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He: “Hydrogen Valleys Insights into the
emerging hydrogen economies around the

world “
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#%2026FEN530%KFEHEZITLN. 20455F52(C
100% ") —KEANBRRI R 25, E E
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B 2P, EnapterldZDhdihis TE /| RIEEREE & EBHC R,

Phi Suea HouseZ’OYJ T (51) SE EBREBEXA—H—Enapter®EY A
v KIBARE+KBEKZ+FCICELZTO-IZIVY3Y v Enapterld2kWikE /NRERAEMEREBE ZRRL
BYRMOFRRTESEETOVIIN 2015FUBMAE THY. BEEVAVEBRAEMERS ¥,

FH%5,

v INRIEREEE KE(CELEL TIRN I T IEIET

v KEBHRBEIENZEnapter®AEMIZ LB Power to HY . RNYTKIRRELRIETHZDERZERHRKLU TS,
Gas TKRICEH:, WEICHMRIEMTENE U TR, v FIC.ASHSEBAT ST —TEIVRRIN S 5E L Hhig %
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Fuel Cell

s
-,?: DAY
PN
c
il = £ [
Solarcen [ E"E™ : ;;' ’
+ Ele:trolyzer \ —
Water Green Energy
© — Storage

PV installed:

RIO7 bORA4207Y kFEAVZE—-U>T  BR#So@tTO>o B H#EYU1-S3
w | =5 t > [Piceal
1 A p<i.-| L 3 > A HEH y Lys] 7 H ma g HH

86kW

Average daily power production: 326.8kWh
Phi Suea House energy demand: 6000kWh monthly
Battery: 2x 2000Ah, 48V lead-acid battery banks 1
Hydrogen gas production rate: max. 2000 I|tres/hour L
Hydrogen storage capacity: 90,000 litres of H2 at 30 bar, equivalent to 130 kWh in the fuel cell ;h ' " >

T T ey W

{F: Lﬁlﬂrﬁ PR TESHET lPhisuea KEDE %nE’JﬂTEﬁ BEEIE

House
188 Phi Suea House Leaflet "
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Hydrogen Delta(#352%) PLOARTIWS LB OVIONASTIS)
v Nouryon. Orsted,Shell. YARASIZK D ¥ LR v Nouryon. Tata Steel5IE7 AR TIVY LB TEERRT
HE+GWREREBTHD I —KEEE + EENE DHEEH ZPEEYIE100MWIRDEREHD T ) —>
(8%, BHBEREF) TOFATOIIIH KEEHAEDETTIRAFVIVERRE =8ET S,
cCUZOvY 7 hDikEt = BatA.

Category: production

Category: production of H, H
LErmes Capacity: 100 MW

Capacity: 1GW 2
w* Process phase: FEED-study

Process phase: FEED-study
Project period: 2019 - m Project period: 2019 -

Project costs: TKI subsidy Project costs: 150 M

% Xmeram TATA STEEL Nouryon

HE:TKI NIEUW GAS “Overview of Hydrogen Projects in the Netherlands”
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B X2 BEKERT VI VR ER TH IR TEIPCEI OV o MBlack Horse D T T2 70&FFD A T—
VIAVEE- 1TAEDN S YIEB A KEMREEICL DT —UKFEHBEVWSFHLNBENBIFSNT D,

B RYTIZZFOMIZE. H2Rivers®HyBayern&E W\ o7z 8 DFCEE ) 74 - KFERT—I3vEATOI IO~

eFarm>’O0J T8 (R1Y) Black HorseZ’OY 17 (BRER)
v I*)l/:\’—‘ I)a1—3 2 E8EEDGP Joule1r R v KBAT—3UNERBIEDORR(RO/NF77, F,/\
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5 - W] — L~ al et f —
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Project eFarm.
Largest green hydrogen mobility project in Germany.

Qf 20 >\' 5.797M  fEm  Wind, Solar
© H,production (5 x 225 kW PEM electrolysis at wind farms) ::‘Eii‘gfﬁs ms g_‘y companies -)) investment R Hydro energy
© H, transportation (7 mobile H, -containers at 300 bar ﬁ\ N Aﬁk = % :1 "p:"
© H, processing (2 HRS at 350/700 bar) '%;m
9 H, consumption (starting with 2 buses in public transport) "‘:ﬁj Q@ 16,5 GWh / day ﬂ% 270 HRS j@ }140._?00 !

¥ 2 : >o== 2 Trucks
9 Integration of a decentralized hydrogen value chain B
9 |ocal and direct use of wind energy for green mobility éﬁk y g
©  Project volume at 16 Mio. € (circa 50% national funding) ,ﬁ &) @. % Zgggg ;JiV: jobs 9 ‘101”5“220 e /@ [O‘?{zgg.f)fgar
9  Under construction, overall commissioning in early 2021 3 .@] =
9  Project is designed for scale-up towards Multi-MW ranges e

H8#:GP Joule “Green Hydrogen Mobility Project eFarm”

He:Bioway “Black Horse”
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(7212 UEREE# 1 5ER, BB Ty MEBED LRI AHAAE1200kg/day B ET)
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m LI TRICPowerTaptt (A A hN\A1AHRANE + CO2EIYRT—ay)DERHZ LB IV NEBHIZR T,
m LCFSHIEIL BRRIERFE LI R EHRIZLI Y RD 2 DDRHEHF C LY BIRAZILL EDKZERT—IIIAD

HHRRENICIHUTEB (UL IV RRIT) Z1T o CVBCEICHE TR ENRR TEN S,

PowerTapttic LD . KEXT—a I TDILIYNESDE LA

Hydrogen Station - Capacity of H 1,250 kg’ IKZ=FE /) KZFFE LK
Revenue Source Rate kg/day 185 kg/day 500 kg/day
JKZR5E L | Hydrogen Sales $16.00 perkg/day | $ -1 S 2,960 | S 8,000
LCFS LCFS/HRI (Carbon Credits) $2.95 perkg S 6,720 | S 5684 | S 3,920
LIk Conventional LCFS (Carbon Credits) S -1 S 1,036 | S 2,800
Total LCFS Value S 6,720 S 6,720 S 6,720
ZDith RIN (RFS Credits) $1.71 perkg S S 316 | S 855
L2~ 45Q (Tax Credits) $0.36 per kg S S 67 | S 180
Total Revenue - Daily S 6,720 | S 10,063 S 15,755
Total Revenue - Monthly S 201,600 | S 301,889 S 472,650
Total Revenue - Annual S 2,452,800 | $§ 3,672,977 S 5,750,575

HE:PowerTap

” Generating Credits
Under California’s Low
Carbon Fuel Standard
(LCFS)" =& &I21Em

LoFRMtHREEN—E) ICHWVT,
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IELWTNDT—RTE2DDLCFSOLIWMIIFTELICE 5T $6720THLL,

BIXR4AEUEDKRRAT =3V LT LCFSOL DY MMIHigRENICIG U782 LTV S ZEITHE,
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CARBIC & BKRRT—3 VB LD

€ $5.00 - First Annual Profit: 2029 mm Procurement and
I;:) PPNI: $387.0M O&M Costs
@ $4.00 - HRI: $161.50M m Capital Costs

Adj Support: $321.5M

I State Support

B LCFS HRI Revenue
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Y mmLCFS Throughput
$- Revenue

) $(1.00) mm Sales Revenue
LCFS HRIZL I (ERKER) $(2.00) — Sum of Annual
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B {HiageH A—TF AT—HR BIxx
[kg/day]

Emeryville 350 2018 Open retail 100%

CSULA 60 2019 Open Legacy 100%
retail

Chino 100 2021 Permitting 100%

2E:1100%BIRRAT—Y3aIAOFBIETOI IO
MPATOERBEEE- KRS, 1 DP73<EE1000kg/day DEHARENEE D ENEH

[kg/day] Hh—

Stratos Fuel 2000 2019 14 2RIJ7—LDPPANS  Hydrogenics
S
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AT AIV 7 M TOFERERITZEVHAH

m 2020F6AIZ“Advanced Clean Truck Regulation” (ACT)WE8r], HARIBE X —H—DWRDZEVIRH,

B 2035%F(CClass4-8DEMDHERFTTDOE75%%. 2045FIC100%%=ZEB{L I 3 BiZE,

B AP, 2021F4BICIELYsaN%E “Advanced Clean Fleet Regulation”&UT2035FFTICETOHE
XERGEEZEVICBITIE S EVLWOSRBMNCARBHSIRESIN TS, FRICEBAUMEHARE T B FE.

X8500/RV R (=#3.91) L EDEEHES (GVWR) ZHRDHiE

KEICHTESEAEDX 7
SR | =l
Py Py W=y pup
Classl —2.7 Minivan  CargoVan  SUV  Pickup Truck
Class2a 2.7—3.9 n “ ﬁ “
Mintean Cargo Van Full-Size Pickup Slep Van
Class2b 3.9—45
Class3 45—6.4
Walk-in Box Truck City Delivery Heavy-Duty Pickup
Class4 6.4—7.3 ' S : i ;
Large Walk-in Box Truck City Delivery
Classb5 7.3—8.8
Bucket Truck Large Walk-in City Delivery
Class6 S8~ - e,
11.8 Beverage Truck  Single-Ade School Bus Rack Truck
Class7  11.8—15 | R -h Pl =
Refuse Fumiture City Transit Bus Truck Tractor
Class8 15— i ' i

L _B= 3 Y e’
Cement Truck Truck Tractor Dump Tvuck Sleeper

ACTICH I 2rEHEED

ZEVIENAIVRA—

Moy Class2b-3 Class48 w78
2024 5% 9% 5%
2025 7% 11% 7%
2026 10% 13% 10%
2027 15% 20% 15%
2028 20% 30% 20%
2029 25% 40% 25%
2030 30% 50% 30%
2031 35% 55% 35%
2032 40% 60% 40%
2033 45% 65% 40%
2034 50% 70% 40%
2035+ 55% 75% 40%

g

#c3:DOE EERE HP https://www.energy.gov/eere/vehicles/fact-707-

december-26-2011-illustration-truck-classeszt & IZ{FR

£ :CARB”Advanced Clean Fleets Regulation” (2022 AQMP Mobile Source

Working Group, 2021/3/24)
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KETEDFCrSYIEBA KFRAT—a v E(HEHE(HyZzontt)

B REDOFCEAEX—N—OHyzon#t [ (BfFKRA T -3 &allD) BB DKE MR Y T —0ZRQITHIEK

I oETEEHRK.

