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CO, emission (total)
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By Original uploader was Distantbody at en.wikipedia Later version(s) were uploaded by Jrockley at en.wikipedia. -
Transferred from en.wikipedia, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=3703691



GDP per capita (2014)

http://statisticstimes.com/economy/world-gdp-capita-ranking.php

World GDP (Nominal) per capita Ranking (2014)

B Rank: Top 10

B Rank: 11-20

B Rank: 21-30
Rank: 31-40
Rank: 41-50



Wind power

@ 10m — 20-30 kW
@ 90m — 3 MW (Vestas) = 1000 housholds




Wind power

London offshore 314 x 3.6 MW =1 GW
Sund offshore: 48x2.3 MW = 110 MW (60 000 housholds

High costs!
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Wind power (2.5%)

Top 10 countries

by nameplate windpower capacity
(2011 year-end)'*"’

Country %

China

United States
.Germaﬂy

-Spain

India

.France

italy

United E{ingdnm.
-Ganada |
Portugal
.{rest of world)

World total

(MW) *provisional
62,7337
46,919
29,060
21,674
16,084
6,800%
6 747
6,540
5,265
4 083
32,446
238,351 MW

Windpower capacity _

-

% world total 2

26.3
19.7
12.2
9.1
6.7
28
2.8
2T
22
1.7
13.8
100%

Top 10 countries

by windpower electricity production

Country

United States

China

Spain

Germany

India

United Kingdom

France

Portugal

ltaly

Canada

(rest of world)

World total

(2010 totals)™"!

Windpower production

(TWh)
952
55.5
43.7
36.5
20.6
10.2
9.7
9.1
8.4
8.0
48.5
344.8 TWh

% world total

276
15.9
12.7
10.6
6.0
3.0
28
2.6
235
2.3
14.1
100%



Wind generator: 2.5MW

Technical data 2.5MW Gamma class®! [edi]

Sorce: Nordex

N117/2400
Parameter # | NS8OIEC1 s+ NS0 IEC1 NS0 IEC2 N100 IEC 2 N100 IEC3 o
Rated Power
2500 2,500 2500 2500 2500 2,400
(kW)
Cut-in wind
3 3 3 3 3 3
speed (m/s)
Cut-out wind
25 25 25 25 25 20
speed (m/s)
Rotor
_ 80 90 90 100 100 117
diameter (m)
Swept area
(m?) 5,026 6,362 6,362 7,823 7,823 10,751
m? per MW | 2,010 2548 2548 3,129 3,129 4 480
Revolutions
. 10.8-18.9 10.3-18.1 96-16.8 96-14.8 96-148 75132
per minute
Overspeed : : _ ; : :
Fitch Pitch Fitch Pitch Pitch Pitch
control
Gearbox yes yes yes yes yes yes
double-fed double-fed double-fed double-fed double-fed double-fed
Generator asynchronous | asynchronous | asynchronous | asynchronous | asynchronous | asynchronous
generator generator generator generator generator generator
Grid |

N100/2500 in the United States.

Nordex N117/2400 (Gamma) in

Germany

&1

&



Windpower have realised more
Statement of financial
position
Total assets
as at 31 December EUR million

Equity as at 31 December EUR million

Equity ratio %
Employees

Employees 5]
Staff costs! EUR million

EUR:
Sales’ per employes thousand ‘ : 772

Staff cost ratio” % : B.2
Company performance

indicators P
Order intake EUR million 1,7638 \ 24708 3022

Installed capacity AW 1,4R9 - 1 2,622




Geothermal - trends

Pozzuoli (Volterra) 81

Energy flux: 65mW/m? |

1975 1985

|
1995

2005



Installed geothermal electric capacity

Country o |4 M ) o (O @ | of national ¢
2007! e
United States 2687 3086 0.3% .

1969.7 1904
992 1197
843
628

536




Solar constans: 1364 W/m?2

“Foto-Voltaico’” = “luce — corrente”




Solar — principle
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Energia fotovoltaica — mm
rendimento tecnico -

16% nei moduli in eterogiunzione;

14% nei moduli in silicio monocristallino;
13% nei moduli in silicio policristallino;
10% nei moduli in silicio microsferico;
6% nei moduli in silicio amorfo.



