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A7 4 @ B ARISPH Al wek A, A2, B3 5 B3 89le] s /1584 ¥t 2
EAIH B0 7Bkl Sik oleitt WAOR osde] Alke Akt ool Aol ofgt wshers
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Bl ¢ 2 Az A4 o gl AAA wsE FERith SHieloAE Ald wsiE Ak
9oto] HldlolH, QAZA (Al Artificial Intelligence), AFEQIEHI(IoT, Internet of Things) & T3t
ICT 7l&2 283101 At A o] TAPRIMTE AFARIE 13t 71 7ol HR1E 7Islal Sl 8949+
Folxle =iQlolA AP Qli= ICT 719k} AdRPdde] & S A=l ti3A]Ql A
Ao s ARt

1. XHch ‘82| A mjol| gigt

Afdolet =r1e] g A Akt =7t WSiE FAY & o s A0® AR} At
RO Tt ARl HiE, S, 2%, AT, 5%, MY, o, 9, ke, AR AL 2R A,
Ze7, SRS, 11 o]l olo]l Eshe ARdE R <lsto] WAske AishE omlRtet. ArslAidolt op- 53 -
L WSARGTAL L SIARL 2)- P AR89 Al Fo= QIsto] TSk s PR
ole 1R ol Hsfjet ofuA]- Bl WE T8 A& T 5 F/PINHAAL] uhH], TR o] o 9
ol At HE O HE A9 Ee VAR 0l 0 VIS 24k Sz <t msiE
ouiRict. A= Ade] ArddE|te % 57-E fiste] ohe HE B2 At ofE s =7et
AGAAIARE Aol 1 gt 25 ALz =1le] A -4 2 ke Hod ARE A3, Adolyt
1 5] 755 A ofsial msiE €017] Hlste] ksioiof o, AR mshE Al&s] tie B 5V
et AZe - Algstolof KA R BRI, 2022.04).

oA Atk AR 3= 70% oVdel BiF, 379 &l sl gt AR BiEe] suHE
AR AA 7k dlole Wit §53hs FAleIs A 299] Bl FAK20024)= o1AY 89t 8%,

H

:
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A% 2469, AT oF 5% 14799 U 2SR A Hee 42, O% o8 A4 52
23 5P 5] of] 2 ARl A QEmslel AL SARE Sl HAske E4o
Qlov], ASAIFe E4at Ao Qs Qs) E Apulat HEEs Bao] e HaEAsl
A1) AR 709 B3It ARR20198) A 2, AT 19e0e] Hha) Akshe oF 1,291900]
gslelt
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1.1, U2 HHerHRE| G S

AA 19 P76 HAokl Qs vl $<2t ICT AZetE HIR o= Aok - o] 4%
Aeste] A8AR 7|& 7S Bl AlA AP 71eS Akstal ok =EQMHEF(DHS, Department
of Homeland Security)2} A9 F4=1A(FEMA, Federal Emergency Management Agency)S 91188
(20014 ¢ ®IEASE SjejAIRI 22 A IS S0l x aEH 0 R Heleh] 21t REAAR] H7 AR
AAEINIMS, National Incident Management System)& EQ5FATE AR} 7 HA FAHRE=
NIMS 7Pl EgiRlE Eohe A AEE TS50, R o] 2 A, AL A 848
sl w==71EEHB](ANSI, American National Standards Institute), A71:2F71&AF&S|(IEEE,
Institute of Electrical and Electronics Engineers), ed|ZUA FAEE B H])G2] AAAH(OASIS,
Organization for the Advancement of Structured Information Standards)oll F2JH Atal-A-L3=]

2 BW EFS SYSIh 1T AU 23, AN 0] JEe84S sasky Auwelel
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3% Sl AIRPABATS F=o0eh oA 2 AFARIM= At ARS AR di&st7] fiet
Al e 2d 9 AdAs] AEHClEE sttt SiYH71H(NOAA, National Oceanic and
Atmospheric Administration)?] t¥eg A+A(PMEL, Pacific Marine Environmental Laboratory=
HopwiE v A Qe A HEE I3t Z2(MOST, Method of Splitting Tsunami)s 7H613.0H,
A8 FAHEE A SAS AA 71e9 et dA0 =2t Aow sk

IJ

T= N JlE

ol E EE*I"HE*“EA""‘;(FEMA' \ pgoncy), |~ 2B 42 24 A SIEES] S/ 0igai0) B XS] ARSOPYR:
ederal Emergency Management Agency), | = Al | AL ALAEIO
OFBIEAIO|2IB|(FCC. A1 HAXIE ®&SH= =01 AR AJAEQl PLAN(Personal Localized

i bl =13
Federal Communications Commission) Alerting Network) 72

- ERIE HAROIN KR 22 HAXIS YRIEEE 2ol AT 2ls

X|EIX,
- TEBAR(USGS, AAZIOR apE EQERIZIATED, Twitter Earthquake Detection)
United States Geological Survey) AAE] i
— O =
e
otong] TEUPRINOAR. |- ol @2 9t GPS, N, 54128 S0 B DART 41A] 258
ational BReanc anc AMOSPRENC. | gpmort cinjolo] RIGH0] MLI0| 501 88
Administration)
EFHATHARHSHME (PDC, - M M) KRR ML, ERE, 24 Sk St 22 KMol HEE 2201014
Pacific Disaster Center) HAZICZ HES

* £X: FCC Plan, USGS TED

YR A2H S 22 NS FESP] I3 AdAe] Arido] Westgon, FUE A
ol I3t ARolle] theS IRt TR E AlA] Z1 0] AR of]- 5 E oS AIAEIRL AR HAIA
S FEII9IE YR RO 43t AR diAlsle] QIFAls 71% Y ulEole] Bk Foto] A
-8 e 50] B4} S-S 915t CommonMPE 7idsle] At dlole] £3 ShZ 07 2851l
ok NTTEFR AA71Ed74AE HEolg S 283t mutd 7Hte] A4 & Adie] AlgFold 71&S
Mool o Fofsk: AET 125 Asfe] F2 BollA Y TS 91t WA FElQ] ActiveScope
7lete}l @EEES sf Yol o]0 7153t Kenaf 252 71613t E3t EHERS ZollE FEo]

Bolgh ¥ Fefo] 2R KOHGAS} ¥t Sejw7t 285 Sl Fefe] KOHGA 29t 3 =52 7Rslsict
n|2HAFF A2 AR LI5S AAS Ad Y 2 B2 FEE Y% AoiE A Zo] 7ksdt
lo] AE|(MHI-MEISTeR) 22-& 7fdtoto] &8skl Qirt.

FHATE FFATZZTH(FD, Framework Program) 52 $3 tH2 @& A= o|&sto] thgst
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AARPA71ES Aokl Tt Horizon 2020 HFFOE A - ARSI TS 7]1&A-HDARWIN, RASOR
LZAE) At FH2E 71&AHCentauro, TRADR, NilFTi Z2AE) AER} L4 L2 A7 |&
(ICARUS, Sherpa Z2AE) 52 2x5t1 JAY A=sHch

S =7 SHAdl g8 & Qe A2 9 Al $H51AL ICT 7ies S83t Wk et
At ST ALE Fet Al2EE F50I. =v1o] F4aths Hed AARIA AlSS Fiet e,
HgolE- 22 FR17] 52 B8t AnE AIRMIAIAE] 7 52 A3 ERE =4 Aido] By
tigskgol wiet 71&0] Adebdd] A SAlolA BA FA d82 B3 AdednElRof AlRio]
AP ot oA FR1E A Aol tisiade 27 o] itk

1.2, =9| HrHe| Y S

oM At FE2H 9 AEARL oIS S5 ASRE Al His2 A% AZE HsIi
)= AYAGEEY(FEMA)S gAY AAS(FEMA Strategic Plan)' & SH3I3oH, 482
20164 BAMA'E Foto] vl AR o= At A Al A, RIS 6= B8 HE
2 AL I $87] AP e lEidE sl vimolae Wekd st =7l 1E3lelA
209 AddS, AR Py # @ 29 52 Eedoke =rHETRP e 10714 A=A
(2008-2017) 2 sH3t3H. ARolrMe 2 AUtE ARR] AEZ 9519 [oT, HHlol, A5Als 5 Hdt
WPled 8 AdlS | S 7Ied AgS s

ES A ZFEAR A 24 3 EUA oS flote] nlsolde ol RRAe S]]
o5 2detE o] vhelste FeP|edle F6kL glom 715 sl Az 94l 5 ARIEA sEs et
= G2 FeZ /d-Fl6kaL ek dE2 A FA AF m2 IS Folo] A 1+ 89
THAE Agote] 7|2-489F 3 ARISE A AiEe skl Qlnt. of2fet FAf E€Y AN At
2 el LSl =L o

FeAE e eHodelE Bdlo] A3 Al | bdHe] Tied A & s 2
AZoll= ARIEA Ate shdslr] Hstel HiH|olE, AEAlE, 10T, 2153 X, #U7] 5 43+ A4

A

-

=

7168 Fitoz Atozny IS wes] Yt AR B gltk Sa) Aok Asid) Ao
dheal7] Sial 71 the 4ol At B2 AAIA ol ot F4o) AEY) A AAE sy

3 Al2E N AR A" Stk AF7] Ade] At AR AR HeRde 87
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7Vge] A A5 ste] et oIS B9 AlZ sk At HokEe Hok A oRHoRA A
S5k e 9t Zole B Bk BAS FURIoEA Adel 4Rsg o WAt BAEE
Ho} G5 AMGo] WIS B BUF 075 Haskh] SIat Holtk

) Sl T F49) A PR ok Hdlold, 13, tXE EADigital Twin), F917]
5 TR AW ICT 7142 83lo] AiZ-ol 349 Al 7147 Bus 4951 gk

