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G-TeC Report
“Use-Inspired Researches” toward Emerging & Interdisciplinary Areas

Executive Summary

G-TeC (Global Technology Comparison) was done on the theme of “use-inspired
researches”.

G-TeC has the mission to contribute for creating R&D Strategies and/or Science &
Technology Policies, by gathering various evidences through surveys. In principle,
for gathering evidences, we use three-stepped approaches consisting of basic surveys

and site visits.

+ At the first step, through basic surveys, we investigate trends and movements of
“policies & funding” and “institutes & human resources”, both at academia-sides

and industry-sides.

+ At the second step, through site visits, we have meetings with top-class research
institutes, funding agencies, and other related organizations in the world, and

extract important issues for selected research themes.

+ Then, at the third step, we evaluate our findings gathered through basic surveys
and site visits, and to identify priorities as evidences for creating R&D Strategies

and/or Science & Technology Policies.

In this G-TeC, we set two objectives. First, we investigated trends & movements
of use-inspired researches, globally. And second, based on these investigations, we
considered effective methodologies to identify use-inspired researches for solving
targeted social problems.

Main results are as follows.

1) Use-inspired researches have been enhanced in various fields, especially for

solving social problems in energy & environment.

2) U.S. and U.K. universities have created new research institutes for energy &
environment, such as Energy Future Laboratory (established by Imperial College
London in 2005), MIT Energy Initiative (established by Massachusetts Institute
of Technology in 2007), UCL Energy Institute (established by University College
London in 2009), and Precourt Institute for Energy (established by Stanford
University in 2009).

3) To utilize these institutes as “research umbrellas”, they have promoted use-
inspired researches for energy & environment, through integration of different
knowledge-bases, co-operation among multiple departments, and combination of
natural sciences with socials sciences & humanities, all over their campuses.

CRDS-FY2010-CR-01 Center for Research and Development Strategy, Japan Science and Technology Agency
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4 ) Together with these research umbrellas, movements of “Energy Frontier Research
Centers” are outstanding in U.S., on the viewpoint of use-inspired researches.

5) Energy Frontier Research Centers were created by U.S. Department of Energy
as the new research initiative for energy, corresponding to science & technology
policies under President Obama called “Green New Deal”.

6 ) In April of 2009, Department of Energy announced to establish 46 centers all over
the U.S., trying to make big waves of use-inspired researches for energy, with the
budget of approximately 777 million dollars covering 5 years.

7) These centers hold the research goal in common, that is “New Science for A
Secure and Sustainable Energy Future”. Toward this goal, they are challenging to

emerge new science areas, called “Control Science”.

8) Control Science is defined as the scientific basis to promote innovation of energy
systems, for realizing “A Secure and Sustainable Energy Future”.

9) That is because, various phenomena related to energy are showing rapid
changes all the time, reflecting non-equilibrium status of atoms and/or electrons.
Therefore, in order to achieve innovation of energy systems, new science should be

requested for controlling material properties and their processes.

10) For controlling materials and processes, at first, observational science (the
scientific basis to observe energy phenomena) should be advanced both at
observational precision and probing speed, up to much higher than existent levels.

11) After that, advanced observational science should be integrated with
interdisciplinary knowledge, that enable to design, to create and to control
“material behaviors” and “chemical phenomena”. This is the strategy for

emerging Control Science.

12) In the case of Energy Frontier Research Centers, U.S. Department of Energy had
utilized “workshops” to identify use-inspired researches.

13) They had held a series of workshops for the duration of 8 years, and had extracted
“78 clusters of use-inspired researches” and “5 grand challenges toward new

scientific principles”, for realizing “A Secure and Sustainable Energy Future”.

14) To analyze these movements in details, “effective methodologies for identifying
use-inspired researches” can be specified, about key factors and their characteristics.

CRDS-FY2010-CR-01 Center for Research and Development Strategy, Japan Science and Technology Agency
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15) Key factors and their characteristics are; Firstly, it is important to consider social
problems from the viewpoint of systems. If we can define structures of systems
where problems are generated, it should become good premises to identify use-
inspired researches. In the case of Department of Energy, they had illustrated
structures of future energy systems in U.S., based on their “a decades-to-century
energy strategy”. At this step, “policy sides (Department of Energy)” and “top-class
researches (such as committee members and workshop chairs)” had taken main

roles.

16) Secondly, within defined systems, “research directions & areas for solving
problems” are specified by comparison with their necessities. In the case of
Department of Energy, over 100 members (mainly researchers) had been gathered
to the workshop, 38 research directions and 10 research areas are extracted
through discussions. At this step, “research communities (a variety of researchers
representing different research fields)” had taken main roles.

17) Thirdly, based on directions & areas specified above, “research areas with higher
priority” are decided. In the case of Department of Energy, 10 prior areas had
been selected, such as “Hydrogen Economy” and “Solar Energy Utilization” .
On this selection, “mission importance at policy sides” had been considered
additionally, for their final judgments. At this step, again, “policy sides” and “top-

class researches” had taken main roles.

18) And fourthly, at each prior area, “use-inspired researches” and “scientific
principles” are identified, by comparison with their importance for solving
targeted social problems. In the case of Department of Energy, over 1500
members (mainly researchers) had been invited to 10 workshops totally (a series
of workshops for 10 prior areas). Through these workshops, “78 clusters of use-
inspired researches” and “5 grand challenges toward new scientific principles”
had been selected. At this step, “research communities” had taken main
roles again, integrating various knowledge-bases in interdisciplinary and/or

multidisciplinary ways.

19) Based on these steps, Department of Energy has established 46 Energy Frontier
Research Centers. Now, these centers have been engaging use-inspired researches
toward “A Secure and Sustainable Energy Future”. Besides, they also have been

exploring new scientific principles in order to emerge Control Science.

20) To summarize main results of this survey, two essential points are extracted,
necessary for identification of use-inspired researches.

CRDS-FY2010-CR-01 Center for Research and Development Strategy, Japan Science and Technology Agency
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21) First, it is important to consider social problems form the viewpoint of systems. If
we can define structure of systems where problem are generated, it should become

good premises to identify use-inspired researches.

22) Second, it is effective to utilize two types of judgments by different experts. One
is “top-down judgments” by experts of “policy sides” and “top-class researches”.
And another is “bottom-up judgments” by experts of “research communities”.
Best mixes of “top-down” and “bottom-up” can promote to identify use-inspired

researches.

CRDS-FY2010-CR-01 Center for Research and Development Strategy, Japan Science and Technology Agency
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IEdEhZ2 8 U T“HI4F (Control Science)” & FE{XAL 5 HrHL « gl &aEl ) OBRICHRA
TW5,

Zo kT, EitmphciEsx, BEFEFITH IR LT —T 0T 4 TR 2 —D
B fA 2B T35 2 & ¢, THESIREZ RIS DT T A ) OB
Rz iz, TORER, AR 5N EMLE LT, Zo0/MnExHINS 2
R T,

W2, TBEA AT LOBETIAD 2 &) BREIIR D, HSBEEIIRICHED
DF TR, TIRINS, SENEAET 22 AT AL LTHiEHT) ZenEE L
RHTEDTH D,

B AT ZOoDTZFANR—F TV v U A L N PNEIZRD, KEZRLF—EF D —
AT TEORHYESC N v 77 T AMRECEL DNy T X RO & TR R =
=T 4 HFHKETD R AT TR OFl] AZEICRD ANDZ LT, fhaifEs
BRI ZEIHE DT T 5,

LIFIC, Sl L7 ERNE R OE N R E, HARIZE L O TRT,
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1 [REER] & [HE @S] 24582

(HESRE ORI A B L2wigt) KON T3 2880 L7-iF98) &2 ER T 2 8) = 13,
2000 HARD HKBERIZEB W TEEA 2B TRLB D,

HATIX, % 3 IR AR EEAGHH (2006 45~ 2010 45) ([ZBW T, b0 EEN
NI HH SNz, 5 2 3 B2 EIF O E AL OF T, a2 EEREIC R LR
B PR RRR 2 1R T 5720, B BARO N CEMM L - Mok S e maE A -
LSRRG G OMTEIHEA U, RRERR O 725D D4y BPREITBORIFZEBE 8 (2 BV #ilTe = & 3R
EhTW5,

X5, EREREE S Z2ITOoRSRE LT THEAHE4L DY (T4 74 R 1F
WmfE, BE, S/ 77 mY— - MED ) KO THEtE 4 58 (mxr¥— D50
B, #b&fiE. 7ur T4 7)) 25 5T BFHOMA A 2R TR
ARz, D) < TEE M) ~EERICS 32 2 LD BT bz,

9 4 WIR S HAEAGHE (2011 4~ 2015 4F) (AT 72MEt T h . TRMRHUN A BOR
REDHEART S (5F 91 FRERIFHIT S, &R 3-2, 201047 H)) OF T, 5l &
XINLOEEEDMTHHIN TV D,

BARIE, o FREMR 2B LR RB R O8] 227 Tnd, RS L
LTI o THARKROMHROR G2 RE 2 72 ECEAENIY e <& KX ikE
ERRE L, TNEMR - EET 572002 R ET 2 —#HOMNLOF T, EhEd 50t
TR L, £ OMRBEERERIIIE NP L TN Z 8] R ERFYoRRIZR D,

O BT, BT MEBEEE 2B R o) B0EL RS Z L AR L, AR
TURFZERR % 2 2 D M@k & U CHMEICALER T TV b,

AR 2 58 b3 5 . E DT DI B O L - @A ICH Y MTeEh X A3, HAR
DR TRELIENR > TV HENEEENS,

KEOGE ., SRR ORI Z ROk A L LT TEEMEREE] OFERZET S
N5, tERRBDIERNAKSLONA Y AT WIE~DZEZITO e 2 ERNE T 5, B
Bifir o 7= o [[E &S0 7e 5 # 5 (DARPA ; Defense Advanced Research Projects
Agency, 1958 £ HIEEIBAAR) | 12, 2000 A RICAD, EHEZeREZEHWNET
% THE 2%k e 275t m R (HSARPA ; Homeland Security Advanced Research
Projects Agency, 2002 fF(ZF%3L) |, T=RAX— REE2XY—F v heT5 [mxL¥—
A 72T R (ARPA-E ; Advanced Research Projects Agency-Energy., 2009 4F{Z5%37) |
NIEEhZ B L T\ 5,

Flo, TATHA T ATHONTH, 2002 F0 6 ESLHEAETTR [EFTa — R
~ 7 (NIH Roadmap for Medical Research) | OKEIZEFT L, £D%, Ao— K< v
TN U T B AR ZE ~ DR TN D L 9 I/ > T 5,

B - LA IC OV TE, KEREMH O 2 SOWEELKLTE NER SIS, H0
2002 FF 12 F& &7z [Converging Technologies for Improving Human Performance |
ThY, KFEECRERFEMEIL, 7/ 77, A4, [FHEE, BAaREezps35
ZETHITE R A T D (o R—=U 7 Ty /uav—] LWnWHE Y UEE
AL ZHHDOWFEICEY T Z & OEEMEER LT,
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S 512 2007 #Z1% TEnhancing Support of Transformative Research at the National
Science Foundation] WO HEEEZE LD, EHMNT e —FIZ LV H =R T XA
LARRFHI A D [N AT —~T 47« U —F | ~OMY A% T 5
ZEERBLTND,

KED, mRVF— - BBEE T A T A 2 R EOBEDWIZE B 6 RIT,
PO - BhA A HIE L72IGEh A2 BB L C & 7N LTl %,

=41}
2

RS

R Tl FEOB I, SRR OFHEE FF oA & LT, BN 2K Z x5 &
L7e TBRMNT 27 /v y— 7Ty 7 —0) PNEBZToTWD, BMNEESOWER %
2T T, 2001 L BEERNTFET LB T, FEREOMRR L B LICETE O
WA EEIND KO oTe, TRINOME. B, FiExzmop 5] 2L xd@mof
L LTWA,

