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Crisiclimatica comenshi enfrontem?

“We can not solve our problems
with the same level of thinking
that created them”

"

Albert Einstein
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SegleXX:energiesfossils(75-85 %)

1 Other renewables
Modern biofuels

160,000 TWh S
olar
Wind
140,000 TWh Hydropower
Nuclear
120,000 TWh Natural gas
100,000 TWh Consumenergia
80,000 TWh Qil
| cotxe | x 6en70anys
benzina
60,000 TWh X 16en120anys
40,000 TWh
Coal
20,000 TWh
0 TWh Traditional biomass

1800 1850 1900 1950 2021

wPrevisionBAU: +70% al 2030 / +100% al 2050

wEXxtraccigpetroli: 160.000 l/sactualment



Our World
in Data

"EmissionsanualsGEH (2023)
~53.000.000.000 Tm CO
(~ 53.000milions Tm CQ)

40 billion t

sshiliont—— Valor promig: ~7 Tm CQ capita
Catalunya: < 1 Tm G(zapita

30 billion t
(1990¢ 2023)
25 billion t EU:- 34 %
20 billion t | USA-9 %
'Xina x 3,3
15 billion t India: x 3

Us del terreny Consumenergia

10 billion t
N Combustibles x 6en 70, anys
5 billion t fossils Poblacia
N x 3en/0anys
1850 1880 1900 1920 1940 1960 1980 2000 2021 GEH

Source: Our World in Data based on the Global Carbon Project (2023) OurWorldInData.org/co2-and-greenhouse-gas-emissions « CC BY X 4en 70 anyS




Creixement
Poblacio
mundial:
17502100

A Creixementsobretot
alspaisosen
desenvolupament
(Asia)

A Esperancale vida:
+15 min/h
(2.5anyd decadg

A X 2.3 en 12%@nys
(Espanya

S. E. Vollset et al, Lancet 2020
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Ritme de creixement
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Creixement
Poblacio
mundial:
17502100

A Creixementsobretot
alspaisosen
desenvolupament
(Asia)

A Esperancale vida:
+15 min/h
(2.5anyd decadg

A X 2.3 en 12%@nys
(Espanya

S. E. Vollset et al, Lancet 2020

o Our World
Population, 1950 to 2023
i — India
1.4 billion China
1.2 billion
1 billion
800 million
- Europe (UN)
600 million
400 million
United States
Spain
0 I T T T T T T 1
1950 1960 1970 1980 1990 2000 2010 2023
Data source: UN, World Population Prospects (2024) OurWorldinData.org/population-growth | CC BY

Note: Values as of 1 July of the indicated year.
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Augment temperatura {C)

2024: latemperaturameésalta en 170anys(+1.35C global)



Distribucidaugmentantropogenicde WICMAB 7
temperatura

Trend from 1973 to 2023 (°

-1.0° -0.5° -0.2° +0.2°+0.5°+1.0°+2.0°+4.0°

2023: les temperaturemes
altesen170anys(+1.4C
global, +2C Barcelona)

https://es.wikipedia.org/wiki/
Calentamiento_global



Energy change (Z))
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ValenC|a2024
Australia 2021

oiPerdua de biodiversitat

cHalut: Augment malalties infeccioses, caloB(
milionsmorts/any pol-luciéatmosferica

oLCrisi alimentaria: agricultura, desforestacio, seque
pesca, incendis, inundacions, gualitat aigua (0.7
milions morts/any pel 2030 = 10 % morts cancer)
oGran impacte mediambiental, economic i social
wdncrement massiu de les migracions

uAugmenttemperatura
cMeteorologia mesxtrema
cAugmentnivelldel mar
cDisminuciovolumglaciar {5 bTmgel)
oPPerduapermafrost



Historia del CQF £ QI U Y 2 ZuEMBBN:D

B Ice Core Data
Modern Instrumental Data

For millennia, atmospheric carbon dioxide had never been above this line OSCI I aC I O n S
<—— Limit Artic gel permanent C
climatiques
periodsglacials
800,000 700,000 600,000 500,000 400,000 300,000 200,000 100,000 0 I I nte rg IaC|a|S

Years Before Today

Carbon Dioxide Level (parts per million)

Desaparici@el
Artic (2035)?

