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Wednesday, June 20

08:45

Session 1

09:00 + 35’
(PPCA.KN-1)
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Malaquias, A. /
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Power Plant Concept Analysis (PPCA)
(V. Chuyanov)
Technological and Engineering Challenges of
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09:35 + 10’
09:45 + 30’
(PPCA.O-1)

IAEA

Maisonnier, D.

EFDA CSU Garching,
Boltzmannstr. 2, D-85748
Garching, Germany

7

CEA Cadarache, DRFC
Bât 513, 13108 Saint Paul
lez Durance cedex, France
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Sardain, P.

30’ Break
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(PPCA.O-2)

Scoping Study for Concept Development of
DEMO Reactor

Hong, B. G.

Korea Atomic Energy
Research Institute, 1045
Daedeokdaero, Yuseong,
Daejeon, Republic of
Korea
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Plant at SWIP

Feng, K.
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Materials Division,
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Chengdu, China
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Conceptual study of Indian fusion power plant

Srinivasan, R.
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Gandhinagar, India
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Engineering, Osaka
University, 2-6, YamadaOka, Suita, Osaka, Japan
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America
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UKAEA Fusion Culham
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Oxon, United Kingdom
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Troitsk Institute of
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Research, Moscow region,
Russian Federation
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fast ignition
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Constraints in Compact Stellarator Design
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(PPCA.O-6)

16:15 - 17:30

Norimatsu, T.

El-Guebaly, L.

10’ Discussion
The Benefits of Different Options for a
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Ward, D.
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Azizov, E.

End of the day discussion
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Thursday, June 21
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(SESE.O-7)

El-Guebaly, L.

Session 3

11:15 + 35’
(MCP.I-3)

16

Korea Institute of Nuclear
Safety, Taejeon, Republic of
Korea

17

Southwestern Institute of
Physics, Chengdu City,
Sichuan Province, China

18

10’ Discussion
Development status of regulatory technology
for the fusion reactor

10:15 + 30’
10:45 + 30’
(SESE.O-8)

University of WisconsinMadison, United States of
America

Choi, Y. J.

30’ Break
Preliminary failure mode and effect analysis on
Chinese ITER helium cooled solid breeder test
blanket design concept

Chen, Z.

Materials Analysis, Components Design, Plasma Requirements (MCP)
(G. Janeschitz)
US DCLL test blanket module design and
relevance to DEMO

Wong, C.

11:50 + 10’

10’ Discussion

12:00 + 90’

90’ Lunch

General Atomics, San Diego,
CA, United States of America

19

13:30 + 30’
(MCP. O-9)

Engineering aspects of the development of a
reactor concept for DEMO

Filsinger, D.
(presented by
Nagy, D.)

Institute for Nuclear and
Energy Technologies,
Forschungszentrum Karlsruhe,
Germany

20

14:00 + 30’
(MCP. O-10)

Design issues and implications for structural
integrity of fusion power plant components

Karditsas, P.
J.

EURATOM/UKAEA Fusion
Association, Culham Science
Centre, Abingdon, United
Kingdom

21

14:30 + 30’
(MCP. O-11)

Molten salt energy storage system for a
DEMO operated in pulsed mode

Homonnay, Z.

Laboratory of Nuclear
Chemistry, Eötvös Loránd
University, Budapest, Hungary
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15:00 + 30’
15:30 - 17:00
19:00

30’ Break
End of the day discussion
Informal Banquet at Heuriger
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Friday, June 22
08:55

Session 4

09:00 + 35’
(NE.KN-3)

Announcements

Non-Electric Applications of Fusion (NE)
(Y. Wan)
Hydrogen production in early
generation fusion power plant and Its
socio-economic implication

09:35 + 10’
09:45 + 30’
(NE.O-12)

Session 5
11:15 + 35’
(EP.KN-4)

Liu, S.

23

Institute of Plasma Physics,
Chinese Academy of Sciences,
Hefei, Anhui, P.R. China

24

Institute of Plasma Physics,
Chinese Academy of Sciences,
Hefei, R.P. China

25

30’ Break
Concept of Multi-function Fusion
Reactor

Wu, S.

Energy Policy, Strategy and Scenario for Fusion Development (EP)
(S. Konishi)
Optimising Fusion’s Contribution to
Economically Efficient Climate Change
Mitigation

Cook, I.

11:50 + 10’

10’ Discussion

12:00 + 60’

60’ Lunch

13:00 + 35’
(EP.I-4)

Institute of Advanced Energy,
Kyoto University Gokasho, Uji,
Kyoto, Japan

10’ Discussion
Progress in conceptual study of fusion
based hydrogen production reactor

10:15 + 30’
10:45 + 30’
(NE.O-13)

Konishi, S.

Energy demand and possible strategy
of fusion research in China

Wan, Y.

UKAEA Culham Division, D3
Culham Science Centre,
Oxforshire, United Kingdom

26

Institute of Plasma Physics,
Chinese Academy of Sciences,
Hefei, Anhui, R.P. China

27

13:35 + 10’

10’ Discussion

13:45 + 75’

Summary
(D. Maisonnier/I.Cook)

15:00 - 15:30

Closing
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ABSTRACTS
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PPCA.KN-1

Technological and Engineering Challenges of Fusion
David Maisonnier and Jim Hayward
EFDA CSU Garching
Boltzmannstr. 2, D-85748 Garching
david.maisonnier@tech.efda.org
The current fusion development scenario in Europe assumes the sequential
achievement of key milestones. Firstly, the qualification of the DEMO/reactor physics basis
in ITER, secondly, the qualification of materials for in-vessel components in IFMIF and,
thirdly, the qualification of components and processes in DEMO. Although this scenario is
constrained by budgetary considerations, it assumes the resolution of many challenges in
physics, technology and engineering.

