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CALOPXAJ

[lpernepn TpeHyTHE cuTyauuje y norrneny Ha HyKreapHy eHepPreTuky.
[lpegHOCTN N MaHe HyKrneapHe eHepPreTuke.

Knacudukauuja HykneapHnx peakrtopa 1 OCHOBHW cacTaBHU OESI0BM.
YTuuaj akumgeHaTta Ha pa3Boj HyKneapHe eHepreTuke.

Kopauwu koju cy goBenun o TpeHyTHor ybop3aHor passoja HE y CAL.

[TlpegHoCTN N MaHe peakTopa Mmane cHare (SMR) n MmukpopeakTopa
(MMR).

[1pBE KPUTUYHOCTU HOBE reHepaumje peaktopa 1 nsrpagwa
NpPOTOTMNOBA.

LleHa usrpagre peaktopa Benuke cHare y ogHocy Ha SMR n MMR.

[Tpenopyke n 3axtesn |IAEA y norneny Ha pasBoj HyKreapHe
NH(PPACTPYKTYpeE.
[ne je Ty Cpbunja?

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley



EHepreTckn npobrnemu y XXI Beky

Ckopo jegHa TpehnHa cTaHOBHULLTBA jOLU YBEK HEMA NPUCTYI
eneKkTPUYHoOj eHepruju.

HepasBujeHe 3eMIbe U 3eMIbe Y pasBojy jOLl YBEK Kopucte pocunHa
ropvBa Kao rraBHU eHepreTCcKu N3Bop.

O6HOBIBLMBU N3BOPU HUCY joLl ncnyHUNn obehara o nosehaHoj
ePrKaCHOCTN N HNCKOj NPOU3BOAHOj LIEHN eNIEKTPUYHE eHepruje.

He nocToje naeanHn eHepreTCckn n3Bopu Koju NCTOBPEMEHO
3a[0BOSbaBajy CBe HeONxoaHe Kputepujyme — ga cy epukacHu, ga je
LeHa n3rpagke npuctynadHa y3 jedpTUHy npoms3Boary efeKTpudHe
eHepruje, oa He 3arahyjy OKOSIMHY U WTeTe SbyACKOM 34paBiby, U Oa Ccy
pu3nuM o xaBapuja MUHUMarHMW.

Temerbu jegHe Haumje cy NPBEHCTBEHO Yy OYyBaHy YMCTOr Basgyxa v
BO4a, 34paBe UcXpaHe U nNpuctynayvyHe LeHe eHepreHaTta. AKO NocToje
OBW 34paBu TeMerbW, OHOa ce Ha BbUX Hagorpahyje cee ocTtarno:
npuBpeaa, 3apaBCcTBO, 0bpasoBare, NpaBHa ApXKaBa, N HapaBHO Hayka
N TEXHOJSIOLLKE MHOBaLUMWje.

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley 5



[ToTpeba 3a HE3aBUCHUM OaSTy4YNBaH-EM

« CBaka gpxaBa Tpeba ga oanydm o KomouHaunjm eHepreTCKmux
N3BOpa Koju ogrosapajy cneumdmnyHM ycrioemma Te gpxase.

« JacHo je ga ogpeheHu komnpomMmmcu Mopajy Aa nocTtoje, Bes3aHo 3a
onTUMKU3aUNjy NPON3BOAHE ENTEKTPUYHE eHepruje, anu To He Tpeba
Oa nae Ha WTeTy IbyACcKor 3apasriba U YHULLTaBaka OKOSNUHE.

« 3emMrbe Yy pa3Bojy Mopajy Aa nsderasajy npuTuUCKe o4 pasBujeHnx
3emarba 1 BENUKUX EHEPreTCKNX KoMnaHuja.

-
-

/7 Germany
it e e

< wiln N ::nﬂ.

France.

@)\
= Rty s J’”‘;"lf\"\u*w

Sea sMer . P -

R i TaWer . s it SNy TG e
J. Vujic, Department of Nuclear Engineering, University of California, Berkeley



basHu n3Bopu enekTpuyHe eHepruje

* [locToje camo aBa 6a3Ha U3Bopa enekTpuyHe eHepruje Koju mory ga
Npoun3Boae enekTpu4Hy eHeprujy 24 cata Ha gaH n 365 gaHa Ha
roanHy. To cy HyKreapHe ernekTpaHe U TepMOoeneKkTpaHe.

« 3a pasnuKy of TepMoesiekTpaHa Ha yrarb, HyKrneapHe erfiekTpaHe He
emutyjy GHG, Telwike meTane, neneo v gpyre WteTHe matepuje.

« Jlowsa Tabena nopean Heke OCHOBHE NMapamMeTpe HyKrneapHux
enekTpaHa, erniekTpaHa Ha pocurnHa ropmsa, ernekrpaHa Ha BeTap u
conapHux enektpaHa ucte cHare og 1000 MWe.

Hyxneapke | Tepmoesekt | Enexrpane | Einexrpane | Cosaphe
paHe Ha Ha BeTap eJ1eKTpaHe

NPHPOAHH PVv)

Maxc ®U 90-95% 50-60% 50-60%

3eM/bHIIITE 1.5 2 1.5 350 50
km?

3anocienu 500-1000 150-200 150-200 50 -
KuBoTHu 60-80 40-50 40-50 20-25 20-25

BCK

The Economics of Small Modular Reactors, March 2021, https://www.nei.org/CorporateSite/media/filefolder/advanced/SMR-Start-Economic-Analysis-2021-
(APPROVED-2021-03-22).pdf

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley .




3allTo yrnaraTtun y HyKrneapHy eHereTuky?

« Benwuka "eHepzemcka eycmuHa’, Tj. BENuKa "eHepaemcka
KOHUeHmpauuja’ cagpxaHa y HyKfieapHOM ropusy.

« [laneko Mmawa Konm4ymHa noTpebHor CBEXer ropmBa, 3HaTHO Mah-a
KONMUYMHA UCTPOLLIEHOT FOPUBA, U jOLLI Maha Konn4mMHa npaBor
oTnaga.

« JeanHu 6asHm eHepreTcku n3Bop Koju He npomnssoan CO,, He
eMUuTYyje racoBe CTakneHe bawute n Mmoxe edpMkacHO Ja 3aMeHMU
TepPMOESIEKTpaHe Ha yrasb.

* Bwucoku cteneH nckopuihemna, koju omoryhasa Lyropo4Hy
CTabuITHOCT MpeXxe, Y3 MUHUManaH yTuuaj BpeMeHCKMUX NpoMeHa.

« MoryhHocT npunarohasane nyktypupajyhum notpebama mpexe.

* MoryhHocT Kopuwhema 3a gobujarse BogoHuKa, gecannHmsauujy,
TONNOTE 3a 3arpeBamwe, NOroH 6poaosa U NogMopHULA, ..

* Manu 3eMrbuLLHN 3axXTEBMW.
« [lyr onepatmneHu Bek ( oo 80 roguHa).

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley



LLITa MmOXe ga ycnopu ynaraka y HyKrneapHy
eHepreTmuky?

« YcnopeHu pa3Boj cneaehe reHepaunje eHepreTCKnx peakropa,
roe HoBa ropmBa v ausajHu NpBo Mopajy Aa npohy tectuparsa.

e 3aKkoHu 1 perynaTtmea 3a HOBe Agu3ajHe.

 [loTpeba oOHOBE HYKNEpHe NHMPPACTPYKTYpa, LeHA U OYXKNHA
Tpajara narpagme.

e CurypHocT 1 6e36egHOCT HyKNneapHUX enekTpaHa.
« Opnarake UCTPOLLEHOTr ropuBa U pagmoakTUBHOI OoTnaaa.

« [lyropo4Ha ogp>XMBOCT rOPUBHOT LMKNYyca, YKIbydyjyhu npepaay
NCTPOLLEHOr ropuea N peumknaxy — satesapate ropmBHor
LMKnyca.

* YrnaBHOM HeraTMBHO jJaBHO MH-EH-E.

« 3abpuHYTOCT Yy BE3UM NOTEHUNjanHoOr Kopuwherwa HyKkneapHe
TEXHONOrnje y HeMMPHOOOIMNCKE CBPXE.

e,EI,OCTaTaK CTPYYHUX U HAYYHUX KagpoBa.
I

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley .



[ToTpollH-a HyKneapHOr ropmea

* [Npnumep HykneapHe enekTpaHe og 3000 MWth (~1000
MWe).