INETIZ30EZHADLT 7y N7+ —LDBERINTEY, HxD77 v b7 4 —
LPMBEBOEY g e, BV a VEROHITEEIEZKE L, SMA =3 L
THERE 23247 LT <, B2 T, 2005 TR SN TBrT I v g kTR EFTO
T=OOIMNT 7 s ay— -« 75> k7 4—2 (European Technology Platform for Zero
Emission Fossil Fuel Power Plants) | (Zi%. PEZER 25 BERE . AR 8 #EEE 2 & 38 #k
BERZIML TV %, 2020 4F £ TIZHKIND K FEERTN S O " RALR A EHEZ P rild
5HZ L H B, B LRFEOREI & AT A X5 L U FERENCER Y #A T 5,

FHL-EEOETH, FETOBEITMA, F 6 IRHFFEMHZ G (2002 4~ 2006 4F)
LT INEST ; New and Emerging Science and Technologies (#2751 % 2 & 1500
Ja—n) | WS HFARITES S KRBT TE T2,

R AT, TEMRM 7 22 =2 b ; Adventure Projects (BFZE3 233 B IZH87%
Lol e it~ fiA) | AL 7 2 ¥ =7 b ; Insight Projects (th=
V27 RMEICEDLLH T RBROR AR | TERER A =7 F 7 ; Pathfinder
Initiatives( 7= 22 B FEIk OB H 2 B 5 U 72 PkERUEL O #1A2 ) | O = 2% %5 & LT- 4%
MFER STV D,

ZOENTH, B 6 WM TRNFZEMFL A FHE (2007 £~ 2013 42) Z@ L, 1§
WA= B (Information Society Technologies) #xf5 & L7- [F E T ; Future and
Emerging Technologies| & WS HIEDOH T, Hi-eflFEiofilz B L7 n Y=
7 MRS TWD,

RRMIZDONWT S, AREMRORTEL - Bha 2 BIE L72iRE B SN CE 7RI Z #EFR C
=5,

ZDOEIITHKRTEEA REBIE N R ONDE — T, ERICEEOHIEIZICASL & 7
REFRRSOHTHL - S ~OMY MADOEEL S| 2T 2H 82, [RREMRIR O 729 O
FERROTHML ] T HE - @EDOT-DDOEREZHERT LS RENERE Lo
TWH LD EHEEEND,

Z 2T ERROMEEME 2 ATHE I HEESFEE RIS O DA 0 [
B« @A ORI 2RI DA ) 1ITRD DN D BB EH O MNICTH 2 L2 RE 2R
HIEL LCED, £O LT, BEZERT L0, K - Ml <o EFEp)00 B F41
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2.1.1 MRRGTOREBRENE - @S

KECTHMEEZR T R VX —BRED 5808, /7 7 kD 6 #5B, SRR} -
fEHo 3B, ot T 14 OFEFEMLE (KE 1) LoFEEReEE2 S &lc,
B Co TREEMRPEARZE ) o D - gaak) 2858 a%EdsL ROLH7%
AR TE 5,

BT, =X — - BESE T REEARO 7D ORFFE OIS | 2MER{EL T
W5o, BRI, KEORFNTRNF— « BEOMEILSERLICENNTEBY, Zhb
DOHHET T RFOHERAZ/AET 2 HEEROBRBFZMET 5], Sbidid THARF
Fe AN SRR EMET D) OO ANER STV,

A RYUT e HL Y vy oo Tmx X —KKFEFT (2005 Fi%S7) |, <
Fa—ty Y THRKFEDO IMIT =LV X—A =7 F7 (2007 %) |, 2= 57—
Ta4 ALy Y ey Rro [UCL = VX —F%ET (2009 4E5%57) |, AKX 74— K
KED 7)) a— b2V X—WFZEFT (2009 4E3%7) | 7R ERRFEE LTEIT LR,

ZOW, TEOZ RV —RKEMIFT (Energy Future Laboratory) Tik, KD L 9
IRIREN B STV D,

A RYTI ALy Y vy RN, ZRAF—2HET —~ & LTS B
B, TRAX—PEICET D [REOT T N & DA L LT ESR
TonTnD,

c A RYT I e LY B RUDF ¥ U NA I EO RV —HE T a Y =
I NWIFET D20, < D7 a7 MIEx OWFEEBAL TOIRY flA & 72> T
2o

c RPAUT EFE & TR | BREAREIFSE (use-inspired research) A XfH LT 5T
Ty N7 =KD, BHROBEREZRET 5 T, FEOSBOH - /ITEhks %
Bl LTV,

- LRk AREH R REMICIN 2, AN - #E2%% @ [Center for Energy Policy and
Technology (#LIZA THOZ X /LF—BURMZEL Y — )] BBE L TW5DH, RFERED
TRV =L I NR—F 57 T LIRS L THBREL TV 5,

F FEER OB BEBICANRN D EHRERE TIER < FM 2 Bl L 7o E T — L
DRI E 725 £ O P REOBEZIRR L T, AFGEDOT, Y =1nbd
WFEBIRR 232 1 T, [ (LR BEDOREIN& T 27 —~&3T57n v =7 FitED
Y N QATN

ARERFRAZ M T BB LA - 2B R OME IR AHA TND Z L0353 5,
F7-. UCL =X —f5¢Fr (UCL Energy Institute) Tid., KD X 5 72 iEEhA ER
InTn5b,
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=NV T 4 e Ly Ve ry KU, FREY A RDLOZ RV —%E] 27—
VIR LB, eI A RiTke, TFEY A Fo#) ISR 258 <
FFoled, ZRETHE VN TONT IR ol &L OFEBFITILD,

cHWEY A FOBRBEEZREIRATIRZ 72012, RIS, JHRLRrmxrF—v
AT LEEHT) ZEEEHALTWD, TO LT, BEEMRRICET . BARTERE
M &R, thme DB & NI« AR 2RI 2 il L T <,

 FREMRIRT OBFFELE TH D . TRV —REEROIR R FE AR & O MIER AL 0O BRI % 6
G,z OFETAF N FFI R 2 BLE ORI O 5 Z £ 2> T
I/\E)o

ZZThH, EBROIZO OCHEE OB E N RO D T EN D,
—JF. KEO MIT =3 /L¥—A =7 F7 (MIT Energy Initiative) TiZ, KD X9
IRTEEI B STV 5,

. ‘7‘9‘?:‘3_‘_"12 \\/\\/I%’;quiz)‘)‘\ i*}b%»——%i@%”“? & ijgiaff:?%;mlﬁo
KEEAE DGR A AT 5 725 DTGB B A S LTV 5,

- ZOHT, HAE#EZ O [Center for Global Change Science]. A « #2&F %%
@ [Center for Energy and Environmental Policy Research |, & TNZ L5 2%EEE L
7= [Joint Program on the Science and Policy of Global Change] 72 & MRS /N5 E)
LT (K% 2),

- BB 2D [Center for Global Change Science] . [El%: (School of Science) |
& [T (School of Engineering) | D HPVE IR Z @l &9 DA & L THEEL T\ 5,

* N2 B2 D [Center for Energy and Environment Policy Research| %, %
‘e (Sloan School of Management) | & [#¢% (Department of Economics) | @ %l
FIEIRZ ST DA & L THIEL T\ 5,

« Z® ET lJoint Program on the Science and Policy of Global Change] 73, Zil15H
D2 oz 5 [EMAE O] & L TREL TS (XK 3),

- [Joint Program on the Science and Policy of Global Change] Ti&., HZAE TR
& NS - 2P REN—FEIC2 0 | KUEEE) R E O BRI O E & k7 5 72
DO Z R L T\ <,

«Z 9 Lo, BEtEik /21T T AN Ry R — 27 OFEIZH D7 o T,
R —ATlH, AL - S REMAPEE LA mS-CRIT R POEER DR v
r T — 27 BNEKRB R~ EIERN > TS BIRE B 725 LT3,
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B&R2 MITIRINF—1=FF7 OFEEE AR

OMITIRNF—1=FF713. TLFEE (Laboratory for Energy and the Environment) ProgramJ

I Associated Program j [ Affiliated Program) LEORRBEHSHEYIIH>TINS.

LFEE Programs

Affiliated Programs

@ Alllance for Global Sustainability

@ Analysis Group for Regional Energy Altermatives

@ Center for Advanced Nuclear Energy Systems

® Carbon Capture and Sequestration Technologies
Program

@ MIT - Cambridge Public Schools Collaboration an
Education for the Environmant

@ Sloan Automotive Lab

@ Summer Alr Quality Symposium Series at Endicott
House

@ Fellowship Programs

® Education Projects

@ Cyprus Institute Program for Energy, Environmaent,
and Water Resources

Associated Programs

@ Building Technology Program
@ Center for Energy and Environmental Policy Research
® Global Systom for Sustainable Developmant

(A FHF = TR T LMW B8 ST CRDSAR

@ Center for Environmental Health Sciences

@ Center for Global Change Science

® Center for International Studies

® Center for Technology, Policy, and Industrial
Development

@ Center for Transportation and Logistics

® Earth Resources Laboratory

@ Environmental Technology and Public Policy
Program

® Gas Turbine Laboratory

® Global Airline Industry Program

@ Changing Places/House n

@ Industrial Performance Center

@ Intelligent Transportation Systems Program

@ International Motor Vehicle Program

@ Laboratory for Iinformation and Decision Systems
® Materials Processing Centar

® Matorials Systems Laboratory

@ MIT CADLAB

® MIT-WHOI Joint Program

@ Plasma Fusion and Science Center

® Ralph M. Parsons Laboratory

@ Technology and Public Policy Program

BR3 MITIRNF—1=OFF7TONERMENEE

® BAEIS RO MCenter for Global Change Science s i&. TE % (School of Science)

& X% (School of Engineering)) O EEE NI SEEALL THEEL TS,

O AN -HEFISFED MCenter for Energy and Environment Policy Research (&,
M$22 (Sloan School of Management) & M&&# (Department of Economics)i @
MR FREERTSHEEAELTHREL TS,

@-F0_LT T Joint Program on the Science and Policy of Global Change ) #'. Shom
HNRBEERTS YEMEDIR ELTHIELTLS,

Center for Energy
and Environment
Policy Research -

@Sloan School of Managemeont
@Department of Economics

Joint Program on
the Science and
Policy of Global

Change

Center for Global

h Change Science

@ School of Sclence
@5chool of Engineering

i

Ecosystem Center,

Marine Biological Laboratory

(R T =ty IR XS T N MAEN R SR IST-CROSA

T

Other MIT Faculty, Program
Visitors and Other Collaborators

CRDS-FY2010-CR-01
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AR O HE 2 #lm &[RRI, & 2 THREMR O 12D OSCHFEE OBV AN ED b
TW5,

SHIIZ, AT H— RREPRIN LY a— b xX—F52F1 (Precourt
Institute for Energy) O/ — AT, T RILF—DOZEMFZEIZE Y e/ DI2, 20 28
LM EZEET I PRBEAIN TS Z L 2R TE T,

AT, ST - MEOEMICERT 5 &, RO T L IBEMRR A E W L7 sEL
RO MBN oS5, BERFIE LT, /77 - MEETA T A = ZADME %
HIEL7=h Y 73 v =T KREV 7T v A aoMaEEMF 72T (Cell Propulsion
Laboratory) OE)& 3% T 655,

- RS ERF T AT K E E A AEMFZERT (NTH ; National Institutes of Health) @~ 7
Y RThsb [F 7 EEHME ¥ — (Nanomedicine Development Centers) | (23
FHEREFED—2 L LT, 2006 TR I T,

- 121 AL EREMFFED 72> D NIH = — R~ » 7 (NIH Roadmap for Medical Research
in the 21st Century) ]| CRENTZ9ODA =F T F 7 ON, [ ERORE
(Nanomedicine Initiative) | IZHVD#IrZ 2 I v a9 5,

« Z D72, NIH O O & X820 | BEMIRRE S L ToOREEZ A L T
B, 94 7 A= A5 TORBHIER Y AL 7o T,

SO, B THN=T RFENA—=7 L—OMENRTH D THER T B 27 A
% — (Center of Integrated Nanomechanical Systems) | Ti&, KD L 9 ZRIFEIHN
B S TW5,

