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Jaderny palivovy cyklus
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Jaderny palivovy cyklus
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Uran

Naklady na 1 kg uranu jako UO, paliva v predni casti palivového cyklu (v cenach roku
2017, zdroj: WNA)

Uran 8.9 kg U;04 S 68 per kg S 605 43%
Konverze 7.5kg U S 14 per kg $105 8%

Obohaceni 7.3 SWU S 52 per SWU $ 380 27%
Fabrikace 1 kg S 300 per kg $ 300 22%
Celkem S 1390 100%

Celkova hodnota segmentu Front Endu je cca 25 miliard USD rocCné.

Zdroj: Steve Kidd, World Nuclear Association

Department of International Relations and European Studies

M=
wn =

w =



7
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22%
Muclear Synthetic gas Coal steam Gas Turbine

Nuclear Coal Gas Qil {madz;lgg(r}n] coal) [CCGT]

NakupCi maximalné tlacCi na cenu paliva, protoze maji pocit, ze jde o jediny provozni naklad, jehoz vysi

mohou ovlivnit. Palivo ma vSak minoritni roli v operacnich nakladech elektrarny.
Dopad 50% narustu v cené paliva na cenu vyrabéné elektfiny

— Zdroj: Global Energy Decisions, ERI, Inc.; IEA WEO 2006; in Steve Kidd, 2010, Nuclear Fuel: Myths

and Realities
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Uran

— Pfirodni uran je relativné hojny a v zemské kufe pomérné rovhomérné zastoupeny , vyskytuje
se 500x Castéji, nez zlato

_ Zula (tvofi pfiblizné 75% zemské kury) obsahuje pfiblizné 4 ppm uranu (0,0004 %).

— Uhli ma pomérne vysoky obsah uranu, koncentrace Cini okolo 100 ppm (0,01 %), néktera
hnojiva obsahuji az 400 ppm (0,04 %).

— Je-li koncentrace vysSi (0,03 % a vice), horniné se fika ruda a muze byt téZzena se ziskem.

— TradiCni tézby (oteviené lomy, hlubinné doly)
— Metody ISL
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Figure 1.1. Global distribution of identified resources
(«USD 130/kgU as of 1 January 2017)
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Uran

Figure 1.2. Distribution of reasonably assured resources among countries

with a significant share of resources Figure 1.5. Uranium production in 2016: 62 071 tU
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Table 1: The largest-producing uranium mines in 2018

Mine Country ET R ED Type Production (tonnes U) % of world
Cigar Lake Canada Cameco/Orano underground 6924 13
e Australia BHP Billiton Ubnydirr:f;:i 3159 6
Husab Namibia Swakop Uranium (CGN) open pit 3028 6
NLEREICENESEN Kazakhstan  Kazaktomprom/Cameco ISL 2643 2

Namibia Rio Tinto open pit 2102 4
SGENGIEIGIERMS Kazakhstan Uranium One/Kazatomprom ISL 2081 4
Tortkuduk Kazakhstan Orano/Kazatomprom ISL 1900 4
SOMAIR Niger Orano open pit 1783 3
Ranger Australia Rio Tinto/ERA open pit 1695 3
Kharasan 2 Kazakhstan Kazatomprom ISL 1631 3
Top 10 total 26,946 21%

Uranium mines operate in some 20 countries, though in 2018 some 31% of world production came from just ten
mines in four countries (see Table 1). Source: WNA
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Perspektiva budouci tezby

— Rostouci obohaceni (az do 5 % U235)
— Dostupnost kovu navazana na cenovou hladinu na trhu (uran z oceanu, rezervy vs. odhady)
— Podle Red Book je na svété 8 Mt potvrzenych zasob uranu, nepocitaje zdroje s nakladovou cenou nad 260 USD/kg

— V posledni dobé vzniklo na 400 novych téZebnich firem

— Uskladnény pfirodni a obohaceny uran

— RepU (je-li drahy U = tlak na pfepracovani)

— P239 (pouzité palivo, zbrané)

— Down-blended (fedény) zbranovy uran

— Obohacovani odpadu (tzv. tails) z obohacovani (aktualné 0,25-0,3 % U235)
— VyS&Si obohaceni (je-li drahy U = tlak na vy$8i obohaceni/izolaci U235)

— Mnozivé reaktory (U238 -> P239)

— Jaderna fuze (?)