—_— AS-IS —_— e TO-BE —

72| 4T Og-THHI-THS-5) T2AA welp OISTH B7P7} F7HE 6T DRAAR T3}

CIosH RIQIASIRt FIOFES B7Hs10]
A Ol - ChH| KIS QA TS - S E01 28

SMART* Z{=H2te] MiA 15

SO o= - oY S22
HF7| 22 HA =5

*S(uitability)-= LS MH|A, M(arket)-H'QEHA §4 U 7|8t Y, A(dvance)-HEH7 IS,
R(eality)-AZ8/£0{3, T(ogether)-E &

* SR A A

AT A=AATAATF AN AFE A7) Al dish 2=fsiA| Attt 278
Ae g5 SA0 AdEEIE ARt AdElL 71Nt dig A EAtelS Zie ol dish s, 3elMe
| FIAAE B3 AT H e 9t 771 71 Asd AdEe] 71E ol dish At
Follr= A&T A EADS Bl T7 AN Ado] ti3T & =T sb7] et TRt iAE
S8 AR 7ol disf At SAelAE 22 ICT 71s 2oklld A oFz divsal e
OAE B9 7lad 8% A5 A=l A%t HXE B 71 Andae] S 71E ol dish At

AR oA ICT 7Iee E8% FF At Zobe] A7 ¥l Hish drgat.
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20119 38 11Y SY= x|
X|ZI> X| ZIsH Y (2ALtal])
S ARIHA D YALS
=
=

713 wist 9 o3
R R RRLHEIE 5)
= &

SR HC . AB|J)So] BStE ot . MR K HEN WY S HS U KEL . S v
i 29l A Tt ol izt g sl MEORE - Ao g wigos
Wit S RSH B 3% o2 B

*EX KA A

2022 September vol.8 no.9 9

|
C
T
7]
g
=
5
=
=
i
o
=
S
7|
1
o
o
il
5
el
7]
e

0010Z 1Oy N U T © H W0 O EE rokHo mjore-1 mofi b-rm @

LA oo Oeem N HI @



01 ICT 7|zS &8¢t T37| Merds] 7is

S
YR Foko] Aoz EE|9= FYUE 72 2011 3Y 119 G AT A9t HjEY il A
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o 2| o] RH o] opAe BEA] Fot Azt HoiE FEsigith TYE AHo® Qlsf
29| 1270 A HollA 15,8978 AFY, 2,534% AE(20189 12 719)== Q14 st dgstialon,
2 1272904 B3, 272788347 Whutel= £4] misirh EAgsiitt FUR AR A AAR o= Bt
2l9] S840] d=H HRA<] Alole). oA TS Y EFAG e == BS win], AR AR,
AT AT =% 5 ARPE Al

Q=9 FUlejofA LAY thio] Ak EAde] W ol £ 4= Qltk. o]F B4o] ARFA7}
st} tiSshes Aids digEdAtoR £ & Slot. FEoA = WAV ZAZRIN A T AL
& 7 70 ol AsirE st 11 ol BeietozA vsivt A A Asf 35 disel o2k
Ao =2 Aolotal lrt. E3F vjo A= 7S AIAINRFE, National Response Framework)2]
AGFEEA AT "GAAR] HAE Holu thati AV &4, T 7I9AE -85 - FA - =71 971,
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(b

Ut vl AFAFAHUSGSRE A7, 2utu], AbE, AL, 84+ E SiQEIAIS 2ot} AARA|T A& H3}
A T471%, 719Hs 59 AR E835t0] AU RE AL Setd Y Al B 7St Ak,
AR g dEsial EAE - B voHlE- AFgS 1RE ARKStorm Z2AES 355190t A Agol
A= MATRIX(New Multi-Hazard and Multi-Risk Assement Methods for Europe) Z2AEE 53
T ARl At st w2 AREAE JiEekalem, RASOR(Rapid Analysis and
Spatialisation Of Risk) ZEHEE Fslo] Ade] AF7|5 AYsls 5T A& o3 EHES
JRaFetqict. o] HEIMDALL(Multi-Hazard Cooperative Management Tool for Data Exchange,
Response Planning and Scenario Building) Z2HEE Solo] a34Q1 At th-S- A2 9 9 AHE,
T AT oF AR S Al A AUl A 71 B =TS At o] AR S5
A5t SSEA A AL ikl

o= Bee] ARG ARG AAGE ARl 7IHEe= BAJste] AUl E Sl A,

B4, B9 2932 BEsto] BTG NS AT A2HL Ao ATE Sl

2. LRI 7I5t CHE=ERIC S015 712

oA HPEdA ] 3t YeiAES fIsto] AU 719 S SitolE ERHE (0%
B ESFoltal 92 Jidsoitt. E3td SE2 oo 22 S7HA] tiiA]l 7Iso s FHEt

1) Al 2 25487 siQfollAl et Aol of3t ARl AE WEsto] AdEAgo] HiRt
BRAAES 24, ¢ A AdomRE Y 7Rstt AuEle As A4

2) AR ghitelE: At 9l Qb 725 FolE 1271 ARl disf 4], &2, A At
RdE ggolo] glS 2 =5

3) ARG gHtelE: At 9 ok 7]l Fole 870 ARRlAdol] ths AlAE thojubd] B R
oJsf HteilE 23 ==

4) &% 22 9 23 #E: AU ASAAE A - ARG SHtflE AE A1) EAdE
Bhilo]= HRlof| tist ATRs EEolal I HHE A|g] B AAE(GIS, Geographic Information
System) A=A 2D/3DE &
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2, A H AR el At dolg B9l 2id Sl it oS ok Wikl AdElE
Holirt= AA- ARl E6HA AR SAlsiAR o2 W FAIE sdstr|of ofglgol] Sith ol&
Sfsl dfo] 7 &-8sto] A7t A SOl 2HE SHAG Zidol itk et AS sk
203 FHAGeR B £ Sl AR 718 29 2 £ disf A0t A Ad AREA
7| S50 A Rt 79 tiERMA ARIES 245kl 7iE A7) A S BATShL HEekiA
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A T AE|eE Hsire SHR1 B A asor ditt. dlE 89 HF &= et 5k
HES Asire Ade] Tske s1000 shdeleke 5344 AT SATEHoF sttt =, Alue]e As8dE
e A 7 AR & obdet A9 S92 e aLeisfor jie ool w2t A% E4e s A9
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Xt 23 M= g ARALER
2= Shadowhawk Yamaha RMAX | Quad-router UAV Falcon Hover Falcon
71HEHY EREE d2IZH HEIEH 319 ESE
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ATIZF - JtEE A ™| 2 7|2 7|2 H
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HIYAIZ 452 3AIZE Ol 122 20= 602
Sony FCB EX-980
CCDTV, 20X Zoom LIZ D70 2702t Combined DAY/IR Video Payloads
EIXHA| FLIR Photon 320, (£ 600g, (A 110g, (640x480),
Tau UTAM-32 | aliAIT 6102t 3t4) | oA 8002t 3k4) | High Resolution Mapping Payloads
Thermal Camera
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FRI7I1A E53 P AAzte s AAE] BET} gy HlolgHolA #E AA™(Array DBMS,
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9 71 S0 FF= ot d3kE ThsAel = AAY Heolie " JAol sl e 94
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P 715 AbE AR A AAE YA AT 449 S-S HESoF skt ARE Ade] A
A2 sl 7= RS 4 A SEEE FE517] 98l A8 As 71ee] 8 93 71He
ARE A A €5 271 T35 AlS(convolutional layer), 371 &3 AlE(pooling layer)2}
= 79 &AAZE Z(fully connected layer) 2.2 FAJEILE

#

Sﬁ

n

Conv. Pool. Conv. Pool. Conv. Pool. Full. Full.
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Fully Connected Layer

Held 719k G4 49 B 9401 32 oAl TA TS AR Adol] thiet S5 3dE Sy
AERE 5ok S5F/dol tiet BF 2P 7 Bl igh ehEg(labelingle X3t (1Y 13)2
SHf-vIskAol] thet £ WA} g ERoll tigt 2hEg lAjgh Aotk Sk FAES MY S ok
E-(F7h oRzh, d719] ol AER AT, o8 HE(over fitting, T EAZ Hst7] 5] HlzHA
By Y B7RST ofE, ASRE I ofF SHAE SRS 2hl-2% SH, HIskA 2702 FHRE L
Zh-6= B-(F1L oKD, A7), B-7ks, oE ALY F o/l AR FHEsto] S-S WPtk
AR A A gy daElEo] o5 A8l 54,9289 JA) HlolElE ARR3IL) E3E o] AES]
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* EX MAF 2R

(I3 14)= AFE 9A9] CL1(Convolutional Layer 1)9] sigsl= 2fd-2 9 2hil-6o] TE &3S
TAGE Aotk (O™ 149 (b= 28-20] gt 28 &8 UeiiiH, (o= 2hd-60) tist 2E &
Yehdith, 310 disia= 2hi-29] e EYEct 2pi-6of st e 2 09k & & ok

o
=

(I 5)= =pl-29} 2p-69] SksAIL &
(A HIAE G4 = AL 5= ek Skt 23l =, 2hl-2+ oF 5AIE 1580] 485 0] 6AIRE
2040] 4298 Fpi-cof| H]S BIE SFELEE TR 2PE-27} 81.6%2] e =S 7MY Hisf 2hE-671
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2pl-29} 2pil-6of| ol B AR FE=E AlFsl7] 918l Confusion Matrix(EEHE)E AXISHITH
(<& 5) #77). Confusion Matrixe= True Positive, True Negative, False Positive “12]11 False NegativeS
ERITE True Positiver= AIRF EFHEC] 3HA G/l dist 4 S5 2hethe A vttt True
Negative:= At SHZ0] vIskA] FAdof| tioto] B &2 ZH=Tt}= A& 3ttt F, True Positive®}
True Negativer= At E30Z0] A FAo disle] SHIE 2 2= 22 A[Rtth 0|9} B2 False
Positive®} False Negativer= A%t Z3HEo] g FAo diote] d5H &8 2= A2 gulgitth
(I 5y TAH HiQ} Zo] 2hil-6o] 2PHl-2H T} True Positiver 12.00%, True Negativew 3.40%
o £2 22 € 5 A o 235 B3, 2PE-69] True PositiveZ} 2P8-20] H|s| AHE Ao &2
P2 & 7 ok &, 2PE-69] FAA EAY o g2 o FYLE 7INteR g

