Il progetto DTT

come costruire componenti
che possano sopravvivere
sulla superficie del Sole

Pisa, 13 maggio 2024




Outline

1. Come confinare gas piu caldi del Sole.

2. La Roadmap all’elettricita da fusione -
|TER - | s




Le sfide del sistema energetico

Sostenibilita
Sicurezza di ap
Competitivita e

Energia da fusione

lllimitata e diffusa
Non produce gas serra
Intrinsecamente sicura

Rispettosa-del’ambiente



Consumo di elettricita per 30 anni da parte
di un cittadino europec

40 tonnellate
di carbone

45 litres water + 1 lap-top battery

150 tonnellate di CO2!
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Come confinare gas piu caldi del Sole




Come confinare gas piu caldi del Sole

Confinamento magnetico

AN p| magnet|C|
- )0 x il campo
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NIF ha ottenuto 3MJ di energia da fusione a
fronte di 2 MJ iniettati

T 3

400 P .

Laser Entrance Hole (LEH) L N210808 ]

1 [ N221204 T, N

£ ' ’
§ Time (ns) 10

T ~<_ Cryogenic DT fuel

= 0.25 g/cc
3 q
DT gas
T 0.45 mg/cc
~
Py - Laser Beams

HDC ablator

\ ‘ / \//x rays from
During the
Laser x holf::‘aum * final part of
beams A creato a the ) Thermonuclear
rapidly b & rocket-like implosion, bum spreads
heat the < O >  blowoff of the fuel core — \ / £ Lanidi through
inside capsule reaches 100 20T the compressed
surf:‘ge of o \.v s surface, ;i;ﬂn:?t;h& /\ fuel, yielding
compressing many times the
noTiaUN é the inter-fuel e ‘ f

Z/\N //\ e apacks

lead and
ignites af input energy
100,000,000°C



Deutelio
14. TIMELINE OF WHEN FUSION COMPANIES WERE FOUNDED .
Thea Energy
{formerly Princeton Stellarators).

Reclta Fusion

Xcimer
Avalanche Energy Energ.y dnc
Commc:nwaalth Gen?rul Af?"-‘ics'
FuslomSysrerms Fusion PIWSIO"
b Blue Loser Fusion

Compact Fusion Systems, Inc.

o HelicitySpace Gouss.Fusuon
Technologies First Corporation LeserFusionX

TAE s Light CTFusion . :
Technologies LPPFusion,Inc. NK Labs, LLC Fusion T Ebibl Stellarex, Inc.

Electric Fusion
Systems, Inc.

.
Renaissance Fusion

1992 2002 2005 2009 2013 2017 | 2019 | 2021 | 2023

1998 2003 2008 2011 2015 2018 | 2020 | 2022

g < v Energy Proxima Fusicn
Princeton Ganeral SHINE Magnato-Inertial Helion HB11 Energy  Crossfield Singularity
Fusion Systems Fusion Technologies Fusion Technology Inc. Energy d Fusion Ltd Fusion
(MIFTY) Zap . Power Technology
. Energy Fuse .
Tokamak . . EXFusion
15. TOTAL NUMBER OF PRIVATE Energy Kyoto Fusioneering ~ »
50 — FUSION COMPANIES BY YEAR Novatron Fusion Fg;:;j

) Morvul. Fusion  Hglical Fusion

N.T.Teo NearStar
w Ty O Fuslon
Energy Group  Openstar
- Technologies
4

- Source: Fusion Industry Association



1. Guadagno di
energia

Steady state

European Medium Size Tokamak: 3% ™

2. EstraZione del + International Collaborators
calore

Advanced configuration and materials i B
European Medium Size Tokamaks +linea

3. Materiali resistenti
ai neutroni

T MeV Beam shape

00keV 5MeV 9 145 26 40!
A A
L3 system L (<1dpall, >8L)

