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7| 20| A Cell to module MZfAl, 28 THE SO 2ot 7

oo

(=} E%
Za 9 HE 571 59 Y002 QI8 20% 0|40 28
YMSICHE ol Z0E 2%ty QIO0E RE B8 5
CHRIARXE CHH| 20% ZASH 16%2 HH
* FUIEIYTR] ZE B8 TS 2T 24 7|E Y A|A"” L2
MR E FF0| 7ts$t A"l 2022WEEH SEX MY

W/

15

2.2

AZ M| SOFC T8 QAJ|EEM A2 YWHEE X|23AL|0F =Tt
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- =50 BEFE MY (ZEUEEE)E SEER 34
-2 SR BEE AUES HPLCO| Fo & F =
@2 mAel Ol (area)E =0 M2t BASIH & | 7|= 32
FHs TS (Of2f A= OA) 7= EALY

C17tAa M=t
714 2O s&

Standard (g/L)

g/L area
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63.05 g/L ~
- Az HEZS YX5H7| 6 €885z = 157¢ O
o BFFAZ| . AXEE AFEOIE 128)

o FPLA L BYAX] B8 = (HEHL(Voc X CHEFH e
SUCUsOXBTEEA)/YAE  LOILIRIPin et
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Pseudo-halide anion engineering for alpha-FAPbI(3) perovskite solar cells

Nature =0f Ef K|

TOMM XIStA X188 CHAMSH UMK Y%

—

ar
A\

= W&

X 7|(Jaeki Jeong) &

» HEZEAIIO|E(perovskites) HE EHO| EXi5t= 0|2 &
n "EQ| 7&"8’80 SHAZI7] Rl RAF 2ERUSE
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= 1 Zi EHOWN ”xl._ 25.6%(252% Q15)9| M Het 282 Y
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nature Metal halide perovskites of the general formula
ABX3—where A is a monovalent cation such as
i R “* caesium, methylammonium or formamidinium; B
N is divalent lead, tin or germanium; and X is a
halide anion—have shown great potential as

e light harvesters for thin-film photovoltaics
et 1,2,3,4,5. Among a large number of
9%F compositions investigated, the cubic a-phase of

(Abstract)

formamidinium lead triiodide (FAPbI3) has
emerged as the most promising semiconductor
for highly efficient and stable perovskite solar
cells6,7,8,9, and maximizing the performance of
this material in such devices is of vital
importance for the perovskite research
community. Here we introduce an anion
engineering concept that uses the pseudo-halide anion formate (HCOO—) to
suppress anion-vacancy defects that are present at grain boundaries and at
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the surface of the perovskite films and to augment the crystallinity of the
films. The resulting solar cell devices attain a power conversion efficiency of
25.6 per cent (certified 25.2 per cent), have long-term operational stability
(450 hours) and show intense electroluminescence with external quantum
efficiencies of more than 10 per cent. Our findings provide a direct route to
eliminate the most abundant and deleterious lattice defects present in metal
halide perovskites, providing a facile access to solution-processable films with
improved optoelectronic performance.

<E O-54> SF=2(mmiF 100) A1} AAMLHE (2)

Anion exchange polyelectrolytes for membranes and ionomers

Progress In Polymer Science =Of HAE MK

AEMFC 48812 9I3t SiMl EraleAn| BIQIE Y

Chen Nan jun, Lee Young Moo

s S0|2 w3 9t AZMX|(AEMFCs)E 2ttt 24 =20 S0|2 ugt Z2|[H™d|
Z(AEPs)Q| LM E HAXMSZ Qfst1, 0|2 =M(ionomer) S72 SLE0 &
HE2 59 YF40 OXe 20| T Y ECZH HE Fxo FRHES

o 1

= 4 AEMs B O|2=T{o| FTEES H|WSH0] AEMFCsO|| Ciet Ojef A+9|
HISIM S AMOH
coo=E =20

Anion exchange membrane fuel cells
(AEMFCs) have attracted great interest as a
low-cost fuel cell technology for clean energy
conversion and utilization for the future.
AEMFCs have been considered the most
promising succedaneum to proton exchange
h— membrane fuel cells (PEMFCs) for addressing
Soossnonioooto . the cost issues associated with PEMFCs due

