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Chinese Academy of Sciences (CAS)
was founded on Nov. 1, 1949

Prime academic institution in natural sciences In

China
Prime consultative institution in science and
technology

Comprehensive research and development center
In the natural sciences and high-technology
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Distribution of
Institutes

Hundreds of enterprises
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CAS Missions

e Scientific Research
e High Technology Development
e Education and Training

e Think Tank of Science Policies
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CHINESE ACADEMY OF SC1TESUES

I Sectors of R&D Innovation

<> Mission-orientated, cross-disciplinary research in the frontiers of Basic

science Research
< Integrative Research Based on Major Science Facilities

<> Information Science & Technology
<> Photoelectronics & Space Science
<> Advanced Energy Technology

<> Nanoscience, Advanced Manufacturing & New Materials

<> Health & Medical Science
<> Industrial Biotechnology

Sustainable
<> Sustainable Agriculture Development
<> Ecology & Environmental Studies Related

< Resources & Marine Science
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CAS related Institutes in Energy R&D" "

B Binstitute of Chemistry(IC) B Institute of Semiconductor(ISEM) B Changchun Institute of Applied
Chemistry(CIAC)

B |[nstitute of Metal Research(CIAC)

B Technical Institute of Physics
and Chemistry(IPC)

W ' [nstitute of Physics(IPHY)

B |nstitute of Electrical

Engineering(IEE)
B Dalian Institute of Chemical

Physics(DICP)

B Qingdao Institute of Biomass
Energy and Bioprocess
Technology(QIBEBT)

B University of Sci.&Tech. of

China(USTC)

B |[nstitute of Plasma
Physics(IPP)

B Suzhou Institute of Nano-tech
and Nano-bionics (SINN)

B Shanghai Institute of Technical
Physics(SITP)

B Shanghai Institute of
Ceramics(SIC)

B Shanghai Institute of Applied
Physics(SINAP)

B |[nstitute of Microsystem(SIM)

B [nstitute of Process
Engineering(IPE)

B [nstitute of Engineering
Thermophysics(IET)

B Shanxi Institute of Coal
Chemistry(SXICC)

B Wuhan Institute of Rock
& Soil Mechanics(IRSM)

B Shanghai Advanced Research

Institute (SARI)
B Ningbo Institute of Materials

Tech. and Engi.(NIMTE)

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

B Guangzhou Institute of Energy

| .
W South China Sea INStiute Conversion(GIEC)

B Guangzhou Institute of
Geochemistry(GIG)

of Oceanology(SCISO) Shenzhen Institute of Advanced 8
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Fields of Energy R&D in CAS

ml. Fossil Energy

2. Renewable Energy

n3. Hydrogen Energy and Fuel Cell
4. Nuclear Energy

5. Advanced Energy Resources Power

6. Advanced Electric Power Technology

Frontier... R&D... Commercialization...

H En —

Roadmap of Energy R&D
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< Coal derived clean fuel and chemicals
< Coal co-production & IGCC

< Advanced gasification technology

< Advanced combustion technology
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CHINESE ACADEMY OF SC1TESUES

Coal Derived Clean Fuel and Chemicals

— Natural gas

Diesel
Syngas g Highcarbonalcohol

Coa

Gasificatio :
Gasoline

Glycol

' g Olefin or Propylene
Methanol > :
Formaldehyde Chemicals

Benzene

Methyl acetate
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CHINESE ACADEMY OF SC1TESUES

Coal Derived Clean Fuel and Chemicals

Typical CTL/CTC Demos

CAS has developed the first generation CTL & CTC technology.

0
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CHINESE ACADEMY OF SC1TESUES
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The DI\/ITO process (DICP Methanol to Oleflns) was a proprietary technology
developed by DICP On 8t August,2010, the first DMTO commercial unit in the world,
city of 600,000 tons of lower oIeflns per year, was proved to be
its first commissionin

completely successful i
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mSolar cell

mSolar Photovoltaic System Integration and Control

mSolar thermal power
=\Wind

mBiomass




High-performance congentrator Dye-sensitized Solar cell: 640cmX180cm
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Solar Thermal Power —

Dish Stirling Solar Thermal Power

1 MW Solar Concentrator Power Station




Wind Energy

Control System of Large-scale Wind Power Generator

O




5MW biomass gasification power plant in Jiangsu Province

00O
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Blomass aerlvea liquid fuel

Middle-experiment platform of biomass Middle-experiment setup of biomass pyrolysis
gasified synthetic DME of 100 tons per year liguefaction with a scale of thousand tons
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\. Middle-experiment setup of biomass diesel of 150 tons per year
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mHydrogen Energy Technology

mHydrogen generation

mHydrogen storage

nFuel Cell
m PEM Fuel Cell
m Direct Alcohol Fuel Cell (DAFC)
m Renewable Fuel Cell
m Solid Oxide Fuel Cell
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mFusion energy

EAST: The Experimental Advanced Superconducting
Tokamak (EAST) Project

commissioning was completed in March 2006. Sept. 2006 First plasma
discharges 3sec. @200 kA

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

nuclear energy.

