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I. Chinese Academy of Sciences
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I. Chinese Academy of Sciences

CAS Academic Division Presidium I Administrative Bureaus |

Special Coommlttees . . Research Institutions (105)
 Consultation and Evaluation Committee «[nstitute of Physics

» Enforcement of Scientific Ethic Committee «Institute of Chemistry
o Academic Works and Publications Committee o

oooooo

 Science Popularization and Education Committee cCASISD/CASIPM

Academic Divisions University of CAS |
 Division of Mathematics and Physics USTC
e Division of Chemistry

o Division of Life Sciences and Medicine Information Center / Library I

e Division of Earth Sciences

 Division of Information Technological Sciences Enterprises I

 D1ivision of Technological Sciences




I. Chinese Academy of Sciences

({ Demands from Government ) )

~Aiming at
> One Belt One Road

Taking the task

» Yangzi River Economic Belt

» The Joint Development of

|||\
/

Beijing, Tianjin and Hebei

4 Implementation of 13th Advice > End Poverty Initiative

. . ~2Systematic Layout
National Economic &

g Social Development Y, » Feasibility Analysis




I. Chinese Academy of Sciences

The Kkey fields of Science Advice of Academic Division

S&T Plan Industry Development Policy

National eomprehensi'v‘. S&T Ethics and

Standard 1
andar Independent Risk Assessment

System

S&T Education
and Talents



1. Chinese Academy of Sciences

*The Pilot program of National High-level Think tank in 20135
CAS 1s one of the ten comprehensive think tanks, consists of the
Academic Division (700 academicians) of CAS, the Research
Institutes and Universities of CAS.

*CASISD (Institutes of Science and Development of CAS) has
been established on the basis of CASIPM (Institute of Policy
and Management of CAS) since January 2016.
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Institute of Policy & Management of Chinese Academy of Sciences (now Institute

of Science and Development) pay great attention to international cooperation and

global issues since 1985, and have global partnership in the field of STI policy.




Institutes of Science & Development, CAS

1. Research Center of Academic Disciplinary Studies

e To support Academic Works & Publications Committee of the CASAD

2. Research Center of Scientific Norms and Ethics

* To support the Scientific Ethics Committee of the CASAD.

3. Research Center of Science Publicity and Education

» To support the Science Popularization and Education Committee of the CASAD.

4. Research Center of the Consultation and Support

* To support the Consultation and Evaluation Committee of the CASAD.

5. Center of the Third Party Evaluation

* To support CAS to conduct assessment tasks from the State Council




Institutes of Science & Development, CAS

1. Institute of S&T Development Strategy

2. Institute of Innovation and Development Policy

3. Institute of Sustainable Development Strategy

4. Institute of System Analysis and Management

5. Institute of S&T Strategic Information




Institutes of Science & Development, CAS

OS&T Development
®Innovation Development
®Sustainable Development

Research ®System Analysis and Management

O®S&T Information Research

Capacity

Think

Education Tank

UCAS-SPPM




Il. Evolution of Technology Foresight

L=

Generation First Second Third Fourth Fifth
Focus Technology Technology and | Technology, Distributed Tailored
forecasts Markets markets and actors in approaches in
the social innowvation E.&:] ecosystem
dimension ecosystem
Programime Science and Industry & Thematic, Distributed e iz of
Structure technology Service socio- role in foresight
Sectors economic, innowvation pProgramines
problem- system rather and exercises,
solving than single also
policy distributed
SpOoOnsor AcCross many
sites but in
combination
writh other
elements
of strategic
decision-
making.
Actors Experts Academics and Academics, As for Frd Domain
Industry industry, Gowv | generation experts
&z but widening | working
social scope for | alongside
stakeholders example to stakeholders
regional lewvel and foresight

eXperts.




Il. Evolution of Technology Foresight

Objectives Picking Networking the | Wiring up NIS | Self- Policies and
winners economy organising structures or
NIS - link to | actors within
concepts  of | the STI system
industry or the S&T
ecosystem dimensions of
and open | broader social
innovation or economic
issues.

