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I. What 1s the Performance of Government
Scientific Research Institutions

Government scientific research
nstitutions

ent research institutions refer to non-university public sector research
organizations that conduct scientific research to achieve national goals or
government missions. They are scientific research organizations that are either
owned by the government. or not owned by the government but largely funded by
the government and are subject to certain control or supervision by the
govermment.

Organizational
characteristics of
government research
institutions

The govemment use the

to implement supervisionand
nana; for scientific h

instifutions, so that the government's

scientific investment can get the

magimum refums




J—9<ay THRESE
JST/CRDS : hEHFEEMESHENE (TEEHOAKNHEREE

I. What is the Performance of Scientific
Research Institutions

performance o ernment scientific

Performance of government scientific research institutions is organizational-level
performance that is closely related to its mission objectives. It can be defined the level
and capacity by which a scientific research institution effectively use the public
resources and conduct scientific research activities consistent with this institution's

of performance of
ientific research

#  Taking mission of conducting public scientific research as the main performance evaluation
standard
»  Adopting "objectives - outcome model”

~  including both direct outputs and mid- and long-term outcomes

II. Purposes and Functions of Performance
Evaluation of Scientific Research Institutions

»  Accountability and transparency: identifying and measuring all outputs and outcomes by
professional evaluation is instrumental to the government departments or funders understanding
the ability and level of scientific research institutions in fulfilling their missions.

Y

Diagnostics: discovering problems and shortcomings by expert assessment, which can be used
as the basis for improvement

» Improvement: Promoting systematical improvement of organizational performance in terms of
scientific research quality, productivity and management, addressing crucial management issues
and constraints, so that the future development is solid and more effective

» Resource allocation optimization: Performance evaluation helps scientific research institutions
to scientifically set strategic goals and rationally allocate resources. At the same time. the
evaluation results can serve as a reference for government authorities to provide follow-up
budget appropriation for research institutions. Therefore, the appropriation made by the
government to scientific and research institutions can be more scientific and effective
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[II. Challenges in Performance Evaluation of
Scientific Research Institutions

Multidimensional

construction of performance
Heterogeneous in organizational size,
tvpe and nature, etc

The complexity of scientific research

ST 5 Great difficulties and challenges in
ctivifi d the unpredictability of % 3
?E_S;Ex;lsr::‘mse ® “ the implementation of perfarmance

‘evaluation of scientific research

‘institutions, which requires

theoretical research and practical
diversified forms of research results espisstian:

Uncertamty in the evaluation (suchas the
integrity and error of the information. the
limitations of the evaliator's understanding,

E | Y,
e

IV. Exploring Performance Evaluation Framework

=
0

B
o
g2
« US:Federal Laboratory 2B
+ Japan: National R&D g2
Tnstitutions £o
«  Germany: Max Planck . = E
Society =&
+ UK: Institutes of & ;
Biotechnology and E_g
Biological Sciences 52
Research Council ==
E o
i =
g5

Feedback and
evaluation results
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IV. Exploring Performance Evaluation Framework

The components of the performance evahation framework of
government scientific research mstitutions

Who evaluate Evaluation Evaluate what How to evahiate Value-added

process effect of
evaluation

IV. Exploring Performance Evaluation Framework

Evaluation Principles .

Classification and differentiation evaluation: .

Adoption of different evaluation criteria and
methods according to the nature of activities of

scientific researchinstifutions (baseresearch. = -~ " " - T oS oo sosssssssssoooss
applied research etc.) is the main idea of Mission-oriented outcome evahiation: National
classification and differentiation evalation research nstitutions are given a clear mission by

government departments. Therefore, mission-
oriented orientation has become an important
criteria of performance evaluation of government
Developmental evaluation- The purpose of scientficdeatchinsmminge,

evaluation is to promote the improvement and
development of scientific research institutions

Combination of qualitative and quantitative
metheds: Quantitative indicators can not fully

2 o s > present research and development results. and
Cacoeihl evahatont experts ' combination with qualitative expert evaluation is

o agree on evaluation :111':;3, me{hocis and more suitable for performance evaluation of
techniques: evahation results should be reflected scientific research institutions

in policy formulation and project management in

scientific research mstitutions S
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IV. Exploring Performance Evaluation Framework

Evalation organizations and Ex

Internationally. the performance evaluation of research mstitutions in various countries is generally carried out on a
regular basis m a fixed period. but it is alse carried out regularly in some cases. The ation on a regular basis
is carried out mainly in every 2-5 years or evenlonger. depending on the unified arrangement of the higher
authorities and the conditions of the research mstitutions themselves. Evaluation procedures are as follows:

Visiting Group™ On-site visit
mstitutions:

research
Participate in seminars. and i
iferviws department heads i
‘management personmel, departments for
scientific research personnel feedback
efc.
Review relevant Prepare evaluation report:
materials Evaluation experts
provided by repeatedly discuss and
research communicate with the
instintions, etc. relevant personnel of

10
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IV. Exploring Performance Evaluation Framework

Evaluation Criteria and Fndicators

R&D process in research institutions

" R Outpots Outeomes L
| > Reseachamé—| CRRE b ooes —> Ghateon .

| Fooh development i ~ Todustey et
| D Infrsstmenye - Scientific - New technolosiss/ - i - Advancamentof :
! - Equipments products institutions inowledes i
i =+ Techulosy - Dublie sarvicas - NGOs.ate - Provisionofpublic goods 3
; heveloncoat - Ete. andsarvices !
: - Tasting - Impactand contribution !
: to tndustry and scononmy 1
i - spin-off companizs ]
! - Disseminaticn ofnew '
P Lenovw 3
| - Cultivationof talents H
; - Ete. !
! Operations moritosing and ;
| Planninzg feadback Strateric objective i
i ~ "
i ;
- . s j

.

IV. Exploring Performance Evaluation Framework

Evaluation Criterta and Indicators

g

Research results, quality of

Taking projects as

the main assessment research types and fields.

2 tesearch, relevance of 5
lfect, "mdrelat d govermnment scientific goals, [hﬂerm fypes Of{eseamh |
m::%zmmg o i i talents, cooperation with other institutions have Mﬂm
P research institutions or performance evaluation

the aspects ofinput,
output, outcomes,
management, etc.

universities, prospects of research
fields, knowledge or technology
transfer, user satisfaction,, the
sufficiency of equipment,
facilities and human resources,
scientific research management.
efc.

e

11

criteria and indicators. and
should be selected according
to the characteristics . types
and organizational |
\complexity of the eva}uah;{
institutions.
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IV. Exploring Performance Evaluation Framework

Ev! !!Imn methods should be based on evaluation targets and available resources: before

selecting evaluation methods, the nature of research mstitution and availability of

evaluation resources should be fully understood to avoid the disconnection between
theoretical evaluation methods and practical application

Evaluation methods should have validity: internal v: (causality), statistical
conclusion validity (authenticity of stanstical hypoth external validity
P ' (generality) and structural validity (appropriateness of measured object)

evaluation, it is usually recommended to reuse the method usedin
previous evaluation to new evaluation activity at an appropriate time in the

o Evaluation methods must be reusable; in order to obtain amere complete
firure

Evaluah:m metheds should focus on the final outcomes rather than on the

implementation: failures of evaluation activities are largely dueto
failmg to focus on final outcomes, or failing to separate valuable results
from the specific implementation of these results

Evaluation methods should have comparability: when cm:pzxable criteria fn
eua]uamm_ decision makers can more effectively uﬁ'

IV. Exploring Performance Evaluation Framework

Feedback and Applications of Evaluation Results

In order to ensure the effective use of evaluation results, attention should be paid to

feedback and application of evaluation results, and establish application tracking

mechanisms forevaluation results.

The second is to use evalnation results
for organirational optimization: major
countries such as the United States,
Japan, Germany, and the United
Kingdom have made the performance
evaluation results of scientific research
institutions an important basis for
scientific research management and
organizational optimization Scientific
research instintions adjust and improve
future development strategies according
to evaluation results

The first is to link evaluztion results
with budget to maximize resource
efficiency: governments in some
countries have linked the
performance evaluation results with
resource allocation and pav more
attention to feedback and
application of evaluation results.

12
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V. Research Findings

’H HHHI

Unlike universities and enterprises, research instifutions are mission-oriented, thus their performance evaluation should
adopt “mission objective-outcomes” mode to comprehensively measure scientific research activities, management
performance and innovation contributions, etc.

Promoting performance evaluation by legislati a key to promote the ionatization of performance
evaluation for scientific research nstitutions. II is fm.md that alt.hough there are differences in actual operations of
performance evaluation of scientific research institutions in various countries, it shows practical convergence and
conceptual similarity to a great extent in aspects of evaluation system framework elements such as evaluation principles,
evaluation organizations and expert sources, evaluation criteria, evaluation methods and the feedback and application of
evaluation results.

Successful performance evaluation follows cettain principles. mainly four basic principles: classified evaluation and
daﬁ'emm:al evaluation criteria principle, developmental evaluation pmmple m155:0n objective-oriented results evaluation
principle. and the principle of combined use of qualitative and ¢

In specific evaluation practices, for scientific research institutions in different tvpes and scales, their evaluation criteria and
evaluation experts should be scientifically. For basic research mstitutions, research quality is the core criterion. and the
evaluation experts should mainly be internationally renowned peer experts: In addition to research quality. for scientific
research institutions with strong applied research and development, evaluation should put emphases on research application
prospects, commercial values, economic influences, technology transfer and the set up of spin-off companies, their

evaluation experts are from demia and industrial sectors. and i users are needed to participate in evaliation
activities.

