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Executive Summary

"Control of Generation and Decomposition of Modular Structures for Material Circulation -
Sustainable Element Strategy-" is to enable flexible control of the stability and decomposition of
inter-block bonds through the generation and decomposition of modular structures composed
of multiple blocks, with the aim of realizing sustainable material circulation. This is a research and
development concept that aims to develop materials with an awareness of the flow of materials
after use. Here, "block" refers to the constituent unit of a Modular structure, such as the main
phase (Nd-rich phase) and the sub-phase (grain boundary phase) in permanent magnets, the
matrix (resin) and the filler (fiber) in composite materials, and the two-dimensional atomic layer
thin film that constitutes layered materials. By carrying out research and development based on
this concept, we aim to make it possible to make materials highly functional and multifunctional,
which cannot be achieved with a single material phase (block), and to contribute to the realization
of a circular society by solving waste disposal problems, reducing environmental impact, and
reducing resource supply risks through decomposition controllability between blocks.

As we work toward the achievement of the SDGs and the realization of Society 5.0 proposed
by Japan, and as digital transformation (DX) accelerates after the global pandemic of the new
coronavirus infection (COVID-19) that broke out at the end of 2019, the requirements for
various products are becoming increasingly sophisticated not only in terms of performance,
but also in terms of environmental and energy impacts. The materials that make up the core
components of these products are required not only to improve single performance but also to
satisfy various functions simultaneously.

Highly functional or multifunctional materials have become indispensable, for example, for
the acquisition of renewable energy sources that contribute to the reduction of CO, emissions,
one of the causes of global warming, and for the realization of various devices and products that
are essential in the DX era. In these materials, many critical minerals are contained. For Japan,
almost 100% of its mineral resources are imported, and supply risk is a continuous concern.
In this context, the "Elemental Strategy" proposed by Japan to solve this problem is becoming
increasingly important. With the recent changes in foreign countries' resource policies and the
disruption of supply chains triggered by the expansion of COVID-19 infection, it is necessary to
formulate a new materials development strategy in order to secure resources in a sustainable
manner and to maintain the international competitive advantage of materials, devices, and
manufacturing technologies in which Japan has an advantage.

While we pursue new functions and convenience in materials and products, there is a growing
concern about the environmental impact of products made of new materials and general-purpose
products manufactured and consumed in large quantities and their waste disposal problems. The
growing social interest in these issues has led to the idea that we should break away from the
conventional mass-production, mass-consumption, mass-disposal society and build a circulating
society, which is about to change manufacturing drastically. Based on the concept of "inverse
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manufacturing" proposed in Japan in the 1990s, the construction of recycling systems for various
products such as home appliances has progressed, but it can be said that it is just a shift from
mass production, mass consumption, and mass disposal to mass production, mass consumption,
and mass recycling, and the question remains whether this is the sustainable manufacturing
that we should be aiming for. It is said that 5% of the energy consumed in the world is used for
metal separation, of which 80% is for crushing and grinding. In order to reduce these energy
consumptions and realize a circulating society with low environmental impact, it is necessary to
pursue material circulation from the product level to the materials level. At present, however,
both academia and industry are lacking in such efforts.

Looking at the scientific and technological trends, as society's demands for materials increase,
they are evolving, for example, from single-element materials to multi-element materials in
the case of inorganic materials, to control structures with complex combinations of multiple
compositions, such as composite materials, and to control structures with higher-order hierarchy,
such as polymer materials. In particular, materials science and technology for precise control of
complex structures and higher-order hierarchical structures has not yet been established.

In separation and recycling technology, while physical separation technology developed from
ore dressing and chemical separation technology developed from smelting (high temperature
separation process and wet separation process) have been developed individually, the fusion of
these two separation technologies is evolving into the development of localized, selective, and
highly precise separation technology that concentrates energy only on the part that needs to be
decomposed.

In the background above, this proposal focuses on the control of generation and decomposition
of modular structures as a common target for materials creation (arterial side) and materials
separation and recycling (venous side), and proposes to promote R&D toward the realization of a
sustainable circulating society by targeting the flexible control of the stability and decomposition
of inter-block bonds. By realizing this, in addition to satisfying the functions required by society at
the time of materials use, we will show that there is a possibility of contributing to the reduction
of environmental impact and material circulation after materials use.