Under the approval of the Central Government, CAS
Initiated “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
fission energy of tomorrow”, which includes TMSR and
ADS.

LATMSR ---Thorium Molten Salt Reactor Nuclear
Energy System.
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CHINESE ACADEMY OF SC1TESUES

®

About

/ 2 \ “/\J\/ | ¥

l'horium

India’s thorium reserves stimulate its
thorium power development.

India has little
uranium, which

CONCLUSION -C.Rubia
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2E18100MWe Demo

|-

10MWe small module

~2( YOMWe TMSR E-Demo

2MW TMSR E-Demo

\ 2




Outline & taALm

© Overview of Chinese Academy of
Sciences (CAS)

© Review of Energy R&D in CAS

Nuclear Hybrid Energy System being
considered




@ *@ﬂém

CHINESE ACADEMY OF SC1TESUES

China En ergy Production, Consumpf
China Energy Production 2009 China Energy Consumption 2009
ail
17.9%

(Gas

4.1% 3.9%

8.7%

7.8%

World Energy Production 2009 World Energy Consumption 2009

Gds Nc:njl
|

Source: National Bureau of Statistics of China, BP Statistical Review of World Energy
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World Top 10 Countries of CO, Emission in 2009
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m CO2 Emission (Billion Metric Tons)
CO2 Emission per Capita (Metric Tons)

Source: Carbon Dioxide Information Analysis Center (CDIAC)
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Figure 3. Share of nuclear power in total electricity, 2009 (%)
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Source: |AEA PRIS.

Hote: Lithuania clozed its only nuclear plant at the end of 2009 and now has no nuclear capacity.
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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

mChina has 13 nuclear power reactors in commercial
operation(10.8GWe, 1.4%) in 2010, 24 under construction
(25.4GWe).

mAdditional 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
further substantial increase to 200 GWe by 2030.
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Renewable Energy — Solar

Solar Resource in China (MJ/m2.annual)

=250 (¥ High)
7550
5850
5000

=41580 ({& Low)
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_ocalized Energy Resource in 13
Northwest &Yellow Rievr Northeast&Southmiddle
Coal, Solar&Windy Energy Coal & Biomass Energy

K ?Cm
Wind plantCCS
Coatplant
CcCsS

Solar power plant

Hydro plant

-0al plant

Southwest & Yangzi River
Coal, Biomass&Hydropower
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CTL/CTC + Power Generation

CO,
CSP/N uclear—ﬂssisty "hntﬂ—Biﬂ—assisted

CO/Syngas or methanol Algae/Biomass refinery

» Nuclear-assisted Hybrid Energy System
» Photo-assisted CO, Biochemical Fixation
»Solar/CSP-assisted Carbon Recycle Sytem

00O




Photosynthesis

O, + Biomass

Gasification

\ Methanol synthesis




om any renewable or atomic energy source
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Methanol from fossil fuel resources

Direct methane

Natural gas ﬁ

oxidation
Petroleum Intermediates
other than syn-gas CO, + 2H,0
CH,OH +3/2 O,
Heavy oil Syr-gas Fuel uses
Tar sands Methanol
H, + CO + CO, Chemicals and synthetic

I Technologies to be developed

EEEE  Using current technology
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Fossil fuels

Natural gas %

Petroleum

Increased atmospheric

552

Tar sands
Shale oil

ources of hydrogen today

H, + CO + CO,

} Water e|ectro|y5|s

H2+1/zO2

water dissociation

sources of hydrogen in the future

Different routes for

hydrogen production

0000000
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Candidate for Gen |V nuclear energy system

Coola
nt

Temperature(

)

Cycle
way

Application ‘ Required R&D

Very High Electricity/hydrogen .
Temperature IThE"TE He 900-1000 gﬁgh production/thermal E‘;glr:]g ";ﬁtﬁgh -
Reactor(VHTR) disposal
Super Critical Once- - )

Therma Electricity/hydrogen Material, thermal
g?:t::RF;ea:tur |/East H20 | 510-625 gﬂ;ngw production R e
Gas-cooled Fast Electricity/hydrogen ]

: .S Fuel, matenal,

F;:;t]or Fast He 850 Closed Er:dsmu{:ttruggic;unl:mm thermal hydraulic design
Lead-cooled Fast e
Reactor Fast Lead |480-800 Closed city/ydrogen Fuel, material
(LFR) production
S Sodiu Electricity/Actinium | Selection of advanced
r;:;reactnr Fast m 250 (sed waste treatment recycle system, fuel
Molten Salt Electricity/hydrogen _
Reactor Therma | Molte | ;00 060 | dosed | product/Actinium F”":' g
(MSR) I/Fast n salt ey g material, reliability