ZE 2gog <ls, 2p-o7} FpE-25ET o Ak &2 3 A 20E ¢S & Uk

T T T T R

v > True Positive: 77.71% False Positive: 15.74%
B2 False Negative: 22.29% True Negative: 84.26%
g B True Positive: 89.71% False Positive: 12.34%
B False Negative: 10.29% True Negative: 87.66%
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1.1. Oj= IPAWS D277

u]=0] FEMA= 20064 thE3 937 W& (Presidential Executive Order) 1340701 w2} IPAWS(Integrated
Public Alert & Warning System) T2 IS F50t0], 1,60070 o9l & AW, £5 4 A3E
T I o 79 S8 35 AE ® Fil(warning)E EUle o 2851 A F7ERMICIA
I 2 AFEEE IPAWSE B3f 22, DEHIA, AlolE, 94 2 fAds4lol g5t NOAAS]
G s ASE v B I T FEE HiSolA SAl0] A% B agFor A 4 e S
AlERct. E3E [PAWSE =AIES [TU-T X. 130322 ofd 55 75 Z2EF(CAP, Common Alerting
Protocollx &30, A4 #E ZEEZQ CAPL 1=yt ofzt EU, QI Ui, tivt 5 of2] 57olA
A B AJAR] RISkl Qlok

{I5dEAIAH
Emergency Alert
System(EAS)

XX (Local)

S SI=]
TS (State) A20|SHBIABMH|IA

Commercial Mobile
Alert Service(CMAS)

5l (Territorial)

QIE{SUAMH|A

HZ (Tribal)

O|GHRITH7 [2H2| ZI(NOAA)

OIS (Federal) T T e

*MASAS: Multi-Agency Situational Awareness System (Ct7|2 Algh QIX| A|AE)

* X 923| 9(2022.06)
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G FFA2 20089 QM- A 7|gtol] et A3] S Bl A ETFAILHY] WS
Tty ASAIY IS AA 201148 6EHE L-Alert AIAEE 285131 Qltk L-Alert AL SAARE
A, ABANEA] & [oT ZAEZRE WAH AHFRES =411 2wt AlolE, 2r|e, Ay, Fof=
S o8 MAR FAlo] AED & Q= FEolth ol E8 AR AGAHEE A&SHA FHEA
Agstal 9lom, @A L-Alert AT W& AR|A Qo= A F49] o - AR FHEuke AEsial glovt
gt F ElAel A Bt T AH|A ARIAES AAIsHE AEe AHlA B AZS sk 9l
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E49] 12 AR} SlEtHoIAGUL, Graphical User Interface) 714 % ofujek lEfslz, AR/VR/XRGE
7R, T, SR 2 7HsH ko] 7t Ade] WSl Aol Aol 44 £l
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Aol Wasth 3, 1CT 799] Addse] AT Hohe Qilo] Bgak gl thiHo] AT vgo]
45 gEElolok sl AR Hof F S,
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| Hio|ecjmoju|St

1. Hlo|2|oo|LH2] 7244

A AAA SR Ajlo] EshHA ARet 1 —8— SHAR| Hiet SEETF SO, o= 7|5t
HRlo s Agstal Qitt. 0|9 2 JAFLAQl 7|5 Hsts Qlsf Bt 7]20] AS5oHaA ZATRA A
95t et4%EH 3 (carbon neutral) oHA] 7HH"4 Ao gt St BA8EAL St Hieo|eejutolur g
(biorefinery)& A 7Fsst AAEAFUQ1 Hio] QuiA(biomass)E Y& E AREsto] AHPZ Z29] HF U
STAES B4 9 -85k Hiolalshiie]o] 8 FAolt((Td 1) ).

==y TEFuan T riyarony. sl

I ﬂ'ﬂxl'ﬂ 7'1' ’.‘_fﬁ sHA290 p acamonyic s | propne acd
SRRl na e ka2

NRIY/RIEE '
. g—— o MstEra e e S P el e
. ' . egzmol2 ":"’Eﬁ sl W s gl

(Oil-refinery)

~ Hpo|22|T}o| 142
(Bio-refinery)

: T 3 " / 4
- ol AtstErs SERE, A=, o]
AT/ AlAH

230 of7jo)4 © ol SAZKACO, 59} Bl ol8al, Ei SA/kAS ANEU(GA,
A7)E olgsto] sk HlolQoliiA|g Hlo| QBB AES A AT Tks| AY Folrk
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2. HO|QE|MO|42] 7| THo] TRA

FaFE2 d7] 9 oliteia: w7t At B0l 2] o ol S7HEA @S & HiEFel 0°]
s she ACR, WARNet-Zero) 2l FEH((IH 2) #3). 4 77 5 AL S0l oft
oplofeta g A A4 olieleta: F ¢S ofF | ©adHe] YAET HasHe 245V
e A % 342 3 A= A4 5 2 AHH HES 7heRt & 00 7AAl Hid Sofof
S, UmA] B € B9 5 35S g8 353 S7HI71AY v E R #iE 71&(NET, Negative

Emission Technique)Z 2 B4 A7 &S B8] A7 4 It

LpIE
OfbsiEtA
. Zha-0

Ol2iEt 452

* EX: 2060 HASELIRI(2021)

W25 S I 712 Agaiet S0 sisiel Theicielo] wsht Bast] ol wlo]ozjstolue]
2 Ead 24 TRssich. Tl ARIANNE 71E T(EA A931t YR AR 73 o] 231t
duz Aol LAZkA WA U A Aelomo) AR wwst A A Ao Bag
A1910] olojx)iz 7k Hlo] o elnjolulals WAl Gt B 7|5st AAng EAlo] st
92 AAY) A& e WS FAo) 7KsA e HokA 1 FAHL ol uur} ek
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02 EAFE oI5 fIoh HI0|22(Io|H2| 7|z et

2.2, MAHH =H
Hio] slshiilo = ikl Hiolejutold] B AlA APd-tEe wid 10% oVde] agde] AgE=

wopolot ARHEE FAE 959 gl YAk 64179 BRI SE Jlow, ABd AES 8.9%ClA
15.1%= St 9] 39, BANFEE 201749 12 5,9449 ol A 7.9% S7Fst] 201940lk=
12 85519 ¥ 7|=skch

201640] AdE |7 | HSFEA! o] F, Hieiil=g HIRRt F=850] HAGHoRRe Aol ARl
RS AL o2 H3f 71E 24 A o A IEAIE FRRekaL ofuA] B Ak
& PP TRkl Stk 53], Sl 5 B4 thillE AVt skl uet 22d Ve SR
ESG 3714 TrolA] Mgk E ARR1A A4 FHE Y= 59l A&7hsd $HE S5k
7D, RE100(AAZNHA] A7](Renewable Electricity) 100%2] 2=, 719 Esof 235t A9l 100%=
APIAIE: o &3 BAFE 7= ARSIl APEAIR1 2= AAHolUA] 7)) 52 =% SolHH(1H
3) 0. 9o AotE= gagtAlo] thgskarat Hio] eAkdoll gt AFa 7t SletAlEe A ofldA]
Feow gid Agold.

FRACRWINASEE  IPE2MAHIEHSeuw TR JTH2 EARZN| XAkX| 18700

02 20053 CHH|50~52% &5 7IE} 41.7 E==) (Ete); oi2) 0P
-~ e = —_
EU  19901ICHH|55% 25 212 K= : EVEE 2030
Q= o013ICi|46% 25 7100 8,200
A=z ’ 6,100
B2 20607 EA ST =217 146 _
3= FEESTCEr 2233\ / 4368 bE  2500m .. E'2100
(EHS 2017ACH 244% 25) For ]\ oz :
#2030 EMA| #2017 71E RE MRS EU oj=2 z2 2|

* SX SHE2EH011(2021.07.19)

2T ZAE F2u Ale] 491 Wi A 7= HHIE v 221 AN 553 g2
T2 S712 A itk =8, 53] Y38 FAEO 4HS7HE 7R TR - eof g
o] SthEe] whet #lojA AE(face shield, ¥ 7HE9), 98 W3 protection wall) 5 7 B3
2ol tigh =87} WolA| A ol 3 44| e ZEjE WA PETSAI(PETG, glycolmodified polyethylene
terephthalate) 52| @44 =871 S7F6I%1om, KF94 viAd 4|9 F43 3712 F47] ZHY

Az AGE SYZZBAPP, polypropylene)l et 587k FF3HGIC. ofeid AhE 4R TR
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1|, ulo| Q@jufole] B AL H9sleke Yishe Tethel Mgk paradigm shif)d Afgles Bes}
obd W59l Hoprt @ Aol
3. HIO|22MO|L{Z| 7iE WY HHITTUZ )

3}

rol

31. 7z 2F & MY

o] @ gjulole] 7| ofz] @] FHEC] el SHAIAY FEjolth. % AAA|7IFHIEA, International
Energy Agency)°l|A4+= vlo| @ juto|2lE FF & (feedstock), AEaA(conversion process), ZAE
(platform), AlHproduct) 53 22 4t F8 4 84 EXA|9 om thZo] (IH 4)¢} go] ZAlFo=
BEY 4= QU

Legend:
Feedstock

i Feedstock

Pre-treatment/conditioning &
decomposition/component separation
| Process

v

Platform

Product

| material

i l energetic

Conversion, i
refining / co,z:;:is,:;n/ Foodstuff/feed
l ! () Intermediate products
1 {
Material Energetic @i vL Primary refining
BIOCHCt IR ¢ Secondary refining

* ZXI: German Federal Government(2012)

Eet 8 H1¥3)(Buropean Commission)oflA H7HeE HilA 2030W714] F-4 At Hiol @ 2jute |2
ZAHEU Biorefinery Outlook to 2030) 0]l w2H Hlo|egjujolye] 7|&9] 4t -4 34 5 off 7H|1eE
tho] (I 1)3} Zo] &Rl & Qlr}. 94, FF¥E(feedstock)FE AHEH Ho] QA 13}, 2212
FESH=l 131 HEo] QUi A (primary biomass)= 1324 = AAAA Aol s A/dH vlol euiAS
oJmjsial AHg, 544, A B A ¥Ee7I0IAM @& & Sith 22 He] @ A(secondary biomass)=