The d qualitative and quantitative method is widely used the performance evaluation of scientific research
institutions umiudmg peer and expen reviews, bibiometrics, case studies. on-site visits and economic analysis etc. Each
method has its advanfazes and d I.n spel:t&c evaluation, it is necessary to consider applicabulity of
various evaluati ethods based on s and e 50 as to improve the validity and reliabiity of

performance evaluation.

Thank you for listening!

QY QR Qe LRy QY TN Ry e Ry ey Ry R Yy Yy
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2.What's this ? Mixed research unit (UMR)
3.CNRS - Med Term Plan and Mission
4.Human resources and its environment
5.UMR’s cooperation with other institutions

6.Case study : Solvay
7. Summary

1.0verview of CNRS

e Toomes

Name Centre National dela Recherche Scientifique (CNRS)

Foundation, Place of HQ, October, 1939  Paris

President Antoine PETIT (Since January 2018)
Annual Budget 3,509 Millions
Research disciplines Chemistry, Ecology and Environment, Human and Social Sciences,

Engineering & Sciences and Systems, Mathematical Sciencesand their
interactions, Physics, Information Science and their Interactions,

Nuclear Physics and Particle Physics, Sciences of the Universe

Number of research units  Pro. research unit (UPR) 32

Numbers of researchers 834
Nr. of engineers & tech. 1104
Nr. of service units Proper service unit UPS 21

Supportstaff Service units 450
Permanent employee
Contractual staff

Total (as of 2016)

17

Mix. research unit (UMR) 845 Pers.

9673

8379

Mixed service unit UMS 107
631

10507
9483

1081
24552
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Reference :CNRS - International appreciation

« 37000 annual papers (exclude. humanities society)

» 2.9% of published papers in the world Web of Science TM
» (Clarivate Analytics)

 In the top 10 Worldwide journals : 4%

» Thomson Reuters TOP 25 2017: 8th place

» Nobel laureate 21 people

» Fields Award Winning: 12 people

2.What's this Mixed research unit (UMR) B
History

« 1965 Two presidents, i.e. Pierre Jacquinot, Robert
Chabbal proposed to create an associated Laboratory with
university. (Related to Physics)

» 1966 Based on the Associated laboratory, the law defines
that CNRS will work together with the universities through
the agreement (convension CNRS-University).

»CNRS who has the solid personal and financial
background, shall support the university laboratories,
through the agreement.

»Consequently CNRS shall support the entire French
research.

18
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2.What's this Mixed research unit (UMR) =
Management
®Structure

Unit director (1 person), assistant director (1 or 2 people)

Principal Investigator (PI): Team Leader (s)

Affiliated researcher :CNRS researcher, university teacher-researcher
Postdoc: Multiple

Doctoral student: Multiple

1 team: 5 to 20 people

1 Mixed research unit: around 10 teams

®Evaluation
» Review every 5 years by the Higher Education Assessment High Council.

+ Joint discussions with representatives from parents bodies, i.e. public
research organisms.

« Judge on the Research theme, outcomes, continuation of the research
» 25% of UMR universities reviewed each year.

2.What's this Mixed research unit (UMR) =
Finance

» Research expenditures are allocated to each Mixed research
unit from both CNRS and the university of the researchers.

+ Allocated investment from CNRS and the university can not
normally cover the entire research expenses. So the PI is
responsible to acquire external grants etc.

19
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3.CNRS - Med Term Plan and Mission g

CNRS has the agreement with the government for 4 to
5 year cycle. The current agreement is for 2015-2018.
Current agreement

1) To explore the center and boundary of the research area.

2) to Internationalize the French research.

3) Help university research sites to form international reputation
4) Form the results of the research and diffuse it

5) Management of resources required at the research unit site

« Law1982: In addition to its basic role, CNRS should
contribute to the application and the valorization of the
results of its researches---

4. Human resources and its environment

 Full-time employees :lifetime employment (civil servants)

« Recruitment
» Severe selection test: pass rate 5%

» Achievements and papers at famous laboratories abroad are
appreciated.

» People are recruited as per the demand by the research fields.

« Working environment

» Flexibility of moving nationwide and international

» Self-responsibilities for research to get needed funds

» No lecture obligation

» Evaluation and course guidance regularly by the committee

20
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5. UMR'’s cooperation with other institutions

« Collaboration UMR mainly with academia

« Form an UMR with universities, engineering schools, and
other public research institutes (CEA, INSERM, INRA, INRIA,
etc.) : Over 70% of partnership are with the Academia.

« Collaboration with private companies
» Joint agreement (2016) with companies with UMR :126 cases
+ Joint UMR with companies starting around 1990 ~

« Revenue from private sector remain around 3% of total income of
CNRS.

» Two joint types
* Big companies
+ 16 joint-UMR with CNRS
- EDF, Essilor, Safran, Thales, Solvay, Groupe PSA, etc.

» Small-medium size, start-up companies

+ Participate partially with UMR forming a research team insdie
UMR.(Labcom. OpenlLab, LabCom ANR)

6.Case study: SORVAY =
+ Laboratory de future since 2004

» Sorvay is worldwide chemical company born from fusion between
European and USA companies.

+ Intelligenceis moving from Academia to Industries.
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7. Summary
Characteristic of CNRS

« Covers all basic research

« UMR model - Research involving resources of universities
and Grandes ecoles.

« Bottom up institution

Challenges of CNRS
* National subvention takes 80% of CNRS annual income.

« Limited proper resources which is available for new
research to hire contract researchers.

+ Increase of income through the partnership research with
private companies can be a key but how to differentiate
with CEA-Tech?

[E 5]
EFoEg
CNRS DR T R (UMR) 13MFREIC E 22D Dh, KRFORENI 2

JAKMF :
KEOENIINSIHT 575 —2ANZ 0, REFEYNICHDLHELH DL, ¥ v XANTEY
RN ES TWABAE L H D, FIE L OBEOLESIIREX v X 2ANICH D,

BRI =
AT A (UMR) OFEM, & Z TE S MFEE OFHIX E 5 72> TV D D),

JAAKFAF -
B TZ A (MR) OFHMIIIIZE -« SEHBERBFHDNDIT O, WEE OGN, #ERiEER E
WIITHONTWEN, TNFETDT I AT 732 EORER TS B ITITHO W HIIC > T\ b,

FREREREIPT R -

RACTZ A (MR)  EMifffsE==v & (UPR) DOWFFEE DO ZNEINDOENFNY T2, FTIRK T
A (UMR) DIEMMEIZIED L D IZRo>TWDHD, MBS X2 —0D X 5 7RISR T WD, %D
T ED LD ITEITIND DI,

JAUAR F
BT A (UMR) ICTEEET AMFIE 80T 9673 44, UPR 1L 834 4 Th b, TR T A (UMR)
WITEARRIL R, B 2 =BT 0R38 Tl v, HEAKREZ S > TRVWD T, B4 TSR 2%
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

|

Gl
STI

Mission of US National Laboratories

To meet significant strategic national demands.
Adhere to the “mission-driven” principle.
Mission set principle:

— ensure national security

— improve the living quality of people

PEMFEREAEEHRARM

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Scientific research for national defense: core mission
of national laboratories, accounting for over 50%,
with major task of national security.

Governing agencies: DOF, DOE, NASA

Scientific research for non-national defense:
dominated by the scientific researches for health,
usually accounting for around 25% of the total
budget.

Governing agencies: HHS, DOE, NSF, USDA, DOC,
DOT, DOIL, EPA.
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

R&D by agencies (FY2016)

Other than DOD

Development
15%

Applied
research
1%

Major systems
develaopment 81%

Advanced technology
development 8%
Apphied researc h 7%
Basic research 3%

DOC = Department of Cammerce; DOD = Department of Defense; DOE = Department of Energy; HHS = Department of Health and
Human Services: NASA = National Aeranautics and Space Administration; NSF = National Science Foundation; USDA = Department of
Agriculture.

Source: Science & Engineering Indicators 2018

‘—.-4

d& PEMFERAREERARAN

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Support the development of STEM workforce

* Support the development of the future STEM
workforce, annually provide programs for
e more than 250,000 K—12 students,
e 22,000 K-12 educators,
e 2,950 undergraduate interns,
e 2,010 graduate students, and
* 2,300 postdoctoral researchers.

These programs range from workshops to semester-
long appointments to extended-term employment.

2,700 postdocs employed at FFRDCs in 2015.
‘—-4
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Unique Position in the Nation’s Science and
Innovation System
UNIVEERSITIES
: !_- ) INDUSTRY

DOE &
NATIONAL LABS

5
5
12
s

TECHNOLOGY MATURATION

9% 133 5% I§E T
58 E33 35Ig 3 3=
S532 &85 3zZ 332 18-
1¥3 538 S35 §iF &83s

SEZ 28 = =
3 835 §93 §#3 &%E
3 ] - g =
= ES o
= =

e: Annual Report on the State of the DOE National Laboratories. January 2017

‘_—4

‘ﬂ PEMFEREAEEHRARM

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Fill an innovation ecosystem gap in research, development, and
demonstration (RD&D).

* Universities emphasize early discovery and tend to focus on
research associated with individuals or small groups of faculty
members.

* Companies respond to market needs and typically focus their
R&D on near-term solutions or the integration of multiple
technologies.

» National Laboratories have a particular capability to tackle
multidisciplinary problems with long time horizons, often
coupling fundamental discovery research, technology
development, and demonstration projects.