SRR B AT sk 2 —1E RKEREMEO T 7y o R THD [ A5 —v
Bl & L5+t % — (Nanoscale Science and Engineering Centers) | (23517 D EA4R
FfED—oL LT, 2004 FEIZFE N STz,

CANBEITEE L, [F T 7 2 EBROEBRL AT AUSHT S, DFED [F 2 0OF g
2 &V AT 2] ~DREBANEMR I, BIRSN-2M0:0%., @FE o [JFEgE
RAUFFZE ) OB Z , SEERY AT A E B LT TREEMRAIRZE ) & L TRy
WMEEbLERf-o7T-b DT> TV D,

« TN NIFFEILEICK L, O TOAILEFERTD & 5 2288, +722bb [k
DAEZEDOIZERTD X 5 2] 29 Z L 2T 2EAN RSN, ZDHORK
AR CHSHEIAK S, BUED T 7 v i TRREMR 0O K & £ - 7 Fsirge
IZXIT 5l & L THEREL T\ 5,

Y T FNVN=T RFA—T L—EEPFEIC, AZ T+ — RR¥F, ) 74 0=T7 T
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BRFE D) T N=T RET—AREOHEENEREINTEBY, =LY br=7 &,
TRIX— R BT BEIO 5 O OEE CAREE O HEICE Y AT
Wb,

KER LN K DB IE~D T 7 T 4 7 OIS, AR Z SR L8 & 2N
GENTWA I ENShD,

BT, BRSO I, KERFMHO 7 7 o FIZEES < THERR PR I0H%
f# (Mathematical Sciences Research Institutes) ] OEIE 235 FEH b,

IHETIE, BEBRFEZLE L2 T OO RIENEILSNTEY (KE 41, MK
4-2). ZOWN. B U ZH+NL=T MW —27 L—OEER 27207 (Mathematical Sciences
Research Institute) TlX, KD X 9 72iF@ENERE ST\ 5,

« N— 7 L—OBERREIZEATIE, 1982 ORI LA, FEIEENE &R & L CKE
BEMEH NS O LT 7 7 T 4 v 7 %% T T D, THE TOIFRBRRIHT 2
EWEHEAZ S LT, Bl & E KERREMENS DT 7 T 4 TR EATE D R L
ZEfoTW5h (XF 5),

CPEEREORY NI EFLTEBY, EREEMTLELT, V7=, w4781V
7 hUIBM., X% %R « f VAV RAUY IR ERETENS, BREICLAHAIWAE~D
KREFREIZOW T, (MERIIFIE~DE 4B THF7EHasZE DRI 70 Eokkx 727
NRHND,

« BELRL B TERT O o — A TlE, ENLE E DEELZRD DA T 4 TIE THE
RO TR E RO 5 ) 2 X0 & TH7-e il FEORE] < TAMOHEE-
BRI IZHDERZBNTWS,

- BRERRL R TE AT O RSN, THLEGEE 240 5 DB ONEAM ) & e m 7 F L
HEDTZDITHIEEI N D Z L DINBAM | XL o THER SN TWD, lx DL a s
T LAERHIMIER2 y A~6 7 AICERESINTEY ., BWBHERO T TCENS D
DENTMIE DRI NS,

CHLFRINZENT M Z S E DT D RO ERBET a7 T AOBEEIZEBNTE, by
T T AEWAEED DR S D MR (Scientific Advisory Committee) 73K &
IeEE R LT 5,

53 By T OMRPL & NTEA D23, THLE AT B 5 REER Faaly & TEERORE L 2
HMUTARZE] 20T, EEMREZHE OOIT DIMAPHEE I N TN D,

TR O TIEX, IR 7 AU ZAOBISHFZERT (Institute for Mathematics and
its Applications) 723, X 0 BRI 2 &\ L72AFEiE @ 2 B L T 5 LS Tun b,
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ULbEo X oz, TREmR ) < DI - fis ) ICHOWTHKE - ko 2E> &, T=
KF—  BGEL) [T 77« bk TSRS - 1H) OZNZUTBW T, S E ORI
% M U7 R 72 B0 FA A oD,

FRIZ, T3 X — « BETOBELOEE VR A LI, KEDORKFITEBNT RO
BIR A EE L, BEEROBAEZX S mOORABER I TN D,

TRNAF— - BREAKD Z 9 Lo ¢, [RREMRRICmT 7288 - @s ) o
NHEFETHDHZ b, KEIZBITS [mxvX—Ta 7 4 THER 2 —] OV
AN HIER &5,

TRNX =TT 4 TR X —F, TN KEEO T —> « =2 —F 4 — IV
REZ T CTREZRAVX—EFNLS LT 758, =37 F7ThY, [REROLZE LT
FNF—IRFE] & WO AEEREOMIRZ HIE L T 5, 2009 44 H, 42K 46 7 FTlTise
YU H—ERETDHIENERIN, INHDOB XI5 HMTTHREE 78 7700 I KL
DGR LT DN ALZ— LT,

FREEICEZ, 46 DRV F—Ta T 4 TR X —1X [REROLELT-Tx
IR —RFE] W) HESIRE A RIS D O OWFZEICER D A TWD, £ LT, ZhbD
HE 28 U [“HIf#FL T (Control Science)” & FEIXAL 2 HrHl - A fEi ) DOBAFRIZHRA
TW5,

TRAX—T 8T 4 T Z—i3, SREMRICERD e TR DA T o
71 OmE»PLbH, RWZER SIS, a2 2=7 ¢, FrICEFIEE ORI FEE
FERIURIE e D6 BT 72 BRI B O3 RORBE IR 2 TR R T AN HFIc< < LD -
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c) REIXIF—2HFTBRICLDIIRE

B3ODA =T FTICHES T 7 T4 UV TOEBEITIEA 5 & 51T, 201046 A
KE 2L X —EHaF%ES (American Energy Innovation Council) | 23, FEZERMD
DAKET R X —EEREIZB 3 5425 & L C A Business Plan for America’ s Energy
Future| Z%EZL T\W5, RA U aeEldd e, LFOXHIThb,

1) KE=FF =gt OME L, kO

a) 2010 - 4 AIZESML SN/ THD . LFTORRB A N—L L THHE LT
%o
V)= e F=HAT 4 Ry F— R« v—=T 4 VORE
V7 —AT « "=V X, Pay s ADRE
Voary s R=T ;774 F— - RX=F LA+ aT 44— )L R& A FT—AD/—
R —
VEN = v A 7Yy T NORE
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b) FFiEE D A X v 7%, IBipartisan Policy Center (V> k> DC, 2007 %2
NI =R e R_X=Jj— bh - Hvxz/b, KT+« F—b Pa—V - IvyF=/LD
HZENEEANL) | KO [ClimateWorks Foundation (> 7 7 v &2 =2, 2008 4
WCbka—Vby MY, Ny — M, ~7 A MO E b & IZFNL) |
& ILFDIE TEWTWD,

c) BMEDT-DIZ, ZRZAX—&A /) RXR— gD Ny 7 U5 2AHMETHERINS
[HffL B a—R3b ] HEOBE 2B T 5,

2) EEOHF T, KEBIFPEA - 58L& 5 DO HEEZIER,
a) EFTxLX—EIKSHE (National Energy Strategy Board) | #Ali% 35
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THRRFZ) —F =T HREBELHN) ) REOT —~ 2 RHRITRILPED BN
TNDTRNLF—A ) X=Va v - T OTHEEEL, [185000 7 KL~ 2E
5000 17 RV AEDOHIE (BlAT OAZEE TI3K 2500 71 RV 4F) | ICHEET S
ZEEROTND,

ROV R R FRICAER 10 (5 R OB EE TS,

Hric /e e L LT [New Energy Challenge Program| Z A3 5,

New Energy Challenge Program] %, HFET & PEFEFR OEEED F T, BUF
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AIEOPHET, =3V =TT TR ¥ —0N [ IR KEEO TV — 2 -
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ThoHrZ B LTz, EOE L L THHEEHIEO RSN ED 5 TRV, 207
D77 T AT HERICERBSNTND, £72,.29 LB E~OEERORELS E,
KETIE, ZhANLE AN X =00 ) — bz tt & LIz K& R nA £
NTL 2, TORT, FIYLENTZ 46 DB X —NHEHLE & L TO®RE %2 R4, Hx
D E—=PEET AL EOINBEBE L EE L T, 2XkE2 =T 5%y T —7
DT THIT00 4 D =T HFZeE L 1100 4 O FHFIEELHE M B E N KL 72y, =
SV —AFFRICE Y fLA TV (X5 8),

FIT, INLOEEEREE 2, LTI TREDRET -84 =7 F 71237
HRFRHBBORG] ZHRT 5720, Tl b O 4 —L 0BRSS s 2HEH, £
DA & T,

VLS4 ; 1) 7 4 v=7 LFK% Light-Material Interactions in Energy Conversion |
/U —4%—; Prof. Harry Atwater
DE&BADFRNAIE] 22 —7 Y MIRE, v — L AN—7 L—ENAZEFT, (Y
J A R &R L THFE,

VLS4 s M) 7 /=7 K% [Emerging Material for Solar Energy Conversion
and Solid State Lighting| VY —4#— ; Prof. Daniel Dapkus

EMBEREBINONADOER) X —7 Y MIRE, 1V ) AKRF I THRFE,
IN— D =T R L L TR,

VLS4 1) 73 Vv=7 K¥/\—27 L—& [Center for Gas Separations Relevant to
Clean Energy Technologies] U —#4 — ; Prof. Berend Smit
[ A5 X —5 sy MCERE, B— Ly AAN—7 L—ES 50T, T3 2AA&
MKZ, B 73V =T REaY BRI, T ARATNVE LKRE, Iy = —F%#
Ry & L CHFE,

VLS4 ; ~YF a—F v TRKS: [Solid-State Solar-Thermal Conversion Center)
/U —4%—; Prof. Gang Chen
[(Y&BINSEBRA~DER) X2 —7y MIRE, RAM ALY =TV oY
[E AT & s L CTHFSE,

VLS4 7 U YIS KS: [Center for Bio-Inspired Solar Fuel Production| /U —
% — ; Prof. Devons Gust
INTIEER) Z2M9E 4 —7 Y MTERIE,

CRDS-FY2010-CR-01 I ATBEAR AR SR RS > 2 —



G-TeC #h&E2
FRAMEREVIZT & -

A PRI DRE

L

7

it IRXNV¥—FH0D

x8 IRNF—70 T17HMRE/2—-DF3H

00—t Z—HFITAIMBLL L& EEL, SRENN—TEIRYNT—IORT,

3¢

B

(B £ETFILF—% ISynopses of The 48 EFRC Awards] |ZX-S2JST-CROSAERE

K TrN4—TO S PR S —
o Hta—nAMME

— EBER

CRDS-FY2010-CR-O1

BIATBUEAR A MRS RS > 2 —

31

AWM N I



G-TeC #&E2
32 SRRERREVIZT CFTE - B AR DR

ZOfER. FEOMIEHZIZENTYS DRENBIT oA =7 F 7S L, brged
DI IR =R —HRORNZAID HZ 5 LT 58] BRLND ZLBnhoT, H

<
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3)

4)

5)

6)

7)

BHBEBLIEL-ERFEHA T LD E, RO X DT D,

kD77 o T 4o T L, mX X —Ta T A THEE L H—~DT 7
T4 U TIEIRE RS 2R, BARIIZIL, &I TREODZ RNV — AT A %
fiExH L, ZO%T W AT LB FEBT 572D ORMENE) (27 7> R&EiTo
TW5b,

TRNLX—HILT7 7 FAIREINIC, —HEOU—r7 v a vy 7Z2ELT\Wb, HAEJX.,
HIE TR IT— 2 BT BBV ) a—raraEx 4z b, DKEORE -
W - FIA T TR 2V X —OFH ) 728, REOZFXNAVXF—V AT L% 10 DT —
T — 7 v a y FITT T, VAT AEHEBLIT D OIS LB e FEEIT S A e L C

