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de la energia nuclear




u@% " [;Qué es una central nuclear?

Una central
nuclear es una
central térmica

Containment Structure
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=~ |Consumo de energia: varia a lo largo del
U - |tiempo
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5000 El consumo presenta fluctuaciones:
Peak Load
Diarias
Semanales
Estacionales

La produccion (esp. renovables)
Base Load tamb]én flUCtl]a

Es dificil almacenar energia

Se necesita un mix de
fuentes de energia

2400 hrs 0400 0800 1200 1600 2000 2400




Base load y peak load requieren

U  |diferentes fuentes de energia
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«=  |Comparacion del poder calorifico de
diferentes combustibles

Hydrogen
Petrol/gasoline

Diesel fuel

Crude oil

Methanol

Liguefied Petroleum Gas (LPG)

Natural gas (UK, USA, Australia)

Natural gas (Canada)

Natural gas (Russia)

Natural gas as LNG (Australia)

Hard black coal (IEA definition)

Hard black coal (Australia & Canada)
Sub-bituminous coal (IEA definition)
Sub-bituminous coal (Australia & Canada)
Lignite/brown coal (IEA definition)
Lignite/brown coal (Australia, electricity)
Firewood (dry)

Natural uranium, in LWR (normal reactor)
Natural uranium, in LWR with U & Pu recycle
Natural uranium, in FNR

Uranium enriched to 3.5%, in LWR

121 MJ/kg
44-46 MJ/kg
32 MJ/I

45 MJ/kg

39 MJ/I
42-44 M)/kg
37-39 MJ/I
20 MJ/kg

18 MJ/L

49 MJ/kg
38-39 MJ/m3
37 MJ/m3
34 MJ/m3
55 MJ/kg
>23.9 MJ/kg
c 25.5 MJ/kg
17.4-23.9 MJ/kg
c 18 Mi/kg
<17.4 MJ/kg
c 10 MJ/kg
16 MJ/kg
500 Gl/kg
650 GJ/kg
28,000 GJ/kg
3900 GJ/kg

8970-73 g/MJ
37

8159 g/MJ
7651 g/MJ

6790 g/MJ

251.25 kg/kWh
4294 g/MJ
0

0
0
0

o O o o

Fuente:
World
Nuclear
Association



http://www.world-nuclear.org/information-library/facts-and-figures/heat-values-of-various-fuels.aspx

=~ |Comparacion de los costos de diferentes
U2  |fuentes de energia (Alemania)

Costes de
Figure 4.6a: Germany - levelised costs of electricity .
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https://www.iea.org/publications/freepublications/publication/projected_costs.pdf
https://www.iea.org/Textbase/npsum/ElecCost2015SUM.pdf
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Comparacion de los costos de diferentes
fuentes de energia (Estados Unidos)

Figure 4.16a: United States - levelised costs of electricity
(at 5% discount rate)
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llé@ fuentes de energia (2015)
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Comparacion de los costos de diferentes

En 2015 la IEA/NEA ha elaborado un nuevo informe
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Interés de los creditos
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https://www.iea.org/Textbase/npsum/ElecCost2015SUM.pdf
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LCOE (USD/MWh)

fuentes de energia (2015)

Comparacion de los costos de diferentes
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Evolucion de la produccion
electricidad

mundial de

World electricity generation' from 1971 to 2013
by fuel (TWh)

28 000
24000
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16 000
12 000
8 000
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0
1971 1975

B Fossil thermal

2000

[ Hydro

2005

B Other?