In the first part of the paper, the technological and engineering challenges to be met
in order to satisfy the current development scenario will be highlighted. These challenges
will be met by an appropriate share of the work between ITER, IFMIF, DEMO and the
necessary accompanying programme, which will have to include a number of dedicated
facilities (e.g. for the development of H&CD systems).

In the second part of the paper, the consequences of a considerable acceleration of
the fusion development programme will be discussed. Although most of the technological
and engineering challenges identified above will have to be met within a shorter timescale, it
is possible to limit the requirements and expectation for a first fusion power plant with
respect to those adopted for the current fusion development scenario. However, it must be
recognised that such a strategy will inevitably result in increased risk and a reduction in the
economy of the plant.
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PPCA.O-1

Alternative Power Conversion Cycles for He-cooled Fusion Reactor
Concepts
P. Sardain1, D. Maisonnier1, M.Medrano2, B.Brañas2, D Puente3, E.Arenaza3, B Herrazti3, A.
Paule3, A Orden3 , M Domínguez3, R Stainsby4
1
EFDA Garching, Boltzmannstr. 2, D-85748 Garching, Germany
2
EURATOM-CIEMAT Association for Fusion. Avda. Complutense, 22. 28040 Madrid, Spain
3
IBERTEF Magallanes 22, 28015 Madrid, Spain
4
AMEC-NNC, Booths Hall, Chelford Road, Knutsford, Cheshire WA16 8QZ, UK
The He-cooled PPCS concepts using helium at 300 °C – 500 °C have power

conversion systems using standard Rankine cycles. Their gross efficiency is mainly limited by

the moderate He output temperature whilst the net efficiency (net power/fusion power) is
relatively low due to the high power required by the auxiliaries, mainly pumping and heating.

Possible improvements of the gross efficiency have been investigated, considering other types

of conversion cycles: the indirect Brayton cycle using supercritical CO2 as working fluid and
the supercritical steam Rankine cycle.

The CO2 has interesting physical properties (critical temperature near room

temperature, moderate value of critical pressure, stability under 1400°C) and low intrinsic
costs. Moreover, due to its sizeable molecular weight, CO2 needs small turbines, compared to
He and steam turbines. The supercritical steam Rankine cycle are already used in coal-fired
power plants, so that the turbine technology can be considered mature.

Among all configurations analyzed, the one leading to the highest efficiencies corresponds to

a supercritical Rankine, in which the heat transfer is improved dividing the blanket helium
heat exchange in two stages. At the first stage the heat exchangers are used for steam
generation only whilst at the second stage they are also used for superheating and reheating.
The value obtained for the so-called “Cycle related Net Efficiency” (net power/reactor

thermal power), 31.68%, represents a noticeable improvement compared to the one obtained

for the sub-critical Rankine cycle of the reference PPCS model HCLL (Helium Cooled
Lithium-Lead), which achieved a value for this ratio of 28.34%. A supercritical Rankine cycle

with these characteristics represents nowadays a relatively mature technology, and investment
cost should not rise considerably compared to those of a sub-critical Rankine cycle.
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PPCA.O-2

Scoping Study for Concept Development of DEMO Reactor
B. G. Hong, D. W. Lee and S.R. In
Korea Atomic Energy Research Institute
1045 Daedeokdaero, Yuseong, Daejeon, 305-353 Korea Republic of Korea
bghong@kaeri.re.kr

Tokamak reactor system analysis code has been developed at KAERI (Korea Atomic

Energy Research Institute) and it is used for the development of concept of DEMO reactor.

The system code finds the design parameters which satisfies the plasma physics and
engineering constraints or optimizes the design depending on the given figure of merits.

Prospect in development of plasma physics and technology are included in the simple
mathematical model, i.e., the overall plant power balance equation and the plasma power

balance equation. The system analysis provides satisfactory results to select the operational

region of a DEMO reactor concept, although the zero-dimensional model cannot precisely
consider profile effects such as heating and current drive profile, bootstrap current fraction,

advanced tokamak operation with negative shear, and so on. The parameters arising from the
system studies will be used as a basis for further development of DEMO reactor concept and

to identify necessary R&D areas, both in physics and technology for realization of the concept.

As an application of the tokamak reactor system code, we investigate the performance of

DEMO reactor in terms of the plasma physics and technology with main requirements for

DEMO reactor selected as: 1) to demonstrate tritium self-sufficiency, 2) to generate net
electricity, and 3) for steady-state operation. It is shown that to access operation space for high

performance, main restrictions are given by the divertor heat load and the steady-state
operation requirements. Developments in both plasma physics and technology are required to
handle high heat load and to increase the current drive efficiency.
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PPCA.O-3
2nd IAEA TM on First Generation of Fusion Power Plants-Design and Technology, 20-22, June 2007

Conceptual Design Study of Fusion DEMO Plant at SWIP
K.M. Feng, G.S. Zhang, G.Y. Zheng, Z. Zhao, Z. Chen
Southwestern Institute of Physics, P.O. Box 432, Chengdu 610041, P.R. China
Tel:+86-28-82850-382
Fax:+86-28-82850-956
Email:fengkm@swip.ac.cn
ABSTRACT
The DEMO in China is to demonstrate the safety, reliability and environment feasibility

of the fusion power plants, while to demonstrate the prospective economic feasibility of the

commercial fusion power plants. Considering that there is still a long way to go towards an

economically competitive commercial power plant, DEMO in China should be an
indispensable step prior to the commercial one. As one of options, the breeding blanket with

ceramic breeders might be basic DEMO concept in the future. The DEMO development
strategy, related R&D activities, based on China fusion power plant (FPP) program are
presented.