Department of International Relations and European Studies
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Zpracovani

— Ruda obvykle obsahuje okolo 0.1 % uranu, Casto i méne.

— V této podobe je pfeprava jednoduse pfiliS nakladna.

— Prepracovaci zavody jsou tedy v tésné blizkosti dolu.

— Uranova ruda je oCisténa, rozemleta a vylouhovana kyselinou (sirovou). Po vysuseni vznika uranovy koncentrat
U504 (Zluty kolag).

— Koncentrace uranu v koncentratu je 80 %, v této podobé je naplnén do 200 litrovych sudu a pfipraven k transportu.

— Ve zbytku horniny se nachazeji zbytky rozpustného roztoku a vétSina radioaktivity (vazana na produkty pfirozeného
radioaktivniho rozpadu). Tyto zbytky se ukladaji bud zpét do dolt nebo do odkalist, kde jsou uméle oddéleny od

Zivotniho prostredi.
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Konverze

— Obohaceni Ize aktualné provést pouze v plynném skupenstvi.

— U;04 Ize pfimo preveést do UO,, ktery Ize pouzit jako palivo v nékterych specifickych
reaktorech (PHWR).

— VétSina reaktoru ale vyzaduje obohaceni. U;0q4 je tedy konvertovano do UFg, ktery je za
normalnich podminek v plynném stavu.

— Plyn je napumpovano do kovovych valcu, ve kterych dochazi ke zméné skupenstvi. V téchto

valcich se produkt transportuje.
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Konverze (arekonverze)

Table 3. Commercial UFs conversion facilities

Company Hameplatt:u r:i;ilsp::lijc;:;r in 2018 Share of g:::hh}al capacity
Atomenergoprom®* (Russia) 18 000 313
Comurhex** Il (France) | 15 000 26.0

Cameco (Canada) 12 500 21.7
ConverDyn*** (United States) 7 000 12.2

CNNC (China) | 5000 8.7

IPEN (Brazil) 100 0.1

Total nameplate capacity 57 600 100

Zdroj: Euratom Supply Agency
China’s capacity is expected to grow considerably in 2025 and beyond |V| U
33 Department of International Relations and European Studies Plan to develop Ulba plant in Kazakhstan in 2020 (6,000 tU) F S
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World enrichment capacity — operational and planned (thousand SWU/yr)

Country Company and plant 2013 2015 2020
O b h e France Areva, Georges Besse | & || 5500 7000 7500
o a Ce n I Germany-Netherlands-  Urenco: Gronau, Germany; Almelo, Netherlands; Capenhurst, 14200 14400 14,900
UK UK.
Japan JNFL, Rokkaasho 73 79 73
_ USA USEC, Piketon 0* 0 0
Zdroj: Euratom Supply USA Urenco, New Mexico 3500 4700 4700
Agency; WNA USA Areva, |daho Falls 0 0 0
USA Global Laser Enrichment, Paducah 0 0 0
Russia Tenex: Angarsk, Novouralsk, Zelenogorsk, Seversk 26,000 26,578 28,663
China CNNC, Hanzhun & Lanzhou 2200 5760 10,700+
SWU calculator. Other Various: Argentina, Brazil, India, Pakistan, Iran 75 100 170
http . / /WWW.WiSG- Total SWU/yr approx 51,550 58,600 66,700
Requirements (WNA reference scenario) 49,154 47,285 57,456

uranium.org/nfcue.htmi _ _ _ _ - _ _
Table 4. Operating commercial uranium enrichment facilities, with approximate 2018 capacity

Company Hameplate{tswt;apauty Share of g::bhfl capacity
TVEL (Russia) 28 416 450
Urenco (UK/Germany/Netherlands/United States) 18 758 323
Orano (France) 7 500 127
CNNC (China) 5210 9.8
34 Department of International Relations and Eur  Others* (CNEA, INB, JNFL) 188 03

World total 60072 100



Obohaceni

Uranium Enrichment and Uses
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Obohaceni