1980 1985 1990

[ 1 Nuclear

1995

Fuente: |IEA (Agencia
internacional de la energia)

2010 2013

1973

Nuclear 3.3%

Natural gas

12.1%

Hydro
20.9%

Other?
0.6%
6 131 TWh
2013
Nuclear 10.6%

Natural gas

ao

23 322 T\Wh



http://www.iea.org/publications/freepublications/publication/KeyWorld_Statistics_2015.pdf
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La energia nuclear en el mundo:
Numero de reactores en operacion

UNITED STATES OF AMERICA

FRANCE

JAPAM

RUSSIA

CHINA

KOREA, REFUBLIC OF
IMDIA

CAMADA
UKRAINE

UNITED KINGDOM
SWEDEN
GERMANY
BELGIUM

SPAIN

CZECH REPUELIC
SWITZERLAND
FIMLAND
HUNGARY
SLOWAKIA
ARGENTINA
PAKISTAN

BRAZIL
BULGARIA
MEXICO
ROMAMIA

SOUTH AFRICA
ARMENIA

IRAN, ISLAMIC REPUELIC OF
METHERLANDS
SLOVENIA
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Fuente: |IAEA

Total Number of Reactors: 442

20

40 ] 80
MNumber of Reactors

100

Cambios desde 2015: +3

Country NrR. Net capacity [MW]

UNITED STATES OF AMERICA 99 98708
FRANCE 58| 63130
UAPAN 43 40290
RUSSIA 35 25443
CHINA 31 26635
KOREA, REPUBLIC OF 25 23114
INDIA 21 5308]
CANADA 19 13500
UKRAINE 15 13107
UNITED KINGDOM 15 8883
SWEDEN 10 9648]
GERMANY 8 10799
BELGIUM 7 5913
SPAIN 7 7121
CZECH REPUBLIC 6 3930
[TAIWAN 6 5042
SWITZERLAND 5 3333
FINLAND 4 2752
HUNGARY 4 1889
SLOVAKIA 4 1814
IARGENTINA 3 1627
PAKISTAN 3 690
BRAZIL 2 1884
BULGARIA 2 1926
MEXICO 2 1440
ROMANIA 2 1300
SOUTH AFRICA 2 1860
IARMENIA 1 375
IRAN, ISLAMIC REPUBLIC OF 1 915
NETHERLANDS 1 482}
SLOVENIA 1] 688
Total 442 383546

14



http://www.iaea.org/pris/

=«.~ |Edad de los reactores en

U  |funcionamiento
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Total Number of Reactors: 442

I Mumber of Reactors

35
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15

Mumber of Feactors
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Causas del paron nuclear

Crisis del petroleo > | Reduccion del consumo
Movimientos ecologistas :> Moratoria nuclear
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Country Bame
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Reactores en construccion

CHINA

RUSSIA

MDA

UMITED STATES OF AMERICA
UMITED ARABE EMIRATES
KOREA, REFUBLIC OF
BELARUS

JAPAN

PAKISTAN

SLOVAKIL

UKRAIME

ARGENTIMA

BRAZIL

FINLAMD

FRANCE

Total Number of Reactors: 66

) 10 15
Mumber of Reactors

Cambios desde 2015: -3

20

25

I Humber of Reactors

m
ARGENTINA

BELARUS 2 2218
BRAZIL 1 1245
CHINA 24 24128
FINLAND 1 1600
FRANCE 1 1630
INDIA 6 3907
JAPAN 2 1325
KOREA, REPUBLIC OF 3 4020
PAKISTAN 2 630
RUSSIA 8 6582
SLOVAKIA 2 880
TAIWAN 2 2600
UKRAINE 2 1900
UNITED ARAB EMIRATES 4 5380
UNITED STATES OF AMERICA 5 5633
Total | 66 63703
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Country Names

