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B EUTIX, ZE{t R =R - FH 3 FIFA - B8 (CCUS: Carbon dioxide Capture,Utilization and Storage) (CR8 9 2 & &5 S
PAZ2=H—VaVXENERE - RRINTEY. CO2M 6 & EINSREBHINAAMBERCKBERREI R LT — ?E-n
(RED) TRESN TS, I=F-L. SN DR THEMZ AL -CO2E TRIL IR MTICRET 5B AT RIEALY,

B EUNT7oTAVTET>TOWAHARMAK IO IMTIE., AEYMZEAL-CO2ERIEDEHA L DM HBND,

EU [CHITHZBIbRFRDEYR, 78, FAICEY5ESF-032 =25 —>ay

"R O ETREICET HES B CO2MNEEHEELTED=-HDEH DA IR H#
(2009/31/EC) (20094F) [1]

BAARGERNSOIRILF—DFERDREIS m LWL BEOBEMAERE . BINSN-CO2NSERMEIN DML LR HE
B9 5% ((EU) 2018/2001) (20184F) [2]

BiGalRE R R BRIRICET 5032 =4 —23> ®m CCUSOHOIELFTHFEYAMEL., RIIFIEDHEFIRE
(EC) (20214F) [3] 1. REER

2. A—iR2I7P—34

3. RFDIFEMEYR., FH. BIUVETE

4. REBREFZIORGZHEH

RFRFREZRELT 21=HD EU 2AEDBEEMH m REBU-FEEESI/ NI4T HRIILF—(BECCS) PEEAT K EMEIL-BTE (DACCS) &
#7 DIRR (EC) (2022%F) [4] Lot BHMLELARERERMESELT 2010, BETMERIREAEIRE
EUTCHTbhBREREZHORELE
@rﬁfmﬁnmamm RS 2881
PHEOERUEBSICEBEEICET 128

[1] 2009/31/EC https://eur-lex.europa.eu/eli/dir/2009/31/0j

[2] (EU) 2018/2001 https://eur-lex.europa.eu/eli/dir/2018/2001/0j

[3] COM(2021)800 https://ec.europa.eu/clima/system/files/2021-12/com_2021_800_en_0.pdf 8
[4] COM(2022) 672 https://eur-lex.europa.eu/eli/reg_impl/2022/672/0j



https://eur-lex.europa.eu/eli/dir/2009/31/oj
https://eur-lex.europa.eu/eli/dir/2018/2001/oj
https://ec.europa.eu/clima/system/files/2021-12/com_2021_800_en_0.pdf
https://eur-lex.europa.eu/eli/reg_impl/2022/672/oj

EU (=)

EIC IXRTI7AF— FrL oy ZBILRFEZERDEEE/N\OSAE— 30 [1]

[Horizon Europe 1O CEBINDIEMFARADI7oT400 TAGTILTHY ., ZBILRFRLEZRDER - FHFAET
BEICL. BEEMRARFEE. BERBRICEDITIBEKADEE  IRIILF— EX-BE-FEMMLOLDRFEREHIR
THODHLWTOREFEMERFKETIELXZBHELTND,

T B REE R DI, [N, BTEL. BEIUCEN DA INMERRADOEER, FyEO0EM. EFEYE. B TR
F—Z—ARHICRSFLOEY L2 PEERICERZETTLS,

EEHART 202246 B 16 H ~2022410H19H
X BEERIAEHBOUIVDOSNAREZEBRICENENS,

[1] European Innovation Council, “EIC Pathfinder Challenge: Carbon dioxide and nitrogen management and valorisation” https://eic.ec.europa.eu/eic-funding-opportunities/calls- 9
proposals/eic-pathfinder-challenge-carbon-dioxide-and-nitrogen-management-and-valorisation_en



https://eic.ec.europa.eu/eic-funding-opportunities/calls-proposals/eic-pathfinder-challenge-carbon-dioxide-and-nitrogen-management-and-valorisation_en

EU (=)

EUNCESRRMZRIT-MERAREE

IovzHorg SARA FH [1—0O] A—TAR—5— NE Hi g8
CO2SOLSTOCK 2009548 ~ 2,963,463 ITAVINTKE CO2 #LTiEHFDxEENILL L (CaCO3) [1]
2012438 (EE) ELTHULIADZ=OITNITYTEFERT
b7 ETEE .
MicrobioElectrosyn 2013%5H 177,000 TURKE MEMEBIZKDHCO2EMZERTTOERE | [2]
~2015%4R (R)L¥F—) AW KFZF-BFBIATILEDERTOE
ADFFE,
BIOCONCO2 2018F1A ~ 6,999,886 ACONDICIONAMI HEENSHEHEINHCO2% S {MEY [3]
2022%6H ENTO BOTIRAFVIICEYMEMNICERST ST [4]
TARRASENSE IV IF—LDEEFE,
ASSOCIACION FESEMEM (VRN OO LEIZKAHCS-
(RARAY) C67/La—)L)  iFRiEMEY

(Cupriavidus necatorlZ&43-eFOFx 7
AEA ) BR HBRAKIEXBEREICKS
X TILF BRI AT LIZEDELE) D3
BEOAEYMRERWTIEE - TSAFVIH
FICICHTE48REEET D,

PYROCO2 2021%10A ~ 43,887,817 SINTEF AS FEMEMEMN\AFTOEREFERALEZTE | [5]
2026494 (JIvroz—) b BlE, BEETSMME. 9,100 ho DI %

A CO2 £J)—2kEM DL, DhkEd
4,000 b> S EDT N TEERTRE,

[1] European Commission, “Biobased geological CO2 storage” https://cordis.europa.eu/project/id/226306

[2] European Commission, “Microbially catalyzed electricity driven bioproduction from CO2 at the cathode in bioelectrochemical systems” https://cordis.europa.eu/project/id/326869

[3] European Commission, “BlOtechnological processes based on microbial platforms for the CONversion of CO2 from ironsteel industry into commaodities for chemicals and plastics”
https://cordis.europa.eu/project/id/761042

[4] BIOCON-CO2, https://biocon-co2.eu/

[5] European Commission, “Demonstrating sustainable value creation from industrial CO2 by its thermophilic microbial conversion into acetone” 1 O
https://cordis.europa.eu/project/id/101037009



https://cordis.europa.eu/project/id/226306
https://cordis.europa.eu/project/id/326869
https://cordis.europa.eu/project/id/761042
https://biocon-co2.eu/
https://cordis.europa.eu/project/id/101037009

P ( BERSI D BRAH)

B CO2M&ERILICIRARBaVY— 7 LELT, BN EMNFIDELH>TLYDRenewable Carbon Initiative K& (TN 5,

Renewable Carbon Initiative [1]

o INAATRHEE.CO2HE. YA IILBHEDREZZEZRenewable carbon (BAEAEERFB)ETEEL. TRTOEILEY
BRLUEHMEIZDOLT, IEAREMNSBRenewable carbon~NF1TEHHR—rL . {BETHIEEZHMIZLTLS,

« Nova Institute (F1Y) NEFHEBEEHESH . % EIXBASF. Cosun Beet Company. Covestro, Givaudan, Henkel. IFF.
LanzaTech. Lenzing. Neste. Nova Institute, SHV Energy. Stahl. UPMTHERBIh TL\5,

[1] nova-Institut GmbH, RENEWABLE CARBON INITIATIVE https://renewable-carbon-initiative.com/ 1 1



https://renewable-carbon-initiative.com/

D)= REES(20178F) DHPTCCUSHRFICERLTLASIEA, CCUSIZET HRAITA—RBERILSN TS,
2022&(:(3:CCUS(:F£IT%>?§§§FEJ(7“EI—I~“7‘J7°75\’A§$1’LT:O L. MEYMZERW-CO2ERILEMICEI HEHK
PR L AEY gAY A

REDZEERFRDEUR, FERASIVETE (CCUS) [ZBEY 53 iE

7) =B EREHE (20175 10R) [1] B CCUSIZ®T AH-H7 I 0—FEHK
HRED/NN—rF—¢H AL HEHDCCUSETRMLRD =8O DEXFEFHIZEH
RKUBRURZR L. CCUSIZBWLWTEIEMAR) 44—y T HIET S
-G CCUSEFZESZBLTEER LM AL, RETCCUSERREICERETS
ELVOFID ZERL. TOEEBRIETRNILTH-HDEHEDITS

CCUS aRk FxL ¥ BRYT+—X [2]. B EEBHFIL. ZEETCCUSERMT AR MBI T B1=-OITRHELFIBICOVNTT
A Pathway (REIQBRREUR. R 1)z £12 483 H112. CCUSARE FrLo BRI TH—RERIILL
(OS] s RIBSR [ B AR TA—RDELEER (L, 2018411 BIZ2BI&h 1-CCUS Deployment
PathwaylZ{ERiz S
B CCUS Deployment Pathway Tld, AXAMN+RIIE T T B E5EHEL T, 20304
RICCCUSHKRIBEICERAT 24T ava wEHDEWSBFD BIZEER T H1=0IZ,
BAFEEERMH AL TRMAIRERDRATFYTERLTINS

:ﬁﬁ@:ﬁ?‘é@lﬁlﬂk FA., B (CCUS): RERMIT m 2030FFTITRFLATER 20~30 MICO2 #EURL . 4DDCCUSFEL I TR A—
O—R3v7 (202254 7) [4] FEEL . EEND2050E v OEZRT HOISRIS7IA—FERLTNS