W7o,

INHEDU—Tva T ERNEHLDAMN, B xR0 RE (4,
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HF—<—fltd, INETTFAR—ENLE L TR TR, 2 —F v —72
EDO Ry TV —F M BEENmIEHEND DD, TRLX—58HDA )
R— g VERT XD RN A FEIC W I EIZEM A2V TV BT O K,
ZOEHE TEHRTAREI—VERITIZ, WD “JRIRBER AT O St
LT LIZh D) LAY —~—i X, InETEITRFEDT I r—F
EirAde, DFED, ANV AT LERIE, TOHBT, ROONDIMEEFET HF
Exi-Tz,

H—<—1ELE =R VX —ENORMZE & O &2 B U CKERRO =R V¥ —
VAT LAEHEHT I ENDIRDTE, O LT, W=y AT A% [KkFEORE - BT
e M) TR VX —0F A REDI10DT —<pU—2r v a v 7 ~LER
L7, ZLTC, x0T —7 v a vy IKED by 77 7 AEEEED, FEM7 %
MAEITo CWho T,

J—7 39y TR, BUINCKRREOTZ R AX = AT AEHER L BT R & s
FOFREIZLY . VAT LEBOT= D ORI R 2D S iz,

ZORER, THMECE R 3 VX —[EICIX, FFEORFEI N— 7721 TIXEY #
DN L& TR, B 2B PR OBENRRD NS Z &, BAEMIZIX
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8) ZIHLTHMNINIEMEZSG EIZEENTH T 7 T AV T AF =20, [=x
NX—=T R T4 TR Z =) (2D, 77 ¥ Ph PO L7 ki
V=2 v ay ZTRLIIREmA, IETT ) T 2 BT 5 RRIC R o T,

9) FEHERIZ, 46 DB X —DLL TH /T 7 NHERGE LTERY EIF 5TV 50,
N T 77 TR ARESR T R VX —REE RO HE Y & L) R TiER
<, T2V F—EEZRILT LR ELT, T/ T I7RBRHENTZ] fETHD
ZENGDD,

10) 2D X9 TRYEMBIILY — 7 v a v 7)) ZIEHT2FET, =—XERHB@Ey TE
bhm St seitimi e (DARPA ; Defense Advanced Research Projects Agency) | 73HY
L7 7u—F LU LTS, B &SRR AFTZ72 7 7 FEBET 55
b XTS5, BREEBIEIC RERRICAD Y U a— g Ui fhi
THODT—rvay 7] RESLTHD,

INLOBMBAERNDL, TFAX—T T A TR =D T 7 T 4 T
IZOWNWT, BLFOFENBHL N7z,

c EXNX =TT A TR A —~DT 7 T 4 T, GEROFIE L RKE LR
2%, BRI, RIS RO FILF—2 2T L) ZHIZH L, 20%T M
W2V AT DB EBRTH2 00BN (&7 7 RE{T-o T b,

* ZDDIT =R =TT 7 FRIRANS EOV =27 va v T2 g L T,
B~ SRR L. BT BRI 2 ST 2 L2 BNE L2 O T,
[k SR D BGE -y FUH I TRB = RV ¥ — ORI 72 EOBE DT —~jlV—2 v a v
TN T, AR RRT D T2 D DI E 2 FE L T o T,

oL I, mRZAX =TT 4 Tt X —~DT 7 T 4 7k, ARSI
I U TCOREARSALTWAS, LEN-ST, 22 TOERY LD FREEZHZEICED
DT A A ] R L CW 720D Ty R 77 40 Al b,

HEZEL LT, BICERATREFENMEONTD Y 7+ V=T THRHRZLEEDY 741 =
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cHMSERR D)7V _T7IRKE

1Y 7N =T LRRFICIE, HDERLB O ZH# T 5 72D O Feil s (4 FF
Light-Material Interactions in Energy Conversion) | NEXE L7z, 7/ 7 7 & 51Z
TITARERAZT VTN EZRW, BRBROTN & Sk E IS 5058 21T 9,
n— L AN—=7 L—ENERT, AU A Ry E OEENPEEINTND,

IO E—FEFRNLNY — T hUx—4%— (Harry Atwater) 2% & O8iHEE
Folz, A7 UHELEERFHAE LD L, ROXH TR D,

1) BESNT-Z RN —T 40T A TR X =D, T/ 7752 E L
WFFEIZE Y #HA TN 5,

2) TTIZFH T I/ R+DITSHERTWATZ LY ha=7 A5 L iy =L
F—OBH T, INFETITF /T Tl ~A7uaT7 7 nEL L TREbDNILTE 7,
LIz o T, 7 /T 7 2L X—|ZRBIAT A7 DICERTREFIHITIZ U,

3) BlAE, HIRTIE, =xF—HEREKIIED LHEMREE RNV —ORIGITELZD
R, LIEeRoTAR, BAEREDZRLF—ORIERER L TWIFIE SR, 2ok
DDOMBINKRENCMLE L IR DFRENET D,

4) ZDOER, AT LE L TOMRUERRENEL RO D202, MEMEHZE D H/IMEA K
HDOEND XD - TL B, BREERBUCKLE M EHT, DTl 72 nizER N,
T T EEN LMEMEH EL IR 5, =X X =080 L 2~7 U 7L (less
material) | ZEHTHZENKERHBA L Mo TL b,

5) OBV HZ—IE, fFROX—F v FE LT, BAMREZRLE—0 2 X k2t ke
WIZBIE TIFAZEZBHIELTWAD T/ T 7L VAT U TNV EEBTHT0D,
Bl 212, =X —H@CHERAISh Wb Rmidbaizet /77 ciEE iz Tl
e EEHSTND,

6) ANRVHEHMTIE, TRV —DFOREBHENERINL TS, KEQRERELT,
TRALF—ED Ny I A L ML AHENRET N5,

7) BEOZXLX—EHIZ, EEOAT 4—7 > + F2— (Steven Chu) i+, WEOD
AT 4 —T v« 7—=" (Steven Koonin) {it, L7V RT 4—F T aV
> (Kristina Johnson) O WTFNHLE T RHE TH Y MFEHLEZHML TV 5,
D~y TN OME A 0 ICEE L TV D 2 ER, BUGOIE T2 RNIZ
=TS,

8) TXNX—TnurT 4 TR Z—IZlETBENE. 7 v > 2 BB ORI iR
FoTWNA, BYZOTF-OOIEHCHENTHLHEEEZR-LEON, TR LX—4
DNRY T « F—<w—flit (BFRETORB XL —RFROYLRFEDRHE,
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9) V= vav 7 THELNEMERE LT MEHECTER R VX —EIZIX, —oDF
BT N—TTEFTIERD ORI ] ZBIFIOR LD EN, B A —BRYLOAE
FERIZBWTRE R e 726 Lz,

10) © 2 ¥ — O O TR KT 5 SR Wri A4 S~ KEEA T L TWDH N, T —
Jva v T OREE LT XX =08 80T 5 Mt EIENE) NIH/REINT
WART UL, KO 2155 Z LIZNEE L e o - FHENMAE I NS,

11) F—~—ltRN dHDOU =7 2 a vy 7 T o l2HlIE, RO MBI H 1%, x—
Fr—RED Py TV =T MIHEH SN S LFEH SN LB DOD, = x1F—IC
BT 2872 B, SDIEA /R a VERET X RIS E ENICL o
=l ZEith D,

12) 20OV —7 v a v 7 TE, EPIC TEHRTRERKOZR AN — AT A %242
R, FOLET 27 A (BIZE, AbarbIEba~Dlinfare &) OEBRICKLEL
RDEEMEZE] 2 LTV T e —F 2 Ro7n, BARICIE, T RLF—HAND
HAFZ L O@EmMLEEZBL, TTRKERBET M—F L AT a5#EHL, 20k
TU—7 v avy 7 TOEmaREREL T T,

TARAX =T a T A TR I SR E LT, ISR VT s il
tE2FLIC, —HOTU =7 v ay T EEL, RROTFNVX—V AT LEEBT 51200
IEHERTZE i L T o el & | R EDPRHTIER S5,
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RS ERR BmH) T+ IN_TKE

AU 7 AN =7 REFEIZIE, TDEOWRIE BB & @D 5 2o O el (455
Emerging Materials for Solar Energy Conversion and Solid State Lighting) | 238X {&E
Nic, AEEREZEE LTEHTent 7 Uy BB ZHW, DEnbER) 2L T 148
KB ~D ZODOEW A R & LTAEICER Y e, A U ) A RF I TH I RE N —
V=T RFLOEENERE I L TN D,

DU HE—HFRNDHL =)« X7 H A (Daniel Dapkus) #HfZ & OB AEFF-
oo ZREXZBUHELEERFHEZELODLLE, RO LI D,

1) TRxXAX—Tua T A THEE X —OFSICHIT, TR AL —ER—SHOT — 7
vav T EERL, EFITEDOEWOBRBIN T, FEEE LS O B E DR
HERZML., BEEm AL DI TV 5,

2) ZOREER, [ F — ORI - 2B 2R OEEN RO Z &), B
REIZIE T9RF7 LTI, 1T LUV OERKRPBEICR D 2 L) Tl
MoEt s #—& LTig 2D & EAZEMENHA SR o7,

3) ZokHiz, V—rva vy X TRBINZERIT [/ 77 TR AR/ = R ¥ —
OEE RO HEFY E Lz O TR, TR — O BEMEIR TR 2 k1
HHT, MRELTTH /T I7RBRVHINTZ] DL TN5D,

4) Z 9 Lz RERPMNY —7 a7 2iEHT 5 RFiEL. =—XEmRBm@y TE
ST ) (DARPA ; Defense Advanced Research Projects Agency) | 235
7T7a—F LU LTS,

5) EBEEMIEHERNT -7 7o R P2 28680 X0 /NEETIEH 503,
SEME S BRI E Y ) a— a AT A0 T — 7 g v
ML STV 5D,

6) ZOBrI—iF, DEERICMAL ) & TEREL BY) Ichisl e &
Al —fEi & L CLBRT 72 ZE 2 D T D, ZRENAW NI R 523, Y
ML~ & LTI L TV D 2 ERNKRERBERTH D,

7) THAET RV =D A b Z2LAREREAIZIE TS 28] 24 =7 v Mt
. T ERMOBIZET, 2 X M+ D=2 2720 DO EARFBLLFH Fika Ao
52 &) o TWD,

TRNAX—T T 4 TR BT AEME LT, [—HEOY—T v a vy E
WU, TR VX —OEE RIS A 72D OISR A L Qo s & | 72 EVERICTE
HXNhb,
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2.2.3 MALZ—DHRIALINLZE

FIETHOMNI LIz L 9IC, =X —Tna 7 ¢ TGt o % — 3Rl & LT
DO ZEBRS AL TEY, ZZTORYMAEN FREZFRISHE RO 24 A % fifiA
LW 72D Ty RTT 07 4 AT D, £ ZTLUF, & — O IRHECHL Y (A
ZEEANZ N5 2 & T, SRR EORT L - A IR R E T DT DI EE L IR D
EARBEHOHTZ X - T,

TRNX =TT 4 THEE X —ORNEET, B —52R N5 ) —F—LDH]
HEA RO —EEEER O 2 END, RO X HICEHET L2 ENTE D,

1) TRxAX =TT 4 T2 —i%, kEZ 2L —HORZ2)E (Office of
Science) |ZET 5 [ /L X —F7F )5 (Office of Basic Energy Sciences) | 73,
ROEHRT B AZRTELDL EF b D TH D,

2) KE=x ¥ —4F EfEFox X —F 77 Z B2 (Basic Energy Sciences
Advisory Committee) | 138\ T, =X —F7fmn, £7°, 2001 4~ 2003
FEDOR) 32 )T T I A BB BRI 2050 4E ) & B 2 7356 O DR E S = 3L F—
A AT LR L, DORRFEZEZEB L T (reduced environmental
impacts of energy production and use) | 722 a3 X FRE & BET,