. i to utilizing non-platinum group metals as
electrocatalysts under alkaline conditions
(such as Ag, Ni, and Co). Herein, we focus
on a critical topic of
AEMFCs—-anion-exchange polyelectrolytes
(AEPs)—which are essential materials for
low-cost AEMFCs. Specifically, AEPs have been
used as anion-exchange membranes (AEMs) and binders (or ionomers) in
AEMFCs. Years of study have allowed AEMFCs to recently achieve
unprecedented progress, specifically in terms of power density and
durability. These properties are comparable to or higher thanPEMFCs due to
the recent development of high performance AEPs. Currently, most AEPs

Anbon exchange polvelecinoliyes for membranes amd
IOnmeTs

2otg
(Abstract)
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focused on the application of AEMs, and the importance of ionomer
research has not been widely recognized. Moreover, a comprehensive review
involving a systematic performance comparison of the state-of-the-art AEMs
and ionomers is still lacking, making future research on AEMFCs unclear.
This review systematically and comprehensively summarizes the development
of AEPs and highlights the importance of cationic species and polymer
backbone structures on durability with an emphasis on the importance of
ionomer research. We further describe the differences between AEMs and
ionomers by comparing the advantages and disadvantages of the
state-of-the-art AEMs and ionomers to accurately guide future research on
AEMFCs. We cover synthetic methods, degradation mechanisms, strategies
to enhance performance, water transport behaviors, structure design criteria,
and new challenges for AEMs and ionomers. This review is expected to
expand further understanding of AEMs and ionomers and provide a future
direction for designing AEMs and ionomers for future AEMFCs.
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A generalized-template-based graph neural network for accurate
organic reactivity prediction

Nature Machine Intelligence C17tAg|m}o|H 2|

EAIHS d-2H|E AXLOZS Set HE 2dst

The reliable prediction of chemical reactivity

e o remains in the realm of knowledgeable
= synthetic chemists. Automating this process
b i e by using artificial intelligence could accelerate
S synthesis design in future digital laboratories.
7 |8 While several machine learning approaches

have demonstrated promising results, most
— current models deviate from how human
chemists analyse and predict reactions based
on electronic changes. Here, we propose a
chemistry-motivated graph neural network
called LocalTransform, which learns organic
reactivity based on generalized reaction
templates to describe the net changes in
electron configuration between the reactants
and products. The proposed concept
dramatically reduces the number of reaction rules and exhibits
state-of-the-art product prediction accuracy. In addition to the built-in
interpretability of the generalized reaction templates, the high
score—accuracy correlation of the model allows users to assess the
uncertainty of the machine predictions.

go2

(Abstract)
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Strategy identification
and analysis

4 Questions (Q) selection

Optimization model
development

Superstructure generation|

Problem setup

« For specific products (P)
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« For a given Pand F
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Feed stream info.
& technology connectivity

Mass and energy flows,
sizing & costing data

< Simulation model >

Process model development
« By using inlet stream data

» To meet design spec.

+ Within normal operating
Using process simulator
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THL 7€ evterze @4 E7ls, obF AE3EHA @2 AEe H
H

O IEAS] Net Zero by 2050(21.5), o @2 ™, 2050712 ©AFHS SAAHA oF2 4
3 HA ¥ MEL 7le FHE AT AT =9 Hesiy, 1 =
A= ol Fol Ao st= &%

Annual CO2 emissions savings in the net zero pathway, relative to 2020

2030
2050 EtASE Ao Ao
- omyssan e
2050 A 7= MY -EHF 46% M=2 sl 7159
7|0 &= 46%
20% 40% 60% 80% 100%
Behaviour changes Technologies in the market Technologies under development

* AFE : Net Zero by 2050, IEA (2021.5)

[A18 m-1 B2FE FAMX 7|E 7|1 H4 7I=2] 7|10 K]