17 HlolomlAg Mg Ei Hajshe Tl AL Holoms 2, WAHRS o
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ASEH oS 2l 80| mo|H2]| 7[=2

357 (conversion process)2] 735 AESISH (biochemical), 3F5H(chemical), 714 @ G745+
(mechanical and thermomechanical), @3Vt (thermochemical) 4714 ¥Hoz2 FLE2E 4= 9lo
Hio] QujA0] HAjE] W AR & Sl

ESF HFAET T YRS ololRe SRS Avlshs 8 platform)} C5/C6 & EE, HIo|2
QY FHE, I FEAL o] o TR Hio| e |RIE HHSHE W0 H71® SHHA ARSE=
ERE] S= Hioleeuto|d e AARIS] EFRES YeERdt

IRR[EE0 2 Al (product)} HiolQejmlelu] 7]aS Bl AR 4= = AFAES ulsiet] ol
Hpo] @ AZHNE ofyz} Hio] Q35 Rop7tA] AHERS WA RR7F ARSIEIL Q= FAlolth

1. Feedstock 2. Conversion Process 3. Platform 4. Product
1.1. Primary biomass: 2.1. Biochemical: + Biochar 4.1. Chemicals:
+ Aquatic biomass * Aerobic conversion + Bio-Coal + Additives
+ Lignocellulosic from * Anaerobic digestion + Bio-Crude + Agrochemicals
croplands and * Enzymatic process + Biogas * Building blocks®®
grasslands * Fermentation * Bio-oils * Catalysts & Enzymes
e Lignocellulosic * Insect-based bioconversion * Bio-hydrogen e Colorants
wood/forestry * Other biochemical conversion * Bio-Naphtha + Cosmeceuticals
+ Oil crops e C5/C6 sugars + Flavours & Fragrances
+ Starch crops 2.2. Chemical: * Carbon dioxide + Lubricants
e Sugar crops * Catalytic e Lignin e Nutraceuticals
¢ *Other primary * Esterification * Oils + Paints & Coatings
biomass * Hydrogenation * Organic Fibres + Pharmaceuticals
* Hydrolysis * Organic Juice + Solvents
1.1. Secondary * Methanation * Protein « Surfactants
Biomass: e Chemical Pulping * Pyrolytic Liquid ¢ *Other chemical
e Microbial biomass * Steam reforming e Starch product
+ Residues from * Water electrolysis * Syngas
agriculture * Water gas shift * *QOther platform 4.2. Materials:
+ Residues from * *Other chemical conversion + Composites
aquatic biomass e **Fibres
+ Residues from 2.3. Mechanical and + Organic Fertilizers
forestry and forest- thermomechanical: + Polymers
based industry * Blending + Resins
+ Residues from » Extraction « *QOther material
nature and + Mechanical & product
landscape thermomechanical disruption &
management fractionation 4.3. Food
* Residues from » Mechanical pulping
recycled bio-based + Separation processes 4.4. Animal Feed
products e Other mechanical and
+ *Other organic thermomechanical conversion 4.5. Energy:
residues + Cooling agents
2.4. Thermochemical: * Fuels
» Combustion * Heat
« Gasification s Power
+ Hydrothermal liquefaction + *Other energy product
* Pyrolysis
* Supercritical conversion
* Torrefaction & Carbonization
» *Other thermochemical
conversion

* ZX: European Commission(2021)
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AT 270 A 84E B oR Hlo|eajuo|dHE Fo BALEE vl AR Ve e e
e, AgEE SEERe] SR ek 1AHE AA A7 Jekeial IH((E 2) Fa).

il

= =
TAICH SR Mt OIS, AEd 7IE0IM AME 0|2 OF 5 AZAEERE MyE HO0|Q Ha
2M|Ch =X, 111|7| S HXAS 280 HAZ HIO|QUAZ HAME HIO|Q A=z
3M|CH GMO, 2FERE Wit o
AM|CH HIO|2 oqg At} OjMalEA
* EX: SEAUTHMIE2018)

NZO| CAE BT MEWE TIE2 HEE AS2RH Al HO0IR 2z

. 1A vl @ AR((T1E 5) e AR RE B8E 4 e &5, AR, UiF 4 59
7190 & MEA, SEAR GA A=Y s HRE B9 violofehES Akttt 3 AlEA
O Zo] o AH| 23K ransesterification) ¥H3-2 £3f HjojotjAz AJKSE 4 Qi E3], 22uete]
RFES(Renewable Fuel Standard, AAAIUR] A7 &35 oJ53) Ao oJa] Hlo] Lu &S 3.5%(2022%)
Aol £ ARgska lom A g ool

_nisﬂ
o o

il

N

?l

]
3

o

¥
op~
0|

. o

A‘ & Rape oil Transesterification Vegetable oil esters

Sunflower oil or Biodiesel Mix with
diesel

Beet

‘{' )/ /& Sugarcane ,oj &

O ==
Fermentation

Sugars Mix with
gasoline

Corn

Eth. |
Potatoes Starch ano

* ZX: Planet Decarb AIO|E
241 HlolQ AR{(T™ 6) Ha)+ 1A Hiole ARr} AREARY 7]Rtolels SHAIRE 7L Q7]
2o AQte Wy oz FE0] 2l 1d(lignin), AEZE 2 (cellulose), BlTAEZ 2 A(hemicellulose)Z
T F4A vlo] QuiAE o]-83It}. H|AE Hlo| QA YRE J2F EAglo] FFHoE gHT &
= Aol A gade] HAY 9 AEZ A B H|go] 72 A Ect
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02 EAFE oI5 fIoh HI0|22(Io|H2| 7|z et

(o]
kUl
1o

IF

22394 HO|Q

Ojge
H}O| QO A

|l

MEZQA S

KN

5Y-og BuE,
2am|g,
R714 BRI

AjSl = @A

SOAEZ2A

¥ EX SRATEMME2018)

3AI HRole A=(TH 7) FaDe 1AEe} 241de] Dol lE 418 AEolA A Hl-go] &2
T2 SdoP] el AP HHeE nMRR vlo| uiAE ARGRITE TMRT Hlo|Quliie HIALE Ajdold
A 24 wtoleuijaet tpEA] 2ol glof 7k Q] A= Hle] "Wart it mAIRR Hio] 2u2
el Hlol2 A= A 519} TiERe Wi, g 5, A 340 leH FAIIE B deol JdEL
WA o3| S5 A= BAHCIH ARl HAEE ft tiFHi Ve ido] dasitt

EhiE
EHOILIR ESES \ o

% HIO|QE | At
ﬁe & EhA SEHOILIX] A8 e

L] §
OlHER \\ w
(R7ESEI)
(, SR At
GO~ =1
Ofetzietd T~
R— gy «— e
280 AR

* Z3: AMAMEME(2015)
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4. X5 7158 BHUM 2 Iz HE Ol

oA A Hlol Qs Al HlolQeistol e 7145E A% /54 BHOIA AW HR(GE 3) H3)
1A ol omlit 38 Ajgow gool ko] 419] Hlole. ez Ak 3ol BT 7tk 4ol
O 5 Hol oMlAS FHS| ST 5 Y AAAVE WS vlEw neky 2L Ueold Al gk
shRL, T2 AnE Ags] o] A BAld 435K oa AN Hold 5 gl E3 A7
215} 22 ol 7150] w2 42 gaoh BRo] AUENTY] I S0 35 % Holo AR 8
3712 28 JHo] J5oe Rago] EAI. Heb] AAHORE A5t B ARS S
9190 W48 229 241Kh, 347 Hlolom s T A7k s AT Tk SR Skete] HL
WHORL B3 BAA) ulo| Qr|AZ Susylo] ofeigo] L AN B 4ol ulg Ffo] glom,
A7t FUSHA e TAHE Sk R A Hlolom Al DNERE BUE] A7t AYEAA,
Seutele] 0 EAATH Eo] 98 B|R0] UAER o] HLEth e o] Hop ofelolA]
o AP Iol Belohal SEa Yok SRIIE ofele) % YU AGHIoF sHe AAH o4t
A e A7) Al 1A HloleulAte 2, 34T Hloles )it vol o elsjole]
7145 SUEge ) SES Seliet 440 g vl AR W Hloloit A% A% 7K5H
WA 4 91om hEY TR ol g 4 gl Az dY Holoeulole) s A

7 ug My 7
Al QQAA EFAA
X2l 25

Hag |2 &7 SM S| 2MH

A

ONER, oiEF S| SMIH

* X KISTEP(2022)

2022 September vol.8 no.? 57

M N TUTEIEAQRC 2 N rokoonlt mjoy N 4O — @

(2]
et
B
S
=
=1
=
T
o
k=X
=
o
Yy
st
¥
0
=
2
of
0
4
2|
7]
A
g
o
4‘:.;

AL oot OeemNH @



02 EIASE oIS ffet HI0|L2|IO[L2| 7|59| YE

5. BAZH oS Flet HI0|22|IO|L2] Rt

e

ST = AT oloprIgt A 71s3t oM BASH F3o] 71sSt Alee: A=fo s ZiAevlo]
ue]e} e-Hiol e gjutolue] 7idE AvfstaiAl Bkt 7] o] e gjulolue] 7|&9] SHAIHCINH SHYE
e PEste] FE HAS 7 U] Aol BHA AIA HiE 7EA(CO, CHy, COE Eddke=
ARAA A FA7IA) S BRSO R Aglsk= Hio| e euio||e] Z]golt). ZiAagueldd: t7] So&
HiEE o] 2A7AR AESIE 7HASS VRS 3w 9RE ARESo] AA HiE H7RA W ']
7get g 58 B Hgo g TS £0lAl e-Hlo|efuode] V&2 7R nldEd] A7 AR E
Aol olitaleag Skt 4 e sk mAEA7I Hiol R SRtV lee ARSI olA” Ak
& 7IA Y| LA7IAE Z=2H 07 11A4S)sal Aol CCU(Carbon Capture and Utilization, oAl
ZH DAY 71ene AAE B ofyzt 7|E Hio|eujA 7|8k Hio] @ Eute|q 29| A E SEsln
A 9 HolQ 7t SIS A& TRl AAtste AiE Z1eelti(IE 8) ).