 [lpeTnocTtaBMmo ga HykrneapHa enektpaHa pagu 320
OaHa y Toky 12 meceuwu:

— Noguwra noTpowra oboraheHor ypaHujymckor (4% U—-235)
ropmsa je og 25 no 30 ToHa.

— [HeBHa noTpowra U-235 je oko 3,2 kg.
— lNoguwra notpowra U-235 je oko 1000 kg.
— 1 g U-235 npoussege oko 1MWd Tepmunyke eHepruie.

 ['oguwre ce npounssene oko 30 TOHa UCTPOLLEHOT
ropuea, og Tora je camo 1 ToHa npaBu "oTnag’.

« 3anpemunHckn 30 ToHa — oko 1,5 m3!
* [NpaBn otnag — 0,1 m3 rognwmse!

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley



96% WcTpollueHor HykneapHor ropyBa MoXxe ga ce
peuuknupa! (AREVA)

» Typical composition of a Light Water Reactor Fuel

Before irradiation: ~ 500 kg of Uranium (PWR)

After irradiation:

A

I
| E : . —

Fission Products & MA
15 to 20 kg (~4 %)

!

FINAL ‘WASTE’

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley
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Bucok cteneH nckopuihemna

* HykneapHe enektpaHe nmajy HajBULLIN CTeNEH Uckopullhena
o[ CBUX N3BOpa enekTpuyHe eHepruje, n 1o npeko 90%.

* Ha >kanocrt, Bpno ce 4YecTto Mella “UHcmarucaHu
Karnayumem”, ogHOCHO MOryhHOCT a ce HewTo npoun3eeqe
nog nageanHum ycrniosuma, n “rpou3eooHU Karauyumem”,
OAHOCHO, LWiTa AaTu eHepreTCcKkn N3Bop pearnHo npomseseqe.

https://www.eia.gov/electricity/monthly/current_month/epm.pdf

Coal Natural Gas Geo Hydro Biomass Solar Wind
thermal

Combined  Gas PV Th
Cycle Turbine

2016 528 554 11.0 71.6 382 923 62.7 25.0 22.1 345 583
2017 53.1 512 9.6 73.2 430 923 61.8 25.6 21.8 346 60.2
2018 53.6 550 11.9 76.0 419 925 61.8 25.1 23.6 34.6 60.6

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley
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Knacnopoukauuja peaktopa (IAEA)*

MICROREACTOR
Up to ~10 MW(e)

LARGE, CONVENTIONAL REACTOR SMALL MODULAR REACTOR
700+ MW(e) Up to 300 MW(e)

*https://lwww.iaea.org/newscenter/news/what-are-small-modular-reactors-smrs

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley 9/19/26




Basic Components of a Nuclear Power Reactor

FUEL: Solid fuel (mostly uranium oxide UO,, or U metal), or liquid fuel
(fluoride or chloride salts) including thorium liquid fuel. HALEU.

MODERATOR: light water, heavy water, graphite.

COOLANT: water, gas (helium, CO,), liquid metal (lead, sodium), liquid salt
(filbe, “Li,BeF,).

REFLECTOR: a light metal such as beryllium, Z=3, to reflect neutrons back
to the core. Lead is a good reflector of fast neutrons.

CONTROL RODS: neutron-absorbing material such as cadmium, hafnium or
boron.

PRESSURE VESSEL: (a robust steel vessel containing the reactor core and
moderator/coolant). It also has a thermal shield and a biological shield to
reduce radiation exposure levels.

STEAM GENERATOR: Heat exchanger that coverts hot water into steam.
CONTAINTMENT structure: A thick concrete and steel structure.

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley >



EHepreTckn peaktopu y CBeTYy
2026

e 417 HyKneapHUX eHEPreTCKNUX peaktopa y 31 3eMibM, ca

kanauutetom og 379.6 GW(e). Og Tora, 353 cy nakoBogHu
peaktopu (308 PWR n 45 BWR)

e /8 peakTopa je y nsrpagtun y 17 semarba ca yKyrnHum
kanaumtetom og 81.7 GW(e):

— ApreHTunHa, bpasun, Kanaga, Mahapcka, NaknctaH, Cnosayka — 1
— banrnagew, WpaH, JanaH, Benuka bputanuja, YkpajuHa — 2

— Erunart, JyxxHa Kopeja, Typcka - 4

— Pycuja — 5; Mugnja — 8; KuHa — 37

e 30 peaKTopay naaHy:

— ApreHTuHa, bpa3un, KaHapa, Mahapcka, UpaH, MaknctaH, ChoBayka — 1;
BaHrnagew, JanaH, Benuka bputaHuja, Wpax — 2; Erunar, Jy»kHa Kopeja, Typcka —
4; Pycnja —7; UHgnja — 8; KnuHa — 37

*Nuclear Power Reactors in the World - 2025 Edition, International Atomic Energy Agency — IAEA, Reference Data Series
No.2, June 2022. ; https://pris.iaea.org/pris/

https://www.iaea.org/newscenter/news/amid-global-crises-nuclear-power-provides-energy-security-with-increased-electricity-
generation-in-2021

B |
J. Vujic, Department of Nuclear Engineering, University of California, Berkeley 1



https://www.iaea.org/newscenter/news/amid-global-crises-nuclear-power-provides-energy-security-with-increased-electricity-generation-in-2021

Figure 7. Number of reactors in operation worldwide (as of 31 Dec. 2024)
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VcTpujckn TpeHOoBM y nsrpagmun u
OEKOMUCUN HYKINeapHUX peaKTopa

I
Chart 2z e Reactor historical trends Net electrical capacity MW (e)
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EHepreTckn peaktopu BenuKe cHare
2015 (2019) [2021] 2024 (1aca.org)

Type Description In operation Under Shut down Planned
construction

Pressurized Water Reactor (light water 282 (300) [303]  57(44) [48]  38(57)[63] 70  101(62) [55] 29

cooled and moderated) u BBSP (VVER) 308 54
BWR Boiling Water Reactor (light water cooled 78 (65) [61] 4(4)[2]2 31(50)[52]153 10(9)[6]6
and moderated) 43
PHWR Pressurized Heavy Water moderated and 49 (48) [47] 4(4)[3]2 9(9)[10] 12 2)[4] 4
cooled Reactor 45
GCR Gas Cooled Reactor (graphite moderated) 14 (14) [11] 35(38)[41] 44
8
LWGR Light Water cooled, Graphite moderated 15 (13) [11] 1(0)[0]0 9(11)[13] 14
Reactor (PEMK) 10
HTGR High Temperature Gas-cooled Reactor [1] 1(1)[0]0 4 (4)[4] 4 1 (0)
(graphite moderated)
HWGCR Heavy Water moderated, Gas Cooled 3(3)[3]3
Reactor
HWLWR  Heavy Water moderated, boiling Light 2(2)[2]2
Water cooled Reactor
SGHWR  Steam Generating Heavy Water Reactor 1(1)[1]1
FBR Fast Breeder Reactor (sodium cooled) 33)[3]2 1(1)[3]4 8(8)[8]8 2(5)[5]2
X Other 2 (2) 2] 2
441 (443) [437] 67(54) [56] 143 (186) [199] 114(78) [70]
417 62 213 41

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley 16




[Tpeko 100 noejHnx pewera 3a SMR n MMR*

Figure 11. SMR concepts

24 -SMR ]
AP300 SMR TpeHyTHO MOCTOJe CaMO OBa peaKkTopa marne
22 TEPLATOR cHare y paﬂy:
NHR200-I .
- LDR50 Akagemuk JlomoHocoB — Pycunja (2020)
RRSMR Xe-100 HTR-PM — Kuna (2021)
18
RITM-200M HTMR-100
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Water-cooled Gas-cooled Metal-cooled Molten salt-cooled Heat pipe-cooled Micro

Concepts
*Small Modular Reactors: Advances in SMR Developments, IAEA 2024

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley 9/19/26



YTuuaj akumgeHaTa Ha HyKneapHuUM enektpaHama
Ref: Nuclear Power in a Clean Energy System, International Energy Agency, May 2019.

Figure 5. Reactor construction starts and share of nuclear power in total electricity generation
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Note: OECD = Organisation for Economic Co-operation and Development.
Sources: IAEA (2019), Power Reactor Information System (PRIS) (database); IEA (2018a), Electricity Information 2018 (database).
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Nuclear Accidents

e Three Mile Island (USA), 28 March 1979 (PWR)

» Partial meltdown, release of radioactivity.

