECTH" CTaHILIMM.

Kax Bunno u3 rpaduka Ha puc. 14, 6a3oBas Harpyska B Pb coctaBiser npumepHo
3 300 MBr. [TukoBbie Harpy3KkH MOKa3bIBa€T OCTPOTY OyayIiel mpoOiaeMbl CyTOYHOTO U
HEJIEJIBHOTO PEryJupoBaHuss MoOIIHOCTH razoBeix TOC ¢ BBogoM ADC — 2000-
2300 MBr.

0 http://www.er.gov.ua/doc.php?p=1316&wid=4d3ace59¢03811eb6ac055ddb366f00
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PucyHnok 14 - Tunu4nslii HeedbHbIN rpaguk jekTpudeckoil Harpy3ku OJ9C benapycu
B 0TONUTELHBII nepuoa (2007 r.)

C ydeTroMm cpemHel peryJMpOBOYHOW BO3MOXKHOCTH OJIOKOB KOHJICHCAITMOHHBIX
ctanuuii Ha ypoBHe 0,46 ctpoutensctBo ADC moTpedyeT U CTPOUTENbCTBA THAPOAKKY-
mynupytotien snekrpoctaniiuu (I'ADC) momuocThio HEe MeHee 1000 MBT.

Ouyenka cmoumocmu mapugha AIC ¢ yuemom medxcoynapoonozo onvima. 1o
TaHHBIM, IPUBOJUMBIM B [8], cO cchuikoi Ha BeemupHyto siiepHyto acconuanuio, cede-
CTOMMOCTH AekTpodHeprun ADC Bo @pannmu coctasiseT Ha ceroans 2,54 u 3,93 es-
POILIEHTOB 3a KMJIOBATT-4ac MpU HOpMe JucKoHTHpoBaHus S5 u 10% cooTrBercTBeHHO. On-
HAaKO Ha MpakTHKe 3To janeko He Tak. B 2008 romy B CBSI3M C pOCTOM CTOMMOCTHU
ctposiierocs: peakropa Bo ®@namansuie (Opanmus) Ha 20% ¢ 3,3 10 4 Mipa. eBpo, KOM-
naHusi Areva yBelauuuia MpOrHO3UPYEMYIO CTOMMOCTD MPOJIaBAEMOM 3JIEKTPOIHEPIHH C
4,6 o 5,4 eBpoueHTOB 3a KBT-uac, 4To SIBHO BbIlI€e 3asiBIE€HHBIX 2,54-3,93 eBpOLEHTOB
3a kBr-yac.

B otHOmennn croumocTu 3Hepruu poccuiickux ADC 3a pyOexoM ciemayer yka-
3aTh Ha HEJIaBHUE pe3yJIbTaThl TeHAepa Ha cTpouTenscTBO ADC B Typuuu, rae eamHcT-
BEHHBIM YYaCTHUKOM TEHJIepa OKa3ajach pOCCHICKas KoMIaHus AToMmcTpoilakcnopt. B
3asiBKE€ ATOMCTPOMAIKCIIOPTA 1I€HAa Ha OTIYCKAEMYIO 3JIEKTPOIHEPTHUIO C SHEProOJIOKOB
poccuiickoro au3aiiHa coctasisa 20,79 1eHTOB 3a KuioBaTT-4ac. Jlaxe ¢ ydeToM Auc-
KOHTHOW CTaBKH CEOECTOMMOCTh MPU TaKOM OTIYyCKAaeMOM IIeHE SBHO OyAeT MpEeBHIIIATh
MTOPOTOBYIO «CTAOMIIM3UPYIONTYI0 cedecTouMOCThY» B 13 1ieHTOB 3a KBT-4yac. B 310t cBsI-
31 3KcepTHOMY coobiecTBy Pb crienyer u3yunTs cuTyaluio BOKPYT TEHIEpa Ha CTPOU-
TenbcTBO ADC B Typuuu M NpuYUHBI pa3HULBI MEXYy OTIycKHOU 1eHoit ADC poccuii-
ckoro nu3aitHa B Poccun u 3a pyOexom.

[Ipu sTOM crnemyeT ydecTh TOT HEOCHMOPUMEIN (DaKT, 4TO pocT Tapuda aTOMHBIX
CTaHIM BHYTpU Poccuu cuepKuBaeTcsi B TOM YHCIIE 32 CYET MHOTOYUCICHHBIX CyOcH-
muii. Henoornenka nonu cyOcuanpoBaHus aTOMHOM YHEPTETUKU B pacueTax 0elopyCCKUX
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AKCIIEPTOB BeAeT K omMO0o4HbIM orieHKaM Tapuda ADC. Cpeau cxem cyOcuaMpOBaHUs
POCCUICKOI SHEPTeTUKH HEOOXOAUMO KaK MUHUMYM BBIJICIIUTD:

- IpsAMOE OF0/IPKETHOE CyOCHIMPOBaHHUE,

- 3apy0OeKHas MOMOIIIb,

- HaJIOTOBBIE JILI'OTHI.

Exeronno ¢enepanbubiii OroxeT Poccuiickoit Denepanuu BbIAESISIET aTOMHOMN
HPHEPTeTUKE 3HAUMUTENIbHBIC CPEACTBA B paMKaX TaKuX MporpamMm kak «be3zomacHocTh
aTOMHOW IPOMBINUIEHHOCTH Poccumn», «be3onacHOCTh aTOMHBIX 3JIEKTPOCTAHLIHUM U HC-
CJIEIOBATENIbCKUX SIIEPHBIX YCTAaHOBOKY», «be30MacHOCTh U pa3BUTUE aTOMHOM YHEPTeTH-
Ki». Bcero B paMkax 3TUX mporpaMM BBIIEISUIOCH 110 2,5 M. pyOniei exeromaHo (naH-
Heie Ha 2004 r.) o 2015 roma ToNbKO Ha CTPOUTENBCTBO HOBBIX ADC B paMkax eiie
OJIHOM MporpaMMbl MO PA3BUTHIO SJIEPHOTO KOMIUIEKca Oyner BbiaeneHo okojo 700
MJIpJI. pyOJielt OI0PKETHBIX aCCUTHOBAHHM.

Kak eme oqun npumep mpsmMoro cyOCHINPOBAHMSI MOXKHO TIPUBECTH COJICPIKAHKE
3a CUeT rocyJapCcTBa BOMHCKMX YacTell BHYTPEHHUX BOMCK, oOecreunBaromux (usnde-
ckyto 3ammty ADC u 00bekToB ATL[. OueHuts 00beM CPEICTB HA COJEPKaHUE BOWH-
CKUX TMOJpa3JIelIeHUI CI0XKHO, HO JUIsl 3a1uThl Kaxaon ADC tpebdyercs NpUMepHO OJTHA
poTa BHYTpeHHUX BoMCK. [[ns oxpanbl HekoTopsix npeanpustuii ATL] tpedyetcst 6omnee
3HauuTeNbHbIE cHibl. Hampumep, oxpany ['opHO-XMMHUYECKOTO KOMOMHATA OCYIIECTBIISA-
€T MOJIKOBOE MOJIpa3/Ie]ICHUE BHYTPEHHUX BOMCK.

B pamkax 3apyOexHoii 6e3B03Me31HOM oMoy Pocatom moiydaer iy noigyyant
MOMOIIIb B CIEAYIOMHMX (JaJeKO HE BCEX) MEXKTYHAPOAHBIX MTPOrpaMMax:

- MIBEJCKUI MEXIyHapOIHBII IPOEKT;
nporpamma TASIS EBporneiickoit koMuccuu;

MeXIyHapoHas mporpamma sjaepHoi 6ezonacHoctu CIIA;
mporpamma sijiepHoi 6e3onacHoctu BenukoOpuranum.

ctu BenukoOpurtanuu.

ITo uroram 2003 r. Bemach pabora mo 152 MexIyHApOIHBIM MPOEKTaM OOIeh
croumoctbio 164 muH. pomn. B aBrycre 2003 r. ogHa Toiabko DPUHISAHAMWS BBIACIHIIA
«Pocaneproaromy» okosio 300 MIH. pocCUUCKUX pyOJiel AJis MOBBIIICHUSI YPOBHS 0€30-
nacHoctu Jlenunrpanackoit ADC. B 2003 r., mpaButenbctBo OPIT HampaBmino 6e3B03-
Me3/IHbI€ aCCUTHOBAHUA B pazMepe 10 7,02 MITH. €BpO Ha peaau3aifio IPOeKTOB 1Mo ¢Gu-
3UYECKOW 3allUTE SAECPHBIX MarepuanoB Ha teppuropun Poccuiickon denepanuu. 1o
naHHbIM CuetHoit miatel, B 1998-2000 rr. B KauecTBe MEXIyHapOAHONW MOMOIIM Ha (Pu-
HaHCUpOBaHUE paboT mo obpamenuto ¢ PAO oT MHOCTpaHHBIX TOCYJIaPCTB U OpraHU3a-
Ui noctynuio 6oiee 270 MIIH. 1011

B cBs3u ¢ npunsatueM 3akoHa «O0 0CBOOOXKACHUH OT yIUIaThl HAJOra Ha UMYIIe-
CTBO NPEINPUITHHI, 3aHUMAIOLIUXCSI XPaHEHUEM PaJMOAaKTUBHBIX MaTepuasioB u PAOy,
ObUTH MPUHSATHI MonpaBku kK HamoroBomy kojnekcy Poccuiickoit denepannu, B COOTBET-
CTBUM C KOTOPBIMHM OpTaHU3AINH, 3aHUMAIOIIHUECS XPAaHCHUEM PaJMOAKTUBHBIX MaTepra-
joB u PAO, ocBoOOX1at0TCA OT HAJIOTa HA UMYIIECTBO — 2,2% OT CTOMMOCTH HEABUKH-
MocTH. C y4eTOM CTOMMOCTHM MMYIIECTBA ACHCTBYIOIIMX XpaHWIUIl PocatoM MOKeT
NOJTy4YaTh CKPBITbIE CyOCHANM B BUJE OCBOOOXKICHHS OT HAJIOTOB A0 2 MIpPA. pyO. exe-
TOJIHO.
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CyMMapHbie CYOCHAMHM C YYETOM HEBBITIOJHEHHUS COIUAIBHBIX IMPOTPaMM, IO
otieHke [16], cHmkaroT cebecTOMMOCTh aTOMHOM SHepruu nmpumepHo Ha 30%.

MOXHO KOHCTaTHPOBaTh, YTO AHAJOTUIHBIC CXEMBI CYOCUAMPOBAHUS 3aKJIa IbIBa-
totca U B benapycu. Hampumep, B COOTBETCTBUUM ¢ HelaBHO MpUHATHIM B Pb 3akonom
«O0 aTOMHOM 3HEPrUmN», MPEAINONATAETCS, YTO «OJisl AMOMHOU INEKMPOCMAHYUU UTU ee
b10Ka pono 8v18600a U3 IKCNAYAMayuu Gopmupyemcsi 3a cuem cpeocms, noJlyYeHHuIX Om
npoOadCU 3eKMpPU4ecKol U Menio8ol dHepeUU U OKA3aHUs UHBIX YCIye, d_HaKice 3d
CUem UHbIX UCHIOYHUKOS, He NpOmugopeyawux 3axonooameibcmayy. OakTudecku 3a-
KOH OTKPBIBACT ITyTh K UCITOJIb30BAHUIO OFO/DKETHBIX CPEACTB st popmupoBanus GpoH/a

BbIBOIa ADC u3 3KCIulyaTalliM M JPYIMX CTaTeld pacxoJ0B, XAPAaKTEPHBIX HUCKIIIOYU-
TEIBHO ISl aTOMHOM SHEPTreTUKH.

Ouyenka pocma cmoumocmu ypanoeozo monauea. B coorsercteuu ¢ [3], B uc-
CJIEIOBAHUSX TIO ONTUMU3AINU SHEPTOCUCTEMBI Pb MPUHAT pOCT CTOMMOCTH TOIJTUBHOTO
ukia Ha 0,5% B rox. CTOMMOCTh CBEXKEro TOIUIMBA MPUMEPHO Ha TPETh POpMUPYETCS
OT CTOMMOCTH TnpupoaHoro ypana. C cepeaunnl 2003 roma ctabuibHas 10 3TOTO IieHA
MIPUPOJTHOTO ypaHa pe3ko Beipocia ¢ 10-12 gomrapos 3a ynt mo 130 momnapos 3a GpyHT
k 2007 roxy unm 6osee yeM B 10 pa3 (puc. 15). 1 XOTs OCHOBHOM pOCT MpHIIEICS Ha
CIIOTOBBIN PBIHOK ypaHa, TeM HE MEHEee, KOHTPAKTHBIC IIEHBI TAKKE 3HAYUTEIIBHO BBIPOC-
mu. BenenctBue neduumrta npeuiokeHUsl Ha PbIHKE MPUPOJHOTO ypaHa TEHICHIUS ycC-
KOPEHHOI'0 POCTa CTOMMOCTH ypaHa TOJIbKO 3aKpEIlIsSeTCs.
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Pucynok 15 - I3MeHeHUe lleHbI HE00OTallleHHOT0 YPpaHa (3aKuch OKHUCh, U;Og)
3a 20 Jet no Mapt 2009, nos1. CIIA/pynt*!