OH
ut

H= g AMAF

HEx HiE 2Y7I2 (CO)

HiO|2OjA BHI7tA (CO, Hp) Gas refinery ~28 Ha/
29 MIYZFA (CH,) e-Biorefinery Hio| 2315} 27|

MUH B E co,

* SR AR AR
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[I CCU ¥ Hiojeamoluia] 7|1&(1):
C1 7tAcjmojud|

1. 71=2 718 A &%

Cl 7kAsh AH] a9 FA87EA E 7EA, Hlo|@7kA 9l H[D7kA(shale gas)E EJTH HHA7FA
Ul &2(C, carbon) 71 1711 AFsHEA(CO), oMteeta(COy), HIRHCHY)7IAE A A3he &ololt
g71 S0l FEEAY 71EAE B QouA|=RE AR A1 2deie) Hiee] 715Heldl A7k os
VTS T 2A7IAOANE HE FHHOE Cl 7kA A3 7|49 7iAdmo|yeE Bote] 58 A=
2 71% Pt Y] duEde B8 7RsT ©@a Ardolr] wiEd], HE A AAlF R AVES B
% A5 A AR AEEE Wi tijkeR Cl 7RAgutelye] 7|eiid A7 5] AfE Atk
C1 7kagjstol|e] 71& ofefie] (7 9yet 2ol C1 7hA9] 33, HEHA G5 A8hs Bl 458
Az 9 oot e APles TS SRATEIRCIME Cl 7129 BEsh Adg 7] HEsto]
AEstaAt gt

A

; 5 Ef- 23 | &2
HERYIA o | 2le
Cl E|HIO|L*|E| jIE §nﬂ g =z
87 RA RE . 233

| Rt el “.M‘

Szt —] ”|-3%, | Ng
n';'z.'.‘.—' —'EI')"EI

.............. JHE =], i 7HX|A_Q(H2)
................................................ :gix-l ﬁrﬂ(CH )

S N e B R s b AL (H,)

* EX: PARR 25(2021)
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02 EHAZE 73S Yot Hio|Ramo|L2| 7jo| wak

2. JlaE 3%

2.1, 71A2(Io|HE Fet ZIEHE i

1) COQl M=atd Mgt 7|

YABEA(CO)= B Aas sk RS9 7HAR ARQ] @olMe SaH)9 3 7k
(syngas)?] F8 J&o= & A vk P7tA= 7Pifﬂ(gasification)% Sl A 5 lem AL
7Fs3t 989 £52E= Helcoal), Hlo|uiA(biomass), EAIE AAEH71E(MSW, Municipal Solid

Waste), SUFALE, W73/ 122 AHEH] Heh Ao H7the YM-EF4] T4
(Fischer-Tropsch synthesis)& &5l ©2}4x(hydrocarbon) FH2] HAF AEE Pilok= ol T2 AREE
T lou A& gk 7% o] 52 ¥k 25(200~300C) 2 4=(10~40 bar)o] BasH F7kA W
2 A4 2 B 22 EEo] %t Fof wiEGEalo] 540 tE o] S0t Sl AskAl SXtekAY
F= Adolo] 9] @42 HaAlle @)= QI S/l A g7g0] Basht. vy s A
71&2 ARoItst S4(HCN, Hydrogen Cyanide) €82 Al€lstale 3ot [ 7|& div] o= £
Zotttal A ok
7128} olQfof] A7 ARdelA TA¥sks FAZIA el Hefst 2449 Cl 71AE 2ijld 4= Sl tiaAdl
A7} A BA7IARE COG(Coke Oven Gas, T34 Q@E 7}A), BFG(Blast Furnace Gas, 1.2 7}2),
LDG(Linz-Donawiz Converter Gas, A&27}A), FOG (Finex Off Gas, Tfo]dlA HEX47EA)7F 9lon &
WS 78.9 itk B/ d FEg difio] Wigom AN Jlout AEsH] Her|&o] ZgAlge] 7=
320 3o YRERE w6 E§ 7hsolt
S7IAR il COe AT 2E tiF-Ee] AgAllA A5l gsis Ertal 424 oy COs
Ak o e S HBEES ol8shd AEH Ags F3f Ut F8=d A4ilol 7hssith EY,
AL, 559 Ao A&k COE o|8dh= tl#2]Ql njRYEQ] o EAl(acetogen)ol2t E2= 714
t|AEE(anaerobic microorganismsy OUA &&0| w2 -89 AFIE(Wood-Ljungdahl
pathways)E &dll C1 7kAE 17g3fsto] A i oot UY E52 FAdstar o] a3t YRS
e 4 AUtk o2 (" 100 & (" 112 C1 7kA YA B& 2 ti#2Ql nEEe] S5t A%
205 YeRdith
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J% 10. OWMIEM L C1 7tA AL B=

co CO: + H2 |I Ensrgy N Ton molive force ) Sugar
: , conservation 1
ﬁmmﬁ% Wﬁmﬁﬁﬁzz?????????????????????????m???%??ﬁ?ﬁi?ﬁ????%?zm m Tt ??????n?????? T e ‘Z?ﬁi"?ﬁ@?ﬁ?ﬁﬁféi
88444282 84288882 848888484 8LLALLLLRRLLLLLLLLLLALLLLLLLE i&i&ié ﬁi&!&!&%& 488, 2&3&@. 8888848 88848448888848
IS TR SR = SIS S S = = e ) 1
] M CODH c; £} ! NADH ADPSP, ] AP |
! o : R Na‘/H* !
1 X 2[H] 2[H] 1 4H"
: :dt :E’T" Hclofor-l i E : ZH‘ o E
i Fo L et i
1 [CHO]-THF "1 NADH Electron 1
: : 4 NAD* bifurcation !
X [CHIZTHE* L e s
i 2H) : [SITTo T L T —
: [CHz]=THF : 2CO: + 8[H] 2ATP :1 Glycolysis
i C 1 Mixotrophy b
1
) [CHs]-THF I 2 Pyruvate
| ! 2CO:
! ! 4[H]4
: Wood-Ljungdahl [CH:]-CoFeSP [CO]«— CO : 2ok Bk
\ pathway | copHiacs | K
____________ ae o 2[H] 2[H] ATP
Acetate Aq— 9 — Acetoacetyl-CoA A 3.HB-CoA— A Butyryl-CoA —ij Butyrate
Fd,, “SCoA l l l l r 2[H] k Fd,,
Ethanol +—- Acetaldehyde —  Acetyl-CoA 1 P 3HB PHB 2 Butyrylaidenyde > Butanol
2[H) 2[H] er“ YT k ATP 1 2[H]
ATP 2[H] ATP
Lactats ‘?[;]Pynivate 1’ e fATP HexanoyI-CoA—bjb Caproate
Isopropanol 2H) Fd,,
2,3-Butanediol - Acetoin i erxaldehyd{ He |
—ri exanol
2[H]
Native product [E2EIE0 o
Heterologous product

Cytoplasm

* ZX: Bae et al.(2022)
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02 BIASE oIS fet HIO|RE|TI0|L2] 7IE2| Ue

J3 11. E OMMEH D[Y=2| 48 =A I A=

Species Gaseous Tope pH..> Natural Ref.
substrate  (°C)* products
Acetobacterium H/COg, 30 7.2 Acetate [29,30]
woodii CO/Hy/
CO;
Butyribacterium H./CO., 37 75 Acetate, [31-33]
methylotrophicum co ethanol,
butyrate,
butanol
Clostridium aceticum H,/CO4, 30 8.3 Acetate [34]
co
Clostridium H,/CO,, 37 5.8-6.0  Acetate, [35,36)
autoethanogenum co ethanol,
2,3-
butanediol
Clostridium H2/COa, 38 5.0-7.0  Acetate, [37,38]
carboxidivorans co ethanol,
butyrate,
butanol,
caproate,
hexanol
Clostridium H,/CO,, 37 6 Acetate, [35,39]
ljungdahlii co ethanol,
2,3-
butanediol
Clostridium ragsdalet H./COg, 37 6.3 Acetate, [35]
co ethanol,
2,3-
butanediol
Eubacterium limosum  H2/COg, 37-39 7.0-7.2  Acetate, [29,40,41]
co butyrate
Moorella H./CO., 55 6.5-6.8 Acetate [42,43]
thermoacetica co
Thermoanaerobacter H,/COy, 66 6.4 Acetate
kivui co
Sporomusa ovata H./CO2 30-34 6.3 Acetate [44]
# Tope, optimal temperature.
L pH,, optimal pH.