» Cause: human error.

e Chernobyl (USSR), 26 April 1986 (RBMK)

— A power surge during a test procedure resulted in a criticality
accident, leading to a powerful steam explosion and fire that released
a significant fraction of core material into the environment.

— Cause: reactor design and human error.

e Fukushima Daiichi (Japan), 11 March 2011 (BWR)

— Major damage to the backup power and containment systems caused
by the 2011 Tohoku earthquake and tsunami resulted in overheating
and leaking from some of the Fukushima | nuclear plant's reactors.

— Cause: natural disasters and human error.

B |
J. Vujic, Department of Nuclear Engineering, University of California, Berkeley 19



Figure 6. Annual construction starts and connections to the grid (1954 - 2024)
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Kopauwu Koju cy gosenu go yopsaHor
pa3Boja HE y CA/]

1. NonnTtnyka oanyka Tpamnose Brnage

2. [loHoLWweHe HEONXOAHUX 3aKOHa M NOA3aKOHCKUX akaTa o[
cTpaHe amepudkor KoHrpeca

3. JoHowene n3BpwHux ognyka (Executive Orders) npencenHuvka
CAL

4. MopepHusaumja perynatopHux tena (NRC) v ynpowhasane
npoueaype 3a gobunjare nmueHun

5. ObesbehunBane pmHaHcnpara o cTpaHe gpxase (DOE)

6. Obes3behuBare pmHaHcnpara oa nHaycrtpuje (UT komnaHunje,
HyKreapHu ctapTanmu)

7. Capaara gp>XaBHUX MHCTUTYTa M Nlabopartopuja ca
YHUBEP3NTETUMA U NHOYCTPUjOM

8. Ybp3aHo nHBecTunpare y pasBoj fomahe nHdpacTpykType
(pa3soj HALEU ropuea, pa3Boj npepage UCTPOLLEHOr HyKIieapHor
ropmBa n MmoepHu3aLunja HykneapHor ropMBHOr LMKITyCca)

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley
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HykneapHa eHepreTtuka y CAL (2016 — 2020)

Y 2019. rognHn cy ycBOjeHa Cy ABa 3akOHa ca HamepoMm aa ybpa3ajy
pa3soj HE y CAL:

— NEIMA (Nuclear Energy Innovations and Modernization Act)
— NEICA (Nuclear Energy Innovations Capabilities Act)

AmMepunyko HykneapHo perynatopHo Teno (Nuclear Regulatory Commission —
NRC), no HoBOM 3aKOHY Mopa Aa ynpocTn u ybp3sa npoueaypy msgaBama
nuueHUn 3a HoBe 1 nNocTojehe pekaTope. Beh je gano resyntate — ogobpeHa
npBa nuueHua 3a SMR NuScale 1 nuueHue npoayxeHe go 80 roguHa.

MwuHunctpapctBo 3a eHepreTuky (Department of Energy - DOE) mopa aa
ybp3aHo paan Ha pa3Bojy HOBMX MOAEPHUX AM3ajHa peakTopa n ga omoryhu
NapTHEPCTBO MHAOYCTPUje, YyHUBEP3UTETA U APXKaBHUX MHCTUTYTA. [1Ba
peaktopa IV reHepauuje oobunu cpeacrTsa 3a garbu pa3Boj n usrpagmy.

MuHMCTapCTBO 3a eHepreTUKy Takohe mopa ga omoryhu ga ce pesynrtatu
NCTPaXXMBa4vKor paga Ha YHMBEP3UTETUMA U OPXKAaBHUM UHCTUTYTUMA Dpxxe
npeHoce MHOYCTPUjn, u oMoryhm npmBaTHOM CEKTOPY M3rpagkwy npoTtotmna y
Op>XXaBHUM UHCTUTYTUMA.

MuHMCTapCTBO 3a eHepreTuky Mopa aa noseha ynarawe y obpasoBate HOBUX

TPYYHMX U HAYYHUX KaOpoBa Ha CBUM HMBOUMA.
)
</ hittps:/iwww Torbas comlataammasconce 0TS B es tn e - b b e g el Ston/#35b03b263e Te



UeTnpu naepluHe oanyke (Maj 2025)

* [lpencenHuk Tpamn je noTnmMcao YeTupu U3BpLLUHE OAsyKe 3a
oOHaBIbare HyKneapHe MHOYCTPUjCKE MHJpaCTPYKTYypeE:

— UNarpagha cnepgehe reHepaumje HyKrneapHMX peakTopa 3a gp)KaBHa
curypHocT (Deploying Advanced Nuclear Reactor Technologies for
National Security — The White House)

— Hapenba 3a pedopmuncane HykrneapHe perynatopHe KoMucuje
(Ordering the Reform of the Nuclear Regulatory Commission — The
White House)

— Pedopmucare Tectnpara HyKreapHUX peaktopa y MHCTUTYyTMMA
kojuma ynpassrba DOE (Reforming Nuclear Reactor Testing at the
Department of Energy — The White House)

— OB6HaBIbame HyKneapHe MHAYCTPUjCKE MHPPACTPYKType
(Reinvigorating The Nuclear Industrial Base — The White House)

« Tpeha usBpLuHa oanyka je Hanarana ga go 4. jyna 2026. Hajmare 4
SMR/MMR npoTtoTuna octBape KPUTUYHOCT

https://www.energy.gov/articles/fact-sheet-golden-era-american-nuclear-energy-has-arrived

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley 3



liITa Hanaxy 4 n3BpLHe oanyke?

« Bba3nyHo, oBe M3BpLUHE O4NyKe 3a0KPYXYyjy NfiaH aa ce
MOJEpPHU3Yje HyKneapHa perynaTtuea, ybp3a Tectnparwe HOBUX
PEKTOPCKNX OM3ajHa, OXXMBWU HyKrneapHa nHayctpuja 'y CAL, v
3a00BOSbE NoTpebe apxaBHE CUTYPHOCTMU:

— Y6p3aTu nuueHuMpake peakTopcKkux ansajHa u narpagmy
NPOTOTUIMOBA.

— Jopatn 300 GW HoBux HykneapHux peaktopa oo 2050.

— YBbp3aTu TecTmpare HOBUX PeakTOPCKUX An3ajHa.

— WNarpaanTtu peaktope 3a T n BojHe Dase.

— Pa3BuTtun peuuknupame 1 npepany UCTPOLLEHOr HYKIieapHOr ropumsea.
— YBp3aTu pasBoj U Npon3BoakYy AomMaher HyKrneapHor ropmea.

— WuBecTtunpatun y obyKy HykneapHor kagpa.

— [MobGorbwaT MeHALIMEHT NCTPOLLIEHOI HYKIeapHor ropmea.

— lNoBehaTn n3B03 aMepuUyKnX peakTopa.

B |
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Powering the Nuclear Renaissance: Accelerating US
Leadership in Advanced Nuclear Reactors (Sep 2, 2026)

The six bills pushed to the House attempt to address at least some of the standing issues:

H.R. 3978, Nuclear REFUEL Act, 44 yes - 0 no. This would simplify licensing for facilities that recycle spent
nuclear fuel without isolating plutonium. Qualifying projects could use the single-step fuel-cycle licensing route
instead of separate construction and operating approvals. The potential payoff is a clearer path to reusing nuclear
material and developing domestic recycling capacity.

H.R. 9612, American Enrichment Deployment Act, 43-0. Enrichment plants would receive treatment closer to
other fuel-cycle facilities, including permission to begin construction before licensing under the same conditions.
Developers would build at their own risk, but NRC approval would still be required. The aim is to bring additional
domestic enrichment capacity online sooner.

H.R. 5549, Efficient Nuclear Licensing Hearings Act, 44-0. This removes mandatory hearings when nobody
with an affected interest requests one and requires informal procedures for covered hearings. It's an opportunity to
trim legal costs and delays without making public participation disappear.

H.R. 9613, Nuclear Advisory Committee Reform Act, 41-0. This refocuses the NRC’s Advisory Committee on
Reactor Safeguards on significant, novel reactor-design safety issues and changes membership and term rules.
The idea is to reduce repetitive reviews.

H.R. 9614, NRC Staff Pay Alignment Act, 42-0. The NRC chairman could pay career senior executives up to
110% of the applicable Senior Executive Service pay ceiling. It gives the regulator more room to retain
experienced leadership as the industry competes for expertise.