A conceptual design study of fusion DEMO plant based on the helium-cooled/solid

breeder/LAFMs (HCSB) concept has been carried out recently. A set plasma core parameters

match with DEMO design concept was given. The major parameters of HCSB-DEMO are

2000MW of the fusion power and 2.64 MW/m2 of the neutron wall loading. The blanket is

designed as modular structure which are consist of 14 sectors along the poloidal direction, and

4×18 sectors on the toroidal direction. The total thickness of inboard blanket is 630 mm and
the radial thickness of outboard blanket is 800 mm. The single pebble-bed (38% porosity) of

lithium orthosilicate is used as breeder material. The beryllium binary pebble-bed (20%

porosity) is used as neutron multiplier material. The coolant pressure and the inlet/outlet
temperature in HCSB-DEMO circulation circuit are 8 MPa, 300 0C and 5000C, respectively.

Optimization by changing thickness of breeding zone and enrichment of ceramic lithium-6
has been performed.
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PPCA.O-4

Conceptual Study of Indian Fusion Power Plant
R. Srinivasan & the Indian DEMO Team
Institute for Plasma Research,
Bhat, Gandhinagar – 382 428, India

Abstract
The baseline conceptual study of Indian Fusion Power Plant (IFPP) is being

focussed to achieve the electric power without any aggressive physics and engineering
assumptions. As the research and development progresses, it will be possible to

improve the baseline design for achieving power plant with greater efficiency. A

system design code with considerations from engineering and physics issues is being
developed for the design of the IFPP with normal/advanced tokamak configurations.

Equilibrium and stability of these configurations are being analyzed. The requirement
of heating and current drive systems to provide steady state operation is also being
computed. The extrapolations from the existing machine database and the DEMO

strategy form a part of the inputs to the IFPP design. As the plant availability is the

crucial parameter to make the power plant economically viable, innovative designs for
breeding blankets and other in-vessel components need to be developed. Preliminary
progress in these directions will be presented.
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PPCA.I-1

Concept of Laser Fusion Power Plant Based on Fast Ignition
Takayoshi Norimatsu, and Members of Reactor Design Committee
Institute of Laser Engineering, Osaka University, Suita, Osaka 5650871.
This paper introduces new concept of laser fusion that is expected to demonstrate

energy generation based on inertial fusion in the near future. In the fast ignition (FI)
scheme, a spherical hollow solid deuterium-tritium fuel is compressed to a high density

of 1000 times solid density with tens nano-second laser pulses from a compression laser
and the compressed fuel core is directly heated to 5 keV with a ten pico-second laser

pulse from a heating laser. This FI scheme enables us to design an IFE power plant
with a 1MJ-class, compact laser whose output energy is 1/4 of previous central ignition

scheme. Recent progress on cooled Yb-YAG ceramic laser revealed that highly efficient
compression and heating lasers can be constructed using this laser material with
acceptable construction cost including laser diodes for pumping and the refrigerator.
New reactor scheme for a liquid wall reactor that has no stagnation point of ablated gas
and a rotary shutter system to protect the final optics are proposed.

Current computer simulation indicates thermonuclear gain of 160 will be achieved
with 1.1 MJ / 10 ns compression lasers and a 100 kJ / 10 ps heating laser. A
diode-pumped, cooled, Yb-YAG ceramic-laser is the prior candidate for the
compression laser operated at 16 Hz rep rate. The conversion efficiencies from
electricity to laser are 9.5% for the compression laser, 3.5% for the heating laser, and
6.9% in total including cooling power, respectively.

The power plant consists of 4 module reactors powered by one laser system. One

module reactor has 32 compression beams, one heating laser, and two target injectors as
shown in Fig. 1. Each beam port
has a rotary shutter and an electro

magnet to prevent the final optics

from neutral vapor and ions,
respectively. The panels of the
first wall are tilted by 30 degree
to avoid stagnation of evaporated
vapor at the chamber center.
The focus position is vertically

off set to simplify the protection
mechanism of the ceiling.

Fig. 1 Cross sectional view of chamber. The target is
enlarged by 150 for visibility.
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PPCA.I-2

Overview of ARIES-CS In-vessel Components: Integration of Nuclear,
Economic, and Safety Constraints in Compact Stellarator Design
Laila El-Guebaly and the ARIES-CS Team
Fusion Technology Institute, University of Wisconsin, Madison, WI, elguebaly@engr.wisc.edu
As an alternate to the mainline magnetic fusion tokamaks, the stellarator concept offers a

steady state operation without external driven current, eliminating the risk of plasma disruptions.
The earlier 1980s studies delivered large stellarators with an average major radius exceeding 20
m. The most recent development of the compact stellarator concept has led to the 3 years power
plant study of ARIES-CS, a compact stellarator with 7.75 m average major radius, approaching
that of tokamaks.

Two blanket concepts were studied for ARIES-CS: a dual-cooled LiPb/He/FS system as a

reference concept and a self-cooled LiPb blanket with SiC/SiC structure as a backup. The first

wall configuration deviates from the standard practice of uniform toroidal/poloidal shape to
achieve compactness. Modeling such a complex geometry for 3-D nuclear analysis was a

challenging engineering task. A novel approach based on coupling the CAD model with the
MCNP Monte Carlo code was developed to model, for the first time ever, the complex stellarator
geometry for nuclear assessments.

The most important engineering parameter that influences the machine size and cost is

the minimum distance between the plasma boundary and mid-coil. Accommodating the blanket

and shielding components represented another challenging task. An innovative approach
utilizing a non-uniform blanket combined with a highly efficient WC shield for this highly

constrained area reduced the radial standoff, major radius, and cost of electricity by 25-30%,
which is significant. Equally important is the consequence of the substantial reduction in ARIESCS radwaste volume compared to previous stellarator designs.

