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Chinese Academy of  Sciences  (CAS)Chinese Academy of  Sciences  (CAS)Chinese Academy of  Sciences  (CAS)Chinese Academy of  Sciences  (CAS)

was founded on Nov. 1, 1949was founded on Nov. 1, 1949

•• Prime academic institution in natural sciences inPrime academic institution in natural sciences in•• Prime academic institution in natural sciences in Prime academic institution in natural sciences in 
ChinaChina

•• Prime consultative institution in science andPrime consultative institution in science and•• Prime consultative institution in science and Prime consultative institution in science and 
technologytechnology

•• Comprehensive research and development centerComprehensive research and development center•• Comprehensive research and development center Comprehensive research and development center 
in the natural sciences and highin the natural sciences and high--technology technology 
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Distribution of Distribution of 
InstitutesInstitutes

新疆分院新疆分院
Xi ji B hXi ji B h

中国科学院研究生院
Graduate University of 

CAS

长春分院长春分院
Changchun BranchChangchun Branch

沈阳分院沈阳分院

Xinjiang BranchXinjiang Branch

北京分院北京分院
Beijing BranchBeijing Branch

12  12  BranchesBranches

100 Research institutes100 Research institutes Shenyang BranchShenyang Branch
兰州分院兰州分院
Lanzhou BranchesLanzhou Branches

南京分院南京分院

100 Research institutes100 Research institutes

22 Education unitsEducation units
西安分院西安分院
Xi’an BranchesXi’an Branches

成都分院成都分院
Chengdu BranchesChengdu Branches

上海分院上海分院
Shanghai BranchShanghai Branch

南京分院南京分院
Nanjing BranchNanjing Branch

武汉分院武汉分院

4 4 Supporting unitsSupporting units

Chengdu BranchesChengdu Branches

昆明分院昆明分院
Kunming BranchKunming Branch

武汉分院武汉分院
Wuhan BranchesWuhan Branches3 Botanical Gardens3 Botanical Gardens

广州分院广州分院
Guangzhou BranchGuangzhou Branch

Kunming BranchKunming Branch

中国科学技术大学
University of Science and Hundreds of enterprises

1 1 CAS holdings Co.CAS holdings Co.
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Technology of China
Hundreds of enterprises



zScientific Research

zHigh Technology Development

zEducation and Training

zThink Tank of Science Policies
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� Mission‐orientated,  cross‐disciplinary research in the frontiers of 
science

Basic 
Researchscience

� Integrative Research Based on Major Science Facilities 
Research

� Information Science & Technology

� Photoelectronics & Space Science  High 
� Advanced Energy Technology

� Nanoscience, Advanced Manufacturing & New Materials

Technology

� Health & Medical Science
� Industrial Biotechnology Sustainable 
� Sustainable Agriculture 

� Ecology & Environmental Studies
� R & M i S i

Development 
Related
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� Resources & Marine Science



☺Overview of Chinese Academy of 
Sciences (CAS)Sciences (CAS)
☺Review of Energy R&D  in CAS
☺Nuclear Hybrid Energy System being 
considered 

7



� Technical Institute of Physics 
and Chemistry(IPC)

� Institute of Physics(IPHY)

� Institute of Chemistry(IC) � Institute of Semiconductor(ISEM) � Changchun Institute of Applied 
Chemistry(CIAC)

� Institute of Metal Research(CIAC)
� Institute of Electrical 

Engineering(IEE)

� Institute of Engineering  

� Institute of Process 
Engineering(IPE)

and Chemistry(IPC) � Institute of Metal Research(CIAC)

� Dalian Institute of Chemical  
Physics(DICP)

� Qingdao Institute of Biomass 
Energy and Bioprocess

� Shanxi Institute of Coal 
Chemistry(SXICC)

g g
Thermophysics(IET) Energy and Bioprocess 

Technology(QIBEBT)
� University of Sci.&Tech. of 

China(USTC)
� Institute of Plasma 

Physics(IPP)Physics(IPP)
� Suzhou Institute of Nano-tech 

and Nano-bionics (SINN)
� Shanghai Institute of Technical 

Physics(SITP)
� Shanghai Institute of� Shanghai Institute of 

Ceramics(SIC)

� Institute of Microsystem(SIM)

� Wuhan Institute of Rock 
& Soil Mechanics(IRSM)

� Shanghai Institute of Applied  
Physics(SINAP)

� Shanghai Advanced Research

� Ningbo Institute of Materials 
Tech. and Engi.(NIMTE)

� Fujian Institute of Research on 
Structure of Matter(FIRSM)

� Shanghai Advanced Research 
Institute (SARI)

8� Shenzhen Institute of Advanced 
Technology(SIAT)

� Guangzhou Institute of Energy 
Conversion(GIEC)� Guangzhou Institute of 

Geochemistry(GIG)
� South China Sea Institute 

of  Oceanology(SCISO)