21 Ux Consulting Company, LLC http://www.uxc.com
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Pucynok 16 - I3meHenue ned Ha HepTh 3a 20 Jet, 1o1. CIIA 3a 6appein.
(llena na coipyro negpmo mapku Brent npu 3axpvimuu oupycu (no cocmosnuio na uionov 1988))

Kax BunHo u3 rpaduxoB Ha puc. 15, 16, naunnas ¢ 2004 r. 1ieHa Ha ypaH pocia
BMecCTe ¢ 1leHoi Ha HedTh. LleHa Ha ypaH crana nmagath paHblle eHbl Ha HeQTh — C aBTy-
cta 2007 r. Ho ecnu niena Ha HepTh ocernto 2008 . BepHynack Ha ypoBeHb 2005 T, To
IIEHa Ha ypaH OcCTajach Ha JOCTAaTOYHO BBICOKOM ypoBHe — Ha 30 mapra 2009 r. ypan
cromn 42 nostapa 3a pyHT unu B 2 pasa Beime, 4eM B 2005 r. Takum o6pa3zoM, MOKHO
CZIeNaTh BBIBOJI, YTO YPAHOBBIM PHIHOK OTPaKaeT OOBEKTUBHBIC TEHICHITUHN YAOPOKAHUS
ypaHa, CBA3aHHbIEC C OTPAHUYEHHBIM MPEUIOKEHUEM YpaHa Ha PhIHKE.

3a nocneanue 4-5 JIeT UCHBITAIA 3HAYUTEIbHBIA POCT U PHIHKM KOHBEPCUU U 000-
raiieHus ypaHa.
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Pucynok 17 - U3menenue el ycayr no konsepcuu ypana U;Og B UFg, nosu. CIIA 3a kr UF®
JJISI Pa3HBIX 11epepaﬁoTtmlc01;22

2 Ux Consulting Company, LLC http://www.uxc.com
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Pucynok 18 - U3MeHeHue 1eH YCJIYyT Mo 000oramennio ypana, nojui. CLIA 3a exunuimy
pa3ieuTeabHbIX pagoT >

Kak cnenyer u3 rpaguka Ha puc. 17, croumocts kouBepcuu ¢ 2004 roga Beipocia
¢ 7 no mpumepro 10 mom./kr — 6omee 40% 3a 5 mer. CToMMOCTh 0OOTAIICHUS TAKXKE T1e-
pexuBaeT ckaukooOpasHbii pocT — co 110 go 160 monn. 3a eauHUIlY pa3aeluTeIbHbIX
pabot (poct ¢ 2005 rona mpumepno Ha 45%). C 2006 T.

IIprnyeM Ha (oHe CHUKEHUSA LEH HAa HepTh M NMPUPOAHBINA YPaH YCJYyrH IO
o0oraieHHI0 ypaHa Mpoa0JIKAKT J10P0KATh.

Ouenka pocma cmoumocmu 00pauieHus ¢ OMpPaAdGOMAHHLIM A0EPHBIM MONIU-
6om. I'0BOpsl 0 CTOMMOCTH OOpalieHus] ¢ OTPadOTABILIUM SIIEPHBIM TOIJIMBOM, HEOOXO-
JMMO OTMETHUTh, YTO U 3/IeCh HaOIroAaeTcsi yCTONUMBbIi pocT, npesbimatomuid 0,5% B
roa. Tak, B 2009 roxy PocatoM moBwICHII paciieHKH 3a XpaHeHue u nepepadborky OAT ¢
ykpaunHckux ADC npumepHo Ha 17% ¢ 360 qoi. 3a kr 10 423 101 3a KT.

B aT0i1 cBSI3M MOXKHO yTBEp)KIaTh, UTO B OJMMkKaillIMe NECATUIETUS CTOMMOCTb
TOIJTUBHOTO LIMKJIA HAa BCEX CTaaUsAX OyJeT pacTH TeMIaMH, SBHO MPEBBIIAIOIIMMU 3a-
sBieHHbIe 0,5% B TOI.

Buvioop cmasxku ouckonmupoeanusa. B pacderax [3], UCTIONIB3YETCS 3aHUKEHHAS
ctaBka nuckoHTupoBanus 5 win 10%. Takum oOpa3zom, mpuUHUMAETCS CPEIHsS CTaBKa
TUCKOHTUpOBaHUsA B 7-8%. DTO BO3MOXKHO NMPU HAJIWYUHU TOCYJAPCTBEHHBIX CyOCHIUN
(Ipu CTPOUTENLCTBE B CBOEH CTpaHE WM JIbITOTHBIX 3KCHOPTHBIX KpeauTax). [ns cpas-
HEHUs Cpe/IHAs MPOIIEHTHAs CTaBKa Mo KpeauTam BecemupHoro 6anka coctasisiet 13%.

2 Tam xe.
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4. PUCKU ATOMHOIo CLLEHAPUA

Huxe npusedeHbl donoHUmesbHbIe PUCKU, Komopble 00mKHbI BbImb yYmeHb|
npu NPUHSIMUU peweHuti o pazsumuu amomHol 2eHepayuu 6 Pb.

4.1. Pucku aBapun

[To MHEHMIO 3KCIEPTOB, BBHICTYMAIOIIMX B MoJib3y crpoutensctBa ADC B Pb, co-
BpeMeHHbIe MPOeKThl ADC HOBOro (TPEThEro) MOKOJEHHS HUMEIT Topa3/lo MEHbIIUN
PHUCK BBIXOJIa PAJUOAKTUBHOCTH 32 MPEEIbl PEAKTOPHON YCTaHOBKH — 107" na omun pe-
aKkTop B rof. Jlns cpaBHEHUS PUCK aBapuil ¢ BBIXOJOM PaJINOaKTUBHOCTH 3 IPEAEIIbI pe-
aKTOPHOM YCTAHOBKH JUIsl PEAKTOPOB YEPHOOBUILCKOTO THMa oleHuBaercs B 10 24 Ha
OJIMH PEAKTOP B TOJ.

B aromHOIl OTpacinu CyleCcTBYeT MHEHHME, YTO KOPIYCHBIE PEaKTOpPbl HE MOTYT
B3pBIBATHCA 10 ONPEIENICHUIO, TaK Kak 00J1a/1al0T €CTeCTBEHHON 0€30MacHOCThIO: UCUEe3-
HOBEHUE 3aMEJUINTENS B PE3yJIbTaTe NEPErpeBa peakTOPHOU 30HbBI BEAET K MPEKPALIEHUIO
anepHor peakunn. OJHAKO IPHU ONPEAEIICHHBIX YCIOBUAX TEIJIOBOW B3PbIB HA KOpITyC-
HBIX PEaKTopax BO3MOKEH. B kauecTBe mpumepa MOXKHO MPUBECTU aBApHUIO Ha MOJBOA-
HoM soake B OyxTe Yaxkma B 1985 roay, rae B3pbIB MPOMU30IIEN KaK pa3 Ha KOPILyCHOM
peakTope.

O ToMm, YTO pUCK KpyHmHOMAcIITaOHOM aBapuu Ha coBpeMeHHbIX ADC ecTh U J10C-
TATOYHO BEJIHMK FOBOPUT M TOT (PakT, uTo, no miaaHam Pocatroma, ADC He OyIyT CTPOUTH-
csl B HemocpeacTBeHHoM 6im3oct MockBel n Cankt IlerepOypra, HecMOTpst Ha TO, YTO
MMEHHO 3THU TOpOJia HCIBITHIBAIOT CaMYyI0 OCTPYIO HEXBATKy MOIIHOCTEH M 00JagaroT
IpU STOM HE0OXO0AUMOM HHDPACTPYKTYpOH, MPoPecCHOHATFHBIMU KaJpaMu | TIp.

Amnanornunas cutyauus cioxunach U B Pb. K npoekty ctpoutenscta ADC BO3-
Jie CTOJHIIBI PECIyOJIMKH PEIICHO HEe BO3BPAIIAThCs, XOTS 01M30CcTh MUHCKA M HANTUYHE
JIDII-750, mpoxopsmieit BOMM3u MuHCKa co3gaeT OJaromnpusTHbIC TEXHOJOTHMUECKU U
SKOHOMMYECKHE MPEANOCHUIKH 17151 cTpouTenbeTBa ADC nMeHHO Bo3iie MUHCKa.

OdurmansHoe mpuszHanue omacHocTd ADC 3Byunt B ['oCymapcTBEHHOM KOM-
TUIEKCHOM IporpaMMe MOJICPHU3AlMU OCHOBHBIX MPOM3BOICTBEHHBIX (POHIOB Oenopyc-
CKOM HEpreTUUeCKON CUCTEMBI, SHEPrOCcOepEKEHUS U YBEIMUEHUS JTOJIA UCIIOIb30BaHUS
B peciry0sinke cOOCTBEHHBIX TOILIMBHO-3HEpPreTnyecknx pecypcos B 2006-2010 rogax, B
COOTBETCTBUHU C KOTOpoM mpusHaercs, 4To ADC sBisieTcs 00beKTOM C MOBBIIIEHHON MO-
TEHLUAIbHOW ONACHOCTBIO JIJISl OKPY KAIOLIEH Cpebl.

Pucku kpynnoiui asapuu ¢ pezynbmame nadenusn camonema. llpennaraeMpeiii K
cTpoutenbcTBy 3Heprodiaok BBOP-1000 umeer 3amuTHyt0 000JI0UKY, CIIOCOOHYIO BBI-
JIepKaTh yJap MaJaruero CIOpTUBHOrO caMmojiera maccor 20 TOHH, IpU TOM, 4YTO Iac-
Ca)KUPCKUE CAMOJIETHl C TOIIMBOM Ha OOPTY MOTYT UMETh MAacCy Ha MOpPSIOK BBIIIE.
3nech HEO0X0AUMO OTMETUTD, uTO 100% rapanTuu 3amuThl, oT ataku ADC ¢ TOMOUIbIO
BO3/YIIHOTO CyJIHA B MUDPE HET.
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Pucku Kpynuoiui asapuu, céA3aHHble C HU3KUM KAYEeCHMEOM CHMPOUmMEnbCmaed.
Poccuiickass aToMHasi dHEpPreThKa UCHBITHIBAET OCTPYI0 HEXBATKY MPO(PECCHOHATIBHBIX
crpouteneid. M3 tpedyembix Ha ceromus 55 000 crpouteneit Pocatom pacrmonaraer Tojib-
ko 5 000 nmpodeccroHanbHbIMU CTpoUTEIAMHU. Hu3kasi mpuBIeKaTeIbHOCT aTOMHOM OT-
pacnu cBsd3aHa B TOM YHUCIIE C HM3KUM YpPOBEHb 3apIuiaTel crpouteneil. Hampumep, Ha
cTpouTenbcTBe BTOporo 6soka Bonrogonckoit A9C B PocToBckoil obnactu npodeccuo-
HaIBHBIA cTpouTens noiydaeT 6300 poccuiickux pyOielt B Mecsll (laHHbIe HA HAa4yayo
2006 r.) B pe3ynbpTaTe K CTPOUTENBCTBY MPUBJIEKAETCS HU3KBATU(PUIMPOBAHHAS paboyas
cuna. Hampumep, K cTpouTenbCTBY peakTopa Ha ObicTphix HelTpoHax BH-800 na berno-
spckoit ADC (BADC) B CBepyioBckoi 007acTH MPUBJIEKAETCS] HU3KOKBaTU(DHUITUPOBaH-
Has pabouyas cuna u3 Tamkukucrana u AsepOaiimxkana. [lo manaeim Ha 2003 ron HE
OJIMH U3 paboyMx He MPOXOJWJ MPOBEPKH Ha MpeAMET OiaroHajaekHocTu. O KayecTBe
3TON paboueil CHIIbI TOBOPUT CTATUCTHKA: MOCIE Hadajga pabOT KOJIMYECTBO YOWHCTB U
orpabnenuii B ropojie 3apeunslii (ropoae, odciyxkuariieM benosipckyro ADC) yBenu-
ymiiock B 5-6 pa3. Ha reppuropun BADC pe3ko Bo3pociiv Kpaxu IIBETHOTO METaJlIa.

Pucku asapuii, ceéazannvie co cooamu 6 ynepzocucmeme. COOu B SJHEProCHCTEME
BEIYT K PUCKaM, CBSI3aHHBIM C TEM, YTO MEPEKIIOYEHHE CTAHIIMU B aBTOHOMHBINA PEKUM
(mu3enb-reHepaTopbl) MOXKeT He cpaboTath. B 1992 romy na Konsckoit ADC B pe3ynbra-
Te yparaHa Obuta o0ecToueHa CTaHlMsl. ABapuitHbIE AU3ENb-TEHEPATOPHI HE 00ecTeYmin
CBOEBPEMEHHYIO M0[a4y SHEPTUH JIJIs1 OCTAHOBA PEAKTOPA.