The R&D issues to be addressed in implementing the R&D strategy include "designing new
materials with new functions by controlling modular structures," and the "establishment of
the science of the generation and decomposition of modular structures" and "advancement of
common basic technologies" that are necessary to make this possible. In order to implement
the "design of new materials with new functions by controlling modular structures," it is
important to consider the following points: 1) how to combine multiple blocks to achieve the
high functionality and multifunctionality required of materials, and 2) how to achieve a low-
cost decomposition process to reduce environmental impact and achieve material circulation. In
order to control the stability and decomposition of inter-block bonds, it is necessary to establish
the "science of generation and decomposition of modular structures" through the elucidation
of deterioration and destruction mechanisms in existing materials and scientific understanding
of current separation and recycling processes. In addition, in promoting the above-mentioned
R&D, it is necessary to advance simulation and measurement technologies in combination
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with data science that can handle more complex phenomena. In particular, it is necessary to
develop simulation techniques for non-equilibrium and unsteady states, including decomposition
processes, and to build a database of dynamic data that can track the time evolution of reactions
and processes. In addition, it is necessary to develop new process technologies for the generation
and decomposition of modular structures, as well as high-throughput experimental methods and
real-time process measurement methods.

In promoting the research and development of this proposal, it is important that diverse
researchers with different academic backgrounds and research motivations, such as materials
science, chemistry, physics, computational science, process engineering, data science, recycling
engineering, and separation engineering, collaborate and integrate their research to achieve
the same goal. In addition, it is also important to consider social impact, technical feasibility,
and economic rationality in parallel. In order to achieve this, it is necessary to create a policy
framework that intentionally matches the academic curiosity and application orientation of each
researcher, and to create a forum for sharing goals. For example, multiple research projects could
be set up in a sequential manner to enable step-by-step implementation from the promotion of
interdisciplinary and fusion research to industry-university collaborative research that considers
the entire life cycle of materials and products. From the perspective of resource circulation,
it is also necessary to involve human resources who can consider which resources should be
circulated and which functions should be circulated after looking at the entire life cycle from
natural resource development to disposal and recycling. In order to achieve this, it is also effective
to set up a forum for exchanging opinions from diverse perspectives and from a bird's-eye
view, involving specialists who have not been directly involved in materials development in the
past, such as resource science, mineralogy, earth science, environmental science, environmental
policy, and economics. In addition, the strategic use of standardization and regulations should be
promoted in order to make material circulation take root in the proactive activities of industry.
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BHG, BAEOMBIEMICBE T 2MAERIELDDIT22#BME L [TTHRERR] (. BEX108E(C
RABRICE>T, BRI TIERERFPICEELEZTE R, LMILENS, EFOENRICEITZ2ER
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DBINETEIEELP. BEEA—H—PEN. BENODEIBHEER/ N\ Ty REKEBEAD
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33Y) YATLARETHERINIBELREMERAL-MEDEENBNZEEZOND, FFIC. SCRAR
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9:15~9:40 [“RFRIZICKBYTUTILVEF R
-HEMNARAY T/ IO RDODRE - |
wix E—  (REILK)
9:40~10:05 [EAT AV LAY DRIR E HEERRIR « RIRCIGREEL ]
Bl E (REKX)
10:05~10: 30 [T - [REYTUTIL] (CEIT2RBEE AR

ek s (E®RX)

HERIZ - VIl —3avhOhLyR - B8 - YREE

10:35~11:00 [2aL—YaVMADOEZASEDFMEHIEITERERBEDRRE]
HE e (ER)
11:00~11:25 Bt - MEOSEE{ L EEBESHIEICHEIIHERZ]

BBl EE (NIMS)

11:35~12:10 I4EESR (v UT—Y— BR RA)
12:10 Hek# ZEiR fi— (JST-CRDS)
£ [
9:00~9:15 FHELRE. HESHHA =R fi— (JST-CRDS)
BEF #  (JST-CRDS)
9:15~9:25 HE—[EIRNIEN BEF & (JST-CRDS)

FEERSHIEONL YK - B8 - UREE
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9:25~9:50 [2RTH/>—heRWBREDEE. REt iR
EeREmE (NIMS)
9:50~10:15 [BHEMRHCIEH T2 RSB EE T ]

B =8 (RRKX)