�1 Fossil Energy�1. Fossil Energy
�2. Renewable Energy
�3. Hydrogen Energy and Fuel Cell
�4. Nuclear Energygy
�5. Advanced Energy Resources Power 
�6 Advanced Electric Power Technology�6. Advanced Electric Power Technology

Frontier… R&D… Commercialization…
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Roadmap of Energy R&D



� Coal derived clean fuel and chemicals 
� Coal co-production & IGCC
� Advanced gasification technology
� Advanced combustion technology� Advanced combustion technology
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NaturalNatural gasgas

SyngasSyngas
DieselDiesel
HighcarbonalcoholHighcarbonalcohol

GasificationGasification
Coal FuelFuel

GlycolGlycol

GasolineGasoline
GasificationGasification

MethanolMethanol
FormaldehydeFormaldehyde

OlefinOlefin oror PropylenePropylene

ChemicalsChemicals

MethylMethyl acetateacetate

BenzeneBenzene
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CAS has developed the first generation CTL & CTC technology.  



The DMTO process (DICP Methanol to Olefins) was a proprietary technology 
developed by DICP On 8th August 2010 the first DMTO commercial unit in the world
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developed by DICP. On 8th August,2010, the first DMTO commercial unit in the world, 
with a production capacity of 600,000 tons of lower olefins per year, was proved to be 
completely successful in its first commissioning operation.



�Solar cell
�Solar Photovoltaic System Integration and Control�Solar Photovoltaic System Integration and Control
�Solar thermal power
�Wind
�Biomass
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CIGS Organic a-Si / CdTe

15High-performance concentrator



Dish Stirling Solar Thermal PowerDish Stirling Solar Thermal Power 

16
1 MW Solar Concentrator Power Station 
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Control System of Large-scale Wind Power Generator



5MW biomass gasification power plant in Jiangsu Province
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5MW biomass gasification power plant in Jiangsu Province



Biomass derived liquid fuel

Middle-experiment platform of biomass 
gasified synthetic DME of 100 tons per year

Middle-experiment setup of biomass pyrolysis
liquefaction with a scale of thousand tons

19Middle-experiment setup of biomass diesel of 150 tons per year



�Hydrogen Energy Technology�Hydrogen Energy Technology
�Hydrogen generation
�Hydrogen storage

�Fuel Cell
� PEM Fuel Cell 
� Direct Alcohol Fuel Cell（DAFC）Direct Alcohol Fuel Cell（DAFC）

� Renewable Fuel Cell
S lid O id F l C ll
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� Solid Oxide Fuel Cell 



�Fusion energy�Fusion energy
EAST: The Experimental Advanced Superconducting 
Tokamak (EAST) ProjectTokamak (EAST) Project
commissioning was completed in March 2006. Sept. 2006 First plasma 
discharges 3sec. @200 kA

The Related TechnologyThe Related Technology 
of EAST Project for ITER
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	 After about 52 years CAS would like to engage in the	 After about 52 years, CAS would like to engage in the 
nuclear fission field again and to develop advanced 
nuclear energy.gy

	 Under the approval of the Central Government, CAS 
initiated “Innovation 2020” program and deployed firstinitiated Innovation 2020  program and deployed first 
group of four Strategetic Pioneer Sci.&Tech. Projects in 
the begin of 2011. One of them is “advanced nuclear g
fission energy of tomorrow”, which includes  TMSR and  
ADS. 

	TMSR ---Thorium Molten Salt Reactor Nuclear  
Energy System. 
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l k  h    h   

CONCLUSION –C.Rubia

Unlike other energy sources, China’s reserves 
of Thorium, may ensure the major domestic
energetic supply for many centuries to come.
For instance the whole China’s today For instance the whole China s today 
electricity  (3.2 Trillion kWh/year) could be 
produced during ≈20’000 years by well 
optimized Th reactors and 8,9 million ton of 
Th, a by-product of the China's REE basic 
reserves.

Liquid 
Molten salt

Possible Liquid

Thermal region
Fast region

 2

sodium
Resonance
(super thermal) region

Molten salt Th232/U233
methods

lead

η = 2
only fast neutron
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is suitable to
U238/Pu239



100MWe  Demo.

～2030

～2020

～2015 10MWe  TMSR  E-Demo 
10MWe small module 

2MW TMSR E-Demo
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Source: National Bureau of Statistics of China, BP Statistical Review of World EnergySource: National Bureau of Statistics of China, BP Statistical Review of World Energy



Source: Carbon Dioxide Information Analysis Center (CDIAC)Source: Carbon Dioxide Information Analysis Center (CDIAC)
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China's electricity is produced from fossil fuels (80% from coal, 
2% from oil, 1% from gas in 2006) and hydropower (15%).   
Source:  World Nuclear Association  2010.4.22

�China has 13 nuclear power reactors in commercial 
ti (10 8GW 1 4%) i 2010 24 d t tioperation(10.8GWe, 1.4%) in 2010, 24 under construction 

(25.4GWe).