Nazione:

Quartiere:

Cap:

Inizio attivita:
Inclinazione:
Produttore del modulo:
Tipo del modulo:
Tipologia modulo:
Inseguimento:

Prodotture dell'inverter:

costo dell'impianto:

Altro:

Esperienza:

Deutschland

Halle
06237
2009
40,00 °
Sunpower
300-WHT
mono
stationario

Fronius

39500

Regione: Sachsen-Anhalt

Targa automob.: SK

Localita: Spergau

Pagina web:

Potenza: 10,500 kWp
Orientamento: 200,00 °

Grafico del giorno (derstromer) 03,2010
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Energia fotovoltaica - Europa

Posto Rendimento

kWh
1 269,70
2 247,36
3 8177,00
4 750,00
5 1726,90
6 6018,05
7 1536,42
8 191,94
9 173,97

Potenza
kWp

3,45

3,45

115,20

11,20

27,84

99,90

25,80

3,24

2,96

Efficienza
kWh/kWp (month)

78,17

71,70

70,98

66,96

62,03

60,24

59,55

59,24

58,77
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Energia fotovoltaica —
rendimento per mese
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Solar — total 67GW, 85TWhly

=olar Cell Production
2001 —2010

(data source: PY MNews 20084, 20105, 2011 5]
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Renewable energy - costs

R 2006
J 15 $/barile

25 $/barile

15 $/barile

20 $/barile

30 $/barile
60 $/barile

Petrol:

Nuclear:

2014
12 $/barile

25 $/barile

18 $/barile

15 $/barile

40-45 $/barile
100-120 $/barile



Tradional energy < renewable

Figure 4. World Marketed Energy Use by Fuel
Type, 1980-2030

Quadrillion Btu

250

History Projections

200 -

150 ~ Liquids

100 A
Natural Gas Renewables

50 -
Nuclear
0
1980 1995 2004 2015 2030

Sources: History: Energy Information Administration (EIA),
International Energy Annual 2004 (May-July 2006), web site
www.eia.doe.gov/iea. Projections: EIA, System for the Analy-
sis of Global Energy Markets (2007).



Burning biomass

Burning biomass releases carbon
emissions, around a quarter higher than
burning coal, but has been classed as a
"renewable" energy source in the EU and
UN legal frameworks, because plants can
be regrown.

Using biomass as a fuel produces air
polution in the form of carbon monoxide,
carbon dioxide, N,O, NO, NO, (nitrogen
oxides), VOCs (volatile organic
compounds), particulates and other e |
pollutants at levels above those from /A cogeneration plant in Metz, France.

dit S h | The station uses waste wood biomass
traditional Tuel sources such as coal or as an energy source, and provides electricity

natural gas and heat for 30,000 dwellings.

. sl : T By Bava Alcide57 at English Wikipedia,CC BY-SA 3.0,
https://en.wikipedia.org/wiki/Biomass https://commons.wikimedia.org/w/index.php?curid=31765539



Electricity from biomass

80 -
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70 1 =—Germany
w==China
s Brazil
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Trends in the top five countries generating electricity from biomass
USA: 11 GW (1.4%) electricity production

By Plazak - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=29478953



Energia fotovoltaica —
Graetzel cell
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Efficiency (%)
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Best Research-Cell Efficiencies

Multijunction Cells (2-terminal, monolithic)
| ¥ Three-junction (concentrator)

¥ Three-junction (non-concentrator)

A Two-junction (concentrator)

—  Single-Junction GaAs

ASingle crystal

A Concentrator

WV Thin film crystal

Crystalline Si Cells

* Thick Si fim

Thin-Film Technologies

® Cu(In Ga)Se;

o CdTe

© Amorphous Si:H (stabilized)
& Nano-, micro-, poly-Si

0 Multiunct .
Emerging PV

0 Dye-sensitized cells

® Organic cells (various types)
A Organic tandem cells
% Inorganic cells

< Quantum dot celis




Koszty energii (USA 2010)