DB UTAVIKRMDORLY R - 3RE - HREE

10:20~10: 45 [ERIBIRIC R SN 2 EEHH & YR S BT DR FE BN ]
o THE (RREX)
10:45~11:10 [ PRI ICE D W BB R DR A KR |

FH T (REXR)

11:10~12:00 ==t (ZroUsr—%— BN 7))

12:00 &R B #i— (JST-CRDS)
E=[0
14:00~14:25 BESRK. Ra%E iR fi— (JST-CRDS)

BEF #  (JST-CRDS)

14:25~16:00 #HEF® FroU7r—%9— B R#)
s 1. R E DB FDRFIREL
2. MBS (CERD MO NE MR A A RE & R ah
3.RNHEE - MEDAKR. EFEHEDRE
4.BEBEETDT—-IL. MRABRDTIIEYNETIMAL, - EYIY

16 : 00 SR B #— (JST-CRDS)

D=0 a3y TEmMEE

(BFRE)

BN B2 ERKFE KERFESAIRRIEMER B

- FH B RmREBKFE XERIFWHER 5T

IR E— ERIXE MERZEEEMER AR/ SBMRAARE iR

-pell ¥ REAE RERLEZMER HiR

- INEE BEE  RRARE KERIZRMER BT

cEARER PE - MHMRERE BRS/ T —F TN ORISR BRR
BN EE PE - MRAREE TxLE— - BEMREATRRS ST —5—
BT FE  BREEKRZE BIZMR B

- FRE BE  EERNRAMER EEME OV 2T - a LTI VRV Y — HEF—LR

AXYT—%-)

e = RERFE KEREBAFRR  #HiR

-BE BR NMKE XRZERIZF #R

OEK BE ZZETINIILKEA R Science & Innovation Center Polymer Laboratory P&
-ER Bt NIYEBERASH BRMEERNE F-o707zviaFIILIvIZy
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82 ENN DR
1. 835K - lERENA

KAOKRMERICEOND LSS NATIRFICEIT2EBRRFINMERT 5, LnRMTOEEELS
B, ME. FEAFOSEELICTIARRLEYEOBRERDER (KEFERZET) (X ®KRAZED
BEZFELL-S>TWD, —A T RECAEICRE U -AENDHRNEF LR AL RFEBERE (SDGs)
DREFERIC. BREDEEETILEEDY 2HRERMEFOICEDNDDOHD, UTTIE BET
2EFEDEANDBEER - lEREZEIT S,

(1) BREROER

KETIEIRILF—E (Department of Energy : DOE) H20124F(C [H MBI (Critical
Materials Strategy) | ZREL. PEINGRHAFFEREM S E LT DOE I LXHEAIC Critical Materials
Institute (CMI) %AERIZUT=, SEEIFDEY (critical minerals) ORERICEIT 2EIEMWED HAHE
AT\, 2017 F 12 BICRESNIKBERD [HLMYOREN OEB TEHRIGERD IO DEFHBA
& (Federal Strategy to Ensure Secure and Reliable Supplies of Critical Minerals) ] IZEDE,
20184 2 AICNHE (Department of the Interior : DOI) [FXEORES FVERZEFEELDOE S
No35BOHEDIBHDIVRANEER Lz UNTVw o IAVMERFZ, BASAICHEE),. CNOEREZR.
2019F 6 BICIZFE#2E (Department of Commerce : DOC) HWBUFHRESAEDITEIST B SO Rk
Y DOEAGHEARBEEZRRL, VTA7ILPREBRMORRE. Y7514 F -Vt /DY DO IMKE
EERICEITI=AREZITEHLTWS, £/=. 2020F9BICIEKMHED [H Y 2B HRAR CKEF
T22LI2ED. BEAYISAF—VA\DBEADXL (Addressing the Threat to the Domestic
Supply Chain from Reliance on Critical Minerals from Foreign Adversaries) | A#tHanrz, &K
HEDTRKERNOF VLYY IS4 F—VOEREILEKRICHIT, WAHREBZICHEBRYYEY T
VYA, TAEREMADESRELEDELTREEZERISHIOBRETICERT LD TH D,
DOE (32021 &1 BI{EATRILF—BARICIY R rIsEMEERFT (Division of Minerals Sustainability)
=5 b, BEFIIEERMNS TRET, RIBEMN, BEN, HEFNICHRITEREVEYDOT T S1
Fr—rZeRET BNl FOUMYOHE, LE, ER. L2FICEY S DOE D&Mk L B
ZEET SN IRILF—, BE. BHESICEELCEABNKREBORREY. REELEOEBRHIZE
BELTWD,