3) BAREIITIX, 2002 410 H, 20034 1 HICBELZ 2BNCELA Y —27 > a v 7 (K
TR, MR E D 100 NLLESSE) TOREER T, KRROTZ R F—
VAT KEEET HI-IC “BIEETNE 37T O 4, [Basic Research
Needs To Assure A Secure Energy Future] &9 #HiEEICE LD, FHE,

4) 2O LT, R L 37T OB I T S “10 O EABFSEEEL” (oW T,
“HD AT~ E T8 OIERMENFIEAET Z A, BRRYICIZ. 2003 i~ 2007 £ D b AR
2. 10ENCEA Y — XD T THEMIE=— T —27 3 3 v (Basic Research
Needs Workshop) | % B,

5) ZNHDU—7 g vy ATiE, R, FEER. R ENL, At TIER 1,500
AN ERSW, U—7 v a v 7, i S-SR 2 s EICE L, 3K,
KU —T a7 O7r—< kOFEEREYIX, LITFomy,

< [KRFZORLE « Ik - FIH ] (2303 2 392 =— X (Basic Research Needs for
The Hydrogen Economy)., 200345 H 13 H~5 H 15 H

T K= 2 VX —OFH | Zxt9 5 M52 =— X (Basic Research Needs for
Solar Energy Utilization), 200544 18 H~4 H 21 H

- THUEE ) (2% 2 HetEifF 9 =— X (Basic Research Needs for Superconductivity) .
2006 -5 H 8 H~5 H 10 H
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c TEAKZET-HREA | (2%t 3 A a9 = — X (Basic Research Needs for Solid-State
Lighting) . 2006 455 H 22 H~5 f 24 H

MR A ) AT A Tk D R HEMFSE = — X (Basic Research Needs for
Advanced Nuclear Energy Systems). 200647 H 31 H~8 H 3 H

- DEEPEL O AT - BRI 1T D Bt = — X (Basic Research Needs
for Clean and Efficient Combustion of 21st Century Transportation Fuels). 2006 4
10H29H~11H1H

T ZRANFR =T AT LD OHEREF: | 1T D EbEIE=— X (Basic Research
Needs for Geosciences : Facilitating 21st Century Energy Systems). 2007 4= 2 H
21 H~2H 23 H

TER TRV FXF— O] 2k 5 52 = — X (Basic Research Needs for
Electrical Energy Storage). 200744 H 2 H~4 H 4 H

- TREREREE N OM L) (2% 5 N FE = — X (Basic Research Needs for Materials
under Extreme Environments). 200746 J 11 H~6 1 13 H

XX —D =D O (2%t A 2 = — X (Basic Research Needs :
Catalysis for Energy). 200748 H 6 H~8 H 8 H

6) SHIZI0ENCED Y =7 v a vy TOMRE D LIS, iz x X —REikER
RNETH 77 FFx L UE% (Subcommittee on Grand Challenges for
Basic Energy Sciences) | 23, RKHKDO T RN X — X7 AELEITANT B3
5 ODFFFEL” & RFE, 2007 4F 12 H 12, [Directing Matter and Energy : Five
Challenges for Science and The Imagination] & W9 #iEEIZE & D, HHE, FFE
SNTRFREEIT, LT oY,

BT a2 EE T Lo TONIHIET 5 ) (How do we control materials
processes at the level of electrons)

« VBE7RBEVE A R BT A T A S 2 WVINTEREF L, R R VX —2 RO H Chx
W72 J7IETWIINCIER T 5 ) (How do we design and perfect atom- and energy-
efficient syntheses of revolutionary new forms of matter with tailored properties)

c JHTRRE T EOWERIN T OBEMERF B ERN DA TN DEN T EEE R L
ZEWMNIHIEET 52> (How do remarkable properties of matter emerge from

the complex correlations of atomic or electronic constituents and how can we

control these properties)
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7)

8)

9)

EYMEMPIT o TCND LI RT ) AT — L TOZ RV ROBRIESL "HE
(29 B H AT 2 VWAl T 5> (How can we master energy and information
on the nanoscale to create new technologies with capabilities rivaling those of

living things)

BT D ESE, BT FICBWL T, WANCEMli L, £ U THEET 52> (How

do we characterize and control matter away - especially very far away - from

equilibrium)

U ED120FEETRLIEZBFEEELZ D LI 2R3V —T 0T 4 T v X —
ZALH B, 20084E4 AND 7 7 T 4 7 DT DOASEIEE B4, 2009 4F 4
AT, BRI S 7080 260 EDIRZEDOH N D 46 D= LX—T7 v T 4 T4
X — R,

Z oM, Effxx v F—HFHRMEZERCBET S “HREROBZE” 2
(Subcommittee on Facing Our Energy Challenges in A New Era of Science) | 73,
46 DM e 2 =BT 2 — L& [Hl#HF5 (Control Science) DFTHL] &>
I Y a O TR, 2008 4F 12 H IZ [New Science for A Secure and
Sustainable Energy Future| &9 #iEEICE &, R, fErIv TGRS
DOWNHFIZ, LLTO#EY,

a) Db, BT, ALFEHA R L DL 2B T 1)L — OB T L2 A 2 52
BLLTW% “BMERMERE) 2 TG 1ER-HE3 2 720 O o e Bl 2 2 |
R 5.

b) T7abb, T2xVF—ICHOLLIWETOFHRZOWHIR ) 2b26F TR
FORHL TRV —Dfii] ket - HlilT 5 2 L 2 RTREICT D,

c) FDOIZ RO LA AT HMELZRHESHT Wb “EHMEAROFLRE"
IR T OOFERF L THEMMEICRESND R AT v TRIOMEHES |
REDOTIELERE LN G, ZNETO KEEZAE T 2WHE 2 BIEMIZHERL LT
W TTr—F] b, BLrT a7 s —%BEL, BEzATOWEE AT
BNCHERLL T 7T Fa—F ) ~LEa#az X5,

d) 20O LT, —JEREIEEEEHOBERFEEZH 2R L, MER LA TWIC
BB TORT LV OZEE) | 22, BONBIEEREZ 7 — KXy 7T
HZ LT, RO DEEED BB VI R EREE” ) 2 hmibd 5,

AR TRRAL S T2 46 DB VX —i%, 2T, KREOZ RV F— U AT AMEEICH
i TIRD 2 SOBNE:Z57- UT-FFEER] & 7e>Tnb,

CRDS-FY2010-CR-01 BIATBUEAR A MRS RS > 2 —

39

AWM N I



G-TeC #&E2
40 SRRERREVIZT CFTE - B AR DR

a) B —OWET v 7T a0, (R =—XU—7 v a v 7] THY LTS
iz “10 OESHFEEE ON, —oOFRITEEE RS E LTV 5D,

b) B ¥ =057 v 7 Z A5, [Directing Matter and Energy : Five Challenges
for Science and The Imagination] THe/nrSivz “Brik3- & 5 SOFF2JFEL”
DN, —DFITEEAE A= L TW5D,

FRRICEHE L7 L OIS CKE =RV ALSIEE I R T 5 72Dz U —
7 vay TOHMAEER LTS, BRI, SEMICED ~HEDOU—r v a v 7%
TOMP REREE 12FEO LR —FE LTHE) 2b i, TREDODLZE LT X
R —RZE] W) SR A T 5720 D 78 OILRIZERE) & [5 OB
ERFEL T olz, B#T I KET RN —HOREEL, ZLOBH Y =TV A N EH
O, UTICEEDTRLT,

VU387 OWFES M7 BT HMRETNA D L S o E
* Basic Research Needs To Assure A Secure Energy Future
http://www.er.doe.gov/bes/reports/files/SEF_rpt.pdf

VvV “10 OFE MR I D METAA DR S VoIS E
- Basic Research Needs for the Hydrogen Economy
http://www.sc.doe.gov/bes/reports/filess’NHE_rpt.pdf

* Basic Research Needs for Solar Energy Utilization
http://www.sc.doe.gov/bes/reports/files/SEU_rpt.pdf

- Basic Research Needs for Superconductivity
http://www.sc.doe.gov/bes/reports/files/SC_rpt.pdf

+ Basic Research Needs for Solid-State Lighting
http://www.sc.doe.gov/bes/reports/files/SSL_rpt.pdf

* Basic Research Needs for Advanced Nuclear Energy Systems
http://www.sc.doe.gov/bes/reports/files/ ANES_rpt.pdf

- Basic Research Needs for Clean and Efficient Combustion of 21st Century
Transportation Fuels
http://www.sc.doe.gov/bes/reports/files/ CTF_rpt.pdf

* Basic Research Needs for Geosciences : Facilitating 21st Century Energy Systems
http://www.sc.doe.gov/bes/reports/files/ GEO_rpt.pdf
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* Basic Research Needs for Electrical Energy Storage
http://www.sc.doe.gov/bes/reports/files/EES_rpt.pdf

- Basic Research Needs for Materials under Extreme Environments
http://www.sc.doe.gov/bes/reports/filess MUEE_rpt.pdf

+ Basic Research Needs : Catalysis for Energy
http://www.sc.doe.gov/bes/reports/files/ CAT _rpt.pdf

VPR E 5 OOREEE” IR A METAA DR S Tl E
* Directing Matter and Energy : Five Challenges for Science and The Imagination
http://www.er.doe.gov/bes/reports/files/GC_rpt.pdf

Vo HIBEE OB (2B D RGN AR AN R S AL e
* New Science for A Secure and Sustainable Energy Future
http://www.er.doe.gov/bes/reports/files/NSSSEF_rpt.pdf

b, 2 xF—=T7n7 4 Tt o 2 —ORN#EZ ERROBICEH L LT, 2
DIAUCIEDE [RUEZ TR O DA DM 2 5 N & EEORF 2 i~ Tz,

CRDS-FY2010-CR-01 BIATBUEAR A MRS RS > 2 —

41

AWM N I



42

G-TeC #&E2
SRRERREVIZT CFTE - B AR DR

2.2.4 HESFEZMRIHKODIITSHEHEA
FIEE TCORBICEY, TRALXF—T 0T 4 TR Z—IZEDLUTORA LV k
D BT 7o T2,

a) TXRLX—T T 4 TR 2 — I3 R L L CORBERS AL TEY.,
ZZTCORYMEAD [FREZRICHE DT D) #fET 72007 v K75
7T 4 AT B,

b) KETZRLX—EIE, B X —%IH A0V =7 v a vy 7O EFERL
TW5, BRMICIE, 8FERICES —HDOU—27 v a vy ETOMRFE S LT, TR
KOLE LT RF—RGE) & WIS RE AR T 57200 178 O FEREFIERE
& B DORMEER | 28EL TV o7z,

c) L7edo T, B ¥ —ORNfEz it o5 2 L2y TRVEZ ISR O 5
A ) OB Z A LN T2 2 LT 5,

HUREEREERBIITHE, KE XA BN —T 0T 4 THEE
H—NrH BT a2 %, RO 9 AT v T TEEIND,

AT w71 [RROZE LI RV X —RGE L W Dt | OfR

ATy 7N R LIEHERERET D5 L 0% [RHRV AT L) Ol

c 27 w7 JBY AT A CTIHRERIRO DI BIE4 & 137 OffF%e )b Ohi

c 27 v IV I L7z 37 OFFZEL ISR L7z 110 OFFFEX% ] DR E

c AT vV BRE LT 10 OFZERRICKHE Lz 110 O FEAAMEE] OEE

« 27 v VI BE LT 10 O FESFEIC B W TEY flie~ X 178 O ELpsF 2t | o

- A7 w7V il U7z 78 O SEREATFEREIC RIS L 7Bk~ % 15 DO R o
FiE

« A7y IV FE LTz 5 DORFEFEI IS LB~ & 11 DO aalE ) ofdr

« A7 v 7IX ; 718 O FEMENFZERE, 5 D ORI FEFEL, 1 DO BrEGEE IS kS Lz 146 ©

ZZTUT, EREAT v AW BB OFEM & i~ 7,
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a) HEFEE AT LOBRRTRAS

FHIZEEDTZ 55O X — L DBMEEOHR T, “X VX —T71 T 4 TS
BB =D T 7 T 4 TR ERE LS ERY | BHINIRRDZ RN —V AT Lk
N2 BT, VAT LB FEBLT DO DRI T 7 o REdToT0D Z BB LT
Trolm,

WY —H—I2 LD ERtfERE, S EZ AT AOMETIRA D) Z &, #HE
EMFRITRE RIS 2 EERRA L e D T EEERT 5,

FEERCEEFB M OFEM A TIN5 & RET X VX —ERUTOT 7 —F 2 [>T 5
T ENHERRTE D,

£, 2001 FFICHE & BAG L CUARE, ARG TREDLE LT3 X —RiE) &
WO EREEZ R E LD THDH I b x, —H L THfEICALES T T 5,

ZOLEBEEBHALEERE LT, fixidmr X —Ta 70 7R 2 —offt
- Energy Frontier Research Center, Tackling Our Energy Challenges in A New Era
of Science] (2B HLUTORREBNFH T BN D,

Background Information

In 2001, the Basic Energy Sciences Advisory Committee (BESAC) conducted a far

reaching study to assess the scope of fundamental scientific research that must

be considered to address the DOE missions in energy efficiency, renewable energy

resources, improved use of fossil fuels, safe and publicly acceptable nuclear energy,

future energy sources, and reduced environmental impacts of energy production and

use.