1] 20 100 150 %

Middle East oil - 874 bbl (2007) Price of oil per barrel (2008 US$)
Other conventional oil - 567 bl (2007)
Brazilian/deep water oil - 160-300 bbi| (2005)
il shale - upto 3004 bl
Coal to liguid
Canadian oil sands - 174 bbl (2008
Venezuela's Qrinoco Belt - 265 bbl (2008)
Brazilian sugar cane ethanol
LS. corn ethanol @|USE 3/ bushel
European piodiesel @ USE 500/ ionne
Traditional coal - 847 Bn tonnes, @ USS BD/ tonne
Coal w/carbon capture
Muclear
Onshore wind

foslhme wind

1] 10 20 30 40 a0 60 70 80 80 100 110 120 130 140 150
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Settling the fracking question

Energy firms have not convinced sceptics that shale-gas extraction, or
“fracking”, is safe for the environment. Jon Cartwright examines
whether physics could help

Hydraulic fracturing, or “fracking”, is
by any measure controversial. The
process — which involves pumping
sand and liquid into deep shale
deposits to liberate natural gas — has
been touted by its proponents as an
energy saviour. For them, fracking
allows encrgy companics to tap into
reserves that are otherwise difficult, if
not impossible, to get gas from. Yet
the process has been slammed by
opponents as being hugely damaging
to the environment.

While fracking has taken off rapidly
in the US, it has been banned in
France and Bulgaria. Unfortunately,
this polarized debate about fracking
is not helped by a shortage of facts.
No-one is sure to what extent fracking
can contaminate groundwater, cither
with methane or with toxic chemicals.
There is also a concern that fracking
can trigger moderate carthquakes.
While there may be no hard-and-fast
answers, it scems that geophysics may

L

Gaz tupkowy?

Znaczne zniszczenia
Srodowiska!

be able to prod the debate in a Heading 2.4 trillion m’, according to the US
constructive direction. underground Geological Survey, which is one of the

Without geophysics, of course, Theintamational more modest estimates. Colorado-
fracking would not be possible at all.  Enargy Agency based business-information company

Shale isa fine, dlay-based sedimentary  suggests theworid HIS, for example, puts the figure at

rock that has low pecrmeability, so it mightbeenrouteto  about 42 trillion m’.

will not relcase its gas into a well cas-  “a golden age of gas™ The US is not, though, the only

ily. To get at the gas, therefore, energy  thanks to the nation with large deposits. UK encrgy

companics have todisplay theirengi-  emergence of firm Cuadrilla Resources estimates

ncering prowess by drilling wells hydradicfracturing ~ around S.6trillionm? of shale-gas

15003000 m decp into ashale deposit  or “fracking™— a rig reserves in the UK. Hardly surprising,

and then running a perforated steel forwhichispictured  then, that a report last year from the

pipe horizontally. Millions of litres of  here in Colorade. International Energy Agency sug- PhySiCS World 1 203 201 2
water are pumped into the pipe, gested the world might be en route to ;
together with sand and chemicals. at “a polden age of gas™.



Czesc ll: Smog, czy atom?
Trudny wybor!

Grzegorz Karwasz

Zaktad Dydaktyki Fizyki
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Torun, 07.12.2017
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Co to jest efekt cieplarniany ?

Kto za niego odpowiada?

Jak dziata elektrownia jgdrowa?

Co sie wydarzyto w Fukoshimie?

Czym oddychamy ?

Kiedy bedzie gotowy reaktor termojadrowy?



Rozszczepienie uranu 23°U

1.8 Reakcje jadrowe

Krotko przed II wojna swiatowa dwojka niemieckich uczonych, Lisa Meitner 1 Otto Hahn
rauwazyli, ze rzadziej wystepujacy izotop uranu =°U po pochionieciu neutronu nie podlega
zadne] ze manvch wowczas przemian jadrowvwch, ale, zartobliwie mowiac _rozpada sie na
dwie nierowne polowy

Eeakcja, nazvwana reakcja rozszczepienia, moZe miec przebieg, np.