Pucku asapuii, céazannvie ¢ 0IUMENbHbBIM CPOKOM IKCHaAyamayuu. [IpoeKTbI
HOBbIX ADC mpeamnoiararoT dKCIUTyaTaluio 3HeprodsokoB B Teuenue 60 net. Takas mo-
JUTUKA HAYMHAET PACIPOCTPAHITHCA U Ha JICUCTBYIOIIUE PEAKTOPHI C MPOEKTHBIM CPO-
koM skcrutyatanuu 30 jet. OIHaKo OMBIT NPOJICHHUs, HalpuMep, TpeThero 010ka Hoso-
BOpOHEXKCKOM ADC mokKa3bIBaeT, 4To IO ucTedeHur 30-JIETHEro CpoKa JIKCILTyaTaluu
BO3pacTaeT aBapuiHOCTh. TpeTuii sHeproOIoK ObUT BBEelIEH B CTpoit B nekadpe 1971 ro-
na. [locne ucreuenus cpoka skcruryararuu (30 iet), padbota Tperbero 6;10ka HoBoBopo-
Hexckoir ADC Obina nposieHa Ha 5 net. [lo okoHyaHuM cpoka IeWCTBUS MepBOM JTUIICH-
3uM Ha npomieHue, PocrexHaazop Bwiman eme oaHy. B 2007 romy Pocrexnamzop
oOHapy>xui Ha TpeThbeM Oioke HoBoBopoHexckoit ADC TpelrHbl B CBApPHBIX COEIUHE-
HUAX TaTpyoOkoB '"ropsyero" u "XOJOJHOTO" KOJUIEKTOPOB IMEPBOrO MaporeHeparopa.
OTOT MHIMACHT JIUIIH MOATBEPKAAET TOUKY 3pEHUS 00 OMACHOCTH JIUTENbHBIX — 10 40-
60 JeT — CPOKOB IKCIUTyaTallui AaTOMHBIX YHEPTrOOJIOKOB.

Pucku agapuii, céazannvie ¢ cOUUAIbHO-IKOHOMUYECKUMU Kpusucamu. B ciy-
4yae COLMAaJIbHO-3KOHOMUYECKOr0 KPU3KCa, KaK 3TO MPOU30ILLIO0 B cepennHe 90-x roJoB B
Poccnn, ADC nonseprarorcst yrpo3e aBapuil BCJIEACTBHE COLMAIBHBIX ITPOTECTOB. B nc-
TOPUHU POCCUNCKOM aTOMHOI SHEPreTUKH eCTh MpUMephl, koraa pabotHuku ADC 3axBa-
THIBAJIM aTOMHYIO CTaHIIMIO, TPEOYS BBIIIOJIHEHUS SKOHOMUYECKUX TPEOOBaHU.
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Pucku asapuil, ceazannvix ¢ eoeHHvimu oeticmeuamu. Konnenuen 6e30macHo-
ctH cymecTByronmx ADC o cux mop mpezarnoiaraiach pabota aTOMHBIX JIEKTPOCTaH-
Ui TOJBKO B MUpHOE BpeMsa. Mexay Tem, OonbnHCTBO eBponeiickux ADC pacnoso-
JKEHbl Ha TEPPUTOPHH, Ha KOTOPOH B JIBAJIIIATOM BEKE HEOJHOKPATHO BEIIMCHh OOEBBIC
JEUCTBUS ¢ IPUMEHEHHUEM TSDKENIOTro opyxus. [lomananre oquHOYHOTO apTHUILIEPUNACKO-
ro CHaps/a, pakeThl WK aBHaboMOBI B 1r000¢e u3 3nanuii ADC He mpHUBeIeT K KaTacTpo-
¢duueckum nocneacTBusaM. OIHAKO YK€ IBYX TOYHBIX MOMAJaHUN JOCTATOYHO, YTOOBI Ha
aTOMHOM 3JIEKTPOCTAHIIMM HAJajCs JTaBUHOOOpAa3HBIM KaTacTpoduieckuid mporecc. Tak,
€CJIM OJTHUM CHAapsAJIOM OYJET MOBPEXKICH U OCTAHOBIIEH TypOOT€HEepaTop, a BTOPOil CHa-
PSI BBIBEIET U3 CTPOS PE3EPBHYIO JAU3EIb-T€HEPATOPHYIO AJIEKTPOCTAHIIUIO, TO LIUPKY-
JISAIASI BOJIBI B TIEPBOM KOHTYPE TOJHOCTHIO MPEKPATUTCSI.

3armaca BOJbI B IACCUBHBIX CUCTEMaX OXJIAXKACHHS HEIOCTATOYHO, UTOOBI 0OCCIIe-
YUTh OXJIKJICHHE aKTUBHOW 30HBI peakTopa Ha JOCTATOYHO JIJTUTEIHHOE BpeMs. AKTHB-
HBIC CHUCTEMBI OXJIXKJEHHUs 0€3 MOABOMA IIEKTPOIHEPrun paboTaTh HE MOTryT. B 3TOM
Cllyyae HeM30eKXHO pacIUIaBICHUE aKTUBHOW 30HBI PEaKTOpPa 3a CUeT OCTAaTOYHOTO TeTl-
JIOBBIJICJICHUS U BEIOPOC paIMOAKTUBHBIX BEIIECTB 3a MPEJIEbl IEPBOTO KOHTYPA.

Ecnu o 3ganusm ADC OyaeT npousBeieHa cepus MPUIICIbHBIX BBICTPETIOB U OY-
JIeT TpoOuTa 3anuTHas 000JI04YKa 31aHUs PeaKTopa, TO HEM30€KEH BHIOPOC PaJMOAKTHB-
HBIX BEIIECTB B aTMOC(epy U 3apakeHHe OOITUPHON TeppUTOpHH. boekoMIIiekTa 0THOTO
TaHKa WIM CaMoJIeTa-IITyPMOBHKA JOCTATOYHO ISl MOJHOTO YHUYTOXKEHUSI aTOMHOMU
ANIEKTPOCTAHIIUU KaK DHEPreTUYECKOro OO0BEKTa M 3apaKeHHsl OOJBIION TEPPUTOPHUH.
OObIyHOE OpYy’XKHE, TPUMEHEHHOE MPOTUB aTOMHOMW JJIEKTPOCTAHIIMH, CTAHOBHUTCS OPY-
’KHEM MacCOBOTO HOpa}I(eHI/ISI.24

He cnemyer orOpackiBaTh U CIieHapUii UCIIOJIB30BAHUS TSHKEIIOTO OPYKUS B MHP-
HOe Bpems. Hampumep, B crieHapuu TepakTa ¢ MCIIOJIb30BaHHUEM MOOWMIIBHOW rayOndHON
CHUCTEMBI, KOTOpasi MOXKET OBITh YCTaHOBJICHA B HECKOJbKUX KuioMmerpax oT ADC BHe
nepuMeTpa (GU3NIECKOM 3aIUThI CTAHIIHH.

Pucku, ceazannvie ¢ mpancnopmupoekout u xpanenuem PAO u OAT. 1lomumo
PHCKOB, C BSI3aHHBIX C JKcIUTyataruein ADC CyliecTByeT mMacca PHUCKOB, CBSI3aHHBIX C
TPAHCIIOPTUPOBKON U XpaHEHUEM paauoakTUBHBIX 0TX0J0B U OMAT. Bonpoc xpaHeHus
PAO 10 cux mop 10 KOHIIa HE W3Y4YEH, TAK KaK CPOKU XPaHEHUs IPEBBIIIAIOT KaK MUHHU-
MyM COTHH JieT, a B uaeane 1 OSAT nomkHbl COCTaBIATh COTHU ThICSY JIET. 371€Ch He-
00X0AMMO OTMETHTh, YTO yKE CEroJHS BO3HUKAIOT MPOOJIEMBI BBIXOAA PATUOHYKIIHIOB
3a mpeAenbl Iomanaok xpaHeHus Bo @panuuu u ['epmaHnu yepe3 HECKOJIBKO JIECATHIIE-
Tuit xpanenus PAO.

* http://www.t3000.ru/index.php?option=com_content&task=view&id=16&Itemid=27
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4.2. UHBECTULMOHHbIE PUCKU, CBA3AHHbIE CO CTOMMOCTbLIO
U cpokamm ctpoutenbctBa A3C

Pucku, ceazannvle ¢ U3HAYANLHO 8bICOKOU CHLOUMOCHILIO HOBBIX IHEP20010K08.
Croumoctb ctpoutensctBa ADC B Poccuu 3HauuTenpHO omnepekaer uHpsmuio. Odu-
LyanbHasi CTOUMOCTh YJIEIbHBIX KallBJIO)KEHUI BbIpociia 3a 7 jeT noutu B 3 paza — ¢ 20,2
mipa. pyoneit B 2000 r. mo 55,7 mupa py6seit B 2007 roxy [5, 6]. DTa TeHASHIUS COOT-
BETCTBYET MHUPOBBIM Tmpoueccam. B coorBerctBum ¢ pokiamzom Cambridge Energy
Research Associates Inc., maTtepuanst s crpoutensctBa ADC Beipociu ¢ 2000 r. k Ha-
yaiy 2008 roga Ha 173%, B TO BpeMs Kak JJisl BETPOBOM SHEPreTUKN aHAJOTUYHBINA POCT
cocraBui 108%, nns yronsHo# 78 u razoBoi 92%.

M3HauanbHO BBICOKAsi CTOMMOCTh ATOMHBIX 3HEPrOOJIOKOB HAXOJUT OTPAXKEHHE B
tapude aroMHbIx ctaHiuid. [IpumepHo 20% BBIPYUKH POCCUHUCKON aTOMHOM SHEPTreTUKU
— 15 mupa. poccuiickux py6ueit Ha 2007 r. — UIE€T Ha CTPOUTENHCTBO HOBBIX 3HEPro0JI0-
KOB, a TakXe JApyroi mHGpacTpyKTypbl. B ycnoBusix 3amanHoro ypoBHs Tapuga Ha on-
TOBOM pBIHKE (MpUMEpHO 2 IeHTa 3a KBT-yac) 3TOro sSIBHO HEAOCTATOYHO ISl CTPOM-
TenbcTBa HOBBIX ADC. MHBEeCTMIIMOHHBIN MMOTEHIMAI BHYTPEHHUX pecypcoB PocaToma
aOCONIOTHO HE YAOBJIETBOPSIET IJIaHAM IPABUTENIHCTBA IO YCKOPEHHOMY pPa3BUTHIO
aTOMHOW SHEPTeTHKH — CTPOUTEIBCTBO 2 SHEPrOOIOKOB B rojl, 4To TpedyeT nopsaka 130
MIpa. py6reit B roa. bonee toro, Tapud ADC He MO3BOJISIET BBIMOIHUTH IPOrpamMMy IO
MPOCTOMY 3aMEIICHUI0 BhIObIBatoNUX 3HEeproosokos — 3,7 I'Bt k 2020 r. CymecTByto-
M€ OTYUCICHHS JOCTATOYHBI TOJIBKO JJIsi CTPOUTENBCTBA OJHOTO peakTopa B 3-4 roxa.
Jlnst pemienus mpo6ieMbl HEOOXOAMMO yBelIMueHHe Tapuda mpumepHo B 2,5 pasza ¢ 2
ueHToB (B 2008 r.) 1o 5 uenToB 3a kBT-uac.

HIMeHHO MOATOMY POCCHMCKUM MPABUTEILCTBOM OblIa MpUHSATA (eaepayibHas 1e-
JieBasi mporpamma Io pa3BUTHIO AaTOMHOI'O KOMILIEKCa, B COOTBETCTBUM C KOTOPOU Mpe-
nojaraercsi cyOcuanpoBath CTpouTenbcTBO HOBBIX ADC u3 QenepanbHOro OrOKETA.
Pa3mep cyOcuanpoBaHus Ha HOBOE CTPOUTEIBCTBO COCTABISIET Nopsaka 670 mapa. pyo-
neit no 2015 ropa.

B cBsi3u ¢ 3TUM MOTEHIIMAIIBHOMY MHBECTOPY HY>KHO YE€TKO MOHUMATh, YTO CTPOU-
TEJIBCTBO aTOMHBIX 3HEPTrO0JIOKOB — 3TO A0pOro. Bo3BpaT BIOKEHHBIX CPEACTB 3aliMET
KpaiiHe JOJNTHM CpoK, eciu BooOIIe OyIeT BO3MOXKEH, 0OCOOCHHO B CTpaHaX C peryJupye-
MBIM 3HEPT€TUYECKUM PBIHKOM.