BNES (EU) ($2008 FEICHTBH L TEMEA=Z7F 7 (Raw Materials Initiative) | D& &,
3SEZEICHALYE VRN R - BEHRLTWS (20114 1 147, 20144 1 20%&. 20174 : 2778,
20204 : 30%), 2020 MRV ZARTIE. e-EEU T A ANDBITICRHE BV FILAFH GEINS Nz,
20209 BICHMEERIT [HALEMBIIET 21T8FTE (Action Plan on Critical Raw Materials) |
LT, BNADE=ZENDEEFEERL. —K - ZXREHFENODOEIBEZIRIEL. EROMELBERE
RETDEAKIC. EEHIERABELZERNIMRET H-ODHERKEZFKK UL, BTEIFEICED
BERO—IRELT. RINEERIIAI BICHMEMETZ17> X (European Raw Materials Alliance :
ERMA) ZREIE/. TNIELT7T7—RA%Z(ELHETIHLVEMBOBNEREZBEETE. F. B, &
B, HEESE. NGO, TREDAT—IVRILY —%2EBZAALHBBETILTC. EUBATOLT7 7—X
DHEFPEEZBEHLEIET. EUDBIUEEENICEDDZEEBELTWS, 2014ENS 2020 FE(2H
(FTORRBEHELEMEA IO L (Framework Program : FP) T#%% Horizon 2020 Tl3& A L7 FE5E
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32

7OV MIBEIORI—OZEZE LT BEFRRYNI—VERTOTILP, VAL, Y12V 5%
(L9270 hEEMLTWNS, REFFPD Horizon Europe (2021 %~2027 %) TIE2BHFER
955BI—ODS55. FE20HF (HEMWREDRR) OHD6ODDHRNRER (V5R5—) O—2 [T
V&)L - EE - FH] (155821 —0) O—EBIZRaw Materials #IERIFTED. BINB ORI AR
([CTAIF=BEASERIE L TULK EB O,

HFEIE2020F 4 BICLT 7 —REE S THMBRICIEBRMARORR LD [ERLT 7 —AEEM KA
IN=3vtvy—] ORUFIERRLUIc, PEED [MRER] THRHLT77—R2E>THA. X
B, AEBRESHEMNEZRXL. BEON\ATI/EXEEZRELESETHLDOT, RELKEFETIILZE
EIBHEO—RTH S, £fo. 2021 F1RICIIFEIEBERILED [FHEEXOHERECEHBRARMOE
] OBRNLEETHDHELT L7 T7-RAEERFOERZRKR LI, MMIURREN SRR, BB
WL OEE. A, BERMBETOY IS/ Fr—V2fzRiitlo&EEe L. BAINO6DAHF TORIE
BRINEREAMBEREELLT 7R Em, el FRiNOMERFKEERCEIHITHIENE
NAENTWD, BEIEHEBEOERERZIETLRINERSLVEDTHLH . HEYELEIHK
MOBWHERRIEDIZHIZ2020F 12 BICHEITSNICHMEHEREELEHTLIEDEALDNTWND, RAESE
(32021 F2RB15BETERZAEL. AERICLEITSINERELTHS,

EMEREICEWTEIA—ZARIUTH2019FIC [A—R S UT7HLIEERE (Australia’s Critical
Minerals Strategy) I. A+ % $2019%F(C [AF 584 - £EEtE (The Canadian Minerals and
Metals Plan) ZRFRLTEN ZNZTNEEDIETEZRE-BH LoD BRRNICEREZEFERLIcA/R—
VIAVEHEELTWD, MEIIKEEDBAEROTWNS, A—ARSUTFEXKEIE. 2019F11 BICH L
YICEITHHARAE - MROERBICEAT2MEEME LI TRILF—HEPEROY IS4 F—
YDOXEPRMAERICHEIT-EMZEICETHBARELME L. £/22020F 381213, XREDFES
WYY TS F—r 0L - BRICEITDIHATHFELZERSEDETER L. ATFEXREL,
2020 F 1 BICHADIYBAICET 2HETEHEZREL. EXCOBHE, HRNEXLPHRFEEDS
DHEDIBY T TS5 Fr— VR, BYERICEITIBERLEE. BREEEE VSR ERCEVWTIHER
REBUHNEEDHDIELTWND,