Parallel Blanket Concepts

4. Autoproduzione di
Trizio

5. Sicurezza intrinseca
6. Integrazione in un
reattore dimostrativo

7. Basso costo

Burning Plasma

2010 2050

8. Stellarator







Obiettivo 1: Produrre piu energia di
gquanto se ne consumi

*Per un dato campo magnetico:

Le perdite aumentano al piu
proporzionalmente a R

La potenza di fusione aumenta
come il volume (=R?3)

OCCORRE COSTRURE
MACCHINE DI GRANDI
DIMENSIONI




Obiettivo 1: Produrre piu energia di
gquanto se ne consumi




Obiettiyo 2: Estrazigne del calore
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blettl 0 2: Estrazione del calore
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Oblettl 0 2: Estrazione del calore
Alternative st(ategles

SF+

#36151,0411s

r|nC|paIe strategia alternativa: \
mjmentare I’ area eI divertore esposta al plasm




‘blettl 0 2: Estraz|ne del calore
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DTT e stata progettata come
infrastruttura flessibile

Obiettivo: Test di soluzioni innovative per
’estrazione del calore.

=92s;1 =4MA ; =04;1 =08
Be i P Bs i ) P Bs i
; r 3 - ; r ' T I T T

DTT e un elemento essenziale della Roadmap
Europea all’elettricita da fusione.



DTT e stata progettata come

infrastruttura flessibile
ITER

Exploit the divertor  Full scal
configurations at

construction

14.5 MW EC “’.‘ " 14.5MW ECRH
<ol 3.0 MW ICRH
Nnow ' 9.5 MW NNBI
2029
2034 .
2038
DEMO

Timeline coherent with EU objectives



DTT nel programma Europeo

ITER

JT-60SA DTT
(Giappone)

ASDEX -U

WEST
MAST-U
TCV

COMPASS

[Rerepr——

Lo al W

uid

60ME di fondi EURATOM per DTT




DTT e una sfida e un’opportunita per il E
sistema ltalia

70% A
Cash flow
60% -

50% -
40% -
30% -
20% -
n i B B e

2019- 2024- 2027 2028 2029 2030
2023 2026

Costi di investimento assicurati da ENEA 650Meuro
Costi di progettazione e qualifica (pro rata SOCI) 130Meuro

(Y
ENEN - CETMA\ C‘I @

I'energia e lo sviluppo economico sostenibile

5% UNIVERSITA

) Tuscia

eeeeeeeeeee



Area DTT nel Centro ENEA
di Frascati _Area DTT

af | Attivita finanziata da
Regione Lazio

anmnt A

Punto di arrivo della linea a 150kv | =
TERNA dal nodo di Romaest [ -+

b -«
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Layout edifici DTT

v'150.000mc di nuovi
edifici
v'10.000mq

riadattamento di
edifici esistenti






DTT e un progetto complesso e
tecnologicamente avanzato




Costruzione del magnete toroidale

am Strands m 18 moduli

N mlﬂm
m-!“‘" "“‘-%Eﬂ%,’

L&
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55 ton d| 31 ton di

filo di filo di | = N |

Nb\é&é rame 20,4 km di conduttore
CO«\Q C(tgg{,w (un terzo gia

fa blcjato)

Avvolgimento
delle bobine (in
avvio)



Vacuum vessel and
ports

June the 28t

-« Call for tender launched on June

the 28th

* Deadline with no offer
16/10/2023

* New call to be launched soon

JT-60SA like double wall 316 LN
M=37 ton (main vessel only, 175
ton all)

H = 3,9 m (main vessel only)

D = 2,5 m (inner) — 6.8 m (outer)
Water in the interspace (borated

later) as neutron moderator
35



Qualifica dei campioni del divertore
completata con successo.

| campioni sviluppati in ENEA
sono stati provati con successo
per 1000 cicli a 20MW/m?

Foto agli infrarossi del

campione esposto a
20MW/m?

In avvio la produzione di serie in

Campione dopo 1000 ENEA
cicli



Sistema di manipolazione remota (DTTU)

Il sistema di
manipolazione remota e
essenziale per smontare
e rimontare le :
. Braccio
componenti interne al articolato
reattore.