H.R. 9084, Department of Energy Nuclear Transparency Act, 41-0. DOE would have to announce covered
nuclear-facility authorizations and safety-rule changes, and publish safety analyses, within 72 hours. It's unclear
what the real benefit of this one is besides maybe providing more opportunity for nuclear skeptics to complain
about faster regulatory actions. More transparency can be a good thing, but the benefit is less clear in this
situation.

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley o5



[TpBe oanyke DOE o dpuHaHcupamy (2020)

dunHaHcupare pa3BojHOr Nporpama peaktopa criegehe reHepaumje y
OKBUPY HYyKrneapHe MHOYCTPUje U narpagwy npototuna n mogena.

* (1) lNpoepam 3a demMoHcmMpauujy UHo8aUUOHUX peakmopcKux ou3ajHa
(Advanced Reactor Demonstration Program), donHacupara gsa tmna
peaktopa |V reHepauuje (cBaku nov4eTHo goduja no 80 MunmuoHa
gonapa) koju Tpebano ga oyny mnarpahenun y cnegehux 7 roguHa.

* (2) lpoepam 3a cmaruBaH-€ pu3uKa y ousajHupary byoyhux
UHoB8aUUOHUX peakmopa oasaja $30 munmoHa 3a 5 gusajHa koju mory
na byay komepuujanmsoBaHu y nepuogy og 12 oo 14 roanHa.

* (3) lNporpam 3a nHoBaunoHe peaktopcke naeje (Advanced Reactor
Concepts Program, ARC-20) oggaja $20 mmnunoHa 3a jow aBa
Ou3ajHa Koju ynase y goasy gemMoHcTpupara 4o 2035.

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley 6



(1) [lpoepam 3a OdeMoHcmpauujy
UHOBAUUOHUX peakmopcKux ou3ajHa

« DOE je noHerno oanyky o dunHacupawy cnegeha gsa tuna peakropa IV
reHepauuje (ceaku noyeTHo gobuja no 80 MunmnoHa gonapa) Koju
Tpebano ga 6byay narpahenun y cnegehux 7 roguHa (2020):

— NATRIUM peaktop — TerraPower (CAL, Bill Gates), GE HITACHI, Bechtel,
Duke Energy. Pagu ce o 6p3om peakTtopy Koju je xnaheH Te4HUM
HaTpujymoMm, cHare 345 MWe, Koju je noBe3aH ca CUCTEMOM 3a
aKymynupahe TOMNSIOTHE eHepruje 3acHOBaHOM Ha TedHUM conmma. OBaj
peakTop paan Ha atMocdepCcKoOM NPUTUCKY, Ma NacuBHO xnahewe, u
meTanHo ypaHujymcko ropmso (HALEU) oboraheHno og 10 go 18.5% ca U—
235. LleHa narpagre nportoTuna je npouereHa Ha oko 1 munujapay gonapa.
https://natriumpower.com/

— Xe —100 peaktop (SMR) — X-Energy (CAL), Hatch (KanHaga). To je Bucoko—
TemnepaTtypHu TepmMmnykn peaktop cHare 80 MWe (200 MWth), xnaheH
xennjymom. lNpeHocaH. 'opuBo je y 065nKy rpadoUTHUX JTONTACTUX TOPUBHUX
enemeHTa (Pebble-Bed Reactor), n ceaka nonta je 4 cm y npe4yHuky. YKynaH
6poj nonTacTmux ropmBHUX enemeHara je oko 220 xurbage. Ceaku nonractu
FOPMBHU €fIEMEHT UMa KOMMJIIEKCHY YHYTpaLUHy CTPYKTYPY, KOja cagpXu
Hekonuko aecetuHa xurbaga TRISO yectnua (HALEU, oborahenwe 15.5%).

ttps://x-energy.com/
}%
NG J. Vujic, Department of Nuclear Engineering, University of California, Berkeley
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TerraPower — Natrium Reactor

https://natriumpower.com/, https://www.terrapower.com/

* Natrium: Latin for Sodium, 345 MWe fast reactor, combined with GW-
scale thermal energy storage system based on molten nitrate salt. The
storage technology can boost the system’s output to 500 MW.

« Kemmerer Unit Tis currenfly under construction in Wyoming and is the
first utility-scale advanced reactor project under construction in the
Western Hemisphere. NRC awarded a construction permit on March 4,
2026. TerraPower anticipates submitting the operating license

application in 2028,

The Natrium reactor uses
high-assay, low-enriched
uranium (HALEU) metallic
fuel (5-20 % enrichment).
Operates at atmospheric
pressure with passive heat
removal, 350 C operating
temp.

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley
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X-Energy: Xe-100

https://x-energy.com/

 Proven High Temperature Pebble Bed Reactor technology, 200 MWth

* [loyenu cy narpagkwy pabpuke 3a npomssogwy TRISO ropusa (9/2026)
« JXene na nsrpane 4 Xe—100 peakTopa Ha MecTy xemujcke pabpuke y Tekcacy.

———— Controlrod drives

Control rod standpipes

TRISO Coated
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_— Pebble bed core elements
~ Pabbleoutlet cone
/.
,/ s Helium Outlet Plenum
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(fuel element) -~ reflector
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JlonTacTu ropnBHM eNeMeHT cagpXXmn HEKONUKO aecetnHa xurbaga TRISO S
yectuua. Y cpeanHun TRISO 4vectuue je okcnpg ypaHujyma okpyXeH ca 4 cnaje
rpadpTHO Kepamudka cnoja. Kopuctn HALEU ropuso (15.5 % U-235)

B ]
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(2) Risk Reduction for Future Demonstration
awards (10-14 yrs)

Hermes Reduced-Scale Test Reactor - Kairos Power, LLC (Alameda, CA) It
uses TRISO particle fuel in pebble form combined with a low-pressure fluoride
salt coolant. Total award value over seven years: $629 million (DOE $303 million)

eVinci ™ Microreactor — Westinghouse Electric Company, LLC (Cranberry
Township, PA). It is a heat pipe-cooled micro-reactor - nuclear demonstration unit
by 2024. Total award value over seven years: $9.3 million (DOE $7.4 million)

BWXT Advanced Nuclear Reactor (BANR) — BWXT Advanced Technologies,
LLC (Lynchburg, VA) will develop a transportable microreactor using TRISO fuel
particles to achieve higher uranium loading and an improved core design using a
silicon carbide (SiC) matrix. Total award value over seven years: $106.6 million
(DOE $85.3 million) Built reactors for nuclear submarines. 1.5 MW

Holtec SMR-160 Reactor — Holtec Government Services, LLC (Camden, NJ) for
a light water-cooled SMR-160 (small modular reactor). Total award value over
seven years: $147.5 million (DOE share is $116 million)

Molten Chloride Reactor Experiment — Southern Company Services Inc.
(Birmingham, AL) - the Molten Chloride Reactor Experiment (MCRE) — the world’s
first critical fast-spectrum salt reactor relevant to TerraPower’s Molten Chloride
Fast Reactor. Total award value over seven years: $113 million (DOE $90.4

illion)
B |
@ J. Vujic, Department of Nuclear Engineering, University of California, Berkeley
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(3) Advanced Reactor Concepts-20 Program

The goal of the ARC-20 program is to assist the progression of advanced
reactor designs in their earliest phases. DOE has selected three U.S.-
based teams to receive ARC-20 funding:

Inherently Safe Advanced SMR for American Nuclear Leadership - Advanced
Reactor Concepts, LLC (Herndon, VA) will deliver a conceptual design of a
seismically isolated advanced sodium-cooled reactor facility that builds upon the
initial pre-conceptual design of a 100 MWe reactor facility. Total award value over
three and a half years: $34.4 million (DOE share is $27.5 million)

Fast Modular Reactor Conceptual Design - General Atomics (San Diego, CA)
will develop a fast modular reactor conceptual design with verifications of key
metrics in fuel, safety, and operational performance. The design will be for a 50-
megawatt electric (MWe) fast modular reactor (FMR). Total award value over
three years: $31.1 million (DOE share is $24.8 million)

Horizontal Compact High Temperature Gas Reactor — Massachusetts Institute
of Technology (MIT) (Cambridge, MA) will mature the Modular Integrated Gas-
Cooled High Temperature Reactor (MIGHTR) concept from a pre-conceptual
stage to a conceptual stage to support commercialization. Total award value over
three years: $4.9 million (DOE cost share is $3.9 million)

]
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U.S. DOE Reactor Pilot Program (2025)

On May 23, 2025 President Trump issued four executive orders

— Executive Order 14301 directs DOE to start a new pilot program to
expedite the testing of advanced reactor designs at national
laboratories. President Trump’s executive orders seek to accelerate
deployment of new nuclear reactor technologies and expand
American nuclear energy capacity from around 100 GW today to 400
GW by 2050.

