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I.   Introduction      Č why

ƄEnergy & Environment

ƄFission & Fusion Problems

ƄHybridsô  Functions & Features

II.  Fusion-Driven Hybrid System (FDS)      Č what & how 

ƄHistory and Program

ƄFusion Driver Design  - Neutron Source

ƄFission Blanket Design - Spent Fuel Burner

ƄRoadmap & Development strategy

III.  Supporting R& D      Č to make technologies ready

ƄHardware  (EAST, CLAM & TBM, PbLi-Loops, HINEG)

ƄSoftware  (VisualBUS, 4DS)

IV.   Accelerator-Driven Hybrid System  (ADS)     Č just new coming

ƄPlanned roadmap of  ADS development

ƄADS Design for Nuclear Waste Transmutation

ƄPbBi-cooled Experimental Reactor

ƄPbBi-loops

Outline
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ƄEnergy & Environment

ƄFission & Fusion Problems

ƄHybridsô  Functions & Features
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Economy Development and Energy problem

China Population is >1.3 billion, Average energy 
consumption per person is < 1/2 of the world level, 
< 1/10 of the developed countryõs level.

Fast development of economy at annual rate of  
7~10 % has been kept for > 20 yeas

China has been the 2nd largest energy producing 
and consumption country

(Currently in China)
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Population will be 1.5 billion at 2050, Conservatively 
predicted capacity of electricity will be 1200~1500 GWe

China will probably be the 1st largest CO2 producer at 
2025.

(In the future, China)

Economy Development and Energy problem

Renewable/sustainable energy,  Nuclear Energy 

Serious shortage of energy resources ?

Serious pollution of environment ?
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Policy:  Develop nuclear power as fast as possible

2008 : 

9.1GW (~2% of total capacity, in operation)  

25.4GW under construction     

2020 :  40GW ( 4% of total )

~3 new units to be constructed 

per year from now to 2020

~2050 :  240 GW ( 20% of total )

Fission power development and new problem

(Current Plan on Fission, China)
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Scenario    Ratio A   Ratio B     Nucl. Power      Capacity  (Approximate Scale)

Low Level      10%         6%             120GW                     Double in France

Mid. Level      20%        12%            240GW              Sum in US, France and RF

High Level      30%        18%            360GW                 Sum all over the world

A: fraction of nucl. power in total electricity capacity 

B: fraction of nucl. power in total primary energy capacity

Fission power development and new problem

(Prediction on Fission Energy at 2050, China)

Nuclear fuel supply ?

Radioactive waste disposal ?

Safety problem ?



ASIPP · USTC

Fusion Status and Its Long Road to Go

ÅCurrent: EAST/HL2A, KSTAR, MAST, é(~2020)

ÅNear Future: ITER/IFMIF/CTFé(2020~2040)

ÅFar Future: fast/ultra-fast track to DEMO 

(???~2050?)

Fusion has a very good progress, but still needs  

hard work to economical utilization: 

1. feasible to seek for  near-term  applications

2. necessary to find out near-term applications
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To fill in the energy supply gap̙

To solve the problems of fission̙

To encourage the progress of fusion̙

Hybrids

Hybrids:

ÅFusion-Driven Subcritical System      Č FDS

ÅAccelerator-Driven Subcrictical System    Č ADS
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Fusion Core + Subcritical Fission Blanket

Fusion-Driven Subcritical System - FDS

Multi-Functional Hybrid Reactor 

Fusion

Core Fission

Blanket

Functions:

Åwaste transmutation

Åfuel breeding

Åenergy production

Åmaterial test

Åother applications

Neutrons
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Accelerator Driven Sub-critical System - ADS 

ÅAccelerator supplies spallation
neutrons to drive the fission 
reactions in a subcritical reactor.

Main functions̔

1. Eneyg production:

n + U/Pu/MA Č Energy

2. Fuel breeding:

n + U238/Th232
Č Fissile

3. Waste transmutation:

n + MA/FP  Č less-harmful nucleus

proton
Neutron

Proton Accelerator
~1GeV/10mA

Spallation target
~30n/p

Subcritical reactor
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ÅRich neutrons to achieve multi-goals

(improved neutron balance by fusion neutrons)

ÅGood passive and inherent safety performances 

(subcritical)

ÅAvoidance of nuclear proliferation

(large design margin from subcritical features)

ÅLower requirements on driver technologies 

e.g. plasma-related technology or accelerator-related technology

(improved energy balance by fission blanket)

ÅIn general, it can benefit both fusion and fission 

(fill in the gap, solve left problems by fission, promote fusion)

Potential Advantages of Hybrids



II. Fusion-Fission Hybrid System (FDS)
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ƄHistory and Program

ƄFusion Driver Design    - Neutron Source

ƄFission Blanket Design   - Spent Fuel Burner

ƄRoadmap & Development strategy
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History of Fusion Hybrid Research in China

Â 1986-2000, National High Tech. Program, by MOST etc

focused on design and R&D activities to build a fuel breeder

(conceptual design, engineering outline design etc.)