B 48 I(CIF/\ 1A H ZBAFDKEEER T ZIF DRaven SOtWJLFC%KIIEtL‘)&)O O—/VJLT100&EFrDKER

T—YAVEIRT DEHEEFER KE CTIILCFSOL I NMERNELY,

m 25, Raven SOIFIMBENDCO2HERM TS 2-3/kgDIR M TKRELETREE T D,

Hyzon expects to exceed its business plan with very few additional ke

Customers

Vehicles'

Hydrogen
Source

SEED THE MARKET
(2021 ORDERS GROWING)

CUSTOMER CATEGORY QUANTITY $ MM
Customer 1 Class 8 100 20
Customer 2 Class8 20 9
Customer 3 Coach Bus 10 8
Customer 4 Class 8 10 4

FUEL CELL New York, Shanghai
CHASSIS CH CGnm DA
assemsy L

SERVICE: HYZON + CUSTOMER

y customers

GROW THE MARKET
(2022 - 2024, BACKLOG BUILDING)

TOTAL FLEEY QUANTITY u:v::fj?;uu
Class 6,8 1,400+ 500+
Class 8 1,400+ 500+
Bus, Other 100+ 60+
Class 6,8 1,000+ 300+

Formalize Partnership with existing rolling chassis providers

G CEmn DAE

SERVICE: HYZON + CUSTOMER

MATURE VOLUMES
(AFTER 2025)

TOTAL FLEEY ;;ﬁg"sx%i “v:'\:ﬁgr; o
15,000 3,000 1,200+
8,500 1,700 800+
2,000 400 250+
30,000 6,000 1,800+

Development of own captive chassis with third party providers

% (Class &)

B (Classd)

SERVICE: HYZON + CUSTOMER

On-site customer supply (5% of exsting customers)
Existing hydrogen stations (5% of existing customers)

LEVERAGE EXISTING SUPPLY

Hyzon-created capacity (~25%)
On-site supply and existing stations (~75%)

BUILD HYZON / PARTNER SUPPLY

Hyzon network (50%) 3¢ Party capacity (50%)

HYZON AND IRD PARTY SUPPLY ESTABLISHED

8 Hyzon & H

MIZWHO
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2% HyzonDXKEHN TOKZRFRHESTE

B Hyzonftd/\1 A ZERDES +KEMBE TKRELET SHydrogen Hub I8z FKK, ENNLMRIII
T TOHKRELET D ET, $1/kg-$2/kg&ERMRKREEZEITOELTVND, A—A NS P THRID
Hydrogen Hubl&%&z=TE,

B ZOMICE. Z1—I—FIURKAREDRTIIVINEE) . 7— RSV (KEL. BADRT Vv IILHE
B) CRMRBEANSD I ) —KEFFHZEICE/IN— T —y ThEsE 280 TIRRVUET,

Hydrogen Hub

Eleckricity
S EY Microturbine
Casification
PR
Electrolysis
Carbon
Briquettes
The Process of Electrolysis

Renewables Hydrogen
SOLAR, WIND, HYDRO DISTRIBUTED
Electricity
i— Electrolysis

Fuel Stations

Grld

8 Hyzon & H
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SZ HyzonttDFCEERAEE A

REU

B [ACS5FTHD/MDESYI92604. /\R6008EBAFE. it ICLEAR TEAE TIESET,
B KEDOMPIT7 - AP EE. A -SSP . Z1—I =S UR) BRIN (A ST RNIVF— AIRAIRE) F

DREPERRE TEAGTEEZR I LD THD,

B RE ASVYICTHZERLU KETIET120006DFCH Sy VRS DMEASLE T 7E-

Forecasted 5 Year Ramp in Vehicles (Units)

B MDandHD Trucks M Buses
9,260
6,800
3,359
623
LT 35 68 300 600
— — — — _
2021 2022 2023 2024 2025
Forecasted 5 Year Revenue (US$ in mm)
2025 - $3,286
30% Projected
Under Existing $2,242
MOUs
$972
$37 5198
= — [
2021E 2022E 2023E 2024E 2025E

lorizon

Fuse G Technsbgies

N

o

-
V£ O

N NIKOLA

(]
]

FUEL CELL COMMERCIAL
VEHICLES DELIVERED BY
END OF 2020

~5007

FUEL CELL COMMERCIAL
VEHICLES TO BE DEPLOYED
BY END OF 2023

5,000? 2,000

[ HEAVY TRUCKS |

HEAVY TRUCKS

2021 Delivery
(Contract Signed, 1/
50.5mm)

Application

Projected Delivery
rder Status
5year Projected Units / Revenue

) 2021 Delvery | \—200/580mm _J
HEAVY TRUCKS (Finalizing PO, 5 / Major Dairy Bran
— 2021 Delivery $2mm) HEAVY TRUCKS ULTRA HEAVY
HEAVY TRUCKS (Finalizing PO, 3 / [__500+/5200mm+ DUTY TRUCKS
(eanced Sty | 2021 pelivery ;
huance ing | (Finalizing Contract, 2| 2022 Delivery
Discussions) ~50/ $20mm Glabot Eiewer ',‘;'::;,"3 f -§|mm) (Signed MOU, 2 /
500+/ $200mm+ L] +, v $3mm)
" 500+/$200mm:
. Energy Major S 30/$15mm+
X Industrial Gas. A e | 30/S15mm+
Leading Retailer et - \ : HEAVY / MED W
) omp HEAVY TRUCKS ! ‘ TRUCKS Specialty Metals
Hydeogen-lectric 2021 Delivery Trucking & Rail<. 3071 pelivery Leader HEAVY TRUCKS |
Flight (Advanced Logistics Operator (MOU Signed)
A [ ] Discussions, 200 / SBOmm+ Leading Steel ¢ dDTRDEzTUjay b
20/38mm) ¢ 7 iy leading Steel - (70 delivered to date by
FLIGHT . . 500+ 1 $200mmt I-Eﬂd:"!‘m"’dﬂ [ ] ° Company other QEMs with
2021 Deliveries, 2 everage ":”F'“"V' - HEA’VV”I“RHCKS N MED TRUCKS Horizon fuel cells)
([D"hwéiﬁo plus Infrastructure 2 ) 2021 Deki Emisi:c’:i{ 2022 Delivery 3004/ S60mm+
ety MOU Signed,
25systems/ | Company HEAVY TRUCKS (Finalizing Contract, 5 city fnw“sfsmm, i
520mm+ 2021 Delivery 250/ 5100mm Global Port |
! | (Advanced Discussions) 500+ / $200mm+ - Operator <) 2022 Delivery Hydrogen
MEDIUM 500+ / $200mm+ - - (Advanced Discussions) Infrastructure
TRUCKS R HEAVY TRUCKS 300/ $80mm-+ Partner
Rollout Under 2021 Delivery | Heavy A )
Discussion (advanced Discussions, — Truck y . HEAVY TRUCKS
(Qualifying Vehicles) 5/ $2mm) Operator Leading Miner
1,000+ /$300mm+ 50+ / $20mms A 2021 First 20 Units
— BUSES (Signed Contract, 20 /
~510mim)
2021 Delivery 1,400+ / $500mm+

@ @
HYUNDAI TOYOTA

10s 10s

No public No

2,000 .
info

L] KENWORTH|

info

Number of Fuel Cell Commercial Vehicles Delivered and Projected to be Delivered by 2023

HONDA

ISU2uU

No public

public
info

u

100+/ $60mm+

(Signed Contract. 10

nits / ~58mm)

=

DAIMLER

No public
info

H#: Hyzontt&E
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KEEFRODFCrSYIEA KFERAT—aE mstE (Nikolatt)

B FCrZYIRF+v—DNicola-E

T =BT RBEFRE($6/kg)ERICIE <$0.04/kKWhDE

m 2021F18ICNikolalZArizona Public Service&EDJ'1)w Rt —ERIBHEB|FRZ (CZHRMEFE TDE

EEITOENZEHEKRU, $0.027/KWhDENHERESND,

TBREEBE X —H—DNelld. Nel&E 7L A EFEE
YA CBIRKEEZMRIAT DEE, /NMOYNE2021FET7 ) T TEEE FDE23FICAVITAIN T TEAFE.

RT3 =FAWT. A
FRENNEET D,

8t/Day Pilot Station

Green Power + Electrolysis = Green Hydrogen

JL. il -

ONSITE RENEWABLE
POWER GENERATION

Hydrogen Generation
with renewables & grid
with low cost electricity

<$0.04 / kWh
@Cost of
electricity

.. ONSITE CONVERSION OF ELECTRICITY
T0 HYDROGEN VIA ELECTROLYSIS

70mpa heavy duty & light duty
8T/Day Station Development Concept
D i’né:-
S :

5 FAST70MPA
FUELING STATION

5 ONSITEHYDROGEN
STORAGE SUPPLY

FAST 70 MPA
" HYDROGEN DISPENSER

, HYDROGEN FUEL
CELL VEHICLE

Key to Cost Parity
with Fossil Fuels: using
Renewable/ Nuclear < $0.04 / kWh

N

Alkaline Electrolysis
“tried and true” technology

——

70 MPa Hydrogen
Fueling for heavy
duty applications

<$6.00 / kg
Sale price of
hydrogen

88 : Nicola”Hydrogen Truck Progress, Plan,

MIZWHO
R ————
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BRI TORAEADCO 28 LR

B 2025F(CHREET9FLE1 5%HIR. 30FE30%HIRE W BENNSYIX—A—IZERENTUL D,

FERECO2HFLAHIDEE

Bi& KBNS WO A—H—ERERIC. 2019FE L T2025F HEH 15%. 2030
FHEH 0% BB EEE,

PUE S BMMICEFATNDIRAEHE > 16tDO v T BT IIL—TH

459,101 9 2E0D GEEILTR)
XKINS5DAT I —TH, EREEHNSDCO2HEEED2/3% L5 B,

avplea it 255F(2€4250/tkmCO2

30FIC€6800/tkmCO2
1oty 2024FF TIFR—IN=UL I whHlZEE A,
T4T
bi[OFoES
Vehicle group Axle and chassis configuration ‘:;::ulill?:t

4 4x2 Rigid g;
5 4x2 Tractor 5
9 6x2 Rigid gl
10 6x2 Tractor :

HEL:“CO2 emission
standards for heavy-
duty vehicles”
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BRI DEHE AR H T SBIREABREKERDHRL

B BIES(RED II) TlE, 203 0F X TICEERAMBIEIFI THEIRT4%EAZRBNEEE I ULRESN TS,
EEF DKFMEHEDWTIE EYAFKREIEEYHRROBIRKENCOBEICEILD D,

m RED IICIEBEEBEATIUD—Do& U T, IEEMBRBERIE/ SURREH(RFNBOS) MEH SN TS,
RFNBO& UTIEEMIHFRDKENZEH SNDICIFCO2HEEERAT ARELLIZIU T &Mz T MWEN S S, (Z
DENE F CHIRKERKRIZRFNBOSIZET %, )

BIREROKER G EERREHCE T 558D )

CertifHy CertifHy: new development targets...

H, (RFNBO) Biogas (H,) H, (non-bio) Biogas (H,)

(v:

renewable * 32% goal 2030 * 14% goal 2030 * 14% goal 2030 * 1.3 pp/yr
. -70% * -50%/-60%/- (indicative) (indicative)
* Grid connection 65% * No * -70%/-80%
etc. * Sustainability requirements * Sustainability
criteria criteria

origin to final
customers

Art. 3 Art. 25 Art. 29
Coo 2 W22 ) (ea e )= )

H#8:Matthias Altomann(TUV SUD) “CertifHy European Certification of Green and Low-Carbon Hydrogen”(2019/4/8)
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BRI ERTRERDATE R H DI

B BN TIZERICAEICE Y KRRUERN R CERHEADT « —EZIVEmO (1 —OFE(CE D) L AITHIOREE
DIFHNFINTLD,
B OVRPAS VY D—ERDOERT CTlE. BICZEVERODHHNILE AYEEERZero Emission Zoneh\1Fft,

#HHE TOARTBRRH DH

Low Emission
Zone

Urban Road
Tolls
P =12pin

Other Access
Regulation
(Key-ARS)
XENF

Zero Emission
Zone

XAMER

ARUEZLE (Nox,
PM2.5, AV ) HEHED
EVWEER D AEHADIL
BSAUNETFINS, LLE
BRI —0Ow /NS,

AR ERR SRR AL
ZBHICRENTOND
&, LeEpydb3—0w /N

CZ0L\,

FEOHELELA DI,
ERHEBAD T I ZADE
ER S EDEM
BEERE) DAHFAIS
N3uE, LEkEsiE3I—
Ow/NICZ),

EHEADIIE AUDEFE
N3EMIFZEVICEESN
3., (ORI ASZIID
—ERERTISE)

BRIMERRER COARRBERMFI DY vED T

FAAZ VK

@ 25

Jox— T4USVK
S Yy
; IZR=7
@ @rc7 %
) M

:t)llt:'? >
% Db

i i
FU v stanbu T

Y]

He#:https://urbanaccessregulations.eu/userhome/map
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BRI CDEFEDFCHSYIBA IKRRAT—3 2 ElwmstE

B 2020FKRDO64EHNSDFCrS YT - KERAT—UaVEBEHEADIZ Y MERLE. DaimlerzlZUsH X —
H— AT SEEENER—ARTHOEAGTEZEHFEK,

m J)—KEMRFBIC DV TOEEIEITRBE, 5d. ShelliDaimler& B AL TORY MO — 0 B IBECE A ST
BRRKBEADRBEDKERZMEETF OTANERZIEDTH S,

A—=h"— OEM. &l  2020F12BDOEM, ittt bS5V IARL—9. AU TSEEES 64KEDHRERFIATIE. 2030FLL
it FSVIARL—F, BOFC Heavy DutybSvIRK10AAEADBREEREAIIVRL TV EZHR BRFIC FChSY oD

1VIDTEEE EENAEFEET I TC2030FF TICKZERT—avaXRKI 50082 Ed dEEERRAII VAL TLL
ZEEREK,
Daimler,Linde 2020&F12H8ICDaimler&LindeldFChZy IEIT DA ESTIER MO HREFRFEZN 7 HK. BpERIARK

R(TsLH2)IZKY . @VWIRIF—ETRBE PCIIRAQAEHER, AT Y3 VERBOBRIEERSI ELTHY,
2023 FICHRAIDFFEANDIEZEIT D FRE,

Daimler,Shell, 2020F12BICFChZvoEXKICAIFTIZEATH2accelerate IDERIIEFH Tz,
Volvo,Iveco,0MV 2020FERBIEICHBADFCrSYIEBAE20L EOABIKFZRT—3 URBEEHHE,
ISC20FRBEICIIFRETTAEULDFCrIYIBAICMA TEERIBEREKRAT—Y3 U THIN—,

ACEA(BRMBEEIETR RFUNOAEMRE >TSS (AFID)DREVICE VW TCEUTHDZEVERAERT 2V JS5E(RICRET 2 BIRREZ K

=) HBLUIR—EEFHK, 2025FFXTICHELF300DKERT—avzE=/NTRER. 2030FEEXTICTO00&ERRIC
ILRTDNENDDEIRE,

Cellcentric FChSYIRITOFCELEZ2025FICRAT & Z4HICHRK,

(Daimler+Volvo® BRAERARRT—3 0% 2025FF TIC300&FT. 2030FE£TICTO00EMMEHT D&V D EHEZ .