BHAETIZ2004F(C [TREK] OOV ETIHRIESN, 2007 FOXERZE - RFEXEDNE
BETIOYVI I MERYINIC, BRIZERMTREEE (JST) PHIRILE— - EERMFEEEE (NEDO) T
LZ<OMBEFETAT L7 bHMEESNTE T, BREBAICELTE 2011 E00EE,. BXRRD3BEED
gsn, FLERICETZHRBEDC. KERIEDT-ODOHBNEMRRAEICOVWTERNLINTNS,
SENBBERE LTI, 2020F3BICRFEXEED [HERERBR] 2REL W2, RYUKEEEE
RICOWTERMEEICRARBLT AR EDRERBERDERND. (1) HET & DKL EIRTE
REOKE. (2) HIEREALOREE. (3) KEFHEDRELEFICL 2Tk, (4) YTF51
Fr—rBICEFERBODOHE. (5) EXEREDRE. ZXRICOAAMEELTRLTWS,

(2) ERBEENOIE

EUICHE T2 ERBFISBAOERRFOOM L. FHRIUERER. MREADRILEEZREIRY 2 EEBR
D—BRELTERIFTONTWVD, 2010 F(SKRESNIBRER BN 2020 TIEEE=>FFTD—
(2 [ERMEMLFM (Resource efficient Europe) | %##8(F. 2011 E9BICERMEMEDA LD
HOO—RYy TEFHKRLUZ, ZOHK. 2014FIBICIThNIzO— K7y TOEBTIE T, ERMEMEDE
RO ICBERBENDEIRNBDE L INT,
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2015 F 12 BIZAREIN [BERBEAD-HDEUTEIFTE] TlE. BREFOEMKICAIGT-ELES T
ETHEENREINTZ. BEDBFDIDOTHETSIRAF VI TIE, 2018F1BIC [FSRF v IHEE] AR
=N, BEA (Reuse). EE (Repair). B4% (Recycle) N2 -—XEERBLITSRAF v o8-S
DFETEHEEDDEMENREINTZ, FAEMSICEDE, 2019F58(12, [RETIRFVI/ERDREFE
HWAICENL2ES] NEUBERTRIRSNTE (A6BIZEM) . RAESICED, EWVMETTIRFVI/ESA
DERZEIEN. BETSRFVIDORERNIADOERBZELRENED DN,

2019 F 12 AICHFFHIZzREIE-INEERIE. BAIC [RINS)—> - T1—)L (European Green
Deal) | Z2%KL, 2050 F(ICREMRARAFEEZEELOICT S [KEFIZ (Climate-neutral) | #H
BB T=0 2020F 3 BICIZERM ) =Y « T4 =LA X ZZHEDO—o LT [BERERFTEE] MR
SNt BETEIFTEIE. 2015 FDTEFEZEHMIT2H THLAER7DE (BEFHS  BRBERM
(ICT). NyFU—-EHl., 3. FRAFvo, fifE Bx-BY. BE-K-REBE) Z28EL. 2HL
[CREERRAEDIODFREEECEREY T [FHRIELARSR] (CETIBREEATIELTVS,

FEIF 2005 F(C [BREFEFODERIECETIEBROETORR] [CEVWTERMEXRER LZBR
([ZIB(F, BEERRBFICEITLBERHEEZRIIA LTz, 2009 F(C [BEREFREE] ICEDENEBEZREFHELL
E£T0 2013 F(1C [ERFEFRRBBROEHITEFE] 2HKRU, RTHFE T SEEEIY—T
BRESRATLZBELC YII(FI1—VEefTREREYDOREL. BER. BERUEBZHET S
EXRL AVY—Ry MEITEERALTRENAEIN - 0B - BERIEERRTIMEIRRAETILEBET S
CEREDTTBHENTWS,