* Department for Business, Energy & Industrial Strategy, “UK carbon capture, usage and storage” https://www.gov.uk/guidance/uk-carbon-capture-and-storage-government-funding-
and-support

[1] Department for Business, Energy & Industrial Strategy, “Clean Growth Strategy” https://www.gov.uk/government/publications/clean-growth-strategy

[2] CCUS Cost Challenge Taskforce (closed), https://www.gov.uk/government/groups/ccus-cost-challenge-taskforce

[3] Department for Business, Energy & Industrial Strategy, “The UK carbon capture, usage and storage (CCUS) deployment pathway: an action plan”
https://www.gov.uk/government/publications/the-uk-carbon-capture-usage-and-storage-ccus-deployment-pathway-an-action-plan

[4] Department for Business, Energy & Industrial Strategy, “Carbon capture, usage and storage (CCUS): investor roadmap” https://www.gov.uk/government/publications/carbon-capture-
usage-and-storage-ccus-investor-roadmap 1 2



https://www.gov.uk/guidance/uk-carbon-capture-and-storage-government-funding-and-support
https://www.gov.uk/government/publications/clean-growth-strategy
https://www.gov.uk/government/groups/ccus-cost-challenge-taskforce
https://www.gov.uk/government/publications/the-uk-carbon-capture-usage-and-storage-ccus-deployment-pathway-an-action-plan
https://www.gov.uk/government/publications/carbon-capture-usage-and-storage-ccus-investor-roadmap

2 [E (Hi )

EDRR-IRIILF— EREIEET —BIERFEDEIR., FIA, & (CCUS): HERMITO—F<vT1(2022544A8) [1]

AO—FTy T TlE, 2030FFE TIZERBRZFLATER 20~30 MICO2 #EURL . 4 DNDCCUSEE VTR I—EEHL, &
ED2050F rybEOEERT HDIHRIDTIA—FERLTLDS

+ North Sea Transition Deal (&, 2030 F F TIZH I RIILX—HMIZHZR K140~ 160E RV FDZREEITOIEFHIERL. D

3520~30f87R>FZCCUSIZ, 20~30f8 R REE

(2. RK100ERURZEKRICEIVETS

« 2030FFETIZT CCUSHEERZ4DEDELVD10BERFDH9EET L. HyNet&East Coast Cluster®2ih mi%EEL .
Track-1*Z#& 47, ZH. Acorn ZF IS RI—EL THESELT-

f1o1=C¢&

ToTWW3ZE

B ERBICCUSA Y IS MDEARIA MK
BT BH10ERURDCIFERE

CCUS Infrastructure Fund
(CIF)

CIFD & #£8% &t &, CCUSTEER::

ETOER EDRRETILDEH
i BEEYTLEELLITLUTED
%)

1087 R RDCIFIZ. BRRR Y7
CCUSHAUISMEARIRMNEX
E95

KEFLEEXHRZRRIROFLLED R
ARETIVIZEEZIRIET 5. 1&
4,000 RVKDIDHRS 315 k(1=

Industrial Decarbonisation
and Hydrogen Revenue
Support (IDHRS)

2023F M LCCUSH LD KEFS
FUE FE A R R EUUE R <R A
DERPEMHIETE

KFRERREUL-FFRDEFEA
ZhEY B1=8. 1484,0005HR>
FEiRft

NZHFDEETH#1HEL. E€Z4DI12H
ZLf=

Net Zero Hydrogen Fund
(NZHF)

20202FFICE—. B ELHE
ZEODRZRZEBEL. 2023/24%
[CELHZEEMEROD AL
R 5T (58 =58 (X2022F E (2
BT 5T E)

2022F M 20255 [THFH T, &
ECTOHRKRAMEEEX
B 5=, mK2{84,0005KR
FEiRft

* Track-1:TBUFFIE, EEICHITAHCCUSTAD VD BB ERIEF#H ELXETINVEAD—IRELT, 2020 R FE XD ERICRLBAICEL TS EBHNEDHEE2DD
CCUSHSRA—EUETETHEEREILTILNS, COXIERIDITAR—%Track-11EFEA TN, |
Department for Business, Energy & Industrial Strategy, “Cluster Sequencing for Carbon Capture Usage and Storage Deployment: Phase-1"
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/986007/ccus-cluster-sequencing-phase-1-guidance-for-submissions.pdf

[1] Department for Business, Energy & Industrial Strategy, “Carbon capture, usage and storage (CCUS): investor roadmap” https://www.gov.uk/government/publications/carbon-capture-

usage-and-storage-ccus-investor-roadmap
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https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/986007/ccus-cluster-sequencing-phase-1-guidance-for-submissions.pdf
https://www.gov.uk/government/publications/carbon-capture-usage-and-storage-ccus-investor-roadmap

B 20204, A VERHAE - AREMN D, CCSICEHTHIERREN AN RRIN TS, 2021F, FAVREFH D
CCUDIMLEMMNEREINTLS,

ERBEF -MEEAIRKERPDO BRI RFFRET S7Ai% (Carbon Dioxide Removal) I [ZB89 5 & € 5f3Z (20204 )

© 20204, FAVEHHE -BIEHE (BMBF) (X, REREUR-ITBZEHSI/\1F I RILF—(BECCS) P RIHN>NDCO2NE
BEEUR- BT 8 (DACCS) R EDCO2ZRET DO DM RFAEICH T HIERRMD-DDHAFAENRLT =,

© WMNREGIARREL, SATFAIILNERTHIRORRIZH T HRBILGCO2 REDHREZEKTESHLD,
(TR#IEF BE, D7E<EL 100 FRIERGEIND)

REGETT R B - FI R OFHE <R3 S@am~ DR Rk (20214F)

A7 AytE—TELT, UTDEOAEIToNTEY[2], ZE LR FEUL-H3FIA (CCU) D= DI DRAFEE R DHE
MEAEI SN TULB[3],

SURZEE N RICITIEAERBEREENRARADHFHERIRT S ENEETHD

LB ERBERRDCCUILEEHRA ABEHDBEMIIFGEDMEL

A=Ky Za—FJILERD=HIZ(E, CCULNDFET, HHHNEITONBGWNEEMRARZHERLE TN IEESEN
ARRHFDRFZEZULCCURANAERDEZENRAREZEAMICAIBT 2 ENTEHRIREMENHD
RRHPDRRFZECCCURRTFRDBFEBCFAIRIZGDAIREMEAH D

LREROEEMIMHARY. CCUIKEMMDEERARBELIRIZAELSN . FXDT=-H DM O FI A ATREME L RFES
NHRETHD

S o

[1] BMBF, “Bekanntmachung Richtlinie zur Férderung von Projekten zum Thema ,Methoden zur Entnahme von atmospharischem Kohlendioxid (Carbon Dioxide Removal)“,
Bundesanzeiger vom 19.06.2020” https://www.bmbf.de/bmbf/shareddocs/bekanntmachungen/de/2020/06/3047_bekanntmachung

[2] German Environment Agency, “Contribution to the discussion on the evaluation of Carbon Capture and Utilisation” https://www.umweltbundesamt.de/en/publikationen/contribution-to-
the-discussion-on-the-evaluation-of 1 4

[3] Umweltbundesamt, “Carbon capture and utilization necessary for raw material supply” https://www.umweltbundesamt.de/en/topics/carbon-capture-utilization-necessary-for-raw



https://www.bmbf.de/bmbf/shareddocs/bekanntmachungen/de/2020/06/3047_bekanntmachung
https://www.umweltbundesamt.de/en/publikationen/contribution-to-the-discussion-on-the-evaluation-of
https://www.umweltbundesamt.de/en/topics/carbon-capture-utilization-necessary-for-raw

KE

B 2021118 .. KETHREI1KRRILEZBZDMED A 751%E - E FLZE (Infrastructure Investment and Jobs Act
(H.R.3648) ) Mk iLL 1=, [1]

B 2022598 . \MATH/AO—,NAFEEDA/R— 30 DIREICETHARFESTHFEHSINT=, [2]
B =7L.CO2BEF AMEMZDOLWTHEAKRMLEE RITELY,

Infrastructure Investment and Jobs Act (2021) [1]

2022 2023 2024 2025 2026
CO2FI 41,000,000 65,250,000 66,562,500 67,940,625 69,387,656
CO2MEUR H i 100,000,000

CO2EREALTSDTFH - i 600,000,000 600,000,000 300,000,000 300,000,000 300,000,000
COR2R B DAL ER 2,500,000,000

Hr g, DDAC/\T 3,500,000,000

CO2E N KIR#E/ ARy TASLHE 387,000,000 200,000,000 200,000,000 150,000,000 —
CO2EMREFE T AT /k 937,000,000 500,000,000 500,000,000 600,000,000 —
DACHfiar RT3y ggzﬁﬁ (:):)?6%%?6%%0 — — — —

BEA-FIL

[1] Congress.gov | Library of Congress, “H.R.3684 - Infrastructure Investment and Jobs Act” (2021) https://www.congress.gov/bill/117th-congress/house-bill/3684/text

