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KIHRFREE: BHOBE S HN S TN, FRARN TR ? o F Ak
R AWELROTRET, ARINEFZFAZT2MKRN? “WK” BT,
WAL R AT 2R R, X EER LR R AR R?

10 A 21 H, FEAH “BKF7 Z BT E K REFRHALESAT
ot L E A, BEd T R ATE T B T 7 3 3R
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“HIFNIBNE R RETRETIEN” . “KEKEZ T AWK, ZFH
— M ATUEBTRT, AARAAEBITRATHLRTRE” . “KEREARFATL,
P A AL B 05 A7) A ] AR
MNEZWIEEEMEEN AR, WV EREEN 4T, THRLEEH
AREHZE WK E FFL.
01 XA, A, EAFARATHER BRXBFEEA “NK” BEREEQ
KEELHFABRA. FlaEm T BN AT ERE. NEEXRE, AR
MFEHE-—BEATEM, FFEHELILT 27T TR. £ “BR” BAEMAEF
WEENEET, SIFLERSET — A AR EFZFZE T 2k N?
“EYWNALTER, BLE-—ANFEA, 7 FEIERRE. ERABILE2
WER. PEAMAIF2BERK, REAFRKEFRERME, “KRXTEAMAL
BT, RMEERET. 7
MEREFUETNE, ATFEMEMEE AR RAH7F, LA LER
To MAMMLINZ R EKE, FRCERMAE “1T7 WA, BREMHTFA
RETZ, iR, Ref. BH%F. ERENRAZEF, ARIKRIESTE
Ko
“EZE, R UG E, R LUREA. /. FEERE. BN
E—AEREES, ATBIMAMNE, LN EERN. 7 £ RER.
BB, BE90%LL Ly st miEsAl, H&EFAA 2% 3% K. KX,
MR ESh IR Z RN, B, BIAAAF R EAFME. FoRELFRHHK
ME PN IR AHREFO. RRAREE, BAAREFEFLFEAE
HR RN BRI REZAIE; T EFE TR MMEF, £ AR 100%
£ WAL
RN T, LRARATFET, AR EELSKEEFE, BEAR
ETWAR. TwrEARNFLESEE, BFEAFMELHNARIRE RK
B & BT, ATl BT R BB, AL /DT B B T )
AR, BRBREREANE. KEH (wKERF. F. WLF) FEHH
#
Mesh, WIRALEIIEER . WK, &R BHIRLIH “Hax” BEARHZ,
“NEIRBRHBORE, LLARALA £ E 3 77 2 8 35 B B G R R R Y
5% %54, ERBZWEFRARNLAESL —PRE. " FEARINF 2% HEE,
MRk Et 2 E, FEREAFEIRK, REAFHEREZ® LN,
AFRmyItRR LR, NIJLFWRERE, FRANARRS THER AT #
Ro xHEV By RE X RKH, RRARSAFMFEZABRIENZN A, LEEER
ERmEALARE O AE. Hilk, RWRIETeE. B UK T2
BRI B BATEI A
BRI, £ THrEEEMMHEAREEN IR “HK” BRELAN R EEE,
B4 & AR
SRFEINA, AR, B, RAEBURRES T, KETENIA
AGRETRNNLAGEERELENEREH. THEF, WRNTIARERE
BWENAMRZ—, PWIRALEY T RER IR AR B A A AR R AE
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NBEER. FAEER FBRBBAS

TR BT, KANEEBEEL, ZHRABIE N AL, TEE
S, BREL “2035 FEMA” BEXRBF A, AT ERE KR

FEIRERIRLE., FEREIE¥SBEEZK (HAE) . FEABRNFE L L%
BEK, FEAFHARTRET, FRENANESEII “W” Bir, #E
BANKZRBRK=ARER: e, MAEMATRARN. THEE, T
WIRILEBAE % 77,

“HEr, 2mINEH e-fuels BRMA RN TR R. N2REE, &
WO FARERENEE, 4. GEANGEL 4R EEWN e-fuel, YRTHE
SRR A . T RN

NE B L BRE, HEET efuels WEBRNIRNEFHEEN X ENEE
T, FREINT RRFBFESIHNZARN: —RBEZI “W” BiF, —&
EAAg A AMNEYES S, ZRELAKRE,

FEIERKRL:. FEABNFSBEEK., LEXBAFHEHREER
3|, e-fuel 1E N BB MM “BpAf” Mok, ERGEF . BAHEHRAR, &
A RAR T0%E A, BURTHRERGENNE. EEEMBAENL. Bl ER,
AHEFDEEEER T

BE, BRI EMATE, FEALANNK AR ZH, WAL AL EH
RLp, WRAERY, RRILI N FL 4K, wRbzshh. ez, B
KewsE; FEAEFAE AT, AAMIE —FEFHNER, BRERAWN,
SRR GRS o AR, U BEET AR, AXATINBALKT .

“Wa” BRI AN R B AT 2, e AN EUT LA
W: B—, FREMNSKETH, AL AFBYHESTLESN. T2, W
MRS ETA, R BEE—BRDEMN, =, ZANE AR
HEGEAAFRETAEHR. FH, ERBERALII “RPf” URAERRE,

NTABIKRNLE, BREZEMALERNEF. KHLIK, TRHEA
AR ENERBEEZRE, EARMERANABRALE @GR TREN T L
o
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FEMAFRREL., FEARNFL2EIEERK, FPENRIEF 2B EEK,
FEAFERFARANALRTHREE, AEFIER, 2AUEERZAHH T E,
BEBABEN T W XD F W BT eERE, ERNEZRIER, EE,
EmmE, TARMKEAR. I, KRGEEL, EHASAX. BEH— KL,
BRels%, EAEEEERALRIRL, REKE.

03 WANLER R AR THEIF ML LGN

“FEAMINHK R =, TRENE—RENAELRE, ENEZNNAE
kREH, 7 EHRA,

WA, ABIEEEEANHKK, FEERMEANHET ., WEekTF, H
S G NIRRT LB, WAL EREE, wRAMRES A, T ERE
HAE, XELLHRITHWIE,

FHMIRE, NIRRT 2N, —EoBEBREA. B,
RENARFN T ETHEXE I, RIEEAFHNHRE, HABEEHNLH
e-POWER & LK E & 7 £ 50%.

RANELZIABR PR GEER LM, WwEa AR, E4me BN, FEEXL
L. e-fuel KM, T LUK HE 38 6 F 7 = DA BB P Ao [ B bk B AR AT 8 28

TR, FREE, AELTHREFEE — efuel IR T KRARET
AAWBBRE. WA RAR. REXAELH#L, ST FeESRMN. TRER
FEXRFRE, SFRTHMH. HI, MG AR “BIAE" 37 RGEH K
K2 K,

R ENETR, XFAEFARKBTESEKR. “BABILHA, E&R
FHAEENR, TR EGERR Y, TERMRSETN, EEN, &
BAE IR, B — PR EARENE S, XERFHNTRE > &
HHERE. BHEE. 7 EHRNA

HEEEWNE, EERWER, TLHASGERRE A LHAN “BFrf” 2
. 2021 &£, AMIF SR T A “BFf” QI FEE; 2023 £, FEAD
XMERILT “BAlFE” R “BBPf” FUREREE, BELAIZ L
BRBIT I RERA, LA RNATBLANE “BFf” 28, #HATH
FHERARS