Evaluation Accuracy of | Take-up of priorities | Involvement As for 3r | Focus on
Criteria prediction and development of | of generation additionality of
and diffusion | networks among | stakeholders but reflecting | foresight in
of results | industry/academia in evaluation | different wider set of
particularly participants and expectations activity in
to non- embedding of | and needs of | sector or

experts a foresight | stakeholders domain.

culture.

Georghiou (2008)



Il. Evolution of Technology Foresight

e Technology foresight in China in broad sense can be
traced to ‘“The 12 Years Planning for Science
Development (1956-1967) issued in 1956”, when over
one thousand top scientists participated in work ranging
from technology selection, priority setting, subject
arrangement, resource distribution, by using a method

similar to a Delphi survey.



Il. Evolution of Technology Foresight

Projects Duration | Organization
National Key Technology Selection 1992~1995 MOST
Technology Forecast of National Key domains 1997~1999 MOST
Technology.Forecl:ast and key technology selection of high and emerging 2002~2003 MOST
technology in China
Technology Foresight towards 2020 in China 2003~2005| CAS/CASIPM
Innovation 2050: Science, technology and future of China 2007~2009 CAS
Technology Forecast for the 13th National S&T Plan 2013~2015 MOST
CASTED

: : : . : CAE

Strategic Studies on Engineering Technology of China towards 2035 2014~2016 NSEC

Regional level foresight activities in Shanghai, etc.




Il. Evolution of Technology Foresight

National level foresight activities:

»CASTED of MOST 10 years

» CASIPM of CAS 15-20 years
»CAS 30-40 years
»CAE 20 year

Regional level foresight activities:

Shanghai, Guangdong, Jiangsu 5-10 years



I11. Technology Foresight for Policymaking in China

W Technology Foresight toward 2020 in China

International Comparison
of the Technology
Foresight Activities

\ 4

Short-term Technology Feasibility Study of Long-term Technology
Forecasting Technology Foresight Foresight based on
(within S years) towards 2020 in China Delphi Survey

A 4

Scheme for Technology
Foresight towards 2020 in
China

\ 4

A 4

/Scheme

Simulation

UOISTAIY dWAYIS




Technology Foresight toward 2020 in China

Scenario Building

Globalization Industrialization
Society Society
Information Society Urbanization Society
Consumption Society Recycling Society
\ Yy v \
Visions of China in 2020

Technology Demand in the Comprehensive Well-off Society
Innovation Driven-country



Technology Foresight toward 2020 in China

The Scenario Building: identification for national demand for science and technology

Preparing
Stage

Implementing
Stage

Making Selecting Choosing
Scheme Participants Topics
Questionnaires The first -round The second
Compiling survey round survey

Selecting &
Tracking
Methods

'

L

Statistics and
Analyses

Selecting Critical Making Related
Technologies Policies

/'
\

International Comparison

Forecasting,

Data-mining

'

Comparing the
Results of Forecasting
and Delphi Survey




Delphi survey

(8 helds, 737

and Electronics lT'echnology
(12 sub-ficlds, 151 wopics)

® Compuler
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imtelligent disposc

® Sollware

® Communicalion technology

® Rio-Informatics
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and MENMS
IMisplay and store of information
Infermation retwrieval and sensors
Netwaork

Broadcast and television
Apphcations ot 1T

Information & Communication

L 4
®
-
® Sccurily technology of information
L
L J

Advanced Manufacturing
technology
(9 sub-fields, 90 topics)

® Scnsor & detection

® Robot & intelligent control

® Autoimmunization of process
industry

® (Green manufacrare

® Bio-technology for
Manufacturing

® [Design and manufacrure in
digitization

® DNlicro-Nanofabrication

® Advanced processing &
cquipmant

® Nanuflacluring modes &
intcgration manufacturing system

Energy Technology
{6 sub-fields, 72 topics)

® Coal, petrolecum and
natural gas

Renewable Encrgy
Nuclear energy
Electric power
Hydrogen energy
Hear energy and
mechanical energy

Resources & Environment

‘ Technology
{7 sub-fields. 82 topics)

ID1saster Prevenuon and

Mitigation

Selid NMineral Resource
Marne resources
Enviranment

Fcology
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Weather and Chimate

Matcral S&T
{6 sub-fields, 86 tapics}

® MNacromolecule
materials
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materials

® Nano malenals

Chemistry &
Chcmical
Technologies
{7 sub-ficlds. 82 topics)