Una facility di prova e in
costruzione in
collaborazione con Ko
I’Universita Federico Il & ¢ " Movimentazione
' divertore



Additional Heating Systems E

Up to 45 MW of additional heating power to DTT by installation
of :

ECRH ICIRH\ A
~ 16 MW first phase

— 32 MW third phase
— Gy. Joint proc. with F4E

|ICRH
- 4 MW first phase
- 8 MW third phase
— Solid state transmitter

NBI
- 10 MW 500 keV
— Foreseen in the second phase

DTT Top view

DTT project

MIT 26.02.2024
status



ECH System: pre-series Gyrotron manufacturing E

DTT project

MIT 26.02.2024
status



ECH Progress E

Pre-series Gyrotron (1 MW, 170 GHz, 100 s) manufactured and
assembled under DTT-THALES specific contract n.1.

Commiissioning performed at the FALCON facility (SPC-EPFL,
Lausanne), and DTT requirements demonstrated

A maximum power level of 1.03 MW at the gyrotron output

window obtained corresponding to 990 kW at the output of the
Matching Optics Unit.

Efficiency exceeding the 40 % demonstrated during 100 s pulses.

The specific contract n.2 for the I(}\f"xo R — L ®
S "" = B THIROU-A D
procurement of the additional 15 | groe A Shet 1403 0

| & 8%

fe0

20 &

20

110

o
' 42

gyrotrons signed in December 2023.

() A

A

L5 8 =5

| "a Tharmal P
N,

. O
r‘m

First series gyrotron delivered to DTT




ECH Progress E

HVPS for gyrotron: Technical Specification completed tender in 2024.
Collaboration with F4E on ITER PS tests and FALCON operation.

Transmission Line: Preliminary engineering activity (contract with
Ansaldo) started to define: containment vessel, alignment solution
and combiner/splitter mirrors unit.

Launcher: Engineering activity (L4 contract with ANN) to define
mechanical plug-in structure and mirrors/drivers support has been
started. Prototype M1 mirrors under preparation for test.

Control System and Diagnostics:
Test bed hardware procured under Next
Generation EU funds

Support activity at FALCON to share
solutions implemented by FAE and SPC.

MIT 26.02.2024



ICH progress E

SOLID-STATE TRANSMITTERS

Call for tender under Next Generation EU funds - 4 bidders: offers
under assessment. Start of contract activities likely in 2024,
1sttransmitter presumably by summer 2025

TRANSMISSION LINE & MATCHING

eCall for tender under Next Generation EU fundof the 1st batch of RF
components (test-bed + initial part of TL)

Antenna plug-in

*Expression of interest to UKAEA for some RF components of JET

ANTENNA
*Conceptual design ongoing. A semi-plug design is the current
favourite option
 straps, coax, backwall, septa, and top limiter preassembled
and plugged;

Remote handled pa

* Faraday screen, part of limiter and box remotely handled.

MIT 26.02.2024



NBI Progress E

Power Supplies the realization
of the High Voltage Test Bed is
foreseen for the next year. Final
report on MMC solution
(alternative to MITICA PS) will
be analyzed and considered to
take a decision.

167 kV stage 333 kV stage

500 kV stage

nnnnnnnnnnn

34m

Preliminary Layout
Accelerator: Full size grid printed and machined to prepare
welding (EBW) and qualification tests. In 2024 the engineering
phase will be started.

MIT 26.02.2024



Injector: next objectives are the C-DRMs for the Beam Line
Components, the Vacuum Vessel, the magnetic shielding of
the injector and of the vacuum system.