FwEFAFTEARNF LB EEKENBRKEMAENLEWN, KEABL
WEREAE=Z7TEHER: F—, EFLZNATE, WIS AR KEFE, BK
AEANEN A RXEEREFNEREARMEHZR, F=, YKk, &S
WIRILE E S/ R G R R R I LR, PR 2 S g Le: + f
WIRARREZ. F=, WEMATNBH L2 Tt Tk, 3 TEBE, FiF
SERAMMAERHE . BEIFH,
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St RSN 1 E E R E EEEHINE B3I A I

AR S RAMEZEAXREZREZRANTLAEHERA L REFWERER, EFe
EE xR EMREREANG ., 2EERTARMIT TENITR, LR
AEEERERE (UTEHRERE) FAAQEE L E 6 FITREE LN
H. 10 A26 B EF, EEEWIE B2t REAFIFIRX T,

REAFRK., TREFZHLFERHRE 2. S WHFIAPR T L
] Bl & IR % K F A & R LR ARCE W TE R N E R TEE K R RN
REAFERX AL, AFL, HAIRFARITL, LITHFR, URFIR. BFF
i, ZET¥R, EX¥RERRFRUARAELN 2EERELRE (ARXRERER
F)MEEREETAR. aWHREAFAMAFRATAK, XRFINZEHERE
EH,

ok, IRFHEFEFZRILBERZTEFHTEEARI, FHEERT ZR
FEHANBERRIESR, FNEAT @I ERNEGRAN &AM RET. BLICR
VEREEG TR, AHBEAR. ARMK, ELETHERS LA 77 B H
T RE 7k

2WHEKE, eRERP-_FER: —ZHEENXREENTHE. LhEh
NEFEETNEZREZERERELRFEARZRN—TEELE, 6ENTFAL
ﬁmA WRITE A 2, —RRARMBEFLREFEGTHE. AERFHES
BE. e Rt & RAXFTER I B A AN a Bz Eidl, #FE
ARFNAXNZH; —RERARYLREFXFOTERSTEERES. WL TEH I &K
WEA, BUAREEARS, Bmt, ARWEERRESEZREFERIZHEK
FRgES . FEZME ZLH KT EH. TRENEGRR; AHBIRANER
THRAMPR LN MREY, HEEEFIURFERARITHEE

BR 7 BTt R BRMEES OB 7 #BEEM

BMEE 2T T XN F AR SAE KNI E Buro 7 HEM (“—
FE?D « RAZRET 2022 £ 11 ARHWHENGEHNFRERFZE RS
MO, I 2 — 2 M (R 38 6 12 40 19 5 75 B Ak

MENERERERAAET BEF2 HRMN LKA, —ENLHETLE
FolrE, RARAKILEEXTT 6, AL ERNEELFEZRMN2OEE.

ZEFEXWNAIGELSANFTERETRTRE, HERT R 7 HAITENZH#E.
R AR BT — £ 5 E R BT R R BT R B R B R RE T AR 3 LA RCAALAX
7% AR AT B R R A R

RAEH FTRAFMARE (M1 #1 N1 K F%54, BEE2NIHREN
AR A A HE AR o X TR &, BE W I FIREE| Euro 6e F & X
# WLTP v RDE M. & TH &R, L7 E 2| Euro 6 ClEr T #AILE A A0
1k e 3 AR B e AR D
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EAER HTEA M2 M3 EH (AEAFERKBREZE) LK N2 F1N3 £
W(ERATAE) , SBAMHL, HFHRERK, ML arAE, =20
B, BELWIHRET 2 —HL%E (WHSC/WHTC) HkfRE—F T
XA A A HE S Ak PR

HKREA Frnig. Flar, RAMWIRE Y 230mg/kWh, A% T IHATK<AT
ERHE 50%. REMT I, BEELWIHKET PN23 FRHKME (23n0m
HEZSHRNE 10nm FEAMAL) FEUET FEB (HCHO) B HE# R Hl.

WHSC RDE AAEER | B | BRENT | BIEEE
. WHTC a *b 3=WHTC | BfRE
HE s

=ETE 2

gfkWh | g/kWh | g/kWh g/kWh | g/kWh h
NOx 0.230 0.300 0.350 0.09 0.150 5000
PM 0.008 - 0.012 0.008 0.010
PN10 - - # =107 #2=10811 | #3=10711
PN23 #6101 | #9210
cO 1.500 1.950 3.500 0.200 2.700

NMOG | 0.080 0.105 0.200 0.050 0.075

NH3 0.065 0.085 0.065 0.065 0.070
CH4 0.500 0.650 0.500 0.350 0.500
MN20 0.200 0.260 0.160 0.100 0.140
HCHO | - 5 0.020 0.030

*a-SHEREIEERTETWAY SWHTC B 100 B 5 hEasEn
*b- S HEREETERI A A1 MWHTC BEE000 M a S uisias
AV ERT A EEEESIEET 300 RRamEAAE S

Hlo AR e B R BE L miE T FFR R REMREERERES
Bra ERINAE T & R 2 XA E AT En— B . KRB s B i Rl 2 ey
il A 4 fig B 45 e AU R 7 vk 2EAT

S AieE, FERRKAAAZR2RENBEREH 202547 A 1
HAER 242027 7 A 1 H R B MR TH0%%, EEFWER". BF
SXAEWNTHAOFFEEH: YTRERF, HEBENLKE 30 MA, HEE
MEME 42 A STERFF, HFRUNFTEOHN 8 H, HEHHF
WHHA60NA. BELLHH, BREWNERQEMERNEZENERE
12 MAREY, EREWNLHEERNEZEAERE 30 MANETL,

E B HE
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A SN R AIRBLR R BT ah &

FaE2RERRRREMRELLELAH, ANRINEAERERLA LR
AT AR S, EXRUHERABZECWHMEN. SF UK, BAIEZX
Il EARILGUBA RN B, EEARF L 7 & bR F 77 & B B # R
FEwT:

1. FHEEKAXEWRILER

9 AHE, CaBuzz A XE LA EITAAI, FHEEN —FAANRRT &
A HiE, ZASAEE R E R 0B RAKR, AT DU 3SR AT T 3ok F B IE
No ZEHEARL, CWMEATHTRGEMARILTHEE, BEERAAIRF EXLEE
W o

2, BRPQBREAMAN

9A22H, RMZZAFRMF CHARAAEEFREAFERES TE
FIREXBEARLT —MERELZANIF AL RE. TR LZRERS T T LR
SRR AR R Gy, B & 220kW DL B9 A AR ALI AL 77, BT BAXT R S AL I BE
BN R ] A A S AT AR L, DRHATEARI K BEEANE K

B

3. MAZEEKE PR K BT

9A20H, MRAFBEEMMA =% 8 HKE E5 XH 4K31THDI & A AL
EREAF “RANBRINLEERLRE” BRI R K. BEAWNRIZEEF R
AL A E B ER R, A ARRIEAREL R T £ TR B A, KR
K, EAHEXENMETEARTT LB, RAZAEFEZNE T

4. RAHEANRIKE ERA TREL B HE

9 AR, RIAHTNE 5 -t & B 45 F 7247 (Terex® Advance) & i
HERES, K RERALHN XISH AW RILE S 2|4 F %47 Advance Commander %
7|9, Terex® Advance Commander % 7| E &) b1 AT S i R shALIR Bt s /7, S &
BHHT X15H X MALE A+ G se & £, B a#F TR DIREHET.