[2] Whitehouse, “Executive Order on Advancing Biotechnology and Biomanufacturing Innovation for a Sustainable, Safe, and Secure American Bioeconomy”
https://www.whitehouse.qov/briefinq-room/presidential-actions/2022/09/12/executive-order-on-advancinq-biotechnoloqv-and-biomanufacturinq-innovation-for-a-sustainable—safe1 5
and-secure-american-bioeconomy/



https://www.congress.gov/bill/117th-congress/house-bill/3684/text
https://www.whitehouse.gov/briefing-room/presidential-actions/2022/09/12/executive-order-on-advancing-biotechnology-and-biomanufacturing-innovation-for-a-sustainable-safe-and-secure-american-bioeconomy/

KE

INATRRBEDI=ODNAFT T /A —ENAFREDA/A—23> DREIZEET DKRIRES [1]

B BFEAEE T, RET. RELGNAMTREBEZERD-OHDAHN RTINS,
NAATO/BO—BLUONAFTHEDEELGHARMARESFTADERBFORELRIERUVAETS
NAFTHO/B0—BLUONAFEEDEFZRET 2EMENT DIV RTLEERT S
NAFEBEOEEREAR LETOCRBEZITOLREFIC, MOV RUTOMATTORYEAFEIELT D
RETREINA AT REELZTHEL . EEAEELEMMTICAGT TRIRICEELEA VT ISR T
NAFIRILNF—BIUNAF RO G - H—ERDHIGESEFILKRT S
NAFTH/O0—,NAFEEDRED=OIZ, FEBAERMRD)—F —ZIIfEL. XIBTS
NAATH/B—ERDORELGFEREYR—IT5OIZ. RZEURVIZEDERGZEEILT S
INAFXTO/AO—,NAFEEORAERAFEDSATHAVILDOEBLELTOEYMEN) RVEBEFRLIES

NAFATA/Z—DRE -FHE. N A(AT2/Z—ICBHT IR -BEERERE HE~NDFRZME, N(AT2/Z—DRFET
RIBMLGRED-OIC, REDKE. IBEDRTE. VATLDHRAREZHET S

ER.URY ., BENGHESBEOFMEFAICRIRETEBMA7Z7O0—FEFERAL. RRTECZFDOMOBEGRSE LE
ELTURIEHBTEREL, B0 —F =9 T EREBREFNETAHET. KED/NN(A T/ —%RET S

RETHRGN\AA TV /OO —RUNAAEEDHR., £, BARHRE-FRD-ODRRNT SV T4 RERET S
ET NAFTH/00—mEFREBNZRIEITS-OICERHRICEAETS

[1]1 Whitehouse, “Executive Order on Advancing Biotechnology and Biomanufacturing Innovation for a Sustainable, Safe, and Secure American Bioeconomy”
https://www.whitehouse.qov/briefinq-room/presidential-actions/2022/09/12/executive-order-on-advancinq-biotechnoloqv-and-biomanufacturinq-innovation-for-a-sustainable—safe1 6
and-secure-american-bioeconomy/



https://www.whitehouse.gov/briefing-room/presidential-actions/2022/09/12/executive-order-on-advancing-biotechnology-and-biomanufacturing-innovation-for-a-sustainable-safe-and-secure-american-bioeconomy/

X E (RO EHE)

Carbon to Value Initiative (C2V Initiative)[1]

© Za—T3—IMIRLF—REHEFER (NYSERDA) LUV HE=1—IT—IHh T T RBEEDXIEZZ(T. NYU Tandon
School of Engineering®The Urban Future Lab. Greentown Labs. Fraunhofer USAHDSZEE L TS RZ— 7Y T 7Y
tal/—/)"j)l:lﬁ‘a-&o

« ZEAMERFR(CO2)Z[EIUR., Zih, ITRL TEEH SRR BB OY—ERICEZDN—HRTYIRMOEERILD-6HD
ERGA/AN—30 TV AT LEEBETHEEBEHELTNS,

« 2021FARICNOHDRA—ITYTRENFE1HELLTEESINT, TD56. MEYEFALTWARELLTIX
Cemvita FactoryhEH SN TULVS,

[1], The Carbon to Value Initiative 7L X1)1)— R (202154 A28 H) “The Carbon to Value Initiative Announces First Cohort of Carbontech Startup Participants”
https://www.prnewswire.com/news-releases/the-carbon-to-value-initiative-announces-first-cohort-of-carbontech-startup-participants-301278767.html 1 7



https://www.prnewswire.com/news-releases/the-carbon-to-value-initiative-announces-first-cohort-of-carbontech-startup-participants-301278767.html

B [ETIE, 2007F(ZKTE - FEFZ St 1= "China’s National Climate Change Programme” [ZH VT, ZE&1b ik D B4R - 7|
- fMfaEE R NIRRT ELTIVS, [1]

B 20MEICIE, TOTREBITEHREDO L. CCSEMICEAT AEMIN—FIyITAREINT=, [2]
F1-.2022F121%. 2015F LIREDOHFEDCCUSEMER ZMFBEZEDEEEZ RRLI-EHRN RIS, [3]

Road Map Update for Carbon Capture, Utilization, and Storage Demonstration and Deployment in the People‘s
Republic of China (2022) [3]

B 20224 [CEFHENF-CCUSIZEY 50—y T TIE, ZHILRFRDOF A -FARICHELZRIFT KM EL THMEENZE
(FonTEY., LTORMAENF RSN TS

“RRALRFFIARFED T LR (3]

2025 2030 2035
BRFE  $kifTR975 R IR vl ae 4 5T NAOyk-TEITSUR 74 B FI| FA AT &g
BE /A/AvbTIUb(~FALY) | 10,000+ iRETOHOESE r Rt

[1] National Development and Reform Commission, People’s Republic of China, “China’s National Climate Change Programme” (2007)
http://english.mee.gov.cn/Resources/Plans/Plans/2007 10/P020071016292571780686.pdf

[2] ADB, “Roadmap for the Demonstration of Carbon Capture and Storage (CCS) in China” (2011) https://www.globalccsinstitute.com/archive/hub/publications/190173/roadmap-
demonstration-carbon-capture-storage-ccs-china.pdf

[3] ADB, “Road Map Update for Carbon Capture, Utilization, and Storage Demonstration and Deployment in the People's Republic of China” (2022) 1 8
https://www.adb.org/sites/default/files/publication/814386/road-map-update-carbon-capture-utilization-storage-prc.pdf
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[56] CO2& RILMZERATHPT About us ] https://www.co2.co.jp/jp/about-us
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2022 SHBBERESHD BEIFZEC BEEREIHREINDD ., TEEZDHEZALSNTTDHED, iKY,
RO AZRA REEEEZNRMIED DD DHEBERLGMNICL., oI, rTCAEER
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HEETHAIA—SFFF NI ALICKD2EBBED/N\(ATOEADFHARICRYBA TS,

(Hi88)
M TEBXRE HEERE, https://seeds.office.hiroshima-u.ac.jp/profile/ja.e00664aee9a2db67520e17560c007669.html
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https://seeds.office.hiroshima-u.ac.jp/profile/ja.e00664aee9a2db67520e17560c007669.html
https://metab.hiroshima-u.ac.jp/ja/edu-tech/gas-fermentation/

@ LEXF B ER B8R

M=

LEXF ¥ R BuR

HMEDER. FFE. PE BELiPe

s LEXRE KZEEAESESHEAER AYPIFTOITL KREBEILEREE
<FrfE>

- LERRLEMEL—THE3IH2S

<BERE[M]>

« 1996~20014 :[REKZ (BIF)

« 2001~2014% : [ EXZ (BI&Z. £51R)

« 2014F ~ [LEXRE (Bi%)

MENE. FHE, R s REMBEEA—FUFAFTNIDLBRERAWV-ZEREREIZLDBIBEEERMZHEIL, [2]
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FEREK « REBBEET7 NI TUY LR Acetobacterium woodii [4]
o SEYUFATEA—FUFA XN LRE Aurantiochytrium(KH105, Z$8%S :FERM AP-22267) [3]

B - REEEE HAEE, FEEN:NEDOIZLS. LERDKIBZEEZHENEET BH—R AL O
FFEEXICO2BMFIAMRICH T 55 MBAFEIIIGato-Lipids/ N1 AT O X DRAFIMFIREN , REFRE
EHHREETHAIT—TUFA TN D ALIZLD2BEBED /(A TORDOBEFEICIRYIEA TNS[2], JSSTEZHE|T
SybIr—LERHEHE T OS5 L (OPERA) CHERIMAEEEN, [4]

(Higa)
M EEXE WHEERE, hitps://seeds.office.hiroshima-u.ac.jp/profile/ja.c0567b23¢221729¢520e17560¢007669.html

21 GEXE B2 MEERR—LR— https://home.hiroshima-u.ac.jp/aki/member.html
[3] #355663513285 HHADEM: S MEEREDEERE
[4] ISTEZEBI TSV I+— LR RHETOI 5L (OPERA) B THREE MRBARKERE 1-2 THERMIEEVORBTOEARREICA T HMEEEDY /LT 31
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® EMKXE REIEE HBER

M=

EMAFE FEEE EZR

HEDA. TE. A%E RELPe
- EMXFE RFM £ FI—X AYVARILFERER
<mE>
- RER LFAEREEEHFT8304
<ﬁ""l*7"[1]>
2007 ~2013FE : R KF (HTHEHE . FEFE)
« 2013~2017HE M KZE (B1#)
© 2018F E ~ B KF (HEHIR)

MERE. HE. KR « KEHEDEROZDEIRAMESTEDL,. CO20EXE THATHDEILEDIERRUXBELBRRRLEEZIT-
TWB[2], Tf=. BREEI T //\IT)T (A95%45 . Nostoc commune) LT, FF/MEERIRELBEHDBIE
[ZHERYFEA TLVB[3],

o BYIEIr/OLPEROSYF—H, XBETEROSF—E OMRIZKY ., WHREEN LD KR ERE - FEEAEEIZTRY
AT, TDHE., HIZCO2N DKL ENTELXHERFRELTERT LS. FREILEERRTROUE
PXBRELCHEDEREITOTND, T, THELRBEKFEARICEAL. BHETYTHEZEILTELEHRDE
HIZIRYEA TS, (RR—US )

ESEN AG T (T =« RRIFEL TKRECO2MLAEESNSFEEZEZRAV . ETAELTKFEZANT, FERELE (FHRELEREZA
FRAETIL LE=KERHMELEE) ERAVTYEEEETI.