=Faw=van) Fz BN DBERIIKEICCOHEEICRET 2 RMREDTI T4 TEMEESE,

Daimler,Shell OvTIVI L-TIV-INDTIVITTDIDDT ) —UKFNEZE IRV N T —0%E(HT DEtE%= 5B ICHK,

(xW\WINEShellh @ T3 TOJ TV TEZIOOMWIRDERREE TCHO T HERAKRELEEHBL TLD )
2025FFETIZ1200kmdDIHydrogen Freight Corridor ] &8, JL—MZIX6-8EFID A T—3 & FL
"9 BtE,

2030FETIC150&EfFDKEZERT—a v EHNS0008NDFCho Y 0 %E AT DEHHE,

MIZWHO Mizuho Research & Technologies 4 5
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£%: ACEAIC & BRIFEAIFARUKRER T — 23 VEHORE

B Q=R Za—bSIVIZAET T BUNDREREA 2T 51ER (AFID) DREUICSWTEUTHOZEVERER1J
SEmICEAT S ERREZ KDDL IR—hEHEK,

B [FLR—RIENIE 2025F K TICERERITAREKRRT—320Z 3008, 2030FXTICPR<EET0
O0&&Rr, APRYET—=IIZHENT200km EICEH{T DRI EVDEELRIN TS,

B 20FAHENSFCEAEN Y IIIRAITBIIL, 2030FXTICIIMRKEE6 HENEGZINDEL TS,

ACEAICK BTV T TERNDEK

ACEAXZI\— ACEAICL 32030FEDERIKET VI TEER
(FESHHNR—XICGDP, EfTHEHR TEAZER)

]
BMW &
croop @ ©F CHN-! DAF
@ HONDA. @& HYUNDAI
STELLANTIS TOYOTA VOLKSWAGEN

DAIMLER Ferrari

o RENAULT

. o, -
@?" VOIvo L
\ i 0 5 10 50 100 500

j— |
Hii: ACEAEH
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HAIITAIWZTMDKFRRAT—I3VIIAR1/2)

m 2015~2016FRFETHS Ejj<300kg/day7“ \\19fELi|1§I5t>500kg/day73“%’7§5(t1 thaAE DB IER.
I

Coalinga 24505 W Dorris Ave Coalinga 248 2015  Fresno South Pasadena 1200 Fair Oaks Ave South 206 2017  Los Angeles 40%

Pasadena
Dismond Bar 21865 E Copley Dr 0 emand 180 2015 LosAngeles 33%  Tomance 2051 W 190 St Towance 200 2017 LlosAngeles 3%
Citrus
Gitrus Heights 6141 Greenback Ln 513 2018 Sacrame 40%
oo Juan 26572 Junipero SerraRd  con U0 350 2015 Orange 33% i s e Heights g
RSt a Emeryville 1152 45% St Emeryville 350 2018 Alameda 100%
UC Irvine 19172 Jamboree Rd Irvine 180 2015  Qrange 33% LAX 10400 Aviation Drive Py e 200 208 s At 0%
West . West :
Sacramento 1515 5 River Rd Sacramenta 330 2015 Yolo 33% Mountain View 830 Leong Drive — 350 2018 SantaClara  33%
Anahaim 3731 E La Palma Awve Anahaim 180 2016 Orange 33% Newport Beach 1600 Jamboree Rd g?wpoﬂ 100 2018 Orange 33%
Camphbell 2855 Winchester Blvd Camphbell 268 2016 Santa Clara 40% =
Costa Mesa 2050 Harbor Bivd CostaMesa 266 2016 Orange sy Ome Jioh B e 100 2008 gemadino  '00%
el Mar 3060 Carmel Valley Rd San Diego s 2016  San Diego 04 Palo Alto 3601 El Camino Real Palo Alto 136 2018 Santa Clara 40%
Thousand
Fairfax 7751 Beverly Bhd Los Angeles 180 2014  Los Angeles 3% Thousand Oaks 3102 Thousand Oaks Bd L 266 2018 Ventura 40%
Hayward 391 West A 5t Hayward 264 2016 Alameda A% CSULA 5151 State University Dr  Los Angeles 60 2019 LosAngeles  100%
Holhywood 5700 Hollywood Bhd Los Angeles 284 2016  Los Angeles 40% Harvison St 1201 Harrison St San 513 2019 San 40%
La Cafiad La Canad Francisco Francisco
= ;Tg:' 550 Foothill Blvd o ;Tg: 266 2016 LosAngeles  40% Oakland 350 Grand Ave Oakland 808 2019 Alameda 40%
Sa 3510 Fair Oaks Blvd s 513 2019 Sacramen 40%
7 S 20731 Lake Forest Dr loke Forest 266 | 2016  Orange 0% Sy R g S“"’""‘""’ e
an an
Long Beach 3401 Long Beach Blvd ~ Long Beach 266 2016  Los Angeles  40% his S8 851 Third 5 Francisco 13 2019 pancixo 4%
Mill Valley 570 Redwood Hwy Mill Valley 264 2016  Marin 40% Berkeley 1250 University Ave Berkeley 513 2020 Alameda %
Playa Del Rey 8126 Lincoln Blud LosAngeles 246 2016 LlosAngeles  40% z“""’"" 15 W Yerchog o Borkenk $0] 52020 (Eos Angwles: (15 33%
I
T 2101 North First St Tl 266 2016 SantaClara  40% s 337 E Hamilton Ave Campbell 1200 2020 SamaClara  40%
Santa Barbara 150§ La Cumnbre Rd g::f; . 266 2016 g:‘:;ra 40% Concord 605 Contra CostaBvd  Concord 1200 2020 SO0 0%
Santa Monica 1819 Cloverfield Blvd Loz Angeles 180 2016 Los Angeles 3% Fountain Valley 18480 Brookhurst St C:I“:;'m 1200 2020 Orange 0%
Sarat 12600 S Lt Sarat 198 2016 Santa Cl 40%
SD'E :za aratoga Ave SD'E :ga anta e Mission Hilis 13544 San Fernando Mission Hills 1200 2020 LosAngeles  40%
HEn San 248 5 Airport Blud o 266 2016 SanMateo  40% = =
Francisco Francisco Mission St 3550 Mission St AN, s13 200 oo 40%
Truckee 12105 Donner Pass Rd Truckee 264 20146  Newada 40% it Paki Rancho
28103 Hawthorne Bivd 180 2020 Los Angeles 3%
Woodland Hills 5oy ToPanga Canyon - Wieodiand 180 2016 LosAngeles 33% Vo9 Fatcl Yoeches
Redwood City 503 Whipple Ave g?d““" 1200 2020 San Mateo 40%
Eremont 41700 Grimmer Bhvd Eremont 246 2017 Alameda 40% o
494 M R 1 ;
Lawndale 15604 Inglewnod Ave Lawndale 180 2017 LosAngeles  33% s S SO s i ). 3| s v RS AN, (e KRogm I A
San Jose- Bermal 101 Bernal Rd San Jose 513 2020 Santa Clara 40%
Riverside 2095 Lincoln Ave Riverside 100 2017  Riverside 33% Sharas
E—— Sherman Oaks 14478 Ventura Bivd v 808 2020 LosAngeles  40%
San Ramon 2451 Bishop Drive San Ramon 350 2017 Costa 3%

Hei: CARBER}
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HAITAIZTPMDKERAT—3

AR (2/2)

B 21FLEFESNTVWSERT—23 Tl 1200kg/dayDittiaae

NEFIOEDNZHIF L,

Capaclty Retail Rnn--wable

Studio City

Sunnyvale
Woodside

Chino
Cubver City
Laguna Beach

Santa Clarita
Aliso Viejo
Baldwin Park

Costa Mesa-
Bristal

Cupertino
Orange

Palm Springs

Placentia

San Diego-
Washington
San Jose- Snell

Morth
3780 Cahuenga Bhvd Hollywood
1294 Sunnyvale Saratoga  Sunnyvale
17287 Skyline Blvd Woodside
12610 East End Awe Chino
11284 Venice Blvd Cubver City
Laguna
104 Morth Coast Hury Beach
Santa
24551 Lyons Ave Clarita
26813 La Paz Rd Aliso Viejo
Baldwin
14472 Merced Ave Park
2995 Bristol 5t Costa Mesa
21530 Stevens Creek Blwd Cupertino
615 South Tustin 5t Orange
I-10 and Maorth Indian Palm
Canyon Dr Springs
313 West Orangethorpe Placentia
HAye
1832 West Washington 5t 5an Diego
3939 Snell Ave San Jose

1200
140

100
1200
1200

180
1200
1200

1200

1200
1200

783

1200

1200
1200

2020

2020
2020

2021
2021
2021

2021
2022
2022

2022

2022
2022

2022

2022

2022
2022

Los Angeles

Santa Clara

San Mateo

San
Bernardino

Los Angeles

Crange

Los Angeles
Orange

Los Angeles

Crange

Santa Clara

Crange

Riverside
Crange

San Diego

Santa Clara

A0

40%
33%

100%
40%
33%

33%

40%

Hei: CARBER}

MIZWHO
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A ITAIVZPMDFCVEREEIHFR

m 2020F4AMDRegistration DataTIEA) ITAIVZFDFCVEEILT,1725.