5. REVRMEALITNES SRR R

SAME, xEEAXFWIHAFRETRIIR ERAFEZERHH, HE
BET 6.7 FrAn 15 FrAWMMANRE = &t Xl R A KR B THRAT L E
AR B, BFETLAMNE, A&, BEL, AEMRALURED,

6. —RMHADRE R ERAMAR KRS

6 A28 H, —AMKALREERTRAMIERET R R K. BT #,
ZAMIBER T RAEE A AR, B ERENER. £ RAREE EAE
waFuA, ZI “UARA. UARA. A4®e. TRZE, THERK &
WEA, WEBTHAFGERAE 1000 2B EkSi., B8, R4 TH%X
FEAE AL o
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7. BRI A BFE AR KE R 46%

6 A7H, EANEEBFREARRILAMERH 46%. £ T M, ZANRILE
BB TTEENT 2IRTLH 46.11%, AHAEMREE 65gkW «h, FHREMKT
RANWHEHE R BT E, HRAEEI 110kW, A4 7 34 230N »m,
WIRARE, G, HERHERNFEHELR, XEARRIETRART ARE
HRTR, wEEERA R R A E AL,

8. ARG #HAEAMRNRIFTRR KA

4 A7 H, RRE#EA LR AN RI R LA S E RN B FAFLEAT,
Wk & A AR K SALEN A 3k 80KW/170Nm, 4K R R 45.04%, AT 40%3%
EX EHAEE 70%. ZAANERAE AT T RRORBEE. CHNEH. &
BEESGA. ER AR R AT REEARARH,

9. HD HR & HE30 4 WL

4 A, HD IR TENME B H & 8 S50 /1 WIRALICE), Z X shiLE R T 7
IR ZE R ] 1E By H2PFL AR W AT 88 o A0 A1 R ALET 3 1 3 2 5 300KW(402 &
7)., FAWEEENERE, FERERKE L, HitXT 2025 FLHE >,

10, FEEZMEIABRI AR E

3 A 25 H, ¥EEKEAE RIRIL AL E N E LI ENTG T A E Ko
HLEET —AEHF LN 20L ZHACEEESH AR, EATERSHEA, #
AE & 4.5kg, KfHEE 180km/nh, FAMI K ARKEKAT 43%, ZEIREKX
T 40%, EEEE AT 1 /NS

1. HEEXRIAARILEF

2 HH R, AZEH|#E R Ashok Leyland o #5 [ /2 7] 5 52 T WA IR 8 (RIL) & 7
THEERRXALANBIACE) X AW ER K%, KR LA R A 21 77 8 S
THERRFT 5E R ORI IR R, HRNERT, ZHBTU
BB A A e 5 1) L VE B RE IR

X E SR RHEEARMB R3S

2023 6 A, ZEREFEH (DOE) &4 7 (REEREEAKRSEMELE)
(U.S. National Clean Hydrogen Strategy and Roadmap) , X2 —M2HWESE, §
EmREEFEEAWES, 5. M. AXUEKA NP, 1z X DOE 0 &
f#KF|E. PEC/STCH #| 4. A A 24T < 7 & A,

01 3%

(FEERFEEAKBEMELE) #ET TAN =T XBKRE, AT H
R 95 UETEEARK
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EEVIR

REAGEFR. e, WIEM. T3], LLBRIEE A K38 0 R A ;
IR F Q) FT AL, R B E BT A KR T A LR R R KR E A

BT R AR

B R ORE AR AR E A A A A s 0 A Y O R 4, ST A
RARmwm AN, § ANE, RETTEN.

@ 2030-2035
L

2022-2025 @ 2026-2029
\l‘
= @THH,
Demonstrate replicable, Deploy azab:
:u?u?h:,r nuclear, m. SAEKH ST M cislop
* domestic supply chains
and waste with CCS
Delivery and Identify and prioritize Initiate supporting Demonstrate advanced and e
Storage  barriersto infrastructure roll  Infrastructurefor regional efficient infrastructure Develop s sisiontie coglonal
Infrastructure out hubs components
L]
[ £ los il Les
End Uses
regulators to |
AN MITKEt gt R ey Itate transiton for hardto. Deploy atleast fourregionsl
Adoption e decarbonize industries clean hydrogen hubs

B 1 #[E 2022-2035 FiE A 8| A% %

HUEE AR, 2ERAET 2030 FHEAMEFIER, @1F: =HEEREK
% 300 £ 0/T KR, BTH@LE 8 /N, RAMELE 65%, TlvFneg
TREMBEEZE 1 £20/Tx, REMITAEANHEEE 2 £70/T %,

FEHEARAEFNEARETEYHARIE. BREBK, KEVEFHIFE
B FE OB A, 835 % B AL % K 4 #8 Photoelectrochemical (PEC) water splitting 1 A FH
Bt 1k 2 K 4 # Solar thermochemical (STCH) water splitting ..

H, Production

(il

HYDRO POWER

245
’
B 44 0
NUCLEAR WIND

ELECTROLYSIS

Q} BIOLOGICAL
BIOMASS/WASTE
Ay
.
[ LA
GEOTHERMAL - “""'..

DIRECT SOLAR
WATER
SPLITTING

ELECTRICITY

Near-to Mid-Term

= Water splitting through low- and high-
temperature electrolysis leveraging
renewable energy resources

High Temp.
Electrolysis

Low Temp.
Electrolysis

ELECTROLYSIS
Al
e (ol

Longer-Term

» Microbial-based conversion of bio- and
waste-stream feedstocks

= Direct solar water-splitting

Direct-
Solar
PEC/STCH.

Waste &
Biomass
Conversion

Focus on hydrogen production pathways that utilize renewable/clean resources

B2 <ERH., FH. KHAFRAEL
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02 XK

2014 F 74 N 4% % K Peter Thiel R 48 /£ #7 A48 K 5 B % 2 09 3% R ¥ L
#R T Zero to One: Notes on Startups, or How to Build the Future, X 1% 2 /5 & # £
Rzl Amel s s “ERERAAR -1, xBIERA1-10, AENEF
10-1007,

KA A FRIFT0-17, “1-10° R, FEBUFREEARAE
(Technology Readiness Level, TRL) *f 2\ 8¢ & = B9 X F K24 4 T8 M %, St
ERA U mE AR ERETRNA R, ZI<10-100"7 L 1.

EMF R FF2-400FT

HAF KR, T BFE2MET, AHSF, BRI 1010ET (ZHA BIL
70

HFEREET. BR: BF110ET, AFSF, BESCET (ZTA
BIL % #0)

AREF 0 (Hubs) : &4 16 10T, HH54F, &#801%7T (ZIA BIL
70

VE: Bipartisan Infrastructure Law (BIL) (% 5% £ abiX ik £) (UM The
Infrastructure Investment and Jobs Act (IIJA) (XK Gt iEE) ) T 2021
FIUNALE, FHFERE, RRFEME AT ELT | LT nt®
%, REBIL, ZEEGEDEELFEN (2022-2026) F kL 60 MNFEH, L ai
16 MR35 E (demonstration) f7 32 M#E (deployment) TH, H st 12 4
WAEHRL. T, HETENH & ZHF.

HFTO Hydrogen Production Subprogram

$1.6B/yr ($8B) BIL

/ ~

$100M/yr (30.56) BIL

Man ring
[$200M/yr ($1B) BIL & ng
RD&D (BIL)

$200M-$400M/yr

Appropriations Mm‘.