BHAETIE 1999 FICEMEEE (UK) NEEVUECERANELKIBEEANDOHIGE LT [ER
BEEYIV] 2REL. RELEE - KEHE - AEREZHORFVATLND, BREBELRENMHELIE
REOREZATLNDEREZIBIF, \LWhip3 3R (Reduce, Reuse, Recycle) DARIEHABAXIRE L=,
IHIZ2020F5 AICRFEEAL. BRBAZEREITHERNGHRS, TUVIIEMORERE. BRBERLEI(C
WIBHEMNBEFOSENAEABEZ,. [BREZEY 320201 #KELZ, BEYavid, #ED3R
[CEBFESAVHEIRANAELSESNRIICORTING, BEEOBEVWEVRREFILADIKR, Mg - i
SN ODBEERTHEDES., LYUIYVMMERIATLORHEBED I DOBAI L. BIEITRNEHAMLS:
BRLTWS,

2. R FEEA

FROES LBERPHERICEELT. FEICBVWISEIEARERREOARERIOI S LN ERS
NTWS, FIZEFLTREHDINIZTRTRELIEBEMBORRES. 75RF v IRz
HEM ICEI T D2 FEDRAELEDH D, —A T, FLLWMHOAIREERE LIKinh) - D BERTAYAE
BMEOZEETHONTVS, UTTREINLGOERNS. BERNISF2REDESRPCHERE OIS
LR EDBERT,

KE

(DOE/ &4 8B R)

- 202042 H. DOEI(32021FE (2020F 10 Bf#H) DFEEKXRICEWT, BEOHFVIEYMEKRTOY
SLhBEINT—=I Uz [HFDEYM1=>7F 7 (Critical Minerals Initiative) | #&&XUfz, 1=27
F7EHETI3TRRNILAEF LU, DOEEIZIMRAEEDIVY - FLZEKR LT HLEWEOER
DR, FROHIREREMEORR. FTEONEHEFNIEOM L. RECWDBET AN BIFON
W5,
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- 2020548, DOEZH L BTROLZEMREHER PRV LR ELARICE T 2ERMRIC3FEMT1,800
ARINZRETZEEERKR L, HFIETROITBMER LCERER. RN B - BFA. 8Y
BOBRBRRRLGEEWNRET %,

- 2020 5H. DOEIE. 71 —ILRDIREFE - FIAS LOFDMRORERIE. 28 LEBETICESR%E
YUTTMERAAKICRA3,000 5 FILEZRETIAEEZRK Lz, L7 —REOHIMROT IS4 F—
VIBEDOHIZ, ARMIRELFVEEICKIBEANDOFEDERICIDBES L LTWS,

- 2020 6 H. DOE(FW1E2,200 5 RILZHZEL T, ARBRAAN/R—23 VvtV 5—%RITDHD
NBHETIERRUL, tVy—Id. ARBAXRRER-AODSMINMEZZDOEER, ARIOLTT—
2EDFDIUYE ML - WIEB T 2F-BAEORRICEREYTRIEN. AMBERO TSV N7+ —LE1R
I 2, VINTFTRA) /A EDEBOAREERMICEYY—DRIEFEL TN,

- 2020 8 A, DOEIZKRETOLT7 7 —RADREMRGHERZENE LERMRFEORRZRKR LI
TROERASLOHER - VIAVILENODHMENEORED(ZN. AFELIELINENFEZRD
REMBOERBICEDBELELTWS, AV TV MEIDOED S5 DOEMHFTFADF—LHEEL, DOE
AERFADIENKEDHARENSING %, 5 DDF—LNDBIERIHBEEIL3FEMT2,000 5 RILERRAL,

- 2020 9H. DOE(IXERMAENRE LRRILA - LT T7—R - &84 (CORE-CM) 1= F7F7
D—ERELT, BEARN DL 7—RAPHMEME M T 2R MOMAFAEFAICT 2,200 5 FILEieH
THINRNBEERKR L, TOVIIMNIEFBEDF—LAICE>T3 7 —ADEHES B CEIESIND,

- 2020 10A. DOEZALXMARMCMI (. KEDOHDMBT FSAF -V EILICHITEERERE
THAHOMRER IOV (B5H400ARIL) ZRIRUZ, 7O 7 MIZNZN. BAEREIZH
BRLTPT7—ADEELRH, BENroD0FLSEODEE. SEEI/NVILNELD-ODYER - {bEM
ABE. SLAHSO/NLNERZOE R (ZEDET,

(DOE/ 73 RFv I RR)