FEREH o XEREILE : Methylorubrum extorquens (Bxb kAR SN TS FEREILE) . TOMBARMNCEBLI-TEEE
ItEZERA
o THAEESE: Nostoc commune

(H#)
(1] B EMEEB RSB LT —2X—XKAKEN, https:/nrid.nii.ac.jp/ja/nrid/1000050391868/

21 EMKEFERFHEDERIEEZMERHP, (BT RKEEMEDZF AL ZELRFERE I, https://www.masakiihara.info/carbonfixationbacteria
[3] BN KFESZESEME L EHARENP, RRETFELT7//\IT) 7 DES EE ], https://www.masakiihara.info/algae
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® EMXFE REEE

EHIR ()

CO2EIEMAEMICEES HTOTI I

2009-
2013

2013-
2016

2017-
2019

2020-
2022

EQEIEMT
TO0—FI2&B
SRR E
EEDKE

eErkRT7F—ED
WRZEHELE
N FHEETFER
FEDORR

XEETEROS
F—EE#RlV:
FIHATRBEE
ER

FELAHEEE
EFOHEREE
nozEFALE
EETRELLE
DEIH

SEDT

RE: . &
FHZE(B)

MUt &
#BEHFE(C)

M &
BEHFE(C)

FERENMABIRNF—ERIL T, SESELGNAFTIRILF—~LEMT HEEFIAL.
BEADAERHEBED FLALTHELT, BMRTRMICFERELEETEDIVATLD
BEZBEL:.

ELHRRIE. [NiFel-EFATF—EDBEANII—RICIOREBERBEICRILI-ETH S,
NiFel-Er O F—E (X EHGIREZEBMIC I TERREBATEH-O. KERELGEETE
FELE-RBRRICEABMAEIDT F—EEBEDERNARE TH o=, LHL. [NiFe]-E
FOSTF—ERBEERFENIE—ICHRAL. HRREMEEEEFEEEY / LICHARA
H HEDRBEZREHITAHET. EFOTFT—EEFHRELTRBSELENARTH
BHTEERFTE =, T, CORBRTE, BEICEFAT F—EADERBANTEDS:
O BEAETZICRMMELBVERES (TS —DEREM LG ST,

KA HALMEEAMT SHEEL T, FRECBEHALLRBIENE L TH M,
AN TS FHEEEOFBRYASEEF1 LS BHSIT S LENEY
B\, 20T, ThoOBEOFHELBEREAVIRY . AELRELMHFTELL. K
FRCIE, FRACDERRORE S LCRAE B, PHALICEF#50ET
NP REL o TNB -, FBTEFOSF—EORBETL, RERICHY L, %
fo. BRFDD, ChETTRLXBALEOBFRTHA L BE LI,

4. BAT AL X —HEOBEIRMEAEATOREN D, BRABTERLI KRS
FEBALRRENSFHELEEL  FRALEERAL T, FHESIHFAAIERBANE
TS B N—RFA L [CHRFDBEI TN S, L, FEELEIBET 8 EHIIL
(A, ERICEUHLEBENTOEL, AR TE, FROE LLVKREHD
YT ILE, XBRRF)EKRS T BN OFE FCRETHILT, SUOFHAL
EOEEE BT, So(-, BEHANSTILEERRRERE FHEL. EXFRIATLS
AFMEI-BATH0ET. BHEXHACBORLEBIET .

[1] https://projectdb.jst.go.jp/grant/JST-PROJECT-09152921/

[2] https://kaken.nii.ac.jp/ja/grant/ KAKENHI-PROJECT-25810095/

[3] https://kaken.nii.ac.jp/ja/grant/KAKENHI-PROJECT-17K07717/

[4] https://kaken.nii.ac.jp/ja/grant/ KAKENHI-PROJECT-20K05784/

[1]

[2]

[3]

[4]
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©®E#EXF Hph B= #is

M=

E#XE Hh BZ #HiB

HEDA. TE. A%E RELiPe
« BERKRTF EFEIZFH AVRRLEFER CRAEYIFEHRE
<FE>
« EHXRE FEEFvUNRRGEREEHIFETHADFH11-6)
<ﬁ""l*7"[1]>
1992~ 19984 & : JLIN K= (BIF)
« 1999~20014 £ 3R 8 X5 (F8EM)
* 2004~2007 & R 8 KF (B8R HHIR)
2008FFE ~ HSEMKF (HiR)

GEASESE SN SE S« - AENE R R L TEDRENEBERAMN L. CO2EIFACT V-V TSRAFYI. TONAA T4 ORI BE. BIR
ERRAXDEERVCER REREICFATLIAEEHMELTLS, [2]

« BEFHBZKEHEZAVTERRESMIEICEBNEESBETSXFYIPHBHE M R EEH T TCO2
MoEERTHEITHI. HE. RRLZERELTEELRETOMERREZTOTLS, [3]

E AT R =« kFRIRELTCO2, ERX NI RILF—RELTKRCBER)ZRAVNT, BEEFRBRAZITo-KRHEZRANT. &£
FRETIL P EE TSR FVIPHA(PHB, PHBHE) D £ EE1TS,

EFZENESE S « Cupriavidus necator [1]
» Paracoccus denitrificans NBRC13301, Paracoccus pantotrophus NBRC102493 [4]

BEE R
- 4%BAT06-165686, ML RFNDENBETIRAFYIRBERNAFR) T —42REAETHHE(1992FHE,. HEA - BAHRESAS1)
- ¥5BA2004-51920. £ N R T SRAFVIEFTDRERES IV ZTORELEE (2002F HEE. HFEAN  JFERF—/LikXS4t)

(Hi84)
[1] BEHE BB EET—2~X—KXKAKEN, https:/nrid.nii.ac.jp/ja/nrid/1000020236582/
[2] IEE K BT, hitps://www.kindai.ac.jp/hose/research-and-education/teachers/introduce/tanaka-kenji-64a.html
[B] iE& K EAEYMIFEMIEE, hitps://www.kindai.ac.jp/hoseffiles/research-and-education/teachers/pdf/biochemistry/tanaka.pdf
[4] Tanaka, Keniji, et al. "Autotrophic growth of Paracoccus denitrificans in aerobic condition and the accumulation of biodegradable plastics from CO2." Environ. Ecol. Res 4
(2016): 231-236. https://www.hrpub.org/journals/article_info.php?aid=3980 34
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@ EXBIRKERA mik fl—8 FEHRER

Bz
EXBEMBATER EMTOLRFRHM M-8 EEFREE

BN AT, FIE. BE BREXiPe

. IE];"_ZE)T%‘%F#J%&A EERMRAEMERR £M70AMEIM REEYEERRAEI IL—T
<mrE>

o ERHILBEEEVSA— IRTHEEXR AER2517-2-1 (FLIRTHEFX AER2%K17-2-1)
<BEREEM]>

« 2006~2008FE i ¥/\ 1A T /O —MERT (ELHAEE)

« 2008~20MMEE  # MR EHE ERATOEAT O V(IR A)

o 201N ~20175E : EXEMREMER £MTOLRAREM (HAEE)

« 2017 E~ EERNBEMRER £t AWEEM (EREHES)

CELENC NPT - (a0 AS0 R TREY - BHRRMETBE). [HENICESFSSBORM. [HRMENEBTEOMN
RIZETEZLGHRAFMRELTIND, [2]

« 2020 E~2022F EIZHITTNEDOL—22avhBITOS S LOTADIINI R —Dr—2HBHTHEY. BRI
LF—ERFALKAS S CO2 HAEMD 50 11 LD ETHRARNI-ERARLHENERFAT(T T
avgmEREL TS, [3]

ESl RGP © BAERBEIRIILY—HEDERIRILT—ZFALT, 7/ LRELIZPHAL B & Ralstonia eutoropha% FALNT.
RRAETIL RAFELI-SMERIGNAAF)T7I3—E2RANTRREDCO2ZEYIAHA . PHARRFE D EEZEITI, [3]

FERAEK » Cupriavidus necator [3]