RD&D (BIL)
ic and
£Jrﬁ*; RAD

Enabling activities: Safety, codes, standards, EJ, workforce

Increasing Market Penetration/Readiness

Funding shown is for Increasing Technology Readiness Level (TRL)

DOE-Wide H2 Program

B 3 %EEAREA TRL & W BB BFKK
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*ERRHATHEERFI FHARA L. 6, #£2023 FEHT A/~
HHZ % A 4101750 T %70, TEHXEGEFESTREHOAN A EELEKAT. A
THNF2RETURNEEEL REAWEN, WANXEEFY. M RIR
Al S e R 45 & A AR CCS AR

The Office of Energy Efficiency and Renewable Energy (EERE) : 2 12 1600 /7
x7C, MRARH. hiE, ARBEMELNTRFWNEA, EARESTHEA
AE VR 6 ey A A R L

The Office of Fossil Energy and Carbon Management (FECM) : 112 2800 77 %
T, R EFMEE AN (co-gasification) F1 CCS. ALLE G R AL, F
T4 + 0% F &R 8 SOFC;

The Office of Nuclear Energy (NE) : 2300 /5 % 7T, i A% &0 A6
Fo b IR (syn-fuels) 4 7= ;

The Office of Science (SC) : 5000 77 X 7T, # 7+ % & & & 8y 2 Al o iR An 5 B A
FIREAT

FY23 Appropriations FY24 Request
450 $417.5M $382Mm
400
FY22 Appropriations $50M
350 S3UM____ s $50M
g $2M
= 300 LM
£
£ 250
e
.9
= 200
g
= 150
(=8
<
100
50
0
FY22 FY23 FY24 Request
mEERE ®WFECM ®NE SC MEARPA-E Other

Bl 4 % [E BRI X H &2 EH SRR

* E #EJRE0 EERE 7hA F BAR A T K9 B ER, A KR E Ko 2L RA
K = 3K, AR N By & Bk B (Consortium), &3 :

HydroGEN Bx ¥ : 2 HER LB FE £ 5, UL HIEFH AL KB
% (TRL1-3) , 3 PEC #1 STCH;

ElectroCat Bx ¥ : I X EER LK ZF 7, ARKEEBENTH L2 BHEMAA;

H2NEW Bx % : m=EHERIREEX R, AR TR, RSB KRBT IHH
& (TRL4-5) , fRRAEMEREEM. M ES LUK G E 7 & A 7 &
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RAEFFERE: BTV FER, ZARREEBELT TZREA
(TRL6-7)

I Recycling & Reuse |
Advanced Materials Advanced Components  Manufacturing Scale-up System
' 1 ' I Development
i
2.5 @ ) ® = Demonstration
o W —— |
- - i . Optimized BOP
gL -~ oS components,

) ) ) e : electrolyzer validation
Improved electrocatalysts, catalyst Overcome performance/durability  High-volume production of

supports, electrolytes, etc barriers through components and  MW-scale electrolyzers and
integration components
% HydroGEN
&' my'd"“'wg'“m' llllllllllll m IndUStrv-Ied
HzNEW == Activities
ElectroCat
Electrocatalysis Consortiam

Bl 5 <E BB KXW A G £~ BRAR R

HydroGEN B B I X F EER LR E4 &k, @ FETHARELRE
National Renewable Energy Laboratory (NREL), % 16#7-F|#% Z /R E X L =
Lawrence Livermore National Laboratory. i T [E % 5L % = Sandia National
Laboratories. % i 77 [ & 5L 36 F Idaho National Laboratory. # 16 #7-18 7 A B & 5£
3 %F Lawrence Berkeley National Laboratory. 1% 8% 8 & i T 20 1 6 &, A THRA
X4 ﬁ%ﬁﬂ% Mg, WA MR A, EAEEBERRGET L3 5200 7% THE
%, H 2023 FEEFH A 1045 FE

Cost
pyis | DOE Funding: $2M Efficiency —
sz | DOE Funding: $3.5M *  Durability T

fvsg | DOE Funding: $9.9M
pyig | DOE Funding: $8.4M

B | DOE Funding: $13.175M National Lab Consortium Team

Fv21 | DOE Funding: $5.7M
Bay ng Lawrence Livermore
DOE Funding: $9.6M Pl N R E L National Laboratory

Teansforming ENERGY

was | Planned: $10.45M '11 o | \E_HL ,‘?ﬁ

Laboratories LSS BERKELEY LAB

&l 6 HydroGEN &x B 51 & £ % v & = & 1R (K ¥

FY22

HydroGEN Bx B 9ot 2 & & 4 9 T @ 4 2%

IR B 2 K (LTE) : 12 7+ AEM H, % [t g Ao it AV, # F X #F & ## /i (supporting
electrolyte) 1€ LR &3 FRBIENRE H £ ;

B im A K (HTE)

LR U2 B L B AR A4 = #f # (metal-supported solid oxide
electrolysis cell, MS-SOEC) M gEAniif X 1£; 2.p-SOEC: HEf# it T F #. A0 i, it
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TEALH| X R F 5 o AL B R S L4 L ## e (Proton conducting solid oxide electrolysis
cell, p-SOEC) = m.ff Fi A F+#9 ¥

K AFEAG M (PEC) @ MR A B & A

AMREANEFE AL M (STCH) @ INRAEARAT R Y M AFAE . B - A 5k 5l
AFWMREMHAETEHEE. BHE,

Develop capability and perform
A HydroGEN - Muli sk smulation H2NEW
&’ Adanted Wiater Spl tting Material = Multi plyacs amulation

= Spectroscopy smulation
* Ml and datahub

STCH
=)
Share simulation
capabilities and
m materials data

lech Specific R&D Low TRL transtorming R&D High TRI assisting deployment

LTE

A 7 HydroGEN2.0 7 4 ## 14 A #F % 77 18]

=% [E 88 JF ¥ EERE 7~/ E T & 89 Hydrogen and Fuel Cell Technologies Office
(HFTO) 7~ ZE B KA FTHAL, hifl. TRAREREG MR M BT 58y & fr 8K
Pdk An 7L, HFTO 70/ % 2023 S ETE A 112 7000 77 %70, H+:

R M AR 3000 7 =70, EAMAEER M R L. i, BEHEE
ok

AfEIE: 5200 7 £ T, AN EAFE. RAKAREHE;

REITEAEEA: 7000 7 %70, Wi g AEH R G A E TR AT,
FEREARNR; 24, A, wE. FahhE);

AR, A 247 300 7 F T

AEFHEA: 1500 7F0, ATREMHNEHEMF L, BEAFL. &
o, URFHWEMEREE". Hik, BERA, W T:

EHIE: 27180 77 7T (vs. 2022 4 30 77 £70)

HEAMF (PEC) #4A: #9180 7 % 7T (vs. 2022 447960 77 % 71)

APEEE#HALF (STCH) #4: 900 77 % 7T (vs. 2022 429 260 7 % 70)