Â 2001-now, fundamental R&D  projects, by CAS, NSFC, MOST etc.

to explore various concepts for multi-purposes e.g. waste 

transmutation, fuel breeding and energy production etc.

recent years, FDS Team is focusing on the concept of  hybrid as 

Spent Fuel Burner (SFB) based on viable fusion technologies.

by evaluating diverse options of fusion driver concepts and fission 

blanket concepts  Č a converged/fixed concept by ~2015
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Options for FDS Fusion Drivers

Â Regular Tokamak ïFDS-I
ÅFusion power: 100~200MW

ÅPower Gain ~3

ÅNeutron wall loading ~0.5MW/m2

Â Spherical Tokamak ïFDS-ST
ÅFusion power: 100~200 MW

ÅPower Gain ~5

ÅNeutron wall loading ~1 MW/m2

Â Magnetic Mirror ïFDS-GDT

A few MW~50MW as neutron source

(GDT?)
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Options for FDS Fission Blankets

Â FDS-EM/WCB

Water-Cooled Blanket 

With pin fuel

Â FDS-SFB/HCB

He-Cooled Blanket 

With plate-type fuel

Â FDS-I/DWT

He/LiPb Dual-cooled Blanket  

With TRISO-like particle fuel
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FDS Reactor Models for 1D / 2D / 3D  Simulation

ÅNeutronics Performances

ÅThermalhydraulics Performances

ÅThermomachnics Performances

ÅSafety Analysis

ÅCost Analysis
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1. SFB concept are designed based on available or very limitedly
extrapolated fusion (i . e. a fusion power of 50~150 MW ) and
fission technologies .

2. The neutronics analyses showed

the max. energy multiplication M can be ~70,

the max. fissile fuel breeding ratio BSR can be ~9,

the max. waste transmutation ratio TSRTRU can be ~6,

depending on specific designs.

3. The thermalhydraulics / thermomachenics analyses preliminarily
showed the concept is feasible and achievable

FDS-SFB Design Summary
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DEMO

ITER

Roadmap of Fusion 

Application

TBM & Mater. R&D

EAST et al

~2025 ~2040 ~2050Now~2015 

MFXHybrid Concept, R&D

10~15 yr earlier

~2030

SFB-DEMO

Power Plant

?
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DEMO
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Roadmap of Fusion 

Application

TBM & Mater. R&D

EAST et al

~2025 ~2040 ~2050Now~2015 

MFXHybrid Concept, R&D

10~15 yr earlier

~2030

SFB-DEMO
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ÅTo confirm results of EM, thermo-

mechanicstest in EAST

ÅTo test neutronics, tritium

production, fission and integration

performancesin ITER/MFX

Testing Strategy of Blanket to ITER/MFX

Thermal convection loop

Forced convection loop

LiPb/He system 

for TBM in ITER

LiPb/He system 

for TBM in EAST

ÅR&D on materials (RAFMs, coatings 

and FCI) and fabrication technology

ÅOut-of-pile test of 1/3 mockup etc.

ÅThermaldynamics and MHD

ÅDiagnostic and measurement

ÅEM and thermo-mechanics  

ÅPartially neutronics performances

Å Influence on plasma confinement

ÅThermaldynamics and MHD

ÅDiagnostic and measurement

Stage I: Out-of-pile Test Stage II: Test in EAST Stage III: Test in ITER/MFX

(1/3 size) (1/2 size) (full size)
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Stage I: Out-Of-Pile Small Mockup Test
Objectives:

ÅValidation of the fabrication route and techniques

ÅValidation of performances 

ÅAssessment of reliability and safety with regard to ITER 

standards. 

Test Items:

ÅLeak and pressure test.

ÅMHD and heat removal from FW.