— The Reactor Pilot Program establishes a new DOE pathway for
advanced reactor demonstration to fast-track commercial licensing.
The program aims to leverage DOE's authority to expedite the
research and development of advanced nuclear reactor technologies
with the larger goal of reaching criticality for at least three advanced

nuclear reactor concepts located outside of the national laboratories
by July 4, 2026. (250" Anniversary)

https://www.energy.gov/articles/fact-sheet-golden-era-american-nuclear-energy-has-arrived
https://www.energy.gov/ne/articles/9-key-takeaways-president-trumps-executive-orders-nuclear-energy

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley »
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locTurHyTe npee 4 KPUTUYHOCTU
SMR/MMR npoToTunoBa

On June 4, 2026, Antares Nuclear’'s advanced reactor, Mark-

0, successfully reaching criticality through a test demonstration at INL.
This achievement was the first time in over 40 years that a new privately
developed non-light-water nuclear reactor reached criticality in America.
The R1, a 100-kWe to 1-MWe transportable microreactor using TRISO
coated-particle fuel, passive sodium heat pipes, and nitrogen Brayton-
cycle power conversion

On June 18, 2026, Valar Atomics’ advanced test reactor, Ward 250,
successfully reached criticality at the Utah San Rafael Energy Lab in
Emery County, Utah. HTGR, graphite moderated, TRISO, 100 kW

On June 30, 2026, Deployable Energy’s Unity completed a criticality
demonstration, also hosted at INL. He-cooled MMR, 4.95% UOQO,

On July 4, 2026, Aalo Atomics’ test reactor, Aalo-X, completed a zero-
power fueled criticality demonstration at INL, 10 MWe modules, sodium-
cooled, graphite moderated, UO, ceramic, 8% LEU.

https://www.energy.gov/articles/fact-sheet-golden-era-american-nuclear-energy-has-arrived

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley -



Nuclear Energy Launch Pad May 19, 2026

https://www.powermag.com/nric-adds-1 3-projects-to—nuclea_r-er}ergy-lau nch-pad-expanding-advanced-reactor-and-

e ——

https://nric.inl.gov/nuclear-energy-launch-pad-at-idaho-national-
laboratory/

Purpose: To fast-track the testing of advanced nuclear technologies,
strengthen domestic nuclear infrastructure, and enable pathway to
commercial licensing

— Use of space, facilities and expertise at Idaho National Laboratory (INL)
— Applicants bear life cycle cost of project
— Request for applications released on April 29, 2026

Initial Participants: Radiant, General Matter, Deployable Energy, NuCube
Energy, Idaho State University

The Department of Energy’s (DOE’s) National Reactor Innovation Center
(NRIC) has selected 13 new projects across 12 companies for its
Nuclear Energy Launch Pad initiative (Aug 26, 2026):

— Antares Nuclear, Atlas Atomics, Deployable Energy, Forge Atomics, Hexium

Inc, Lightbridge Corporation , Nusano Inc., Oklo, Raven-Flint Nuclear, Scalet
Atomics, Sublime Nuclear, Valar Atomics

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley ”
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U.S. Army choose 5 microreactors (8/2026)

* Aug 26, 2026 The U.S. Army announced that it plans to add nuclear

microreactors at five military bases as a reliable source of energy
independent of the commercial electric grid.

 The Army was tasked with ensuring that an advanced reactor would
start operating at a domestic military installation no later than Sepit.
30, 2028. The Janus program is named for the ancient Roman god
of transitions.

« Five companies selected by the Army will be awarded up to $2.2
billion in total over five years to own, construct and operate the
microreactors, if they hit set milestones along the way for their
performance.

» The selected companies are: Antares Nuclear at Fort Bragg in North
Carolina; BWXT at Fort Campbell in Kentucky; General Atomics
Electromagnetic Systems at Fort Hood in Texas; Radiant Industries
at Fort Benning in Georgia; and Westinghouse Government
Services at Fort Drum in New York.

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley "



SMR Benefits

« SMRs are deployable in areas difficult to access or without grid
infrastructure.

» Modular concept allows for systems and components to be factory-
assembled and transported as a unit to a location for installation.

. LonP life cycle - reduced need for refueling, reduced amount of spent
nuclear fuel.

« Design simplicity - with passive safety systems and inherent safety
characteristics.

« Expanded potential siting options since more sites are suitable for SMRs.
« Scalability — multiple SMRs could be installed in one location.

« Load following - power output can be adjusted to electricity demands.

« Could produce electricity, process (industrial) heat, radioisotopes.

« Could be used in marine propulsion (global shipping).

« Smaller nuclear island and plant footprint.

» Lower upfront capital costs per unit and lower economic risks.
 Proliferation resistance.

B |
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SMR Drawbacks

» Economics of SMRs needs more analysis in order to show possible advantages
over large LWRs.

» The limited power of SMRs causes higher specific costs for construction and
operation per unit of electric power as compared to large LWRs.

* Most Gen IV SMRs require hl_?her fuel enrichment (HALEU fuel), between 5% to
up to 20% U-235. Currently, HALEU is only produced in Russian Federation at
a commercial scale.

* Most Gen IV SMRs are using new fuel (metallic, carbide, nitride, TRISO) that
needs to be fully developed and licensed.

« Spent nuclear fuel from small reactors could be located in remote areas which
will make its transport more difficult.

» Spent fuel will be spread in many more sites while nowadays it is congregated
at a limited number of locations.

« The back-end of the SMR fuel cycle has not been addressed as of yet. Longer
life cycles (5-30 yrs), and new fuel types represent great challenges for spent
fueltmanagement including possible reprocessing, and disposal of radioactive
waste

» Public acceptance of new concepts might be challenging.
» Obtaining design certification and license may take longer time than expected.

B
J. Vujic, Department of Nuclear Engineering, University of California, Berkeley 9/19/26



SMRs and Data Centers

Data center electricity demand In the bnieq oates wil surge from 405 10 o-

12% of total consumption by 2030, with global demand growing 160% to reach
945 TWh annually.

Estimated downtime costs for these facilities exceed $10,000 per minute. Data
centers are deployed with full emergency-only diesel-fueled backup power
supply. Co-located fleets of SMRs are an attractive solution for Al data centers.

Amazon Web Services is committing to deploy 5 GW of SMR capacity by 2039
through a $500 million investment in X-energy in Washington State and Virginia.
Initially, four Xe-100 reactors producing 320 MW, with expansion potential to 960
MW across twelve modules.

Google is partnering with Kairos Power to deploy 500 MW across 6-7 molten

salt-cooled reactors. The first unit will come online by 2030, full deployment by
2035.

Microsoft signed a 20-year agreement with Constellation Energy to restart
Three Mile Island Unit 1 by 2028,and buy the power from this 837 MW NPP.

Google and NextEra plan to restart the Duane Arnold Energy Center (615 MW)
near Cedar Rapids, lowa, which closed in 2020 after 45 years of operation.
Planned restart is in 2029 for additional 25 years of operation.

B |
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Additional features of SMRs*
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Power range M\W(e)

SMR xnaheHn Bogom — pasBujeHa
TexHosoruyja

4+ *Advances in Small Modular Reactor Technology Developments, A Supplement to: IAEA Advanced Rectors Information
System (ARIS), 2022 Edition, IAEA September 2022 (aris.iaea.org)

IMR
Rolls-Royce SMR

301 - 450

Westinghouse SMR
VK-300

BWRX-300

CANDU SMR

201 - 300

' SMR-160
i +  NUWARD
+  i-SMR
mPower
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101 -150 ACP100
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STAR
TEPLATOR
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CAREM25
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10-30

Water-cooled reactors (land-based)
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SMR — BUCOKO TemnepaTypHu
xnaheHu racom, notpebaH pasBoj

4

} *Advances in Small Modular Reactor Technology Developments, A Supplement to: IAEA Advanced Rectors Information
System (ARIS), 2022 Edition, IAEA September 2022 (aris.iaea.org)

EM?
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HTR-PM (2 units)
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High temperature gas-cooled reactors
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Mwukpopeaktopn (MMR) — noTpebaH pa3Boj
HOBUX TEXHOMNOrja

HOLOS-QUAD
LFR-TL-30

MMR
UNITHERM
Energy Well

Westinghouse eVinci
MoveluX

U-Battery

AMR

Power range MW(e)

<2 MARVEL

ELENA
AURORA

Microreactors

*Advances in Small Modular Reactor Technology Developments, A Supplement to: IAEA Advanced Rectors Information
System (ARIS), 2022 Edition, IAEA September 2022 (aris.iaea.or
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KLT-40S (Afrikantov, Russian Federation)*

* Floating NPP Akademik LOomonosSoV - tWo rarameter Value
KLT-40S naval propulsion reactors, comtryotoisin | Rosatom, Rusien Fedestion
generating up to 70 MWe, or 300 MWth of
heat, or co-generation of electricity and heat wWoMVE
for a city of 200 000 people. e

(primary/secondary), MPa

* It 1s the world’s first floating NPP, located at =~ {oefevouecootenr - 2507316

Temperature (°C)
the Russian port Pevek, Chukotka. It was Fuel typelassenbly amay - UO» et i i

connected to the grid in December 2019.