* ZX: Bae et al.(2022)
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COE 7Id= Z83l0] 783 28 ildte A2 349 82 tha2] (I 129} o] #4471~
Ee 7RAS} 71 7EA Ui CO S, opEALS o83t 7hA A, dikite BEjeh 22 o g

THEL SHle] ojoja

Feedstock - Thermochemical Process : Downstream process |

r
| | I
[ 1 1 [
I | CO-rich off gas | | Syager (CO Syngas fermentation I
: | Gasification ! X )

I _ I
I Biomass [ . — B—r— ™ leohols
| AN ——
: Coal ! 3 ; . : 1 | I
I Q
[ : . Gas cleaning : i : —I-—‘)I
! | Animal wastes, | 1 gl I
I 1 | e (= [
: solid wastes I 1 ¢ | |—’

1 I

I I
I I
I I

Carboxydotrophic acetogens or]
= Carboxylic acids | |
|

A,

Air or steam manipulated microorganisms

=Xf: Sun et al.(2019)

2) CH,O| W=sty Het 7%

HR7FA(CHyY e AAZEAS tifR-g Aokl glom $2 0 R2aolA fE=A S41 24)7]
wi ], i oAl WASshe ojilstetao] vl WE AN oF 208 ¥ 24 AIE IR
AR 247 A0l HERS 2 AgoUAE 2= C-H bond(Carbon—Hydrogen bond, B4&-44
AR Foiglo] ko] eliAe w2 oUA7L BQstet 71&9] slehy M o 12 U
9k g4 Ef B ol85to] syngas®E X% F ThE SRS wHeE RS S S8 ARgohL
UARE 9k o] Wil FA} vlgo] Ert To whe BESH wgt gk HPE vekAH(methanotroph)
2 Hgtekaa(MMO, methane monooxygenase)g 7[RECR 42 AYolA mgS HigZz ded
& 9loH, dEerislte vyt o} ojAlsietAE FAo] 1S 4 Qe E4o] glo] Hiol kA
g 7Rsstth

b
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02 EHAZE 73S Yot Hio|Ramo|L2| 7jo| wak

Methane resources MMO 3H,0 MDH Fuels and chemicals é
r3
3 Metha"e% 3 Methanol 3 Formaldehyde 37°C Consumer > -
(CHa) (CH30H) (CH:0)
- - 7 6e-+6H ¢ 1-5 atm 1977 .
. § / 30, +6e +6H N2e + 2Ht ) Specialty
ﬁ, K CH4 P A Y Chemical e
] “ Air A s-con )o\ro" I o
Bl Acetyl-CoA = PyruVate {0 Liquid
267+ 2H* © 2006\_ fuels ‘
% < CO, ’ c—1 Biological -
Vented and Biogas and Products N Basic
flared gas landfill gas Capacity

Biocatalyst and process development

* ZX: Clomburg et al.(2017)

HERSE W MMOE 7184 WEkiskaA(sMMO, soluble methane monooxygenase)?} OJHA} HEbAL
SaA(PMMO, particulate methane monooxygenase)Z e 4= At 5] sMMO= Y5 Hetx|Shtolgt
EAR. W R sk o E4 F W tiA ARl w52 4= 0T Group 1 MRS
Heto 2 HE Aoky ZEUH|S|=E 53515 RuMP(ribulose monophosphate) pathwayE 8. tjAk
ARE A9, Group 1l WERAISHES F& serine pathways AREsto] dARIH(IE 14) #a).
EQF RSl TSR HE tiAt A== APAE o AB|E(FAME, Fatty Acid Methyl Ester), OFABRRE

(astaxanthin), =HE0|E(lactate) 5 98] F-8EEES A4 4= Ut

Methane
pMMO or
sMMO
Methanol
l MeDH Groupll
Groupl (a-proteobacteria)
Formaldehyde Methylene (oot ﬂjﬁﬁﬁ?ﬁ;ﬁi
ylobacter
Hps HF Methylomicrobium Medmocehe
/ T SHMT Methylomonas Mztth};/z?:::s/:
i Methylogiobus
Methylosarcina
RuMP Methyloprofundus
Cycle ForTate Methylomarinum
/ Fdh Methylovulum
. Methylothermus
Biomass co————— Methylohalobius roupll
- 2 Methylomarinovum (Verrucomicrobia
Group | methanotrophs RuBisCO l Methyloparacoccus phylum)
(gammaproteobacteria) Methylocaldum M’:’x;’é{?gm’:’:m
i Methylorubr AR
Methylomonas  Methylothermus CBB Biomass YL
Methylobacter ~ Methylohalobius Cycle Group Il methanotrophs
Methylococcus Methylogaea (alphaproteobacteria)
Methylomicrobium  Methylosoma i Methylosinus
Methylosphaera  Methylomarinum Biomass Methylocystis
Methylocaldum Methylovulum
3 Group Il ophs
Moltyiogiobus Methylomarnovun (Verrucomicrobia) Methylocapsa
y Methviacidiohil A P
ofundus  Meth) cu!

aest bium

* ZX: Kalyuzhnaya et al.(2015), Jawaharraj et al.(2020)
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2.2. oliQ 7IEHe S

CO 7t~ AESHA 231 e 7|&7ie 5307 ul2 = AYAE dish J7EofA Nature Biotechnology
A do] gk Aol W=, it opEAR] SRAE U QEoEReARs(Clostridium autoethanogenum)
S FAA ZA5t0] of|ET} o]AX g WekF-&(PA, isopropyl alcohol) /st o, mtds] 5749
A7 H7HLCA, Life Cycle Assessment) 23}, 7FAREG R opA|E-S AJAL A] -1.78 keCOze/kg, [PAE
—1.17 keCOne/kg WE] SA7IAS Fdhe 2108 #AH510H ol 7iAgulolds] 71&S &3f 24714
Aol 7hsshthe e WS h‘%«lﬁ‘ 15) &10).

Current production routes Production from waste carbon
from fresh fossil

&
e o« & w & 2

Coal Oil  Naturalgas Emissions MSW Biomass

Gasmcatuon Gasification
Methano Crackmg Rsformlng
synlhe i

Msth anol

Methanol-to- \ Gas ] A ‘
propene i fermentation ‘1—- - .

Cumene prc;oy w:ration / \
Phenol ¥ Acetone [ Aceton + Animal feed
[ Prenol B Acctone feg IPA_ e |

b c
Other inputs:
Chemicals, Acetone IPA

utiliies, water 3.0 o

System boundary
-

Feedstock: S 20 4
Steel mill off-gas Gas conditioning/ o
avoided emissions compression %\‘
8 10+
2
m
c
S 0 -
7]
@
Product recovery E P Fresh Erach
: @ fossil fossil
E
Co-procucts: Anaerobic (&
H Waste Waste
-30 -~ carbon carbon
[Tmated o Sisiisiihidis M Total emissions M Process M Avoided off-gas

* EX: Liew et al. (2022)
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02 EIAZR PHS 93t HIO|Q2II0|H2| V|0 W

B3} LanzaTechiit= CO 7IAE o83t offehe At 378& H AALRE 5008 2] Aldet AVd7A]
Meto]l Agstiom FF 9% (Shougang) @ D& Sekisuiiit S Feslo] AHA HAY7RA, MSW

71t EHES AAsh ZiaduoldzlE st AY 16) % (™ 17) ).

hclu:.h’ialaff-?a_su__ = Acetagen
= = hlncat.nlpt

i LS
w, fas-fermentation ! ?l
| =

B P 'uf . " oreactar Oz
. “"i'f-:lp'“l ....i - | Product Fuels
T i | e ]
'-!:-‘: i mup * ¥ /
> L r— Protein

Cu b
mpression Sepﬂra n ‘Ch:mu:als

] i Continuous 2018
b Qﬁs:m : pas i
¥ at scale -
Applied '
Rand D 3 #
' Adapt and adopt L
i
P
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* ZX: Fackler et al.(2021)
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LanzaTech CCT Commercial Deployment Status

2 Commercial Plants Operating, 7 Plants Scheduled to Complete Construction in 2022, and 7 Additional Plants in Engineering

Operating Construction Engineering

e DhEEEGE bhEEEEEE

Feedstocks Represented Regions Represented
53 I ¢ R
{ s, B 4 € -
2 & & v

Steel and MSW Refinery Biomass Biogas North Europe Asia Oceania
Ferroalloy Gas [e:) America

M N TUTEIEAQRC 2 N rokoonlt mjoy N 4O — @

Partner Estimated Total Anticipated Carbon
Investment Installed Capacity’ Captured Annually’
~$800 million ~600,000 mtpa (200 million gpy) ~1,000,000 tonnes
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* ZX: Fackler et al.(2021)
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oo

A< whE g3 9kE7](CSTR, Continuous Stirred Tank Reactor)E ©o] ARSSHARE ofg] ALA}E0]
712d, 371 B4, FY Bk, ok FEiet Aol wkg719] thefRt tRiRle 3 R 7]- HEe]
AE FESA Rt QIH(IE 18) ).

Membrane Fluidised
Airlift Airlift bioreactor bed
(downcomer) (coaxial tube)

Packed bed
CSTR Bubble-lift

Influent
(media/substrate)

Influent Effluent
(media/ (spent media

‘substrate) or product)
b |
h -
-

L2

Jawodumoqg

Influent

* ZXI: Mithlemeier et al.(2022)

RAESH TAIAZ = 23 AR digh W2 A EA(flux)7t Qe HlERisto s AArst
5 Q= AR EAR] Eejsto|EFA] FEHO|E(PHB, polyhydroxybutyrate) E3F tiEo 2 S35}/
Aot A W B dFREE & E, dEE, <, vivlE, da 59 ARt 212 o]-&sto] PHB

TEAF 9 S wole A7 A SoIHE 4 Fa).

i Tocrogy | P | Yol o)

Methylocystic sp. GB 25 DSM 7674 3.10 Pressure bioreactor | Potassium deficiency 33.60 0.45
Methylocystic sp. GB 25 DSM 7674 2.46 Pressure bioreactor | Sulfur deficiency 32.60 0.40
Methylocystic sp. GB 25 DSM 7674 1.81 Pressure bioreactor | Iron deficiency 10.40 0.22
Methylosinus trichospporium IMV3011 1.50 Shake flasks Citric acid+Methanol 40.00 -

Methylocystis sp. GB 25 DSMZ 7674 2.50 Pressure bioreactor | Ammonium deficiency 51.30 0.52
Methylocystis sp. GB 25 DSMZ 7674 2.50 Pressure bioreactor | Phosphorus deficiency 46.80 0.55
Methylocystis sp. GB 25 DSMZ 7674 2.50 Pressure bioreactor | Magnesium deficiency 28.30 0.37
Methylocystis sp. GB 25 DSM 7674 2.30 Pressure bioreactor | Nitrogen deficiency 51.00 0.54

* ZXI: Liu et al.(2020)

Wk opE} of2] 78 =4 Aito] 7hsSt HiE Akt 7Rt AR S
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pheS-based counterselection Cy i y based transformation system Selection of promoter based on RNA-seq data
cytosine Computational Framework
. . T
"< S
e
R S
-
b