‘_—4
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Preparation and Management Frame of US National
Laboratories

senat . Laws and regulations relevant
enators proposefor " to motion proposing,
i : standardize
parliament discuss examining andvoting

Significant national strategic
demands and practical issues
at home and abroad

;

Specificmission and
objective
FIESIUETILSTYNTS 4 UELTEE
and designates an

institution (college, standardize
enterprize)toestablish a

Senators form
appropriations committees
andways and means

Institution Act, Authorization
Act, National AssetDatabase

I 1

commitlee national laboraton
peELific
establishmentand Minist i thor
= : evaluation inister or senate authorizes

to establish a“laboratory core
teamn” for examination and
supenision

Mational laboratary
operation, manage ment
and achievementtransfer

Technology TransferAct,
annual Appropriations Act

i
j

standardize
== Safety regulations,
procedures and standards for
a specific scientific
experiment

|

] "
‘lchEIﬂ##i#{%%ﬁﬁ?‘iFﬁ
[y ] l INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

The Laboratory Management Model

* GOGO: Government-Owned, Government-Operated
The GOGO model 1s used more often for Federal
research institutions outside of DOE, including
NIH,NASA,USDA, EPA.

« GOCO: Government-Owned, Contractor-Operated .
The GOCO management model 1s implemented
through M&O contracts that are competitively
awarded by the Federal Departments, such as DOE.

(Partnership , What-How)

* FFRDCs: Federally funded research and development centers.
| FFRDC:s are a specific type of GOCO entity.
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dg PEMFERAREERARAN

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

FFRDCs act as strategic partners to their sponsors by

offering many services:
— addressing long-term problems that are important and complex
— providing immediate assistance on urgent issues
— conducting objective technical analysis
— developing creative, cost-effective solutions.

* 43: DOE (16), DOD(11), NSF(5), DHS(3),HHS(2), NASA(1),
NIST(1), others(4)

* Over 98% of FFRDCs’ total FY 2016 R&D expenditures were
funded by federal agency sources. In FY2015, the federal
government obligated $11.1 billion or 8.6% of its total R&D
spending to FFRDCs.

|

d& PEMFEREAEEHRARM

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

TABLE 2.Federally financed R&D expenditures at federally funded research and development
centers, by federal agency: FY 2016

(Thousands of current dollars)

FFRDC All federal R&D expenditures
All FFRDCs 18,855,593
Department of Defense 4,194,659 22.2%

Department of Energy

Department of Health and Human Services
Department of Homeland Security

Department of Transportation

National Aeronautics and Space Administration
National Science Foundation

Other

9,849,051 52.2%
867,042 4.6%
504,086 2.7%
162,645 0.9%

2,013,307 10.7%
244,042 1 3%

1,020,761 5 49,

FFRDC = federally funded research and development center.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, FFRDC

Research and Development Survey, FY 2016.

|
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Challenges and Problems

* maintaining a skilled workforce ;

* sustaining the unique, complicated, fragile, and often aging
infrastructure that supports the suite of critical facilities and
assets.

* The value of the National Laboratory System to the Nation.

* Oversight grew increasingly transactional rather than
strategically mission-driven.

Reestablishing a mission-oriented relationship in which the

government provides strong guidance on what should be done,

and the Laboratories have the responsibility for determining
[ how to accomplish the necessary work. WHAT-HOW

‘ - ————

dgwmﬂéﬁmé%aﬁﬁm

INETITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Actions Taken and the Path Forward to Enhance the
Vitality of the National Laboratory System

* recognizing value

rebuilding trust

maintaining alignment and quality

* maximizing impact

managing effectiveness and efficiency

ensuring lasting change

l Source: Annual Report on the State of the DOE National Laboratories. January 2017

30



J—9<ay THRESE
JST/CRDS : hEHFEEMESHENE (TEEHOAKNHEREE

EHZ7xza—;
GOGO &5 /v (HAEEET V) NE N2 T, GOCO 5 /v (EFREET V) ZHH
THAY » ME?

HRFER -

EM 22037273 TE RO ZAT 5 2 & RN DT - TBUF & B IBR A5 O, BRI
WCEOELITIEA D Z LINFARETH D, WHEERITIIFEDEIBUNNO H b A, MEEE%EH
SHED DI HBHITE S,

EH/N 7 zma—:

>y ata R (EZHEN) BE»SD7 7 P&, Ho vy avickko s
fToTw3 X5 TH2H, HOMETIL AT LDRPTOMED T, K¥ELIEPOWIET 2
VAT LADBED o T BRHT, EDXHICF Y aF 7R (FEZHFEAT) 1ZEL L Tw55?

IS -

FvaF ATk (EHIE) bR D oRHEEH 28, Bl & b icBfLL Tw
2o TAVAEGREANLF -4 (DOE) &N DF v aF 7K (ENLHTEHN) % 55 & T,
RO AL LB TE D,

Bty 2 —E{H
STEM (Bl - Hify - T2 - 80 BEHHRAKE T —~, 7Ly T —v a3 vfid STEM
HEIIF L aF A TRICEBTFESTEMBBTD 707 548 0w BRCI VD ?

e g -

STEM (Bl - £:4l7 - T2 - 809 HEIKEREKRDZEE LR L2, FEROWIEEE K~
DHIFFTH 2, ZOMFHIT AV HEREZALF - (DOE) HTDF > 3 F L7 ROKF
Th b,

31



J—9<ay THRESE
JST/CRDS : hEHFEEMESHENE (TEEHOAKNHEREE

224 EHZZE CRDS

HENBE  DEETDFLaFILSRIZEITREFEEIZCDOINT
LUTOERICEDNT., #HBENG I

ISTIC WS

DOE National Laboratories

Collaboration for Science and Innovation

September 25, 2018

JST CRDS
Amy Tomita

I CRDS LTS AR
Center fi esearch and [

JST,

HREHE TR AR > 5 —
nment Strategy Japan Science and Technalogy Agency

32



J—9<ay THRESE
JST/CRDS : hEHFEEMESHENE (TEEHOAKNHEREE

Contents
Leveraging one-of-a-kind facilities

« US National Laboratories
« DOE National Labs

* Missions

+ Organization

» Funding

+ Position and Role

+ Labs Management

« Berkeley National Lab
+ Overview
+ Collaboration
+ Accelerator Program

» Strength and Challenges

US National Laboratories

Why DOE National Labs?

Develo
pment
>
) NASA
Applied Labs
Science DOE National Labs EPA NOAA
Labs Labs
Basic
Science i S N
Life Science,| Nano-tech, | System & IT | Energy - Environment | Ocean - Space
Clinical Materials Nuclear Climate -
Research Power Geoscience
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DOE National Labs - Missions

A Science and Technology Enterprise focused on

« Clean energy innovation
* Scientific leadership
* Nuclear security

« Environmental stewardship of the nuclear weapons
complex

DOE National Labs - Organization

Labs with distinct but complementary capabilities

NNSA Science & Energy Management
Performance
[ I I | ‘
Science Fossil Energy Energy Efficiency & Nuclear Energy Environment
Renewable Energy ManageTnent
| | I
Los Alamos NL National Energy Mational Renewable Energy Idaho NL Savanah River NL
Lawr‘ence Livermore NL Technology Lab Lab
Sandia NL
Ames Lab
Argonne NL
Brookhaven NL
Fermi NAL
Lawrence Berkeley NL
Oak Ridge NL
Pacific NW NL
Princeton Plasma Physics Lab
SLAC NAL

Thomas Jefferson National
Accelerator Facility
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DOE National Labs - Funding

High Return on Investment

Budget 2015: $13.8B Human capital
» 58,000 full time employees
DHS, 270, 2%, + 1,300 joint Faculties

SPP, 2,348, 17%

» 2,300 post researchers

Environmental
Manegemnt,
291,2%

Performance
« 6 Nobel Prizes since 2008

» Nature Index 2017
(World institution ranking)

: o Berkeley NL (5th)
(Data in $M) o Argonne NL (9th)
o Oak Ridge NL (11th)

Energy,— |
943, 7%

DOE National Labs - Position and Role

Filling a gap in R&DD System

Universities

» Discovery Science by a few
facility members

Industry
* Market needs driven R&DD
for near term solution

National Labs
» Complex, long term
challenges tackled by large
multidisciplinary team
using unique large facilities

35
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DOE National Labs — Labs Management

Maximizing outcome and impact

16 Labs are operated by the GOCO* model
+ DOE specifies the mission and high-level objectives
+ Contractors determine the means to achieve the mission

Each Lab has world-unique scientific facilities
« X-ray and neutron sources, advanced accelerators, etc.

Collaboration through the facilities and expertise
+ Among National labs

« With Universities, Industry, State, Global scientific community

* GOCO ... Government owned contract operated

Berkley National Lab - Overview

“Tackling Energy and Environmental Challenges at Scale
for the Nation”

Established in 1931 at Berkeley, CA

Pioneer of Big Team Science
+ Biosciences, Earth & Environmental Sciences. Energy
Sciences, Energy Technology, Computing Sciences, Physical
Sciences

World-Unigue Research Facilities and Expertise
+ Advanced Light Source
+ Molecular Foundry
* National Energy Research Scientific Computer center
+ Joint Bioenergy Institute, etc.