B E: BARZ %I T BIL % £ F 8 Electrolyzer RD&D

BB X, 44T #9200 /7 %70

#77% H2 Shot Incubator Prize: #7170 %7 = 7t, A T8 & /78 % 2476 4
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P22 Fr23 Fr2a Hydrogen Production Core Budget
Appropriations Appropriations Request
$157.5M $170M 5163M — —
180 po FY22 Appropriations FY23 Appropriations
$15 million 515 million
160 $3m $3m $20
_ 140 518
c
210 =316
E § 514
£ 100 ] o
g S15M Fsn
B 80 $15M 2 s1g
8 3"
2 60 5
§ $46M $52M .:E_l $8
40 s $6
0 $2
FY22 Fy23 FY24 Request 50 _
o Fuel Cell Technologies Hydrogen Delivery & Storage FY22 FY23
Hydrogen Production W Systems Development and Integration WH2 Shot Incubstor Prize W BioH2 W PEC )
mSTCH u Electrolysis | Cross-cut and Analysis
® Data, Modeling, and Analysis

K 8 HFTO /A E & A At XA W4 (L) AT AL FRANET LK 4 (CH)

03 K. w5 iR AKX
FEBBEHLHFLLETE. REEREAEA, BETHEHEBHEN, 7
RIEEEHABE LA RZE (TRL) #2446 5 & T,

Temperature (°C)
: A

85 : :
]
: 0O-SOEC : § 4

700 | , B2
" Oxygen-lon Conducting £ED

60 1 Solid Oxide Electrolyzer E 2 -'é
[ S
I S

P-SOEC ; 3

]

450 Proton Conducting-Solid ! ¥

e TR L om0

! e
! t Se

100 ! w gl
' AEM = EB
I - @ Q

60 Proton Exchange | Alkaline Exchange  LiquidAlkaline * _S_é,m
Membrane ' Membrane Electrolyte
Proton-Conducting Anion-Conducting
Electrolyte Electrolyte

K9 EFERIFESREBAHEA
T 10 2 = E 88 JF 3 2023 £ 3 A & A7 5 PEM Fo 58 1t 4 /K 4% & & 7= B R AT

te, it 2030 4 5] PEM B 4% K B9 6k &4 B BT VE L &£ 7= A (levelized cost) B
BTHMEEEARS, ZEHEEFT,
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PEM electrolysis levelized hydrogen
production cost (without PTC), $/kg

Alkaline electrolysis levelized hydrogen production cost (without
PTC), $/kg

Levelized production cost,

$/kg

2025 2030 2040

B Opex- Opex - other

0.1

1.2

2025 2030

2040 2050

compared to what

. _-_- _-“ﬁo.a. additional R&D
o2 .

building into their
current forecasts

oi—

Would require

industry players are

&1 10 3 [E] aE R ¥ % PEM A0 58 14 B AR K 5% 2 7= Ak AR T

* 5 AR KA B AT £ B & (KR PEM A0 &8 SOEC H.#f Kz 8], #H
2022 E Ik A 2026 EFF KX HARWIE 11 112, SOEC ¥ £ EH A A £ Tt A M A
A E 7, 402026 FE#fE I 40,000 /N F e, £\ 4 SOEC B A& R5E

B T 7 38 $ 1

CHARACTERISTIC UNITS 2022 STATUSE 2026 TARGETS el
Stack
Total Platinum Group Metal Content mg/em? 30 0.5 0.125
(both electrodes combined) ¢ glkw 08 ol 0.03
PGS e I+ e B
Electrical Efficiency ® Kuhiketz = P % i
(% LHV) (65%) (69%) (77%)

) ; mv/kh 48 23 20
Average Degradation Rate (%/1,000 h) (0.25) (013) (013)
Lifetime & Operation h 40,000 80,000 80,000
Capital Cost " $/kW 450 100 50
System
EREEisienny s (610 (65%) 72%)
Uninstalled Capital Cost " 3/kwW 1.000 250 150
H> Production Cost ' $/kg Hy >3 2.00 1.00

&l 11 < [E R =0 PEM H A48 w3 fu R L8 A H AT
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£

ZIK £

REVR

CHARACTERISTIC UNITS 2022 STATUSC = 2026 TARGETS ULTIMATE TARGETS
Stack
Performance Alem? @1.28 V/cell 0.6 1.2 20
) P d kWh/kg H; 34 34 34
Electrical Efficiency (% LHV) (98%) (98%) (98%)
. mv/kH 6.4 3.2 16
Average Dagradation Rate (%/1,000 h) (0.50) (0.25) (012)
Lifetime Operation h 20,000 40,000 80,000
Capital Cost & $/kwW 300 125 50
System
? i kwh/kg H, as 36 35
Electrical Efficiency (% LHV) (88%) (93%) (95%)
_ N kwh/kg Ha 47 44 42
Energy Efficioncy (% LHV) (71%) (76%) (79%)
Uninstalled Capital Cost & $/kw 2,500 500 200
H, Production Cost $/kgH; >4 2.00 1.00

Bl 12 % [E fEJR ¥ SOEC ® AR AE B3 Au R i A B AT

04 SOEC W24

SOEC [Ef%i& ALK. PEM. AEM #tl, BEF REZWKELELE. TE 11 X
* [EfE IR 2021 4 xf SOEC #¢ 47 & LA & F] PEM., ALK Byt 3R, EREfE#E 0
E AR ee #2405l B 1 & fn Sk 6, AR ARVE, H ' SOEC TR if ek REAE A

39.7kWh/kgH2.

70.0 70.0
.  HHV 39.7kWh/kg-H, - | ALKERE
' ) LHV 33.3 kWh/kg-H; ALK(20Bar) |0\ coeir
50.0 PEM (20Bar) : 50.0
" | /[ oux 20BEMER L —
_ 7 i = Sy shgs : i a— r| PENCR(E
3 40.0 7w £ : : : ! 400
] V WHE ~N
o i '-' g‘—ﬁlﬂiﬁﬁ%&ﬁﬂg i I i I o :'é
2 T TNEY . te 1B =TI
2 : Bifmss  lm m D B |, S
X H 1 L 1 ~
S Hgs+ | B i 1= 1% 1= <1 S
& I = & 1< E =3 i
W 100 : | : — w00 W
i SOEC (20Bar) | ! ' ! ! 15
0.0 b— ; . : ! ; : L y i oo
0.90 1.00 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00

K 13 = E IR % SOEC g A£1F 1 LA X B PEM. ALK Y H 3%

SOEC H. A hAKEA, Fihm_aM8 G, W LKA RA (Syngas,
AR —EMBEWBEAY) , Fit—F &£ 76 BRIE (e-fuels, Wi, KD,
3t SOEC AR L/ 2 AT Z A&k Ed. B A~ ¥4 R &, SOEC
BB — B AT M, B A B (1SOC) F TR FAENFME, BR "
A-EHE A, AL BN A G, SOECHE AR S AFEHEF R, REHEME
AlE, EHEMET, FREZRT RN TP E LR B4 E .,
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EEIEEE, TRERT BRI, TRFETERK, FHEMBE. BRRF
FEEEER TR EREEL AR, HIFARERRE L, RARERIT. M
FEFI&TZ. W AMEE SOEC ILN BAt A g & 7L, HAFER, KAlZA
G, B, MamrEh, BREAFH. B EERAUHHA L EERTR
m 8% AN KR REMEN ZAsE, HoTAA (Z2r02)0.92(Y203)0.08, &7+
Bl R Ay et WA EREFEREZ B XERERALNE L

Project-driven tech transfer, resulting in
* Efficiency * Yield * Cost * Durability + Manufacturability