100.00 - |"Plasma vert. shift" (off-axis injection)|

g “ + Nominal case (3 mrad core,
K] 10.00 A ‘t | | 30 mrad halo)
‘6 ’ 42 x Nominal case (6 mrad
] core, 60mrad halo)
i ~ 1.00 - t # 3 x Nominal case (9 mrad Beam Load at Uuall
g £ . ‘ core, 90 mrad halo)
o
£ 3
S 010 . : ‘
£ 8
(]
2 0.01 -
& 3
0.00 T T T 1
0 0.5 1 1.5 2

20 ;-3
<ne>line-avg 10%m

Top view

Nominal Perspective

Nominal

3C
ICRH —
foutline j
— s e, ECRH
it heat
e load
! 0

1
ﬁz L Nominal
expected

impactzone | || 7" ! M
/ part of

First Wall__| ECRH First

section | wall
/ / heat
[ / load
|

\ o 0




Density control: Tangential Dispersion
Interferometer

Density control with Real

U Tangential dispersion : : -
interferometer =» 2-chords ’ time capabilities

) One chord from sector 15 to
10 (central), the other from
sector 15to 9

O Corner Cubes (CC9 and
CC10) back-reflect the beams

U Laser Wavelength: 1,55 gm
(ErYAG)

Concave

- . . mirror
Critical Optical: Analysis of the

required electronic components to align
the systems in progress

Concave

mirror
Error on line : :
. . =10 18 m Schematic Layout of Inner (BLUE) and Central (RED) Tangential
integrated density Dispersion Interferometer chords, the inner chord passes 30mm
— 2 chords, equatorial ~——| far from the HFS-FW
Channels |
CIQ T IVITOIHY, JUIY ULV p ar‘]e vi-utA A.MUI’CIFi, L.Gabellieri 45 /37



e and Infrared cameras R

Equatorial port allocation with endoscope (left and right view) deemed as the best
option = 3 sectors 120° spaced = Wide coverage of the chamber including
the divertor region

Window  Dichroic IR channel

Optical path shared between IR and VIS FMU
cameras — periscope solution

U In Blue IR channel, in green VIS channel

U In-vessel optics =» only 2 mirrors (one parabolic and one flat)

U the current volume allocation(width mostly) prevents for having off-axis
configurations which could allow avoiding blind spot

Critical Issues

O Blindspot and FoV aperture to be assessed = bottom DIV to be
prioritized?

O Not possible to observe the SPs from PORT1, We are exploring different
solutions

R i Fast Camera to study FW, disruptions, and dust = high-speed camera with

Sector15: Right and left cameras exposures on the order of 100 ms is under study —
views

TTS - DIT MieeTng, JUIy ZUZ3 | THM-DIA A.Murari, L.Gabellieri a6 /37




Bolometer Cameras

O Total amount of radiation

Q Radiation patterns which identify the different operating conditions
O Active control of the divertor power exhaust

213

1.64

115

0.67

128

~N

1.7 221 284 342 3.9¢

A7

s L L .
Emitting regions pictorial
view (JET, Murari, Nuc Fus
2020)

Emission in the divertor

region

Radiation from the small

region above X point

l l Core radiation
D Radiation in the SOL

Divertor observation bolometer arrays,
properly control of the detachment

| lll D Rad.power | | SChematic view of DTT bolometric diagnostic: ~ 170 LOS, to
4 optimize tomographic reconstruction in specific regions a7 /37
’ \




La collaborazione pubblico-privato e
strategica per il successo della fusione

A 1l raggiungimento dell’obiettivo della fusione richiede un
salto qualitativo nel modello di organizzazione che metta
iInsieme enti di ricerca e industrie del settore energia.
DTT e la migliore opportunita per sviluppare Ia
collaborazione pubblico-privato in Italia.

A Tutto il know-how necessario per la costruzione €

presente in lItalia nell'industria, nei centri di ricerca e
nell’'Universita.

d DTT € un’opportunita per un giovane che voglia entrare
nel mondo delle ricerche sulla fusione.

) UNIVERSITA

uscia

£
ENEN cerman @ ] o
@D 0 RO GREED DI TEOOLG H‘»‘ CONSORZIO RFX ° INFN
Consiglio Nazionale Ricerca Formazione Innovazione
Istituto Nazionale di Fisica Nucleare

Agenzia nazionale per le nuove tecnologie,
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