[J A+ 2030 NDC €4, 2050 &g &% 24 sdo=A g4l 7le JHE =
z2 U 54 AjIOR E0{0} ¥ MES 27
=7t 2 LEA7JIK| LAITIA 40% 2= ShAM o« HOH Jtx Xz o|sHS 2|5t &Al 7| StH
Efi%al-ikﬂklxl‘ + 203047MX| 2A7IA 40% 2= [EXe] N TE=2 OF g—| IoE 25t &M I|= &
;|E71|;|(’_'2;~ZZ) * 20501 EtAFH Al2|2 0y * 7I2%7] ¥3 S= ?Iet R&D X|H
NIRN Ml Sl ¢ 2030 NDC 2y 7|0] S8 Z57|E =2 . - _— .
Setnel o = |- AR AT} BE KB 28 B4 HAR shift
=] —=/1= - = =) = () = =
(933) e oo S o -+ 2% 20 O{LI2t HSEO} 7| K12l g
<0 S SuS TS
% 0] 2| Z} FOofE * 2030NDC =g % 2050 BtAZH a3 - JIgt L} @7 71& SRS I3 RADXIEHA| S
7l HE Figt 2 2OFE JIEHE SH MM + 014 52 R&D XA 2! 22
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B
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12 F85 7|FHs 9 842FYH U§ R&D F 5F

(1) "|= ‘ARPA-E ZZ 1%’

[] ARPA-E(Advanced Research Projects Agency-Energy)= T3] o]al FA1Z Q1 o 4]
Zled A NEes 5Row Y, 34

O ‘05 "]=2]3]= DOE®] DARPA(Defense Advanced Research Projects Agency)E EZd=E
gt ARPA-E &S #3, '07%d ‘The America Competes Act’ ol 217, ARPA-E &2 A€

O AfraHl AA 19 =71 w59l a9 oA FYelES Y F UAe 7E, 2472 W)
= 45 7, ddA 28 FE 7, vi=e] guide fAske e dyA et =
1 3H4 (Transformational) ©] 2. 23 A (disruptive)?l oHA 7€ MES AdF=E F3

=
- ARPA-EE= €43 A2e duA A4, AZ, AHe $HS Aasiy, 2o 287 o
o) =
= T

FH e ZEFA o NRE FATE o] Fo|A 7= ofF Wl o]& oA el

O 334-8204 7% FRE 3] ‘ex 2=
= ! B

- 9% ARe AR UF §AL WEY] 9 vAe) U e Y Feel
DA BAEH, gaa AT A dRE 4 gle ddo] AEe Agsd HEe =
=ade FAY

, R oA, gy FA, 2ALY T A L

- AZ Y (Focused) Z213 : B4 oyx AE )23ty Y&l == dAEr) A
Z1Z2Hs oA 7] @A 7E7tA AF3 dAaE A, HA BEH PHs Ve E
94 FES A A Ve AERE A

- N8 84 (Open Solicitation) ZZ3 : oA 7|&Eiote] AEE vieE EITE
THE S e FAEE M ZE ofoltojd digt Xdez, T el HAE
Hojd Azl ofojrjoirt EHHA F=sE /MW AwxE 718 FEFOA) 714
A A]

- B8 FA| (Exploratory Topics, ETs) Z28 : 7|& =& 25 JF 29 A&
gAY e v AT R FRJ AR A #E A A S 2ALE

- 2AYY(SCALEUP) 2207 @ AA| oA A="HoA AF /N, A4 wlx] #d 2
ALDA TA% 7I<d P& AT oEZN 1Y, FFH Yirjso 2ALL A,
AP A 24T Vedes FH9d 2¥ 7 wer Maste ° Ad
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(] ARPA-E 2L ARPA-ES 97 2Ago] 2 FA7 443 Aze B4
o oluA AA, A, AES FesA S WBA 7L 0T + YEE A

O 19Al(Envision, 77394 : 213 9] 7)d(Idea/ Vision) A H

O 2%AI(Engage, BHEA) : 324, FOA 7/ 5& T3 79SS OS5 Ads)
O 3% | (Evaluate, H7FHA) « AAA¢H vt EE 5

O 4%HA (Establish, &8 4A) : Z2AE XA g ASHG 5

O 5%A(Execute, YA : HF

ENVISION

PROGRAM DEVELOPMENT
rJ->1r» ESTABLISH ENGAGE

ct Selection ™ iy EVALUATE S —

Rebuttal of Proposals

[13 m-4] ARPA-E =214 7% apd

O =Zz239 95 T3 09~23971A & 1542719 Z2AEE AUt =& 53
A B ookt 35 B /4, 34 51 sk 5o vhg E37F A