The scientific community enthusiastically responded to this BESAC study through

participation in a week-long workshop and results were published in early 2003 in

the report, Basic Research Needs to Assure a Secure Energy Future.

0O ET, AN LY — 27 2 3 v 7 [Basic Research Needs To Assure A
Secure Energy Future (2002 410 H. 2003451 A) | IB W T, THESiENET 55
XRTAT LE LTS LTWa, BRI, AL X—R5siEZEan
“U—02ayTONEN" ZRETHIET, VAT LAOHWMERZRRIH L TV 5,

KT =72 ay T TIEIDONRRVICEDLFEDER SN, 20N, =ZxLvxF—v
AT AORERBERIZELTL00, LLFO 7 /3%)vE725,

- 2V 1 A= %X — (Fossil Energy)

« XV BAERE& K= %/ ¥ — (Renewable and Solar Energy)

« RV K555 %1 ¥ — (Nuclear Fission Energy)

« NRNVIV ; EfiA = %/ ¥ — (Fusion Energy)

« NFNV G TRLFX Rk &REFEM & KFE  (Distributed Energy, Fuel Cells, and
Hydrogen)
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« XFIVVL; Bk iy B O = 3 )L X —{H % (Transportation Energy Consumption)
« XAV EEE&TEESEESBTFO T 2 LX—4% (Residential, Commercial, and
Industrial Energy Consumption)

B, ERLISHNZ., BT —~ & LTIRD 2 " VZ K DT bIThiv,

« XNV ; =X —D 72D DOEYFEF (Energy Biosciences Research)
« RIOVIX ; BEWHORESE ) O0E  (Cross-Cutting Research and Education)

INHLOENXIX, V—7 v a v i E [Basic Research Needs To Assure A Secure
Energy Future] |ZLL FOETRRE I TWD,
APPENDIX C : CHARGE AND ORGANIZATIONAL DETAILS
Introduction
The Basic Energy Sciences Advisory Committee appointed this subpanel to help
identify the basic research needed to resolve key issues in the development of a
secure energy future for the United States.
To focus the discussions, eight major energy areas, or topical areas, were identified:
* Fossil Energy
* Renewable and Solar Energy
* Nuclear Fission Energy
* Fusion Energy
* Distributed Energy, Fuel Cells, and Hydrogen
* Transportation Energy Consumption
* Residential, Commercial and Industrial Energy Consumption
+ Energy Biosciences Research
* Cross-Cutting Research and Education

Z D%, 9 XN OFEEZ@E L (37 OBFFETM ] & 110 OAFFEHER] B Bk -
TCBPETC, VAT AT 2B MmE 25 L T\ D, BARERIZ OV TREZRBN - EIE
ENZT- BT, ®8 A7 A 343 CH TlE Ta decades-to-century energy strategy|
IREDORBZMEN) ZRMEICIKER 9 O THEEL Lz, TEAEBGERE] DL
BRECIE, KV AT LARERE LTHNLA TN D,

o oE XL, A X —FF R oSG E [The “Basic Research Needs” Workshop
Series (April, 2007) ] OHF T, U TO X I IZHHA I TS,

The 2002 BESAC workshop inspired the comprehensive decades-to-century energy plan

shown schematically below. BES has since held (and is holding) a series of workshops,

referred to as the Basic Research Needs (BRN) workshops and modeled after the 2002

BESAC meeting, to examine in detail the research directions necessary for a decades-to-
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century energy strategy. Top scientists from around the world have come together to identify
areas of scientific opportunity relevant to energy technologies. By effectively linking discovery
and use-inspired sciences with energy technology goals, the reports from these workshops
have generated great interest in the science and technology research communities.

—Ji. RROLE LIz XV F—RAEDEBLR (=3 L —D AL TBRE ORI
KON TREFEES ORI IO 5 Z L%, Ko x X —FFRoOMEFE [New Science
for A Secure and Sustainable Energy Future (December, 2008) | ®H TiiBj L T\ 5,

c TRV X—OHEN ; KENT, ENEERNDEZBZS—HHY 1600 TNV VDAl %
WENZHEE L TS, REDITIAMST ADAIZ L > T TEY, RE&EIX
1970 LA, B4 3 51272 > T D,

s BREEOFERpE  KENT. M IRFE R EOEBEL A ZHEHEOHIICER Y HE R TN
X2 5720, ERPdEHEE, KESEO = 2L X — 4808 85% % 4 8 Db A Rk
DRBETH D,

- B ORI KERFIZ= R LX—A I X NOEBICENINTND, HIED
BRI, A 7000 RV OFERAEZEL T, KR U —r ¥ —;
WaAIHT 52 EN KERZTICEE LR o — L REE S ORISR 5,

Y ORE T A, DLUFICHRE L TR LT,
Foreword
The United States faces a three-fold energy challenge:
* Energy Independence ; U.S. energy use exceeds domestic production capacity by the

equivalent of 16 million barrels of oil per day, a deficit made up primarily by importing oil
and natural gas. This deficit has nearly tripled since 1970.
+ Environmental Sustainability ; The United States must reduce its emissions of carbon

dioxide and other greenhouse gases that accelerate climate change. The primary source of
these emissions is combustion of fossil fuel, comprising about 85% of U.S. national energy
supply.

+ Economic Opportunity ; The U.S. economy is threatened by the high cost of imported

energy—as much as $700 billion per year at recent peak prices. We need to create next-
generation clean energy technologies that do not depend on imported oil. U.S. leadership

would not only provide solutions at home but also create global economic opportunity.

PLENS, RKEN (23X —0 B BREORML] TRREKSORIH] ©3o5%
HEZHIT, REOLZE LT RNV —RGEE WO HESMEL AT A L THEELT 5
Z LT, EAMIRICHE OO T AN A A L T o REN R CHRN D,
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TLYLALGUFR T—FUETYNZHEOKX

CREEDICPOLN LB EEOL T(HIHE00C "HOLEZ002) ainingd
ABIBU3 8In23S Y aINSSY 0] SPASN YoI1easay JISeg: L AEAL—L ) " NLZEEWBMOCEEE @

EEWPHROTLLAZYIRNEO W —FNLTONHREE~B4, 6EE
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b) REFRO/-OHDERFEHZEDD

ATIEICREH Lo 2 v A7 A L LTRRE LT 5 2 L8 2% HF5ET51m ) ThF
FEXR) £ LT THAE ~E RIS 2ih&2ed,

KETRNVX—=EHDr—ATIE, ROL D i zeft T, RROLE Lo F—fk
AlE & D B & R 5 7o O E RFEB A IR E L TV o 7,

VHERENET DB L R RV AT LR

T, TRKOLE LRV X—RGE] LW OSEEZE R L7z BT, R Lz
BRAET D% 9 S OBEENORA VAT L] £ LTHRA, BE LTV,

ZOND TONTZRNFX—|ZEHEED AR ER, KO 2 O EYRERHE R L
DY AT ZERERWT T DR ER L 7> TV D,

a) TRLX—(CEHER D HRERE S
- b= LF¥— (Fossil Energy)
- HAFBE& K= /L ¥ — (Renewable and Solar Energy)
« B3 2L ¥ — (Nuclear Fission Energy)
- B =%/ ¥ — (Fusion Energy)
« TRLF Rk &REVEM & KFE (Distributed Energy, Fuel Cells, and Hydrogen)
- gk B O = 3L X — 4% (Transportation Energy Consumption)
FEEE&HEEKEE O XL X —{HE (Residential, Commercial, and Industrial
Energy Consumption)

b) VAT LKA REWTT DR ER
s TR =D DEYFEY: (Energy Biosciences Research)
- FAWrRORFSE & OE  (Cross-Cutting Research and Education)

(B PHARNBOE A THAT R L FXT—E | DHSREAER R L, RENET AR AL VR
T hELTHEELT 2%ENT TRHINEREM TH b= p X —4 ] kO [BEGERE
BRED Ny T T ANEE ] BNHoTWD,

VKRR AT LA TORIET XGRS M OHH

RS bR o7 BT, RIZ, VAT AEMERT D 9 OOERERFT H7mDD R
FNEREL, V—7va vy T ERBEL TS, BEMIZE, 2002 45 10 A, 2008 4 1
Ho2mIZEY [U—2 a3 v 7 ; Basic Research Needs To Assure A Secure Energy
Future] Z#3i L, fHx OBEFOF T FREMROTZDICHIET XEWIEH M i
LTCTWo7-,

weam ol U S 7o i, LT O X 5 127> T o,

VA VIV B (o et e
TEE 4 SO RBAHH STV,
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(DReaction Pathways of Inorganic Solid Materials: Synthesis, Reactivity, Stability
@Advanced Subsurface Imaging and Alteration of Fluid-Rock Interactions

@Development of an Atomistic Understanding of High-Temperature Hydrogen
Conductors

@Fundamental Combustion Science Towards Predictive Modeling of Combustion
Technologies

CSFA ;TR & KT L —

TR 5 DOWFFETT A S T 5,

(DTo Displace Imported Petroleum by Increasing the Cost-Competitive Production
of Fuels and Chemicals from Renewable Biomass by a Hundred Fold

@Develop Methods for Solar Energy Conversion that Result in a Ten-to-Fifty
Fold Decrease in the Cost-to-Efficiency Ratio for the Production of Fuels and

Electricity

@Develop the Knowledge Base to Enable Widespread Creation of Geothermal

Reservoirs
@Conversion of Solar, Wind, or Geothermal Energy Into Stored Chemical Fuels

(®Advanced Materials for Renewable Energy Applications

CSFOVIN ; By B L —

TR 4 DOHFEG M HH STV 5,

(DMaterials Degradation

@Advanced Actinide and Fission Product Separations and Extraction
(®Fuels Research

@Fundamental Research in Heat Transfer and Fluid Flow

c NFNV G BG T R L F—

TEE 5 SO STV,
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(DMultiscale Modeling of Microstructural Stability of Irradiated Materials
@Deformation and Fracture Modeling

(®Plasma-Surface Interactions

@Thermofluids and “Smart Liquids”

(®Plasma Aerodynamics

* NFIV ) E LRk &R R & KSR
TAEC 4 SOWFFET A S T 5,

(DAdvanced Hydrogen Synthesis

@High-Capacity Hydrogen Storage for Distributed Energy of the Future
(®Novel Membrane Assemblies

@Designed Interfaces

« VI RS B O = L X — T
TEE 6 DOWE A STV b,

(DIntegrated Quantitative Knowledge Base for Joining of Lightweight Structural
Materials for Transportation Applications