/ HTE Node Labs \ / Interactive HTE Pro]ecth

,___i Support through: pSOEC 0-S0EC
ML, :NREL SV Raytheon
Il?)ubg?ﬂfli?;:ana Transiorming ENERGY Techn Oiog 1es o t‘hwc:t ik
Personnel University
r'h md Equipment
. University of g
Laboratories Expertise s SAINT-GOBAIN
B Lawrence Livermore Capability W WestVirginia a
v ¢ University. L.
National Laboratory 3 POk

Materials
\_ /o \_ 9 PNEXCERIS/

K 14 = [E[E xR £k F A A 8 8 p-SOEC #1 0-SOEC A1k

TEAE TEREHARANY = MEME (Oxygen-ion conducting solid oxide
electrolysis cells, 0-SOEC) Z &, fi T FEHRAMNY EME (Proton-conducting
solid oxide electrolysis cells, p-SOEC) =& % E g RH N 7 — NN E S L 7, HE
Bl 15 (F) fiox. p-SOEC WA T FHA 2 B, AHIiz/TinERIK
(550-750°C) | EHEEIK. REEZ 2 E. % T SOFC-SOEC ¥ # & {F iy it = ;
Brx R afE: HAFRE. BERAE R (e k., ZEL. HHES)

O-SOEC P-SOEC

4H" + 4¢ = 2H,

EEWE BaZY or BaCeY
SR ..-‘ s e 2H,0 2 0, +4H" +4¢

N

K] 15 0-SOEC #2 p-SOEC J&
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b= £ 6

Bloom Energy 2 % E — K& H & A B A M A ik &0 05, BHElo
8 AT A% 2530 %, ZOFmaE: BB RENEEREMDIEE e R Bk g,
TUERABA. @A, RAAKBRGMA RRET REEN; EERANY EFE
(Bloom Electrolyzer) , § & ERWEEELAFAA, EATAK. ARAFEL. &
g, EF KA. EFE T F40U.

BN N NN

B 16 fLT NASA #% 1 #7

2023 4 5 F, NASA %= (Ames) R FOHNERA T HFE LR ABHE K
AN EBEEFADAR. ZEim. B XA KEE SOEC & E & Bloom Energy £
B, frEEma A ®ml FE AN KB R EE (0 PEM B ALK B EXE)
B 20-25%., XEELEH 4 KR SOEC BMELERMA N T RESE, ZEML
NIZE, FRRAGRTEET 24 EAR, RITE T SOEC EAMEFEEA A
FHEARBE ., RRAEF Y TTH., NASA R EH LT EHEZ T EEFHBE
HEAMERLHEZE (INL) 585 100 TERE Ay &EaL F.2023 45 A 3 56T,
1Z INL T B 2.4 % ik 4,500 /NEFEY 2 A 573547, FH LI T 6] 4F% 8 37.7Kwh B 7
EFETNTAAWIETE. ZHATHHN INL TE N E# T 2o A4 TR ER R
HIFWM, DLRAE L+ R SOEC 3 A 2 #&E #7. & INL 24T B 30 A MR,
H, BRGEFESEN100%EZE 5%, LFFE 10 04, BXRREFFAEME
AR . 7o, BIEESUHFEZART, LEXE (FTRE/TR) ©%F
FEmTHECEBEAEAE 1000 EhERETEFETHRE. Bol, ZEF
ExxLkE (INL) BB ARIEENE AT EEEL 10 KR £ A5 iR e
AGHAT2EMIK, it 2024 F#{/NIEE, B EEFR Kk b2 RO 3B 41
T #y SOEC iz &,
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10 MW System Test Power

Low and High Compression H2 Tanks
H2 Multi-Stage Compression

H2 Processing

Multi-MWe Electrolyzers (10MW Total)
DI Water Supply and MWe Boiler

5 MW Balance of Plant Power

Bl 17 ZXFEZXZRZFRAFHL I HEEH RS

2023 £ 9 A, fm& A M E AT H “Nujio 'qonik” 3k 7 E A L6 A #iLf. X
B A0 L4 THTE, HTFMme kALY b, MBNEEAELT IGW B
W R A % B A 600MW By B8, 5% | SOEC+PEM 44 . BT H & R =5,
FEW A4 18 FHRA (2025 4) #1108 Frisk e A (2026 ) . IR EH M
SOEC & Bloom Energy 2 £, %t B F &1 850°CH & Bk K5, B o5& & 7
BEH 37.5Kwh B £ 1 2 TEAR

05 AEM B f##1¢

TEh TN AKBA, AE FREE (AEM) EMENEAET RS
MAENRKRAS PEMWEE, BREE4. ZBAREAER2EEMALA. T®
WA, A0 PEM —# a0 EE £ T24T, ER B AEM EFEMAT . MR EH
W lE R, Al . UhAN, AEM ERVEBHAK, B A F e R SR
ZW o E AEM iitEge. Mt RA B R @A HEENERH, RBEIF X
FriE T (4 KOH, NaHCO3) %%, HEX X 2K A1, % PEM F,
OH-B THESFEEEZL H+A TIE =1, FHk AEM ¥ &@lgE APk, FE2H
FIEEREFEREMEENE, AR BOPHBAZLREL T RGN EK.

RIEETFERMEEMT, B EPR L AEM WA X 7 | 40 AR iR 2 4
Fag ARG (BIARA, BETRAEY) . MEWHRE SERALREE FlT
A BERRAENREN, HEALEH#WNEMT (1K) PGM EAF KR A
M BB o KM

AEM = ZJF X 7 Z & E/& A F|# Enapter, FEFT % B 3% 1£ & Evonik /&
A lonomr, 2022 4, 3 [E Johnson Matthey [E] Enapter & & T & & #11, LA 2000
77 % 7T 3% B Enapter 4.31%#7 B A7,

2023 4 1 F lonomr 7T A& T 1500 77 %70 A #% & ¥, B % # (Shell Ventures)
Fo t A Bt Finindus 4713%, & f# % (Chevron Technology Ventures) , Natural Gas
Innovation Fund (NGIF) 7#¢ Pallasite Ventures R #% . 44 2 A, Ionomr Innovations
EREAANF I FET — M A BB LT, AT RH*EM
B A YR &
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06 PEC/STCH #| &

HENF KM (PEC) fiAFHRE MM F Ao (STCH) 2B & EEF A KA
FHREHR| AN B R1ER . PEC K9 MEAT 2t &, FIAME" AW E =
Fh S N RBATH R, AT~ & AR AR ; STCH A4 N — R 7 A8 48y
WFRMNAEES, FRAMERKNRERFTHA N ZTENRN, £RAAFEAA,

p-SC cathode

Heat/sunlight ,EOZ

n-SC anode

-qE

-gE°(0,/H,0)

’
" -
E. &
ht H
ohmic contact 2

B 18 PEC (£) #1 STCH (%) A4 fREH

Wit G AW PEC &4 TAANENAFEXREE, #lERATESHF
WREEREEAR . AT, RS R KA RTEE FE WA BT R B PEC #
HEKEAREH, EAMEYRRE. XEME (WRAFRRBEZE) TS
REXBE M. TEORF R, Flin, #IEFZEIAALD)ZATH TiO2 JTHR,
EHATHRERREERAMES ARG EHRER, B2, XERFPETE
KAREER, #ltn, XKARBEHLETF2FR _ENKNWELRAEM, AT
B 5 1 A T b L R

202343 F, XEEXRTHLERELRE (NREL) . FRAT-ATAERE
¥ %= (LBNL) #1 Rice University B &8 & T —Fr & ik 474546 % PEC B, 1%
B K R BT R, BRERAER G ALD A4y, FHE% ELREE
A1 AFEEAL (100 mW/em2) BE At A £232 4T B3 100 /N, FF B AP 88 2 A
il 2 2 % (Solar-to-hydrogen conversion efficiency, STH) AT 20%.