- 2019% 11 A, DOEFZIRILF—HEDOFWTSIRAF VI IYAVILRMOEHFZEET SENEE [/
SRAFYY - A/NR=27Y - FrLyY] ORRZEHER, £722020F2AICIEIDOE L XELZIEH =
(ACC) TTSRFYIIYAVAKRMARDHBAREEME L. [TIAFVI - A/ R=23>Y - FrL
YIITIE (D TSRFVIREDZBRCICEYEICHET H-ODEYEN - (EZNAEDREFE. (2)
TIRFYIDTYTHA0) 0T (SNMEEYEANDEGER) RTORKE. (3) VYA7ILOBSEHA
TISRAFyIMBIDERE. (4) BBEOIVYAVIILRITORELEERICKDHRMOIEK - BFH. ZHE
MERELTEIT T\,

- 2020F3A. DOEIEFTSRFy I UBA7ILOMREHERFTOS ZLBOTTLE (Bio-Optimized
Technologies to Keep Thermoplastics out of Landfills and the Environment : BA\RJ #5752 F
VEBITHPRIBENOES (T THLOD/ A F FBILKIM) ZfK. IRDVEFE (1) VHA7ILEDE
NIZTSRAF Y RIBERBRETSAF v I DREFE. (2) BRDTSRAFVIZRBRELVOT Y THAH
LS BAEDREFE. (3) BOTTLEAYY =T LEDHEERDEE, 7OV S L2EDORRFER
13-16#. FEMRE(Z2,500H0 )L, 7OV MBI 3 FRE, 4H. BOTTLEAY Y =27 AIFH
TIRAFYIRABLIOIVY AV ERERAK T 2-ODOEFEDOREHA T, EIZBETREIRILF—HE
Fi. A—2VyIEIMEM. QORX7SEREILRERANEET 3,

- 2020F7H. DOEXIXRILF -7V T« F7HER L% — (Energy Frontier Research Centers:
EFRC) O—2& UL TIALXMFEAIC Institute for Cooperative Upcycling of Plastics (iCOUP) %
R, PVvTTA0 )T ICEREETREMRICMOET, FEIF4FETI,2807 ML,

- 2020108, DOEIF [FIRF YV A/ R=23y - FrLrI| O—RELT, BETZZXFVvIUY
I7IEMORFEE, UYAVIIAREHLULWTSIAFYIDORGEFRZTS 12460707 (AF
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2,700 5 RIL) &R UT=e 7YV NI VYATILEREDBEDE VT SAFvIDREF. T2AFY
IDOPNBEEIVOT Y THA 2V TEMOBFE. BOTTLEAYY = FLEDBERE (CEAEHTTWS,
- 2021F 18, DOEF [FSRF YT A /R=v3Y - FrLrY] OO—RIYYITRESIVRAENDER
HRODEHRBEMKIEEZ (RFI) 2HRKLUIZ, BETE [FIRAFVT -4/ R=23V - FrLvI| D
HIRHWBIZEDERICEIFIZHEDABEE LT, 2LE, {L2HNNIE, £YZH0NE, MEN Y2
LU AHNY = BRERFTDSOHEFLNTNS,

- 202142 8. DOEIZ 7SR F v/ BEREVBIARMOERARICETINEEREEK LI, XEBREIL3
FERBT2,500F RILERETHERKR LIz, BICT Y THA0 UV I RMICERZY T, RUT—DEHE
BAREBRBECR) YT —REORECIRNHELELTWS,

(DOE/ Zm1t)

- 20174, DOEZETHEMEL IOV 5L [KEEEE=—>7F7 (Manufacturing USA) | O TF. A
GIRILF¥— - B EIRMA AT (Reducing Embodied-energy And Decreasing Emissions:
REMADE) %EL7-. REMADEZ&RE. fiiHf. RUv—. EFEEYLEOMBOBIR. BEFAA.
BREICDEGRMNIA M ZEIR TSI EICERZEE. 2027 FXTICR2AEDIRILF —31E%Z 50% [
FEEBIEEBREL. BREDSATTAVILICOIZ2IRILF —HEEDHIRE BEXLAEDOMER £
MBI, BRNEDHFE FRFSIUEZEYOIE - #5 - 28, BEEMBODE. M2
FEEYPEORE, BETERANYROSVWBLESLUREAEZORAEZICINEL, FELLTRK
7,000 5 RILOEHEEZET LT B(EN. /N\—bF—BEEHNSE 7,000 5 RILOELEAZRS,

(NSF)