Budget $786M, 3,300 Employees
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Berkley National Lab - Collaboration

National User Facilities open to all interested users

Free for non-proprietary work
» research proposals selected by merit review
» conduct research with support of Berkeley Lab and publish

Proprietary work
« Full cost recovery
* User agreement — SPF, CARDA
+ Potential to develop IP and license

Berkley National Lab - Accelerator Program

Accelerating Innovation - Lab to Market

DOE’s Energy I-Corps program(2015)

+ Intensive customer discovery program for selected researcher

Berkeley Lab Innovation Corps (2016)

+ Technology commercialization training for all Lab staff

Cyclotron Road (Startup support program, 2014)

« Two year fellowship for innovators

+ Provide stipend, training,
mentorship, and networking
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DOE National Labs =

Leveraging one-of-a-kind facilities

Strength
+ World Unique Research Facilities
+ Collaboration through National User Facilities Program
+ Accelerate Innovation by supporting Entrepreneurship

Challenges
« Aging of national user facilities

+ Recruiting and retaining scientists and engineers

+ Develop comprehensive DOE National Lab network system-to
tackle long term, national R&D challenge
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1 Background of National R&D Agency Reforms

After taking office at the end of 2012, Prime Minister Abe proposed to
build Japan into the “most innovation-friendly country in the world”
(the fifth Science and Technology Basic Plan)

Minister of Science and Technology Policy Ichita Yamamoto and Minister of
Education, Culture, Sports, Science and Technology Hakubun Shimomura hold
a seminar on the reform direction (on November 19, 2013)

* International competition is intensifying, and Japan’s presence is declining in
the world.

+ If no measures are taken, Japan will be overtaken by the rapid-developed China
research institutes.

* “It’s not about doing what you can do in the existing system, but about
establishing a system that can do what you should.” System first
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. Background of National R&D Agency Reforms

Necessity from the Independent Administrative Agency System to the
National R&D Agency System

* In the late 1990s, responding to the voice of domestic social reform, it proposed to
create an independent administrative agency system (there’s 102 agencys as of
October 2012) in the final report of the Japan Administrative Reform Conference
issued in 1997, drawing on the practical experience of Western New Public
Management (British Executive Board System).

* The organization with independent legal status undertakes the public service
function originally undertaken by the government department, to improve the
service and management efficiency of government agencies, save government
resources, and improve the quality of public services (impeosing uniformity in all
cases).

* Set quantitative targets, focus on quantitative assessment, efficiency-oriented, not
conducive to creative R&D activities .

* R&D characteristics: long-term, uncertain, unpredictable, and professional.

AT EETEX T LR =

T NSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA /5
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. Background of National R&D Agency Reforms

In order to promote administrative reform and maximize the results
from the input, a new system——National R&D Agency system
was established for classified management and evaluation (PDCA
cycle, operation mechanism reform)

* Medium-term goal managed: 60 medium-term goal managed agencies.
providing diversified services and increasing public interest.

* R&D type: 31 national R&D agencies (3 specific national R&D
agencies), engaged in R&D-related activities, aiming at maximizing
R&D results.

» Smgle-year managed: 7 administrative agencies, aiming at the effective
implementation of national affairs.
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1L Content of National R&D Agency Reforms
(I) National R&D Agency system

The reform was made according to the revised The Law of Independent Administrative Agency,
The Law on Special Measures for Specific National R&D agencies.

Institutional goal

Maximize R&D results

Mission

Object of reform

Target setting

Evaluation method

Implement national
strategy

Management mode

Promote the research difficult to be implemented by national strategic
executing agencies such as universities and enterprises

Corporate body that is required to create the world's top research results

Solve the problem

Conduct evaluation focusing on the future (regardless of the past completeness),
and conduct strict evaluation of the management ability of Director general

Managed by the competent minister and the national R&D agency

Achieve selection and concentration through high-level management, avoid
invalid behavior throughout operation process, and CSTI participatesin its
goal setting and evaluation.

"] ~ = s
‘l? FPEHEBEREEHRER =
[ TIC INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OFCMIMA_F_. ,a-//

“II Content of National R&D Agency Reforms

Comparison of national R&D agency relevant to old and new systems

Old system New system (after April 2015)
Corporation type Independent administrative National R&D agency. etc.

agency
Goal Effectiveness and efficiency | Ensure maximum R&D results
Goals, ‘ Term 3 to 5 years (medium plan) 5 to 7 years (medium and long-term plan)

t d 1 : il = : - z
Ao ‘ Mission Improve the quality of other Maximize R&D results and improve service quality
performance . .

: businesses such as services
evaluation !

Evaluatio
n subject

Independent Administrative The competent minister (only for the National R&D

Agency Evaluation agency. the competent minister listened to the
Committee (external people of | opinions of the National R&D Agency Review
version) Conference from the perspective of scientific

professionalism and diversity)

Council for Science, Technology and Innovation
(CSTI) Intervention

(For goal setting and evaluation criteria. the
guidelines for the national R&D corporation are
proposed and reflected in the guidelines developed by
the Independent Administrative Corporation
Evaluation Committee of MIC)

43



J—9<ay THRESE
JST/CRDS : hEHFEEMESHENE (TEEHOAKNHEREE

CIZ i E B S BB A

C! wsmure or SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

— = _ S —
~ IL Content of National R&D Agency Reforms

National R&D Agencies

ucation, e, . - of Economy, Viinist of Interna o & B ;o Ly
Sports, Science and Technology Trade and Industry Affairs and Environment Labour and Welfare
(MEXT) (METT) Communications (MIC (MOE) (MHLW)
Japan Aercspace National Institute of Nippon Exportand |_ {ational i for e
| Exploration Agency Advanced Industrial I Envir flational Canced
(JAXA} Science and Technolosy (NICT) Studies (NIES)
(AIST)
Japan Marine Science
and TechnoloEéCmm New Energy and Industrial
(JAMSTEC) Technology Devel ent
Organization(NEDO)
Japan Seience and
! Technology Agency
i)
Japan Atomic Energy
Agency (JAEA)
Institute of Physical
e and Chemical
Research (RIKEN)
National Institute for)
et IVlaterials Science
(NIMS}

"jg E R AR BB R

C! ' wsmureor SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

— - J__‘_E_ e

~ IL Content of National R&D Agency Reforms

(IT) Specific National R&D Agencies ( flagship research
institute)

It is a core institution where the talents, knowledge and funds of
all sectors of government, industry, and research are gathered,
and that strongly drives the construction of innovation system.

* With a mechanism reflecting the opinions of Council for
Science, Technology and Innovation (CSTI) to the corporation
operation process, enhance the linkage with national strategy,
greatly improve the scientific and technical level in Japan,
strengthen the international competitiveness of industries, and
promote the creation, diffusion and application of the highest
level of R&D resulis worldwide.

* NIMA, RIKEN, and AIST
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II. Content of National R&D Agency Reforms

- Develop a basic policy based on the opinions of CSTI
+ According to the basic policy, the competent minister sets and
a I I adjusts the medium and long-term goals, reflecting the opinions
of CSTI

+Lead the system reform and improve the operation mechanism based
on the medium and long-term plan

*Respond quickly to the Minister’s request for changes of situation
D *Ensure that the Director general with clear responsibilities is
O capable of flexible, autonomous and self-disciplined
management
*Flexibly develop compensation standards for internationally
talented people
+Focus on cultivating young researchers and stimulate their energy

+ Reflecting the opinions of CSTI, the outcome evaluation decision
is made by the competent minister
‘ ( ( + The government needs to fully consider the characteristics of
R

&D activities

V a9y [euolieN ouoads

+ If the R&D results cannot be obtained as expected, the
competent minister can dismiss the head of the agency

L]
Action @
+ Government organizations discuss institutional ways to revise the

relevant legal provisions in a timely manner

salouab

9 . =
T HEMFRERRGEETRARAN =
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=S = — . — -

"L Content of National R&D Agency Reforms

(IIT) National R&D Agency review conference

According to the revised Act on General Rules for Independent Administrative Agencies (
issued and implemented in April 2015), a new “National R&D Agency Review Conference”
is established in each province.

Foreigners can be appointed fo serve as members (not more than one fifth of the total
number) and it is committed to building an international review system.

Emphasis scientificity and internationality

From a scientific Thecompefent

Consider . F minister makesa

Y erspective, provide i
: Approve organizational pers 2 final decision
Set medium and medtnn and Pgrfnrn;nnce structire aud review results.nnd based on the
long-term goals lona torm plidis evaluation Ttk e recommendations to i £ th

g P! i|u.*s!.m.-ss'; conten the competent opinions of the
gain inister review
conference.
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. iI Content of National R&D Agency Reforms

(IV) Reform direction and focus

‘j%c th B AR B B R A

* Emphasize the establishment of policies based on the characteristics of
* Encourage research institutions to obtain R&D funding from external

* The head of the organization with greater autonomy ensures to fully

¢ Create an institutional environment where researchers can concentrate on

R&D activities

sources such as the private sector

exercise leadership

Reform the compensation and employment system, to ensure

internationally talented people

researches
Strengthen cooperation between government, industry, and research

Promote co-construction and sharing of top research facilities

TUTE OF SCIENTIFIG AND TECHNICAL INFORMATION OF CHINA__
= —_—

L Content of National R&D Agency Reforms
(V) Case of National R&D Agency Reforms

AIST follows the mode of the German Fraunhofer Association

The applied research process is subdivided into the early stage and the later
stage. In the early stage, it obtains funds from the government to carry out
research, and in the later stage, it is entfrusted by the enterprise to conduct
research to maximize the degree of commercial participation.