Cuota de produccion de energia nuclear

FRANCE

BELGIUM

SLOVAKIA

HUNGARY

UKRAINE

SWEDEN
SWITZERLAND
CZECH REPUBLIC
SLOVENIA

FINLAND

BULGARIA

ARMENIA

KOREA, REPUBLIC OF
ROMANIA

SPAIN

UNITED STATES OF AMERICA
UNITED KINGDOM
RUSSIA

CANADA

GERMANY

SOUTH AFRICA
MEXICO

ARGENTINA
PAKISTAN

INDIA

BRAZIL
NETHERLANDS

CHINA

JAPAN

IRAN, ISLAMIC REPLUEBLIC OF

20

40

Muclear Share¥

&0

20

FRANCE
SLOVAKIA
HUNGARY
UKRAINE
BELGIUM
SWEDEN
SWITZERLAND
SLOVENIA

CZECH REPUBLIC
FINLAND
BULGARIA
ARMENIA

KOREA, REPUBLIC OF
SPAIN

UNITED STATES OF AMERICA
TAIWAN, CHINA
RUSSIA

ROMANIA
UNITED KINGDOM
CANADA
GERMANY

SOUTH AFRICA
MEXICO
PAKISTAN
ARGENTINA
NETHERLANDS
INDIA

BRAZIL

CHINA

IRAN, ISLAMIC REPUBLIC OF
JAPAN

P, N~ O L W0

23

100

34

16

P W w NN

21

23

48

63130
1814
1889
13107
5927
9470
3333
688
3904
2752
1926
375
20717
7121
99313
5032
24654
1300
9373
13500
12074
1860
1330
690
1627
482
5308
1884
19007
915

42388

418001.4
14420.33
14777.73
83122.78
32093.74
62270.05
26467.9
6060.82
28636.78
22645.96
15013.99
2265.64
149199.23
54860.38
798616.22
40801.06
169064.84
10753.68
57918.48
98588.12
91783.7
14762.7
9311.6
4577.53
5258.17
3873.51
33231.87
14463.39
123807.69
3723.6

0

76.9
56.8
53.6
49.4
47.5
41.5
37.9
37.2
35.8
34.6
33.6
30.7
30.4
20.4
19.5
18.9
18.6
18.5
17.2
16.8
15.8
6.2
5.6
4.3
4.0
4.0
35
2.9
24
1.5
0.0

17
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Cuota y centrales nucleares en Espana

& Spain

—
|

Nuclear Power Reactors

Under Construction

0

Operational

7

Annual Electrical Power Production

Total Electricity Production (including Muclear)

268400.00 GW.h

(Net, 2014)

Name

JOSE CABRERA-1

SANTA MARIA DE GARONA
VANDELLOS-1

ALMARAZ-1

ASCO-1

ALMARAZ-2

COFRENTES

ASCO-2

VANDELLOS-2

—
29
-
—
®)
=

Total

Type
PWR
BWR
GCR

PWR
PWR
PWR
BWR
PWR
PWR
PWR

Long-Term Shutdown

1

2

MNuclear Electricity Production

94832.00 GW.h

(Net, 2014)

Status

Permanent Shutdown
Long-term Shutdown
Permanent Shutdown
Operational
Operational
Operational
Operational
Operational
Operational

Operational

Location

ALMONACID DE ZORITA
SANTA MARIA DE GARONA
VANDELLOS

ALMARAZ

ASCO

ALMARAZ

COFRENTES

ASCO

VANDELLOS

TRILLO

SUMMARY

Electricity Production Share in 2014

Permanent Shutdown

Ref. Unit Power (MW)

141
446
480
1011
995
1006
1064
997
1045
1003
8188

Gross El. Cap. (MW)

150

466

500
1049
1033
1044
1102
1035
1087
1066
8532

Connection
14/07/1968
02/03/1971
06/05/1972
01/05/1981
13/08/1983
08/10/1983
14/10/1984
23/10/1985
12/12/1987
23/05/1988
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Instalaciones nucleares en Espana
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Fuente: Ministerio de Industria, Energia y Turismo
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Industria nuclear en Espana (2014)

Prod. (GWh) | % del total Combustible

Nuclear 57299
Carbon 43011
Edlica 52207

20.62%
14.58%
18.79%

Se ha renovado la
licencia de Trillo

ENUSA ha
fabricado 856
elementos
combustibles
(72% para
exportacion)

En tramite la
renovacion de la
licencia de Sta
Maria de Garona

Continuan los
tramites del ATC
en Villar de
Canas

1350 Tm

18130 kTm
Uranio Almacenado (kg)
José Cabrera 95750
Sta. M2 de Garona 420243
Almaraz | 608026
Almaraz I 574755
Asco | 526867 27975
Asco |l 503255 41014
Cofrentes 680139
Vandellos I 463706
Trillo 224977 262268

20



http://www.minetur.gob.es/energia/balances/Balances/LibrosEnergia/La_Energ%C3%ADa_2014.pdf
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& Centrales nucleares en Europa