O 099 H-E ARPA-EE FAHSE AHQl A 7« ZEAE 15427) o]4& 913 R&D
o8 °F 359 8XVt 2 E AFF

O 6,79770¢] =FA At 1,039 E317F =

BE oF 1159 289 & EAE 338921, 30071
o2 ZR7HH AF

7} AAEA 27709 A= 2, @, IPOS S &
7;‘7]—]‘_ 9}:218 E‘:HU

O 2129 ZEAEE YRR
o] ZRAEE F& /LS H3)
O ARPA-EE &3} 1497119 AN EE 3)A

3 A ET} o] Fol e oln B

Since 2009
ARPA-E has provided . 149 com anies /\@
$3.58 billion 212 projects g8 | omeas . 27 exits 0

have attracted more than

. e
- ARPA-E projects 5y rh luat rth Oo
in R&D funding to proj market valuations wol
more than 1,500 projects
+ 42 selected project CI in private-sector follow-on funding from mergers, acquisitions, and IPOs

"  T———]
300 projects 1,039 323
" peer-reviewed patents E _; Z
Bie journal articles db |lcenSes
from ARPA-E i) y
. F;f’;ds U.S. Patent and sportadom.  SEERO S
for further development Trademark Office ARPA-E projects

» * =X : https://arpa-e.energy.gov/about/our-impact

[A2 m-5] ARPA-EQ| ‘dut¢23d 78 7|8
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(2) EU “Horizon 2020’

[0 AU A= EU 2472 wlEd9] 75% o< AYA L A+l wet 205013714 7]
% YA (Climate Neutrality)< FgF ko] A &L A= A
O 71% THA =237 Halde AG7HA A AAAcE ddd ARG FH4 evf o4
2A getig djopsty, o] %’*l’éﬂ/ﬂ— AN 7hs U R D3} A oA &nkA <]
HSS grjdo = s8a duA & 7R s oF gt

)

_IR

>~!

[]716'd Y3 (European Commission, EC)&= HAAANUAHMTS FX13t7] 93]
AHA Z& A, A oUA Eoke| =R fUEAM 7Y, &AL AT &
A A 3EH 53 24, oo 24S AT AAANAA A=k AA
O AT HAL HA A M3 B FAo AAYEH o 2 A Horizon 20208 30 ‘QHA

st et EE&A] oA s AR AAE Sl 579 fRE €9

O Horizon 20209 A= o}l 22 4719 &
5 OAESE A4 sdoz A s

- 2050 7+A] EU " #4ke] Eeka3)
- AA oA gigk EU 294 33
- Agsta B duA A EFA

- A7) ol B FFH TA 1F A|2H

17199 FHAL3l= 71—??—H1§Pﬂ1*‘°—i"°lﬂ BAEE A ‘wH IdE S TS
o AAUA = #H IHEe o VFER S0 Fa} 94T HF

O ‘A&7bed v E 2% EU BA9 Wy E fsf 7I$Wst o 155 4 2420504
7HA BalE A 2)TH Al ol 2A4sty] % et ok AR AE A A

- ot ®oks Basd @4e AT MRSt AHsta kA7 oA Fw, B =8
AL A AFAH, AL &F, AdFe A L Ad a4 A3, 1884
A AFA=E, AeA et A=ttty HEer 74

- ol Hagh AgxEtoe® EUH4E W Invest EUE &83 FAAG A FA A A
(Just Transition Mechanism)E A Al
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XI47Hs 3 oS

2030 - 20501 7| S U2 A B Y o = g rosic-free) BHE 2B
=85 49 =4 230l (Zero-pollution) & H
/ \

MRS Keistn okt WEfA|O W E T
x| 22 2E 88

European |
b o Green Deal ST MEMX]: 3FsD
ojx| - Xt ZEHQI Yalo| X57ts - AOlE U2E|

7E 24 9 527 g 715

HE(ransition) A2 =& =AM E(Just Transition)
=22 2H 2 A9 o=J|sEY
EU (A European Climate Pact)

»* EX: EU ?[32|(KOTRA, 7E J2IE TS A AAME, =2E0UEZENM XRE)

1Y m6 9 18 2 ¥4 e

O & UXWLL B30d7HA BalEdS '90d thel 55% Z=3st7] S8l 715, Al|A, EAAL
1

&, &%, 283 A4 #4E ZA g JEHs £ =2 AASe ASs F HEoRE

O EUx #% Z¥ Y (European Green Deal)?] ZXE Ad3l7] YafAdes 5 YHAS 9F 10
Holl 24 As2e=m oldst= Zlo] d4doletal AT