® Svstem design of
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detection and test

® (Chemical marerials and
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® | nyvironment and
security

® ‘| ransformarnion and
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® Biomedicines and
healthcares

Bio-tech & Medicine
(8 sub-ficlds, 1G1 opics)

® Platform technology

® Nleasurement [or bio-
technique & bionimernic
technology

® The process technology of
biology catalyze & transform
® Agriculture &
envircnment

® Prevention & themapy
discasc

® Discover & development
ol new medicines

® Stem-cell & regenerarive
medicine

® Cognition & human
behavior science

Spacc Technology
(7 sub-fields. 82 1opics)

® Spacce exploration of
planel in solar sy slem

® Platforms of spacecrafts
® Space communication
® Global navigation &
position svstem

® Astronomy observation
® Space launchers

® NMlanned spaceflight




Technology Foresight toward 2020 in China

Significance: Economic Development, Life Quality, National Security
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Space Science and Technology Foresight
Current research capability of China V.S. International top level
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Impact

Foresight has no systematic and direct arrangement for supporting
STI policymaking before 2012.

Deliverables to Policymakers

Publications/books to the public: Technology Foresight of China towards
2020; Technology Foresight of China towards 2020 (Continued);Technology
Foresight Report 2005; Technology Foresight Report 2008

Individual policymaking evolvements such as 11" FYP in
CAS/NDRC

New project: Innovation 2030: Roadmap for Development

Foresight Special Commission of China Association for Science of
Sciences and S&T Policy, Annual Conference on Technology
Foresight since 2002 P20



)" S&T

Development

IPR & Tech. standard
& tech. certification

Process & engineering

Engineering S&T.
Industrial Tech.

Infrastructure/platform

Frontier Technology

A

Three Dimension of the 12rd
Innovation Capacity Building

FYP for

Economic
- Development

Basic Research Modern Agriculture Manufacturing
Strategic Emerging Ind. Service Industries
Education
Health&Medical
/ Public Security
Transportation Resources
— _ allocation & Platform

Living/Housing Management Infrastructure

/

Movable Internet

Social Development

Institution
Environment
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I11. Technology Foresight for Policymaking in China

CAS released the report “S&T in China: A Road
Map to 2050”, including: “Innovation 2050: the
S&T Revolution and China’s Future” and 18
S&T Fields Roadmap focusing on 8 basic and
strategic systems for social & economic

development ” in 2009.



S&T in China: A Road Map to 2050

8 basic and strategic systems

Sustainable Energy and Resources

Advanced Materials and Smart Green Manufacturing
Ubiquitous Information Networking

Ecological, High-value Agriculture & Bi-industry
Generalized Preferential Health Assurance

Ecological, Environmental Conservation & Development
Space and Ocean Exploration Capability

X NN

National and Public Security



S&T in China: A Road Map to 2050

18 Research Field Roadmap Report

* Energy *Regional Development

« Water Resource *Space

* Mineral Resources *Information Technology

* Marine *Advanced Manufacturing
e Oil and Gas *Advanced Materials

* Population & Health *Nanometer Technology

« Agriculture *Scientific Equipment

* Ecological Environment *Notable Intercross Science

* Biomass *National Security & Public Security



I11. Technology Foresight for Policymaking in China

Innovation 2030: Roadmap for Development

Innovation is a complex process of value creation,

including: scientific value, technological value, economic value
and the social value, and even cultural value, concerning
activities of scientific discovery, technological invention,
methodological innovation, and their commercial applications

as well as social diffusion.
P30



Framework for National
Innovative Development

Roadmap for National
Innovation Policy

—_—

Roadmap for Technology Roadmap for Industrial
Development Innovation Development

(i |

2030 World Scenario for 2030 China Scenario/vision for
Innovation Development Innovation Development

N ~

7

Monitoring System of Driving System of
National Innovation National Innovation
Development | Development

Case System: Innovation
Development in
Developed Countries




Delphi Surveys of Key S&T Domains

» Two rounds of large scale Delphi surveys;

» Figure out the most important technology fields and topics for innovation

development towards 2030 1in China;

» Identify key factors to develop and commercialize these technologies

~

Advanced
Energy Tech.

Advance

ICT Tech.
Material Tech.