U+ snonKr+ HBa+ jnton (3.12

. Deuterium % O J Tritium
/ nucleo D T

]
neutrone
D e
neutrone kf\

raggi '
nucleo \ gamma / \
. Alpha
Particle O Neutron
!
He'

nucleo " +17.6 Mev




Energia jgdrowa

2y+n—>A+B+ 2( lub 3) n Electricity Production in France
600 T ! i 1 |
Hydro IS
235U = 0.7% w naturalnej rudzie oo | e |
Bomba U> 20% 235U Renewables m—
Reaktor jgdrowy> 2-4% 400
S 300
—
200
100
0
1980 1990 2000 2010

USA: 100 GW (100 reactors)
20% of USA electricity
33% of world nuclear energy

1 block =1 GW



Key

sruddy

enew

RN

wopSury payn

pueIas
| e ung

ene)

EDEAOS

<
= Taxes and levies without VAT

x
£
&

# Without taxes and levies

0ADSOY
BNIAOIS m
Anoquexm m
LY §
eluBwoy m
euedng me
AieSuny m
Aeauon B
Handey Wezd ma g
puBILIg - m
UapeMs P
enies M.m m
¢ f
Aawing mm .m
BUOBIZI PUB BIUSOZ n% %
RILOPROEY JO w w
2NIaNdey Ae1SOBNA Jowiio d a
e r &~ 2 8 8 3 § 8 mm .w
o o o o o o o o o



Elektrownia iadrowa

Pretsyrirad walps

MCCETEIDT B SO0

Ryc. 6.4. Schemat dzialania elektrowni jadrowe); paliwo jadrowe majduje sie w rdzeniu (core); prety
kontrolne (coniro! rods) reguluja predkosc reakeji. gorace chlodziwo (woda pod cisnieniem) wytwarza
pare wodna (sfteam generaror) w wymienniku ciepl. goraca pama (sfeam [ine) napedza mrbine
generatora (furbing generator), dodatkowa linia wody (goeling water) chlodzi pare po przejsci przez
turbine. (zrodio: World Nuclear Association)

G. Karwasz, M. Wiecek, Torunski porecznik do fizyki. Fizyka wspotczesna, ZDF 2011



Np. reaktor kanadyjski na ubogi uran

CanDU at Quinsham



Produkty rozpadu <>°U
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Ryvec. 3.10.a) Produkty rozszczepienia uranu U (na dwa fragmenty) obepnuja szeroki rozklad
izotopow od 4 = 70 do 4 = 170; zwroc wwage, Zze skala pionowa jest wzgledna (0.1, 1, 10); b) energia
wiazania na jeden nukleon w zalemosci od liczbv masowe] 4; czastka alfa, czvli *He ma duza energe
wiazania; maksmum krzvwa osiaga okolo zelaza **Fe; dla jader ponize] masv zelaza korzvsma
energetycznie jest synteza, powvze] zelaza — rozszczepienie (Zrodio: European Nuclear Society)

G. Karwasz, M. Wiecek, Torunski porecznik do fizyki. Fizyka wspofczesna, ZDF 2011



Energia jgdrowa — koszty ukryte
Reactor Radioactive Waste Production

3 GW Thermal PWR Yearly Discharge >80 £
Nuciide Half-Life (yrs) kg
238Pu 88 4.5
235Pu 24000 1656
240Pu 6800 T7
241Py 14 25
242Pu 350,000 16
237Np 2,000,000 15
241Am 432 17
243Am 7400 3
g9Te 200,000 25
1201 16,600,000 6
135Ca 3,000,000 10
932r 1,500,000 23
107Pd 6,500,000 7
S0Sr 40 13

30 31

137Cs

.

Fig. 2. Long-lived Radionuclides in High-level Nuclear Waste.