(H#)
MEZ£RINBEMER FO07,4—JL https://staff.aist.go.jp/s.katou/profile/index.html

[RIFEEBINREWMER MESI—EF BN hitps:/staff.aist.go.jp/s.katou/research/index.html
[3]NEDOL—2 ayh B EFEFEEE TP IMEN hitps://www8.cao.go.jp/cstp/moonshot/gaiyo/ms4_kato.pdf
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@ EXBIRKERA mik 8l—8 FEHER @)

NEDOL—2iaybh7as O DA ERAFDOE

[& B EMERNFERIZKSRalstoniaB i FHE]

Ralstonia D K#RE7 / LFEDEBR T ZFRT 5. TORMEFAL T, ERTRILF—FIAHRE. KK CO2MELAH - RHERE. &
LWCO2EIE#EZE Ralstonia <t 59 5 ET, BERIRILF—E CO2hoERERMEEEFREGRA—/\—HEYZERIHT 5,

[(NAFI)THB2—DEAF]
A—N—EYDRENEHRREET H-OIC. LTOIBREHE-IRMERIEITI3—2HRET-18ET S,
OWEYNER T RILF—HIGREGDBEEEEEMLTLS
QOWMEMMNEEELGSHCO2 ZETTMEEEEEMLTNS
QMEMMNREBHBCEEY O EURICBDEGKIBEEEEMLTNS

HEYIDS0EDET CO, 2B AMBEICERAGERRNAATOCLADER

RELFNF-  xmwco, CH»

L l l CO,HAY - MAEHE I SHEEBNAAUTFIH—-
I#EJ“ L COo, Wil KEHCo,
(ATP. HADHN) l EL‘CO}HEE
NT{E&M
KB S DIRIEIRH 2 ;‘; wmi' X RETHNF
AIEEH{;H RUT—FE- S ‘ T A *U?.—!ﬁ' i S
(PHAZ - Ralstonis kAL LTEM) , Ef
I l I W, l
BREIFNF—FIFER. COMuAH - EmEe. FH\CO,H BEMCBE IR+ —LCO,EHRANC
ERSESI IO R —/\— FEMESREWLIC LOBE PRI RERSARGS AT AERE

(Hig8)
[5]NEDOL—2iay b B EREEE O MEAN hitps://www8.cao.go.jp/cstp/moonshot/gaiyo/ms4_kato.pdf 36
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@ EXBIRKERA mik 8l—8 FEHER @)

NEDOL—2 avyh7Os DI EREF D E A H

o MEEHAEFELI-C. necator~DBEIEZFEAFHMZFALT. RILK-HERKDHIBEDNC. necatorMBIEFEHRE
« ZHBRERRKDIHAEDIEEMNC. necatorrtEET BINNAA) T HE3—%FHK

CELLET CET PN

To oz HMNRiE EERMKREMER « C. necatori-E$4DNAZE A 3 A H T D RS
. IEERI—BR EEMEE
BRMEDEIH

HRIXKRY 4HBI¥E  C. necatorlZAcidithiobacillus TR ZEELHE) HERDEFERRDELFE
EERE #Hiz BALTENHEEEENS

7 LRED #HEXE EEARRZEE » C. necator I F7 /1\9F ) 7HFEDHCO3-FSU AR—2—HKIBREEA

ERBINS EHLE EHIR » C. necator®RTEMRUBiIsCOEZ B RIS TCO2MEEE %R £
HRIXKRY MEREMARAR + C. necatorlZ#\ KD Co2 B EBEREEAL TCO2EERE N ZF5R1E
BREMRN BT
LFEERZEXRFR ITEHER + C. necator®CO2BEEEZXF LI EARMREITII—%1EE

47 H4—E5 ERE iz » C. necator®Z A BERB~DHEMZER LT 516, Athinetobactert R D& E
i KIEKZE ABIRILE—LZHELL 52— HHEOEEEA

hEEE iR

(HWE)NEDOL—2avh I RHAKEE BRRBES 2022 MER— K HREH https://www.nedo.go.jp/content/100943612.pdf KYIERK 37
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® BNPRARM TH Hw— LEHRER

Bz
ENFRFEF IH4— LEHRA

HEDAT. TE. A%E REEPe

« —RREEEABNPRUER REEFHERH REMNFEE
<Fr&E>

- FERIBRFHHFETFLOA0

<ERE[1]>

« 20045 BAPRHAENR AR

CEATES ST NS N « Y REBEEY THIGRICHMBICEREE LT ERATHIILICKY  BEEZ Y R—FL ., BEOEEXICLEARE
BEAZEZE 10-100 {SI2ER LAIRETHDILEZHSMNIZL TS,

« 2015 E~2016FEEDHAEKBMNHFMRIEXRBEFTHR _BILRFERTOLROBEIH T, 2LE
DB KRBREEALLEGFHRBRIBKBRIELHEEZESEETAHIET. HFUEKRTEIRONGVEEEZD
thEBEORBEDDEEERE L=, [2]

« 2021FEE~2022F E(H T T, JSTASTEPFSA 7O BIXRHREHEALI-CO2N LD A /Y B £ EH
DRAFEIENT, BEAIRILF—HEDEBERECO2ZREHMEL THRBILBEDKEAEZFAIREL T AL THA
e AV N BHE S AT LEHN T A LZBIEL-, BV MEERELF ORBRILHMEOERERUVRT—ILT7 VT
AR ERIEE S AT LDEEEITL. BUVVAEEM (10 LI T2.3 x 102 cells/L/day) Z:Z R ZBis5L 1=, [3]

- REAHEMMERN. RBAXES FHENEMRE. SHIERFREMNZMARELOXEFRATZTL. ExFHE
%ilzftjz%byiﬁ%ﬁ%i(EFE)EémtéﬁEﬁ’éﬁ%ﬁ%t.‘ﬁH!:HL-L, CO2HBLIFLUEMNERNICEDLFiEE

IL7=, [4]
o MEMERRALEZI 2/ —IVEERZITMMEYENALLZT7ILA—IVEEAERVEE 1LGE. 6240 HFEIE,

el A G I = « ER T MEYICHET A ETIRIERFEZRBELT. B, 7ILa—)L FEE. 3V N\VBEEEEET D,
RAETIL

{3 A E . SFE{LMBE Acdithiobacillus ferroxidans (ATCC19859)(JCM3863) [2][6]

(H#)
[1]1 EAFRHFEFR BRERPHMEFR BATOI,0—IL hitps://criepi.denken.or.jp/ip/enviprofile/s-hirano.html

[2] BARZEL®4 2017FE3A198 & htips://isbba2.bioweb.ne.jp/isbba_db/index.php?aid=52556&place_num=1

[3] JSTFOY YR T—ARR—X https://projectdb.jst.go.jp/grant/JST-PROJECT-20339084/

[4] BERMETLAYY—R 2019412H02H https://www.kumagaigumi.co.jp/news/2019/pr_20191202_1.html

[5] J-GLOBAL https://jglobal.jst.go.jp/detail?JGLOBAL_ID=201801019913195370&e=publication/patent 38
[6] #%§BH2019-154435
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® ENPRHRM TEH — LEHRAHS)

Uy
\

RRAHEDHMEREDHE

RSB FE D E i ASI) T B FE AR D FEF H FEIR R 2]
IFLU BB R R ORI R s FARLEBMEIIFLUOAEAEBSIUIFLUOAEREE )
S R E R - COE L TF LY BV AT OB (#¥Bf2019-154435) LL THFAL 1=,
= =3 R e R A B
CREATEE ek - B AL B £ L TAcidithiobacillus ferrooxidans ATCC19859
(JCM3863) #r&={HERLT=,
- * Pseudomonas savastanoi pv. Phaseolicola BEDITFL >
N g > = EFE .E  — QE :o
. HECAEORET AR — IR ERER FFRRRFERALL
'%\%,;E@iﬂﬁwﬁ =B MEECOFIRE YA EE
g 7354 e Cell-Factoryib 3 2= O E B HE T
:
® HEFERZH
i
SO LAy S AT LRI s N
RERFHRE (COBE - IEME - EHi o)
BAFRMRAT REREHE eSS IS ACE i)
BiE b sesE IFLUEEDEA (AT
(fifk E2 %)
(Hi88)
[1] BEEAETLAYY—R 20194£12H02H https://www.kumagaigumi.co.jp/news/2019/pr_20191202_1.html 39

[2] $BA2019-154435
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© 14— X5 FKEE Esteban Marcellin £ %13

B
The University of Queensland, Esteban Marcellin#i%

BN R, FTTE. BE BEEiPe

 Australian Institute for Bioengineering and Nanotechnology, The University of Queensland
<F#&E>

o« F—=RRSVT DA—2XSURM TYRRY

<HERE[1]>

» Bachelor of Science, Instituto Quimico de Sarria

» Doctor of Philosophy, The University of Queensland

GEASESNG S NS S © AT LEMERUVERENMENT IO—FIZKY  WEEEICATTRYNERNLGZEREEYHTIEICRYEA
TV, FFIT. ARFELZFAL T, COPCO2ZRMEL TILEYME LB TR T 5TAERITTEALTINVS, [1]

* LanzaTech&(F2012FEMGEEL TEY . EFRE DB ET IVICKSH ARERORBBTLEZITOTLVS,
[1]