Advanced Modern Health Care

Tech.

Manufacturing Agriculture
Tech. Tech.

Oceanic S&T

Ecology &
Environmental Space S&T
\ Tech.

/




2 Methodology

[iterature review

[ previous preparation J

Bibliometrics [ | .
. Expert Group prehmmgry tech.
Scenario workshops & - ] [ topic J
. . Tecti £ hl ics. desi £ Develop survey system
TeChnlcal tOplCS selection o ’Fec .ntoplcs, lesign o ‘ " Traditional system
— Online system
' |
Delphi survey ‘ C :
. e . First round survey =
Statistical analysis i /
( Statistical analysis \ Expert workshops
Expert panels \ -
[ Second round survey

Brain-storming \ |

Il
TeChnOI()gy rOadmap [ Survey result reports ]




2 Methodology

e Literature review

 Bibliometrics

e Scenario WOI‘kShOpS Adapted from the Recommended by Recommended by
previous foresight the expert group other participants

* Technical topics

 Delphi survey ‘

 Statistical analysis

communicate confirm

« Expert panels !

 Brain-storming Database of Delphi Survey Participants

* Technology roadmap



I11. Technology Foresight for Policymaking in China

China-Japan-Korea Joint Research on
Renewable Technology Foresight 2030

Scenario analysis to 2030
Step1: Identification of key drivers

Step2: Mapping the causal relationship among key ingredients
Step3: Selecting and building scenarios

Step4: Description of scenarios




Stepl: Identification of key drivers

Based on the Delphi survey

Three key drivers:

1. Breakthrough of renewable energy techs
2. Growing ecological awareness

3. National energy pricing



Step2: Overall causal relationship among key ingredients

PP: environméntal
regulation (84%)

\

\

\
\

PP: finaitcial .. — =

incentives (87%)

PC: optimal u,ée of

| PF: Promoting factors
: PP: Public policies

\ PC: Positive contribution
| CT: Critical technologies
' NI: Negative impacts

| KD: Key Drivers

P ~
~

KD: growing eCﬂl/ogical ‘ AN
awareness ;3 1%) \

I
\

\

|
|

/

KD: pa?:iona}\energy KD; breakthrough of
pricing (31%6), - rene€wable energy techs
h 1’ (62%)
S < v
N
\
\
\ \
I CT: ? (x%) 1\
/ PE- ﬁ PF: busme s \\ /"
7/ co sumer model (66% /
~ acceptance\(SO% \\ CT:? 9&%)
\
/
/7 AN
\ NI h1 h running
| ’ cost (60%
\ / NI: land-use\conflict
\\ PC: re/duction of (47%)" .
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Step3: Selecting and building scenarios

Technology
dey~""~ment

’ % Weak

Strong

{ Scenario |

* Scenarid ‘ Optimal for

Breakthrough €akthrough
; % Weak Strong N
i Scenario ! t Scenario
_____ A : = Optimal jor
Breakthrough Breakthrough |  Lecgewable industry
No breakthrough
% ________ I ..No breakthrough
Strong Ecological
i Scenario ﬂeak - Scenario | Ecological
awareness
A 177 things as / ) }’oltcy-based
_ d | theyvare | dependence
No brealﬁhrough No breakthrough
""""""" / /
Scenario } Scenario |
" 4 Weak Strong

Positive cycle




 Step3: Selecting scenarios

Breakthrough Low Strong Best Optimal for
country
Optimal for
Breakthrough High Strong Better renewable
industry
o SR D LES High Strong Moderate Positive cycle
No breakthrough Low Strong Worse Policy-based
dependence
No breakthrough Low Weak Worst Take things as

they are.




Step3: Hierarchical relationship of selected five scenarios

Optimal for
renewable

Policy-
based

Take things
as they are.

de_pendence

Positive
cycle

Optimal for
country

S




Step4 Best scenario: Optimal for country

Description of scenarios Policy Preference

The renewable energy technology has got| Continually increase the
breakthrough. However, the price of renewable energy is | investment in the research and
still higher than that of the fossil energy. Promoted by the |development of critical
strong ecological awareness, the development of | technology as well as industrial

renewable energy markets is relatively active. development, enhance the price
advantage of renewable energy,

and expand renewable energy
market share.