Nuclear: 60 $/barile 100-120 $/barile



Gdzie ukryC odpady?
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Co sie stato w Fukoshimie?
' v

;

https://upload.wikimedia.org/wikipedia/commons/7/7d/Fukushima_l_by_DiitaI_GIobe.jp




Tohuku Earthquake

Magnitude=9.1

4° najsilniejsze w dziejach zapisow
Przesuniecie wyspy Honsiu 0 2.4 m na wschc')d
Naprezenie zakumulowane od 800 lat

By www2.demis.nl, Uploader User:Heinz-Josef Liicking - http://www2.demis.nl/quakes/, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=14546462
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Tohuku tsunami

Sendai airport

120 [em]
110 [em]
100 [em]
90 [cm]
80 [em]
70 [em]
60 [cm]
50 [em]

40 [cm]

30 [em]

20 [em]

10 [em]

iO[cm]

100 120 140 160 180 200 220 240 260 280

By West Coast & Alaska Tsunami Warning Center, National Oceanic and Atmospheric Administration - wcatwc.arh.noaa.gov (direct image URL [1])
There is a similar image here with a caption; "contours of forecasted maximum wave amplitudes [cm], detailing tsunami energy propagation".
Presumably the scale simply stops at 120cm; but at the coasts the wave rises much higher., Public Domain,
https://commons.wikimedia.org/w/index.php?curid=14546656



International
Nuclear Event

Scale[1]

Level 7 - Major

Level 6 - serious

Level 4/5 -
Accident

Level 3 -

Serious
(> 1000 mSv)

Level 2 -

Incident
(> 10 mSv)

Level 1 -

Anomaly
(> local
background)

Level O -
Normal

Skazenie radioaktywne?

Fukushima Nuclear Accident - Radiation Comparison

- . h
mSv/h World Radiation March 11™ 12% 3% q4%h 150 16t 7 18 19t 200 29 22
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Z7 \ |
15 km 0.1 e\ a \ ? fitem o= Uit 31—or
igh jet by & et el Gray smoke F||'
B — - % @ \
. s ire engines
N [ boiling .
10 km - " . | 2 206 km i |' 6:14am % 7:
Jets 0.01 lfnteNrﬂaltlonal L':“t 20 km \ \ Tc?l?yo 5 [ kd Unit 2 f?h?ﬁ {fI}é} 4
.005 mSv/h — ‘or Nuclear workers Eatuation Explosion Helicopter @ Bottled
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igh cities — ree Mile Islan -
.:Dgnve;} 0001 _— Natural Backaround & 0 l-| km I“) km |1 00 km l1 000 Unit 1 Events Unit 3 Events  Unit 2 Unit 4 Events News Reportl ng @cnnN (@]
00001 mSv/h 9 e
0.5to5 msv/year Radiation falls with the square of distance Notes: [1] Nuclear event levels are mg?ered by particular events regardless of radiation doseage. Partially melted rocislal Fukus!
iati t H Levels 1, 2 and 3 have specific radiation dosage limits. Source: Internation Atomic Energy Agency (IAEA), Nuclear Incid
|Rad lation from source. Both axes are Ioga”thmlc' [21 Chemobyl Source: B.Medvedev, JPRS Repaort on Soviet Union Economic Affairs Chemo%yl Notebook, 1989.
ncreases [3] Time data harvested by Marian Steinbach, "A Crowdsourced Japan Radiation Spreadsheet; Mar 30th Data source: Japi
with altitude [4] Fukushima events from numerous sources. Listed on wikipedia page for Fukushima | Nuclear Accident, Data source: T|
[5] Atomic bomb radiation inside crater region (<10 km). Fallout is more deadly in long-term because radiation is no long
[6] Source: Health Effects of the Chernobyl Accident, European Committee on Radiation Risk, 2006.8usby & Yablokov,
[7]1 Source:NOAA, Radiation Hazard at Aircraft Altitude. Oct, 2007, (http//www.swpc.noaa.gov/info/RadHaz htmi)
[8] Certain locations have very high natural radiation. Source: Very High Background Radiation Areas of Ramsar, Iran: Prel

https://upload.wikimedia.org/wikipedia/commons/2/2f/Fukushima?.png



Promieniowanie: dawka (sievert)

Sources of Radiation Exposure in the United States

Cosmic (Space) - 5% Radon and

Terrestrial (Soil) - 3% nmn - 37%
Internal - 5% k

Industnial and
Qgccupational - .1%

Consumer Products - 2%

Muclear Medicine - 12%

] Natural Sources - 50% Bl Manmade Sources - 50%
~310 millirem (0.31 rem) ~310 millirem (0.21 rem)