HIITA W7 DFCVE MR EEHHRE

é 50,000
‘g’ 45,000 48,900
S 40,000
w
> 35,000
w
O 30,000
g 25,000
& 20,000 .
& 15.000 andatory Period
b A 7,172 Reqi ion D
. . istration Data
- w 0 ~ © O o - o~ ™ e w 0
- . — — — — o~N o~ N ~N o~ ™~ o~
o o o o o o o o o o
~N o~ o~N o~ o~ o~ ~N o~ ~N o~ o~ o~ o~

[CJRange of Mandatory Period Data [ORange of Optional Period Data
@ End-of-Mandatory Period Estimate @ End-of-Optional Period Estimate
A April Registrations

H#:CEC“Joint Agency Staff Report on Assembly Bill 8: 2020 Annual

Assessment of Time and Cost Needed to Attain 100 Hydrogen Refueling

Stations in California”

MIZWHO Mizuho Research & Technologies
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Total Station Cost ($/kg)

CARBIC X kR GREN - ERERHEEET IV

B CARBIZBEDT 7 VR (ABB)ERJICEDWVWT AT —Y 3 HGee b O ZRBEREHET 2T T VA E/EK.
B XT7—U3HREENN600kg/dayiZEICED T, AiaRe IIEMICH L KRk g TzW DERERIEKRE ED

IHMEMRICH D,
CARBIC L BKkEMiqEN-BERERDET IV
$60,000
$40,000 {H#48E0100kg/day
>kg#7=YI12~$28,000

$30,000 AB8 Maximum = $26,000/kg | *7 23 &1z IXK-$2,800,000
$20,000 {itfaBE1600kg/day

' AB8 Average = $13,000/kg | =kg:8WI1X+$5,100
$10,000 AT7—3257zWI1X+$3,060,000

' ABS8 Minimun; = $5,000/_.kg

$0 Bt T T S 3 | aEEAneEE o T —2 T,

—o—Cost Model

Station Capacity (kg/day)

-& -Trendline of AB 8 Data

He#: CARB“Hydrogen Station Network SelfSufficiency Analysis per Assembly Bill 8”
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BRIMH2ME TODIKFRAT =3V DRREFERICEHT DR

B KFIRNIEHBDKRRAT—VIaVIRNBE, EX &V ZE0) (MG AICIIR T—ILE T #igaeIH K
FVRBDEDDEFOINLLRDEREINTL D,

B —75 R TERT—Ua3VDCAPEXDAEW I ENS, BEERZFHHDHZENIRMERICIIAE<TFS,

B KRIAMEBDZHICIFMEGREN D RERRAT V3V e GHREERTHRISCENEEZE VN DIEZDE & BN
TIEHDVAD T —HRAHMNEATND EET NS,

KFEIAMCHHBDKRRAT—3 VIR DR - RERMKTFIE
(BE-EEIIZEEL)

Size and utilisation rate

] ==

S 36.5 Note:

o - - - - din

W B Annualisedcapex [l Opex (3% of Capex) excluding
on and distribution costs

s 0 d dist on costs

e

=

s 20 —

4

W

-]

— 10

|

=

5 1

1 159 50% 1
X Smal Smal Medium Large Industrial
BOKg H2 / day 200Kg H2 / day 400Kg H2 / day 1.000Kg H2 / day 5,000Kg H2 £ day
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BRI TDKFRAT—aVElwRIR

B RN TIIRTE, 144ERMDKRRAT—I3a UH\FE, B E 255 & 1908,

BRI CTDKRRT—23 2 DERIRR
ﬂ%

@@ In operation @ in progress

-
‘1

A9 .

> -

e H2mobility“H2Live” (2021/6/8HEER)
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FCHJUZOY IO H2ZMETTOKRAT—I3VE R

B N TIIFCHIUZOY T ORH2ME (2016 FEMNSEBETOI T IVRH2ZME2NRNEHDE TRY—K) T, 2015FH
52022FICMNFAODRAT—a VB FEEFCV(SYymbioDL VI T HORT A —INUE)TA008EANEEDH D,

B H2METE/HINLEAT—3 U Tl ##88E71200kg/dayDKBRERAT—3a RSz o120 5D
H2ME2 Tl KW HIREE N D KT WVWRT—3 0E—

HEBFEINDDH D,

H2MEZOJ1oH(2015-2022) DEEE

&

=] - hizk H2ME., H2ME2 T
KRR T—a 2 (EH
1Y 20

TSR 13(35MPa& 70MPa&Et)

AF1R 6(35MPa& 70MPa&Et)

*A50% 1

EiEsE H2ME. H2ME2TD
B

FCV 500

LOIUTIORT 900
Dl A

HRS locations under H2ME-1
@ lllustrative HRS locations under H2ME-2

STATION CAPACITY BY PROJECT

o

Under 100/ 201/ 401/  +1000
100 200 400 750

W H2me M H2mE 2

» The daily capacity of the stations has increased
over time, reflecting the increase in multi- use
stations with dual pressure options.
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H2ZME TOBRMBZEDKFZERAT—a 0 E{migstICET EHE

B NS E CTKERT—VaVEE - FCEE T4 BADIEHITER D H2MERSE

B RYTIHKERT -3 VERITUTCERT IEHETHY . URIERBDIZHDIN—F—v TFELT
H2mobilityZ#B#k. R I FETTEXRY N I—IBRE LTI B DEBLUD A,

B JS VAT Mg - VSR —TCKREEEMT TN S KRR T—I3 RV N I—ODIBEEZHD,

B AR TIIMFED/N\NTEBREICTA—HAUTFCV-RT—Y3 VB A OV I VNI ERHE TRE,

TIXLLTFDO LD ICEIE,

BRINTDERIDKR T—23 2 E(@EEE (F1H) E ENIC/ T DI RO - R ERRE

Initial strategy for HRS Level of risk: Number of HRS pressures
B e e il

Germany

France

Extensive national

coverage + major cities

Local/regional clusters
linked to demand

H2MOBILITY is a joint venture
between industry partners from
hydrogen production and retail,

as well as some automotive
involvement: demonstrates

High: first 100 HRS will have been
installed regardless of demand.
However, letters of intent to deploy
vehicles increasingly sought to
minimise risk of low utilisation

European programs

Low: demand is secured in

Individual investments, with
advance of investment decision

coordination by Mobilité

commitment and shares the risk.
Funding is received from National and

84 Mainly 700 bar

700 bar, 350 bar and dual

: : 12
() (captive fleet approach) Hydrogeéne France; joint pressure (350 bar + 700 bar)
venture in Paris (HysetCo)
Mainly regional (south- Moderate: stations built with ) : :
UK 5 e i Tk oDtk At oriste Individual investments with Mainly dual pressure
east) focus to bui 5
qg : - investment in projects which BOVPIRTLSULPOr: 1 (350 bar + 700 bar)
Sl hubs group vehicles and stations
Predominantly individual
Nordic region Develop network to allow High: network coverage achieved investments, with a joint
JAB 4B long distance mobility in advance of significant vehicle venture Strupture in 20 Mainly 700 bar
Ny Wy o resion deployment Denmark. Case is based on
AIA :l GIAR expected increases in vehicle
LA deployment
H#:H2ME “H2ME Emerging Conclusions”
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H2METORMZEDFCEE T EATEEHICEAT HEIE

B FUNEETKRAT—V3aVEE-FCEE T4 BADIEEHITE RS H2MEREE TIFLIT DO LS ICEEIE,

B RV TIERAERD, fR7ICEAE - /NADEINT SEAICH D &N, WODMDEHHERICHEEITEHRT HER
[CHDETND ANV IFEPERLUDERLN. ¥0V—FETOJ IV EIBLDDH D EIND,

B IJSURATIR VIITORT =N 90— NZADNBATNEICAHEBEICLVHBINT VS, 90 —F]
RIIREKRFZZHLITIZETNS,

B A FURTIEEME, N\, N\ZNBASIN, FREL/SSO—IVA—FII—RETHRINTVS, T5VRE

BICYOV—HANKREEEENSE TV BTN,
H2METORMSZIENDFCEL ) 71 EAIEEICEY S

Region lmtxal light u‘;‘:l;dcﬁy Total FCEVs on the road Diversity of vehicles Implications for overa]l hydroge
vehicle types applications (aprx. in summer 2020) deployed demand and HRS utilization

Germany

Demand is distributed across
¥ a‘ Mainly cars to date; Car clubs; B2B leasing;

= ‘2“ >750 growing numbers of Ride Pooling; local severalieitles: veryitew S ale
— trucks & buses authorities seeing high levels of utilisation
Recent adoption of taxis in Paris
France 1\ N Ranze-drtentad vans: Utility fleets; delivery vans; )
Eﬂ ~400 Caf»s e e g local & national agencies: has led to significant increases to
‘ ' taxis the hydrogen demand on the local
network
Recent adoption of taxis in London
UK Taxis; police vehicles; local )
=) >200 Passenger cars, vans authorities has led to significant increases to
:L-. S - N and buses the hydrogen demand on the local
‘;\* network
Demand is distributed across several
Nordic region : : a .
g ﬁ Passenger cars; some Local & natxon-al govgrnment cities: few HRS are seeing high levels
Ah 4h >300 buses and trucks agency fleets; taxis; private
=|F w TN customers of utilization. Programs now being
& = established t te t
& w w ished to promote taxi use.

H#:H2ME “H2ME Emerging Conclusions”
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H2METOREDOFCEEY T4 kFRFIAZERBATY

B RMNSEDKRERAT—Y3VEw-FCEEUTAEANRRZL LIS H2ZMETOKFRFRERKREUNINTVS,
fasRlXLL T DIRDEY .

B FCVOKFFHREZ—HdZY 2kg/day E—IRE. K72/N U TOFAEZ0.1kg/day & —=RE,

B FCV-NDDENSRDIEKRFMAEZRT—IIVETRI D ETHEIFEZREHEL TV S,

B HREE T RNV OEGFZEIMECLERTRENS—H T, TSV ADLEBRHDGEWEE ) T BAEICLELT
?%‘U$ﬁ%’%§(aﬁlﬁ0}maptive fleet)(TU—FDRMAMGHFEICIGU TR T3V ZEE) DEESOFERE
TEDF TS,

H2METOZEEDFCEEUT1kRFAEREAELY

300 300

Nurmber of FCEV cars

Assumed demand per FCEV car (kg/day) 2 2 2 2 2
Number of FCEV vans 20 196 45 - 5
Assumed demand per FCEV van (kg/day) 01 01 0.1 - 01
Total demand per day (kg) 1502 380 404 600 600
# of HRS for cars and vans 71 12 1 18 6
Average daily demand per HRS (kg) 18 32 37 33 100

Scandinavia includes data from Denmark, Norway, Sweden and Finland

HE:H2ME “H2ME Emerging Conclusions”
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2%  H2METOKRRT—I3aVBEANRR(FY - TS5 ZDH)

B RV INOETE, HiaaENIX200kg/dayl T,

| Ly
27 —v3Y KSR
A BRI D o
Air Liquide 10t 200kg/day TO0MPa IANTHYIIIR L—>—{#a
F—Ia
Linde 10U E 150kg/day TO0MPa SEFFAV Mo—S—{Hia
A T—I3a R
() 75z
ATF—23aDFA KREtHE
HiaEeH
Air Liquide 5Bt 200kg/day dual — b —Z— e (KRR KR)
ArevaH2G 12k 160kg/day 35MPa T00%RE FA ~MKERR
en/EIFER tariff
ArevaH2G 120k 80kg/day 35MPa T00%RE Ao MKERR
en/EIFER/ tariff
SEMITAN
McPhy/EIF 1 E 40kg/day 35MPa T00%RE FHA MKERR
ER/CASC tariff

HE:H2ME “H2ME Emerging Conclusions”
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RAYINIP 21 CDKFZERT—3aIADHBIEFIE

B NIP 2TIKRRT U3 VIR U TN 58 ZE 1R, KToKEFREEICISRERSRIEE DED DAL ZH#EN,
B FEER(TBHICIE RT =3V THIGT SKEDSEILLENT ) —2VKETHDIUENH D,

NIP 2ICHIFTBKEFERT—Ia VBN ERN

Eins

T
WEERMF

XED5E!

E) CCCRHIENEEST | E SN D,

BT EIE AT =3 VRERICH O TRET SBENMEE (BYH S URMR. MiHEE) L UHE
ZEEE (155T. MMEAEE) (N9 b aie g (EHAILEFRLY)

SRIE(€280/kW) ELLEBUL GEMD D35, 4E)

(FHEH7RL)

KFEAT—VAVDEERFRAEL RETINKRICEDH DT —KRDEIGH,
PREEE50% THICEZIHTEIENDET B,

KEfREKRRAT—VaVAICHIAT GG RABNIND100%ZEBIRET Db
ENHd.