O & Yo Fd WFAFAL (1) Lddd dg G243 Aas e, (1) 4% 4
o dsf Boh o Z¥3 247t2 wiEr)ER fAE A8, (i) B4AEF B BAa T

- EBUE ®AFY 242 98 4y T 28R @38 Hsty gon, 3 hEee
EUS B39O0 A8e BaFyol ZAUAS A5 Loldvhe Uee ngos
I Yee HolFE AY

[]’22d EU 91Y3]= ‘Fit for 55 A& 17|29 3oz HAo} st AR O 9
Zo| A AlLEA gty H3E ASS 714337 93 ‘REPowerEU” A8 Wi

O ‘REPowerEU" AlgL Ho APstal HASIH A &H71538E A& A Aoz A 2
FAg85S T3 53 2™ 4 Z gl A o tis Al E87) HES Al 2 7]



7lE EFAS YT

O EU #1493+ 25@71A 4 Wy &8 F 2 87 8l 4 35 Aol gigt
Horizon Europe A& HZ538ta FAAAE 9T i 7/l Z2AEQ A4 3+
AT e ERASMUS+HeF 35 AHYS Sall 7€ AL 94
% ERASMUSH : R oiglol %3 Li2ls Alolel matshy =232

O E% Id 4 9 HE dUA s tig EU 713 A4 A7 9 4l gAE )
W Fd@3tal 9B TS Horizon Europeoll A A=< SRE oA

O @, BUE A 97 8 S48 5] 78 AFRoPEE e AUTE 1Y

S 58 A7 2 g2 AFE ALY IS

O F8 AT ®BorEe HIFAUA, T4 x|, AE AHA|, sl oA, ¢, vlo] 24
=], MG AR, AEY, oA AA FEoprl Jom oy Ee} e g APz=za
As I A=

<E IM-1> EUQ| OUX] A7 3 4 x[H==7
g e
. ovim RE o7 A 94 = YYI Z=2T021-2027) 22 FEQ| 2|5,
Horizon Europe " . " e —
CHH| R EFEd S Z7F5H 7HE067| o gl Z2ME X
LIFE 2g 8 7= ds= flet euel At AR
NER 300 stddo 2 oot Bta = 3 MZEHCCS) X HAHel M oA x|
rogramme
Pre9 7120 FH2 £ SAMel HEa v AT A
COSME 719 R FIAT|Ye d™HEE 5t FIAT[Y0] +=F FI|9 HE
HHAMAM 280 A4 E2Y = JA=FE XH
European structural and LXt2| HFE0 XEHI7tsSt HEet 8 A R 2HFo| FXtste
investment funds (ESIF) 7l=
EIC Horizon Prize on TEH & L MYOM ALEE FH|ZE B X|& TtsTt HERE LS|
artificial photosynthesis QP HAS ARBSH= AS AlWSh= Z[A10| £FM0| 5008 F20| &7 =0
SOFT | tion Pri 8 oix|el AHojst =& tNof Cist MER £FHE &2 FOoH
nnovation Prize
AT Ee= YA 82 =9
Prize for renewable energy | 2| F7|, &, 2 8 &S e X[ XA OHX| HLHof| CHEH
islands g2 =9

=

=
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(3) €& ‘ALCA-next, GteX’

[ 98 #H3 &0 E/T(ISTE Sady 4d
2023 B E A
GX 71% 3% AY(GeX)e 27

AFE]-A9] L= 2 Brofat
(| woAes any

(54T H2F S2 ZEA XIdshs 71271)

I N, =001 mE e

» * X}E : ALCA-Next HAIO|E, JST

[AE m-7] JST X[ A ALY LH ALCA-Next, GteX T=2130| EX|M'd

O ALCA-Next= ©&ay 7|9thz 78 B vetiA E d7Ake] A2 e
e s Aer)e dnde IA ddstke AY AJA HasEA FE2L 2 9
- 2050 ©aTH Ad Sl TS BXE, T ARG fle

A 7% BH N2ATE A

E/, ZH|o]A] HZtel st ey AT Adst= TZHOIA AlClE B F TR

s° F2 54

- zEolA AlOlE Bl AT AL/ Feol waAE HohA wy W okl g
259 71 JhsA BN AAT WAE AN

O GeXt 34O AT F4 Bobol thal theh S F o ATA % FH Y
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