NREL 7 1998 4 K LI T STH R E 0 L KA, £ 5| 12%, £ )5 H 5 2015
FEAHIT =TI, KB T 14%, HE 2018 FRFE T 19%. X —H A & #,
KBk E Ko RH A U B FEFI I,
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é’ ;‘ é‘ O
. B 25%
Adhesive Perovskite 5
Top cell ]
Barrier P ® g
o 2
OER Silicon g EZD% |
catalyst Bottom cell g L::
',_
ZH:\ 0. w
15% y £
0 25 50 75 100
et Panel Cost (§ m?)
catalyst

Al 19 NREL, LBNL #u Rice University Bk &-#f & #) 5 L4745k % PEC i

AMREMUF AT (STCH) KBMTHIUFLE, R+ RAUMAER
1400 K EU LWIRE T, AR ERRKEE THARAEHFAMUT £4A.

B 20 %+ # % ME T (ETH Zirich) # % ¥ # STCH % %
MRBERELZIMAN T STCHH AT ENR I EREE, i £TE CeO2

HHEAEARESREMR, RETHEREELZRE (NREL) FEAERIECH
STCH A £ &k, FoRIE“LLE R H 71T 89 M AT
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/" STCHNodelabs \, . =~ /" InteractiveSTCH

Projects
Sandia b
National = N R E L m
Laboratories Transforming ENERGY Personnel ” B
Equipment W
M Lawrence Livermore Expertise PRINCETON W‘\st\firgniu
National Laboratory Capability UNIVERSITY University.

\_ 7 e \ UFSRbA

Bl 21 <EEXREREMEAFFEE STCH & 1F

NREL # i R Z R Z AT A AL G 247, ¥ 7 a0 AR & o 31 5= B K FH a8 I8
MRAFEF, AXFFEHBETWNAGETE, frxEEHTHIMBHAR. LI,
ZI B W RALE& ¥ 3] (Machine Learning) . $k[G1T & oI 4 #4588+ R SL 30

T, ARARFTFEHECELE G ETNERESFHREESTZ,

Perform High-throughput DFT Calculations » Develop Machine Learning Model } Optimize Property
(NREL) (SNL) (STCH)

Oxides: TMis, Lanthanides, Input Capacity vs. yield trade-off
Saarch group | and Il as alloying elements I npu
SRrch Space Stolchiometry families ‘

Neutral O vacancy (V,°
Binaries, ternaries and quaternaries in cy ( (] )

1200
! possible crystal structures J Training the L m— = + 1000 E;
. | =g o -
Bulk calculations Oxidation State, Magnetic moment, ML Model g o.o8f =| leoo E
and existing Fo) Stability, Enthalpy of formation, | | - E 0.06 = 600 E
databases Bandgap, Dielectric constant, Regression-based [ “ ?_:“ %
Density of States, Bulk Modulus, etc. and other algorithms o 0.04r g| w00 3
3 g e
Defectcalc. and (" Yield Pyo/Pyyvs. Capacity (05), ) 4 o ! $| :
thermodynamic 0 vacancy concentration vs. T, p0; | OBt 4 i 2 i 0
deli O-I 0 vacancy formation energy utpu .
modeling { Raduction Entrogy, ate ) Yield log(Pyz0/Pis)
Screening
Criteria ’ Predict candidates ’ Identify correlations ’ Validate and develop knowledge

Kl 22 NREL 7z SNL i# it DFT fadlL 8 2 3] JF 4 & t£ STCH A+ £+

i 3T 55 £ 2 B # 16 Density-functional theory (DFT)Au AL & % 3], 2023 £ 3 A,
NREL ERIZBZFEEEMRT 10 ZREAMA, HAFHAM TR T STCH A4
FRESZRR R, B w AR A SRR

F: XREZEBHERL (DFT) BE— MR LB TFTRAEBTFEMNE FAF T %
ZEBENERNE LA RN, BARARFRLS FRERSHER,
REBRRESHBRATEMFABRERANTEZ —. thin, T AFHEER LA
gt — & (CO2) *f X80 EHANAEE &AM KA A TR 7 U~ £ By Zvm it
77 DFTHHE, #ERT ZRWIF, £R IR CO2 Ik T RFTHRAY BHEE, F
W& CO2 & BB MMt — b, FEZRBRTELRD N, ANEHET
MCO2 R EHMTARTFAEEMLERTHNEHEE, NWmEIFENRMF,
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—e—FctH,

LOF - @ =FetH;+CO,

) e =
-

@F:oCo0@oH of

= Deformed grains

o = Substructured grains

m ™= Recrystallized grains
OFe
eC
o0
o H

Reaction co-ordinates

&l 23 HriL A% % CO2 ik & E AR R %7 Ry R BIR 5

07 £HHE
KRR HERA, = EEIEH T 2018 4 & r T BioHydrogen (BioH2)
Consortium. 1% % % & 7 10 # -8 5 7| B K £ % F Lawrence Berkeley National
Laboratory (LBNL) , A -F# ¥ 4 [E K 5L % = Pacific Northwest National Laboratory
(PNNL) . [ 77 [E % 523 F Argonne National Laboratory (ANL) . 3 [ ¥ B 4 &
JE 52 % = National Renewable Energy Laboratory (NREL)4H. & .

: : N R E L Pacific ir,'—'>| ]'ﬁ| Argonneo

Northwest NATIONAL LABORATORY
NATIONAL

LABORATORY

Binyrogen (BioH2)
Consortium to Advance
Fermentative H, Production

BioH2 Bk T A — M EE. BEER AN HRENKEEA, F5HENE
fi# . (microbial electrolysis cell, MEC) 44, ¥ H BAN AL E R ENE
REEA AR AEAARE A
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'em.a METABOLIC
T1 ENGINEERING
NREL

* Synthetic Biology

= Strain Development/Improve nt
* Flux Analysis

* Metabolic Modeling

, T4 |N;E::!_A110N s

= TEA/LCA

s teonit * Process Design/Modeling - MEC
T2 Bioreactor = System Integration T3 MEC
LENL - > PNNL

+ Electrode Development
* Reactor Geometry

* Strain Selection

* Cell-electrode Interface

Kl 24 BioH2 B A W R B R LI S WA X 0 T

» High-solid Fermentation

= Reactor Design/Optimization
= Co-culture Synergism

= Scalability

BioH2 B B8 (1) B L ZEMRENFTHERMLE, REFAEME
RFEEE (ABERIMEER) , %FE NREL fi5t; () AR LE, LAE
B R 577 DA AR R R %8 i AS, #ier LBNL #i5t;  (3) JF & & M MEC £ 4,
DRBEAAERFEHRD AWERM £, ZTH PNNL fi5T;  (4) X A& KK
BHATHA, E¥F. o BN, RAZERABRGEFHAESESTHE, Z
T E B d ANL fi 5.