Pucku, ceazannwle ¢ pocmom cmoumocmu ¢ npouecce cmpoumenvcmed. OnbIT
nocTpoiiku TpeThero 6noka Kamununckoit ADC mokasai, 4To CTOUMOCTh TOCTPOMKHU To-
ToBOro noutu Ha 50% oO0beKkTa okazanach CPaBHUMOM C MPOEKTHON CTOMMOCTBIO CTPOHU-
TenbcTBa ¢ HyJia. CtouMocTh aoctporikun Kanmnuncko ADC BeIIsiaena CiaeayOmUM
obpazom. [1o nanabM CueTHOW MaaThl, OCTATOK CMETHOW CTOMMOCTH CTPOUTENILCTBA 110
MMyCKOBOMY KOMIIJIEKCY CTpouTelbcTBa dHEproodsoka Ne 3 Kamumauuckonr ADC ¢ yuerom
00BEKTOB conuaibHON ceprl coctaBmsut Ha 1 sHBaps 2001 rona 8,2 mupa. pyOreit wnm
48,7 % 10 OCBOCHMIO KAalMUTAJIbHBIX BIOKeHUN. OJTHAKO, B COOTBETCTBUU C O(PUIUAITH-
HBIMU JTaHHBIMH, BBIJICJICHUE CPEJICTB HA JOCTPOMKY 3TOro sHeprodioka Toiasko B 2001-
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2004 ronax coctaBuiio 23,2 mupa. pyosneit. B konue 2004 roga sHepro0i10k ObUT MyIIIEH,
HO, TEM HE MEHee, Ha ero JoBoAKy B 2005 roay 6bu10 BbiAeneHO eme 4,1 mupa. pyomeil.
B urtore croumocts Bcero 3Heprodsioka cocraBmia 35,9 mip. pyOsieil BMECTo 3asBIICH-
HbIX 16,8 Map. pyOeit winm 6osee yeM B 2 pasza JOpoke 3asBIECHHOM cTouMOocTH. CTou-
MOCTb JOCTPOMKH, 4TO OOJiee KOPPEKTHO AJIsi OLIEHKHM POCTa CTOMMOCTHU CTPOMTEIHCTBA
cocraBuwia 27,3 mipa. pyOselt u okazanach 6oiee yeM B 3 pasza JOpPOXKE 3asiBICHHOM.
Jlaxxe ¢ yueToM MHQIISIMY TAKOE MPEBBIILICHUE SBISETCS 3HAUYNTEIbHBIM.
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Pucynok 19 - PocT cTOHMOCTH CTPOUTENbCTBA TPeThero 0ioka Kagununckoit A9C (mapa. pyo.)

AHaJIOTM4Hasi CUTYalUsl CKJIaIbIBAETCS CO CTPOUTEIHCTBOM aTOMHBIX SHEProOI0KOB
B OunnsaHauu U Opanuuu. Croumocts peakropa B PuninsHauu (1600 MBT) BeIpocna B Xo-
JIe CTPOUTENBCTBA C KOHTPAKTHBIX 3,2 muipa. EBpo 1o 4,7 miapa. espo. [Ipu 3ToM npoexT na-
JIEK OT 3aBeplleHus. 3asBlIEHHAas CTOMMOCTh peakTopa Bo dDnamansuiie Beipocna Ha 20% ¢
3,3 1o 4 muipa. EBpo. OTO npuBeno K TOMy, YTO KOMMAHUS YBEIMYUIIA TPOTHO3ZUPYEMYIO
CTOMMOCTb IIPO/IaBaeMOM 3IEKTpo3HeEpruu ¢ 4,6 10 5,4 eBpoueHTOB 3a KB1-uac.

Poct cronmocTu B mporecce CTpOUTENbCTBA SBISETCS MPUHIMITHAIBHBIM (PaKTOPOM
IpU OIICHKE OKYIAaeMOCTH M PEHTA0ENbHOCTH aTOMHBIX MPOEKTOB. Tak, B MPOEKTE BTOPOIi
ouepenu bamakoBckoir ADC (2 sneprodioka BBOP-1000) npucyTcTByeT aHaIM3 4yBCTBH-
TEJILHOCTH MPOEKTa Ha "yBEIMYEHUE 00beMa KalTUTAIbHBIX BIIOKEHUN B IPOMCTPOUTENBCT-
BO". BBINOJIHEHHBII aBTOpaMu MpoekTa BTopoil ouepenu bamakockoin ADC aHanu3 noka-
3aJ1, YTO MPOEKT UMEET YUCTHIN AUCKOHTHPOBAHHBIN J10XO0/1 PABHBIM HYJIO MPU YBEIMUEHUN
00beMa KanHUTaIbHBIX BIOKEHUHM B POMCTPOUTENbCTBO Ha 60% [14]. B ciydae co crpou-
TeNbCTBOM TpeTbero Ooka Kannnunckoit ADC npessiienue cocrasuio 110%.

Pucku, ceéazannsvie c yeenruuenuem cpoxoe cmpoumenvcmea AIC. Cpok cTpou-
TEJIHCTBA OJHOTO ATOMHOT'O YHEProboKa paBeH 5-7 rojaM B OTIMYHUE OT JPYTHX CEKTO-
POB DHEPreTUKHU, HATIPUMED, BETPOBOM, I'/I€ BETPOCTAHIIUA MOUTHOCTHIO COTHU MEraBatrT
MOTYT CTPOUThCS 3a 1-2 roza.

[Ipu 5TOM 3asiBICHHBIC CPOKH, KaK IMPABWJIO, HE BBIICPKUBAIOTCA. 3aJeprkKKa
crpoutenbectBa ADC B OUHISHINK COCTAaBIsIET TPU ToJa vepe3 3 roja Iocie Hadala
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cTpouTenbcTBa. TakuM 00pa3oM, KaxAbld ToJl CTPOMTENbCTBA O3HAYaeT 33JCpPKKYy Ha
roJi. I3HauanpHO peakTop IUIAHUPOBAIU MOCTPOUTH 3a 4 rosaa, Tenepb 7 JeT. AHAJIOIUY-
HBIC POOJIEMBI MTOSBUIUCH TIPH CTPOUTEITLCTBE IHEProbIoka Bo DpaHIuH.

Onaum u3 HakToOpoB, KOTOPBIN SABISETCS MPEANOCHUIKON K JOJITOCTPOIO B POCCHIA-
CKOM SIIEPHOM KOMITIeKce — aedurut nmpodeccrnonanbHbIx crpouteneit. [To mmanam Po-
caToMa, KOJIMYECTBO MPOGECCHOHANBHBIX CTpOoUTENed MoikHO yBenuuuthes ¢ 5 000 B
2006 roxy o 55 000 k 2009 romy, 4TO MaJIOBEPOSITHO.

4.3. Puckn, cBAzaHHbIe ¢ 06eCne4YeHHOCTLIO TONNMBA

Ha ceronHs eaMHCTBEHHOE KPYITHOE JCHCTBYIOIIEE YPAaHOBOE MECTOPOXKICHUE B
Poccun oGecneunBaer Tonbko 16-18% OT HEOOXOIUMBIX MOTPEOHOCTEH B MPHUPOTHOM
ypaHe — 3,2 ThICSYM TOHH B T'OJI MPU HEOOXOIUMBIX OKO0JI0 20 ThICSIYaX TOHH MPUPOTHOTO
ypaHa (C y4eToM MOCTaBOK Ha 3apyOexHble aTOMHbIe cTaHluuu). HemocTaromryro yacTb
komnanusi «TB3JI», oTBeuatonas 3a obecrieueHrue TOIIMBOM POCCUMCKHX U 3apyOeik-
HBIX aTOMHBIX CTaHIWH, OEPET M3 «CKIAICKUX 3amacoBy». TakuM 00pa3oM, MPOUCXOIUT
cyOcuIMpOBaHNE aTOMHOM SHEPreTHKH 3a CUET €Ille COBETCKMX YpPaHOBBIX 3aracoB, 00-
Pa30BaBILKXCSl B OCHOBHOM B PE3yJIbTAaTE PEATU3alUA BOEHHBIX TPOrPAMM.
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Pucynok 20 - CTpykTypa NOKpPBITHS ChIPpbeBbIX NOTPeOHOCTEH oTpacau 10 2020 roxa [15]

B cootBercTBUM ¢ naHHbIMM Pocaroma, CkiancKue 3amachl, MOKPBIBAIOIIME I10-
TpeObHocTu B ypane Ha 30%, Oynyt ucuepnansl k 2015 rogy — nepuoay IIaHUPyeMOro
BBOJIa IIEPBOTO aTOMHOTO 3HEprobioka B benapycu. [Ipennonaraercs, 4To BEIOBITHE 3TO-
ro UCTOYHMKA ypaHa OyJleT KOMIIEHCUPOBAHO 3a CUET OTKPBITUS HOBBIX PyIHUKOB. Bo-
IPOC 3aITyCcKa HOBBIX MECTOPOXKACHUN B 3asIBJICHHOM 00bEME SBIISIETCS AUCKYCCHOHHBIM.
Kpowme Toro, nopsiaka 20-25% norpeGHocTel ypaHa B HACTOAIIEE BpeMs IOKPhIBAETCA 3a
cueT BBO3a oOeqHEHHOro ypaHa u3 3amajnHoil EBponsl (Ha puc. 20 no3unms «Mmmnopr
ypaHa M ChIpbsi U3 CTpaH JdajbHEro 3apyOexbs»). KOHTpakThl Ha BBO3 3TOr0 ypaHa
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JOJIKHBI ObITh 3aKpBITHl B 2009 rogy. ECTh BEpOATHOCTB, UTO 3TH KOHTPAKTHI OYyT MpO-
JUIEHBI, KaK 3TO oTpaxkeHO B [15]. Ho B cBfA3M ¢ ONMacHOCTHIO XpaHEHUs OOEAHEHHOTO
ypaHa, KOTOPbI BBO3UTCS B BUJE rekcadTopuia ypaHa, 3TH KOHTPAKThI, CKOPEE BCETO,
IPOJIEBAaTHCS HE OYIyT.

C yderoM BBIOBITHS 3THUX JIBYX MCTOYHHMKOB JE€(PHUIMT ypaHa COCTABHUT IOpsIKa
50% oT HbIHEIIHEro ypoBHs notpedaeHus. C yueToM IIaHOB pocTa MOTpeOIeHUs ypaHa
3a CYET HOBBIX KOHTPAKTOB IO MOCTaBKaM CBEKEro TOIUIMBA B TOM YHUCIE 3a pyOex Je-
buut Moxer coctaBuTh nopsaaka 20 000 ToHH ypaHa — MOpsAKA MOJIOBUHBI MUPOBOTO
MIPOU3BOJICTBA MIPUPOAHOTO ypaHa.

B xadecTBe BO3MOXKHOTO MOCTaBIIMKA ypaHa 10 ceHTsi0ps 2008 roma Pocarom pac-
cMaTpuBaJl aBcTpanuiickue kommnanuu. Ho mocne coObrtuii aBrycra 2008 r. Ha KaBkase, B
CBSI3U C TEM, YTO HEJb35 OTCICIUTh, OyJIET JI ypaH ABCTpasiuu o0oramaTbcs Ha pOCCHii-
CKHX BOGHHBIX OOBEKTAX™, CICIHMAIbHAS KOMHCCHS aBCTPATHIACKOTO MapiaMeHTa He pe-
KOMEH/IOBaJIa IPAaBUTEIHCTBY ABCTPAIMU 3aKII0UaTh HOBBIN JOTOBOP B 00JACTH HMCIOJb-
30BaHUsl aTOMHOW 3HEpruu ¢ Poccuei, OTKpbIBAIOIIMKA YpPaHOBBIEC 3amachl ABCTPAIUU
poccuiickuM KoMmnaHusM. Cutyanys ¢ ABCTpaJIMell MOKa3bIBAET, YTO PUCKHU, CBSI3aHHBIE C
00€CTIeUeHHOCTRIO SIIEPHBIM TOIUIMBOM, YCYTYOISIOTCSl MPOOJIeMaMy B MEXTyHAPOIHBIX
OTHOILIEHUSIX U OTPaHUYEHHBIM KPYT'OM CTPaH-IIOCTAaBIIMKOB MPUPOAHOIO ypaHa.

Cutyanus B Poccun He yHukanbHa. B 2005 r. MUpoBO€ MPOU3BOACTBO ypaHa CO-
cTaBIIO0 OKOJIO 40 THIC. T IPH TOIOBOM MOTpedIeHnu 69 ThIC. T. YpaHOBBIN AePHUIUT TO-
Ka elle MOKPhIBAECTCS CKIIAJICKUMU 3allacaMyd U BTOPUYHBIMU MCTOYHUKaMU. [lo mporHo-
3am MAT'ATO, k 2020 r. romoBoe MpOU3BOJCTBO ypaHa BBIPACTET TOJIBKO 10 65—70
TBHIC. TOHH MPU POCTE MOTPpeOIeHH 10 82—85 THIC. TOHH.
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CrenmyeT Takke yYUThIBATh, YTO B HACTOSAIIEE BPEMs 3HAUUTEINIbHAS 4aCTh SJEPHO-
ro TOIJIMBAa HA MUPOBOM PBIHKE MOIyYaeTcsl MyTeM pa3yO0KMBaHUS OPYKEHHOro ypaHa

* ['paxIaHCKHE U BOCHHBIE 3aBOJIbI POCaToMa 110 0GOralleH IO ypaHa TeXHOJIOTHUECKH He Pa3/Ie/IeHbl.
%6 Ux Consulting Company, LLC http://www.uxc.com/fuelcycle/uranium/uxc_graph_u-prod-67-on.gif
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Poccun. [lonyyeHHsbll U3 SAEpHBIX OOETOIOBOK YpaH MOKpbIBaeT 17% MHUPOBOTO phIHKA
oboramenHoro ypana. [Tocne 2014 roaa, koraa 3aKOHYUTCS KOHTPAKT IO MPOJaKe poc-
cuiickoro opyxeitHoro ypana (T.H. koHTpakT BOY-HOY), crnenyer oxuaarb pe3koro
NaJCHUS TPEJIOKEHUS HA PBIHKE ypaHa M BO3MOJKHBIM B CBA3M C 3TUM PE3KUH POCT
CTOMMOCTH SIICPHOTO TOILJIMBA.