CAPACITE NETTE PAR SITE
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PART DU NUCLEAIRE DANS LA
PRODUCTION D’ELECTRICITE, en %

France 76,9 IEG—

Litvanie 644
~ slovaguie 543 S

Belgique 541 S

Ukraine 481 e

suede 451

Arménie 45

Shovenie 1.6 P

Suisse 40,0

Hongrie 365 [N

Bulgarie 21 P

Rép. tchéquest.s
Finlande 269 R

Allemagne 250 IR
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Comparacion entre una central de
carbon y una central nuclear

(Nuclear Electricity J

A O O

30Kg - 70Kg 230g uranium oxide

uranium

enrichment

30g enriched

8000 KWh electricity

chePC

20ml

spent fuel high level waste glass

uranium ore concentrate (U30g) 200g of depleted 'tails'
[Coal-Fired Electricity j
8000 KWh electricity
o 8 tonnes
=] Sw Sw = o
> ’ SO2 etc.
3 tonnes black coal power station 300Kg fly ash gaseous emission
(9t brown coal) plus particles
Consumo anual de una ||Carbon: | |3 MTm/ano
central de 1000MWe : ~
Uranio: | [180Tm/ano 22




uﬁ@" Externalidades

Una externalidad es un | || negativas (p.ej. contaminacién)

coste no considerado |-

en el precio de un bien positivas (p.ej. infraestructuras)

Coste y . .
beneficio . Coste para Se lqternallzan
| la sociedad mediante:

é Coste para | Multas

= el individuo

F Tasas

§ | Subvenciones

S |

= | Demanda Cuotas de

S produccion

©

Cantidad
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Costes de operacion para el medio
ambiente y otras externalidades

Hard coal-fired power plant
Lignite-fired power plant
Natural gas-fired power plant
Oil-fired power plant
Nuclear power plant
Biomass *

Solar PV, rooftop *

Solar PV, ground (utility) *
Wind, offshore

Wind, onshore

Hydro, reservoir

Hydro, run-of river
Geothermal power
CHP-Bio (Power) t
CHP-Natural gas (Power)
CHP-Hard coal (Power)

CHP-Waste (Power)

20

A

TN

40 60 8o 100 120 €/MWhe

TN

QUEETTERS

B Climate change
M Particulate matter formation
B Human toxicity
W Agricultural land occupation

W Other

Depletion of energy resources

: Ecofys

Fuente

2 Nuclear accidents

NN

ECOFYS

24



http://ec.europa.eu/energy/studies/doc/20141013_subsidies_costs_eu_energy.pdf

u‘*’@‘ Elementos de una central nuclear
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Water vapor —omeogd

Cooling tower  p======= )-

Warm water inlet
'
'

- |n || ‘,

— —=

( Pump )( Condenser )

Cooling water

AVVWUVVNNN
— “!\I!“ 1INNEE NP

/ ( Pump ) GoldwaterhamD

Cool water source

Electricity
H

Edificios auxiliares:

Generadores

Combustible

Residuos

Control

25




=~ |Elementos de una central nuclear. El

U  |EPR (European Pressurized Reactor)

Turbinas

Almacen de
combustible

© 2016, Antonio Gonzalez Fernandez

o o . ! ' ) K:.‘- | "-'»::‘j:‘“
Edificio (IR . -
' e F \ 1 4 0 ' B " i b
Wik | 3 ; ; \ Ty iy el

auxiliar Edificio de

> salvaguardia
& €= & Generadores
‘ = auxiliares

Almacen de B0 :
residuos § = Nucleo f =

, /
: .
o L
iz —
/.
L] L] L]
L]
L] L]
1 T =Tnp =

26



http://sharing.enel.com/epr/en-GB/
http://sharing.enel.com/epr/en-GB/

Visita (virtual) a una central nuclear

http://virtualniprohlidky.cez.cz/cez-virtual-tour/

© 2016, Antonio Gonzalez Fernandez
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http://virtualniprohlidky.cez.cz/cez-virtual-tour/