The objective of this paper is to review the nuclear elements that received considerable

attention during the design process and provide a perspective on their successful integration into
the final design. Among these elements are the radial build definition, the well-optimized in-

vessel components, the carefully selected nuclear and engineering parameters to produce an

economic optimum, and the overarching safety and environmental constraints to deliver an
attractive, reliable, and truly compact stellarator power plant.
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PPCA.O-5

The Benefits of Different Options for a European DEMO
D J Ward
EURATOM/UKAEA Fusion Association, Culham Science Centre,
Abingdon, Oxfordshire, OX14 3DB, UK
e-mail: david.ward@ukaea.org.uk
Abstract
In preparation for the EU DEMO study which is now underway, a wide range of
options have been explored with a systems code, PROCESS. These included the
possibility of pulsed or steady-state devices, with different blankets and coolants, and a
range of other detailed assumptions, for instance about magnets and current drive
efficiency. These studies, amongst others, were used to narrow down the choices to the
parameters that are now being assumed for the DEMO technology studies, although they
are likely to evolve further as the studies progress. This presentation is concerned with
the benefits and trade-offs inherent in the range of options that were studied, and
highlights the way that the present parameter set was chosen. Of particular interest is the
way that a pulsed concept, more conservative than a steady-state device in many
parameters, can be improved by the addition of increasing amounts of current drive
power, as it is gradually evolved towards a steady-state device. The talk will also
highlight some likely errors that can arise from overly simplistic calculations of options
for DEMO.
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PPCA.O-6

The Power Engineering of Compact CT TOKAMAK-Reactors with Warm
Coils
E.A.Azizov, G.G.Gladush, V.N.Dokuka, N.B.Rodionov, R.R.Khayrutdinov
azizov@triniti.ru, SRC RF TRINITI, Troitsk, Moscow reg., Russia
The concepts of using of the low aspect ratio (A<2) tokamaks for thermonuclear power blocks
are discussed. The first concept is based on using of deuterium and tritium fuel cycle.

Suggesting of using blanket, the tokamaks with aspect ratio A=1.5 or 2 and major radius
R=3m is able to provide fusion gain factor Q=(Pα +Pn)/PNBI ≈10. In these cases, the

enhancement factor of energy confinement time HIPB98(y,2) = τЕ/τIPB98(y, 2) is supposed to be

equal to 2. Plasma heating by waves in the cyclotron frequency interval (ICRF) in parallel

with neutral beams is proposed for tokamak - reactor. The combined application of deuterium
NBI and ICRF with deuterium resonance frequency can be used to optimise the fast beam

deuteron minor radius distribution and NBI current drive profile. The ICRF heating scenarios
in DT plasma of tokamak-reactor have been considered. It is possible to provide effective

ICRF ion heating of plasma in tokamaks for the following case: deuterium minority in tritium

plasmas, tritium minority in deuterium plasmas and 3He minority in DT plasmas provided that

nD~nT. The calculation has demonstrated that the scenarios are feasible in this facility. For

example, it would be attractive to replace one beam with an ICRF module or use the injection
of neutral beams and ion-cyclotron resonance heating simultaneously. The key problem for
tokamak-reactor is cooling of central part of toroidal coils. 3D calculations show, that at

cooling of coils by water through four parallel channels, this problem is solved even at small
velocities of water stream < 2 m/s. The losses of heat in warm coils are rather high. Their
values exceed in 4 times the energy required for plasma heating and current drive.

The D-T cycle has two principal disadvantages: it produces neutrons and breeding

tritium requires using of lithium blanket. An alternative way supposes developing the low

radioactive tokamak-reactor based on use of aneutronic D-3He reaction. In this case, we will
be able to reduce damages and activation of the reactor structure. The calculations of

parameters of such tokamaks-reactors are fulfilled with the same values of aspect ratio A and

major radius R. The plasma parameters required for maintenance of steady state operation are
analyzed with enhancement factor of energy confinement time to be equal to 2.5. As the core
plasma temperature is rather high, the power of synchrotron radiation is comparative with
Bremsstrahlung. The D:3He fuel concentration is studied with the aim of limiting of NB
power injection and thermal loading on divertor plates < 20 MW/m2.
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SESE.KN-2

Environmental Aspects of Recent Trend in Managing Fusion Radwaste:
Recycling and Clearance, Avoiding Disposal
L. El-Guebaly
Fusion Technology Institute, University of Wisconsin, Madison, WI, elguebaly@engr.wisc.edu
Since the inception of the fusion projects in the early 1970s, the majority of power plant

designs have focused on the disposal of the low-level waste in geological repositories as the

main option for handling the replaceable and life-of-plant components, adopting the preferred

fission waste management approach. It is timely to develop a new radwaste management

framework that takes into account the lessons learned from numerous studies and the
environmental, political, and present reality. Along with the political difficulty of constructing

new repositories worldwide, the current reality suggests reshaping all aspects of handling the
continual stream of fusion radwaaste, replacing the disposal option with more environmentally

attractive approaches, such as recycling and clearance. These approaches became more
technically feasible in recent years with the development of radiation-hardened remote handling
(RH) tools and the introduction of the clearance category for slightly radioactive materials by

IAEA and national nuclear agencies. We applied all scenarios to selected U.S. fusion studies.

While recycling and clearance appeared technically attractive and judged, in some cases, a must
requirement to control the radwaste stream, the disposal scheme emerged as the preferred option
for a specific IFE component for economic reasons. This suggests that the technical and

economic aspects, along with the environmental and safety related concerns, must all be
addressed during the selection process of the most suitable waste management approach.