KZERT—U3VIFAFIDDANNnex IIICEH DEBH () ICHED NEN G D,
KISOEAE(ISO/TS 20100.ISO 14687-2) ICRONHENHD

8 NOW* Aufruf zur Antragseinreichung zur F6 rderung von 6 ffentlich zuga nglichen Wasserstofftankstellen im StraBenverkehr (05/2019) ”
https://www.now-gmbh.de/wp-content/uploads/2020/06/2019-05 nip aufruf oeffentliche-tankstellen.pdf
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ROYTOFCrSYIRKRRAT—I3aIADHBIEHIE

B 201 9FFICERBNMNIRUZISERE OIS L2030 12T 2726, 202 1F8HICBMWI (5@ TI4
WA ITSB)DSEERENIRIIUBRRRINT

B KRT1TVISADTREEV T BHEEICEAITIZHDSEINZIRETINDIE T, EZEETEEH,

B [RUERFREZETOISL20301DERFIRIVF—SIEEE (Energie- und Klimafonds) ' SiREEIN TS,

RYTHOFCrSYIRKRRT—a I ADFHRIEHREDERN

HEDRE

MRIEMN S YIRSV AT FEIFBHRRT—3 ). R UICE
ERKBRAT—I3 IADEREICHIZ>TOXZEDSE

(AKX EZEIL1500 F€E T MOZEFHIEEDHAITTET D)

) CCICIFK R R R (B ERSS X2 (ERIAKEFRT VD). [EfEtk, TLo—o— BB TR

UbL—3, ZOMPHEERENZEND,
BREREERI R

EEH (FHBH7RL)

EiRsE

H 8 NOW* Aufruf zur Antragseinreichung zur F6 rderung von 6 ffentlich zuga nglichen Wasserstofftankstellen im StraBenverkehr (05/2019) ”

https://www.bmu.de/fileadmin/Daten BMU/Pools/Broschueren/klimaschutzprogramm 2030 bf.pdf
EEHEIT/ERR
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BRIV =27 1 —ILDFER(T/14)

B KRICEATDIEERIL—LT—UX12BICTEHRT D FEELTHY . SRIKR  HADBRKRIEICE T SRR

MEEZH SIREINDTE,

IR Ok REE) URL

Revised RED Il

EU-ETS

Energy
Taxation
Directive

FuelEU
Maritime
Proposal

CO2 standards
for cars and
vans

Alternative fuel
infrastructure
regulation

BETRERBIEHDEU-WideDEREER ¥ — AICKETENS

FNBLSICRF—LEILTT S, (P7)

*RFNBOB#Z2.6 %M R E . (P13)

2&‘%)%2%?“0)*?*%0)5 550%ZBIREFEIC,
P36

FRIRDIV—IVTIIETSDOM RN T DIKERR TDKFR
BEZEU-ETSICINZ B & &R, (P501)

BErRE - KRFKRZERQHEENFIAT IROE®E
BEHNMEEIN TS,

LB RFDKFEIET0FEDBITHAIRIDEELER R
D2/3hEAETNS. (P31)
BEARETRIVF —HRDKFR e-fuel TRIEFZEICE
9%, (Table2)

RETILBLHEEIRFICH W THSPDHERGE- KK
RRBDRAN-INTND, (KEDHICRST . EZH
SEMRINBIXY/—IL-PIEZTED)

AP B GREEEIIHFhE2030F55%. 2035
F100%)HREINTHUKRILZED—FK,

TEN-TRY ;D=2 (FELREFEER) A2 T150km
CEICKBRAT—Ua VD ERIND. BETH./—FIC
VLW TEEKRTH Do

https://ec.europa.eu/commission/presscorner/detail/en/fs 21 367HB LUV REEHDRS I ESELT=,

https://ec.europa.eu/info/sites/default/files/amen
dment-renewable-energy-directive-2030-climate-
target-with-annexes_en.pdf

https://ec.europa.eu/info/sites/default/files/revisio
n-eu-ets_with-annex_en_0.pdf

https://ec.europa.eu/info/sites/default/files/revisio
n_of the energy tax directive 0.pdf

https://ec.europa.eu/info/sites/default/files/fueleu
__maritime_-
_green_european_maritime_space.pdf

https://ec.europa.eu/info/sites/default/files/amen
dment-regulation-co2-emission-standards-cars-
vans-with-annexes_en.pdf

https://ec.europa.eu/info/sites/default/files/revisio
n_of the directive_on_deployment_of the alter
native_fuels_infrastructure_with_annex_0.pdf
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BI®ES

(RED II) O:E&HFERFI CHREITICOWT(RYEAEDH)

m RED IICI3#ERAARHIREAL T SMBEEHENE CRHEGSERA ICBRERERHN TS EERHTND,

B RYTEOGEFIRR - BARE - RZE2E (BMU)N2021F5HICRED ITZE2 T 7o&E#HERFIDHELERRICEE T
BSENENTUEZ RN, 2026 FICEUN2030FBIRZRIEIL CEM T DERELED T D,

B EEERFICORED DR EEREDMNILLTDRDEY . 25, THDFit for 55MRBEHEC U,

BIX
PN
%

R
BER
RAR
HliRK

V)&
P2X
AB#&E

RED II(2018)
THBERER

2030FXTISEEH &£
UEhEEZE COHRETR
WEF—D14%U LZ=H
ERRETRIVF—ICKY
fHtido

%2021FE7HDFit for
55Clx. BIREHN-B
TRAEIDEREERFIEA
IC&YW2030FIC13%
HERDZEIZEE A
(Article 1(14))

*2021FE7HNDFit for
55TC20304FIC
RFNBO2.6%EANH
E8 A,

(Article 1(14))
FE72203 0FICEZEERPT
THIRAT3KEDS2ZE
RFNBO& 9%,
(Article 1(11))

BEEZED THREHL
REXECBRERE
E51tT.

SREEEEL TR
AR | g
ALy

1z BEICHBHLS
EEEMITOBEIRY
LIy hHIEEEREZE K
H3o

SREEEEL TR
PHAREE - B
ERIEM T

2021F58IC
RED IIZEMRE
[C1To

2021F5A8IC
GHGHIEZ#ZE

=n
BXAC o

X*Fit for 550
BITIEERE,

X*Fit for 55M
BITIERE,

EEREPIDHRLERIRICR TS

RYERZE(2021F5A8)
ERDREIIREREIL2026FXT

[SEEFRFIDIRIVF—HED14%%
BIRHEFREL.2030FXTIC28%
EITRIRBERIND,

EROBFHHREEENGHGHEHE
E—ENEISTHIR T 2FEBEFIN
TW3,(GHG Quota)
Greenhouse gas reduction
QuotaTlx2020FMN6.5%HIiFBIE
ZHEHT2026F(TEEMRATR10%
HliRk. 203 0FE25%HliRo
BRHENNITPAF)—FELEETDT
—2kZMAIZ2ETHI b,

ZZERFIC2030F X CTIC AR =
2%8 Ao

X2021FE7HDFit for 55T, fin
ZZERFIDO—R VY "refuelEU
aviation” C. finz2fAEHitiREE S
EH SN AIEEIS DA RREMEED
FEMAIFEINT, (18h)

X2021F7ADFit for 55

Tk BIRBHEOESEE
EUTCOHEENIRE,
RFENBORS{LAFILETT7
ZRDIWNE,

(Article 1(19))
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S5  FMYERZETOBREREICHTINRFTIVT1

m [Greenhouse gas reduction Quatal Tl&. CO2HIBD BRZRZENITHUT. €470/t-CO2DRFIVT«
HESNB,

Regulations on the - ( (ﬁ Fachverband

GHG quota < BIOGAS
* Petroleum industry must ensure GHG reduction

« 2015/2016 2>35%

« 2017 t0 2019 > 4%

* From 2020 2>6%

L]

Bringing fossil fuels into the market triggers quotas.
Calculation of quota fulfilment compared to base value: 83.8 g CO,/MJ
* According to 37. BImSchV 94 g CO,/MJ

LJ

Penalty for not meeting the quota: 0.47 €/kg CO, = 470 €/t CO,
In comparison to CO, certificates: 7 €/t CO,

L]

) PowerPoint-Prisentation (biosurf.eu

MIZWHO Mizuho Research & Technologies
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64


http://www.biosurf.eu/wordpress/wp-content/uploads/2015/06/5.-Hofmann.pdf

Fit for 55 TOMZBIARIRHIIC DV T (SRR DO HIaERTF)

B 2021F78ICFit for 55/V o —IMN—E&E U TIRE I N, "TReFuelEU Aviation] Tl&. fnZEtiiritia
FEHIC.EURDZEEICEWTTERDBYED SNIEEDSAFEHIGT D EEFFFTT T LD,

B H3EHIREHREICH VT ROESNDZEDSAFHEH TELN /IS MEREMEAEEE LT DHRDER
HEHR CTARD ZHEL THIBZ T OMNENH S,

B 2 ERFOSIEIIBEICEDT2023FRETITRETND . VR EEFEBDIETTES X 2R LI
D2ETHINENH D,

“ReFuelEU Aviation” TOSAFHIEEHERE

2025- 2030- 2035- 2040- 2045- 2050-
2029 2034 2039 2044 2049
SAF =152 % &E5%, ®&E20%. ®mIE32%. ®mIE38%. ®mIEK63%.
(xgElS)
aie  — LEDSAFD  EDSAFD  EDSAFD EDSAFD  EDSAFD
(IFt5Ela) =N SN EESN o5, o5,
SRREIDY SRR SEEIDY  SRUARIAY SRR
={K0.7% &I&5% =IE8% =E11% &IE28%

HigE:

https://ec.europa.eu/info/sites/default/files/refueleu_aviation - sustainable aviation fuels.pdf

#HEITHER
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https://ec.europa.eu/info/sites/default/files/refueleu_aviation_-_sustainable_aviation_fuels.pdf

Fit for 55 TORRMAARHRHIC DT

m 2021F78ICFit for 55/ T—ID—8ELTIREIN. TFuelEU MaritimelTl&. 5000t EDEURA
DBICEFBE TS, FRIEBFDIEUKITHERETIMETREL T MELREDIMMDETICEETZF OMERE-EAZE
HEIDONZ(Z, RO IRV F—HE (S GHGHER IR Z R TV 5,

B BiEREDGSIIBEEADCOHLEIZEU R T IV T4 ZZH S NENSH D,

B GHGHEEDEEIZHzY . RED IICTEHSNIZRFNBO &, EREESN/zCOHEEE (K IXESH SNI=T T A IV
DHEE) AV &N TEFRS,

B D NEEEEADORICDOVTE MEEEEDBICTETEE. TOMOEEIRILF—DO5E|CZDEHEIMN
BRATNARTEVDRENCOFEHTINT LD,

“ReFuelEU Maritime” CORRMENDIRIVE—EEICHS GHGHEIBBEZ

2025- 2030- 2035- 2040- 2045- 2050-
2029 2034 2039 2044 2049

2020%FtE ®IK2% =156 %, =IEK13%. =IEK26%. ®mIE59%. ®IEK75%.
HIBEI S

XE&'E{EE&

DILEFHS

[CHWVWTRE

TNd,

Hi 8
https://ec.europa.eu/info/sites/default/files/refueleu_aviation - sustainable aviation fuels.pdf

#HEITHER
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Fit for 55 TORBRBA 2 ITSRABICDWNT

B 2021F78HICFit for 55/VwT—ID—E&ELTIREIN/Z. TAlternative fuel infrastructure
directive ] TI& MEEEICHUT2030FETICTEN-T (EERER) (T8> CTHtigRE N2t /day = >/ 7005/
DKZERT—30E150km &I CRIAKZRT—a0DBERIFA50km &) Bif T D & E2FEMIT TS,

B TEN-TOREH./—RICEKRRT—a0EDPR<KEBIDRETDEEEIC. RBELEEZIRETT D,

B 2024 FFXTICEBIZM VI SE AR EBREIE R D= DBERBHEA DR S TN EERIZIRE T 2UEN
5D, TICIFE mEtE & REFINRERBE. CNZENK T DHICHBRBERHAH . EUDITARNEE) 71 &
L TDcaptive fleetD7zd DA 2 7 > matiEl EHEF CORBIAREA 2 7 S R{SEDHESR. =8 W0EE, Wi
AT TOREBREA VTS EETENEVIAFTNDINEN DD,

B H. BINDEEFFETOY S ALIConnecting Europe Facility 709 3542021-2027 (CEF I 1%, k&
ZH)IXFIHNL. FEFIS330EI—0) D6 0% EEZ BT RZIREDI=H DHBERIE (CHLE I S EHE),

B BEAREREIPCRR R DD DREBRE 1 T3(12. CEFDOBIRE S ERIEEN S DB = HAENE TES
ZIREUL REDNRESHZ BRI T 7V T4 INREINDFETH D,

https://ec.europa.eu/eurost
at/statistics-

explained/index.php?title= /;

File:TEN- §
T_Core_Network_Corrido

rs_(Freight_and_Passenge P < refuelling infrastructure
IR SRR vl T o e ———

RRNtElrEmE Ry kO —OTEN-T (A% - RAEA) & MNBBETRICLSTEN-TICEDR
o HDVREITKFERAT—3 U EREDIRE (2030FZFE )

KIRETIF200kmB =V EFRER>THY. Fit for 55LENRRBEICEE.