4.4. HekoTopble pUCKK, CBAI3aHHbIE C He3anMaHMPOBaHHbLIM POCTOM
aKcnnyatauMoHHON cocTaBnsawLen Tapuda

Pocm mapugha 6 ceazu ¢ oepuyumom ypana. Jlo cux nop poccuickas aToMHas
HHEPreTUKa CyIECTBOBANA 332 CUET COBETCKMX 3allacoB ypaHa U JIEHCTBYIOUIMX PYIHH-
KoB, OTpBITBIX B CCCP. OTKpbITHE M OOYCTPOMCTBO HOBBIX MECTOPOXKICHHI TpeOyer
3HAYUTENBHBIX (DMHAHCOBBIX PECYPCOB. B 3TOi CBSI3M €CTh BEPOSTHOCTh, YTO YACTUYHO
3TH pacxo/ibl OyayT MOKPHIBATHCA 3a cUET Tapuda.

Pocm mapugpa ¢ pocmom ycnye epemennozo xpanenusn. 11o nanaeim [16], ctou-
MocTh xpaneHus: OST poccuiickux ADC B 1eHTpaIM30BaHHOM (peiepaabHOM XpaHUIIN-
e coctanisia 10 2005-2006 rr. npumepHo 60 10UIapOB 3a KUJIOTPAMM TSHKEJIOrO Me-
tayuia (TM). [1o oneHkam, KOTOpbIE MOXKHO CAENATh HAa IPUMEPE MPOEKTA CTPOUTEIHCTBA
BTOpOM ouepenn bamakoBckont ADC, croumocts BpeMeHHoro xpanenus OAT ¢ poccnii-
ckux ADC Boipocna a0 130 nonnapos 3a kuiiorpamm OST. Croumocts xpanenust OSAT
ykpauHckux ADC Beipocna B 2009 rony no cpaBHenuto ¢ 2008 rogom ¢ 360 nosmapos
1o 423 nonnapos 3a kunorpamm TM. Ilpu 3TOM peanbHyr0 CTOUMOCTbh XpaHEHUS B J0J-
TOCPOYHOI NMEPCIEKTUBE OLEHUTh HE MOXKET HUKTO, HO M3BECTHO, YTO OHA OYJET TOJIBKO
pactu, u pactu 3HauuTenpHo. [lo 3asBiaenuto npencrasureneit Pocaroma, «cetiuac aroou
NOHUMAIOM, YMO PeanbHYI0 CHMOUMOCHb XPAHEHUsl 8603UMO20 U3-3a pybedxca monaued
He8o3MOHCHO paccuumams. Mvl moenu 6v1 npunams e2o na 60 unu 70 n1em, HO umo ciy-
yumces uepes 100 nem? Huxmo ne ¢ cocmosinuu noocuumams maxue pacxoow» [17].

Ho naxe B KpaTKOCPOYHOM NEPCIEKTUBE CYLECTBYIOLUIUX CPEICTB SIBHO HEAOCTA-
TOYHO g oOecrieueHuss Oe30MacHOro xpaHeHus. Hampumep, Ha LEHTpaIM30BaHHOM
xpanunuuie B KpacHOSIpCKOM Kpae OTCYTCTBYET HOpMajbHasi cucreMa (pU3MYecKoM 3a-
mmthl. B 2002 rogy cHauana rpymnmna aktuBuctoB ['punnuc, a 3areM ®Chb OecnpernsTct-
BEHHO MPOILIM Ha TEPPUTOPHUIO XPAHUIIUIIA U TAKXKe OECTIPENATCTBEHHO €€ MOKUHYIIH.

Pocm mapugpa 6 céazu ¢ pocmom cmoumocmu MepoOnPUAMUIL O 6bl6OOY U3
IKChIyamayuu amomHsIX IHep2o610Ko6. B HacTosIee BpeMs Ha BBIBOJ U3 DKCILTyaTa-
[N aTOMHBIX YHEProOJIOKOB B Tapu(e aTOMHBIX CTAHIIUH MPETyCMOTPEHBI OTYMCIICHUS
B pazmepe 1,3% ot Beipyuku ADC. B T0 xe BpeMs, 0 JaHHBIM OBIBIIETO I'€HEPATHLHOTO
nupekTopa koHiepHa «Pocaneproarom» C. Antunona, «8 2004 200y degpuyum cpeocmea
0J151 861800 IHEP2OOIOKO8 U3 IKCIILYAmayuy coOCmaguil okoao 6 mapo. pyoaeu, a k 2010
200y Oeghuyum cpedcme modicem npesvicums 8,5 mapo. pyoaet» [18]. BaxxHo yuecTp,
910 AeUIUT, B 6 pa3 MPEBHIIAIOIINIA T0I0BbIE OTYUCIICHUS HA BHIBOJ] U3 DKCILTyaTalluH,
CYIIECTBYET B CUTYallMW, KOTJa W3 JKCIUTyaTallid BBIBEIICHBI MEpBbIe 4 IHEProOIoKa
o0mieit MontHOCTRIO OKoJ1o 1 I'BT, a camMo oTuuciieHne nenaercs U3 BBIPYUYKH, TOJTydae-
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MOM B pe3ysbTaTe 3KCIUTyaTauu MomHocteld oobemom 23 I'Bt. B 310i1 cBs3M KOHIIEpH
«PocaneproaTom» paccMarpuBaeT BOmpoc 00 yBeIMYeHUU oTuucienuii 1o 2,3% [19].

4.5. IKOHOMUYECKME PUCKK, CBA3aHHbIE ¢ UHTerpauuen ASC
U NOBbIWEHNEM aBapUAHOCTU B IHEProceTy

CrpourensctBo ADC npuBeneT K Tomy, uTo 6osiee 50% 37eKTpOIHEPrun B CTpaHe
Oynet BeIpadaThiBaThCsa Beero Ha AByx ctaHiusax — ADC (2 000 MBt) u JlykoMibckoit
I'POC (2430 MBrT). Takas KOHIIEHTpAIMsl MOIIHOCTH YpeBaTa KPYIMHBIMU aBapUsMU B
HHEProCUCTEME M OOJBIINMHU YOBITKaMU ISl SKOHOMUKH. «KoBapcTBO» pabOTHI B MUKO-
BOM PE&XHME HE CTOJLKO B TIEPEpPACcXOJie TOIUIMBA HA KaXAbId IUKI (T. €. B CHIIKCHUU
HPKOHOMHYHOCTH OJIOKOB), CKOJIKO BO BIUSIHUU B JUIUTEIILHOM MEPCIEKTHUBE Ha MOBPEXK-
JTAEMOCTh M aBapUUHOCTH OJIOKOB M MX 3JIEMEHTOB (KOTJIOB, TYpOMH W T€éHEepaToOpoB), a
TaK)Ke KOJMYECTBO Pa3IMYHBIX PEMOHTOB. BOIBIIMHCTBO aBapuii HA CTAHIUSAX CITydaeTcs
yaiie BCero mpu Mmyckax OJIOKOB U3 «XOJIOJHOTOY» COCTOSHUSI — 3TO M B3PBIBBI KOTJIOB, U
MOBPEKJEHUS BaJIOB TYpOOr€HEpaTOpOB, U MOJIOMKA JIONIATOK TypOWH, KOTOpPhIE MHOTIA
COITPOBOXKIAIOTCST YETOBEUECKUMH JKEPTBaMU. YIIepO OT aBapuil MCUUCISIETCS AECATKA-
MU-COTHSMH MUJIJTHOHOB JI0JUTAPOB.

4.6. TpaHcrpaHWYHbIe PUCKN aTOMHOW 3HEPreTUKU

CrpoutensctBo ADC Ha Tepputopun benapycu HamedeHO B BOJOCOOpHOM Oac-
ceiiHe banTuicKoro Mopsi — 3KOJIOTMYECKN YS3BUMOM PETMOHE, MMEIOIHUM OTPaHHYCH-
HBI BOJIOOOMEH C OTKPBITON YacThIO0 OKE€aHa. DTO 03HAYAET, YTO B CIy4yae BO3HUKHOBE-
Husa aBapuii Ha ADC ¢ BeIOpocaMH WM COpOCaMH PaTuOHYKIUIOB, MOCIEACTBUS OyAyT
CKa3bIBAThCS Ha JPYTUX CTPAaHAX U MOPCKHUX 3KOCHCTEMAaxX 3TOrO IMOITY3aMKHYTOI'O 3KO-
JIOTUYECKOTO MPOCTPAHCTBA.

Cnenyer npuHMMaTh BO BHUMAaHHE, YTO B 3alaJHOW yacTu banTuiickoro pernoHa
UJET npoliecc BbIBoAa U3 3kcruryarauuu ADC 1 0TKa3a OT HOBOTO CTPOUTENLCTBA [23].

B T0 ke Bpems Ha 10r€ M BOCTOKE BaJTMIICKOro pernoHa MpOJBUTAIOTCS HOBBIE
npoekTbl ADC. B 10XKHOI 4acTU NMPUHATHI MOJIUTUYECKUE PEIIEHUS MOCTPOUTH B OJIU-
xKaumme 15 net He MeHee 6 HOBBIX dHeproosokoB ADC, KoTopbie OyAyT BCETO B COTHSIX
KHJIOMETpax ApYyT OT Apyra. OTO 03HAYAET, YTO KaXKJI0€ B OTJIEIbHOCTU PEIICHUE HE YUU-
TBIBA€T COBOKYMHOTO prcka oT Bcex ADC miis Kaxa0i U3 CTpaH u Juis Bcero bantuiicko-
ro peruoHa B LIeJIOM.

HN3BecTHO, uTO pricku OT padoThl ADC MMET HaWBbICHINE 3HAYCHHE B Ha-
YAJIbHBIA MEPHOJ MX IKCIUIyaTAllUM U B MOMEHT NPUOJMKeHHs K BbIPa0OTKe pe-
cypca. BBoa B 3KkcIUIyaTanmio B TeUYeHHe HECKOJBKHUX JeT 6 yHeprodsiokos B besa-
pycu, JlutBe u Poccun (Kamumnunrpaackas AJC) m oqHOBpPEeMEHHBIN BBLIBOJ M3
skcryaranun Urnammackoit ADC OyayT co3gaBaTh HAMBBICHIME BEPOATHOCTH
apapuiinbIX cutyanuii Ha ADC. ITH TPaHCHAIlHOHAJIbHbIE PUCKHU He NPUHUMAJINCH
BO BHUMAaHUe NPH NPUHATHH HALMOHAJBHBIX pelieHuii o crpoutenabcTBe AJC.
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4.7. IKOHOMUYECKME PUCKK, CBA3AHHbIE C BbIBOAOM
U3 3KCnnyaTaLumm

Kaxk npaBuio, npyu 5KOHOMMYECKOM OLICHKE ATOMHOM DHEPIreTUKU HE YUUTBHIBACTCS
Bech ku3HEeHHBIH MUK ADC. CoBpemeHHbIe dHEProOoku ADC pacCUUTHIBAIOTCS TPO-
EKTUPOBILIMKAMHM Ha IMPOM3BOJACTBO 3JIEKTPO3HEPrMM NpuMepHO B TeueHue 50-60 iner.
OT0 BpeMs, B T€UEHUE KOTOPOTO OCHOBHBIE 3JIEMEHTHI 000PYAOBAHMS yTPAuYUBAIOT CBOU
CBOWCTBA, MO3BOJISIIONINE MX IKCIUTyaTHPOBaTh OE30IIaCHO, a caMa TEXHOJIOTHS MPOU3-
BOJICTBA YHEPTUH MOPAIBHO ycTapeBaeT. C MOMEHTA NMPEKpalICHUs IKCILTyaTaluy SHep-
ro6ok ADC — UCTOYHUK PHEPTHH U J10X0Ja TpaHCHOPMUPYETCS B OOBEKT, MOTPEOIIsIO-
LU SHEPTUIO U PECYPCHI.