climate.nasa.gov

La majorconcentracidmaiexperimentadaen > 800.000anysa la Terra
Estemtransitantdel Holocé(~ 12.000anyg af Q! Yy G N2 LJ2 O 8




Emissions Gasos Efecte Hivernacle per sector WICMAB s

Sectorsgeneradorsde GEH
SegleXX:energiesfossils(75-85 %)
GEH equivalent= 53.000.000.000 Tm CO

(~7 Tm CQ capita)

Agriculture,

Forestry & ‘ ‘ o
Woteny T Lacrisi Cllm\a’_[lca |
Chenic Crisienergetica necessitatde la
Cmt transicid energéticaneutre en
carboni

Darrers/0 anys
Consum energiax 6
Poblacid x 3

$hey, GEHX 4

el 5
C _'”‘.lu ’Jj/ .
e — e PIB/capita: X 12

Residential

QurWorldinData.org - Research and data to make progress against the world's largest pr PNAS 121’ e2411419121 (2024)

Source: Climate Watch, the World Resources Institute (2020).




Les TIC ja no sdn energeticament innocents yicMAB?::-

OCHOA
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GIPHY LR INSTAGRAM Consunenergiax 4en 20 anyd
STORIES g,DDG terawatt hours {TWh)
YOUTUBE B
. —  ENERGY FORECAST 20.9% of projected
CO n S U ml A . Widely cited forecasts suggest that the electricity demand

_ total electricity demand of information and
TY Y 2 O d d communications technology (ICT) will
5] ],200 X e m an a. accelerate in the 2020s, and that data
centres will take a larger slice.
]88,000,000 M Networks (wireless and wired)
_ EMAILS ARE SENT W Production of ICT

Consumer devices (televisions,
computers, maobile phones)
M Data centres

(;() )GLE

CONDUCTS

0
2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

AlLasuperabundancide les dades: centers de dades
ACreixemendemandaenergiaeléctricaTIC: 5 20 % (2.030) ?
AGeneracidCQ (1,8-2,8 %): ja&ssuperiora QI @A | OA 5
Almpacte de ldnteligénciaArtificial en elconsumglobal!

Presiousuarisfinalssobrela sostenibilitatdels
fabricants dexips(l1A)?
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b Group emissions share in word total in 2019 (%)

A Lapoblaci6ambrendesmésaltes (10
%) genera 6.0 vegadesnésde CQ

50 4B8.0%

(50 % del total) queal 50 %amb
0 0% rendamésbaixa
A EU: la nostravida domésticanomés
20 influenciaen el 10-15 % del Coper
capita
= 16.9%
1iﬁ

=hare of total emissions (%)

A Un 50¢ 70 % de les emissions de la
poblacid10% topprovenende les
sevesinversions!

A Grancapacitatper impulsarla transicio
energeticainvertint bé!!

A Correlaciodesigualtatrendai
emissions

10

Bottom 50%: Middle 40%:  Top 105 Top 1%

L. Chancel, Nature Sustainability (2022931938



Evolucio PIB mundial WICMAB 93
" . PIBmundial
Previsions creixement2¢c5 %/any ? O At
T | X 12en 70anys(19502020)
X 3Poblacio
X 2esperancavida

Prediccionscol-lapseplanetari
Malthus (1798)aliments

880 trilion Club de Roma (1972): recursos

$100 trillion

- COPAcordsde Paris (2015): clima Percapita
$60 trillion PIBlcaplta: « 4
Energial capita: x 2
$40 trillion GATTacord

GEH ¢apita x 1.3

comercial

$20 trilion Desacoplamen®PIBg CQ
A Espossiblecréixer
%0 1913 1940 1960 1980 2000 2015 econc\)micamemsense
Source: World GDP - Our World In Data based on World Bank & Maddison (2017) OurWorldinData.orgleconomic-growth - CC BY creixeren GEH?