@Vehicular Energy Storage

(@ Fundamental Challenges in Fuel Cell Stack Materials

@ Integrated Heterogeneous Catalysis

(5 Thermoelectric Materials and Energy Conversion Cycles for Mobile Applications
®Complex Systems Science for Sustainable Transportation

s NNV (B &R PEE B DT 1)L —{HE
TRC 4 SOWZET A S T D,
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(DSensors

@8Solid State Lighting

(@Innovative Materials for New Energy Technologies
(@Multilayer Thin Film Materials and Deposition Processes

« XFIWVIL ; =RV FR =D DAY
TRE 3 SO F M ST\ 5,

(DEnergy Biotechnology: Metabolic Engineering of Plants and Microbes for
Renewable Production of Fuels and Chemicals

@Genomic Tools for the Development of Designer Energy and Chemical Crops

(®Nanoscale Hybrid Assemblies for the Photo-Induced Generation of Fuels and

Chemicals

- NFOVIX  BBTEIATIE M OB
TRC 2 DOWTETT A S T %,

(DNanomaterials

@Preparing Tomorrow’s Workforce for the Energy Challenge and Heightening the

Public’'s Awareness

AT LERERRT D 9ODEFIZHONT, AFFT 137 0 BIs T~ m ) Ahi
ENTWBZERDND,

KU =27 v ay FITE R ERER WFEFT 72 £025 100 NELERS LTz, £D BT,
EELE (FE2 S 2= 4 2RETHERARIEE] BHOLERY . HIET &%)
FEH LML T ol

V BT ARE G RNCKRHE LI AER S O E

37T DR FMEHLMNI LT LT, ZhboFmzE 7/ A—7b AT 52T FE
AR D T2 8 DIFFEXTS | ITEH L TV 5,

HARMZIE KRR DOLE LIz Rm VT —RiEZ FEHL L T\ e LT 110 OffF7ExE: |
EREREL TS,

CWFZERIGE T ; = R VX —HEHL O R 7 7 v —F (Fundamental Approaches to

Energy Conversion)
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- WFFERI G ; =L X — AW FY: (Energy Biosciences)

« BFZERI AN ; KFEDBE « BpjEk - BRI 72 35028 (Basic Research Towards the
Hydrogen Economy)

C WFERIRIV ; 7 7 F = MMEFE RO EN A 7 /v (Actinide Chemistry and Nuclear
Fuel Cycles)

c BFZERIRV ; XL X —HR AR 28 2 - BAS £ (Materials Science to Transcend
Energy Barriers)

s WFFERIRVI ; A E ML (Heterogeneous Catalysis)
s WFZERIGVI ; F i 72 5% (Novel Membrane Assemblies)

- WFFEXRI GV 5 FfHY = /L X — 7 (Innovative Energy Storage)

c WFIERRIX ; = R L X —FH = O 72 0 O I 5E (Basic Research for Energy
Utilization Efficiency)

- BFZERIG X ; HIEKEL: (Geosciences)

FROWAN, U—7 > a v THREE [Basic Research Needs To Assure A Secure
Energy Future| (ZF &N TW5,

ViR E UT-FZe st 81 oS < S a0 IE

(37 OWFFEH ) & 110 OWFZERIEG) &b 1T, REICITKRE = 2L X —F 08 [GR
AR D= D “10 O ESHEE] ZREL TWD, BEMIZIE TR 10 T —~ %, KK
DETE Lo T3V X —RGiE %2 EBL T 5 7o 0 OB R FEIRIC®RE LT,

FATHR SN R ONE L T 5 &, BURH RN IS GBIMEEEZ XY 72
DD, FHAERE EO TS EFR R TERND (B2, FFFER OB Tldr S/
Mo le RS NESFEICINbD > TnD),

- EAEL T ; K= X —0OF|H (Solar Energy Utilization)

SPEIE I ; AKEORE - B - I (The Hydrogen Economy)

)
- HAERIN ; SeiE - /13 A7 & (Advanced Nuclear Energy Systems)
R

SRRV ; REREE T O£ (Materials under Extreme Environments)
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- BAGEILV ; = X =072 Ofilit (Catalysis for Energy)

- HRSEIVI ; B4 (Superconductivity)

- HRAEIRVI ; R 2L X — DR (Electrical Energy Storage)
- H

SUREIRVID ; SE R R O TN E - S 20 =R (Clean and Efficient Combustion of
21st Century Transportation Fuels)

- EUAAEIIX 5 EARE BB (Solid-State Lighting)

c HOSEEX R X — U R T AD T OHIEREY: (Geosciences : Facilitating 21st
Century Energy Systems)

BEIZAS oG, TREMREIRBCRE M Th o = v ¥ —4 ] kO [BHEGEMZE S
ED RNy T I TAMEE] PIToT0D, ZORROFREE LT, TBERAEZEE (mission
importance) | & (RN (prospects for world-class scientific advances) | [
MO Ol 2 EE/R R EE L LTWAD Z ERBRT oD, AGFHICHKSE a2
=7 4 DR L7210 OWFZERI IR L, BORRI RMIZ RS EEAZBEEMZ 5 Z & T,
U—2 gy 7TRY BT HANE EREBDRE STV o7,

A A IBE T D700 O FREREASE T L X — B R O EE [The“Basic
Research Needs” Workshop Series (April, 2007) | (2RO X 9 IZFEHE S LTV 5,

Workshop Topic Selection and Workshop Planning

A topic is chosen by BES in the area of an energy technology based on both mission

need and scientific opportunity. Mission need is defined by Presidential or DOE

initiatives, by BESAC studies, or by BES studies. BES welcomes suggestions for
topics from other sources, but the ultimate decision by BES is based on a balance

between mission importance and the prospects for world-class scientific advances.

P E ORI CHEAE A EE L- E T, 2003 £~ 2007 FED 5 4EMIC 10 [BIIZES >~
V=D TU—7 v ayX&FEL, D7z 10 O E S EE CTH Y (T e ST IE % 45 e
LTCTWo7m,
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c) ERMRALEHZRIEERET S

AIE TR ARz L 91, KEZ X LXF—FIL 10 DEAFEKE AR ET LIV —7 v a v
VY —ADORTRME L, A5EECHRY M X MR RE L TV 5,

INLDOY =7 a vy 7Iid, K%, ERR, FEaT7e 0 bIE~ 1500 ALL B2 20
LTc, immz B, M 78 ORI ZERE A2 O L T 5,

WEZEdTm 2 il L72BR & [RRRIS . BT RE O EICB W T, S ThigE=aX =
=7 4 RET 2LERMEH ] BP0 E 2 R L,

2o Lle—#Homnn, fli=x X —7n T 0 TR ¥ — O [Energy
Frontier Research Center, Tackling Our Energy Challenges in A New Era of Science |
DOHIZ, LTOETRH I TND,

Background Information

The scientific community enthusiastically responded to this BESAC study through

participation in a week-long workshop and results were published in early 2003 in

the report, Basic Research Needs to Assure a Secure Energy Future. That report
inspired a series of ten follow-up Basic Research Needs workshops over the next
five years, which together attracted more than 1,500 participants from universities,
industry, and DOE laboratories. Topics included the hydrogen economy, solar
energy utilization, superconductivity, solid-state lighting, advanced nuclear energy
systems, combustion of 21st century transportation fuels, electrical-energy storage,
geosciences as it relates to the storage of energy wastes (the long-term storage of
both nuclear waste and carbon dioxide), materials under extreme environments,

and catalysis for energy-related processes.

10 [BZIED T —7 g v 7 TRE SN 78 DI ZERHIL. L T O/ L 7Ze > T 5,

cU—Jvav 71 KT/ —0OF H
[ KT XX =5 DER] [ KT RV X =00 08REH [ KT %1% — ORI
fEIR] D 3 RXFRMZ K DBFEEMTOIL, TiEd 13 ORISR M S Tun B,

(DRevolutionary Photovoltaic Devices : 50% Efficient Solar Cells

@Maximum Energy from Solar Photons at Low Cost : Designed Plastic
Photovoltaic Structures

(®Nanostructures for Solar Energy Conversion : Low Cost and High Efficiencies

@Fuels from Water and Sunlight : New Photoelectrodes for Efficient
Photoelectrolysis
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(®Leveraging Photosynthesis for Sustainable Solar Production of Biofuels

©®Using A Bio-Inspired Smart Matrix to Optimize Energy Landscapes for Solar
Fuels Production

(DSolar-Powered Catalysts for Energy-Rich Fuels Formation

(®Bio-Inspired Molecular Assemblies for Integrating Photon-To-Fuels Pathways
@Achieving Defect-Tolerant and Self-Repairing Solar Conversion Systems
@0Solar Thermochemical Fuel Production

@New Experimental and Theoretical Tools to Enable Transformational Research
@2Solar Energy Conversion Materials by Design

@dMaterials Architectures for Solar Energy : Assembling Complex Structures

cU—r a7 KEORYE - B - FIH

[kFEofldE ] [KFEOPE - 461 TRENEM - BREVE/A T ekl @ 3 /3% 1
W2 X AREENTHIL. Tt 11 OSBRI S Tn b,

(DLow-Cost and Efficient Solar Energy Production of Hydrogen

@Nanoscale Catalyst Design

(®Biological, Biomimetic, and Bio-Inspired Materials and Processes

@Complex, Hydride Materials for Hydrogen Storage

(®Nanostructured and Other Novel Hydrogen Storage Materials

©Theory, Modeling, and Simulation of Materials and Molecular Processes
(DLow-Cost, Highly Active, Durable Cathodes for Low-Temperature Fuel Cells
(®Membranes and Separation Processes for Hydrogen Production and Fuel Cells

@Analytical and Measurement Technologies
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@Impact of The Hydrogen Economy on The Environment
@Safety in The Hydrogen Economy

s U—r a7 eRRA T AT A

FRIREREE T OB TRREREREE T O k) [0EER Y DIl 7 7 7= RRREL T
HopEgEEE) TTHET V7 - vIalb—raly] O6 /3R EDRENT
i, TRk 9 DO RN ST 5,

(DNanoscale Design of Materials and Interfaces that Radically Extend Performance

Limits in Extreme Radiation Environments

@Physics and Chemistry of Actinide-Bearing Materials and The f-Electron
Challenge

(®Microstructure and Property Stability under Extreme Conditions

@Mastering Actinide and Fission Product Chemistry under All Chemical Conditions
(®Exploiting Organization to Achieve Selectivity at Multiple Length Scales
©Adaptive Material-Environment Interfaces for Extreme Chemical Conditions
(DFundamental Effects of Radiation and Radiolysis in Chemical Processes

(®Fundamental Thermodynamic and Kinetic Processes in Complex Multi-Component
Systems for Fuel Fabrication and Performance

@Predictive Multiscale Modeling of Materials and Chemical Phenomena in Multi-
Component Systems under Extreme Conditions

- U= a7V WBREE T OME

[ RV — PRI K AMIREREE ] P ROGIT & D ARFREREE | T2 - B 7o fuafR
mbE | [EBRW - R BIEREE ) © 4 SF T L AHENMTh. FiE 8 >kt
BEMFFERED I ST D,

(DDesign of Materials with Revolutionary Tolerance to Extreme Photon and Particle

Fluxes

@Nonequilibrium Synthesis and Processing with Energetic Particle and Photon
Beams

CRDS-FY2010-CR-01 BIATBUEAR A MRS RS > 2 —

AWM N I



G-TeC #&E2
s, RERRUHECHR - BAEHAORM

@Toward Ideal Surface Stability
@Fundamental Reaction Dynamics at Extremes
(®Novel Materials by Design
®Disordered, Nanophase, and Composite Materials
(DExploring Thermomechanical Limits of Materials
®High-Performance Electric and Magnetic Materials
s U= v a vV TR =D Ofhit
[tz DR & M) T EE(CARE 2B 5 720 Ol TR o

T DR T ERLRHE R OUK DI - 8 THIERO T DRl TRENE) o
5 SFC KBRS TOR, T 3 SO MRS Sh T 5,

(DSelective Catalytic Conversion of Fossil Feedstocks

@Chemistry of Lignocellulosic Biomass : Deconstruction and Catalytic Conversion
to Fuels