- 20207 B, EiRIZ#HE (National Science Foundation : NSF) (IMlEBEIOWERRE IO S L
THHIMBARRFTIF S — (Materials Research Science and Engineering Center : MRSEC)
DFRIPWEDRIRERKRK, CDIETIVITRENATIYR - ToT747 - LARY TRV S —
(University of Delaware Center for Hybrid, Active, and Responsive Materials : UD CHARM) (3.
EMICEY R EBEHLLWEBMEE, LWL\ Ty REREF RN 2 DDFBBEIBICESEY TS,
FERRDOFEF6FRTI,80075 Kl

- 2020 7B, NSFIIEHFHNRCZARBEICRBVICIMNVELLFEA/ R—> 35— (Center
for Chemical Innovation:CC) D7 —X2& LT3R DBHEE KK, ZDHHBH) T7HILZFRFE/N—
L —RNEFET S Center for Genetically Encoded Materials (C-GEM) (%, %, £¥F.
BZREDBMEMEICED. URY —LZGALUTERAEEZFORY Y —MRZEE - 68T 5, Efl
RDOFEIF5SFRET2,0005 KL,

- 2020F 7B, NSFIEA—HVHXZEZSOCMRAVIIWNEAEBTOTILTHIMBA/ R—23 0TSy
E7#+—L (Materials Innovation Platforms : MIP) DOFR2MEDRREHRK, N—IJZFIRK
FHEFDETSGlycoMIPIE, AIRHEET VYOV —ILEERALTEEMBOER ERETFMmET S,
AV THILZTREYVIN=NIREIVCEAY VY EILABHNEEY % BioPACIFIC MIPTlE, N1H4
HRXDE/XY—Z2EILNTAv7 7Oy e LT T—9RZE2FRALTERBRIY—DREFTEREEGRE
B9, GlycoMIPOFEIZ5EMBT2,300/45 KL, BioPACIFIC MIPOFEII5FRHT2,370 5 KL, =%
BE. INGENAATTUTILICERELUTEEDTH DN 2015 FEOMIP 7OV S LA TIIEREMRHT
EREY T 2HENRIREIN TV S,

(DARPA)
- 20148 B. EmEMEEESE (Defense Advanced Research Projects Agency : DARPA) (3R
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FHARX-F/PAXDOAVIR—KX Y MBI UA— DMLY A DM B EEH EIF2RMERTOT S L
[Atoms to Product (A2P) | ZRB%L. 2015 F 12 BICIIARARZEMT 5 10EEEERE LI,
NOOERIE (1) B—YRTLATDF/A—MLHIHBIUX—MLADEIT (Nanometer to Millimeter
in a Single System). (2) X#ZX%~<7 )7L (Optical Metamaterial Assembly). (3) 7L
F>7ILiRAMEIL (Flexible, General Purpose Assembly) D3 2DT7—F> I IL—T(ZHHNTZ
NZNOREICID L,

BRM (EU. 3&, M. 14)

-Horizon 2020 TIEERM A/ R—2 3 - % ilit%# (European Institute of Innovation &
Technology : EIT) OESRMBO T TEFZEIYY—7ALEIT Raw Materials "RZEHAFE. HE. 2
(EREEHE, EIT Raw Materials D1/ R— 3 VERISFRE. #ih. YO0t Vo RE. UYq
)L, BREFD6DOT, 2020FENDFEIZ8,1770 51 —H, 2016 F~2018FICHIFE2 AT TV MK
(33394, 7OV ~FE (AFHE) (314%3,000 2 —0O k.

- Horizon 20202020 FEFETIE. 2R FvZICEAT2HR10HFDT—< I UHEE1123,5005
I—OMEINHETHENTWS,

- 201843 B, EEME - 1/ N— 3V (UKRI) (&, TSRAFVIDEEEHED/NY —VICE{L%E
E1HLIBHLWTATFEA/R=2 3V ERRTSHIEEZBMELT. 2,000 AR ROTSRF Y7
A/ RN—=>a > EE (PRIF) #FRIU7=, 32o00FELT V=¥ =2y PEMBRR (~200 AR
VR), AR FIRFv [RIEE] 77071V Y (~800AKRVR), EXRFEDHEME : 75X
Fuo [4/R=23>] 77747 (~1,000AKYR) BNERESINTWS, AERF. UKRIIZEK
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