A 30 % regions dehon ho
hanaconseguit

QIS O 2 yiuhdiaN | PNAS 121, €2411419121 (20

ofFortacorrelacioPIBamb emissionsGEH
of QSY Bdu




Estabilitzaciéclima: reduccioemissionscarboni «WICMAB 9

Emissions annuals GEH equivalen®$0.000.000.000 Tm GO
AcordParis IPCC (2015):

70 _ .
_ +1.5 Cin 2050 !
WO
E 60 Reptesintermedis (- CQ):
d - 45% el 2030
% 50 1 Historical
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CapturaCQ¥ L2 RSY NB OGS NI A NI RA N QDIGMAB?S:Y
Emissions futures

Inorganic Materials

A Enterrament subterrani =2
A Materials per a capturar CARS € QF G y2 | 00
A Mitigacié de les emissions en els processos S ;i\;"?‘?. .

industrials (ciment, fertilitzants, metal-ldrgia) L P
A Cost de lssegrestacide CQ? Inorganic-Organic Hybrid Materials

Emissiongpassat -

A Eliminaci6100 ppm CQatmosfera entropia , il o ld

generad a("“gOOOOOM m CQ) MOFs Functionalized Carbons Functionalized Oxides
A 1.000 centralswuclears(1 GW) / 10anys _OrganicMaterials

(450 centrals a toel mén actualment)
A Cost:>20.000.000 M$ (30 $/Tm GPD
= PIB USA/any

Amine-based

Materials Porous Polymers

S. CastrdPardo et al, Materials Today 60, 227 (2022)

Efecteirreversible @deute generaciona) :
‘ Natura necessita molts anys

costinassumible noésviable!
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Transicioenergetica full de ruta global WICMAB s

+70 % -
. \ . . 2050 (20.604 TW)
> 85 % combustible®ssils - ‘ .
M®
pND" il ~___ Improvedelectricityover —
O\Negp_\’?‘.d.‘--- : combustion 8
o '_\)_5.?-'--?"" = O
" —
p,Q_S‘?—.q-' — Improvedefficiency S
20 % electricitg_.k;?f---”' "'Llj

Avoidfuel extraction

100% WWS (11.840 TW) —
Wave + Tidal: 0.64% (0.076
Wind TOTAL: 37.14% (4.397 TW)

2012 b
(12.105 TW)

Fossil Fuels, A = :
Biofuels & 4 .’_.---""“'_ Offshore Wind: 13.62% (1.612 TW)

Nuclear

Utility PV Solar: 21.36% (2.529 TW)

Utility CSP: 9.72% (1.151
y o —Solar TOTAL: 57.55% (6.814 TW)

END-USE POWER SUPPLY
(139 COUNTRIES)

Y
Renovables

"1 Hydropower: 4.00% (0.474 TW)
L - Geothermal: 0.67% (0.079 TW) —

2012 2015 2020 2025 2030 2040 2050
(4%*) (5.6%) (20%%) (50%*) (80%z%) (95%7* ) (100%) > 80 %electricitat neta (20 % aCtuaI) ‘

Renewables

A Balancnet positiu de ~ 25 milions de llocsde treball M.Z. Jacobson et al., Joule 1, 108 (201



Generacitelectricamon: ~30.000TWhany .
Con A Urgentrevertir les

HoeoT Generaciéeléctrica capita-any: Inversionsen
~4.000 kWh/any energiesfossilscap a
I X 6generaciocasaelectricapersona lesrenovabled
; 1
A Elsusuarisfinals
Gas tenen poder per
6,000 TWh Impulsaraquesta
transicio
o drovower A Elggggutatrenovable
~ 0
wes A Electricitatno GEH:
2,000 TWh Wind ~35%
Sol .
. A Energiano GEH vs
Bioenergy primaria: 18 %

Other renewabl

OTWhH rwettti s s sssssssssssssee ’
1965 1980 1990

2000 2010 2023



Essential
energy services

N .
X, Materials

N ‘Blilomandt C Demand for aviation, ‘V O sxceenon
ﬁ-\ emand for long-distance transport, u' ¢ donos
N structural = n ippin N H 3 INSTITUT DE CIENCIA DE MATERIALS DE BARCELONA

A Demand for
highly reliable [\

=4
\
electricity [N 0

2

Vd
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H ores [ I O02YLX SEAGFG R
i NS LS neutre en GEH

C,H,0,
\ ‘§ A Vectors energétics complementaris

0 seqgurs eficientsi sostenibles
Electricitat ~ 70¢80 %
Combustiblesolars ~ 20-30%
Generaciddescentralitzada
Interdependencia oferta i
demanda atencio a la
\¢ ‘ : Intermitencia

. QAL Recercai innovacio essencialsper
reeixiramb elsrecursossostenibles

R Compressed

air energy
Q Other centralized storage storage
fn v Shavrmal hatdtarian)