(®Photo- and Electro-Driven Conversion of Carbon Dioxide and Water

- U—2 v ay 7Vl B
(R A REIN ) TR B R TEMR AT bvy TET 5 - Btk TRV T > 7
2ZBG ] [ A=K L - ZOMOEE) TRISEOBERGHRE &G TEEEO R mEl
R/ F ) A= VOB TR DEERO HGER) TSRO
KX —HIH ) TRESSEE~DRBH | TEPEE - 3L - Bl - ISH) D 13 " L2k %
FEESM TV, L 7T DO MRS ST 5,
(DPursue Directed Search and Discovery of New Superconductors

@Control Structure and Properties of Superconductors Down to The Atomic Scale

(®Maximize Current-Carrying Ability of Superconductors with Scalable Fabrication
Techniques

@Understand and Exploit Competing Electronic Phases

®Develop A Comprehensive and Predictive Theory of Superconductivity and
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Superconductors
©Identify The Essential Interactions that Give Rise to High Tc Superconductivity
(DAdvance The Science of Vortex Matter
- U—2 v a vV ERTRILF— DR

MEZRRT O T2 0 OFYE ) THREVERTO 720 OFE ] TR O 720 ORE] O
3 XA L DRFENM T, AL 6 DO ERE M ST o,

(DNovel Designs and Strategies for Chemical Energy Storage
@8Solid-Electrolyte Interfaces and Interphases in Chemical Energy Storage
(@Capacitive Energy Storage Materials by Design
@Electrolyte Interactions in Capacitive Energy Storage
(®Multifunctional Materials for Pseudocapacitors and Hybrid Devices
(®Rational Materials Design Through Theory and Modeling

- U= va v VI SRR O BENE - & RERIREE

HTRLOREL) TEREL ORI | TR ) O 3 /SR /WIS K DRI T oL, TRl 8
DDOIEMENTFERED I S T D,

(OCombustion Under Extreme Pressure

@Understanding and Exploiting Surface Chemistry in Transportation Systems
@Breakthrough Discovery Tools

@Multiscale Modeling

(®Smart Engines

©®Physical and Chemical Properties for Combustion of 21st Century
Transportation Fuels

(@D Automated Discovery of Fuel Chemistry Kinetics
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(®Spray Dynamics and Chemistry for New Fuels

U= va vy 7IX ;) [ERE TR

RIS A A — FEOBF] HIR S A A — NEORE] TR - BbE
ST 0 88T X B RESTON, TR T SO EMIERA I ST 5,

(DUnconventional Light-Emitting Semiconductors
@Photon Conversion Materials

(®Polar Materials and Heterostructures
(@Luminescence Efficiency of InGaN Structures
(®Managing and Exploiting Disorder in Organic Films
®Understanding Purity and Degradation in OLEDs

(DIntegrated Approach to OLED Design

s U= a v TX  ZRAX =T AT LD OO MERE

(HWE G361 2 M OWABE] THEE IR T 2P TR TRIK S i o
Xy I 72V ¥—varv) HEROETYV 7 - Ial—var] O43%)L2
K DFHEN TN, TR 6 QORI STV b,

(DMineral-Water Interface Complexity and Dynamics

@Nanoparticulate and Colloid Chemistry and Physics

@Dynamic Imaging of Flow and Transport

@Transport Properties and In Situ Characterization of Fluid Trapping, Isolation,

and Immobilization
®Fluid-Induced Rock Deformation

(®Biogeochemistry in Extreme Subsurface Environments

29 LTHAMMZER 4RO Lk, Ao X —RyiEZERIIR T2 77 R
F ¥ L U4F% (Subcommittee on Grand Challenges for Basic Energy Sciences) 73
PR ZEE L T\ D,
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BAKBICIZ, V—2 v a vy 7 THIH SN 78 ORI 2R &+ 5T, Kko=
KT — T AT MMEEIZANT T [T & 5 DOREFEL #5602 LTiho Tz,
MoEa R o2 =7 4 IZ K DHEBEREOHH 25210 T, BHEFEEOFFEIC OV TT TR
BEIBORHMCH L =¥ —4 ] KO [BEEMEERED Ny 77 7 AW%HE ] B
VDK EZH > TN D,

cBERET MBI e X EE L LU TONICHIET 5 2 (How do we control
materials processes at the level of electrons)

cBFRHERI  MER R A BRI T O AME L VIR L, R x X —
NER O T 72 HIE TV T %2> (How do we design and perfect atom-
and energy-efficient syntheses of revolutionary new forms of matter with tailored

properties)

- BRI ; R FOE R EOKK OB R AEERA DA EN D EN T RE
ZERHWHL, 2z nIZHli#ll 3252 (How do remarkable properties of matter
emerge from the complex correlations of atomic or electronic constituents and how

can we control these properties)

- BERIREIV AR AT o TN D KO RT ) AT =L TOZ XL F -G #H
DEAEZ AIREIC T 2T 2 W 2NC Al 3 % 7 (How can we master energy and

information on the nanoscale to create new technologies with capabilities rivaling

those of living things)

- BV BRT SHER e RSP TICREWV T, WSEHE L, & U T

57> (How do we characterize and control matter away - especially very far away

- from equilibrium)
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2.2.5 FRERRUMRICESHE - @S

TRAX—T 8T 4 TR Z— IR e L TOREZR<AL TR, 2
ZCORY AN FREEEZPIICHERDT DA 2L T 7edD 7y K757
T4 AT D,

ZZCHITEE TOON 28 Ut v X — O RFECH 0 2 2 SR 925 = & T,
AR RE AR TR ZE 0B B - S REIR 2 R E T D T2 OIT B b 72 B HAR TR O & [X] - 72,

KEPHIEE S Z—% 3 h BT DRI 72T e —F 1%, £ HAREE VAT A
DR TRA D |, WICT AT LORT [FEROTZO OERERZED D], € LTE
D7 B R EIECT TH Y e~ & SR L BB A R E T 2 ) WV O RN TEHETE 5,

29 LTeHAD T T, RRDOLE LT R F—IRGE & W ) I kG L7z 137
OWFZETTIA] 110 OBFFEXTS ) KO 110 OEAGE] 28O L, SR D720 0 178
DIEMETTERE] & 5 SORZFHE] 2L LT -7,

ZO T, Bz x v F—RPHMEZESICET D I“HRROBT” 2R
(Subcommittee on Facing Our Energy Challenges in A New Era of Science) | 73, 78 ®3k
WERFIERE & 5 ORI FREA~DOPERN b 72 63— % THI#EFES (Control Science) |
EWVIHT/ Y a O TIRIRL TN D,

2008 4= 12 A%+ SN 7= #%5E [New Science for A Secure and Sustainable Energy
Future] & &2, KENREHZE D THERTF &5 5 - ek oMEL £ &
ObHEL DL ST D,

1) ZRxAF—T7uarT7 4 TR E 2 —3, =3V X—2 Ko iEE LT Rk
BE L=V —RGE] IRV &2 I vyar b L TnD,

2) TLTC, [RKOZE LRV —RFE] VD I v a v EERT D0, Tl
Bl (Control Science) | &9 il - &I O BFHIZHEA TV S,

3) HHEHFFAIE, RROLE LTe = F N F—RFEICRILD ThEH X [Tk 2] 2R
HI 72O L LT EMN T b b,

4) THIX =V AT LAOHEFIIL, MERCT v 2 OHE L ~L ETREERIZ A =35
TR D, TRAX—ICEODIERITT ) A —ILOFEA « B OIEFHRIRRE & %
SBRL, WIZEbT 5D, LieRoT, L)L OEFH 2K 5121, ®HLT 555
ERERIIRARETS o 7o @ W C (Bl 203, Wil 72tk 2 B Edl TR L2 B)
B L O FiieBE=n kbbb,

5) MRS E1x, 20 HidIC KR g R/ THIZERS (Observational Science) |
RS, TMEEE)) < MbFBS ) 7282 N TICEEr - Bl - Hl#ET %
72O RGO FT Ly D E@ET S & THH L T Fiz e @ik 2 24
60
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b) T7bb, =X —ICHDLIMETOEFEHZ-CMEEL ) 26767 TR
F ORI R —DifiAL ] ZEkEt - HlHT D 2 L 2 FREICT D,
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REDFELEMELRRS, ZNETO LA TIWE 2 BB LT
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MIZERLL T T 7 e —F ) ~LErfaz (X5,

d) ZOET, —BREIEEREmROBERFEEZAW NG, MER L A THIZ
BUDIEFCRF LV OES)] 22, SONTEBEERE 74— KXy 73
52T, RO DEREEORBUC M E 7 W ERE” ) 2wk d 5,
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3)

o, MESE) BAETHHE LT, MRV ATLOFEBEEREL TWVD, =%
NX—EBDOr—ATiE, BRETRERKE [“HE~TERNO TRV —HEIKE” O
HE LI DV AT A ELTHEEL L EEwmoRSE o7 (NE9, D
72D OFENT, TRFEHEITBORA M Th 5 = 3L X — | L OV BEEHRHNEERED ~
T T AMGEE ] BHS TS,

BT, MRV AT LAOFR THESRE LR T L8O T < [WHExtS%) %
RHLTWS, =273 vy 7OET 100 A&tz DHFEELE NG EE2 1TV, 13T O
WrgEdim ) 28 L BT, 2 oGSk Le 110 OWFgeiEk) 48R L7z,
TR R 2 =T 0 ARET D EERAMEE NP LR EIZ R L TW D,

I, b0 [Hfge ) R [FgeRtg) #E 2, B0 BiF 5~ & TE AR
EEDTWD, x4 ) o TEATER] ~EEET 2B CIX, BURM R
ESBEM, BERKONTWD, &9 LEEAHEBOREIZOWV T, [R50k
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4) ZO ETEHWC, BEIN-EAERICB O CGRREMEFRZ B b L Tn5, 10
ENZPE -T2 T — 7 23 v 712 1500 N & 2 DA 7e &5 03 i S, 110 o H S ek
ZHN—F 5 (78 OIEREFFERE] & 15 DORFFE] 28 EL TWol, RBAE
DTV TVEEDHIENEEIZRAHT-H, ZZ2TH W ala=T 0 2RFETD
ZAEIRIZEE ) DR E 2 B LTV 5,

KET RN X —E PSR L REN RO T 27X 2 KK 101, D7D
OB ZH ST FEREZKE 11T, FRENLE LD TRLE,

BOREYNERS Ny 77 T AMEEICLD “hy FF T ODF 2= Dy
VAVR E TRII =T A 2 ERLTE RELT v TH OZF A= bV v
AU N ERHEITHEY IR LN RKRORZE LT RV —RFEE W ) SR TR
JEFRIED 7230 D FLFERFFECR 2R ER . S Bl THIERN 7 & v 5 Fril - ghAfEik) (26
O TV o 7ok LTI %,

ZHOLE by T Z TR BLT v T OHW 2 MAGOE S I7EE, 10 O FEFFEE T
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BARBOICIE, BBl 2L X —F2ROHEE [The “Basic Research Needs” Workshop
Series (April, 2007)] @ [Appendix C ; Workshop Planning Task List with Target Dates]
DOHIT THEDS, &, WOE TITRT RE D, ITOWTOREARRFE X (sample planning
task list) | WFESNTWD, V—27 v a v T ORTEE 42 DX A7IZ53F T, Tk 9+
BRI REERDB R RSN TN D,

- v X—FEFORE (BES Director)

c T XX RO~ A MEFY (BES Management)

- LR RO Y Y — 4 — (BES Technical Lead)
s B VX —RRFOKEA X ~ 7 (BES Support Staff)

c KET RV —EOHITA 7 4 A (DOE Technology Offices)

- U—7 v a vy 7 OER&IFFHEE (Chairs & Co-Chairs)

cU—27 g3 v 7 DOR%) ) —F— (Panel Leads)

s U—r gy O A~ (Panelists)

s U— gy TO%ETE (Writers)
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