-
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Demand of Heat by Hydrogen Production™

1000

800

2 i — . B75°C
o [ ~545°C - - - o o
2 =~ ﬁglﬁiﬁa&;gmim} = A2
3 LMFBR - — —= |
= 400 (Super Phenix) AGR j"" T
: @ A9C {Hinkley Point B} ==
Nuc_lear energy Is a good ——— -
choice of Primary energy 2001 (Point Beach) -
for hydrogen production —_
0
Inlet Qutlet
Delivered Heat
p.  VHTR, AHTR, MSR,
LFR
@  Coolant: Molten Salt

Charles W. Forsberg . 2004, The Adbanced High-Temperature Reactor (AHTR) for Producing Hydrogen to Manufacture Liquid Fuels
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) H H ~ . ———— Coolant Pump Motor Very high Intermediate
| | temperature temperature
AHTR-VT AHTR-IT

Elev.00 m — . — Reactor Head Thermal power 2400 MW(t) 2400 MW(t)
'%E« Floor Siab Electrical power 1300 MW(e) 1145 MW(e)

Elev - - ~ v Cooling i
— ‘_;::- {::m_, Cooling Channeis Number Of PCUS 3
g - Cavity Liner
- i — Cavity Cooling Baffie Helium
":'-:;l'-hon zaker 800" C
Control Rod Drives o
- 770° C
Elev.-9.7m =— Guard Vessel
Reactor Vessel o
actor Ves 715" C

— Graphite Liner

Outer Reflector 9.7 m3/s
Reactor Core

750° C

— Inner Reflector

35° C

ey, =182 1 —E‘?;
Elev.-19.2m=£8 PCU pressure 10 MPa
Eiov 29 4m IHX power density [m3/MW(t)] 45 MW(t)/m3

Heaters/steam generator/recuperator | 100 MW(t)/m?3 82 MW(t)/m3
power density (heater) (heater)

Overall cycle efficiency 0.48

Fig. 2.6. Elevation view of AHTR core, vessels, and internals.

PCU power density 305 Wh(e)/m3
Coolant: LiF-BeF2-ZrF4-NaF-KF-RbF etc.

Structural Materials: High temperature alloy, C/C composite, SiC/SiC composite

Data from ORNL/TM-20Q4/104. Status of Preconceptual Design of the Advanced High-Temperature Reactor (AHTR)
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Chemical Energy

== =Primary Energy Source ‘ Conversion ‘ Chemicals “ Environments

Cleeier Cosl Hydrogenation Gasoline and
( Coal .
: : Processes Chemical

Liguefaction )

O TR PN TT : A
. Syngas Production

............... TIT CILLLLLLLLD via HTE of

concentrating solar : ----------- .--f: --------------- COZ/Steam
Power (CSP) : \ A :
: Hydrogen A \ 4

Molten Salt Production CO,-based

(heat) 19 (High Temperature 9[ Methanzol Synthesis k ces

TMSR (Thorium \__ Flectrolysis) ‘1'

[ MTG ][ MTO ]
Hydrogenation Gasoline and
Processes Chemical

Molten Salt Reactor)
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‘Dynamical S Analysis and simulation of the
- S“nl\;éa(i‘]’;gnd J" complex flows and system
I ¢ Study of fundamentals for
o . conversions and utilizations of
Nuclear Hybrid . .
R _ different kinds of energy and
nergy System  J | Design of System —
mass
I " | ¢ R&D of hydrogen generation by

High Temperature Electrolysis

- R8;D I?latfgrm and T % Solar-Hydrogen system and
i .
e hydrogen production

< Safety and economics of system
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--Clean Energy for the Future China
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. Air — nitorge ;" diesel :{311&1[111}.’Ilk (2.49mi) ( 200kt )

: i f Coal fol Power i
: (960Kt ) I*D{Lmlﬁ
= J
L] x n [ ]
« Coal Svngas ( 300kt ) SNGILPG .

Sl (2mt T Wax & Oil fp (135mM/60kt 3

) (200Kt ) )

(CO.CH,)

" Nuclear E o H, mpmethanoliolefins 4uCO;, =p  Algae s
P (00MW) (60% E) (L60mt350kt) (223mt  (L10mi):
Lu'an low Carbon CTL Polvgen Park S EErEEEEEEEEEEEEEEEEsEEEEEEEEEEEEEEEEEEEEs Jussnananananss -

coal ming, power generation, gasification, FTS,

urea and IGCC, and 1/3 CO, has been reduced Case Study:coal ro gas & chemicals along with
at the moment. either nuclear power or CO, algae.
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Thanks for your attention.