F Synthetic
gas/liquids 1 I

L Electr oly

o Too T I

syngas
w/ capture

T>

0 Solar

ed

P Hydrogen/
synthetic gas
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Necessitemaugmentarles inversions x 6 12 respectevalorsactuals !
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2["1| '}_':]2 0 2021 2030 2040 2050

TUAL CLIMATE FINANC FUTURE CLIMATE FINANCE MECESSARY TO MAINTAIN 1.5°C PATHWAY

Cost 45 vegadeganeés balx que despeses:ombustlblesf033|IS|ncIoentem|SS|ons CO

Necessitemnvertir 3-6 % PIB/any fingl 2050 o Project Drawdown (Reversior(ttps://drawdown.org/ )
SternReviewr ¢ KS 902y 2 YA Oa 2F0068) f A Yl (S / KINKGEE19, 761 (2023)



https://drawdown.org/

LYOSNBEAsS SadGAYlRFE ySOSaDmk NRG VIGMABIF: |

Necessitemaugmentarles inversions x 6 12 respectevalorsactuals !
(BILLION US%)

(=i aTalal

ExempleXina(neutralitat CQ any'2060)

A X 15:fotovoltaica (585.000 km) +generacideolica(672.000 km)
A > 400.000 knxarxaMAT .
A Inversia 220.000 M$/any

A Estalvidespesesombustiblesfossils 223.000 M$/any [l
A Estalviemissions C® 400.000 M$/any JLANS ==

Nature 619, 761 (2023)

2[1| .::]2] 2021 2030
CTUAL CLIMATE FINANC FUTURE CLIMATE FINANCE MECESSARY TO

Cost 45 vegadeganeés balx que despeses:ombustlblesf033|IS|ncIoentem|SS|ons CO

Necessitemnvertir 3-6 % PIB/any fingl 2050 o Project Drawdown (Reversior(ttps://drawdown.org/ )
SternReviewr ¢ KS 902y 2 YA Oa 2F0068) f A Yl (S / KINKGEE19, 761 (2023)
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MATERIALSIna tecnologia facilitadora WICMAB i
de |la socletat del benestar

< ECONOMIA MINIMIZATCIO US
MITIGACIO CANVI ,
CLIMATIC CIRCULAR MATERIALS CRITIC

Transicidenergetica
Mobilitat electrica
IndUstria5.0

Exitcures desalut
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> i el T ""'-/
Electronicantelligent <5<BEECENENE T [ \ —
comunicacionsi g - AN CienciaBasicaa la
computacio o, Sl > e frontera del
3 4 i coneixement

]
g

SOSTENABILITAT PLANETA




;;;;;;;

Materials. unacienciafacilitadora %CMAB?s
Lestecnologiesestansem_p_relimitades pelsmaterialsdisponibles

4 £
'/’/.\,g,za ,,/'/ ({So 1
vas ¥

NdMaterjdispPar

MARTINI | MARTINI

A Ens podem enfrontar als grans reptes cientifics, tecnologics i socials i trbbsortida si disposem dels
materials adequats i els convertim en dispositius fiables

A La ciéncia i la tecnologia no ho poden tot, sense ells no podem res!. Han fet possible el canvi climatic
poden revertir-lo?



Nanomaterials: com femésamb menys?

‘ | EXCELENCIA
“ - SEVERO
|A DE MATERIALS DE BARCELONA »

ICMAB

1 nm = 0,000000001 m o~
Gt 9/9{¢é tow [! Chwa:' s L]
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Nanomaterials: com femésambmenys? & CMABf?::

ICMAB
1 nm = 0,000000001 m *
: : 7y .
at 9/ 9{¢ t9O9Ow [ ! Chwa:s L] bF¢C
Llenguatgditerari Llenguatgemusical Llenguatgadelsamaterial€
Abecedari Notes Taulaperiodicadelselements

m rer [o lir [Pt Jau |Hg o 1o BB

R [Bb [S [Bn [Hs [t [os Rg Juw [t E’QE""

La Ce Pr Nd Pm Sm Eu Gd Tb |Dy Ho Er [Tm|Yb |Lu
Ac Th Pa U Np Pu AmCm Bk Cf [Es [Fm Md |No |Lr

Combinacidletres Combinacidotes Combinaci@®lements
Paraules Musica Materials

Cortesia GTobias



Sostenibilitat dels elements atomics WICMAB "
Abundancia dels elements a la Terra

