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Fig. 1.11 Temperature variations from 1850 to the present as averaged over the northern and
southern hemispheres and over the whole globe [9]

Increase of the
Temperature of the living
environment

Species are heading North

Box 1.1 (continued)

Northward shift

American black duck

Ring-necked duck

Red-breasted
merganser
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Pine siskin

Purple finch

Fig. 1.18 Northward movement of the ranges of representative bird species [12]

F. Spineanu, Ziua IFA 2013



climatice extreme
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Sursele alternative

Eolian

Fig. 3.1 A modern wind farm (This is a

F . publicly accessible photograph shown on many websites,
T'he location is not identified)

Fig. 3.26 A parabolic trough system (http://thoughtsonglobalwarming.blogspot.com/2008/03/
solar-thermal-company-says-it-could.html)

F. Spineanu Ziua IFA 2013 4






d+d—t+p+40MeV
d+d—"He+n+3.3MeV
d+t—*He+n+17.6MeV

d + *He — *He + p + 18.3 MeV




Mitul originar: B Insulele Sakhalin

I he "Kremlin letter” which started 1t a

In the Pantheon of fusion
research, many names are
inscribed — but not that of
Oleg Aleksandrovitch
Lavrentiev.

For more than 50 years, the
improbable story of this young

. 4.‘.\‘\'1‘ "- - -
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Progress in fusion is very rapid

TargetITER

Fusion: power multiplication factor
doubles every 1.8 years

The Stellarator A, built at the Princeton Plasma Physics Laboratory in 1952, was Ly *Merced p7

man Spitzer’s first fusion machine. Its small size can be gauged by the hand at left. Th
early stellarators bent the torus into a figure eight. Later stellarators were larger, an:
had more instabilities than the early tandem mirrors.

[ ]
Pentium Pro P8
Pentium P5

80286

Power multiplication
Multiplication power

8086 .
Moore’s law: number of transistors

doubles every 2 years
0.00001

1970 1975 1980 1985 1990 1995 2000 2005
Year
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Fig. 8.5 DIII-D: Doublet 111 at General Atomic. Lalolla. CA Fig. 8.3 TFTR: Tokamak Fusion Test Reactor at Princeton, NJ

Fig. 8.6 JT-60U: Japan Torus at Ibaraki, Japan Fig. 8.4 JET: Joint European Torus at Abingdon, UK
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Blanket and
first wall

Region |
Core plasma

Plasma edge and
H-mode
confinement barrier

Fig. 8.13 Cross-section of a tokamak with a single-null divertor, showing the scrape-off layer [16]
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2003 performance

¢ highest magnetic field under EFDA 4.0 Tesla

¢ highest plasma current under EFDA 4.0 MA

e most demanding operation ever 3717 pulses
e highest ever D-D neutron yield 4.5x1019

e highest ever Deuterium NB power 22.7 MW

e 3 operation with tritium (after 1991 and 1997)

"January 2004

L1 * K ox
.ﬁ@i UKAEA Fusion *
* %

Working with Furepe

Sursa: F. Briscoe F. Spineanu, Ziua IFA 2013



MASCOT manipulator

1991: DT campaign
1997: DT campaign

......
.......

.........

in- vessel MASCOT manipulator

13

pineanu, Ziua IFA 2013



2 exigenta

R
Plasmain
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Marile probleme.
Principial

stabilitatea regimului

de confinare Modul H, ELM, limitele
Jeta si Densitate,

ilitati magnetice, etc.

Tehnologic

Primul perete, divertorul, tritiul
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le exigenta: supraconductori Ni-Sn

Superconducting Magnets

Fig. 9.21 Construction of a niobium-tin cable. One of the bundles has been exploded to show the
strands [14]
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IONAL THERMONUCLEAR EXPERIMENTAL REACTOR
(ITER)

() secondary plate heat exchanger
ressurizer (© vertical pump
() Tokamak building secondary confinement () Cooling tower
(©) Tube shell primary heat exchanger ) skm long pipeline
© valve @ Water basin (20,000 m?)
© Pump D control basins (4x3,000 w)
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1. Hot cell

2. Transfer

3. Administration building

4. Power plant main hail

5. Fusion power plant (generates heat)
6. Lithium/Deuterlum/delivery ~
surplus Helium recovery vehicle

7. Fuel processing plant
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e cell)

9. Heat o (co

power plantinto steam to df

and generate electricity)

10. Control room

11. Cooling towers

12. Turbine hall

13. Water pumping station

14. Electrical distribution compound

19



Fig. 8.30

Planned buildings for the ITER site [32]
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ITER

compared to coal burner

(Sursa: Lopez-Cardoso 2008)
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ITER main components

Central Solenoid §/707 ?’ 22 el Blanket Module

Port Plug
Poloidal Field Coil | e , . v e heating/current drive
Nb-Ti, 6 Vi - N test blankets
; limiters/RH
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Toroidal Field Coil
Nb.Sn, 18, wedged Divertor
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Torus Cryopump
8 units

Fusion Power: 500 MW

Plasma Volume: 840 m3
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Figure 4 - ITER Tokamak Assembly - Main Components and Parameters




R&D projects in support of ITER
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ket Module (TBM)
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Fig. 9.9 (a) The order of the main layers in a tokamak, showing that the entire blanket must be
inside the vacuum chamber. (b) General scheme of a tokamak’s components, showing that the
entire machine is inside a cryostat to keep the superconducting magnets cold [32]
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°Li + n — *He + t + 4.8 MeV

Li4+n—*He+t+n—25MeV

Tritium beeding in the blanket

24



al dureaza ?

ITER CONSTRUCTION

son | 2w | 0 | 2o [ 2o | 205 | 20w [ are [ v |

THE ROAD TO COMMERCIAL FUSION REACTORS
2010 2015 2020 2025 2030 2035 2040 2045 2050

COMMERCIAL POWER -

Fig. 9.1 A possible schedule for developing fusion power (Data from G. Janeschitz, The physics
and rechnology basis of ITER and its mission on the path to DEMO, Symposium on Fusion
Energy, San Diego, California, June 2009)

sSursa: F. Chen F. Spineanu, Ziua IFA 2013
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Natural gas Coal Nuclear Wind Fusion
(intermittent) (ARIES-AT)

Fig. 9.37 Estimated year 2020 cost of electricity in US cents per kilowatt-hour from different
power sources [graph adapted from [25]. but original data are from the Snowmass Energy
Working group and the US Energy Information Agency (yellow ellipses)]. The red range is the
cost if a $100/ton carbon tax is imposed. The fusion range is for different size reactors; larger ones

have lower cost

Cost of energy

Wholesale electricity price
onsumer electricity price

Ocean Thermal
Tidal

Solar PV
Ocean Wave
Biomass
Geothermal
Wind energy

Small Hydro

0 20 30 40 50
Fusion PPCS Unit cost ($cents/kWh)

Fig. 9.40 Cost of electricity from fusion compared with other renewable sources [26]
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e energie:

nt direct i
t responsabila de or
aproximativ 21 miliarde

EUROPA Comisia Europeana
a cercetarii de fuziune

stiintifice si tehnologice dificile dar atractive.

e cale de a se realiza.
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