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CO2 emission (total)

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



Wind power

Ø 10m → 20-30 kW
Ø 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!



Eolic - total



Wind power (2.5%)



Wind generator: 2.5MW

Sorce: Nordex



Eolic producers: np. Nordex



Geothermal - trends

Energy flux: 65mW/m2

Pozzuoli (Volterra)



Geothermal - total



Energia Solare:   1000 W/m2
Solar constans:   1364 W/m2

“Foto-Voltaico” = “luce → corrente”



Solar – principle



Energia fotovoltaica –
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. 



http://www.sonnenertrag.eu/it/derstromer/spergau/11126/11406.html

Sachsen-AnhaltRegione: DeutschlandNazione: 

SKTarga automob.: HalleQuartiere: 

SpergauLocalità: 06237Cap: 

Pagina web: 2009Inizio attività: 

10,500 kWpPotenza: 40,00 °Inclinazione: 

200,00 °Orientamento: SunpowerProduttore del modulo: 

300-WHTTipo del modulo: 

monoTipologia modulo: 

stationarioInseguimento: 

FroniusProdotture dell'inverter: 

39500costo dell'impianto: 

Altro:

Esperienza:



Energia fotovoltaica - Europa

ImpiantoOrt
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kWh/kWp (month)
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Energia fotovoltaica –
rendimento per mese



Solar – total 67GW, 85TWh/y



Renewable energy - costs

15 $/barile

25 $/barile

15 $/barile

20 $/barile

12 $/barile

25 $/barile

18 $/barile

2006 2014

15 $/barile

Petrol: 30 $/barile 40-45 $/barile

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



Tradional energy  renewable



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, N2O, NO, NO2 (nitrogen 
oxides), VOCs (volatile organic 
compounds), particulates and other 
pollutants at levels above those from 
traditional fuel sources such as coal or 
natural gas 

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

A cogeneration plant in Metz, France. 
The station uses waste wood biomass
as an energy source, and provides electricity

and heat for 30,000 dwellings. 



Electricity from biomass

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

Trends in the top five countries generating electricity from biomass
USA: 11 GW (1.4%) electricity production



Energia fotovoltaica –
Graetzel cell



Solar - efficiency



Koszty energii (USA 2010)



Physics World, 12.03.2012

Gaz łupkowy?

Znaczne zniszczenia
środowiska! 



Toruń, 07.12.2017
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Część II: Smog, czy atom?
Trudny wybór!



Plan

• Co to jest efekt cieplarniany ?

• Kto za niego odpowiada?

• Jak działa elektrownia jądrowa?

• Co się wydarzyło w Fukoshimie?

• Czym oddychamy ?

• Kiedy będzie gotowy reaktor termojądrowy?



Rozszczepienie uranu 235U



Energia jądrowa

235U + n → A + B + 2( lub 3) n

235U = 0.7% w naturalnej rudzie
Bomba U> 20% 235U
Reaktor jądrowy> 2-4%

1 block = 1 GW

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



Ceny prądu dla przemysłu + VAT



Elektrownia jądrowa

G. Karwasz, M. Więcek, Toruński poręcznik do fizyki. Fizyka współczesna, ZDF 2011



Np. reaktor kanadyjski na ubogi uran

CanDU at Quinsham



Produkty rozpadu 235U

G. Karwasz, M. Więcek, Toruński poręcznik do fizyki. Fizyka współczesna, ZDF 2011



Energia jądrowa – koszty ukryte

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



Gdzie ukryć odpady?

http://www.lahistoriaconmapas.com/europa/mapa-geologico-de-europa/

granity
> 2 mld lat



Co się stało w Fukoshimie?

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



Tōhuku Earthquake

By www2.demis.nl, Uploader User:Heinz-Josef Lücking - http://www2.demis.nl/quakes/, Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=14546462
https://en.wikipedia.org/wiki/Japan_Trench

Magnitude=9.1
4º najsilniejsze w dziejach zapisów
Przesunięcie wyspy Honsiu o 2.4 m na wschód
Naprężenie zakumulowane od 800 lat



Tōhuku tsunami

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

Sendai airport



Skażenie radioaktywne?

https://upload.wikimedia.org/wikipedia/commons/2/2f/Fukushima7.png



Promieniowanie: dawka (sievert)

Siewert (Sv) = jednostka dawki równoważnej promieniowania jonizującego
Limit USA: 1 mSv/rok
Tomografia komputerowa (full scan): 10-30 mSv
Podróż na Marsa: 250 mSv
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)

• 90Th232 (T1/2=1.405×1010 y) + n → 233Th → 91Pa233 + e-

• 233Pa → 92U
233

• 92U
233 + n → fission

Wikipedia

Reakcje rozszczepienia toru wymaga zewnętrznego „zapłonu” - źródła protonów



Reaktor torowy



Energy amplifier, C. Rubbia 1996

Kraje UE nie wykazują szczególnego zainteresowania… 
W tor szczególnie bogate są piaski bałtyckie…

GK: „Tor, alternatywa dla uranu”, Dziennik Bałtycki, dawno temu…



Thorium based nuclear reactor (C. Rubbia)

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



Atomic Physics at ITER

Grzegorz Karwasz

Uniwersytet Mikołaja Kopernika w Toruniu

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



Sun: thermonuclear synthesis



„Słońce w (magnetycznym) koszyku”

GK, Słońce w magnetycznym koszyku (Głos Uczelni, marzec 2017)



The projected design for the next-step demonstration fusion power 

plant, or DEMO, designed to produce 2000-4000MW of power.

Fuzja termojądrowa

Li + n → 3H + 4He

1GWy: 2,7 bln t coal
or 250 kg 2H + 3H 



150 mln K plasma



Progress towards Fusion Energy 
at ITER

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 €: największy (oprócz lotów kosmicznych) projekt badawczy ludzkości

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



th  IpR
2P-2/3

• Turbulent transport in fusion plasmas difficult to predict quantitatively:

− so, 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

Plasma Confinement: E Scaling

Plasma Current

Major Radius

Input Power

(C) D.J.  Campbell, ITER



ITER Plasma:

R/a: 6.2 m /2 m

Volume: 830 m3

Plasma Current: 15 MA

Toroidal field: 5.3 T

Density: 1020 m- 3

Peak Temperature: 2108 K

Fusion Power: 500 MW

Plasma Burn 300 - 500 s

(“Steady-state” ~3000 s)

D2,T2 Fuel

D++T+

He++(3.5MeV)

n(14.1MeV)

Blanket:
neutron absorber

Power Plant
Li-->T
High temperature

He, D2,T2,
impurities

Divertor:
particle and heat exhaust

ITER: controlled reactions objectives

(C) D.J.  Campbell, ITER



ITER – Tokamak Core Components

Central Solenoid (6)
(Nb3Sn)

Toroidal Field Coils (18)
(Nb3Sn)

Cryostat
(SS)

Shielding Blanket 
Modules (SS/ Be)

Thermal Shield
(SS)

Correction Coils (18)
(NbTi)

Internal Coils
(Cu)Poloidal Field Coils (6)

(NbTi)

Vacuum Vessel
(SS)

Divertor
(SS/ W)

h ~ 29 m

d ~ 30 m

(C) D.J.  Campbell, ITER



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

ITER – A Major International Collaboration

*

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

(C) D.J.  Campbell, ITER



Conductor

China

South Korea
Japan

Russia

United States

Europe

TF Coil

Japan

TF coil cases

Japan

Europe

TF Coils – A Global Collaboration



Globalne zmiany klimatu
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