L

125 5 LBNL 4 A B BEMm AN A EE (£) PREE (&)
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Shewanella Geobacter
biofilm

Flow
through ==
porous

electrodes

Mixer
_—_Tm;mcm brane

pressure (AP) Radial

flow

12 mols H,/mol sugar

4 mols H,/mol sugar 8 mols H,/mol sugar
(RO .
30%
Hemicellulose
30% Lignin

Waste Lignocellulosic
Biomass

MEC

MEC: Microbial
electrolysis cell

' T~ 4

&l 26 PNNL % it #y 1% 4 7 & #% &2 3 (MEC)

08 XEFHELF N

2023 F 10 A 13 H, £ERFER 7 MK EFEE A /0 (Regional Clean
Hydrogen Hubs, H2Hubs) A\, ©AI¥HE (A Em L) (BIL) #&EH
10 2E LK 4, UinEFERARFEAATHNLE,

X 7 ik E 8 H2Hubs #1484 A2 3T 400 12 % T AL A, M {# H2Hubs #)
o FE L AR RAIA B 500 12 F 0, FEIEH UG T EHF TERAA. TE
BRARFI AR =02 K554 (M) £FF X,

H2Hubs tyit & 2 & TH 4P F L KEEE L LML m A P, A L H 8w
FARE. RBEBHURZGER g —LREHBNIE. i, mAELL
ME AR YT FAEREMEYFREA, UaExE, EA FFTHMED
Y A B 355 % BB 15 45 Tk X Midwest Hydrogen Hub (F F 3 # M . E1 %
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ZMN . FHERIMNMNLGHETHERE. RAR. REHSHERA, XA
BREEPEEN LR, EEWMGAFIEAF . KB, K, ERERMETREMEHH,
mEEHl (H2Hubs) &8 Shnag EmEamy
Mid-Atiantic Hydrogen 925 BOERIN,  EOANEGOEMSHL, MBAMIREER
(MACH2) CHR RN, SR ARIRERANMET ARG
Appalachian Hydrogen 75 FIERIMN. BN, RIREOKERAREATHICCSHIAL A
Hub (ARCH2) EER  ROLRIN AR BERSEE, SERKEELS
California Hydrogen 12 ey | RERETBLRERENRLTES, AARR
Hub (ARCHES) ER . RS ELA RS
Gulf Coast Hydrogen 12 ey BTSRRI BARRIRAS,
Hub e BER A RIS IR
Heartland Hydrogen 925 WM. JLARHEM. FUBRIBKEEEVCHMERAR, BIRLE
Hub 2 RRARHEA (BAEFREE, JE S SR FA PR
- , i UBSHISREFES, OETREER R
Midwestydrogen 10 PRIBTML SRR s, souwmscmanr, aERemg
b (Machti?) & BT . R, fRl. BRERHETSE
Pacific Northwest 10 SREM. GURN.  SSERRREROTEEARNE, e
H2 Hub (PNW H2) a AR XAV R EERL

K27 2B 7 M HEKEFEAF O

74 H2Hubs ¥ B — M2 ERE NWEBE AL & HFHMEREEMRER
%, FlE X FFEAWNAEF . iR L E A . it 7 4 H2Hubs & 44 3
B &£ = AL 300 Ry EE A, KEI 2030 FEXEAFEAN =02 —, FRD
LA BR R T ¥ TRy Bk, XL EXEABBERNELZ =1 118
L FE R EF 2500 770 — ANBHK, KB YT 550 £ 7 WA AT F
HaE R, HAEMRE2FHRE NI T EH TERK. H2Hubs #7 70
2% Tk K B = B f R I 7E S 88 IR 7 JE 404 F (The Office of Clean Energy
Demonstrations, OCED) 5 &#¥ . OCED & T 2021 £ 12 A, HueE x4
W 250 L= K&, BLEAEIMITHNAIE, AEMRTEEERBEREIE.

FHB R ERETE: 2512% T

A RER ARG REIE: 5,000 7 % T

KEHtERETEIE: 5.0510%7T

WER: 10 0T

KA Ffgimt X IR K ¥ : 10 2T
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OCED Portfolio

/£~ ADVANCED REACTOR @~ , ~@ DISTRIBUTED ENERGY LONG-DURATION ENERGY
DEMONSTRATION PROJECTS ‘y | SYSTEMS DEMONSTRATIONS '. STORAGE DEMONSTRATIONS
L9 (s2.5BILLION) ® o ¥ (s50MiLLION) ($505 MILLION)
& ENERGY IMPROVEMENTS IN
CO,) CARBON MANAGEMENT }_ RURAL OR REMOTE AREAS REGIONAL CLEAN HYDROGEN
2/ ($7 BILLION) i HUBS ($8 BILLION)
& _ (51 BILLION)

CLEAN ENERGY DEMONSTRATION @
& ON CURRENT AND FORMER ! INOUSTRIAL DEMONSTRATIONS @ OTHER INITIATIVES

MINE LAND ($500 MILLION) PROGRAM (54.3 BILLION)

K 28 #EF&EJEE OCED A ZE R T EHEWITE

09 BE

(FEERXFEEAHBRMELE) REKEAHANLRE N EZERK-E AW
GW i, QEHEUTTHES TE, FRILANEZFHRITNEE, mREEH
BEVR RS, WmEXEREVHER, STHRETMNTE. BARBKRIRULK
HeFRkfsth, ZRAEWHRITN—REVE=ZFFTEEHT KA,

Potential supply chain vulnerabilities, 2025

Risk level High [l Il Low Risk
Domastic Domestic
‘Global raw Domestic sub- equipment Availability Diversity Domestic construction
‘materials component manufacturing of global of global technical & design & operations
Clean T ty supply base capacity equipment supply  equipment supply  talent talent
PEM Electrolyzers
Alkaline Electrolyzers
(il Solid Oxide Electrolyzers N ]
g : B (-
2 [ I NN
ATR I
ccs 5 §F N N m
Pipes (H2, NG & CO2) I D D DN
9| Compressors? [ |
I Liquefiers L ]
;5 Storage Tanks I
Tube Trallers ] m
GHZ Refueling stations i rmme—
e E
5; LH2 Refualing stations (—
£ o
A ciean Ammonia —

1: Includes large scale compressors at industrial and productions sites and compressors al refueling facilities | 2: No significant additional build out of Steam Methane Reformers anticipated
Source: Department of Energy Fuel Cells & Electrolyzers Supply Chain Report, ENS Interviews, NREL exparts

&1 29 % E A &6 b sk g K oA

2022 X EHEEBEE A EEAR T LE i, PEMATHRITT 27 LR E
AT, FETUM 2025 4 1 PEM E G = B A L T B . W A
FEALAFEAFTI TR X7 TE T8 B x E WG R M
T RAFRALE, Flin 2022 FHBIRFAG S ZERXFEFRLATLEET SMW &£
FAF AR EEREE.

2023 3 A, PEHERARZ. BXRBERFANAN (A~ X EF K
HAK] (2021-2035 48) ) #£4, 22025 £, WFETUT VB FZEf T H AR
BRI SR A N AR AR R; B 2030 £, BRI N TEHEEEGEIEH S
BAERARR, T HEGBIFEHRIA ZiA; %2035 4, WA~ AR, y5Hh
X—HAr, FEFEFFHERNERS A, WM USEZEUKER A WER
&, B E AR AT A e K R A B AR
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BEAF V., REFIEX, 227V RFffrg. EAGEELMN, TUSE
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