Core Discharge Burnup 454

Refuelling e (months 30-36
Reactivity control mechanism Control rod driving
mechanism
Approach to safety systems Active (partially passive)
Design life (years) 40
Plant footprint (m?) 4320 (Floating NPP)
RPV height/diameter (m) 48/20
RPV weight (metric ton) NA
Seismic Design (SSE) 9 point on the MSK scale
Distinguishing features Floating power unit for
. cogeneration of heat and
*Advances in Small Modular Reactor Technology Developments, A Supplement to: IAEA Advanced electricity: no onsite
Rectors Information System (ARIS), 2022 Edition, IAEA September 2022 (aris.iaea.org) refuelling; spent fuel take

back
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Pycka nnoseha HykneapHa nnartgopma
"Akagemuk JlomoHocoB”

Cappxun gBa KLT-40S peaktopa, koju mory ga npounsseny go 70 MWe
enektpuyHe cHare nnn 300 MW TonnoTHe cHare.

Mory ncroepemMeHo na npounssoge n cTpyjy n tonnioty 3a rpag og 200 xurbaga
cTaHoBHUKa. [loveo ca pagom y geuembpy 2019 y rpaay lNesek (Arbacka).

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley

44



45

HTR-PM (Tsinghua University,
China)*

Parameter Value
Technology developer. country of INET, Tsinghua University.
rioh China

e
AR

Cratred red
drive mao

HENE

Fabble bed
o

MW(t)/MW(e)

- "" Primary circulation Forced circulation
i NSSS Operating Pressure 7/1325
1o i (primary/secondary). MPa

Core Inlet/Outlet Coolant 250/750
Temperature (°C)
Fuel type/assembly array Spherical elements with coated

Ll particle fuel

—_— Number of fuel assemblies in the 420 000 (in each reactor module)

- 8mm Graphite ayer
Coated partickes imbedded
in Graphite Matroc
Dt S Coade Bare o
Fuel Sphere - ~ brus Pyriyhe Catee s Design life (years) 40
Poross Catoon Suller s e
Plant footprint (m?) 256 100
~. RPV height/diameter (m) 25 /5.7 (inner)
Dia. 0. 52mm RPV wei, ic ton) 800
TRISO 0 e glﬂ.(mm )
Coated Particle  unnism dorde Seismic Design (SSE) 02g
Fuel Kernel Fuel cycle requirements / Approach ~ LEU, open cycle, spent fuel
intermediate storage at the plant
*Advances in Small Modular Reactor Technology Developments, A Supplement to: IAEA Distinguishing features i";g:m wﬁ;‘: need f‘:;
. ayr 1€ emerg measur
Advanced Rectors Information System (ARIS), 2022 Edition, IAEA September 2022 S T

(aris.iaea.org)
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LleHa nsrpagwe peaktopa Berinke cHare —

CAL

« HajHoBuja npukrbyverwa Ha mpexy y CALl cy aBa peaktopa Vogtle 1 n
Vogtle 2 Tuna AP-1000 (Westinghouse, PWR, 4—loop, Gen lll+) y
opxasu Llopuunja (Georgia) y jyny 2023. roguHe v anpuny 2024. roguHe.

« CHara oBux peakrtopa je no 1117 MWe (3400 MWth). Maga je yrosop o
narpagmwu 2 peakropa nornucard 2008. rognHe nameny Georgia Power n
komnaHunje Westinghouse, 4nju je BnacHuK janaHcka komnaHuja Toshiba
(y capaghm ca The Shaw Group), nsrpagra je noyena tek 2013.
roauHe, anu je 36or HKM3a npobrema, ykrbyyyjyhun n dpmHaHcunjcke
(6baHkpoTupane komnaHuje Westinghouse, 2017), gowwno 0o Kallkera
N gpactndHor nosehawa ueHe narpagme.

« [loyeTHa npoueHa ueHe nusrpagle 3a ABa peakrtopa Benuke cHare je
nsHocuna $14 munujapan, anu je Ha kpajy nocne suile oa 10 roanHa
rpaghe nopacna Ha $36,8 mununjapamw.

https://world-nuclear.org/information-library/country-profiles/countries-t-z/usa-nuclear-power
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LleHa nsrpagwe peaktopa Berinke cHare —
dpaHuycka

Y ®paHuUyCKOj je 3aaHU peakTop NyLwTeH y noroH ganeke 1999. roanHe.

HajHoBunju peaktop Benuke cHare (Flamanville 3, 1650 MWe gross) Tuna
EPR (Areva), uvja je narpagra nodvena 2007. rognHe, a rno4eo je ca
pagom Tek 21. geuembpa 2024. rogmHe.

To rpagunuwiTe cam nocetuna npe 10 rognHa, Kao 1 octane HykrneapHe
NHcTanaumje y dpaHuyckoj, ykrby4dyjyhmn u nogsemMHo cknaguiite 3a
pagnoakTMBHM OTMNaA Koje ce rpagu.

[ToyeTHa ueHa n3rpagmwe je Tpebarno ga éyae 4 munujapage espa
(€2434/kW, €54/MWh) y 2008. roanHun, anu je ueHa pacna 36or
KallHeHsa Y n3rpagtn oBor peaktopa, oo 13,2 munujapau espa 'y 2024.
FOAVHM.

dpaHuycka He rnpuxearta UCTPOLLEHO HYKITeapHO ropmnBo N3 apyrmnx
3emasrba. Takohe, PpaHuycka HabaBrba ypaHWjyMCKO ropmBo YriaBHOM
n3 Kanage v Hurepa, ¢ Tum ga je Hurep 3aghux rognHa rnpeknHyo
capaary ca PpaHLyCKOM.

https://world-nuclear.org/information-library/country-profiles/countries-a-f/france
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LleHa nsrpagwe peaktopa Berinke cHare —
Jy>xHa Kopeja

« JyxHo—kopejaHcka komnaHuja KEPCO je 2009. rogmHe notnucana
yroBop ca YjeamweHum Apanckum Emmnpatuma BpenaH $32 munnjapae
3a usrpaawy 4 peakropa tmna APR1400 (PWR, 1400 MWe) y mecty
Barakah, 270 km og Aby [dabwja.

« [lpBun peakTop je noyeo ca pagom y anpuny 2021. rognHe (n3rpagmsa je
noyena 2012), apyrm y mapty 2022. roguHe (u3rpagma je rnodena
2013), Tpehun y centembpy 2022. rogmnHe (n3rpagka je noyena 2014) n
yeTBpTN y 2024. rognHun (n3rpaghea je nodverna 2015).

« [lpema nogaumma, ueHa mnsrpaake Kojy je noHyano KEPCO je

$3571/kW, wTo je MHOro mawe o LeHe Kojy je noHyauna EDF
($7931/kW) n Westinghouse ($5833/kW).

South Korea pushes to export nuclear reactors to Europe, Financial Times, August 28, 2024,
https://www.ft.com/content/85a7e313-6089-4ba9-8f5b-f45adcbc5074

https://www.world-nuclear-news.org/Articles/Korea-and-UAE-agree-to-expand-nuclear-cooperation
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SMR Economics®

Economy of scale tends to disfavor SMR as compared to larger reactors.

LCOE cost
(5/Mwh)

SMR Economic drivers

SMR large nuclear reactor

» Learning by doing: The average costs of production decline in real terms as a result
of production experience as businesses cut waste and find the most productive
means of producing output on a bigger scale.