« BIRAICEERRUNTEBLOWVIREBERBEEZALTHY ., HREBEOT—2IMENATREEES TS, [2]

el Ay W = » HEH ABHEDCO2W0, A RERFBELTHREEICLYI2/— /)LD EREEYMELEESE S,
RAETIL

EFZENESE S « Clostridium autoethanogenum
(Clostridium autoethanogenum DSM 10061#k M 5k 4 LT-DSM 19630 (DSMZIZFFE SN =t D) % E FH[3])
XS « Lanzatech. Amyris. Zoetis. Dow. CSL. Thermo-Fisher[1]

(Hi8)

[1] The University of Queensland “UQ Researchers” https://researchers.ug.edu.au/researcher/1719

[2] The University of Queensland "Ancient biology meets cutting-edge technology at AIBN” https://aibn.ug.edu.au/article/2017/08/ancient-biology-meets-cutting-edge-
technology-aibn
[3] Heffernan, James K et al. “Enhancing CO2-Valorization Using Clostridium autoethanogenum for Sustainable Fuel and Chemicals Production.” Frontiers in bioengineering
and biotechnology vol. 8 204. 27 Mar. 2020, doi:10.3389/fbioe.2020.00204 40
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Q) H4—2 X5V K K2 Esteban Marcellin %32 (i)

H— RS AILICEAETSTOD MBI [1]
No. | mARL | %R | ARl

Towards decarbonized aerobic fermentation: 2023- Universities Australia
1 metabolic understanding of hydrogenase activity 2024 -
and its utilization for bioproduction 2;2511] Sozgf;;kﬁ;?%:;ig@zié
. . . N alAVAN S ilTZBE -
2 Production of valuable chemicals from gaseous ~ 2022- Australian Research BgeL-Tas ok,
waste 2024 Council
Microbial conversion of greenhouse gases into 2022- Monash University
3 high-value animal feeds (Monash University led 2023
Woodside Energy Technologies grant)
4 BiG Chem: Biological Gas-to-Chemicals 2017- The University of N
_ _ _ _ Ot XEELSE, N1F P yk
Developing an integrated systems and synthetic 2015- Australian Research BRI BEA XD CATEEIS T B % B
5 biology platform to expand the product spectrum 2018 Council LE-7FO0Sthh, -, T4/—)LI
of acetogens Mz . TE A —ILOTFILRtE %
6 Building a Gas Fermentation Facility for the 2015 The University of DEEICRYBALZLO,
Production of Fuels and Chemicals Queensland
4 Transforming greenhouse gases into fuels and 2012- The University of
chemicals: A systems approach 2014 Queensland
Transforming industrial greenhouse gas 2012- The University of
8 emissions into useful chemicals: a systems 2014 Queensland
JRlTg EalleEEn [No. 9] LanzaTechéM ¥ R#MET. A
9 Reconstruction of a Genome Scale Model 2012 LanzaTech New AHKBMENDYT ) LRAT—)LIREE
Zealand Limited TILDBEEZT-LDEREDNS,
(H#)

[1] The University of Queensland “UQ Researchers” https://researchers.ug.edu.au/researcher/1719 41
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(Hig2)

Q) H4—2 X5V K K2 Esteban Marcellin %32 (i)

Esteban Marcellin EZiIZ N FTEHX

o N Y

Valgepea K, Talbo G, Takemori N, Takemori A, Ludwig C, Mahamkali V,
Mueller A, Tappel R, Képke M, Simpson DS, Nielsen LK, Marcellin E (2022).
Absolute Proteome Quantification in the Gas-Fermenting Acetogen
Clostridium autoethanogenum. Msystems 7 (2), e00026-22

Mahamkali V, Valgepea K, de Souza Pinto Lemgruber R, Plan M, Tappel R,
Képke M, Simpson SD, Nielsen LK, Marcellin E (2020) Redox controls
metabolic robustness in the gas-fermenting acetogen Clostridium
autoethanogenum. Proceedings of the National Academy of Sciences (PNAS)
117 (23) 13168-13175

Heffernan, J. K., Valgepea, K., Souza, R. De, Lemgruber, P., Casini, |., Plan,
M., et al. (2020). Enhancing CO:-valorization using Clostridium
autoethanogenum for sustainable fuel and chemicals production. Front.
Bioeng. Biotechnol. 8, 1-10. doi:10.3389/fbioe.2020.00204.

Marcellin E, Behrendorff JB, Nagaraju S, DeTissera S, Segovia S, Palfreyman
R, Daniell J, Licona-Cassani C, Quek L, Speight R, Hodson M, Simpson S,
Mitchell W, Képke M, Nielsen LK. (2016). Low carbon fuels and commodity
chemicals from waste gases—Systematic approach to understand energy
metabolism in a model acetogen. Green Chemistry 18 (10), 3020-3028

acetogenTHIH TEEMHOELNTOTA—LiExt
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Global Plant Deployment - Projects in Operation,
Construction, and Engineering

@ VATTENFALL v
* ﬁ Suncor) e ‘ 27

Fus@ ArcelorMittal

‘ ’@;ﬁ:;m | NextCrem

&~y Lanzajet>

F-N--I 54

as CO;+H; SAF Facility

- Lanzalech —.ﬂ (19)
(HHE2)

[1] LanzaTech “ANALYST DAY PRESENTATION” (202341 A), https://ir.lanzatech.com/static-files/21eb4d1f-3e47-4224-9957-03bfb658aeab 54
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@ LanzaTech (¥t=)

JO4 ML KRIZE T =EHE KR

AR - 5HE
IFLY — IR/—ILENST . BEIFLUOZEET 270X E[H, [1]
P HMELEDHBARDERD THACOEH2M S, (Lt mARGEIZCALLINSN-A 943
n-Ao%2/— BASF(F1) I LE Y B LR TR, [2]
IR/ —)LENST PETOREEGZE/IFLUY)a— )L 2EERETZTOLREE

E/IFL>Y1)a—)L DANONE (TS R) ER =3B L, o

BESLUFRRRZELTHARRETO/N\UELUZO MO EFG A fEA B ZTIGIC12
o HEBE/NN—~F—I VT EREK,

Bl RE R B R N 2R T ORRRARETREK, T2/ —ILDEEIZEEEST ., (5]
GivaudanDR—hr 74 A TCHEASN ST ELBTHEHOHREREEIL T S5,

T, 4Y70/8  Northwestern K= (% Northwestern KEEDHFE AT T, 7 b AV TON/—)LEEMN2022FIZHX LS

Ja/ssy SHV Energy (#5>4) [4]

I4/—)L. &F8EH Givaudan(RAR)

/—IJL =) 7= (nature biotechnology) [6]
IR/—I)L. . A4VFan Twelvett D R R E B MTIZE>TCO22COIZZEH#L . LanzaTech® i TTA/—IL%
/= Twelve CKE) BE, T, AT/ )L(ZDHRTOELY - RYTOELUZEE) R ET HETEE  [7]
(_)’ :Ujol:ltol/y) %%o

_ . . JL-BIE- VLAV EEMEARL -7 RBHELZR. MEYICLSIEELET. #HITE
TH/TNAVTLY BERTER) wpme (T EEET HILERIE T (TA/—LERBEE), el

ERFIAVHOIZ/—ILEDLFEREEEL. BERADHIE (PET) LARUIZTILA,

EEFRFGEBRAMRICERSNIREFRFGEDEMHELTENAT S EICHRYAE
IR/—IV.TEOTY TYFREU(BR) Lo SHIT FERBFZAVDE FAVDOHBD—DTHAEGHTLDOREHELGESTEAOT 9]

DEBLET A0 MEOWMEMERV-RERMTOREICH T TR TRERZEDHTL
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® LanzaTech (#x)

(Higa)

[1] LanzaTech 7L X1)!)— R “LanzaTech Produces Ethylene from CO2, Changing the Way We Make Products Today” (20224108 11H) https://www.globenewswire.com/news-
release/2022/10/11/2531739/0/en/LanzaTech-Produces-Ethylene-from-CO2-Changing-the-Way-We-Make-Products-Today.html

[21 BASF 7L X1)!)—R “LanzaTech and BASF achieve first milestone in utilizing industrial off-gases for chemical production” (2021E58118)
https://www.basf.com/global/en/media/news-releases/2021/05/p-21-206.html

[3] Lanzatech L X1J1J)—X “LanzaTech, with the support of Danone, Discovers Method to Produce Sustainable PET Bottles from Captured Carbon” (202245H26H)
https://www.globenewswire.com/news-release/2022/05/26/2451180/0/en/LanzaTech-with-the-support-of-Danone-Discovers-Method-to-Produce-Sustainable-PET-Bottles-from-
Captured-Carbon.html

[4] SHV ENERGYZL R1)!)—X “SHV Energy and LanzaTech announce partnership to pioneer renewable propane” (202243 23H) https://www.shvenergy.com/news-
stories/20220323-lanzatech-partnership

[5] LanzaTech 7L X1)!)— R “Givaudan and LanzaTech announce their collaboration on developing sustainable fragrance ingredients from renewable carbon” (2022498 23H)
https://www.globenewswire.com/en/news-release/2022/09/23/2521697/0/en/Givaudan-and-LanzaTech-announce-their-collaboration-on-developing-sustainable-fragrance-
ingredients-from-renewable-carbon.html

[6] Liew, Fungmin Eric et al. “Carbon-negative production of acetone and isopropanol by gas fermentation at industrial pilot scale.” Nature biotechnology vol. 40,3 (2022): 335-344.
doi:10.1038/s41587-021-01195-w