Source: NGRP Report Mo, 160(2005)

Full repoet iz available on the NCEP Web site at www NCRPpublications.arg
Siewert (Sv) = jednostka dawki rwnowaznej promieniowania jonizujgcego
Limit USA: 1 mSv/rok
Tomografia komputerowa (full scan): 10-30 mSv
Podr6z na Marsa: 250 mSyv
Fukoshima inhabitants: 68 mSv

https://www.nrc.gov/about-nrc/radiation/around-us/sources.html
https://en.wikipedia.org/wiki/Sievert




Reaktor torowy (Carlo Rubbia)
¢+ 4o Th232 (T, ,=1.405%10"0y) + n — 233Th — ,,Pa?3 + ¢

. 233pg — U233

¢ 4,U?33 +n — fission

Transmutation in the thorium fuel cycle

B ' Th — &l — 2Th (White actinides: t4<27d)

: '

='Pa . “°Pa . ““Pa -*"Pa  (Colored : t;;>68y)
I : i !

23 282y By L e . 3 H-_ﬁ 237

i i )
(Fission products with t1<%0y or t1s=200ky)
Wikipedia

Reakcje rozszczepienia toru wymaga zewnetrznego ,,zaptonu” - zrodta protonow



Reaktor torowy
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Table 9. Total Direct investment costs.

" Best Estimate = Lower limit ~_ Upper limit

Ttom Million USS  Million USS  Million USS
EGU 58.08 45.61 67.51
Secondary Loop 59.55 45.69 7221

Auxiliary Systems 7.6 6.15 923
Accelerator System 184 45 16545 217.10
Mech & Electrical Classical Eq.  233.50 210.15 256.85
General Assembly 37.88 3030 4545
Instrumentation & Control 35.00 28.00 42.00
Structures & Civil Work 175.00 140.00 210.00

792.05 67135




Thorium based nuclear reactor (C. Rubbia)

/ WORLD NUCLEAR
IIII." Lo P A 1 VLN
/
Thorium as a nuclear fuel
Today uranium is the only fuel supplied for nuclear reactors. However, thorium can also be utilised as a fuel for
CANDU reactors or in reactors specially designed for this purpose. Neutron efficient reactors, such as CANDU, are
capable of operating on a thorium fuel cycle, once they are started using a fissile material such as U-235 or Pu-239.
Then the thorium (Th-232) atom captures a neutron in the reactor to become fissile uranium (U-233), which
continues the reaction. Some advanced reactor designs are likely to be able to make use of thorium on a substantial
scale,

The thorium fuel cycle has some attractive features, though it is not yet in commercial use. Thorium is reporied to be
about three times as abundant in the earth's crust as uranium. The 2009 IAEA-NEA Red Book lists 3.6 million tonnes
of known and estimated resources as reported, but points out that this excludes data from much of the world, and
estimates about &6 million tonnes overall. See also companion paper on 1|

http://www.world-nuclear.org/information-library/nuclear-fuel-cycle/uranium-resources/supply-of-uranium.aspx



-i> ) Atomic Molecular Data Services JEFVITE s e

International Atomic Energy Agency _..i;' - Narod OwWe
- 4ds |aboratorium

Provided by the Nuclear Data Section "‘“"‘ Kwantowych
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S Data Center for Plasma Properties

Atomic Physics at ITER

Grzegorz Karwasz

Uniwersytet Mikotaja Kopernika w Toruniu

Progress Report from IAEA Decennial Meeting,
Daejeon, Korea, 15-19.12. 2014



Sun: thermonuclear synthesis

Zadanie (na sprawdzian): znajdz w intemecie wartosci masv protonu i neutronu wvraZzone w
kg i powtorz to obliczenie korzvstajac z rownania Einsteina. Wynik wyraz z dzulach.