JIo COTHM ThHICSIY TOHH OOOPYIOBaHMUSA M KOHCTPYKLMU TAKOTO SHEprodyioKa cra-
HOBATCSI OTXOJaMH, 3HAYUTEIbHAS YaCTh KOTOPBIX PAAMOAKTUBHO 3arpsi3HEHA. JTO O3Ha-
YaeT, 4TO TaKOH OOBEKT JOHKCH HAJECKHO M30JUPOBATHCS OT CPeAbl OOMTAHWS, YTOOBI
MPEeIOTBPATUTh BO3MOXKHOCTh MOCTYIUICHUSI PAAMOHYKINI0B B Orochepy U yepe3 muiie-
BbIE LIETIOYKH K yeioBeKy. Kpome Toro, He00X0AMMO UCKIIOYUTh BO3MOXKHOCTh HECAHK-
LIMOHMPOBAHHOIO JIOCTYIA K 3TUM PAJNOAKTUBHBIM OTXOJIaM.

B orHomenun 3gaHuil U coopyxkeHui, BbIBOAUMBIX ADC BO3MOKHO NPUHSATHE
OJIHOM M3 aIbTEPHATUBHBIX CTPATETUH:

- HEME/JICHHBIN, TOATANIHBIM IEMOHTAK HAUMEHEE 3arpsi3HEHHBIX O0BEKTOB;

- OTJIO’KEHHBIN teMoHTax depe3 50 u Oosee JieT, Korja pacnaaercs 3HaYuTelIbHas
4acTh PaJUOHYKIIUIOB.

[Ipu BBIBOJIE M3 KCILTyaTalllu OTAEIbHBIM BOIIPOCOM CTOUT YTUIIM3ALMs 0Tpado-
TaBuiero saepHoro Tomwuea. OAT U3 BRIBOAMMOIo peakTopa BBITPYKAKOT B PUPEAKTOP-
Hble OacceilHbl ¢ oxyaxaaeMoil Bo1oil. CrrycTs HECKOJIBKO JI€T TOIUIMBHBIE CTEPXKHH Iie-
peMelarT B 0acCeHbl BPEMEHHBIX XPaHUIIHUII, OXJIaX/TaeMbIe DJIEKTPOIHEPIrUei. 3aTem,
[0 MEPE OCThIBAHUS CTEPKHEW MX MOMEIIAIOT B CHeluaibHble KOHTeHHepsl, rae OAT
MPOJOJIKAIOT OXJIAX/IaTh 32 CUET €CTECTBEHHON UPKYJISLNUN BO3TyXa.

Ha cerognsiiinuii 1eHb B MUpE OTCYTCTBYIOT O€30MacHbIe Uil MPUPOIbI U 3KOHO-
MUYECKH omnpaBaaHHble TexHosoruu nepepadotku OAT. Ocobas onacHocts OAT 00y-
CJIOBJIEHA HAJIMYHMEM B HEM PAJAMOHYKJIUAOB, KOTOPBIE MPAKTUYECKH HE y4acTBOBAJINA B
MUJUTMOHAX JIET SBOJIIOLIMM KUBBIX CUCTEM Ha 3emiie. K TakuMm painoHyKInIaM OTHOCST,
HATpUMep, IIyToHu (> Pu), KOTOPBIA HMEeT MepHoj molypaciana 6oiee 24 000 mer.
3a BpeMs KU3HHM aTOMHOTO SHEprodyioKa OT Hayalla dKCIUTyaTallu A0 MCUEpHaHHs pe-
cypca HapabaTeiBaetcst 10 Thicsiur TOHH O T, comeprkaiiero TOHHbBI %y,

OST nomKHO HAIEKHO U30JIUPOBATHCS OT OMOC(EpPHI B TEUEHUE COTEH THICSY JIET.
B CIIIA peuienuem BepxoBHOro cynia HaaekKHOCTh M30ISLUKA OTPaOOTABIIMUX TOILIWB-
HBIX CTEp)KHEW JT0JKHA OBITh TapaHTHpOBaHa B TeueHue | MusuinoHa jet. Ha ceroansiii-
HUI IEHb OTCYTCTBYIOT TEXHOJIOTHYECKUE PEIICHNUs, CTIOCOOHBIEC PELIUTH 3Ty 331a4y.

CoBpeMeHHbIE JJaHHBIE O CTOMMOCTH BBIBOJIa W3 OJKCIUTyaTallMM HEProOJIOKOB
BKJIFOYAIOT OOJIBLIOE KOJIMYECTBO HEOINPEAEIEHHOCTEHW, CBA3AHHBIX C Pa3jIM4YUEM BO3-
MO>KHBIX CIIEHApUEB BbIBOJIA U3 AKCILIyaTallii, HAIMOHAIBHBIX MOJUTUK MO 00paLIEHUIO
c PAO, OAT, ypoBHEM pa3BUTHS TEXHOJIIOTHI B pa3HbIX CTpaHax U T.II.
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B psige ctpan rocynapcTBEHHBIE U AKCILTYaTUPYIOIIME OpPraHU3alUK CAENalu Ta-
kue oneHku. Harmpumep, Coer no HarmmonansubeiM Pecypcam CIIIA (NRC) u AreHtcTBo
o Aromuoit Duepruu (NEA) onieHunu ctouMocTh BbIBOJA U3 AKCIUTyaTtauuu kak 10 — 15
% OT CTOMMOCTHU CTPOUTENHCTBA O0BEKTA. [24]

Odurmanpapie (paHIy3CKMe MCTOYHUKHU TpeiaraloT oreHky 258.86 eBpo/kBT
YCTaHOBIIEHHOM MoltHOCTH (HaHHbIe HA 1998 1.) [25].

OneHka cTOMMOCTH BBIBOJA M3 IKCIUTyaTalluu sHeprobioka ¢ peakropom BBOP-
440, no ganaeiMm MAT'ATO, moxer coctaBiath 350 MJIH. A0JUL. MPU HEMEIJICHHOM Jie-
MoHTaxxke u 300 muH. goiia. mpu otriokeHHOM Ha 40 mer gemoHTaxe (795 m 690
10JI1./KBT yCTaHOBIEHHOM MOIIIHOCTHA COOTBETCTBEHHO). [26]

BmecTe ¢ TeM, mpakTUYECKUI OIBIT BbIBOAA W3 3KCIUTyaTallMd MOKAa3bIBAET, YTO
MIPUBEJICHHBIC OIIEHKH CYIIECTBEHHO 3aHWKeHbl. Tak, B ['epmaHuu 3aTpaThl Ha BBIBOJI
sHeprobdmokoB ADC ¢ BBOP-440 okazanuch Oosee ueM B 2 pasa BbIIE TPOTHO3ZUPYEMBIX
MAT'AT?O. Ilpu BeiBose U3 3KcruTyaranuu 6 sHeprodsokoB ADC «Hopm» 3aTpaThl co-
ctaBat 3,2 mapa. espo (4,4 mupa. gomn.) win 1700 nomn./kBt. ADC «Hopm» Oyner Bbi-
BOJUTHCA B TeueHue 45 ner ¢ 1990 mo 2035 rr. 10 COCTOSAHUS KOPUYHEBOMW JIyKAUKHU C
co3nanueM Ha mecte ObiBiie ADC texHomapka. IIpu 3TOM ocTaHercs HepeleHHOM
npobnema OST, koTopoe HaxoauTcst BO BpeMeHHOM (Ha 50 jeT) xpanunuiie. [23]

B JlutBe Ha BBIBOA M3 3KCIUTyaTauuu JBYX 3HeprodiokoB PBMK-1500 (2x1500
MBT 51.) B Teuenue 30 et nepBoHaYaIbHO IIAHUPOBAJIOCH MOTPATUTH 1,2 MIIPI. €BPO.
Tak oneHUBaNINCh pabOTHl O COCTOSIHUS «KOPUYHEBOM Ty KalKW», OpraHu3alid Bpe-
MeHHOro xpaneHnus OST B MeTano-0eTOHHBIX KOHTEMHEepax U OpraHu3aluy TEXHOIMAPKA.
Cycta HECKOJIBKO JIET MOCII€ Hauyaja pealn3aluy MNpOorpaMMbl BBIBOJA 3Ta CyMMa BO3-
pocia 1o 2,5 mupa. espo win 1100 momn./kBt ycranoBieHHOW MOIIHOCTH. B nanbHei-
IIIEM STH 3aTPATHI €Ille BO3PACTYT, MOCKOJIbKY MOKa HE pa3paboTaHa TEXHOJIOTHS yTHIIU-
3aumu 3400 ToHH rpadura (3amennuTens HeUTpoHoB B peaktopax PBMK), conepikaiero
paaMoaKTUBHBIN H30TON yriepoaa-14 (nepuon nonypacnanga 5400 ner). Kpome toro, no-
Ka He HalJileHa TEXHOJOTHUS JOJITOBPEMEHHON H30JIALMUA UM 3aXOPOHEHHS] Ha TePPUTO-
puu JIuTBBI OTPabOTABIIETO SAEPHOTO TOILINBA.

3aTpaThl Ha BBIBOJ W3 3KcIuTyaramuu 3Heproosoka ADC Mboaun Snku (Maine
Yankee) snexrpuueckoit MOIHOCTEI0O 900 MBT 110 cocTOsSTHUS «3€I€HON TyKaWKm» Cco-
ctaBuiIn okoyio S00 MITH. 1OJUT., IPEBBICUB 3aTpaThl HA CTPOUTENIHCTBO (340 MITH. TOJI.)
ITpu 3Trom OAT HaxoguTCs BO BPEMEHHOM XpaHWIMILE. TeXHOIOIMH 10JIrOBPEMEHHOIO
xpanenus wim 3axoponenust OAT B CILA He cymiecTByer.

Tabauua 9 - 3aTpaTel Ha BBIBO/J U3 IKCILTyaTAUM 3Heprod1okoB AJC B pa3HbIX cTpaHax [23, 27]

Ne | ADC, crpana Tun peakropa; | CTOMMOCTB, IIpumeyanus
MOIITHOCTb, MJIH. JOJII.
MBrTt
1 | bur-Pok BWR, 70 25,0 ITocne Brirpy3ku OST kopmyc peakTopa Bbl-
ITotaT, CILHA BeszeH. O6mmas macca PAO cocrasuna 290 T.

Ha mnowmanke octanocs xpanuwnuie OAT
mromaneio 43,3 ra. ITnomans ADC cocrasisg-
ma 182,2 ra.
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IIpono/kenue TadauubI 9

®opt CeHT- HTGR, 330 173,9 [IpuHST BapyuaHT HEMEIJIEHHOTO JIEMOHTAaXA.

Bpoiin, CILIA ITepeobopymoBaHa B ra30TypOUHHYIO CTaH-
IHIO.

MbuH SHKH 900 ~ 500 HemenneHHbid JEMOHTaX JO COCTOSIHUS «3€-

(Maine JICHOM y>kaliku». OpraHn30BaHO CyXO€ Xpa-

Yankee) auie OST Ha TeppuTOpHH PSAIOM CO CTaH-
uueit. [IpoBesieHa peKyJIbTUBALIUS TEPPUTOPUU
ADC nociie neMOHTaxa.

Toxait Mypa, GCR, 166 772,5 HemonTtax Hagat B 2001 1., OymeT 3aBepIiicH B

Snonus 2017 r. B xone nemonTaxka oopazyercs 177
ThIC. TOHH PAQO, B TOM uncie 18 ThIC. TOHH
BBICOKOAKTHBHBIX.

Irane, PWR, 672 668,4 ITepBas ADC, BEIBOIUMAS W3 DKCIUTYaTaIldH

I'epmanus ToCJIe IPUHATHS 3akoHa 00 oTkaze oT ADC.
M3 300 gen. mepcoHana Ha IEMOHTAXXHBIX pa-
6otax ocranoch 150.

bubmauc-A, PWR, 1225 141,2 OreHKa 3aTpaThl Ha MMOTHYIO JTUKBHIAITHIO

I'epmanus 3HEeprooIIoKa.

JloBuca-1, BBOP, 440 166,5 OIIeHKH CTOMMOCTH 3aTpaT Ha BBIBOJ U3 IKC-

Dunnsaaans IUTyaTalluu JI0 «KOPUYHEBOH JTYKAMKM».

I'petidcpanbm, BBOP, 5x440 4000 O1eHOYHBIE 3aTpaThl Ha TIOJHYIO JIMKBUAIAITHIO

I'epmanus 5 6110K0B 110 ctamuu « TexHomapkay B MEPHOT
¢ 1990-2035 romel. B pabotax 1o BEIBOAY 3a-
HATO JI0 TPETH IKCILTyaTallHOHHOTO TepCcCoHaa
onBrcit ADC.

Hrnanunckas PBEMK, 2x1500 1500 OreHOYHBIE 3aTpaThl Ha TIOJHYIO JIMKBUAIAITHIO

ADC, (3 300) 2 6mokoB no cranuu «TexHomapkay. HagaTsr

JIutBa JIEMOHTaKHEIE paboThl Ha 1-om Omoke. OAT
IJIAHUPYIOT BPEMEHHO XPaHUTh B KOHTEWHE-
pax «CyXoro XpaHHJIHUINa.
[Tocne HECKOJIBKUX JIET Havajia paboThl OLCH-
KM 3aTpat BO3pociH Oojee yeM B 2 pasa.