Baltic - Adriatic

nnnnnnnnnnnnnnnn

nnnnnn
North Sea - Mediterranean

Hi#8: ACEA” Heavy-duty
vehicles: Charging and

requirements’’ 0 5 10 50 100 500
; e —
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BRI ERORE NS FROMISA X —

B FERAMBERICLSENCRADOHZERELZHED. RELNRIREEZ S SARDMIGZE L TDRICSRT,

RELAFERERE) | AROFAIGE: VIR B E/IIR)
MREZESE(RUE—BITHBICEICEBE

<1kWIZE REF

~EKW EBkk. 32T, NABIEEH (FEIE)
g%%i’@ﬁﬁﬂ#%ﬁﬁ TR, GS. BMEfF

~E+kWaTH NBIEEE, R, TTEEEER
A4, AVEZ RSV IT RN, DEBIHRE
=

kWi KE, NEMEER. R TIVGEBIEER. T YRR BmA—/\—

~BkWIZE 2@5’@‘52 =Lt 59— DEBIRE
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ERmEtI AV 5ENTE-BELLDEE

B ZEEYER COIRIVF—FEICIDVWT AR—IRENE
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KRETOCHPEART D IvILDiRE

B KETIIDOENERR EERATHIIIRL—I3a VDERE - EHERRT vV E RIREICREE,
B BT EE. B BR B SR Vo EEICPVWTRKEREART VIV ILERRAATD,

DOEIC &L B KRETORFRA - EXRANDCHPEART v UiRET

50-500 kW (MW ) 0.5-1 MW (MW) 1-5 MW (MW) 5-20 MW (MW ) >20 MW (MW) Total MW
Industrial Facility Capacity Capacity Capacity Capacity Capacity Capadty
#Sites | (MW) | #Sites | (MW) | #Sites | (MW) | #Sites | (MW) | #Sites | (MW) | #Sites | (MW)
Chemicals 5,507 1,003 1,315 955 2,231 4,935 883 7,822 220 9,514 10,156 24,229
Petroleum Refining 26 4 201 143 370 890 86 912 135 8,625 818 10,574
Food 6,656 1,283 1,115 818 1,544 3,001 266 2,307 36 1,683 9,617 9,092
Paper 1,813 467 497 345 643 1,423 186 1,802 77 3,263 3,216 7,299
Primary Metals 1.529 360 563 407 522 1145 204 2186 5 27137 2.893 5835
Lumber and Wood 5,737 1,030 830 572 647 1,231 56 383 3 76 7,273 3,292
Textiles 1,353 281 317 244 588 1,166 145 1,163 8 241 2,411 3,095
Transportation Equip. 2,226 364 432 337 457 915 95 860 10 256 3,270 2,733
Rubbe r/Misc Plastics 5,891 957 538 372 268 488 34 381 4 104 6,735 2,302
Stone /Clay/Glass 106 16 28 23 203 639 108 901 5 136 450 1,714
Oil and Gas Extraction 217 53 89 63 99 201 21 161 1 60 427 538
Gas Processing 285 60 78 56 79 171 10 &0 1 47 453 413
Fabricated Metals 1,405 180 26 15 3 5 3 29 0 0 1,437 229
Machinery/Computer Equip. 348 54 29 21 53 109 - 29 0 0 434 212
Printing 878 121 54 37 13 23 0 0 0 0 945 182
Instruments 275 39 13 8 27 57 1 6 0 0 316 110
Misc. Manufacturing 395 57 20 16 12 26 1 5 ] 0 428 104
Furniture 177 25 4 3 1 1 0 0 0 0 182 29
Mining, Except Oil and Gas 5 1 2 1 5 8 2 13 0 0 14 23
Beverage and Tobacco 2 0.3 0 0 0 0 0 0 0 0 2 0.3
Total 34,831 6,354 6,201 4,435 7,765 16,435 2,105 19,039 575 26,742 | 51,477 | 73,006

HAT KETIRILF—ECombined Head and Power (CHP) Technical Potential in the United States(2016)
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B 2021FICIE750kWDET IV EFHR. Bl 5Fa1 (2R S EEEL TR MR 13

Model No.
Output
Efficiency
Cost ($/kW)

H 8 :Bloom
EnergyftIRER}

2008

Cen

Bloom ES5000
100 kW
48%
$18,136"

58,000

57,000

56,000

$5,000

54,000

3,000

$2,000

2011 2013

2015

2020/2021

Bloom ES5700 Bloom ES5710 Bloom ES5 Bloom ES5 Bloom ESX
200 kW 250 kW 500 kW 500 kW 750 kW
55% 60% 63% 65% >65%

$11,934 $10,346 $7,082 $3,023 <$2,715

$7,150 Product Cost of Acceptances Historical Trend
57,652“" 4%
Vuﬁ!m*_:_';
55.40;"“"'-M
55,886 -
k._h_sdéz}
$4,776 1 33 % T, $4,504
Yo Reduction ‘h""‘-._
34,128 3810 T 20% a7 "1“;{'~~_~_“ $3,501
LN J o Reduction -"“-.,__
Y -“""A..
$3,402 53,023"{..4_‘3 %
33% Annual Cost $3,159 FTmdcton
Reduction v $2,715 4
Y
2015 2016 2017 14% Annual 2018 2019
-Q1 - FY Average Cost
Reduction
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Residential |1.6

Public |1.4

Commercial | 0.6

Other | 0.6

0 50 100 200 300 400
MW
- " mation Service
Original
Compan Product Type Capaci Application Field
pany yp pacity Technology PP
POSCO Energy MCFC 300kW, 2.5MW FuelCell Energy Utility
PEMFC 600W, TkW, SkW, Fuel Cell Power Residential/
10kW Commercial
Doosan PAFC 400kW Clearedge Power Utility
SOFC 5~20kW Ceres Power Commercial
PEMFC 1~10kW CETI, GS Fuel Cell Commercial
S-FuelCell
PAFC 100kW S-FuelCell Utility
SK E&C SOFC 300kW Bloom Energy Utility H$i#2:"The Hydrogen Economy
South Korea
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H#i: PACE“Summary report on specifications for newest model deployment in PACE(May 2021)" &£ &ITYER
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SERMCGHER) | SEAB(EFA) R

#—2ZF  AGL Energy JIFET JIv— EVR)7HDBRZEHRIEL. CCSEADETIT IV —KFREELE, 20155128
SU7 (BAH-HR) ERE¥E BAEAGH, (N10OvSEEE
J-Power CO2(FmEmCCSTOIy T o hCarbonNetIC5IEELTE, JOJ TR
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FREE 2030FLUEIC22.5 B /FEDXKFEEHEFES
DITIVIVIND
NESAR
ENEOS
H2U =EET =2 AA—ZANSUTPDI7HETI20t/HD7 VE=7ARERA LU 2018%F2H
(TVoIZ7PUVD) BRI (FEEHRER) B Z1T . A1 At/ FOBIRKREAAL/F (ZZETIZ
Thyssenkrupp DITIV=IOF7 IJEZT7DEFERENZR D, 2020%F11H
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CK.AHRY—ED) EDMHARY—E D TOEEEICHEFE.
Origin Energy (&7) JINFET -2 DA—2DIRXSIRMIIIXEINTHI—UKEFRIE-SE IO T 2021%F48
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ENEOS g)—= DA4—DIXSIRMDSDMCHIC & BT —kZEEET TS54 2021588
FI—JIBERED=HDEE =R
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VKEY T SAFI—VICEAT DIRER EHR. HE TR
Stanwell(ZA) aREE Jg)—=2 DA—IXSIRMISYRRAN T —UKERE RRIESRNE K1 2021F91
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BIFEEN HDEEEHE. 2026 FE100t/H. 203 1FELIEFIC800t/HIL
FAL LOKREEREEEHIET
Fortescue Future ENEOS Jg)—= BRIV kFY TSAFI—UBEICHITIRERS EERT 2021598
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4%Vl SEDC Energy(&#h) ENEOS -2 NL—7 SO MICHENT KARERICEVEB S HRIEDC 2020%F108
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SE  ZEETDKEANRY—EISAIFYT

GT Model Output (MW)*  Combustor Type Hz (vol%)
sc cc 0 50 100

H-25 60/50Hz 41/41  60/60 | Diffusion 100
Multi-Cluster (DLN) | 30—100 (target)

H-100 60/50Hz  106/116 150/171  Pre-Mix (DLN) 30
Multi-Cluster (DLN) = 100 (target)

M501F  60Hz 185 285 Diffusion 100
Pre-Mix (DLN) 30
Multi-Cluster (DLN) 100 (target)
M501GAC 60Hz | 283 427 Pre-Mix (DLN) 30
Multi-Cluster (DLN) = 100 (target)
M501J oonz | 330 484 Pre-Mix (DLN) 30
M501AC 435 630 Multi-Cluster (DLN) 100 (target)
M701F 50Hz | 385 566 Diffusion 100
Pre-Mix (DLN) 30
Multi-Cluster (DLN) 100 (target)
M701J soHz 478 701 Pre-Mix (DLN) 30
M701JAC 448-574 650-840  Multi-Cluster (DLN) | 100 (target)

I Diffusion M Pre-Mix (DLN) 7 Multi-Cluster (DLN) current

I Multi-Cluster (DLN) target under development
* Output is reference at natural gas firing

H8#: Prof. Emmanouil Kakaras(Mitsubishi Power Europe GmbH) “Current picture of co-firing and future prospects for hydrogen-rich fuels”
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S ZEETDIKRHRY—E VB AGE

Zero Carbon Humber (H2H Saltend)
M701F, 1202MW (3 CCGT)
Hull, Humber, UK

Energy Decarbonization

Decarbonizing Entergy’ utilities

H2M (Magnum) 4 Southern States®, USA
M701F, 440MW (1 CCGT outof 3 CCGT) *Arkansas, Louisiana, Mississippi and Texas

Eemshaven, the Netherlands

Intermountain Power
M501JAC, 840MW (1 CCGT)
Salt lake City, Utah, USA

Advanced Clean Energy Storage |
Green Hydrogen Production and Storage
Salt lake City, Utah, USA

Keppel Data Canter ?
Tri-generation plant with H2 GT
Singapore

H2U

Carbon-free ammonia production PJ with H2 GT
South Australia

H8#: Prof. Emmanouil Kakaras(Mitsubishi Power Europe GmbH) “Current picture of co-firing and future prospects for hydrogen-rich fuels”
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2% SiemensDKEHRAI—-EISI1IFvD

B 2030FFTICKBDARY—E D TEKREHEAREICT DETH,

Siemens is continuously investing into developing 100%
hydrogen capabilities by 2030

The pathway to burn 100% hydrogen

0% 25% Investments for upgrading the
lobal fleet of gas turbines by
5GT5 9000HL e g d
= --“' making them a key technology for

transitioning to a decarbonized world

Large GTs: >45 years of accumulated
experience on H; (syngas) combustion

Medium GTs: >10 years experience
based on H, admixture

Small GTs: =1 m OH of high hydrogen
combustion experience

Aero GTs: >100k hours of recorded
unitil 2023 = 100% H* in until 2030 = 100% H* in gp&raﬁon on h|gh h}rdrogen fuels [up to
Industrial Gas turbines Heaﬂ Dl.l'l.'!I Gas turbines 78 ‘U'ﬂl‘.";l]

Raleased hydrogen capability Bl Ongoing Development

1 The parformance may be reduced based on H; concenlration. emissions requirement and power rating Dr. Vinayaka Makul Prasad 15