E.coli (JM110)

* ZX: Pham et al.(2022)

2.3. 2L 7l S5t

Sl 20154 C1 7RA2]mtold @] AFITHCGRC, C1 Gas Refinery R&D Center)o] &5t C1
7 248 71 ke AL SOl ok ARARE 2t 71 AR SRl B eS Jishl SRkES
% ol o3t 3 EukE 2024971 7184 %=(TRL, Technology Readiness Level) 6 %9 7|&
ZAVge] = C1 7kagjmelde] 84 7le Wi BHE g FREAAT4LY] of2] AtKlo] Fofsial
ATH(TIE 20y ).

azsge
amwn C1714 02 X REHO| O3t UK F07S
"Ig j'i “ c1 _)':;gg_ 0j¥8 Xz C1 oH] 271X Xu|8/188
AR E
4
IR &2E/BTX
— 5 7}%;]- 7tA
| (HEEERED) | g o

CH, reforming C{)“ @ %
HHOI 2 1A ==

7|
Gasification C1 H&

co
?’gjl‘ﬁ “ EtA XIS} N
HEL 5 E> (2AM7LA HZ

. o ;. 71948 71¢e] §M U AL 7|E SANY

* ZX: NICE(2017), C1 7tAZ|MO|LA2| AJYEH SHO|X|
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E3], gHovA]7|&ATtYolA= CO 7kA 7HE HEIFAA =2 = Thermococcus onnurineus NA1)
el YRS 91eE 4 BRS B AN, oEAS o] -8Rt oflghE, ob|EAL AL, CHyE o83t 4kt

4 Hlo] 9. Z}AE(PHA, polyhydroxyalkanoate) AIITE $ot3AY A8 FolchK2™ 21> F).

Serum STR Air lift/ bubble column Bubble column

50 mL 3L 10~18L

o)

L2 s W,

Feedstock OjA S =)

Shale gas (CH,)
Ol EF At}

Oj8&E W87l =yt g8
/)Y
= —_
] ‘% @\ Succinic acid

(T
- 5 . / Polyhydroxybutyrate
x.“x-ug =|M|7|-¢ (CO)

=2-L- T o
ZA20M

1L R,
e i — [T
dum =232 “’ﬁ‘&‘—"— s [C\3 —— —> Hydrogen

27  DEFANEX WY

o ko L - e e

Ethanol

Acetic acid
Butyric acid

OFM EHI /

* Z7: NICE(2019), AIXHAS0YLIX|EHE]X|(2021)
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3. AdSn 1Y

Cl 7IAE ol83lo] 78§ 85 AAdslaa B2 7190l 7Ie7iidol] 23 Qiot. SRRt BA1A =
71€4 ol#Zor Y% 7| ¥E(IneosBio, Coskata 5)= UL FEI 7Ie/EE Al 4F Rt
LanzaTechiit2} Newlight Technologiesiit 2= 714E%= At} o] (I8 22)= Cl 7IAE o869
& 245 Aske 79SS "R ASH e 4sks et

i)
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Research Pilot /Demonstration Commercial
o T
compoind Gompany Final product
Syngas  LanzaTech (Basf, Global Ethanol, butanediol, (—L_23B00
Bioenergies, Evonik, chemicals [ )
ArcelorMittal, Aemetis,
IndianOil, Swayana) f——>[Cscbubiene ] | @ | LanzaTech
Syngas Ineos Bio (New Planet Ethanol e | @ @
Bioenergy) [ |
Syngas  Coskata (Synata Bio) Ethanol “[nButanol () =
CH, Newlight T " 1 e Ef
CH. Mango Materials Polyhydroxyalkanoates e . L] A
CH, Calysta (BP, Cargil, Protein, chemicals | Z[(Acicaca ] | @ =
o eeh) [ o]
CH. Unibio Protein B L Lo g
CH. Industrial Microbes Methanol [ ] Q- =
CH, MBP Titan (formerly Intrexon) ~ Protein, chemicals e ) - pbsigic 4
CH. NatureWorks (Calysta) Lactic acid €O | Gnol.PHB) @ Mango Materials @ recrnologies =
co, Deep Branch Protein | e =
co, Solar Foods Protein ol
€Oz Air Protein Protein =) T
o, Novo Nutrients Protein *[Bowes ] @~ gt
CO. Kiverdi Protein = i
co, White Dog Labs Protein e = [ IS at
co, OPX Biotechnologies (Cargill) ~ Biofuels ® 0|
€O, Trelys Amino acids CH: [ Singie-cei @ LanzaTech NovoNutrients @ univio @ Kiverdi @ cavsia Q
CO. BioMason (Novo Holdings) Biocementation proleln 2
CO, BioCement Technologies Inc.  Biocementation »[_Lacicadd ] @ceysta o
co, Basilisk Self-healing concrete R ® f
HCOOH-  Ginkgo Bioworks Biofuels = - ]|
electro — ] @ niroon E|
co. +[Famessne ] 2|
+[Waicase ) 7]
~
5 §
* =3 s 4 Al
ZX: Garcia & Galan(2021), Teixeira et al.(2018) i
=]
?:F

E3] LanzaTech 7199] < ofekdnt oz} ¢ Yo} A& 7R SR HARE(SAF, Sustainable Aviation
Fuel) A4t 71 7idole 23 glow 20404 oVd=ls AlAl 8- 8792 1,6009 - 0 =2(F 6,000
2]E]) 20209 fm] oF 2671 S71E Aog o EH.

F3F AR A ol Filo] SHEE Hiol @9kt AP B W A AWEH, 20214 2.42 Higt
EOIUH A 2026d00k= 7.59 ¥Rk Eo = oF 3l AdAret A o= oFEA L, E5] YA A"
RSt Fof AR o Sl ARS8 ERtAE Q] PHAS &2 20219 1.8%1A 6.4%7HA] Sehid
Aot 23) ).

(3]
=
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a8 23, MA| HIO|RE2tAE AIY S
M| HIO|QZRHAE| Mt 0f2K(2021)

MIA| HIO|QS2AE] 24t H2H20261)

Global production capacities of bioplastics 2021 Global production capacities of bioplastics 2026
(by material type) (by material type)
© Other 1.0% B / 19.2% PBAT © Other 0.3% / 30.0% PBAT

(bio-based/ / ) (bio-based/ j

non-biodegradable) 3.5% PBS [ ] non-biodegradable) / 16.0% PBS [ ]
®FPE 9.5% y \ , 18.9% PLA ° ®PE 6.5% ; \ ' 1104% PLA °
@ PET 6.2% . - 18% PHA ° ® PET 12% [ 64% PHA °

= Total: / - Total: i
o PA %1% 242 million ' /16.4% Starchblends  ® L4 156% % 750 million | /52% Starchblends ®
ore 13% fonnes 32% Cellulose fims’ @ L 1% N fonnes | 12% Cellulose fims' @
4 - o, A f

@IPER 0.0% 1.2% Other [ ] SIFER ol 0.4% Other [ ]
®PTT 8.1% (biodegradable) @PTT 2.6% (biodegradable)
eeecce0 XYYy’ eeecce00 XYY Y!
Bio-based/non-biodegradable Biodegradabl Bio-based/non-biodegradabl Biodegradable
35.8% 64.2% 30.4% 69.6%

* £x: European Bioplastics SH0|X|
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CCU 7| Hpolemoltiy 2i&(n):
e-Ho|cjmo|t|c]

1. 7150 T % 5%

ooy S5AE ¥ YES 7ML Sl w714 Hiol euiAvt tig o2 Ak & QA Ato]
B JEIL H2 SEUeis vlol oA ShHof| Bejsict E3L 7120] AAESH olisketA Mgk FAGE
Boto] A 715 T Hio| QuiAl] Gl s AR & nE Has F9 vl AR Fi= SREES
RISz HhAlolt. webA S Hlo| QA S FA| Bt W of2] THA|O] 33E AR sl 71E Hio|zjwlo]
Uz JHofA Bloju} ojalsterAs A AT & Qe IS nldE Ta 3] dasht

ojo]l |22 PO oAlstEAS A etao R TEa) ATt 4= A YE(]. SRIEHIYAT
(Chemoautotroph))oll 2FIZ(OXISHEAE F71EZ Agksl7] sl 283t oyA) oz AxKe)E Al53l
T PYEA7 IR (microbial electrosynthesis) Hlo] 2. 8%} 7]&0] AAE AL ITHCI™ 24) a0, e-Hlo]
L &uo]q2|(Electro(e)-Biorefinery)st Hio| @ ejsto] ol A 7]E HIBE viYZ ol E-8=d F714%
g 59 AAgFHelectron donor)?] HEE AHYZ, cathode) 02 AT &= = Aoz, thagst
(metabolic engineering)& 283 79 o|AISIErAE SUAIA -85 HIO| QIITIARE AT 4= Glo]
B o] 2 AoE dEh ey AIA] e-lol Qo] di4 3759l nAERTIRM
71&2 AAE PBE WHE WolEolE BE(HAES, electron uptake) ¥ oA A X3 &7} Yot

ojFfet EAE SH3h= tiete] At
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02 BAFE Fois ?leh Ho|RE|Io|HE] 7|Ee| U

7|1 vfol2a|molal 7|& | e-Hio|2a|molal 7|&

247t~ (coy) 247t (coy)
3 +

QIEER (e, Hy)

Hio| 20|~ =St

HA2| /A=

* EX: SR0UX|7IEH1(2021)

e-Hlo] @ Fjutold )= nAE7IMS WEe2 ol8sto] BlwA] Lokt oA AP S A 7hset
FH 9 et AT - Qe FEAVISE 7] f2e BESE 7Ieclth A7EEndE
(electroactive microorganisms), OFIEAMIA U] E(acetogens), MU AE(methanogens) -
AERZIEA WSOl A714 ghdg S o]83f o ARtRAE oMEAL ofekE, HE 5o8 Helsh=
Zlo] HAE N Qltk. B Lo], nPEL] AR HHSHE 5o olialea: Mgk 240 HAE 15 dR
2 SRR SPgAIE 4= Qltk 2 HAPERONA olilReka Ak F8 tiAF SR EEARI(HCOO)
F= Y FHO]E(CHCOCOO )N oJsf ZMAIETHTLE 25) ).