Sm Partes no nucleares de una central
U=  |nuclear: Turbinas

Nuclear
Steam Steam from
Supply NSSS
System Moisture
separator
T . and

reheaters

Feedwater +——'
to NSSS Y

Feed-
W water i ———

heaters
Feedwater
pump

El fluido (coolant) es
calentado y conducido a
una serie de turbinas

© 2016, Antonio Gonzalez Fernandez

~ O

Demineralizer Condensate

Low-pressure
turbs

Y

Electrical
generator

Pump

‘T In
Condenser Cooling water
-

pump

Out

El vaporentraa Ty p
inferiores a una de carbon

N

T = 550K

p ~ 7.5MPa

C

T = 800K

p =~ 22MPa

28




Sm Partes no nucleares de una central
U#  |nuclear: Condensador

auserwenotal '; A igualdad de potencia,
mas calor de desecho

Nnuclear < Ncarbon

33% 40% Produce polucion térmica

P =1000MWe

Qin = 3000MWt Qi = 2500MWt

n

Qour = 2000MWt | | Qe = 1500MWt

33% mas

Esto obliga a instalar las centrales
en costas, lagos o rios caudalosos

© 2016, Antonio Gonzale
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Bombas (no de las que explotan,
normatlmente)

Us

Para mantener en | igh-pressure Low-pressure

turbine turbine

circulacion se l/ —
o ecirica
—‘\\

diferentes bombas

Moisture
separator Y

7T and

reheaters In

Feedwater *——' Condenser Cooling water
to NSS Y Out

Feed-
water ol ————
heaters
F er : X
Demineralizer densate

pump et En caso dg
emergencia
Son alimentadas externamente intervienen
(no directamente por la central) generadores diésel

Si no funcionan (Three Mile Island, Fukushima) se
producen accidentes LOCA (loss of coolant accident) £

© 2016, Antonio Gonzalez Fernandez
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Disponibilidad y capacidad de una
central nuclear

Reference power

] 100%

[‘-‘— Forced outage

r_ planned outage
-

Maximum
electrical
capacity
REG Reference period hours = T
. Total
Available unavailable
capacity capacity
Generation Available
supplied but not Under plant Not under plant
supplied management management
control control
EG (internal) (external)
On-line hours = t XEL
Load following,
frequency Reserve
control and grid shutdown
adjustments
PEL
Planned Unplanned UEL
Plan
Short . overrun Advance Breal_&d?wn,
Long term term Testing (outage of plan res;rlctll_'ons
extension) and others

{unit capability factor)

(external energy loss)
(not under plant
management control)

A
UCF UEL
(unplanned capability
loss factor) (unplanned energy loss) | Extension of
. A—
Total PEL
unavailable
capacity (planned energy loss)

yy = -

XEL

UCF

EAF

{energy availability factor)

(Available,
but not supplied”)

A

LF

(load factor)

(Actual production)

Available
capacity

\

>0

* Load following,

frequency control,
grid adjustments and
reserve shutdown

Unit performance




Disponibilidad y capacidad de una
central nuclear (Il)

Disponibilidad

% de tiempo que la central esta operativa

(availability) EAR(%) 100 REG — PEL — UEL
T REG
« REG: energia generada teoricamente
« PEL: perdidas de energia planificadas
« UEL: perdidas de energia no planificadas
CapaC]dad 0 REG — PEL — UEL — XEL
(capacity W) = 100 REG
i factor) « XEL: perdidas no controladas de energia

Espana:

© 2016, Antonio GonzalezEacnindg7

Capacidad < Disponibilidad

84.1% 84.9%
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Comparacion entre diferentes tipos de

Combustible Barato
Gastos de

capital Elevados
Eficiencia Media-alta
CO2 Si
Polucidn :
térmica Media
Residuos

Ceniza+gases

Riesgos

potenciales Medios

Alarma social Media

Barato

Elevados

Media
No

Alta

Residuos
nucleares

Altos

Alta

Caro

Moderados

Alta
Si

Media

Gases

Medios

Baja

Gratis
Elevados

Baja
No

Baja

Ninguno

Bajos

Baja
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