« The economy of scale law could be overcome by modularization and lower capital
risk, leading SMRs to competitiveness.

* For example, a 1100MWe nuclear power reactor would cost only about three times as
much to build as a 180 MWe version but would generate six times the power;
therefore, the capital cost per kilowatt would be twice as great for the smaller reactor

*Small Modular Reactors: Challenges and Opportunities, NEA No. 7560, OECD 2021
B ]
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Korea weighs $120 billion investment in 8 nuclear reactors in U.S.
as part of tariff deal (September 2026)

« USA initially insisted on 10 1.1-GW AP1000 reactors through 2030 built
by U.S. nuclear company Westinghouse, while Korean companies would
supply equipment and other components.

« S. Korea, on the other hand, wanted the plants to use Korea's
independently developed APR1400 model (1400 MW). Splitting the first
batch of reactors between the two countries would spell a peaceful
compromise. The remalnlng four are reportedly up for further negotiation.

https://www.koreajoongangdaily.com/business/korea-weighs-120-billion-investment-in-8-nuclear-reactors-in-us-as-part-of-
tariff-deal/12863947

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley 0




[Tpenopyke IAEA

HepnasHo je n IAEA n3gana TexXHUYkn JOKYMEHT O npeaycrnoBnmMma 1 getarbHUm
Kopaumma HeOnxo4HMM Ha HauMOHaNHOM HMBOY YKOSMMKO ce NfiaHupa narpagha
HyKIleapHe enekTpaHe. YKOSNMKO jedHa 3eMSba Xenn a ce NocBeTn usrpagtu
HyKIleapHe enekTpaHe Ha CBOjOj TEPUTOPMUjM, Ta 3eMSba Mopa:

— [la npenosHa ga oBa ofsnyka goHocu ayrorogvwite obasese n nocseheHocT
HyKneapHOM nporpamy,

— [a npuvnpemu LenokynHy HaunoHanHy MHPpPacTpyKTypy 3a OBa;
noayxseart,yKiby4yjyhn v jaBHy pacrnpasy,

— [la pa3Buje cBe HeonxogHe pecypce (3akoHCKe, KaapoBcKke, doMHacKjcKe,
Had30pHe, onepaTmMBHE) Koju he omoryhmntu curypaH n 6esbenaH
Oyrorogvilku pag HykrneapHe efnektpaHe n 6e3dbegHo ognarawe NCTPOLLEHOT
ropvBa.

— [a npunpemmn cTpyyHe 1 Hay4yHe KagpoBe.
— lNpunpemun nepuoa Tpaje u oo 20 rogmnHa, OoK cama urpagka Tpaje o4 5 oo
10 roguHa.

— Takohe ce Harnawasa fa ">XueomHu UUKITYyC" Yy HyKIeapHOM nporpamy He 3Ha4u
nocseheHocT oBomM nporpamy y Toky 20 go 30 roguHa, seh unknycy og 100 roguHa.

*Milestones in the development of a national infrastructure for nuclear power, IAEA Nuclear Energy Series No. NG-G-3.1 (Rev. 2),

IAEA 2024
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IAEA Three Milestones in NP Infrastructure
Development®

In the development of the nuclear power infrastructure, three key
organizations are involved: the government, the owner/operator of the NPP

(State or orivate) and the reaulatorv bodv.
NUCLEAR POWER INFRASTRUCTURE DEVELOPMENT

MILESTONE1 (" MILESTONE2 ( MILESTONE3
Ready to make a Ready to invite Ready to
knovdedgeable bids/negotiate a operate the first
commitment to a contract for the first nuclear power plant
nuclear power nuclear power plant
Nuclear power programme
option included \
in national
energy strategy
Phase 1 Phase 2 Phase 3
Considerations Preparatory work Activities to
before a decision for the contracting implement the
to launch a nuclear power of a nuclear power first nuclear
programme is plant after a policy power plant
taken decision has been taken

FIRST NUCLEAR POWER PLANT PROJECT

pre-project Project Final imestmen.t decision Operation
activities development Contracting Decommissioning
£iasid ] |
! Commi ion'mg'I
| |

I At Least 10-15 Years I

FIG. 1. Development of the infrastructure for a national nuclear power programme.

*Milestones in the development of a national infrastructure for nuclear power, IAEA Nuclear Energy Series No. NG-G-3.1

(Rev. 2), IAEA 2024
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|AEA Infrastructure Issues®

TABLE 1. INFRASTRUCTURE ISSUES

The 19 infrastructure 1ssues

1. National position 11. Stakeholder engagement

2. Nuclear safety 12. Site and supporting facilities

3. Management 13. Environmental protection

4. Funding and financing 14. Emergency preparedness and response
5. Legal framework — 15. Nuclear security

6. Safeguards 16. Nuclear fuel cycle

7. Regulatory framework 17. Radioactive waste management

8. Radiation protection 18. Industrial involvement

9. Electrical grid 19. Procurement

10. Human resource development

For Gen IV SMRs, new forms of fuel are employed and new forms of spent
nuclear fuel are generated. It might require new regulatory/technology
framework for its disposal.

For small countries with undeveloped nuclear infrastructure, it is advisable to
rely on proven NP technologies and and shy away from first-of-kind SMRs.

*Milestones in the development of a national infrastructure for nuclear power,

IAEA Nuclear Energy Series No. NG-G-3.1 (Rev. 2), IAEA 2024
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[oe je Ty Cpbuja?

« Cpbuja mopa ga 0obpo aHanmaupa LwTa ce TPEHYTHO AdewaBa 'y
CBETY Yy norrneay Ha HykneapHy eHepreTuky, Koju TUNoBu
KOMepUunjanHMx peaktopa ce rpage v rge, Koje cy nposepeHe a Koje
Cy eKcnepuMeHTarnHe TeXHosoruje, Koje semMrbe TPEeHYTHO nmajy
HajBULLE UCKYCTBA Yy N3rpagwun KomepumjanHux peakropa, u Koje
3eMrbe Hyae Hajborbe "nakeTe”.

 Mapa je no4yeo ybp3aHu pa3Boj HOBUX peakTopcKkux ausajHa (SMR,
MMR) Hapouuto y CALl, 4o caga Huje usrpaheH HU jeaaH
KOMepuujarHn Mmanu MoaynapHu peakTtop HATU MUKPO—PEeaKTop Ha
3anagy, Te Cpbuja He Tpeba ga ce 3anehe Ha HenpoBepeHe
TexHornoruje.

« OppeheH bpoj cTpyyraka cmaTpa aa je nsbop EDF—a jacaH 3Hak ga
ce Cpbuja onpegenuna 3a 3anagHy HyKreapHy TEXHOMOrujy, Aok
apyru cmatpajy (ykrbydyjyhu n aytopa oBor paga) ga nma 06orbmx
onuuja.

]
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Ko Hyan uenokynaH "naket ycnyra”?

* Pycuja je Beoma nocBeheHa usrpagwun U N3Bo3y HyKreapHe
TexHonoruje. TpeHyTHO y Pycuju pagm 36 peaktopa, 6 je y narpagtu
n nnaHupa ce jow 7 go 15. Pycunja nma Beoma BenNnKM M3BO3HU
nporpam, n TpeHyTHo rpaan 20 peaktopa y 8 3emarba y cBerTy.

* Pycuja Takohe nma Benuke pesepse ypaHujyma 1 npon3soan ceoje
ropmBo, U Takohe MoXxe aa ra npepagun v peuuknupa. Takohe
NpPOn3BOAN N CBE OCTarle KOMMNOHEHTe, YKIby4yjyhy peaktopcke
cyaoBe, Nnapo—reHepaTope, napHe TypobuHe, nymne 3a npuMapHu
xnagunaw, n cn.

« YBO[e Ce HOBe nerype ca HUKNoOM 1 YeNIMkoM Koju omoryhaBsajy
nosehare XMUBOTHOI Beka peaktopa og 80 Ha 120 roanHa (peakTtop
Tvna VVER-TOI/V-510, cHare 1255 MWe gross). Pycuja je Takohe
jedvHa y cBeTY Koja uMa Ba KoMmepumjanHa bp3sa peakrtopa, BN—-600
n BN-800, n rpagn BN-1200 ca unrbem 3aTBapara ropuBHOr
LuKnyca.

https://world-nuclear.org/Information-Library/Country-Profiles/Countries-O-S/Russia-Nuclear-Power

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley
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Ko Hyan uenokynaH "naket ycnyra”?