[7] LanzaTech, Twelve L RX1)!)—X “Twelve and LanzaTech Partner to Create Ethanol From CO2” (202243H38)
https://www.businesswire.com/news/home/20220303005328/en/Twelve-and-LanzaTech-Partner-to-Create-Ethanol-From-CO2V

Bl EREBIILAY)—RI{ERIEBIE LanzaTech, I 4 #lg- VLAV EEYOEF RIZET L RBERZHEHEE1 (2022411 8228) https://www.sumitomoriko.co.jp/wordpress/wp-
content/uploads/2022/11/n51910660.pdf

[9] TUF ALY FLRYY—RITYF R ELanzaTech ERFZA DB A IILVEHTBIREAR Tz S—hF— v T & 5H4E 1 (20225414 H)
https://www.bridgestone.co.jp/corporate/news/2022041401.html
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@ Cemvita Factory

Cemvita Factory (CkE)

M=

E. BE.RRE <F&E> RETFFAM

EEXANR. B EDRRATER
TIL

S FAEH% -

NI OG5 o
BEERMHT

<BE> 2017HFE%AL
<{£F*F#&E > Cofounder & CEO Moji Karimi

EREMFEERALTLE., il BHARGEDEIEXENHTORRFEY)1—2a M- 2HLTHEY.CO2Z R L
LTHIRALER-BEETCIESFLGILERTERTHILEFHET S, [1] MICROBES-AS-A-SERVICE™(MAAS) ELVS5/
ZT. MEVDSA L RBENSNAAEETOERD TV R—PETHRLLBLARILDOH—E RFRET S, [2]

CO2Mh L HERRERI0OLL EDEE(LEMEHFEL TS, —flEL T, KB B KF Occidental Petroleum Corporation (Oxy)
MDFE$tOxy Low Carbon VentureséDTAD YR TIXTFL U EEICHIYKAA TLVS, [3] E7=. United Airlines., Oxy Low
Carbon Ventures&&H(2, CO2% b /KRICE LT Al R ZZ A F (SAF) Z &S 9 HEHALESH TS, [4]

IFLUAEICEEET D455 TIE. L TOEYEMNF|ZESNTIND,

Cyanobacteria, a Synechococcus , Synechococcus elongatus, Synechococcus leopoliensis, Synechocystis, Anabaena,
a Pseudomonas, Pseudomonas syringae, Pseudomonas savastanoi, Chlamydomonas, Chlamydomonas reinhardltii,
Escherichia, Escherichia coli, Geobacteria , algae, microalgae, electrosynthesis bacteria, a photosynthetic
microorganism, yeast, flamentous fungi, and a plant cell.

=ZE T #. United Airlines. Occidental Petroleum CorporationZ (VI NHHEEEZ (. EREAHFEIToTLBERME)

ZEETIXRCREMBURTHAIRE=ZZETXRZBELTHE)([1, 6]

* M {F & %= (Sumitomo Corporation of Americas) [6, 7]

United Airlines® F%$tUnited Airlines Ventures (UAV)

K F HKFOccidental Petroleum Corporation®F% %t Oxy Low Carbon Ventures [6]

Z Db & 3£ : 8090 Partners. Seldor Capital, Climate Capital. Energy Capital Ventures [6, 8]
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@ Cemvita Factory (=)

(H8)

(1 ZEEIETLRY)—X(2021F10A288) [N A HEMTHRRHFEV)1—2avERETIRELE2T7IM) —#HICHE EIESHFOCCUSNa—F—UEEEME]
https://www.mhi.com/jp/news/21102802.html

[2] Cemvita Factory HP “Our Platform” https://www.cemvitafactory.com/our-platform#cards-section

[3] Cemvita Factory HP “Carbon-Negative Biomanufacturing” https://www.cemvitafactory.com/applications/carbon-negative-biomanufacturing

[4] Cemvita Factory HP “Sustainable Aviation Fuel” https://www.cemvitafactory.com/sustainable-aviation-fuel

[51W02021113396 https://patentscope.wipo.int/search/ja/detail.jsf?docld=W02021113396

[6] Cemvita Factory L AJ1J—X (2021&10A278) “Cemvita Factory Raises Additional Venture Capital For Industrial Decarbonization” https://www.cemvitafactory.com/post/cemvita-
factory-raises-additional-venture-capital-for-industrial-decarbonization

M1 EREEILRYY—R (2021511 A258) RERISE DR REEBR V) -V 7IAIREZIDHILE, h—RUUHF 1L EBELI-EVEA~DEE )
https://www.sumitomocorp.com/ja/jp/news/topics/2021/group/20211125

[8] Cemvita Factory L A!)—R (202148 A 11H) “Houston—Based Cemvita Factory Announces lts Initial Closing Of Series A, Led By 8090 Partners, To Accelerate Industrial
Decarbonization” https://www.cemvitafactory.com/post/houston-based-cemvita-factory-announces-its-initial-closing-of-series-a-led-by-8090-partners-to-accelerate-industrial-
decarbonization
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@ Cemvita Factory (=)

OxyitEDIFLUEETOS YL
BE[, 2]

Cemvita Factory(ZKXE D Rl - 7 ALt THSHO0ccidental
Petroleum Corporation(Oxy) &E#EL T, CO2h LI FLUZHIET
570XORAFKICRYMEA TS,

«  Cemvita Factoryld. N\ FFTHEDIFLUAERRELTEEEM
EYIBATEHET.CO2EIFLUICEMRTHIENTELEHE
*ﬁﬁbf:o

« BRAE.XTODIVMIBEREBBERZ . ROXTYTELT, Oxyitd
CO2BF IR DBEIZ1b U/ R DEFERA/ MOV TS MEERL, X
F—=ILTvTEIToT VA,

© PIRAMGRITREFESME T BEOIFLUOAEICALLNEDY
IVFTTALRELRL T, AR EE LD,

o E SATHAUIILTEAAVRTIE 1705 DCO2EF|ALT,
FEE10EBERURE 45BN ) DIFLUEZRETERIEN S MNOT
L%,

B G

+ WO02021113396 - Methods And Compositions For Producing
Ethylene From Recombinant Microorganisms [3]

(H8)

[1] Cemvita Factory HP “Carbon-Negative Biomanufacturing” https://www.cemvitafactory.com/applications/carbon-negative-biomanufacturing

[2] Cemvita Factory 7L A1)!)—2R (202144 A6 H)"Oxy Low Carbon Ventures, Cemvita Factory Announce Plan To Develop Pilot Plant For Innovative CO2-To-Bio-Ethylene

Technology” https://www.cemvitafactory.com/post/oxy-low-carbon-ventures-cemvita-factory

[3] WO2021113396 https://patentscope.wipo.int/search/ja/detail.jsf?docld=W02021113396 59
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@ Kiverdi
e

Kiverdi

FifE. RE. KKRSE <FET£>5|&I§I73U77J-)L:7'J‘I‘I
nE>
. 2008$( =3
« 20194 (T AirProtein 1% & Sk . [1]
<1Jc§%>
Lisa Dysonf#+ & U*John Reedi# * (£ RI&|Z)

= SIS M S 1970 XITNASAD EIEL TULV -, FEMADZERFDCO2ZERLTEHICTT 2EMDERFBIEL TERIL,
AETIL s A—L2RAN—YJL—BEIMEMESRIAVFI—F2aFIILDOHERRRICKYBFARESN=EMTZFIA,

. loi'Fﬂ)SOd)?%’éEﬁﬁb’CL\é [2]. 52DFEEMDSH. Air Protein BEMNRLFMLTHERMNAAHASN TS,

Air Protein: K& DCO2%EFE->T/KFMELEEEL., 2>/ X0 B KT Air Protein |Z & &, Air Protein(Z[&
B FHEHRZ BiffiaF AL TULVELV[1], Air ProteinZz# &L T, AP AIZFELIL =K E AT Air Meat 1%
, 17 EDOHRBIAREICKYRT—F ., BA., RETDRIZE D=, [3]. Fo/\ 0B D ELE (X B4 TITLY.
N—bF—TEICTBVWTHREBERZEETHIELRFICANTLS, [4].