To make fusion a viable energy source with minimal environmental impact, we highly

recommend recycling and clearing all fusion components, if economically and technologically

feasible, avoiding the geological burial approach. Additional tasks should be investigated to

enhance prospects for a successful fusion management scheme. These include the key issues and
challenges for disposal, recycling, and clearance, the limited capacity of existing repositories, the

status of the recycling infrastructure, the development of advanced RH equipment, the notable
discrepancies between the various clearance standards, the need for new clearance guidelines for

fusion-specific radioisotopes, the availability of a commercial market for cleared materials, and
the acceptability of the nuclear industry to recyclable materials.
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Development Status of Regulatory Technology for the Fusion Reactor
Young-Joon Choi, Beom-seok Han, Seong-cheon Kam, Sang-ryeol Park, Ho-kee Kim
Korea Institute of Nuclear Safety, Taejeon, Republic of Korea
E-mail contact of main author: k149cyj@kins.re.kr

In Korea, the fusion energy development plan was established and approved by the
“National Council on Science and Technology” in 2005. To support this plan, “Act on
Promotion of Fusion Energy” was legislated in November 2006. Korea participated in ITER
project to secure and to improve its fusion-related technologies through it. In parallel with the
participation in the project, Korea plans to design a DEMO plant and licensing application for
the DEMO construction will be submitted in the early 2020s.
For an effectiveness and efficiency of the parallel development for fusion-related
technology and regulation, KINS launched a project in May 2006 for establishing the
regulatory infrastructure for fusion energy and developed the technical roadmap including
preparation of safety standards and cultivation of human resources. According to the roadmap,
KINS started the regulatory technology development for the safety standards in early 2007.
The main objectives are as follows: to develop safety and regulatory requirements and guides
for the fusion power plant, and to develop key regulatory technologies for the timely decision
on the issues expected to occur during the licensing review. A hierarchy of the safety
standards and format and contents of each hierarchical tier are being established. Safety
review guidelines are also being developed for the fusion experimental device, such as the
ITER, and will be finalized until 2009 by utilizing the experience to be obtained from the
review of the ITER SAR. In parallel with the above efforts, KINS is willing to cooperate with
international regulatory societies to develop global safety standards for fusion energy.
In this paper, the current status of fusion safety and regulatory activities is introduced and
proposals for the global fusion regulatory cooperation are suggested.
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Preliminary Failure Mode and Effect Analysis on Chinese ITER Helium
Cooled Solid Breeder Test Blanket Design Concept
1*

1

1

1

1

Zhi Chen , K. M. Feng , G. S. Zhang , H. B. Liu and T. Yuan
1.

Southwestern Institute of Physics, PO Box 432, Chengdu, Sichuan 61004, People’s
Republic of China
Abstract:
The complexity of the ITER TBM (International Thermonuclear Experimental

Reactor Test Blanket Module) and the inventories of radioactive materials involved in its
operation require a systematic approach to perform detailed safety analyses during the
various stages of the project in order to demonstrate compliance with the safety

requirements. In this article, A Bottom-Up methodology based on component level
Failure mode and effect analysis (FMEA) has been applied to perform the safety analyses

for Chinese ITER TBM design with helium-cooled solid breeder (HCSB) concept for
testing in ITER device. The main purposes of the work are: to identify important accident
initiators, to find out the possible consequences for the TBM deriving from component

failures, identify individual possible causes, identify mitigating features and systems,
classify accident initiators in postulated initiating events (PIEs), define the deterministic

analyses which allow the possible accident sequences to be quantified, both in terms of

expected frequency and radiological consequences, and consequently, to ascertain the
fulfillment of ITER safety requirements. This paper summarizes the Preliminary FMEA

analyses performed for Chinese ITER helium cooled solid breeder test blanket design
concept.

*

E-mail; Chenz@swip.ac.cn (corresponding author)
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US DCLL Test Blanket Module Design and Relevance to DEMO*
C.P.C. Wong
General Atomics, P.O. Box 85608, San Diego, California 92186-5608 USA
email: wongc@fusion.gat.com, Phone: (858) 455-4428, Fax: (858) 455-2838

In the design of Test Blanket Modules (TBMs) for ITER, it is required to provide a design
concept that is demonstration power reactor (DEMO) relevant. It should be noted that in the
US, DEMO is defined to be a good representation of the first generation fusion power reactor.
In order to evaluate the potential of the US TBM design for DEMO, a system evaluation of
DEMO design was performed with an improved GA system code, and the physics results
were benchmarked to ITER. With the selection of ferritic steel as the structural material, the
maximum neutron wall loading is limited to 3 MW/m2. When designed to a 3 GW fusion
device the optimum aspect ratio is found to be in the range of 2.5 to 3. Results show that the
US dual coolant lead-lithium (DCLL) blanket can satisfy all the DEMO design requirements.
On the chamber wall material, for the ITER-TBM design, the design guidance is to apply a 2
mm Be layer onto the plasma facing surface. When extrapolated to the DEMO design, the Be
layer will not be suitable due to radiation damage. Similarly, a carbon surface will not be
suitable due to high physical and chemical sputtering rates, radiation damage of the material
and potential large retention of tritium. Unfortunately, the remaining commonly proposed
material, tungsten (W), would suffer radiation damage from alpha particle implantation and,
with blistering, W transport to the plasma core could severely limit the core performance. To
resolve this potential impasse, different innovative options were evaluated. All high
performance tokamak experiments presently use boron or silicon to condition the first wall.
To use boron in DEMO, it is found that in-situ boronization will be required in order to
maintain a boronized layer on the chamber wall. This boronized layer could also protect the
W substrate, while retaining low-Z wall characteristics. Further innovative ideas are being
evaluated to handle transient events like ELMs and disruptions.