April 2021 Unrestricled & Siemens Enargy. 2021

H8#: Prof. Emmanouil Kakaras(Mitsubishi Power Europe GmbH) “Current picture of co-firing and future prospects for hydrogen-rich fuels”
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& GEDKFEARY—EVRATLE

B 20215 TICRIR UK RERARAZ 9 —E V% Long RidgelTBA. T 5ICKREIAE L TL<EHE,

F and HA DLN 2.6, 2.6+ US DOE High Hydrogen 50% Hydrogen capable
combustion systems Turbine Program combustor for HA gas turbines

First commercial use: 1996 Program dates: 2005-2012 First commercial operation: 2021*
Fuel nozzles: 6 Fuel injectors: > 500
H2 limits: ~ 5 to ~18% (by volume) GE Gas Power developed a H2 limits: ~ 50% (by volume)
combustion system targeted at
Operation on hlgh HZ er'S *COD expected in 2021 on 100% natural gas
Long Ridge Energy Terminal (USA) Tallawarra B (Australia)

———

* LongRidge Energy intends to begin blending hydrogen in * EnergyAustralia intends to begin blending hydrogen in their L8t Jeffrey Goldmeer
their new 7HA.02 gas turbine later this year new 9F.05 gas turbine starting in 2025 (GE Gas Power) “GE

* The owner's plan is to transition the plant to 100% * This will be the first 9F gas turbine to operate on a blend of Gas Power - Hydrogen
hydrogen in 10 years hydrogen and natural gas Technology

MIZWHO Mizuho Research & Technologies 103
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B ZEBIXWRICIEPEMAEL THY., 2030FEICITHLMICRDEVOERNZE,

B SOECIE. BENEUSERIN. N DOSOECAHAFAEHF TS IETOTATHICFIAEIND %,

RO I EBREFRMICRET 28/ EDIRE
v BEERMEICENTZPEMAEL THY2030FICIEFLONICRD EREFTIDIEHBRENZE,
2 1Z UEERTr ™ EREm cChELENNE,
v —BEOEHREIIIRICENDSOECAIEOCLXICEVWTHFEND VWS FREZES,
BRERERMEIZ DV TIXRLER R E Tt ivo

2020 2030
7
BECHR>T I ERiadc
AiREINIFUF
<BEIBRApR> | £ |
AN EEBIX S AEC
mgEEmEIOMW |24
KFZEA:20-30bar | © PEMEC
KE=RAZR ARAEEA % 3 1 | SOEC
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<EBAE> = 3 4
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https://doi.org/10.1016/j.ijhydene.2017.10.045

FEKEHEI AT LDCAPEXREL(2030)

ffs.,m; 2 FHEVICI-TERINTVSYFUA
SWKEMEEICTHBU T (£ A MBI T LS
ERPRDASL. P v——

v R&DEBSHBIADHENHREADERT—R T, T o108
BHERBLORRET2030FMETKWSEY, €500 - o P
(7IL711)). €600(PEM). €1886(SOEC) &L\ 57K, = | -

RD&D:2.5GW/FENEERIE

BHEICKDBEKEFRIXTLNDCAPEXREL(2030)

5000
+ Capital costs (R&D) PEMEC SOEC
4500 .
Capital costs (RD&D) ¢
4000 - T T
1 1x 2x 10x R&D funding | l t
—~ 3500 1 } )| 90™ percentile b
= ] 1 % 50 percentile T
< 3000 10t percentile ¢
w§ 1 = 2016 reference values | ?
+ 2500 1 PEM (2016) ' ¢
§ ] AEC
T 2000 l I |
s ]
G 1500 ] 7}l/jJIJ | ]
1@o16) |4 + 1| T 1 1 I
E 4 L " 1 * + : .
1000 ] I I l I $ * i l T 6 T H ;
] l $ I e ‘ : - T .
500 4 = = T
o ]
Expert D Expert E Expert B Expert D Expert C Expert G Expert F Expert | Expert A Expert H

(Industry) (Industry) (Academic) (Industry) (Industry) (Industry) (Academic) (Academic) (Academic) (Industry)
H#2:0. Schmidt,et al.,“Future cost and performance of water electrolysis: An expert elicitation study”, https://doi.ora/10.1016/i.ijhydene.2017.10.045
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v BAAREL THY. DI R RELOIE TR | i
RBUDBHHIC NS N EHBINTS,

&0 ROED RED ROED RED RD&D

PEM m.
v  TZILAVJICHAREMIMNC ENnTH S . R&DICE2 B & L T [ﬁ*
A2 ME RS ERH ATV EEZ SN TS, PEM

v EESEILKICEDSIAMERBMRIATVEER

S5NTVBDIET7 LAY E[Fk, |£

H.&IJ RO&D H&IJ RD&D It.&.IJ ItIJ&IJ

SRS\ BEZEDIR NEELDIEE AT <Hiif SOEC
BIRDASHA KT \ZENEZ B

v BCEERICEV\TEEREILANAS IR~ 2] 2 1 (229
ERREREDEEAENT\S,
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H#8:0. Schmidt,et al.,“Future cost and performance of water electrolysis: An expert 1x x 10%
elicitation study”, https://doi.ora/10.1016/i.iihydene.2017.10.045
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Hi#8: A, Hauch et al.” Recent advances in solid oxide cell technology .
for electrolysis” Year of commisioning
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ERHYBELEE : Maximilian Bernt, 1,2,*,z Armin Siebel, 2,* and Hubert A. Gasteiger2,* Analysis of Voltage Losses in PEM Water Electrolyzers with Low
Platinum Group Metal Loadings(Journal of The Electrochemical Society, 165 (5) F305-F314 (2018))
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“research needs towards sustainable production of fuels and H PEM electrolysis m AEM electrolysis m SOEC electrolysis m PEC - STCH

chemicals” New technology 20-25 years from impact even with aggressive assumptions

Need focus on near term technology to accelerate 15t 10 years

Hi#:Kathy Ayers“Commercial Electrolysis:Setting the Stage for H2@Scale”
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H#: IRENA“Green Hydrogen Cost Reduction” 2020 i i 0% 0
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KZRIFEEUT 1 - BbHETEFIA,

REDSHEELIETU—VENTTZY
E-PEE2R M, BT ES
PISUNET - NEGR,

KABRDI)—2VKREERMZEIR
BICX5/—)V-IT5./—)v. DMEZR
EDRRERHE,

KBSt BADEANSTU—2kR
RS,
(FAOHELIOSM%171—X)

KBt BADEANS T -2k
EREL. FYUPELTPIEDTZE
RS EANEEERFCNR NS0
Afitis.

=R % 1 EKRETRERICERIR, -
ARSI ) — 2 KkREFA.

30MwW
=>700MW

20MW

88MwW

20MW

HGWik
(650t/H)

500MW

2020%F8AICBMWIICER, -Orsted(EH)
S5&EO0I T MDA, ‘Hynamics(EA)
2023 FEEMHIBTFE, -Raffinerie Heide
(2025F OOV (UIPA4F)—)
F2TT—ATT00MWALL  Holcim(EXk)
AEHE) £

2023 F BRI T E. *CF Industries

(2021 F&FE%Fm) (RE#H)

2023 F ¥ EEGMEIRTE. Hydro-Quebec

(BH)
2023 FEEHFATE, -NEOM (EE££4RTH)
2025FEERFA, -Acwa Power(EAH)
Air Products(E%
HR)
‘NEOM (EE££40H)
2025 FEERRIA T RE, -Steag(ITRILF—)
(2023F(CIZRERE)

i REARIRRES SICFER
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SZ . 2=y JstEEEd OV T MI(F1Y TWestkiiste 1001 )

JOIVIOOBE - R T—-IV 7Y T EHE

Step1 SELFEAEIOMWD 7 VA ERRIC KD KEEE

cDRT LDER. RSE. FIE. HXVT) Y RDFRSFHEDRESE
‘R1Y HeideZSHFrDOEFETOERADT ) —UKEHKEE
- IKRETER. BE3R - BAOD SRR OARELE

- TOOMWICEBfRRRBEZER T—IL7Y T

MR DB D ERE F
R DIKFINA TS &N UHeideDATEERICEHE, X
RHRAXY T —=IOAND—EPKRES

SERIRE - IRILF—E(BMWi)DIReallabor ) GrEdTIC &
DG DEERBED IR T —EREFRELEZTOTSL)D
B 3000 B€Z%27T2020F88 &Y E .

-380kVEEER BEMNEEICIFE
BSHFT COKFRFR. KRITEISEUZAE N — LADFE
-(RBIREMD) N\ T IV T BN HEICFE

xi&

iy
5K

WESTKUSTE100

30 MW electrolysis system
> Main application to supply the

PILOT PLANT

=

WESTKUSTE refinery process gas grid
> Parallel tasks on H2 storage,
1 oxygen and waste heat e-fuels
> Total invest ~ € 89 mio, of which
> 30 mio co-funded by BMWi
@ @
>10 MW class >50 MW class
o~ T,

<100

E Industrial scale green hydrogen and decarbonization

R

> Applications: refinery, mobility,

>100 MW class

wwesthuestel00.de

He#: Westkiiste 100 HP

UPSCALING
~ 700 MW electrolysis system
> Holistic applications of green
H2 and e-fuels in all sectors

> Research and development on

o
=5 o
b
o ‘e :Klemens Kaar(@rsted)

“Reallabor WestkUlste 100”
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ThyssenkruppDKEfEBAR{LOO—RT Y S

2T—=IV7Y D DEHE

v BESHOEMBIELEI20MW,

v 2021F6RICIZTGW/FEAEKE
RRELERNZILAT DETEZE
FERUTVWED 10RICIXEER
BRESGW/FEAEES SRR E
DETEZFRK,

Pave the way to industrial series production with high volumes
and strong partnerships

GWRT—=IVEXHT 5FK
OIRE-EI21-IUE QBERMDEFF

vV IRBE(EINIZ20MWED 21—V ERH, vV ROYEREE MREDERESE
v 7SN EFTIDTYVILDERICE D iR TOY I RH2GigallcSE,
JRX D EEE RIEREBBRYVIZRAFETDHEEEIC,
20 MW 100 MW 000 bW E%_I'EEFEODT M@Q@J'ﬂﬁ DI—I_\T'ng
BERIR e ,,
|| T e e e ‘ I - .
Specific Cost Reduct ¢ ------------- 2 2 H#: Thyssenkruppit
i$i#8: Christoph Noeres(Thyssenkrupp) “Why the Industrial Sector is No1 Driver to Scale-up of Green Hydrogen Today” . —Uw -~ FLRUY=2
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SiemensDsEDAKBKEFRFEEASTH

B 2024 FRXTICHAMW~HEMWOEBEEEEERRRIA T E . BL-OEH TIEGWIROEASHBEFRER A,
B 5(CSAF-e-fuel/@ EGRUIRRIZELE R DIRALE U T OKRERICEBERII CEX Y DR,

BATOT1IHED B BEMYAGHE

WUN H2
(F1Y)

JOJTIMETHA
(UAE)

JOYTIETER
(FYBMWiJ72R)

FlagshipOne
(RI9T—F2)

Haru Oni
(F)

Murchison
Renewable
Hydrogen
()

ROYRKBROBREDEAEER RE  8.75MW 20215 7R IR,
REAICHES T HEHIC KFRIXF— (®KR1350tH2/%F) 202 1FKRHEEHTFE.
S—EnE bSvo - NZ2DOMEIE UL THIA,

SAF. RS- /N [IF7KSR. fafa AR AHA 2022FFXTICTS U
ZEETRRHDIT)—2KFEEZ20MW  EKR1000tH2/%F)  HERFRE,
DRGNS ERF TEE FRDRT—

)l/?‘yjf;*ﬁé\ o

FYNRWHDOberhausen 30MW 2023FHEAXTIC20
3O0MWODEFRREE A STEZFR. MWD ERREE ERE.
Air Liquide DEEERKER - BER/IN1 T 51 ZD%3I0MWICHiEERT
JICEREEERS . EXSH. FHELE Eo

U7 1 AIFISKERR,

JLEREROrnskoldsvik THEA ZHED 70MW EREES ARATH,
CO2&T—kENSe-XY /—IVE 2024Fh5e-X5./—
BHET B ER-BHEEFITHIA, WELETE.
FUTRABRT ) —2kFED Se-fuel 175MW 2022F/N1Ov~J 1 —
(BBHE. MZEkE. i) ERHIRELE, 202  =>~2GW A T1.25MW

6FF Tlce-fuelz=5.5EL/FRET D 2024FFTIC175MW
FHEl, 2026FFTIC~2GW
ABSe-BARNATUYRDSGWDEBEL  $94GW 2030FFTICRK

FLYUERFIA-WEANT)—KRE 38.55t/FKREIE,
YE ERTIFEEUT A -HREZAT

FM.

