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Roadmap for Development of Laser Fusion Reactors
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A roadmap for laser fusion power plants is discussed with consideration of the recent progress of fast ignition
physics, DPSSL (Diode Pumped Solid-State Laser) technologies and other reactor technologies. The fastignition con-
cept is attractive because a high gain is achieved by small laser energy. Based on fast ignition targets, the design
windows of laser fusion modular power plants, which have several reactors with 100~200 M] fusion pulse energies,
and with 100~300 MWe electric powers, are analyzed. The feasibility of a small-sized laser fusion experimental re-
actor suitable for developing practical power plants is discussed. A road map for laser fusion energy and a new con-
cept of a small-sized fast ignition experimental reactor are proposed.
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Fig. 1 Target gain curve of fast ignition.
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Fig.2 Cone targets for PW laser experiment and a reactor of
90 MJ fusion pulse.
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Table 1 Key design parameters for power plants based on fast ignition and central spark ignition.
L M) T ¢ oai Fusion pulse Pulse rep-rates Net output power (MWe)
aser ener. arget gain
&y st 8 energy (M]) Reactor (Laser) 1 reactor Modular plant
. .0.2 50 10 1~3 1~3 for experimental
(ignitor 0.1) reactor
0.6 150 x4
Fast igniti 150 90 45(18 150
astignition (ignitor 0.1) 18) 600 MWe
1.0 200 300 x4
200 4(16 300
(ignitor 0.1) KOYO-Fast (16) 1200 MWe
300 x4
2 100 200 4(16 300
Central " (16) 1200 MWe
entral spar
400 ~ 600 600 x 2
4 100 ~ 150 ~3(6 ~ 600
(KOYO) © 1200 MWe
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Table 2 Major fusion facilities and milestones for fusion power.

Facility FIREX LFER DEMO Commercial plants
L. . Demonstration of
Fast ignition physics . . .
. . integrated reactor Demonstration of practical
Milestones establishment and . . -
. . technologies and power generation
ignition demonstration .
net electric power
Phase I : high rep-rate D trati ‘
-Demonstration of a
Phase I (FIREX-I): burning - Economically,
. e . . reactor module for . .
Heating to ignition Phase II : Solid wall with tical lant environmentally attractive
ractical power plants
Objecti temperature test blanket, and liquid P P b plants (Competitive COE)
ectives
! (~10 keV) wall chamber test Credibilit d
-Credibility an
Phase II (FIREX-II): Phase III : Net power . Y - Modular plants for scale
economics
Ignition and burning generation, long time . up, flexible construction
. demonstration
operation
L ~100 kJ 200 kJ 0.6~1.2M] 0.6~1.2M]J
aser
implosion 50 + heating 50 (~1Hz) (~4Hz) (16~ 30 Hz)
Fusion pulse ~1M] 10 M]J 100 ~200 MJ 100 ~200 MJ
energy, (1 shot / hour) 10 MWth/ 4 MWe 330 ~ 660 MWth 4 Hz X (4~8) reactors
sho our
power output Net output 2MWe 100 ~ 300 MWe 600 ~ 1200 MWe
Construction cost 30 ~ 40 BYen ~ 180 BYen ~ 250 BYen 300~400 BYen / 1GWe
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FIREX LFER 10MJ, 10 MWth DEMO200 MJ,
Fusion pulse Solid wall liquid wall 200MWe
1MJ heat load liquid wall radius 3 m
single shot 2.5J/cm? 16J/cm? Pulseheatload 35 J/cm?
25W/ecm? 16 W/cm? Averageload 106 W/cm2
Neutron load 4 2 MW /fcm?

Fig.3 Chamber sizes of major fusion facilities.
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Fig.4 Road map for fusion power based on fast ignition laser fusion.
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Hasting Lager 100 kJ

LFER (Laser Fusion Experimental Reactor)

Fusion Yield  :10 MJ/ 1Hz
Output Pover  :10 M#wth / 4 MiWa

Cone Target : Fuad OT lca0.1mg
: Cona PbLi 400 maq

Fig.5 Overview of LFER (Laser Fusion Experimental Reactor).
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