Based on different research stages, appropriate evaluation indicators are sef,
and the research field and research characteristics are taken into account. In
the basic research stage, the evaluation indicators include the appropriateness
of research topics, excellent papers and the quality and quantity of intellectual
property achievements; in the early stage of the applied research, the
evaluation indicators include the appropriateness of research topics, the
quality and quantity of intellectual property achievements, etc.; in the later
stage of applied research, the evaluation indicator is the funds received from
the industry. The goal is that by 2019, the funds received from private
enterprises must be more than three times that of 2015, that is, from 4.6
billion yen per vear to 13.8 billion yen per year.
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~IL Content of National R&D Agency Reforms
(V) Case of National R&D Agency Reforms

AIST follows the mode of the German Fraunhofer Association

*In the early stage of applied research, AIST establish a technology market
conference, flexibly use industrial talents, and set up innovation coordinators at all
levels (63 currently, and it will increase to about 100 in the future) : strengthen
exchanges and communication with business executives and field leaders, look
forward to industrial and social development needs in future, and strengthen
market orientation combined with independent proposition study.

Strengthen the management of knowledge assets. The entrusted research results is
in principle owned by AIST. In case of common and fundamental technological
achievement, the intellectnal assets management mode will be adopted that grants
exclusive permission to the enterprise in this commercialization field.

Strengthen cooperation with universities, implement cross-appoint system, mutually
establish laboratories, implement research assistants (RA) system, and actively
acquire technical resources from universities. As of July 2015, it has established
cooperative relationships with 10 universities including Nagoya University, and
AIST and universities account for 60% and 40% of the tasks and salaries assigned
to the same employed researcher, respectively.

Q f .
AT T e T LY
i TIC INSTITUTE OF SI;ENTIFIC AND TECHNICAL INFORMATION OF CHINA__
— = —_— = = e
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" 1L Content of National R&D Agency Reforms

(V) Case of National R&D Agency Reforms

NEDO follows the American DARPA mode

*In the past, NEDO first determined the technology seed, then set the R&D goals,
and finally achieved the goal. NEDO is now committed to advancing disruptive
R&D and innovation, promoting competition across different technology paths and
advance R&D and innovation in the way of flexible decision where necessary.

* According to the progress of R&D, evaluate the technology in a timely manner,
make choices, and flexibly adjust and replace project participants to promote R&D.

* Setup a project manager and give R&D management rights.

* Establish the Technology Strategy Center (TSC) to develop technical strategies in
industrial techmology and energy and environmental techneology through
investigation. On this basis, key project planning and conception are conducted to
enhance its strategic decision-making functions, and provide strong support for the
METI.
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1L Summary and thinking

=
(I) Promote reform from the top down and attach importance to the

execution.
- J

(IT) Conduct classified management and evaluation, and attach importance
|to R&D results.

(([[l) Is it possible to maintain the objectivity of decisions by transferring
_power to the competent minister? Why is this adjustment made?

' !

(IV) Is the enthusiasm of the personnel mobilized?

— —
4 "

(V) Can the salary system be flexibly developed?

' B

(VI) What is the effect of the implementation of the cross-appoint system?

\ J
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*Thanks to listen

*Your criticisms and corrections are
welcome

[EELE]
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Overview

1. National Research and Development Agencies

2. Designated National Research and Development
Agencies and their recent efforts
« RIKEN
« NIMS
« AIST

3. Findings

National Research and Development Agencies

| Basic concept

Implementing body of public works which;

+ need to be implemented directly by the State itself -> the government
! organizations

+ may be entrusted to private entities -> private sector

P may not necessarily be implemented properly if entrusted to private
entities -> Incorporated Administrative Agencies (IAAs)

__________________________________________________________________________________________________________________________________

Classification of IAAs (Apr. 2015)

4 Agency Managed under the Medium-term Objectives shall promote the public
interest through the provision of diverse and quality services

# Agency Engaged in Administrative Execution shall conduct processes that are
required to be securely executed under the instructions of the State
®National Research and Development Agency shall conduct R&D in

science and technology from a med-to-long term perspective,
ensuring the maximum results of the research and development
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Designated NRDAs

Designated National Research and Development Agencies (Oct, 2016)

« NRDAs with high potential to create world-class achievements in science,
technology and innovation

- Points for selection; (1)strategic importance in Japan, (2)the highest level

of R&D activities in the world, (3)diverse and distinguished human

resources, (4)activities for socio-economic contribution, (5)R&D framework
to maximize the research results

A 4

Copynight © 2018 CRDS-All Rights Reserved.

Coverage of the Designated NRDAs

v Nation-wide/comprehensive or field-specific dominance

Centers

53

Develop
ment
Applied
Science
Basic
Science
Life Science, | Nano-tech, System & IT Energy - Environment | Ocean - Space
Clinical Materials Nuclear Climate -
Research Power Geoscience
*Typical institutions among 27 NRDAs are mapped.
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Outline of the Designated NRDAs

Governing Mission Area Budget | Number of Nature Index
Ministry (mil JPY, | Researchers | 2017 (gov.)
FY2018)
71 (7)

U Ministry of *Basic and applied 95,452 3,014
Education, Culture, researchin a diverse (Apr. 2018)
Sports, Science array of scientific
and Technology disciplines
(MEXT) » Advanced large-scale
research infrastructure
Ministry of = Basic research and 22,000 1222 204 (24)
Education, Culture, development of (approx.) (Jul. 2018)
Sports, Science materials science
and Technology
(MEXT)
AIST Ministry of + Creation and practical 97,078 2315 252 (29)
Economy, Trade realization of (Jul. 2017)
and Industry technologies useful to
(METI) industry and society
» Geological survey and
metrology

Recent efforts at RIKEN

Innovation Designh Office

+ fosters "innovation designers" through a dialogue with state-of-
the-art researchers who formulate a vision of a future society and
scenarios to realize it

+ The scenarios will be utilized to foundational material for possible
future-oriented R&Ds with industrial and social stakeholders

Hakubi (EHE) Fellows Program

+ offers junior PI positions for creative and ambitious research by
talented individuals to develop the next generation of leading
researchers

Cluster for Pioneering Research (CPR)

+ offers tenured positions for fixed-term researchers with
prominent research proposals in a global trend
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Recent efforts at NIMS

Support for emerging and cross-cutting research

+ Next-generation Research Program which provides funding for
bold and challenging ideas

+ Out-of-the-box Support Program which supports a post-doc
employment cost in an interdisciplinary project

Materials Open Platforms

+ develop frameworks for a certain category of industry to promote
open innovation

+ NIMS works as a hub and facilitates horizontal association of the
member companies to address common interest within the
industry

Recent efforts at AIST

Cooperative Research Laboratories

+ establish laboratories to conduct R&D more closely related to
strategies of companies, bearing partner company names

+ AIST and partner companies share research resources and jointly
promote R&D in a forceful manner

Open Innovation Laboratories
+ establish research bases located on university campuses

+ carry out successive basic/applied research and demonstration,
and develop doctoral researchers capable of playing active roles
in industries
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Findings

+ Each of the three Designhated NRDAs is making all kinds of efforts to
improve its performance for the maximum results.

+ Although their scope of operation varies according to the mission,
(1)attracting and developing distinguished researchers to ensure
scientific excellence, and (2)enhancing a partnership with academia
and industry for broader impact of innovation are key challengesin
common.

+ They have been and will be addressing those challenges as a core
institution in Japanese R&D ecosystem.
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Pattern of Public R&D Institutes in Britain

Examples of independent institutes / research centres /national
labs supported by Research Councils

1 1848, for enper
Iymhmyh@ahn\mhzdynmmdmﬂ

-signal pathway

Living system study bassd on computational

Earlham Institste T e
: : Established in 1910, for plant scisnce, genstics.
BEBSRC JohnInnes Cantrs S i :
i i Establizhad @ 1914, for virss prevention and
Dirbright Instituts St
Qs Tastitals Estattished in 1986, &x food, micoorzanism and
Rothamsted Centrz Establizshedin 1843, for agriculteral science
e 1947, for biolozy:
High-DynamicRange UK Establishment stated in 2017, S healih and
(EDRUK) biomadical informatics
Francis Crick Institute Establishadin 2015, for biomedicine
British Antamtic § Established in 1944, for scientific msearches in
(BAS) Antarctic
British Geological Survay  Established in 1835, for geological survey and
Centre forEcclosy

Hydrology (CEH)

zoiland

FEMERAGEEHRM

A
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-
cenires/ depts Supervisor

Innovate
1K

research centres / depts

titute / research centres/
depts
London Institute of Madical Sciences (IS,
=astablish=din 1998)

UK Demantiz Research Ingtitee (UK DRI
established in 2016)

Deart. of Biostatistics, Dept. of Cognitive and
Bn Soaem Moighs  Rawnh

Lﬂuxatnry

Dok o Nawaie Dhmarricas Desilint

Fittan Lombanoey

Dept. of Genaral Epidemics

Ingivta of Biclogical Emvironmental and

Rural Sciences (IBERS)

Roslin Institute (RL astablishad in 1919)

Naioaal ‘Caies $or'| Abticehiatis’: Selanes

(NCAS, astablished in 2002)

Makional Centre for Exh Observatian (NCED)

National Ocemnopmphy Contm  (NOC,

zstablishadin 1949)

e

Stk Bilazy Turcrabiost” and: Tndaiciat

Converter
Enginaxinz Cadti= &r Functional Industrial

Centra forIntellizent Facilitiss 2nd Build:

Examples of university-managed institutes /

University attached to

University  of Cambridze,
Uniwansity of Edinburgh,
Cardiff Univarsity, University
Colleze  London,  Emperial
College London, King's Collaze
Lendan

UnivarsityofCambridzs

University of Oxford
UniversitvofBristal
Aberystwyth Univesity
UniversityofEdinbursh
UnivarsityofLasds
University of Laicaster
University of Livepool,
UniversityofSonthampton
Queen's UnivarsityBalfast
Imperial Colleze London
Bwanzea University:
Universityof Cambrides

2004

Science & Innovation
Framework 2004-2014

Innovation and Research Strategy for Growth

Industry Strategy: UK Sector Analysis

2011

2012

Our Plan for Growth:

Industrial Strategy: Building a Britain Fit for the

Future

60
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Support R&D of emerging
technologies, e.g.,big data

Strengthen traditional and high performance
British research advantages computing, artificial
in life science,health and intelligence, robotics,

quantum technology, block
chain technology, synthetic
biology, regenerative
medicine, clean energy
technology, energy storage
technology, advanced
material technology, satellite
and space technology, and
high-end manufacturing
technology.

medicine, biology, physics,
engineering, and
environmental science.