OHo WTOo je Beoma bUTHO jecTe aa Pycuja jeanHa y CBETY HyaW LLENOKYMNHU
"NaKkeT ycnyra’ npu cknanaky yrosopa o narpagtu HyKrneapHux
peakTopa, Koju yKIby4dyje douHaHCMjCKy nomoh, narpagky HykreapHe
enekTpaHe 1 ropuso, obyky ocobrba Ha CBMM HMBOMMA, Pa3BOj KOMMJIETHE
NH(PPACTPYKTYpe, YKIby4yjyhn n perynatneHy, Kao U npeysmmame
NCTPOLLIEHOT ropMBa Yy TOKY LLeSIor XXMBOTHOT BeKa HyKrneapHe enekrpaHe u
OEKOMUCK]Yy eneKkTpaHe no npecrtaHKy paga.

[TocTojn Takohe MmoryhHOCT aa Pycuja nsrpagu HykrneapHy enektpaHy Ha
TEpUTOPUjU Opyre Ap)Xase 1 ga 1o noTnyHo ouHaHcupa, anv ga oHga
PocaTom nocTtaje BfiacHUK Te enekTpaHe, yrnpaBiba efnekTpaHoM U
npoaaje enekTpuyHy eHeprujy (Takas yrosop “build—own—operate” je
CKNnornsbeH ca Typckom).

Takohe, Cpbuja HemMa pyOHUKE ypaHUjyma HATU NePMaHEHTHO
ogfaranuite NCTPOLLEHOr pagnoakTUBHOI ropuBa, U HajooIbE je pellere
capaH-a ca 3eMribaMa Koje y OKBMPY “MakeTa” narpaghe HykneapHe
eneKkTpaHe Hyde CBEXe ropuso U NpeysnmMmate UCTPOLLEHOr ropuea y TOKY
[ )KWBOTHOI BEKa jeHe HyKrneapHe enekTpaHe.

B |
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Pycuja n Typcka

« Pocatom je notnucao yrosop ca Typckom ga usrpaam 4 HykneapHa
peaktopa tTuna VVER-1200/V-502 (cBakn no 1200 MWe) Ha
nokaumjn Akkuyu.

« Y oBOoM npumepy, Pocatom puHaHCKHpa NpojekT o noyeTka ao
kpaja ca 100% yaena.

« Pocatom he buTKn BnacHUK HyKneapHe enekrtpaHe, yrnpasrbahe
enekTpaHoMm, cHabgeBahe enekTpaHy HyKreapHUM rOpUBOM,

ogHocuhe NCTPOLLEHO HYKIeapHO ropmBo, U Ha Kpajy pagHor Beka
he n3BpLUINTU EKOMUCHU]Y HYKNeapHe enekTpaHe.

* Pocatowm je npunpemMno n cey HEONXo4HY AOKYMeHTaLUujy 1
Oo3Borie, obyyeH Kkagap.

* Typcka he KkynoBaTu NpousBeaeHy efieKTPUYHY eHeprunjy oa
PocaTtoma no yroBopeHum LeHama.

B |
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Pycunja n Mahapcka

- Kao npumep gpyre onumje, HaBoau ce enektpana "lNakw 2" y Mahapckoj,
kKojy Mahapcka HamepaBa Aa npoLmMpu ca gBa peakTopa pycke
npousBoam-e.

« Mahapcka TpeHyTHO nma 4 peaktopa tuna VVER V-213 (PWR),
nojegnHa4vHe cHare 479 MWe, koju cy rpaneHun kpajem 70Tux n
noyetkom 80TMX rognHa. Ha no4veTky cy enekrpaHe gobune nmueHuy Ha
30 roguHa, Koja je npoayxeHa Ha 50 roguHa, a 2023. roguHe je nuueHua
npoayxeHa Ha 70 roguHa.

« Mahapcka TpeHyTHO rpagu INAKLW II-1 n nnanupa ga nodHe rpaghy
MAKL [I-2 y Toky 2026. rogmnHe. INMAKLL 11-1 je peakTop pyckor Tuna
VVER-1200/\V-529 (PWR), cHare 1100 MWe. ®uHaHcunjcku Jorosop je
HanpaBrbeH ca Pycujom (PocaTtom) y kome Pycuja dumHaHcmpa 80% ueHe
narpagme (€10 munnjapan), a Mahapcka he otnnahusatu kpeant 21
roguHy ca noyetkom y 2026. Kamarta je 4% 3a npBux 11 rogmnHa, a nocne
ce newe Ha 4.5%. lNpeasuha ce ga he narpagwa Tpajati 6 roanHa.

« Cpbuja moxe aga vHeectupa aeo (10 oo 15%) nsrpagra enekrpaxe, y3
i '6|/|ja|-be Cpa3MepHor yaena y npousBorn efiekTpuyHe eHeprumje.

J. Vujic, Department of Nuclear Engineering, University of California, Berkeley -



liIta Cpbunja He Tpeba na pasmartpa

« Y okBupy 19 MHGpacTpyKTypHUX Tayaka Koje Hasoan IAEA, Hanase ce
n cnegehe Tauke:

— HykneapHu ropuBHu UKKIyC
— MeHal,]MeHT NCTPOLLUEHOI HYKIeapHOor ropmnea
* HykneapHu ropmBHM LUKKNYyC ce cacToju og 3 Aena: npunpemMHa ¢gasa,
ornepaTtuBHU Oe0 U 3aBpLUHa pa3sa.
« Cpbuja Tpeba na ce bokycmpa camo Ha cpearun aeo.

* [loyeTHU Oeo HykneapHOr UuKnyca obyxeaTa npepany ypaHujyMmcke
pyae, oborahmnsawe ypaHmjyma n nspagy ropusHux enemeHrta — Cpbuja
Hehe 0oOuTM 003BOSY 3a OBaj A€O.

« 3aBpLUHM OO0 HYKeapHOr ropMBHOr LKKNyca obyxBaTa HE cCamMo
CKNnagulTEHE NCTPOLLEHOr HyKNeapHor ropuea, Beh n npepaay,
peuuknupame 1 oanarawe pagnoaktmeHor otnaga. Cpbuja Hehe
0odbunTtn 0o3Bony 3a npepagy a Hema rae ga cknaguwTy UCTPOLLEHO
ropmBeo.

]
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3aKrbyyum

Cpbuja mopa ga 0obpo aHanmaupa LTa ce TPEHYTHO JewaBa y CBeTy y
norneay Ha HyKrneapHy eHepreTuKy, Koju TUNoBu KoOMepuujanHnx peakropa
ce rpafe 1 rae, koje cy NpoBEPEHE a Koje Cy ekcrneprMeHTanHe
TeXHomnoruje, koje 3eMrbe TpeHyTHO Majy HajBMLLIE UCKYCTBA Y M3rpadrby
KoMepumjarHnx peaktopa, 1 Koje 3eMrbe Hyae Hajoorbe "nakete”. To
cBakako Hucy SMR n MMR peaktopwu.

Pycuja Hyamn koMmnneTtaH NakeT, Koju YKIby4yjy "U3HajMibuBam-e”
HyKJieapHOr ropmsa 1 npeysnmare UCTPOoLLEHOr ropumBea.

Cpbuja TpeHyTHO HEMa NOTPEDOHY MHMPPACTPYKTYPY (3aKOHOOABHY,
Haa30pHY, UHAHCU|CKY, KaPOBCKY, ornepaTuBHY) 3a Urpadky
HYKNeapHUX enekTpaHa, ann mopa ga ux ykibyuun y AyropoyHo
nraHupame.

Cpbuiju je noTpebaH BeoMa aOyr 1 cKyn npouec ga 6u ce HykrneapHa
eHepreTcka MHPaCTPyKTypa goserna Ha HeornxogaH Hmeo (20 — 30 T.)

Hajboren npuctyn je ga Cpbunja Hanpasu gOroBop ca jegHOM o[, CyCELHUNX
3emMarba Koje nnaHupajy ga rpage HykneapHe enekrtpaHe y CKOpoj

byoyhHocTn (Mahapcka) u nHsecTupa geo usrpagta enekrpaHe, y3
nobunjare cpasMmepHor yaerna y nponsBoaHun efiekTpudHe eHepruje.
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CnajooBu MOry fa ce KOpPUCTE Y3 carnacHoCT aytopa U HaBohewe
pedepeHLe.
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