——— A El regal quensfa la Natura:
minerals

A Lamineriaéscostosaen generacio
de desordrel contaminacid cal
minimitzarlai fer-la sostenible

™y A Els elements no exemer
(reutilitzaciq reciclatge circularitaf

A Esnecessiteruns50 elements pels
dispositiusméscomuns LesTerres
raresno sontan rared

Major industrial metals in red
Precious metals in purple

B L1} [}
Rare-earth elements in blue Rarest "metals’

1[:'5 1 1 L 1 1 1 L 1 L 1 1 1 1 1 1 1 L 1
0 10 20 30 40 50 60 70 80 90

Abundance, atoms of element per 10° atoms of Si

Atomic number, Z

A Hi han elements abundants i elements escassos
A Cal actuar amb molta inteligéncia: usar els elements més abundants



Elements critics: distribucid geografica CMAB 7

Extraccio Processat
Copper = Chile - Co| B
nicke! indonesia [ vee! IESIVE
P oot I P oo
S :
v ot [N P o B
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

EA. All rights reserved.

A Extraccidmineraésdiversapero el processaes concentra Xina

A EstratégiaXina: tota la cadena de val@isinteressa

A EuropanecessitsseguretatestratégicaDesenvolupareciclatge

A Novageoestratégiacontinentinexplorat(Artic), paisosno desenvolupats



165,000 TW
Dellum solararribaa la Terra

cadadia

Podemaconseguirl2 TW
Dellum solarl"any 20507
(10%eficiencia 0.1%superficie

U

1h llum solar = 1 any energia
humanitat




Un nou paradigmeenergetic electricitat | Y ICMAB ©z:
combustibles renovablesombinats

.

@ Vector Vector

1520 %| Hidrogen Electricitat soss %
Combustibles Energiaelectricai
solars electronica
Energia
Sostenibl

Electricitatesdevindrael vectorenergeticdominant (80-85 %energig o
H, verd (amoniad coma forma final minoritariaR QS y '8 Rdika dficienciade QS f S Q10 dFrivest A a



Primerageneraciode cel.lesfotovoltaiques  ¥ICMAB?::-

Si: dominaci6 del mercat mundial (Xina)
Autoconsum i grans parcs solars (terreny herm!)
Plans aigua: reduccio evaporacio i millora eficiencia PV

12 Generaci6: Silici

Tipus
Monocristal.li
Policristal.li

) 'ranspa'ent conducting
oxide

Back contact



Primerageneraciode cel.lesfotovoltaigues  ¥ICMAB?s~

Si: dominaci6 del mercat mundial (Xina)
Autoconsum i grans parcs solars (terreny herm!)
Plans aigua: reduccio evaporacio i millora eficiencia PV

850 MW, Xina




Generacio fotovoltaica: de |a?la la 3*generacio  VICMAB?::

Siligii 1 -1¢ generacid Produccié a gran escala amb
GaAs (W) 7 ) materials abundants
CIGS/CZTS »(2;%2“;;2‘;'0 (inorganics o organics)

CdTe Noves aplicacions

PbSQD) -

32 generacié

MAPI perovskitg (emergent)

Organic

4 Poér, Cs,.CO, Ligand (OA. OAm) %' CsPbBr, QD



Generacio fotovoltaica: de la®a la 3 generaci0 %ICMAB?z-

S.l. . 1a 1A = 7
GaA' 'CI'W } generacio Producci6 a gran escala amb
s (V) materials abundants
CIGS / CZTS Yca%i”ﬁ;j;'o (inorganics o organics)
CdTe Noves aplicacions
PbS(QD) -
_ 32 generacio
MAPI perovskitg | omergent)
Organic
C
S5
A Y 3
POBr,+OA+OAm _ 160°C g DN b §
’C'.,_.: ;_ Stirring
Ay
Cs,éO_wOA

PbBr, Cs.CO, Ligand (OA. OAm) %) CsPbBr, QD




Superconductivitatf QS F ARDQ dzy§ OA I iySvnghst
guantic
é amb6 premisNobel directes: 1913, 1972, 1973, 1987, 2003, 2025

Non-superconductor
metal

Resistance

Superconductor

0° K Te Un material superconductopot
transportar granscorrentselectricssense

Tem perature pérdues(x 100 vs Cu)



oCoatedConductorg &lssuperconductors wicmaB®::-
competitius REBsCu0, (RE=Terra Rara)

A Grans densitats de corrents

(> 3 MA/cn?) |

A Generacié camps magneticg
intensos (B~40 T)

capping layer
REBCO layer (Cu, Ag, etc.) A
(RE=Y,Gd, Yb, etc.)