Vission of:Public
R&L

* Promote the interaction and integration of technologies,so as to generate innovatively a greatnumber of
disruptive products and applications

‘omote research outcomes commercialization and dissemination globally, and

nce communication and cooperation among innovators.

i/ TEREHREEF R

A
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1. Legal Status of Public R&D Institutes J

(1) Independent vesearch
Sateflits Appication Centre, Drug Discavery Centre, Cell and institutes tend to be
y Gene Therapy Centre, High-end Manufacturing Centre, Future :
Company City Centre, Enerzy System Centre, Digitisation Centre, Off- establisied as a company
limited by sboe Cenbie Fox Renewable Boietey, limited by guarantee.
Tidepeasent guamntee _ Earlham Institute, Pirbright Institute, Quadram Institute,
By Rothamsted Centre, John Innes Centre, Babraham Institute, UK _
Heraliny B (2) New dependent
Private limited ! National Physical Laboratory research institufes are
tiabili Chari o e ; 2
c,_,;j:,fy &mszm Francis Crick Institute more likely fo be set up
within universifies.
Centre for Ecology and Hydrology, (CEH), National
S Oceanography Centre (NOC), British Geological Survey
Sl 5'_’“ / (BGS), MRC Laberatory of Molecular Biology (IME). (3) Some dependent
bodie SR Sl % =
Chifolfon Obisavatory AsHonemy Totmolosy Cestre 408 Slc. research institutes possibly
5 become independent
Cavendish Laboratory (University of Cambridge), London
S Institate of Medical Sciences (Dept. of Drugs, Imperial College gradually.
w‘*" s / London). Roslin Institute (University of Edinbureh). National

Centre for Atmospheric Science (University of Leeds). Dept. of
General Epidemics (University of Bristol)
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2. Management of Public R&D Institutes

K G‘“’e"““_)

(1) Corporation: decision—making level + Operation management level
(2) Dependent organisation: scientist responsibility system. Senior

scientists are the chiefs/directors to manage his/her department.

e

OOperaton )

(1) Independent organisation: clear organisation development strategy
Dependent organisation: organisational mission and objective
(2) Try to match the strategic arrangements of corresponding supervising organs

‘i% thOE R RSB

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

3. Financial Sources of Public R&D Institutes J

[Rea]ising financial stability through multiple flexible sources of funding J
Fiscal Year 2016-2017

Public funding | Non-public funding

The majority of institutes/labs/research centres

strategically supported by Research Councils: Public ‘ I R e e e
e domingted Babraham Institute 75% 25%

Jinding 3 Francis Crick Institute 99% 1%

Fiscal Year 2016-2017

8 . = e s
i illi i e Core public | Competitively won | Commercial
(1) Innovate UK invested totally 805 million GBP in Organisation o SR

catapult centres during 2011-2016. with an annually TR . . _
increasing trend. Therapy Centre 8% 13% B
2) Catapult centres: far fiom the expected goal of the High-end

@) Catap farf pected goal of the | 4@ e - o

Innovate UK (the tripartite pattern of public-private
funds. )
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National Institute of
Biologicals W

(1) Established in June 2015,
joint effort of the research
institutes uader BBSRC

atapult Centre e

By February 2018, 10 catapult
centres have developed 1,100+
cooperative projects with
research communities and
4.000+ cooperative projects
-supported over 3,900 SMEs.
and operated open access
research facilities worthy 968
million GBP. 30 countries are
ivolved in the cooperation.

(2) Integrated the top British
R&D strength of bioscience at
national level NIB has
effectively promoted the

h of
bioscience strategy in Britain
and maximised the influence
of research projects.

1/ nEREEAE

\
1 IC INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

B2 B R

o

Francis Crick Institute

(1) Established by 6
organisations in 2015, with an
ivestment of 650 million GBP

(2) Strengthens the cooperation
by open science mode

(3) Undergraduate Academic
Dolicy Committee (UAPC) has
been established for the
cooperation with the academic
circle.

5. Performance Evaluation for Public R&D Institutes

\

f(_l) Covering academic evaluation, project evaluation. financial
evaluation. and integral evaluation.

(2) The integral evaluation executes two plans, based on peer review.

¥ Plan I: the institutes received core funding from Research
Councils need to take evaluations conducted by Research
Councils, e.g. the IAE of BBSRC and the QQRs of MRC. and

v Plan II: the institutes/labs/research centres affiliated to universities
need to take the scientific research level evaluation implemented
by former HEFCE for universities in Britain (The Research
Excellence Framework. REF).

\_ J

63

Financial rationality
g

/4;;;;

Impact

Project

Feasibility
managament

Performance Evaluation Framework
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5. Performance Evaluation of Public R&D Institutes

TAE of BBRSC in the Year 2016-2017

(1) The combination of “looking back™ evaluation with “locking forward™ evaluation is used to review the
development vision of scientific researches in the next 5 years + scientific research outputs in the past 5 vears.
(2) Evaluation content:
v" The Director’s Statement: the Vision, strategic direction, and leadership of the institute, in terms of
knowledge sharing ., public participation and science communication. strategic talent . and capacity building
v" ISPG proposals (Institute Strategic Programme Grant): high quality. strategically important research aligned
with BBSRC’s Strategic Plan. and
v' CCG proposals (Core Capability Grant): core capacity building necessary for ISPG projects. covering
infrastructure. scientific services. support services. equipment, and national capability.

‘i% PEMNFEFRREEHARAN

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

5. Performance Evaluation of Public R&D Institutes

e
(1) An independent evaluation in 2017 suggests that the overall performance of the catapult cenires failed to achieve the expectations,

especially the financial returns. The reasons include not only catapult centres’ problems in management, operation and teams, but also

ineffective arrangement and supervision of BEIS and Innovate UK.

(2) In November 2017, BEIS and Innovate UK has jointly released "CATAPULT PROGRAMME: A FRAMEWORK FOR EVALUATING

IMPACT™.
Intermediate Later stage
Outcomes Outcomes
Industry . ! Number of new [ !
Collaboration
hew

businesses or
technologies, new

spin outs e Incressed
created

partnerships Increased

private R&D

Dissemination of T —

Strategic
knowledge

Leadership - iare]
ncreased a

accolerated
translation of
research into

Number of new
feasibility studies
/ prototypes

industry
innovation

Capability
Development
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selection R
personnel
The essential 40% of the team leaders Cdﬂ:m“mw
precondition for MRC to e i aniine and half of the students e m"“‘”‘_”‘;";j’
set up research centres / e R MBC in MRC LMB are non- seoiech B i :
LMB are distributed in Belieh. Qs 1,590 employees to leamn al
50 - cemployees of Francis )
The munber of

ﬂcﬁPﬂ%E#ﬁEﬁﬁﬁﬁ

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

V7
N

The overall layout of public R&D institutes in Britain reflects the
strategic emphases of the nation in developing science and technology

Public R&D institufes in Britain, with dynamic features, have different
strategic missions and functional orientations

The supports of the nation to public R&D institutes are different
depending on the specific situations

The performance supervision of the nation to public R&D institutes
are timely and effective, and

Practices for talent team building are diversified, cooperative
networks are extensive.
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The End
Thank You!

|
ill..L -
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LoD,
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Z, ZNEIT D200, BEFT BELZRV BOT T UV AEZHLTNAER, — 5T
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UTDOEMICEDNT, SBANGShE

JST/CRDS-ISTIC Joint Workshop 2018

e ia laviavlia vl v la i ia it la i vliaiala Yl Viaiatla i ie iavla"]

&4} 5 4%

CHINESE ACADEMY OF SCIENCES

Hideyuki Arata, PhD (3 %2)

JST/CRDS
Overseas Research Unit

Sep.26, 2018
¥ ¢ CRDS ) D RERiRReE AT AR T > 5 —

Center for Research and Development Strategy Japan Science and Technology Agency
JSTI
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Abstract

Today’s points (What's CAS, major role)

« Chinese Academy of Sciences (CAS) have played a
central role in STI history of People’s Republic of China.
Currently, CAS has become one of the global leading
public research institute.

« CAS contributes to Chinese STI society not only by
research activities but also by human resource
development, technology transfer to industry, and
policy advice to the government.

Discussions

« About CAS
« Major role of CAS in Chinese STI system

History of CAS

1. Established in 1949 under the State Council (EBx former ¥
5bx) as an administrative agency.

2. After the Cultural Revolution, CAS focused on two missions,
“research for the Nation (AE) ” and “catch up with state-of-
the-art S&T" (—Fz —HIE).

3. Currently, CAS is the largest public research institute in the world
« 104 institutes

« Approximately 70,000 members (65,000 researchers and technicians)

- Total budget of 51.8 billion yuan (FRY 2016)

« Ranked 1%t in Nature Index form 2013~2018

+ Ranked 11t in Global Innovative Institutions (2017)
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2. Overview of CAS o

~ Position
-« CAS is directly under the State Council (E#k7)

« Its scale and function have been expanding throughout its history
supported by the national leaders.