TOPICS:

(PPCA) Power Plant Concepts and Systems Analysis

*Work supported by the U.S. Department of Energy under DE-FC02-04ER54698.
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Engineering Aspects of the Development of a Reactor Concept for DEMO
D. Filsinger*, Ch. Köhly, J. Rey, C. Polixa
Institute for Nuclear and Energy Technologies, Forschungszentrum Karlsruhe GmbH,
P.O. Box 3640, D-76012 Karlsruhe, Germany
D. Nagy
Association EURATOM/HAS, KFKI-Research Institute for Particle and Nuclear Physics
P.O. Box 49, 1525 Budapest, Hungary
Abstract
On the way to the first commercial nuclear fusion reactor conceptual studies addressing the

design of the in-vessel components, namely the breeding blankets, the helium supply unit or

manifold and the hot ring shield, are underway. Of particular importance is the development of
an appropriate concept to integrate these components into the reactor. As part of the European

DEMO effort different blanket concepts and segmentations have been investigated. The Helium
Cooled Pebble Bed (HCPB) as well as the Helium Cooled Lithium Lead (HCLL) blanket

concept are quite advanced and no matter what type of blanket is favoured the so-called vertical
‘Multi-Module-Segment’ (MMS) integration concept has been identified to be promising. An

advantageous handling of the MMS can be expected if blanket and manifold constitute vertical
non-permanent, banana shaped segments to be installed and dismantled with remote handling

tools through the upper port of the reactor. Besides the obvious challenge to extract the thermal
power from the fusion reactor most efficiently, breeding blankets need to provide an adequate
margin of tritium self-sufficiency and appropriate shielding whereas the radial build of the

blanket has to be limited. At Forschungszentrum Karlsruhe the development of the blanket
concept employing ceramic breeder material- the HCPB blanket- has been promoted since

many years. Based on this continuous long-term development, the present contribution explains
engineering aspects of the development of a HCPB reactor concept for DEMO. The present

report gives an overview of the integration of the HCPB blanket into the reactor in which the
MMS concept is applied. The required mechanical attachments need to be flexible to

compensate different thermal expansions, but also need to withstand the loads during normal as
well as off-normal operating conditions, e.g. plasma disruptions. A possible design is

introduced and certain engineering aspects are highlighted. Implications of the chosen blanket

integration concept on maintenance are described to provide, with respect to the current state of
development, a complete picture.

* Corresponding author: dietmar.filsinger@iket.fzk.de
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Design Issues and Implications for Structural Integrity
of Fusion Power Plant Components

Panos J Karditsas
EURATOM/UKAEA Fusion Association, Culham Science Centre, Abingdon, OX14 3DB, UK
The criteria and implications for successful design, licensing and power plant
operation are assessed, and imposed constraints and limitations are examined. The design of a

reliable fusion power plant is dependent on the availability of licensed nuclear materials and
the structural–thermal loading conditions during normal and abnormal (disruptions) events.

The various conditions in a tokamak lead to structural damage and possible failure. Taking
into consideration all the possible structural failure mechanisms, the most likely are
combinations of fatigue and creep. Issues encountered in the fusion environment are the
significant amount of irradiation creep, the large ratio of helium production to displacement

damage, and the degradation of fatigue strength and ductility, effects which are even
encountered at low temperatures.

Component design, and accurate prediction of lifetime, requires established material
databases and design curves, specification for fabrication and testing, inspection methods, and
rules and constraints for design, and in–service conditions.

The issues involved are

classification of components according to their functionality, physical position in the machine
and safety importance, classification of loading conditions, and choice of elastic or inelastic
analysis. The existing design codes guard against creep and fatigue but do not directly address
neutron irradiation. The issues associated with irradiation creep-fatigue, since they impact the

design and licensing processes of future fusion power plants, are presented and discussed.
The codes distinguish between failure criteria under steady and cyclic loads, and lay down
rules for failure prediction under combined creep–fatigue conditions. Currently, there are no

established fusion specific licensing processes or component design codes. Any limits
imposed on designs or performance, are taken from existing design codes developed by the
fission industry. There is a need to initiate the process of defining and developing tools for
the design and licensing of fusion components and facilities to ensure nuclear safety.

This work was funded jointly by the United Kingdom Engineering and Physical Sciences
Research Council and by EURATOM.

21

MCP.O-11

Molten Salt Energy Storage System for a DEMO Operated in Pulsed Mode
Z. Homonnay1, A. Halácsy2, Z. Németh1, S. Nagy 1, K. Süvegh1, , J. Hayward3, and D.
Maisonnier3
1

Laboratory of Nuclear Chemistry, Institute of Chemistry, Eötvös Loránd University, Budapest,
Hungary; e-mail: homonnay@chem.elte.hu
2
COM9000 Ltd., Budapest, Hungary
3
EFDA Close Support Unit, Garching, Germany