4.8. CoumanbHble PUCKKN, CBA3aHHbIE C BbIBOAOM U3 JKCMJyaTauuu

CrpoutenbctBo ADC B LlentpasibHoli u BoctouHoit EBporie conpoBokaauch co3-
JAHUEM aTOMIPafioB — ropoioB cryTHUKOB ADC, uncieHHocThio oT 30 10 70 ThICSY KuTe-
neit. ADC cranoBsTcst TpagooOpazyronmMu npeanpustusiMu. CorpanbHas HHPPaCTPYKTY-
pa 1 OFOKET aTOMHBIX MOCEJICHUH MOTHOCTHIO 3aBUCSAT OT 3(pexTuBHOCTH padoThl ADC.

VY kuTteneil aToMrpajoB, Kak IpaBUiIO, OTCYTCTBYIOT UCTOPUYECKUE KOPHH, CBS-
3BIBAIOLIME UX C MECTHOM KYJIBTYpOW. ITO MOXKET CTaTh UCTOYHUKOM COIIMAIBHBIX KOH-
(JIMKTOB C JKUTENSAMU COCETHHUX MOCENCHUH, KOTopble BocnpuHuMaioT ADC u skurtenen
aTOMIPaJOB KaK yrpo3y TPAJAULMOHHOMY YKJIaAy KU3HHU.

Hewunz6exusiit BeiBoa 13 skciuryaTamu ADC mocie BEIpabOTKH pecypca BhI3bIBACT
OCTPBIN COIMATBHBIN KPHU3UC, CBSI3aHHBIM C OJTHOMOMEHTHOW yTpaToil OOJBIIOTO YHcia
BBICOKOOIIJIAYMBAEMBIX PAabOYMX MECT, a TaKKe OCHOBHOI'O MCTOYHHKA MOCTYIUICHUH B
MECTHBIC O0KETHI. [23].
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5. TEHOEHUUN MUPOBOWU SHEPrETUKMU

Bb16op TexHoNoruid B 3HEepreTuke OyayIiero OTHOCUTEIbHO HEBEIUK. B cooTBeT-
CTBUU C MO3UIIMEH POCCUICKOTO IKCIIEPTHOTO CO00IIecTBa, 3adukcupoBanHoro B Kos-
LEeNnIuu 3HepreTudeckon crparerun Poccuiickoir @enepannn 1o 2030 roxa [1], ucrou-
HUKU DSHEPIHH, KOTOpPbIE TOMEHSIOT CJIOXKUBIIUECS SKOHOMHYECKHE, OaJaHCOBBIE U
AKOJIOTUYECKHE TIPEICTABICHUS, OTPE/ICTICHBI CIIETYIONUM 00pa3oM:

- s/IepHas PHEPreTHKa Ha OBICTPHIX HEUTPOHAX C IMOJHBIM TOILUTUBHBIM ITUKIIOM,

- HETPaIUIIMOHHBIE BO30OHOBIISIEMbIC SHEPTOPECYPCHI,

- HETpaAUIIMOHbIE HEBO30OHOBIISIEMbIE PECYPCHI (Ta30TUAPATHI U IP.)

- BO3MOKHO, TEPMOSIIEPHAS SHEPIreTHKA.

3n1ech HY)KHO OOpaTUTh BHUMAaHHE, YTO CPEIH MEPEUYHCICHHBIX TEXHOJIOTHH OT-
CYTCTBYIOT AJICPHBIE PEAKTOPHI HA TEIUIOBBIX HEUTPOHAX — OCHOBA COBPEMEHHOW MHUPO-
BOU SIZICPHOM DHEPreTUKH, KOTOPYIO IIpeuiaraercs passuBaTh B benapycu. ['naBnas npu-
YHHA — TOTUIMBHBIC OTPAHUYCHUS B CBS3H C OJIM3KOM MCUEPIIaeMOCThIO JCIIEBBIX 3aM1acoB
ypaHa.

['oBOpsi 0 TEXHOJIOTHH TEPMOSIIEPHOTO CHHTE3a, HEOOXOUMO COCJIaThCsl HA MHE-
Hue E.Il. BenmnxoBa — 0AHOTO U3 PyKOBOAUTEIEH POCCUMCKON MPOrpaMMBl TEPMOSIEP-
HOT'O CHMHTE3a, — KOTOPBIA OMPEACIINII, YTO B CIyYae ycIiexa, KOMMepUeCcKas MOIIHOCTb
PEaKTOPOB HAa OCHOBE TEPMOSIICPHOrO CHUHTE3a K KOHIy 21 Beka He mpeBbicut 100 000
MBT uiam HECKOJBKO INPOLEHTOB OT COBPEMEHHOW YCTAaHOBJIIEHHOM MOIIHOCTH BCEU
AJIEKTPOIHEPIreTUKHA MUPA, YTO HUYTOKHO MAJo.

JloObIua ra3orupaToB HaXOJUTCS HA CTAUU HAy4YHOU mpopaboTku. B cioyuae Ha-
Jaja Takoi TOOBIYM MPOAYKTOM OyAeT CXKIKEHHBIH MPUPOIHBIN ra3, KOTOpbiil benapycu
B JIIOOOM Ciy4yae MpUJIETCS 3aKyTaTh 3a pyOexoM.

N3 peanbHBIX UCTOUYHUKOB HA MEPCHEKTUBY OJIMKAUILIETO CTOJIETHS, [0 MHEHUIO
POCCHIICKOTO 3KCHEPTHOTO COOOIIECTBA, OCTAHYTCA TOJIBKO aTOMHAsi YHEPreTUKa Ha OcC-
HOBE TUTYTOHHS U BO3OOHOBIISIEMast SHEPTeTHKA.

[Ipy 3TOM TEXHOJIOTHS IUTyTOHUEBOM 3HEPre€TUKH C 3aMKHYTBHIM LIMKJIOM JI0 CHX
nop He npopadborana. Ho yxe M3BECTHO, UTO 3Ta TEXHOJOTHs KpailHE OmacHa C TOYKHU
3peHUsl HEPACTIPOCTPAHEHUS SJEPHOTO OpYXHUsl, OoJiee aBapHiiHa U KpaliHe Joporasl.

Cpenu Bcex TEXHOJOTHUUA CaMbIMU TEPCHEKTHUBHBIMU U HAJICKHBIMU SIBIISIOTCS
TeXHOJIOTUH Ha ocHoBe BMD. Ha ceroans nuaepamu B 001aCTH albTEpHATUBHON dHEpre-
TUKH SBJISIOTCS TPU TEXHOJOTHU: SHEPTreTUKA HA OCHOBE OMOMACChI, COJIHEUHAs! U BETPO-
Bas sHepretuka. Hanbomnbime 00beMbl HHBECTUILIMIA U TPUPOCT MOIIHOCTEH B MOCIEIHNE
roJIbl IPOUCXOST B BETPOBOM 3HEpreTuke. biaarogapsi ObICTpOMYy COBEPIIICHCTBOBAHUIO
U YJCIICBICHUIO COJIHEYHBIX (POTORIEMEHTOB Oxuaaercs, uro nocie 2020 r. nuaepom
pocCTa CTaHET COJIHEUHAas dHepreTuka. Celyac MpensiTCTBUEM K €€ POCTY SIBIIAETCS Ype3-
BBIYAHO BBICOKAsI IHEPTOEMKOCTh IIPOU3BOJICTBA BBICOKOYMCTOIO KPEMHMUSL.

B crtpanax, rne nmomnep)kuBaeTcs BO30OHOBIsIEMasi YHEPTETHKA, HEOOIbIINE pa3-
Mephl U OOJIBIIIOE YUCIIO MAJIbIX SHEPTOYyCTAHOBOK IMO3BOJISIET CHUXKATh 3aTpaThl Ha HeEe
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BCJIEICTBHE OOYYEHUS OIBITOM, a TaKXe OBICTPO M T'MOKO pearupoBaTh HAa U3MEHEHUE
NOTPeOHOCTH B SHEPTHH.

[TocrnencTBuss yMEpeHHOr0 M3MEHEHHUs KiuMaTa MPUBEAYT K IMOBBIIICHUIO MPO-
AyKIMKA Ouomacchl, U BBIPaOOTKH 3iekTposHepruu Ha ['OC, cHMKeHHIO BHIPAaOOTKH BET-
POYCTAaHOBOK M HAa3€MHBIX COJHEYHbIX Oarapeil. [locnencTBusMHU CHIIBHOTO M3MEHEHUs
KJIMMara (B ciay4yae COXpaHeHHs TEHJCHIIMU 110 POCTY MCIOIb30BaHMsI HCKOIIAEMOro TOI-
JIMBA) CTaHET POCT YMCJa MPUPOJIHBIX YPE3BbIYAWHBIX CUTyallui, 4YTO NOTPEOYET MOBBI-
LIEHUS HaJIe)KHOCTH M MAaHEBPEHHOCTU SHEPIreTUKHM M CYLIECTBEHHBIX JOIOJIHMUTEIBHBIX
3aTpaT Ha KOMIIEHCALUIO TIOCIIEICTBUI BO BCEX OTPACIIAX XO35AMCTBA.

TakuM 00pa3oM, OrpaHUYEHUE POCTa MOTPEOIEHHS] UCKONAEMOTO TOILJIMBA SIBJISI-
eTcsl HeOOXOMMBIM YCIIOBUEM MPEAOTBPALICHMS 3aTpaT HAa KOMIIEHCALMIO MTOCIEACTBUN
WU3MEHEHHUS KIIMMATA.

C y4yeToM OrpaHMYEHHOCTH 3alacoB JAELIEBOr0 ypaHa U 3HAYMTEIbHBIX PHCKOB,
COIPOBOKIAIOLINX ATOMHYIO SHEPI€THKY, MOKHO CIEJIaTh BBIBOJ, YTO HA CETOAHS TOJIb-
KO BO300HOBISieMasl SHEPreTHKa MOKET O0ECIEeUUTh dHEPreTHUECKyr O0e30IacHOCTh U
cTaOMIIbHOE pa3BUTHE KaK Ha TI00aJIbHOM, TaK U Ha HAI[MOHATHHOM YPOBHSX.
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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 nu-
clear 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 envi-
ronment, it was not a serious accident. But it demonstrated all the potentials of the ut-
most severity. And not the least did it demonstrate the necessity to throw all former
quantified risk estimates 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 re-
actor could start up again, a strong proof of the vulnerability of nuclear power as an en-
ergy 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
downfalls were large enough to make immediate counter measures necessary in order to
protect 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 counteract 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.
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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 radionu-
clides, 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 seri-
ousness in the connections between nuclear power and nuclear bombs, where the very his-
tory of nuclear power was founded more than sixty years ago. Nuclear reactors are still
continuously generating Plutonium-239, the isotope applied in the Nagasaki nuclear bomb.
And enrichment facilities creating opportunities for the generation of sufficiently enriched
Uranium-2335, the isotope applied in the Hiroshima nuclear bomb.

In Norway as well as in other European countries the strong opposition against nu-
clear power caused energy issues to be focused in new ways, also a great asset of this re-
port. 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 en-
ergy 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.

60



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 on 31 January 2008, pushed the Republic of Belarus National Security Council
for taking 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 to € 0.0254 and € 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 for stabilizing 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 en-
ergy 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 increasing
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 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 ones. For example, real costs of construc-
tion of the third power generating unit of the Kalininskaya NPP (commissioned in 2004)
turned to be more than 2 times higher than the envisaged. On top of this, based on calcu-
lations of designers of the second stage of the Balakovskaya NPP, a more than 60% in-
crease 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 consid-
erably 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 1in 2007.
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- Construction of NPP would require erection of non-nuclear capacities for addi-
tional non-nuclear hot reserve 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, makes a
decision to build an expensive NPP where the construction would take at least eight
years, a quite risky one.

3. Construction of NPP would lead only to partial solution of the problem of depend-
ency 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®) means
that absolute reduction of the consumed natural gas would reach circa 23% by 2020 — a re-
duction of import of natural gas for energy sector from 18.5 bn. m’ to 14.1 bn. m>. Other es-
timates say that the reduction would reach 3.51 bn. m’ or 20%. Taking into account natural
gas, needed for additional hot reserve the reduction effect 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-1000 as
well, means choosing the uranium fuel supplier. None of the countries with NPPs, built
by the Soviet Union was 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, creating, at the same time, 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 expen-
sive 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 note, 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 nu-
clear 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 in Belarus of energy sector using renewable sources — by 2020 based on
biomass and use of wind potential and solar energy in perspective.
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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.
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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 — I
nternational Energy Agency http://www.iea.org/statist/index.htm)
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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. tons in | Min. tons of Bn
oil equiva- equivalent M3' TJoules %
lent fuel

Own production 0.20 0.27 0.23 8,458 1.1%

223
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 4.59 165,418 | 21%
Cogeneration (CHP) Plants 6.29 8.45 7.34 | 264,368 | 33%
Boiler Houses 3.79 5.09 4.42 159,277 | 20%
Losses in transportation 0.20 0.26 0.23 8,226 1%
Other branches, including 4.89 6.56 5.70 | 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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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 pre-
sent 80% down to 60%’. Natural gas provides for 95-96% of generated electricity.