Eag 0
Main role BE, BRE (4) , EBES (5)
« Human recourse development | T
. i 2 - ZE & (268M) SR ot =
Promote basic research o %%% Al L
& - Efr 8 3
» Technology transfer STERT %E &
= Bt o~
_ i ) =
» Provide advisory and appraisal: § 2
National scientific think tank S .
> . E
\ « Honor scientists: election of 2 ol
Academician (Fz1) 8 i
Copynght @ 2018 CRDS All Rights Reserved. o 4
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3. HR development & Recruitment

Highland for talented HR

\

» CAS owns University of Chinese Academy of Sciences (%R[E
BIZFPEARZ) and University of Science and Technology of

China (FRERIFHEATASF)
 Hundred people plan (B AEtE)

Recruitment

» Mainly Chinese researchers who
published papers in top journals
out of China

4. Budget

Total budget of 518{27T s
(2016)

- Financial subsidiary income (Tt 500.0

BUAREIUEA) 53%

+ Science & Tech related income i

40%

+ Operating income other than E
S&T 1.5% 300.0
455125t for research and —_
development
» Basic research 42% 1000

» Applied research 51.9%

0.0

» Development study 6.1%

W Total

71

60

50 1

A# (AN

20 1

10 1

40

30 -

'Jﬁlil%ﬁ | ‘I
l_l Il ‘

1980 2000 2004 2008 2012 2016
F (AR

From RERZRNAFTFEE

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
127.5145.5170.4211.5228.6266.2331.8391.2419.7461:8506.2518.4
M Financial subsidiary income 65.0 81.3 96.6 124.6129.9133.2175.0211.7222.6243.8272.8275.6

From SERFEAE £ R
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5. Technology transfer

CAS was appointed as the leader of “National Innovation
System” construction from the governmentin 1998

—CAS launched “Knowledge Innovation Project” (5012 6I#PJ) in
the same year

« Evoke innovation base on the strategic demand of the country
Reinforce basic research, construct large-scale equipment

Conversion, interdisciplinary research

Inter-institute, industry-academia collaboration

Collaboration with local governments and industy

To perform those missio

CAS-region cooperation Pl (frith&1E)

ns

—STSN (Science & Tech Service Network) program

5. Technology transfer

CAS-region cooperation PI (Pt &1E)

Local government (i)

Tech transfer

CAS (fz)

Researchers

Equipment Land and Building
Technology

R&D funds

Enterprises
Start-ups

- Promoting issue-driven R&D through collaboration for enterprises and

local government: commissioned R&D and collaborative R&D

» Perform development, prototyping and even construct manufacturing line

- Local government provides land and building, CAS provides researchers

(equipment and technology)
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5. An example: SIAT

o B B B iR I 5t i B R B S B

SHENZHEN INSTITUTES OF ADVANCED TECHNOLOGY
CHINESE ACADEMY OF SCIENCES

-

2018 June, & &F7H

+ Jointly established by CAS, the Shenzhen municipal government and the
Chinese University of Hong Kong in 2006. Total budget: 9670J57t (2017)

« SIAT aims to enhance the innovative capacity of the equipment
manufacturing and service industries in the Guangdong-Hong Kong region,
promote the development of emerging industries possessing their own
proprietary intellectual property, and become a world-class industrial research
institute.

SIAT website

5. An example: SIAT tom s asm, siar o=

» Focus on industry oriented developments; no basic research

Market-first: abort projectin 5~6 years, in some cases, when it does
not make money even if it provides good research results

+ Good practice: MRIFFA L5 = have provided more than 200 MRI in
main land

They also have issues both in human resource and in finding original
technology
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5. Technology transfer

Science & Tech Service Network (STSN) program:
CAS-region cooperation PJ derived program

| CAS

Commissioned R&D
Institute A (Issues & funds)

Interdisciplinary Enterprises
collaboration Start-ups

Institute B Tech transfer

{

» Interdisciplinary collaboration between institutes under CAS

» Promote tech transfer by commissioned research from local
government and companies

6. Features and issues of CAS
Role in Chinese STI (Core and leader of National STI)

« Highland of excellent talents

« Support basic research in China (ex: large scale equipment)
« Tech transfer to high-tech industry (except for IT)

+ Big influence on policy making

+ Pioneer new systems & projects

Issues

 Truly original academic results

« Efficient use of the large scale equipment

« Keeping high talents (vs. Universities and overseas)

74



J—9<ay THRESE
JST/CRDS : hEHFEEMESHENE (TEEHOAKNHEREE

Thank you for your attention

[EEESE]
e

PEOENHIRFT M 2T NENEZLSEONE Lic, a7 REHBINCL hewnind ~&
ThDH, WIIERIZY A P ZESTEP, EEPRICL - LHET 2 &7

BRET

Nature Index (5t~ 77 5 2O EZE - M e 77 A4 U o+ 55F— &~
—R) T 6 FEHR—(L7E0, BERRKE WO TRENEN.2S by T Oixbndnn, — A%
ThDBEEIM?

FHZ7za—:

— NHBT7D DT F L TIZONWTUIEENTIERWVD, ZLOARINTNDLT I ITRE
NENOFHIEAETT X T %84T > T D, HEBFRENEARIZELS RNT X T H
P ENRBHD, ANDHIEETYRT VX IE ETT 5,

FEFAT
KHBERE ORI HANEETH A IOV TERE LET, BATIIZE T/ AT
XH B0
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AEBIZBE N TR . TZHIFEATH D) LW I BE L > TS, EEMMBIZOWTILRE
TEORELOHEMbH LN, RYITHEEL LTEALTOLBELTHNNE-S,
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INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Reform of Russian Academy of
Sciences

Institute of Scientific and Technical Information
of China

September 26 2018
l
i e

77



J—9<ay THRESE
JST/CRDS : hEHFEEMESHENE (TEEHOAKNHEREE

‘i& FEMERAGEEHRM

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

Main contents

» Introduction to Russian Academy of Sciences
» Research funding of Russian Academy of Sciences

» Reform of Russian Academy of Sciences

|
‘ - ——

d& PEMFEREAEEHRARM

INSTITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

A. Introduction to Russian Academy of Sciences

» Russian Academy of Sciences (RAS) is one of 6 major national academies of
sciences in Russia, was founded in 1724, renamed Soviet Academy of Sciences in
1925 and again renamed Russian Academy of Sciences in 1991when Soviet Union
was collapsed. RAS is the top academic imstitution of Russian Federation and a

center taking leading in basic researches in natural and social sciences over Russia.

Yy‘

According to ESI Global Ranking of Scientific Research Institutions published on
Jan. 1 2018 by Clarivate Analytics, RAS ranks No. 69. However, RAS ranks No.6 in
terms of the quantity of published papers while the quantity of their cited papers is

less.

l » RAS ranks No.60 according to Nature Index released in June 2018.

‘ - ——
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< Development Plan

* Currently, RAS 1s carry out its works mainly following National Scientific
and Technical Development Program 2013 ~ 2020(launched at the end of
2012), Fundamental Research Program of National Academies of Sciences
Systems 2013-2020 (launched at the end of 2012) and Fundamental
Research Program of Russian Academy of Sciences Through 2025
(launched m 2006).

* According to these documents, RAS has specified its prioritized research
directions and main research missions 1n the fields of mathematics. physics.
technical sciences, mformation science, chemistry and material sciences.
biology, geoscience, social science. history and linguistics.

ds% hOE AR BT R

INETITUTE OF SCIENTIFIC AND TECHNICAL INFORMATION OF CHINA

!—4

B. Research funding of Russian Academy of Sciences

Year Budget funding for RAS
billion)

fundamental researches (RUB

2013 55.03
2014 57.02
2015 57.19
2016 60.67
2017 64.64
2018 68.47
2019 71.99
2020 75.35
2013-2020 510.3

Total budge funding for Percentage (%)

fundamental researches (RUB

82.61

86.97

88.76

96.85

103.08

109.38

113.52

117.49

798.7

hillion

66.6%

65.6%
64.4%
62.6%
62.7%
62.6%
63.4%
64.1%

63.9%

ote: in recent years, the funding for Russian fundamental researches accounted for 26 - 27 % of the Federal

iment’s R&D budget.
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C. Reform of Russian Academy of Sciences

< Causes to reform

+ Staff structure has become severely administrative. Of more than 100,000
employees of more than 500 institutes under RAS, just a half is researchers and too
many are administrative staff resulting in extremely meticulous jobs division and
chaotic affair management.

+ With aging talent teams, the gap in talents is becoming increasingly serious. Since a
majority of researchers are at the age of 40 ~ 60 years and young and middle-aged
researchers are in great shortage, as a result teams lack of sufficient activity and the
development prospect is worrying i the future.

* The input-output rate of resources is low. For the 14 years’ period from 2000 to
2014, the funding for Russian civilian researches surged from RUB 17 billion to
RUB 366 billion (most of which flew into RAS), but the quantity of papers of
Russian researchers published in international journals and listed m Web of Science
has not rose significantly, accounting for 2.1 %, with its ranking falling out of the

l world’s top 10.