Steady-state electricity production has always been considered an essential requirement for
a fusion reactor, but there are significant physics and technological challenges to be overcome
before steady-state operation of such a device can be achieved. As part of the so-called “FastTrack” approach to commercial fusion power development, design studies on a DEMO device
are being carried out in Europe. Under the “Fast-Track” scenario, DEMO is the single step
between ITER and a commercial Fusion Power Plant. The reference European DEMO is a
steady-state device with an output power of 1GWe. Recognising the challenges which need to be
met for steady-state operation of DEMO, an examination of the consequences of operation of this
device in pulse mode is included as part of the European study.
To achieve the continuous delivery of power to the grid from a pulsed device, some form of
energy storage system is necessary, capable of storing energy during the pulse and delivering
electricity to the grid during the dwell time. A number of possible methods have been previously
investigated and it was concluded that thermal energy storage using molten salt appeared to be
the most effective and most economical solution.
Molten salt energy storage systems are well known and have been used in applications as
simple as heating houses (capturing heat in daylight and giving it off during the night). These
applications are low power applications; real energy production related applications are known in
the solar industry. In existing industrial facilities, the latent heat of a molten salt is always used,
but involving a phase transformation (melting) the associated heat of fusion is added to the heat
storage capacity of the system. Although solidification of the melt during heat recovery poses
serious problems (drastically changing thermal conductivity), and this is why such methods are
mostly in experimental phase, phase change materials (PCMs) are probably the best candidates
for use in high power applications like fusion reactors.
The power output of the DEMO device during operation is 1GWe, and with a pulse duration
of 4-8 hours and a dwell time of only 5-20 minutes, supply to the grid and re-ignition of the
plasma would require several hundred megawatts from the storage system to maintain the power
output within acceptable limits.
An intense search for available technologies regarding molten salt energy storage has been
carried out, and possible salts and systems to meet the required duty will be presented and
directions of research proposed. Metal hydrides could be the best candidates for such a system
from many aspects, like very large heat of fusion and, moreover, an option for combining heat of
fusion with heat of chemical reaction, thereby increasing the latent heat based thermal storage
capacity. This latter offers controlled recovery of heat and even partial direct conversion of heat
to electricity by thermally regenerative electrochemical cells. Pros and contras for such systems
envisaged will be discussed and feasibility for a DEMO analysed.
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Hydrogen Production in Early Generation Fusion Power Plant and Its
Socio-Economic Implication
Satoshi Konishi and Yasushi Yamamoto
Institute of Advanced Energy, Kyoto University

This paper describes technical possibility of high temperature blanket for the early
generation of fusion power plant and its application to hydrogen production.

Its anticipated

implication and strategy from the socio-economic aspects will be also discussed. Material
and energy balances, such as fuel supply and delivery of product energy from fusion plants, as
well as waste discharge and accident scenario that lead to environmental impact, are
characterized by blanket concepts. Thus blankets are considered to dominate the feature of
fusion energy that should respond to the requirements of the sponsors, i.e., public and future
market. Fusion blanket concept based on the combinations of LiPb and SiC materials are
regarded as a candidate for ITER/TBM, and at the same time, applied in various DEMO
designs encompassing high temperature output. Recent developments of SiC-LiPb blanket
in Japan, EU, US or China suggests staged development paths starting from TBMs and
targeting high temperature blanket and efficient energy output from early generation plants.
These strategies are strongly affected by the views of these parties on fusion energy, from the
aspects of socio-economics. Hydrogen production process with the high temperature blanket
is one of the most important issues, because temperature range much higher than is possible
with current or near future fission plants are needed, suggesting market possibility different
from that of fission. Fuel cycles, particularly lithium supply and TBR control will be also
important. Self-sustained fusion fuel cycle requires technical capability to maintain the
lithium contents. Liquid blanket has an advantage in continuous and real-time control TBR
in a plant, but large amount of lithium-6 and initial tritium supply remains as issues. As for
the environmental effect, normal operation release, assumed accidental scenario, and
rad-waste will be the key issue to dominate social acceptance of fusion.
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Progress in Conceptual Study of China Fusion-based Hydrogen Production
Reactor

S. Liu, Y. Wu, H. Chen, S. Zheng, Y.Bai, the FDS Team
Institute of Plasma Physics, Chinese Academy of Sciences,
P.O. Box 1126, Hefei, Anhui 230031, China
Phone: +86 551 559 3296 Fax: +86 551 559 3326
E-mail: slliu@ipp.ac.cn

Abstract
As one of the series of fusion system design concepts developed by the FDS Team of
China, Fusion-based hydrogen production reactor (FDS-III) is designated to exploit the fusion
energy advanced application for the production of hydrogen, and satisfy fusion development
strategy in China.
FDS-III is a cost competitive reactor concept with a fusion power of ~2.5GW, whose
parameters are selected based on the progress in recent magnetic confinement fusion. The
neutron wall load of 3.5~4MW/m2 and the surface heat flux of ~0.8MW/m2 are considered.
for high effective energy conversion. An innovative high temperature liquid lithium–lead
blanket (HTL) concept based on the Reduced Activation Ferritic-Martensitic steel (RAFM) as
structural material is proposed as an option of the blanket concepts for FDS-III. The
“multilayer flow channel inserts (MFCIs)” have been adopted in the LiPb channels to attain
high outlet temperature about 1000 oC to satisfy the need of high efficiency production of
hydrogen. The blanket combines advantage of the banana segment and large module to
improve maintenance efficiency and reduce effect of electricmagnetic force. The maintenance
scheme considered is based on the removal of blanket segment and divertor cassettes through
the big equatorial ports. In order to achieve a high energy conversion system, a carbon dioxide
Brayton cycle is adopted which permit a high thermal efficiency. Preliminary cost analysis
show FDS-III is a competition fusion reaction for hydrogen production.
This paper gives the preliminary design and study of FDS-III.
Key words: Hydrogen production reactor; High temperature blanket; Maintenance scheme;
Energy conversion
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Concept of Multi-function Fusion Reactor
Songtao WU, Yican Wu, Jiangang Li, Yuanxi Wan, Yuntao Song
Institute of Plasma Physics, Chinese Academy of Sciences, Hefei, P.R. China,
stwu@ipp.ac.cn