Z powvzszego przvkladu wynika jasno, ze w reakcji

oM+ o+ p+ p—> He (3.13)

uzyskac mozma az 28 MeV energii. Taki typ syntezy, z udzialem az czterech czastek nie jest
mozliwy do realizacji w warunkach ziemskich (jest on zapewne mozliwy wewnatrz bardzo
ciezkich gwiazd neutronowyvech). Tak w gwiazdach _zwvklvch™ w rodzaju Slonca jak do
zastosowan energetveznvch na fiemi wvkorzvstvwana reakcja syntezy termonukiearne] jest
svateza helu z dwéch ciezkich izotopow wodor — deuteru “H i trvtu °T wedhig wzor

‘H+ :H — jHe+ ,n (3.14)

W reakeji tej wvdziela sie 17.6 MeV. Wwdaje sie to mnie] niz w reakcji rozszczepienia uranu,
ale w odniesieniu do masy paliwa w reakcji termojadrowe] wvdziela sie okolo 4 razv wiece
energii niz w reakcji .jadrowej . Eksplozja bombyv termojadrowej o _sile” rownowainej 13
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GK, Storice w magnetycznym koszyku (Gtos Uczelni, marzec 2017)



Fuzja termojagdrowa

2H 3H
\[\ /‘f

Li + n — °H + “He

\
£
1GWy: 2,7 bin t coal
/ .Q or 250 kg 2H + 3H
‘He + 3 ,5 MeV
n + 14 1 MeV

The projected design for the next-step demonstration fusion power
plant, or DEMO, designed to produce 2000-4000MW of power.



150 min K plasma




The views and opinions expressed herein do not necessarily reflect those of the ITER Organization.



ITER, France, Cadarache

50 MW input — 500 MW output

13 mld €: najwiekszy (oprocz lotow kosmicznych) projekt badawczy ludzkosci

It will be operative in 2020
DEMO (Korea) — first commercial reactor: 2050



Plasma Confinement: 1 Scaling

* Turbulent transport in fusion plasmas difficult to predict quantitatively:

— S0, we use scaling experiments to predict the level of energy confinement in
ITER

— H-mode turns out to be robust enough to provide the basis for the ITER design
= significant reduction in size of device

Major Radius
Plasma Cuﬁgnt Input Power
-~
1000 N, .~ . — 4
. 2p-2/3
7y, o |,R2P TR o
ITER -
JET
ASDEX-U

COMPASS-D

JE02 A8

0 2 4 6 8

A 00T 010 100 1000
Major radius (m) T :5398&2) (s)

(C) D.J. Campbell, ITER



ITER: controlled reactions objectives

ITER Plasma:
R/a: 6.2m /2 m
Volume: 830 m3
Plasma Current: 15 MA
Toroidal field: 53T
Density: 1020 m-3

Peak Temperature: 2x108 K
Fusion Power: 500 MW
Plasma Burn 300 - 500 s
(“Steady-state” ~3000 s)

+ll-

e (. 5MeV)
n(14 MeV)// ?f"~

D,,T, Fuel

_~——" Blanket:

neutron absorber
Power Plant

Li-->T
High temperature

Divertor:
_particle and heat exhaust

He, D,,T,,
impurities

(C) D.J. Campbell, ITER



ITER — Tokamak Core Components

d~30m
< >
Central Solenoid (6 W -
(Nb,Sn) e
Thermal Shield
(SS)

e - - fe W0 -.7"" Internal Coil
!\Igolmdal Fleld Coils (6) \ = | ; | -’ " er?(?u) (D

e mm = ==

Toroidal Field Coils (18))/ |
(Nb;Sn)
~

—
”

 d

Shielding Blanket
~ <~ _Modules (SS/ Be)_ -

______ Correction Coils (18)
o e i NbTi
Vacuum Vessel 51 Divertor & ( )
(SS) / \
S o (SSI W) it

(o 1 e s e L B

(C) D.J. Campbell, ITER



ITER — A Major International Collaboration

* 90% of ITER components will be supplied “in-kind”
by the Members through their Domestic Aaencies

.........
-

'l'"- .:

"4 ITER Partners

* This approach necessitates the integration of ITER management,
design and procurement activities across the globe

(C) D.J. Campbell, ITER



TF Coils — A Global Collaboration
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We work for you...!
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