‘.—2.4

1/ o E R RS R
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< Start time:June 2013

< Reform objectives:

* Reorganization to make i1t more efficient and
professional

* Empower researcher to engage in researches with their
whole heart and soul so that they are liberated from
works in asset management and public affairs

* Improve efficiency in researches so that Russian
research is at the top level and takes the lead in the
world
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<>Main contents of the reform
1. Consolidation of three academies

Before reform of After veform of
national academy of national academy of Internal divisions or departments
sciences systems sciences systems

Russian Academy of

Sciences Mledicine division, agricultural division, and 11

previous internal divisions: mathematics division,
physics division, nano-technology and information
technology division, energy-machinery manufacturing-

Fussian Academy of  mechanics andcontrol process division, chemistry and

Sciences material division, bology division, physiology and

basic medicine division, geoscience division, social
science division, global issues and intemational
relationship division as well as history-linguistics

Russian Academy of division

Agricultural Science

Russian Academy of
Medicine

Fussian Academy of

Architectural Science Unchanged

Fussian Academy of 5

Educational Science Unchanged
FRussian Academy of Ars - .

and Sciences

ource: World Intellectual Property Organization (Sep. 2012) .
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2. RAS, virtualized, has become the top consulting agency
in the scientific and technical fields

¢+ Unauthorized to manage and allocate funding for
scientific researches to its previous subordinate
scientific organizations. the reformed RAS has
fundamentally changed basic fimctions: without
functions of scientific researches any longer. as top
consulting agency in the scientific and technical fields
of Russia, it is responsible for giving recommendations
to development of national scientific and technical
policies and coordinating basic scientific researches
and explorative research activities of the nation
(including scientific organizations and colleges &
universities); in terms of research and development
plans, give constructive, consulting and instructive
recommendations to its previous subordinate scientific
organizations and participate in assessing the result of
their research activities etc. In other words, RAS will
turn its functions to national general planning and
coordination of basic and explorative researches and
give guidance to subordinate scientific organizations
and colleges & universities by planning and assessing
results at the macro level.

Bussian Federation Govemnment

colleges and Organizations
uriversities
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3. Federal Agency for Scientific Organizations takes over
the function of managing scientific organizations

* In September 2013Federal Agency for Scientific Organizations (FASO)
was established, which is directly subordinate to Russian Federation
Government which will appoint its director, and is responsible to
administer and manage federal assets under control of previous RAS,
Russian Academy of Medicine and Russian Academy of Agricultural
Science and their subordinate scientific organizations with respect to
personnel, assets and funding for scientific researches etc. FASO has 18
bureaus including Bureau for Coordination and Guarantee of Science
and Agricultural Organization and Federal Asset Bureau, and 1s
responsible for planning, activity reporting, coordinating and consulting,
governmental purchase, polling and survey as well as budget etc.

‘—4
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4. Reorganization of scientific research organizations

Federal research centers Carry out breakthrough research and development of applications
strategic to the nation

National research institutes Fundamental researcher
Federal science centers Have functions as scientific innovation center and technical platform

Regional science centers Develop regional science networks, organize research organizations
within the region to jointly address regional issues. and improve
regional productivity

Higher humanity and social Research salient social problems in the fields of hunanity and social

science research science
organizations
Center sfor Joint Use of Integrate scientific and technical resources

Scientific Research
Infrastructures

‘—4
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< Talent development actions taken after reform

Rejuvenating researchers and management is an important goal of reform of Russian scientific
research systems. In 2015. FASO rolled out a program about talent development.

# Level 1 - Reserve of scientific research cadres: at least 15.000 in total will be selected from current
professional researchers with scientific research titles and fostered to become mainstay in scientific research
activities in the future.

» Level 2 - Reserve of managerial cadres: they will be selected from staff who have currently experience in
leading scientific research groups and organizations and be developed to be competent o act as director or
deputy director of its subordinate scientific research organizations. It was planned to reserve at least 300
managerial cadresin 2015.

» Level 3 - Reserve of development cadres: they may be selected from researchers or management and will be
fostered to be competent to act as leader in the new directions of scientific research organizations. for instance,
commercialize R&D results, assess performance of scientific research organizations., apply innovative R&D

results. and prepare development plans efec.

In April 2018, FASO director Kochukov said. in the past 3 years, the mean age of subordinate institute
directors of RAS dropped 10 years (from 65 years to 55 years); the mean age of research teams also dropped.

thus young scholars at the age below 40 years accounting for 48.6 %o.
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< Problems present after reform

» Coexistence of RAS and FASO, two science management centers with different legal status,
results in division of administrative resources from academic researchers. possibly making
the whole scientific research system loss its stability. Though Russian government has
established Coordinate Committee for Education and Sciences in FASO which is
responsible for coordinating the partnership between FASO and RAS and members are

mternationally renowned experts and scholars, it does not achieve expected effect.

» In May this year, after taking office as new president, Putin reformed previous Ministry of
Education and Science by founding a new department for science and technology
management, Ministry of Sciences and Higher Education and meanwhile FASO which
manages scientific organizations subordinate to previous RAS was merged into the
ministry. It will be still a vital problem awaiting solutions that how RAS will

communicated and collaborate with Ministry of Sciences and Higher Education in the

‘—4

future.

83



J—9<ay THRESE
JST/CRDS : hEHFEEMESHENE (TEEHOAKNHEREE

[EELE]
ERN7 zma—:

AARORFZETIL, FHEMEHIIC X 2 EE OFBENAHOEREINMEIC > TnD, (7
STRET T I =BV T) FEBEN LV O THITTICHFEE I HERTE 5D T
X2 FEBEEANE THHEEL TV o700 2 KEORKER, FTFoHEMEICEbizd - 7=
e

SRANARIFIE S

BHEOEFITIE, BEOHEDRER R ENH T, BIFN e v TRSET H5 2— (RAS)
DEEEHEHEFEHL LS L LT, —#HOWHEE{ToT, “FKBOMESE LT, FEEIIFEX
BEPFP T TR MREEZEHT D 7 —AREho T, AN D ICHEELZHS e
WF W Y BHEND Z LI AR H T2,

R AT S RIRIZ IR > 72 7200, W ANDOBFEE BN EA TS, BUE T L8 O
FNRUTEL . BUF b MEERZ o T b, B FIIRE O KN 7 OFEFEIO 2 512 L
L2 VIO MVALH D, WFEHFED) WEMEORNZ, AR TE TV, EAZTO
ERBEBPENOT, BRIy a v ERET IR EORER LT T 5D,

NARM 7 =1 —:
DG I FHBDMEN & o7y, SRBOMEITH 02 EOREEBYE, EiE ST
D02

SRNNARAEZER
M, B TR TmLEE EHE VISV, v 7 ARV, B, ke,
MBESR L B9 08, S ST WIS 59V 0 b L 85 I B D AR K oo

—o7E LS,

84



J—9<ay THRESE
JST/CRDS : hEHFEEMESHENE (TEEHOAKNHEREE

236 # - BAsBRE BEE ISTIO). ERFt> 4 —KHAE (CRDS)

® fEIAL:
LSHOREHEOERIERHLET, SHOT —vBREITIRERN-TZEBWES, KAV
ADFEEZTXTHN=LTWET, £/2, RAUT—~IZBIL T, CRDS ITFEHZ b & 1T EH
L7228, ISTIC 1~ 7 a WtRIEN D TN T, WWFIR7Z 572, 4 BIFKRERRIZe D £ LT,
I ANB AR T D5, ENEWFFEREBA DM TR R AT IER LTS L ZAEEE S, 7
AYBIEETZL SAOREEND Y £, ESIHFFEEBIT IR ZH > TN D L ZAREN,
ELHERTIE CEIBRIH DX Lod 0y, G » BEEEIR TIZRe 0 I2< <, £ LTHENTOH )
M%< 70D, EITFRICEEEZ LT D DT, [ENTOMIEREE & BIEIE L 20> T\nb &
B,

AAOERIZMZ, boL@ERORFMNMLETZ LB S, BEWAEIZOWTOEREZ Lo &
MEenE S, 4%I1FT6 - &M, BRAHICKRZ STEEWEES,

REIZIR DN, BEFIERBENRT LI, &L TINFE L,

o A ¥—EMNH:

RAEEDOREE, Tbo& b2 BNET, RS L £7, ESLAFFERBEIIT 2 BOR O
L BIGORBEEM TN HRDL DN ENEZNERNWE L, BAWKEORLHFEE
ODT, V=7 ayZUNTH AEHOSLV IR b HEEZFH Tho ThnEEnES, A—L
72 ETCHE N LTV THLH Y 9L,

THTITOA—T VS LEERD I/ 0 — X RgH L DONRT U AFHLNE - B3, 90
777 heEbA BT, TUMLERMICE D THIUXTODWDEHELZ I L TV RE, 207
DIZAH%S ISTIC A7 S F Eifmm CE T LW E BNETS,

B%IC, BRLUTHWZERE, AU—2 v a v 72E8E L T EE 572 ISTIC 08, &1
NEHITINE LT,

(1)

85



BEHESERA 2/ — 1

BE Bl vt UA4A—RARE-LEE7zo-— GBsrEima=y k)
$H FE2z JrzOo— Gesngimai=v k)

B - 3HE8IE 2018 4 B

KBHEEEITLECTHHENLET,

CRDS-FY2018-WR-15

7—5 3y THEE
JST/CRDS - FhIEIRI3 HfiT{E BERZEAT 244

[FEEOARNTZEHEET ]

Epk31F 18 January 2019
ISBN 978 - 4-88890-639-5

EZMEREEARPRMREME HRRARBBE5—

Center for Research and Development Strategy, Japan Science and Technology Agency

T102-0076 HEEFREXEEHR7 K’ sHHFH
T i 03-5214-7481
E-mail crds@jst. go. jp
https://www. jst. go. jp/crds
© 2019 JST/CRDS
HAECES/BETHIEEELET,
SIRETSBIE. BT HAZEBRELET,
No part of this publication may be reproduced, copied, transmitted or translated without written permission.

Application should be sent to crds@jst. go. jp. Any quotations must be appropriately acknowledged.