REVIVE SOIL:CO2m b T 1E R $ & R y&E

Reverse Plastics : CO2M b DR TSR FvoE & E

CO2 Aquafeed : CO2h 5K EE SR ¥ 2 &l 5&

Custom Cycle: CO2HXH# ZE=H/FI AT HBERETOEX

FERAE% » Hydrogenotrophs [4]

JITTDEEIE « Archer Daniels Midland CKE D £ A2+ —) [5]
BEERHT « ADM VentureZ!')—F A >N X42—&L TBarclays&Google Venturesh o) —XAT3,21075 K JLEFRE[5]

(HH82)

[1] Air Proteintt7/R—LA~R— https://www.airprotein.com/our-story

[2] Kiverditth—LR—  https://www.kiverdi.com/

[3] Chief Executive https://chiefexecutive.net/alt-meat-pioneer-spins-promising-products-out-of-thin-air/

[4] Food Navigator-USA 02-Oct-2019 https://www.foodnavigator-usa.com/Article/2019/10/02/Air-Protein-The-most-sustainable-meat-analogs-are-made-from-microbes-and-thin-air 60
[5] World-Grain.com 01.08.2021 https://www.world-grain.com/articles/14708-adm-investing-in-alternative-protein-company
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@ Kiverdi (f£=)

Air Meat

Air Meat (Z4v<a) Air Meat (F%>) Air Meat (7R4F)

(Hi88)
Air protein 7Ri—.R—3 hitps://airprotein.com/press-and-media
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® Superbrewed Food
S

Superbrewed Food, Inc. (CkE)

L. inE, KERE <Fﬁ§> RKETIVI7MICTERT—ILOBRBEHRE . KESRVIMICKRET SV MEERE1]

<BE>

« 20124 White Dog Labs, Inc HE&3I, [1]

« 20204 White Dog LabshZ Y AMDEDEAILHRIR/—IILTIHEEALTA N\ E A ERERICERHEL, [2]
« 20214 White Dog Labsh i5Superbrewed FoodIZ#t £ ZE &,

<{XFEXZE> CEO:Bryan Tracy

=t P S - HE AR ELTHIEZ BRI REL R, kR -0 -ZROIREEZRT. 4V N\VEMER (TZFATBD) #&E
AETIL 95, [3]

X35 )| RS T B SIS A (3 1=CO2 & BAL il —b2- £ T O REDDIT— | (O—T LS —HER) IZ1E. mEEELTI#E+CO, CO2 LBASN
L\TLYSAY, 202343 AIRTE. CORUCO2MFIBIFR Iz IT YA TIEFEZE TETLVELY

o AUNVEIRENDTAIANAF—LEEDHMEMENAELNTHEY . ERFHEBEZ TSN TUVEL, [4]
« BEIF.F—X. I =T ILb N\UN—H—I\F1  BEEFLESH, [3][5]

« 4,000 A0V DIINIEEETEDREDTIULEIRYAMIZRE . [4]

o 2022%F(CRAIANAA— LB NGB ELTIEH O TFDANSGRASEREEE HU1S . [6]

« BN ERZEHE](EFSA) DAZBIGHEDHTINS, [7]

o 2023FRIFEICT V7 TCREL-BMEFHTTT 5F E (Bel GrouphAF—XIZFEA) . [4]

FRE % « Superbrewed FoodASHBEL 7=4%EFIZH LN TIE. Clostridium ljungdahlii(DSM 13528) X5 Clostridium.
autoethanogenum (DSM 10061) EDEHIED VORI OO LRBIZDOWNWTREHINTLVS, [8]

s REMFTFHED=OIZTYIADIERRERZERELI-FRX TIL., LKL D28 LT=Clostridium tyrobutyricum®&z
MR (VEOIVHROBEZRBMELTRE) ARG TS, [9]

<HEt>

- 2019 R DIFEHREL T, BIH DWhite Dog LabshAFEMAv—DH—FILEDREEFHFK K, FUEQILZREFE
LTHREBLI-KEZEBBRADZ2/\IEProTyton™ R B FH ADMiruTyton"D it E= B 159 &L TLVS, [10]

<JIF>

. 202242, ISV RDARES O—/\LF—Z A—H—T#H % Bel Group | £12#, Bel' )L—FESuperbrewed Food
NELET BBV INIBEELVEICHAAAETF—RARDOEES AU EFRFET S, [4]

BRI - BIBE. . HE. BLURMEESHE THREE4,500 5 IILERHE, [1]
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® Superbrewed Food

(H8)

[1] https://www.foodnavigator-usa.com/Article/2021/03/17/Dairy-free-cheeses-featuring-novel-fermented-microbial-protein-to-launch-by-year-end-says-Superbrewed-Food

[2] https://www.biofuelsdigest.com/bdigest/2020/05/03/from-food-to-fuel-white-dog-labs-converts-ethanol-plant-to-alternative-protein-production/

[3] https://thespoon.tech/superbrewed-foods-uses-fermented-microbes-to-create-high-protein-plant-based-alternatives/

[4] Superbrewed Foodtt7R—.L~R— https://www.superbrewedfood.com/ [5] https://delawarebusinesstimes.com/news/white-dog-labs-investment/

[6] https://www.greenqueen.com.hk/superbrewed-secures-gras-certification/ [7] https://insights.figlobal.com/startups/introducing-superbrewed-foods-postbiotic-cultured-protein

[8] Patent number:US-11466294-B2, Title: “Supplemented mixotrophic fermentation method”, Applicant: Superbrewed Food Inc.

[9] Bryan Tracy, Food and Chemical Toxicology, Volume 162, April 2022, 112878 [10] https://www.cargill.com/2019/cargill-white-dog-labs-agreement-to-deliver-scalable-sustainable
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® Superbrewed Food (#i=)

KBIIDBEMAA—D RINDEHRR IRVEANDKRBRET S+

SUPERB"
milk

(Hig)

Superbrewed Food#t7i—.LR— hitps://www.superbrewedfood.com/
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® Oakbio (NovoNutrients)

Oakbio.inc (NovoNutrients)

FrfE. RE. RRE <FRE>KEAH) 7HIL=TIM[1]

<PE>

e 2008% . n-7R/—)LEPHAM /(7 8 &% B $§9 Oakbio.incH ERIL SN 5,

« 20174, Oakbio.incDEIEETHSL ) 7 IL 72 kL TFLF—Brian SeftonhNovoNutrientsF3r 5 £ I, /KEEGE
DIRERZo-David Tze N TILAA L TSHE, BEEEISKESHERAFAHNSIEFEY. BRBEANEERT S, (2]
(NovoNutrients(&Oakbiott DR EBBEED TSR THS)[3]

<HKETXEB>

« CEO:David Tze (BiiE /K ZEEHEDVCI Aquacopia Ventures ], Oakbiott MCEOH 7585, ) [3]

(Brian SeftonldNovoNutrients D CTOF PresidentZzREiL . ER D HEEMH B M Fvy—1 %[ Sincarne IZ8IE%) [4]

ES PSS N aDE S« CO2, KFR. BLUBREZEICHMEMZIEEL. AV /\VEZEEITETHR@ERALLIIER) EL TR, [1]

AETIL o 2021£E(21,000LD /XA A ) T HR—T/INA Oy REE, ELVFEIZ20,000LDEEEEDTEEZILS LITHFE, [7]

o 2023F(ICKRABRAO DEEERIERE ., 2025F (280 N\ VBEIVHOT /ARERR RO DEELERE ., 2027F(24
UNDEEHEBRY DEEEEEFELTLNS, [8]

o AERMEIRIZSAIEVRAFA T, SELERDOIA VMU Fr—~DT( U AEEHEL TS, [2]

- BAERNDHREBERIIROESY, (REDAF) THREY/NNAATRICEIERFE R I[5]. FRBMEY/ N N14~<
RIZEDEHE 6], HEEA XLV Nt 0akbio.inc,

EHAE% s YErHBEDERIETIE, FELTKEME (Cupriavidus.necator) B EEE SN TULVS,
o ZDIZH. St & BHE (Rhodobacter sphaeroides) . (Rhodobacter capsulatus) . (Rhodopsuedamonas
palustris) . ¥4 Z B& (Bacillus subtilis) . (Bacillis magaterium) & . 88D MEMIEN L HY[6]

NIT DS « REBMOEELRELTODIEN, KFFHLIREZRDL TS, ELERBXARASN TG, 2]

ExiRftx « Stanford Graduate School of Business Impact Fund. Purple Orange Ventures. & & UJoyance Partners.[7]
« 20214, Happiness Capital (ZE#EH#LADVC) ., E2JDJ. Marinya Capitalm 54705 K IL D E &% :E[7]

(H#2) [1] NovoNutrients$t7R— L ~R— hitps://www.novonutrients.com

[2] Food Engineering Magazine (March 4, 2022) https://www.foodengineeringmag.com/articles/100096-how-novonutrients-upcycles-co2-into-alternative-proteins-for-human-and-animal-food
[3] OakbiottR—LR—  hitps://www.oakbio.com/team/, [4] LinkedIn https://www.linkedin.com/in/briansefton/ [5] 45E82021-119834, [6]4FFE2020-521490

[7] NovoNutrientstt L A1J1)— X (Jul 29, 2021) https://www.prnewswire.com/news-releases/novonutrients-scaling-up-with-project-funding-plus-9m-in-equity-301344278.html 65
[8] SeefoodSouce (July 25, 2022) https://www.seafoodsource.com/news/business-finance/inflationary-global-economy-presents-an-opening-for-alternative-aquafeeds
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[2] DeepBranch#t 202278 L X1J1J—X https://deepbranch.com/2022/06/07/deep-branch-secures-4-8-million-in-beis-funding-to-scale-proprietary-fermentation-platform/
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[5] https://thespoon.tech/deep-branch-secures-e2-5m-to-scale-up-production-of-novel-protein-using-co2-inputs/

[6] A genome-scale metabolic model of Cupriavidus necator H16 integrated with TraDIS and transcriptomic data reveals metabolic insights for biotechnological applications.
PLOS COMPUTATIONAL BIOLOGY May 23, 2022
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[1] SOLAR FOODS 7k—/L~R—% https://solarfoods.com
[2] Pasi Vainikka [ZH (Solar FoodsM#FZEF—L) Food Science and Technology. 28 May 2020 https://ifst.onlinelibrary.wiley.com/doi/full/10.1002/fsat.3402_12.x
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Solein development roadmap
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