ÅMock-up connected to LiPb loop 

ÅHydrogen control and extraction to simulate tritium extraction

ÅIrradiation performance  
R&D on 1/3 size-reduced mockup 

Out-of-pile integrated test loops Spallation neutron source at PSI

1/5 TBM of 316SS1/3 TBM of P91

FW of CLAM1.2 ton ingot of CLAM

ŵ

Ŷŷ

1/3 size-reduced mockup 
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Stage II: Test in EAST Tokamak

(1/2 Size-reduced TBM)

Device EAST ITER

Phase DD HH DD DT

R (m) 1.95 6.2

A (m) 0.46 2

Bt (T) 3.5-4.0 5.3

Neutron rate (n/s) 1015~1017 1.77x1020

Avg.HF(MW/m2) 0.1~0.2 0.11 0.27

Port Size 0.97m x 0.53m 2.2 m x 1.7m

Pulse (sec) ~1000 100-200 400

EAST-TBM Test in EAST: 

ÅElectroMagnetic performance (MHD pressure drop, influence on plasma)

ÅThermo-mechanics/Thermofluid dynamics performances

ÅPartially neutronicsperformance (DD neutrons), Diagnostic instruments

Objectives:

ÅPreliminary validation of design codes and data

ÅChecking of feasibility & availability of auxiliary system

ÅFM Influence on Plasma

24
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Ò20142015 é, 20182019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

DD DD HH HH DD DD DD DT DT DT DT

In EAST:

D-plasma(1000sec,1015~17n/s)

Thermo-mechanics/Thermofluid

dynamicsperformances

FCI & MHD Test

Partiallyneutronics

Diagnosticinstruments

EAST-TBM        (DLL -function)

EM-TBM 

(SLL-function):

EectroMagneti

c-Test:

To confirm

results of

EM/Thermo-

mechanics

testin EAST

Auxiliary

system

Neutronics

Test:

Neutronics

performance

N-

fluence&gam

maspectra

Nuclearheat

T-breeding

Code&Data

TT-TBM

(DLL -Function)

IN-TBM

(DLL -Function)

Integrated Test:

On-line tritium

extraction

Synergic nuclear

effects

MHD integrated

effects

Reliability and

Safety

ThermoDynami

cs&Triutium

Behavior Test:

Tritium recovery

FCI performance

Thermofluid

MHD

Code&Data

EAST-TBM 

(SLL-function)

Mat.R&D

Out-of-pile

In EAST:
D-plasma(1000sec)

FM-Influenceon plasma

Thermo-mechanics/Thermofluid

dynamicsperformances

EM & MHD Test

CorrosionandCoatingTest

Auxiliary system

NT-TBM

(SLL-Function)

TBM installation

Qualification test

ITER Commissioning

EAST : DD

Stage III Option  1 : Test in ITER
(Full size TBMs)
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Â1st Phase(~3 years):

ÅTritium breedingblanket

Â2nd Phase(5 years):

ÅNatural uranium blanket (~2 years):

For hybrid reactorprinciplevalidation

ÅEnriched uranium blanket (3 years):

īHigh enriched U fuel is adopted in several

modules(64% enrichedU), to achievehigh power

densityandhighneutron flux test

īNatural uraniumis usedasfuel in othermodules

Â3rd Phase(Ó5 years):

ÅSpentfuel blanket

- Spentfuel is adoptedin theblanket

FDS-MFX: Multi-Functional Experimental Reactor 

Multi -Types-of-Blankets

Multi -Testing-Phases
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Stage III Option  2 : Test in MFX
(Full size TBMs)



III. Supporting R&D
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ƄHardware  

EAST

CLAM & TBM

PbLi-Loops

HINEG+FDS-0

ƄSoftware  

VisualBUS

4DS

Driver

Blanket
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Experimental Advanced Superconducting Tokamak

Main Parameters

BT    3.5~ 4.0   T

R0 1.7   m   

a/b                         0.4/0.8  m

ȹmax ~  2

IP    1.~1.5  MA

H&CD                   10 ~ 15  MW

Diverter      Double & single  Null

Expected  nTŰ~1019~20  m-3 s kev

Long or steady-state operation

Main Missions:

ÅTo Investigate plasma physics of advanced steady-state operation modes

ÅTo Establish technology basis of full superconducting tokamaks for future reactors

Å1998: Project 

approved

Å2000:Construction 

began

Å2006:First Plasma

Å2007: Double null 

diverter plasma;

Å2010: H-mode; 

Long-pulse 

diverted plasma of

0.25MA and 100s