To really use the fusion energy and make the fusion energy a main energy in the world
could need more than 50 years. The construction of ITER starts the real course to realize the
peaceful use of the fusion energy. It means the technologies developed in the world are
feasible to built fusion facilities or reactors with core plasmas. To utilize its large volume
nutron source, some of the conceptures have been proposed in the past twenty years, such as
the fission-fusion hybrid reactor. Based on the technologies nowadays, a concept of multifunction fusion reactor (MFFR) is suggeted. MFFR has following functions: fission waste
disposal, plutonium 239 producing by uranium 238, hydrogen producing, tritium producing,
components test for fusion reactors.
The main considerations of MFFR are: (a) reasonable configuration and rechangeable invessel function modules, (b) enough flexibility to realize multi-functions seperately or at the
same time in the facility, (c) liquid Pb-17Li cooling medium for tritium and hydrogen
producing, (d) fully superconducting toroidal and poloidal magnets.
Based on the research on the new type clean nuclear energy system, high lever radiation
waste and transmutation system in subcritical systems in the past years, the Institute of
Plasma Physics, Chinese Academy of Sciences (ASIPP) proposed the MFFR. In this paper,
the concept of MFFR and some of the results will be introduced.
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Optimising Fusion’s Contribution to Economically Efficient
Climate Change Mitigation
Ian Cook and David Ward
UKAEA/EURATOM Fusion Association, Culham Science Centre,
Abingdon, Oxfordshire OX14 3DB, UK
ian.cook@ukaea.org.uk
The ambience within which fusion development planning is undertaken is changing.

Recent publications by the Intergovernmental Panel on Climate Change and by the Stern

Review (by the former Vice-President and Chief Economist of the World Bank) have
removed most of the residual uncertainties about the reality, causation, pace and cost of

climate change. European and Governmental decisions, and demonstrations of public

support, have displayed increasing commitment to mitigating climate-changing emissions.
It is becoming more widely appreciated that during the second two-thirds of this century

continued world economic development, and continued growth in energy consumption, must
co-exist with the reduction of carbon emissions to very low levels, and that this will give rise

to large political and economic forces. The concluding of the ITER Treaty and the Broader
Approach Agreement has removed much uncertainty relating to the near-term steps of fusion
development. Concerns over energy security and diversity of supply have also markedly
increased.

Thus, it has become reasonable to plan on the assumption that in twenty years time

ITER and IFMIF will have been successful and the world will be eager for clean, secure
energy supplies. Previously published ‘fast track’ scenario studies all assumed a sequential

model of fusion development, severely constrained by funding. The present paper explores
the economic justification for relaxing these assumptions, drawing on the lessons to be learnt

from self-consistent energy/environment/economics modelling, and the resulting potential
for more rapid, but cost-effective, fusion deployment. This includes the consideration of the

acceptability of reduced targets for the economic performance of the first generation of

power plants (as might be evinced, for example, by pulsed operation or ITER design-basis
plasma physics, lower fluence-limited lifetime for some components, and lower power

density), and overlapping of development stages with risks controlled and options held open
by broadening of the development stages, for example by several IFMIF and DEMO
devices.
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Energy Demand and Possible Strategy of Fusion Research in China
Yuanxi Wan, Jiangang Li, Yican Wu
Institute of Plasma Physics, CAS, P.O.Box 1126 Hefei, 230031, P.R.China

It is predicted by the rapid economic development with 6~10 % annual increase rate
and the population growth that at 2050 the population in China will be 1.5 billion; the total
GDP will be 6000-12000 billion US$ and the energy demand will be 5 billion tons of CE
and the installed electric capacity will be 1200-1500 GW. So China will face to serious
shortage and pollution of energy in near future. The strategy on the development of energy
should be at least:
1.The main energy resources in near term will still be the fiscal fuel (coal, gas and oils).
The high efficiency and low pollution technologies for using fiscal fuel and the clean and
renewable energy resources such as hydrodynamic, solar and wind energy should be
strongly supported;
2.The fission power should be developed as more as possible to control the CO2 and other
pollutions on atmosphere. In present the nuclear power is only about 1% of total capacity.
So the nuclear power demand in China will be extremely huge in next 20 to 40 years. With
the rapid and huge development of fission power China will face to new serious problems:
1) strong limitations on the natural uranium ore. So breeding the fission fuel will be very
important; 2) how to transmute the huge amount of long-lived radioactive wastes.
3. So China must support fusion energy development as strong as possible from now. The
government has given fusion research strong support via EAST, HL-2A and participant of
ITER project. The possible strategy for fusion research in China is:
1) The all missions, especially the steady state operation with higher performance plasma
on EAST should be achieved under strong support both by CAS and Chinese government
within next 10 years;
2) As one of ITER members China should make great effort on the jointed design,
construction and assembly of ITER and then on the burning plasma experiments to make
the necessary contribution for the future fusion reactor;
3) Basing on the progresses of EAST, ITER and other international fusion project China
should as early as possible begin the conceptual and engineering design of a test reactor
which must satisfy three goals at least: a) can breed fission fuel, b) can transmute large
amount of long-lived wastes, c) can produce tritium for fusion fuel cycling. The important
R&D for some key technologies such as blanket, materials should also begin as early as
possible. The test reactor should be constructed around 2020~2030. It may be an advanced
tokamak or spherical tokamak and it will be determined by future progress of tokamak and
compact torus projects. The test reactor must have multi-functions. The key design will be
the changeable blanket for the different functions. Several conceptual designs of the test
reactor with different blanket have been done and will be given in this paper.
4) It is hoped that the first fusion power plan based on the progresses of above projects can
be constructed and the fusion energy can finally be commercially used in China around
2040~ 2050.
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