�Additional reactors are planned, including some of the world's 
most advanced, to give a sixfold increase in nuclear capacity to 
at least 60 GWe or possibly more by 2020(>5%), and then a p y y ( ),
further substantial increase to 200 GWe by 2030.
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Carbon neutral cycle of biomethanol production and uses 

Atmospheric 
CO2

Energy

CH3OH + 3/2 O2

CO2 + 2H2OPhotosynthesis
CO2 + H2O

Fuel uses 

CH3OH + 3/2 O2

O2 + Biomass

Synthetic hydrocarbons and 
th i d t

Gasification

Mixture of gases

H2, CO, CO2

their products

Biomethanol

Methanol synthesis



CO2 Recycling for methanol and synthetic hydrocarbons production 

CO from fossil fuel
Atmospheric 

CO2

CO2 from fossil fuel 
burning power plants 

and industies 

Fuel uses 

CH3OH + 3/2 O2

CO2 + 2H2O

CO2 capture

Methanol synthesis

CO2 + 3H2

CH3OH + H2O
Synthetic hydrocarbons 

and their products

Hydrogen by electrolysis of water 

Electricity obtained from any renewable or atomic energy source 

H2O  H2 + ½ O2



Methanol from fossil fuel resources 

Natural gas
I d t h i CO

Petroleum

Increased atmospheric CO2 
concentration contributing to 

global climate change

Intermediates 

Direct methane

oxidation

Heavy oil Fuel uses

CH3OH + 3/2 O2

CO2 + 2H2O
other than syn-gas

Syn-gas

H2 + CO + CO2
Methanol

y
Tar sands 
Shale oil Chemicals and synthetic 

hydrocarbons and their products

Fuel uses 

Coal

Technologies to be developed 

Using current technology 
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Nuclear energy is a good 
choice of Primary energy 
for hydrogen productiony g p

Hi h ffi i • VHTR AHTR MSR

Stability of  
catalyst efficiency

High efficiency • VHTR，AHTR，MSR，
LFRHigh temperature

• Coolant：Molten SaltStability of temperaturecatalyst efficiency • Coolant：Molten SaltStability of temperature

Charles W. Forsberg . 2004, The Advanced High-Temperature Reactor (AHTR) for Producing Hydrogen to Manufacture Liquid Fuels 



Very high 
temperature 
AHTR‐VT

Intermediate 
temperature 
AHTR‐IT

Thermal power 2400 MW(t) 2400 MW(t)

Electrical power 1300 MW(e) 1145 MW(e)

Number of PCUs 3 3

PCU working fluid Helium Helium

Primary maximum temperature 1000°C 800°C

Intermediate maximum temperature 920°C 770°C

Intermediate minimum temperature 860°C 715°CIntermediate minimum temperature 860 C 715 C

Intermediate flow rate 8.9m3/s 9.7 m3/s

Turbine inlet temperature 900°C 750°C

Compressor inlet temperature 35°C 35°Cp p

PCU pressure 10 MPa 10 MPa

IHX power density [m3/MW(t)] 120 MW(t)/m3 45 MW(t)/m3

Heaters/steam generator/recuperator 
power density

100 MW(t)/m3 

(heater)
82 MW(t)/m3

(heater)

Coolant：LiF-BeF2-ZrF4-NaF-KF-RbF etc. 

power density ( ) ( )

Overall cycle efficiency 0.54 0.48

PCU power density 360 kWh(e)/m3 305 Wh(e)/m3

Structural Materials：High temperature alloy，C/C composite，SiC/SiC composite
Data from ORNL/TM-2004/104. Status of Preconceptual Design of the Advanced High-Temperature Reactor (AHTR)



Hybrid Energy System Based on TMSRy gy y
Primary Energy Source

Chemical Energy 
Conversion EnvironmentsChemicals

H d ti G li dCleaner Coal Hydrogenation 
Processes

Gasoline and 
Chemical

C ea e Coa
( Coal 

Liquefaction ）

Syngas Production

Concentrating Solar 
Power (CSP)

Syngas Production 
via HTE of 
CO2/steam

Hydrogen 
Production

(High Temperature

CO2‐based 
Methanol Synthesis

Molten Salt 
(heat) CCS

MTOMTG

TMSR（Thorium 
Molten Salt Reactor)

Electrolysis)

Hydrogenation 
Processes

Gasoline and 
Chemical



Framework of WBSFramework of WBSFramework of  WBSFramework of  WBS

Dynamical 
Simulation and 

Modeling 

� Analysis and simulation of the 
complex flows and system  g

Nuclear Hybrid 

� Study of fundamentals for 
conversions and utilizations of 
different kinds of energy and

Design of SystemEnergy System different kinds of energy and 
mass

� R&D of hydrogen generation by 

R&D Platform and 
Testing Demo

y g g y
High Temperature Electrolysis

� Solar-Hydrogen system and 
h d d tig hydrogen production

� Safety and economics of system 



----Clean Energy for the Future China  Clean Energy for the Future China  
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Th k f tt tiThanks for your attention. 
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