The utilization cost of fossil energy with major share is
lower which leads the overall cost of the country
development to being low, and brings the optimal
development of country. In this scenario, the government
plays the role of guidance and supervision.




Step4 Better scenario: Optimal scenario for renewable industry

Description of scenarios

Policy Preference

The renewable energy technology bas got breakthrough. The
cost price of renewable energy is significantly lower than that of
fossil energy, and the market is more active, which usually
attracts more private capital.

Coupled with the strong ecological awareness, the technology,
market and society present the development force for
renewable energy. In this scenario, the additional financial
subsidies are not necessary, and the renewable industry
development is in the optimal scenario. But the overall
development cost of the country is higher due to the higher
utilization cost of fossil energy with major share.

Promote the transfer and
application of the
renewable technology,
increase the investment
in the renewable energy
industry to enhance its
share in the entire energy
industry.




II1. Technology Foresight for Policymaking in China

Technology Forecast for 13t" FYP for National S&T &l

Information Technology, Biotechnology, New materials, Advanced
manufacturing, Energy, Resources and environment, Earth
13 Fields observation and navigation, Agriculture, Modern transportation,
- (12+1) Marine, Population and health, Public security, Urbanization

Leading group Overall research group  Fields research group

Evaluation —  Foresight — Selection

OUnderstanding the current technology level
Oldentifying key technologies for S&E Dev. in next 5-10 years
OProviding the advice for national key technology selection

OChina’ s report of technology competitiveness evaluation
OChina’ s report of technology foresight
OChina’ s report of national critical technology
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Technology Forecast for 13t" FYP for National S&T &l

Characteristics of Technologies

Technology Realization Time
Cost Estimates

®Delphi Survey & D Approach
Source of R & D Funding
Cross-cutting Situation
Patent Restrict

Target



Technology Forecast for 13t" FYP for National S&T &l

® Key Technology Selection
Step 6: Finally Pick out 100 technologies

Step S: Selected 280 technologies

Step 4: Measured and chose 428 technologies

Step 3: Adjusting to 1737 technologies

Stepl: Collecting more than10000 technologies



®Key Technology Selection (fields level)

Characteristics of Technologies

) Importance R & D Level | Patent Restrict Technology
Technology Title Composite Index index Index Type ey
0801001 91 79 29 Foundation Technology Ahead
0801002 94 75 47 Foundation Technology Parallel
0801003 94 76 33 Foundation Technology Parallel
0801004 98 75 33 Fublic Welfare Parallel
Technology
0801005 89 90 23 Public Welfare Ahead
Technology
0801006 95 75 58 Foundation Technology Parallel
0801007 88 78 29 Foundation Technology Ahead
0801008 94 68 33 Foundation Technology Parallel




Principles for Selecting Key Technology

Definition of Key Technology: Core Technologies which play
decisive and fundamental role to economic development ,
ecological civilization construction, national defense and living

hood improvement.
1. Principles:

« Scientific: Should be the key frontier of the global science area or the core
technology of the global competition.
« Advanced: China can be the leading role

e Significant: Significant and unique role on economy development,
ecological civilization, living hood improvement.

——For economy development(30 billion,50 billion,100 billion)
——For Social benefit (100 million,500million,1billion)

——For Ecology Improvement (Water safety, Air pollution, Ecology
reconstruction

 Realizable: Can be developed or industrialized in 10 years.
2. Methods: Expert panel meeting.



Conclusion 1 Since 2006, the gap in S&T
between China and advanced countries has
been narrowing in general.

Conclusion 2 In terms of technological level,
China leads in 17% of technologies, while
31% of technologies takes the parallel
position, 52% of technologies remain in the
following phase.

Conclusion 3 China’s technological level is
about 68.4% of that of the U.S. in general.
Conclusion 4 In terms of the capability of
transforming basic research achievements
into advanced technologies, China lags
behind the developed countries such as the
U.S., Japan, and Germany.

AR
195, 17
%
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599, 52 /#1TT§7K
355, 31
%
%
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Conclusion Remarks

The Outline of the 13" FYP for National E&S

Development (2016-2020) raised five Development Concepts.

Innovative Development
Coordinated Development
Green Development

Open Development
Sharing Development

5 developments

P51