Uranium anriched
with L-235

UFg supply

T
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Supply source: 2000 2010 2015 projected 2020
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depleted
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Laser 0 0 0 3%
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Obohaceni

SWU calculator:

http://www.wise-uranium.org/nfcue.html

Nuclear Fuel Cost Calculator:

http://www.wise-uranium.org/nfcc.html
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Fabrikace

Rozdil oproti pfedchozim krokum:

1) Fabrikace je vysoce specializovana sluzba, nikoliv komodita
2) K vyrobé dochazi na zakladé vefejnych soutézi a podle pfesnych pozadavkl zakaznika
3) Kvalita paliva je kliCova pro provoz elektrarny. Finan¢ni implikace snizeného vykonu, problému Ci

odstavky rychle prevazi jakékoliv potencialni benefity levnéjSiho produktu.
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Fabrikace

The 3-Step Fuel Fabrication Process

Conversion of UFg
into UO- Powder

Incoming UFg
Cylinders

Uranium Recovery

n

o @1

Powder Processing and
Pellet Manufactunng

Off-gas and
waste-water treatment

oo

4 metres -

Fellets into Fuel Rods Cutgoing Fuel
and Fuel Assamblias Assemblies for
Reactors
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Fuel Pellet

Fuel Assembly
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Jaderny palivovy cyklus
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Svetova reaktorova flotila

Nuclear Reactors and Net Operating Capacity in the World
2006
367 GWe

1/2019

Maximum Operating
Capacity: 570 GWe
417 Reactors

in Units and GWe, from 1954 to 1 July 2019

1989 21002
4 laﬂlgeih;is 438 Reactors
| | GWe
Il Reactors in Operation _.l..ulllllllllilll T _wl 400

== (perating Capacity
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Sources: WNISR, with IAEA-PRIS, 2019
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Svetova reaktorova flotila

Reactors Under Construction in the World
in Units, from 1951 to 1 July 2019

234

Construction Status

asjl as of 1 July 2019
200 1l I I N B Construction Abandoned or Suspended
] I I I I I II I Construction Completed or Underway
I I I I I I II & Construction Starts
150 'I 0 . § :
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Sources: WNISR, with IAEA-PRIS, 2019



Svetova reaktorova flotila

200

/,&28%:‘.’,#%%“‘“ Reactor Construction and Shutdown
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Svetova reaktorova flotila

/Avé‘égé‘u’#?’éi«“““ Share of Nuclear Generation in Total Power Supply
25
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Source: IEA, World Energy QOutlook 2014; IAEA PRIS; World Nuclear Association (for 2014-15 data)

59 Department of International Relations and European Studies

Muclear Production in 2017 /2018 and Historic M aximum
n TWh and ‘Share In Elscricity Peduction
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Nuclear Reactors "Under Construction" as of July 2019

Country Capacity Construction Grid ‘ Units Behind
(MW net) Starts Connection Schedule
China 10 8 Boo 2012 - 2017 2020 - 2023 23
India 7 4824 2004 - 2017 2019 - 2023 5
Russia 5 3379 2007 - 2019 2019 - 2023 3
UAE 4 5380 2012- 2015 2020 - 2023 4
South Korea 4 5 360 2012 - 2018 2019 - 2024 4
Belarus 2 2218 2013 - 2014 2019 - 2020 1-2
Bangladesh 2 2160 2017 - 2018 2023 - 2024 (4]
Age of World Nuclear Fleet o : = o o :
as of 1 July 2014 oeA ’ = = o ’
Pakistan 2 2028 2015 - 2016 2020- 2021 o
Japan 1 1325 2007 ? 1
Argentina 1 25 2014 202 1
UK 1 1630 2018 2025 o
Finland 1 1600 2005 2020 1
388 Reactors France 1 1600 2007 2022 1
Mean Age:
28.5 Years Turkey ! 1m4 = et o
Total 46 44 557 1985- 2019 2019 - 2025 27-29
Note Sources: Compiled by WHNISR. 2019

60 Department of International Relations and European Studies
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Svetova reaktorova flotila

WORLD NUCLEAR
/ ASSOCIATION

Nuclear Electricity Production
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