Nt

buffers
(Ce02, Y203, LaMnO3,
MgO, YSZ, etc.) _
substrate 2'3 mm tthkneSS
(Hastelloy, stainless steel
Ni-based, etc.) \
IBADQ RABIT|ISD -~
(306 50mm) e Artificial and intrinsic

pinning centers

Gransllargaries(> 1 km)i capes superconductorspitaxialsi nanoestructurades
(2-5 mm) sobreun substratmetalic flexible (3050 nm)



Metodologia baix cost ICMAB A | i

Transient Liquid Assisted Growth (TLAG)

ALBA SR

- =2
,“,_‘ o, o ‘ o)‘o aul ultrasupertape
Nanocrystalline  Transient liquid YBCO YBCO growth
precursors +Y,0; nucleation
Creixement ultrarrapid mitjancant un liquid transitori CoatedConductor
Baix cost; quimica de solucions Figura de merit
cost/prestacio
- Alta difusié atdmica en liquids € KARm
- Creixement ultrarapid (millora x 100)
- Creixement en grans arees
- Fabricaciéo nanocompostos: alts camps magnetics
- Reducci6 figura de meérit cost/prestacio: S ot al Ao oed2022)

Patent 2022

ComerC|aI|tzaC|é en Curs T. Puig, X. Obradors, Nature Rev Physics (2(



Manufactura Industrial ~10companyieonsolidades ‘W ICMAB &~

/ FARADAY
= 1apan FAGTORY

https://www.youtube.com/watch?v=0P51LC16nc

Next-gen production unit (600W laser + 2 chambers)

- i e e

SPEYEs.

Simethod)



Manufactura Industrial

4mm HTS Tape Production IAPAN
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A Gransesforcosi inversions per
augmentarla produccioanual
> 5.000 km/anyactualment

2023
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Superconductivitat elsegonsegleR'S f QS f S O U )NAmABA::(

Generadors Acumuladors Tre.ms.p,ort\ |
" ' SMES, Volant d’inércia Aviacio electrica
MAGLEV

h

[\

Qualitat xarxa

Transformador '
“," ‘ I Control Corrent
/\ ‘ ;’i l Limitador corrent / controlador
g
Deuterium P HI m M e a
Connexié PR Transformador
uuuuu poténcia ;’;1
SJ % /
Tritium Neut M \
Planta Generacio Cable
Fusio Compacte Potencia

Generacio (fusid), eficiencia, xarxa Intel-ligent, qualitat, sostenible, menys materials critics



FUSIO: energia eléctrica neta ilimitada? WICMAB 7
=1 laigua (D) ITER reactor (2008025)
= 250 | petroli A 800 n® ampollamagnética(tokamak)

=300 Kg Carb6 A 500MW,,
A 150milions °C

Energia estels

ENERGY

Helium

Tritium

D+T — He +n+1/76 MeV
~52.000 km/s




MATERIALS SCIENCE

The prospects of high- SI6 COMPAGTE
temperature superconductors = "

Overcoming cost barriers could make high-temperature (18 bobines toroidals)
superconductors pervasive Forca motriu industria superconductors

By Alexander Molodyk® and Science380, 1220 (2023)
David C. Larbalestier?

“...the present outlook for high-temperature
superconductor materials and
their industrial applications is historic...”

Outer poloidal field coils

X. Obradors, T. Puig (orplasma psioing
oFusionuclear: utopia orealitat? (2023)




Fusio compacte amb imants ultraintensogICMAB

SPARCSmallestPossibleAffordable, Robust Compact
Una tecnologia disruptiva amb els superconductors alta temperatura

Disseny reactors
>500 MW

https://news.mit.edu/2021/MITCFS8najor-advancetoward-
fusionenergy0908

wCampamnagneticsultra-intensosamb HTS: 20 T (x 400.000 cammagneticterrestre)
wVolumtokamakmolt méspetit ; granestalviconstruccioi funcionament

wTemperaturesefrigeraciosuperiors:reducciocostosfuncionament