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, a couple of oil and
chemistry 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 “Belen-
ergo” 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 MWt.

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 thermal
power plants (more than half of installed electric capacity) efficiency of use of natural
gas 1s poor. For “Belenergo” fuel utilization factor, taking into account effective supply
of heat and electricity reaches for CHP — only 76%. However, optimal cogeneration may
ensure fuel utilization 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%).

" The current note considers scenarios only in relation to fuel oil.
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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 2009 it is
planned to reduce energy intensity of industrial products by 9%, utility services — by

28
3%.
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Figure S - 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 MWt.

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 22.8 | 22.8 | 224 | 2251 | 22.75 | 22.77 | 227
of which as raw material 1.4 1.46 1.5 1.8 2.2 2.2 2.2
Fuel oil 2.14 1.60 1.7 1.7 1.75 1.73 1.55
of which from own oil (including solid 090 | 090 | 090 | 0.90 | 0.90 | 0.90 | 0.90
residue of oil processing, starting from
2008)

Coal, including coke 028 | 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 0.64 | 045 | 045 | 045 | 045 | 045 | 045
Domestic heating oil 0.11 0.09 | 0.09 | 009 | 0.09 | 0.09 | 0.09
Other local fuels — total 225 | 256 | 2.80 | 3.16 | 347 | 3.80 | 4.11
Including:

peat and lignin 0.60 | 0.75 0.94 1.07 1.13 1.15 1.18
Wood fuel 1.07 1.18 1.22 1.44 1.67 1.97 | 2.24

28 This note considers scenarios of development of energy sector based on approved plans of energy efficiency.
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Continuation table 2

Other types of fuel 0.58 0.60 | 0.63 0.66 | 0.67 | 0.68 0.69
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 3.55 3.86 4.09 4.45 4.75 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 15.5 16.7 17.7 18.7 19.7
Heat-recovering installations 0.62 | 064 | 0.69 | 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 4.17 4.50 4.79 5.18 5.51 5.85 6.17
power — total

Same, in percentage 15.4 17.0 18.1 19.5 20.5 21.6 | 227

Consumption of electric power, bn. kWhs | 34.46 | 34.7 35.0 35.5 36.0 36.5 36.9
Consumption of heat energy, mln. GCal 73.0 | 732 | 739 | 745 75.2 759 | 76.5

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

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 —
2030. The obtained figure of GDP growth in Belarus corresponds to growth rates in
China, which is unlikely to be achieved. As well, the forecast contains a disputed as-
sumption that 1% of GDP growth leads to 0.3% growth of energy consumption. Eco-
nomic crisis inevitably would introduce corrections into this forecast. During 2009-2010
GDP growth rates shall be expected close to zero, which from the point of view of energy
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efficiency measures would result in energy consumption decrease by about 6-8% per an-
num®.

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
natural 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, price for gas is linked to average
European price taking into account lowering factor. Starting from Q2 2008 Belarus buys
gas at the price of US$ 127.9 per 1,000 m’ [4]. According to the Government of Belarus,
in 2009 average entry price for the Russian gas will reach US$ 148 per 1,000 m’. At the
same time, in Q1 2009 price for gas will be much higher™. By 2011 Belarus should be
paying European price for gas.
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Figure 7 - “BelTel” forecast of consumption of heat energy till 2020

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 growth of economy ap-
pears to be significantly dependent on amount and efficiency of use of natural gas.

% In January 2009 energy consumption in Russia has gone down, compared with January 2008 by 7.7%, in Decem-
ber 2008 compared with December 2007 — by 7% and amounted to 920 bn. kWt/hours (report of system operator
“United Energy System”). In December 2008 compared with December 2007 consumption of electric power in
Ukraine went down by 12.3% and amounted to 16.2 bn. kWt/hours (based on Mintopenergo data)).

% http://www.interfax.by/news/belarus/51105
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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 Plant began. Its ca-
pacity should have reached 2,000 MWt. Simultaneously consideration of the issue of
construction of the second — Belarusian Nuclear Power Plant has started. After 1986 con-
struction of Nuclear Power Plant was stopped and Minsk Thermal Power 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 Sci-
ences, 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.
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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 mln. 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 22.8 | 22.7 | 23.01 20.51 | 24.23 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 1.4
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 0.45 | 0.45 0.45 0.45 0.45 0.45
Domestic heating oil 0.11 | 0.09 | 0.12 0.12 0.1 0.1
Local and other 2.56 | 4.11 5.75 5.75 6.3 6.3

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 1.4 1.4
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 1.4
Nuclear fuel 2.5 5
Total 28.0 | 294 | 3145 3145 | 32.88 | 32.88
Purchased electric power 1.54 1.4 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 mlin. 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 mln. 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;

32 Considerable adjustments to the suggested scenario appeared in the last 3 years, including those related to in-
crease of share of coal.
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- Natural gas (approximately) — 22.3-25.3 bn. kWhs (with and without import
taken 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. kWhs. 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 mln. tons of equivalent fuel by
2020.

33 Tt 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 isolated
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 MBT. 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
mln. 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
mln. 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
mlin. 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™.

34 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 mln. tons of equivalent fuel), gas generated by Oil refineries
(0.45 mlin. tons of equivalent fuel), wood fuel (2.24 mln. tons of equivalent fuel), other and hydropower stations —
0.68 mln. 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

Capital in- Expected economic ef- Unit capital
vestments fect, thqusand tons of costs, US$/'ton
US$ mln., coal equivalent per an- of fuel equiva-
num lent
Energy efficiency 1,852.2* 4,600.0* 402.6
Local fuel and energy resources 747.8% 1,380.0%** 542
NPP/
NPP + infrastructure + additional hot 2’252%%/ 5,000.0 182?/6
reserve AR ’

*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 mln. 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
USS$ 1,450/kW (with USS$ 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 i1s 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, secon-
dary resources and energy efficiency in gas generation.

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

36 http://finance.rol.ru/news/article1 6D27/default.asphttp://finance.rol.ru/news/article1 6D27/default.asp

37 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. 0.11-0.15 mln. tons of
kWhs kWhs equivalent fuel
Wind energy potential, 24 6.62 224 9] 2.24-15.65 [9]
bn. kWh 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, mln. 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, mln, 0.47 0.02 0.5 L131 (taking account
. of lignin and crop sec-
tons of equivalent fuel
tor)

Phytomass, mln. tons of 0.64 0.05 0.3
equivalent fuel
Lignin, min. tons of 0.983 0.05
equivalent fuel
Crop sector waste, mln. 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 en-
ergy

0.32 mln. tons of
equivalent fuel [13]

In the nearest decades the most perspective directions of development of renew-
able 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. kWhs 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,
generating 3.5 mln. 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
commission 3,514 wind energy generating installations with aggregate installed capacity
of 7,028 MWt.

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

0,8

= Electric power sales

0,6
= |nvestments
0,4

= Monetary flows
0,2 ry

- Discounted financial
flow — 8%

0

USS$ bn.

-0,2

= Discounted financial

04 flow — 13%

064 ] e Operation costs

-0,8 f t f t f f
2009 2014 2019 2024 2029 2034 2039 2044

Years
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, 1.e. 300-570 MWt.

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 en-
ergy 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.

¥ 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 mln. tons of equivalent fuel. According to [13], this amount can grow to 4.45-8.9
mln. 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 miln. 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 mln. hectares is used to cultivate energy cultures (about 5% of the
Republic of Belarus territory) it is likely to receive additionally circa 5 mln. 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 3.5 0.3
Biogas output, m*/capita per day 2.43 1.62 0.2 0.02
Head of livestock, min. heads (in 2007) 2.5 1.45 3.5 29.4
Manure output, mln. 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, mln. 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 evalu-
ated 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.

* 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 “Belen-
ergo”, with heat of combustion 1 m’- 9.4 kWhs is 108.1 bn. kWhs. The State Production
Association “Belenergo”, generating practically all electric and almost half of thermal
energy, per annum supplies about 30.37 bn. kWhs of electric energy). The share of gas in
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 Bere-
zovskaya State District Power Plant (Beloozersk, Brest region). From July 2003 till De-
cember 2004 the power plant underwent installation and commissioning as gas-turbine
superstructure 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 con-
sumption of fuel gas grew only by 5%. Specific consumption of equivalent fuel de-
creased 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 mln. 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 mln. tons of equivalent fuel;

- Coal — 0 mln. tons of equivalent fuel;

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

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

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

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

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

- Biogas — 1.25 mln. tons of equivalent fuel,

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

- Wind engineering — 12.3 bn. kWhs — 4.3 mln. 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 mln. tons of equivalent fuel;

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

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

- Import of electric power — 1.12 mln. tons of equivalent fuel,

- Natural gas — 10.7 mln. 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 mln. 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 mln. tons of equivalent fuel.

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

- Fuel o1l — 1.7-bn. kWhs;

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

- Biogas — 2.5 bn. kWhs;

- 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
USS 7 bn.

Specific cost of biogas installations amounts to US$ 2,000 per KW. Based on gen-
erating 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

*! Share of organic fuel in generation of electric power may seriously vary depending on use by thermal power
plants and boiler houses.
* 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 USS$ 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 mlin. tons of equivalent fuel up to 31 mln. tons of
equivalent fuel.
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Figure 11 - Nuclear Scenario, balance of domestic fuel oil, (mln. 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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Figure 12 - Innovation Scenario: balance of fuel oil (in min. tons of equivalent fuel)

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, USS$ per
capacities, MWt graded capacities, MWt ,KW
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 en- 4.35/4.23%* 9.2
ergy 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 en-
ergy sector is considerably higher than in nuclear, — almost by 50% or 9.2 bn. m’ from
18.5 bn. m’ t0 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 sce-
nario 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 § /
mln. tons of equivalent fuel | tons of equivalent fuel
Local of fuel and energy re- 747,8 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 sce-
nario is cheaper from the point of view of long-term macroeconomic parameters in com-
parison with modernization of gas generation, based on combine-cycle plant technolo-
gies. 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 en-
ergy 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 nu-
clear 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 un-
derestimated. 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 kW for combined cycle plants. At the same time, data for nuclear gen-
eration is taken as of 2000 while cost of combined cycle plants is referred to as of 2007-
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2008 and even this figure is, most likely, overestimated taking into account experience of
construction 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
power units. World experience of construction of nuclear power plants show that cost of
construction of nuclear power units 1.5-2 times exceed the cost of construction of com-
bined 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 pro-
ject has a net discounted income equal to zero with increase in volume of capital invest-
ments 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 nu-
clear 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 MWt.

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 fo 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 “Ener-
gorynok” 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 MWt.
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.

* http://www.er.gov.ua/doc.php?p=1316&wid=4d3ace59¢03811eb6ac055ddb366f00
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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 MWt 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 nu-
clear 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 Com-
pany 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 nu-
clear 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 vol-
ume 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 mln. to improve safety of the Leningradskaya Nuclear Power Plant. In 2003 the
German Government has allocated gratuitous assistance up to €7.02 mln. 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 mlin.
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 arti-
cles of expenditures, typical only for atomic engineering.
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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$ 10-12/1b. to US$ 130/lb. 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$ 48/1b. 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 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 en-

* Ux Consulting Company, LLC http://www.uxc.com
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richment 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%.

4 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 pre-
sent 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 aircratft.
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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 gen-
erator 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 nu-
clear 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. How-
ever, two exact hits would be enough for a nuclear power plant to launch an avalanche
catastrophic 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 resid-
ual 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 de-
pleted 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%.

7 http://www.t3000.ru/index.php?option=com_content&task=view&id=16&Itemid=27

96



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
Finland and France. Cost of reactor in Finland (1,600 MWt) has grown during construc-
tion 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 en-
ergy sectors, for example, wind energy where hundred megawatt capacity wind energy
generating 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
unlikely.
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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 facilities48,
Special Commission of the Australian Parliament did not recommend the Government of
Australia 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
Balakovskaya 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
metal. Therefore, no one can evaluate in the long-term prospective the real cost of stor-
age, but it is clear that it only will grow, and grow considerably. The Rosatom representa-
tives 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 happen 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 i1s 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. Transboundary 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 lim-
ited water exchange with open part of the ocean. It means that in case of accidents at nu-
clear 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

¢) 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 nec-
essary 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 nu-
clear fuel that are safe for the nature and economically justified. Special danger of de-
pleted 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.

104



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 gener-
ated in the course of dismantling, of which 18,000
tons are highly active.

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

many 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, VVER, 440 166.5 | Evaluation of costs for decommissioning to “brown

Finland 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. De-
pleted 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 En-
ergy 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 miIn. 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 mln.). 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 re-
actors 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 de-
pletion 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 cy-
cle 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.
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