CO, Electrobiorefinery

h ——O0—0 Methane
s l o Acetaldehyde —O Ethanol
3 Butanol
CO; wmmpmp Intermediates °_"_°_°'|:z
2 Butyrate
HCOO" A
—0—a0
CH,COCO0 Acetate
} ———O0—O0VLactate
e ——=0 Acetone —© Isopropanol
(Electricity) Microbial catalysts © Poly-3-hydroxybutyrate
(Electroautotrophs) —0 Terpenes—< Carotenoids

* ZXI Lee et al.(2021)
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2714 B ARPA={anode)ollA] E&5l(water-splitting) §F8-2 2 S57F HALE o§stig
BT FARE AARIOITH(TIE 26y #a0). &85 ¥R S A=(cathode)ollA] ARA=HGFAIHE
(electroautotrophs)9] oJAlSFtA: Hglo] LAgh HAHe)2t FHAHH)E AlBoh, ole 47 &4
(conductive wire) & o] 2w3Hion exchange membrane)S £3f| SFUHTFHE o]Fslc) HR3o| AFGE=
718 5 ohBltAE 37] 5 He WA, AR AYE 37 502 5E k= ARIA| FA7IA(15%,
v/v) 6= & 5 Stk B2 FHH EXE5k= A% 7hett AR O E e-Hlo] 2oz 9] FA oA

olieietAa gl ottt WS AT, w52 88T & 3t

Power input

(3 T )
]

H

Microorganisms

Reference electrode

&
Cathode CO,

PEM membrane

=X Lee et al.(2021)

), BASHIPARS Theat 22 A 7] ARE o) BUATOTRE AE YRR A4S
3E3jo] oalseie H3lo] FEIITHT YeiA Ik
D BYAToRRE AYE FAM)E AALE T84T A7 Y
@ 9% AAASEAADIAA L ol8e A4 TS
® U AE EHe AHSAAG A3 FEo] ol AHHe AR FE

A

Tho 2, ojildleta HehE 913t n 37| W2 Y FA It autotrophs)oll WAE thast
Y SarAs} FE(d), 2 o8 QM 3R, M TCA 4=, T4 Acetyl-CoA BE B)E
B9l o]FojXIt}. o]t RE Alsh= YAEEES oUAIE B4ilste A WY vh3Et Aol
A3 HollA oY A] 2814 ATP(adenosine triphosphate)s AH|oHA] ot t|FEA7|8HA Hh2 SHdx=
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2.1. e-HO|22|IO|H2] 7I=/HE HQ

A7 guE] gt A LE2 19119 F= S (Durham) thete] M. C. Potter 1HOE H il k.
1 oJ% 55| Rt AFARI 2ol gt 1990dH Z710f| Amzdxlef digt ¥H4o] A7t Eo Rl
El Z7|oAAIE Aitel7] SRt mPEARARIMEC, Microbial fuel cells) 710l /d85HA =it 27184
AES 283 tE FEIY 71l MREAVIRMY 7162 20104 vls miAEAI=(Massachusetts) TSt
D. R. Lovely 1E°] 93 A/|=Qict. ot EAMYA U E(acetogens)?l Sporomusa ovata’} S
(graphite) SIS FHA Hlo]| QBE FH|E AoIHA olilsletL g e ol EAR] 2-84 REEARS
AAksh= 1S WAL o]F 20164 H7|o] BHEZE 7]&AFA(VITO, Vision on Technology)2] D.
Pant “15&2 oWiialeA M3 eaA nIEX7 Mg WhE-0 & olAlsletAaE C2 ofste] f71E(, 7im4l,
OMEAY, S4ME HghE: 2 oekE 5= Aglsh= 3789 AAde AESKI ol 83 olitalea
AghE FIet e-HiolZ|utol P9 /HdE AEsISiH:

e-Hlo] @ juolug]= 7]&E Hio|Qejuole] 34 & ABESH] A nER7 M HEgo= tiAlsh=
o= A 3749 BAV FHEE Flolie nEA7 M §ESE] AdeqHde] $4IA] Eefof gttt st

oAE e-Hiol 2ol z]o] AHUTHR] v TIeNEedS 24t AH
2.2. ofe| J|lae S

vl U 712 A0 DRI W30l IS Ot 67t 53 Folel, ol istoliele]
A IS Gl ol HBBAAED) 13/spt Basi

w

0

O HX=ELMZ(electroautotrophs) L=

=4 2l HIAEZE oRI(RWTH Aachen) ™i5e] M. A. Rosenbaum 152 AAAE=RE Thfst
7Y AAEHYFATS Adotal 784S HIAESH] Yol 6-well ETo|EE -85t vE-417]31e}
A S IMCHCIE 27) ). 84 FAE o9l 6 TR AR HE nEe] U 0RRE

Y

SHe ARE AUSHs T 58 BAsle] TBAH MY whgel A HASUARALE A Esisct
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common glass lid with electrode carbon disc working electrode

fixtures for all wells carbon cloth ring counter electrode
—~ B

-

standard sterile
-"' 6-well plate (9 mL per well)

ZX: Rodrigues & Rosenbaum (2014)

u|= ojARSEA| = (Massachusetts) B8] D. R. Lovely 152 UAJEAT AR A ARgsh= tiE#2Q1
AAPEEAlRHexoelectrogen)? Geobacter sulferreducens w01 WS thiARsEhS 2-&oto] TH=0

ERE P RS B8 7e0HeS AASIATH(LE 28) D). vAES HAEE 5, ATP AIEEA
Hafotal, o] 3ol ATP7} 7H=Eol(ATP — ADP + P)=[HA SEElS Y=t} TCA H=)4 ACL

147t 57K G sulferreducens w5 SIS B0 Hlo| B F-8 F/4dst A4 AR dEe ¥

+ e Ao I
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02 EIASY THS 93t Hlo|QaImo|L{z] TjSo] Wak

* ZXI: Ukei et al.(2018)

@ SHHFY| WAHE g5
o5 7 (Queensland) i3t L. Jourdin 152 WYERZIRMY HEEolA EdT] AREE
FAAZ17] Dall, thgA ©ARVC, Reticulated Vitreous Carbon) 2= EHo| o gatfd
(MWCNT, multiwalled carbon nanotube)s AAHA|A HEA0] & AlZA thgA 129 331y eAA=
(NanoWeb-RVCl JISIRITH(LH 29) 3Ha0). At 331 =g SUA=0= 2Esio] ngE417]
& WSS S Ay, ollsletArRE M) 11g/L2] oHEAN AL 7S 25T

e
‘I.
&
2

s

Enriched microbia
consartium

e

0,

| S

. . AN S S Acetate
otypye 3D ierarchicel 0.69 kg m* day™
\.H PoTous Stnichry 100 % e recovery

* ZX: Jourdin et al.(2015)
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@ DIMST7|EH Hk3o| OlASIEtA Het ds JHM

H7lo] EFTE 7|&ATA(VITO)S] D. Pant IEHL A= vhgoflA] 7|1-2 ARGEE ojAlsieta
7120 EAAGS A HIRBED7 T oS TIAFTHCIE 30) 0. 7k Bt H=HGDE, Gas
Diffusion Electrode)& WIYEZA7IY W3S SRAT0RE ARBSIGE o olitelta I5&0]
90mg/L/min oPFoE ERIE|gloH, FFE oJASketAo] 95% ool of|EA GO = ZgHE| ]t

HCooH === CH;0H

CH,COOH === CH,CH,CH,CO0H
Co.
CH,CH,CH_CH,OH

CH.CH.CooH

Gas diffusion
layer . Slnh:l;:u steel
Catalytic |a meesh (Carrent
(M:lunedw collecter)
carbon )

ZX: Srikanth et al.(2018)

@ OLtalEta MetERo| 11EIig|

=< HEUHDECHEMA) 474 D. Holtmann &2 "7 |92 S3f oot aere it
Hlo| QSIRIES- AJAkel7| Qe AGLE Hsit) tialgsto] ALY Cupriavidus necator oA vPIEA
7138 Bl 157} Hiol 233kER] HEH AlY £4%] e-Humulene(CisHagk AJAFSIITH17 mg/g-AIE
AZE5). e-Humulened Al 71482 9F USD 50/kg 202 FHSA 5O07 AMEEHI gloH,
e-HumuleneZ Z3oh= HEZH AGS e AE2HE 35U 3= 9254E o83t nidE
TR Sof BAEL ok 2 A7 vV IS SR oileleta Mgk o] RIS gt

A= o= =L Qi
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[ [

B, T, B, W) 59 BU ) AAGIE of§3) olsigkeg AT St T
Hg ZEAES} 19 Folrk o RS S8R/ HINOVE 49 9 E2CEEAE(TRL 6-7)
A R AYY FEY| ATE ST YH(E 5) HD).

AT wug zaug

CHOCHEO E@A(igi)wa G| S PG BOIACO. st O
enCO2re R co SR HIST OUABI0] COL COR Hiet
BORECONER | w100 | oammr | 47200 21534 eotiof 08 Ca-Casppinz e
yopernias %Egojfﬁ UNOIZ, Hy, Z2IDf | 2T BIST} SUAEI0] BHIIACO, H%t COLE TEl
oForfuel | HAERIRA | ZENPlpropane), |WISIEKOR COS C3-CARE, DME 1SS et
(=) 0|ARER(isobutene) | EfgA Mt
E2C damo) | 2 EBUEADE |45 3RO ST WSD e O

* =X Sanchez et al.(2019)

2.3. 3 7lany =

o A)7EAT oA = e-Hlol E]ulol RS G5 oiBlgtARRE Hio] Qg AR IEA
(Hlo]eZetAE) Y Hlo| @A A AFE =88 SOt (TE 31) D). oksleAE A Ao
83| S = Qe SRS IYARE] Rhodobacter sphaeroidess TPIE713M4] HE2] nESul=
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