*‘WUN H2
(TN AFVERIVTEED
aAntt)

‘Masdar(ITRJIF—)
RG]
-Lufthansa(fiiZ2)
%Etihad Airways (fiZ2)

Air Liquide (EEEHR)

LiquidWind(e-fuel)
-Alfa Laval (##%)
-Carbon Clean(CO2[E4R)
‘Falkor (#%&)

-Haldor Topsoe(1t%)
‘Uniper(&A)

‘Porche(B#E)
‘Enel(Z&7)
%ExonMobile(Eilﬂ)

Hydrogen Renewables
Australia(BI=R)
-Copenhagen
Infrastructure Partners
&®H)

MIZWHO
.
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SEZ 2=V PyvstEZEE0 O 7 MI(FUMHaru Onil)

B ERDRVIRBREKRT0%)DFITRABREKT ) —VKENSRFMRIERE, 3—0Ov/\ADEILZEETE,
JOJITICDOBRE R T—IV 7Y T 5tHE

A7tk e fucl BAE R

N1Ovk - BEIEMe-fuel 3.4MW 1.25MW 137t/ ~900t/5E
Jr—X (RIVVzElT) (+350t/FMD

(2022%FF7T) X5 /)—=)V)

Jr—X1 - BEEMe-fuel 280MW 175MW 55/5t/5 ~15ht/%F

(2024FXET) fnZekRe- O
firfiafle-X45./—)b

J1—X2 -BEEMe-fuel ~25GW  ~2GW ~5 5f&t/E ~17075t/4E
(2026FXT) -MiZedMAe-o0O>Y
fikfifle-X45./—)b

Direct air @ Raw water tank
capture ‘ comtrol Tank farm

He#i: Alexander Tremel
(Siemens Energy)

. Methanol-to-Gasoline plant “E-fuels as opportunity
' to transport Chile’s
wind to Europe”
EEEICIER

MIZWHO Mizuho Research & Technologies 1 3 O
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S& 1 FDKF RS

B FUIHREEOLMS T ) - KEEEN A el U T, 2030FNREIRANE $1.3-1.4/ ko & #EEt. B
AEIANNS$2.5/kgET B, 2025FcCEREFESCGW - KFR20H0VEIE, 2030F(C[F25GWEANERZ.
B RYVERT, BRMNEZE(Siemens) EHFETI -0 X5 /—)VEhiE%EHaru OniTHIAT 2 & & H K.

Levelized cost of production by 2030 Cost of liquid H, at port of destination, 2030
(USDI kg Hz) ((sgfglnlfc%.::ezg & Co)
Source: McKinsey & Company. 26

Norway to EU
2.2 2.1 Russia to EU
Middle East to US ‘

—

1,8
1.7 Middle East to EU

Chile to
us

Australia to Chile to
KorealJapan Korea/Japan

27
25 22
Distribution Shipping 0.6

Liquefaction 0.6
Production g H m

Chile Middle Australia  China EU USA
East

The cheapest green

Leaders in LYSIodERiohitie Leaders in
planet

export of green production of
green hydrogen

hydrogen and
‘ ‘ ‘ derivatives © via electrolysis
® | ® SIEMENS
i i i ; ; 5 ENEIGY

O § o
Top | Production in at
destination for ‘ least 2 h_ydrogen Export to Germany
green hydrogen valleysin Chile Magallanes
investment in Electrolysis capacity e ’

LATAM operating and under
development

{88 ;" The National Green Hydrogen Strategy of Chile "

131
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SiemensDKERFEAREELOO—-FYYT

2T—=IV7Y D DEHE

0.1 MW
v BESRHORGIE2018FD
[Sylizer 3001, 2011
(£H717.5MW. KEELE335ka/h) | ymor oo

v 2023FLBEFEIC, Sylizer 300D
RETTUNEEE,

v 2028FLIRE, LU KRBIDEREEE
[CxSUTz To 0 & EHE. GWXR
/j-_)l//\o

~20 kOH'
~30tof H,

Lab scale demo

1MW 10 MW 100 MW 1,000 MW

2015 2018 2023+ 2028+

Silyzer 200 Silyzer 300 Silyzer 300 plant Large scale, modular design
~130 kOH' electrolyzer plants

~1700t of H,

tlgdnhil

World's largest Power-to-
Gas plants with PEM
electrolyzers in 2015 and
2017 built by Siemens

Biggest PEM cell in the
world built by Siemens

Pre-engineered and pre-
fabricated electrolyzer
systems enhanced with
optimized operational
concepts (digital twin)

GWRT—=IVERRT DFE

OREL-EI1-IUE

v TOUNRETOREE-EI1—-IUE

ﬁ..

Digital engineering 50 MW plant design based on Silyzer 300

-

Prefabricated group of 4 modules Silyzer 300 array system design

vV TIINIIIZFI) Y —ILDIER

QEERMDMFE

v BGWODEEFRIEAN DFELREZ
RiEZ/=Gigafactoryt&sE
(BEMED DEMEDEIR)

vV ROYVERHE -HREDERZESE
FEFE OV T

HE: Armin Schnettler
(Siemens energy)

“New Energy Business Large-
scale PEM Electrolysis for

MIZWHO
R ————
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S5 ZOMDSiemensDEEDARIKERRZE S AGTE

B 2O, EARHREFIRALED EEFE TESENHEE SN TLDIHTMW~EEMWORESEASHEHESTFE

BATOITOH EffLA ERRBEASTE IN—bF—
-5 (E)

MMEX 2021F8AICTTSilyzer300I1C&% 17.5MW ABA(FEEDERRE) MMEX Resources
Resources KT ) — K REHEICEAT AT (TRIVE—)
CKFTFHZM) DIzHNEEZE .

BASF Ludwigshafen® 7SV MERFRIE 50MW N BASF({t%)

(R1Y) [CAIFF)—KFE A EEHE,

Egyptian N1Ovh>O09 T ORFEERS 100- TEH Egyptian
Electricity =218 200MwW Electricity(E&#)
(TIFH)
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ITM PowerD&:EDKEIKE S

B8 AGHE

m REZSHATCT1OMWODPEMERRRE T8, TDR. 2023 F(CMTTERTMWDEKREEEHUERIA. &5
[CFCHJUTOY IR REFHYNEIDRT—IV7Y TDEHESY,

BATOT1IHED BEMYAGHE

Refhyne
(Fry.FCHJUZO
JITIR)

OV 1O NETEH
(R, EFREHTF - 2
AV win|
JIIR)

JOY 1Y ETER
(1FUR)

315 RMDShellDEEHAITIL—
7]<§’&7‘ 1 —2KRNER, 20215585
Fgg.

TJOJIIMI2022F5%T 350, %

JOJIIRTI00MWART—IL7 YT
UM AVREBIXRDNSDSAFEEZ

FREo

LindeDRE T SLeunaDitFETS Uk
ICEREEZE A LindeEDERSR
TEE, I\MT31 %80 TEXEEIC
KERZMIRT D RIETU—KkFEEEE
DF1AElFICEHIZT S,
BHIIHERL+ RAECHRUBIRE
T30, KB BAICHRLCERT S,

AXV RBRADE LR AHFKEFR
Whitelee(539MW)EEDZERTICA
IBHRE(OMW) -SEM(FRK
50MW) & ESICEREBEZE A, 8t/H
NI )—UKFZ=RET DEHE. KFRITE
BT 1 - EERICHE T B BRI
21FERICERRETEo

T0MW
=100MW

24MW

20MW

2021F7RICEERRYA.

2022 F%FITEERIA
FiEo

2023 F LYVl EEH
AT RE.

-Shell(&:H)

«SINTEF (FRZT#4E8)
-sphere(d2)L)
-elementenergy(3>1)b)

‘Linde(E%HR)

‘BOC(EEZEAR)
-ScotisshPower(EH)

EEZEE’\ﬁEEEE t —ﬁ@
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P—————
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ITM PowerDORXT—)L7vJstE I (Gigastacko 01 ok)

m [TM Powerld2020FICGigastack OV TV TE£400/kWZEEIR T 2 5MWERDIRIER X5 U DEREt =5
T IRERDRAIYIONSAEDIARN D EFRIRTEDET D, CNIEFCHIUD2030FEB1E2% LESKETH D,

B A EREEHEL THENDELEEE> TS, (TR)

B Bt 2025FFTICIGigafactrylICHWTEETIGWDHXEHEFR YV IR EZEM T DETEZIL T CL\ .
2021%FICGigafactory COEERIREH K.

FCH 2 JU Multi-Year Annual Work | State of the
AL Art (2017) m“ 2030 | Gleastack

Electricity Consumption @
Nominal Capacity (kWh/kg)

(GIPI Capital Cost (£/kW)? 1,090 820 640 450 300-400

IEEY Degradation (%/1,000hrs) 0.25 0.19 0.125 0.12 0.09

m Hot Idle Ramp Time (s) 10 2 1 1 <1

B cold start Ramp Time (s) 120 30 10 10 <30
1: Assuming €1.10/£
KP4 & KP5 shall be considered as optional targets to be fulfilled according to the profitability of the HB8 : Element
services brought to the grids thanks to the addition of flexibility and/or reactivity (considering also energy“tGigastack Bulk

Supply of Renewable
Hydrogen”

potential degradation of the efficiency and lifetime duration.

0.2MW 2MW
80kg/day 800kg/day

HE : ITM Power HP

5MW module design evolution

MIZWHO Mizuho Research & Technologies 1 3 5
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Plug Power®DPEMAZ /K EfREEICRE I SEY M

B Plug Powerld2020FICPEMEEREE X —H—NDGinerzBUX. /KEREE OB B,

B KETIIKAREN ST Ot/day0)7l<§§zL(Brookﬂeld) T4 ORI F—Lh530t/dayDKEELE (Apex) R
EDEHBEZEFKR, 2024FFXTICT)—KRZAKEITEY SERMLULEEE. 100t/dayDiHREETDELTLD,

B ORICHUTAHIVZ7MTI120MWDEEEEICLD30t/dayDKEELET S MDOERETE EFHK.

Plug PowerDPEMA BB & KETDT ) —2KFED S MEHE

Green Hydrogen Network Development

50 kW: 65 kg/day H, 1MW: 450 kg/day H,

10, 20 or 30 Ft containers

Integrating 1.2, or 3 Merrimack Stacks
Power conditioning AC / DC

Water Purification Unit

Gas Separation & Gas Purification

40 ft container
Integrating 1-2 MW Stacks
Power conditioning AC / DC

Water Purification Unit
Gas Separation & Gas Purification

@ Operational (& Funnel ® Prolect Commenced
Term-sheets and MOU's
Estimated go live 2022 - 2025

BRINAEL :DUWAALTOI T I

v A5V TRANFRER RN S BERENZRE

v EEMFETON600VTMIVEKZEINATSA
TEnE (BhXE€0.15/ka)

v KEEHEIINIE2.5/kglinEEEHET
<€3/kgTEEUT 1 - TEICIRHrlfEE T D

Hi B2 : Plug Power IRE $

MIZWHO Mizuho Research & Technologies 13 6
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SOECEEAXA—A—(JHSunfirett) D&t BiZE B ETHIS

B SOECHAiTIFKERHRDM, CO2Z[FRRHIEF an - MRRB &2 D EM T RBLE (HEMR) ICE BRI AR
B JE1T9 SIMSunfiret[EINTF (CERUFED , [FFLIEKRBHE TIX203 0FICRIHRB88 %, KFRIANE2/kgZBIET
B §ARTHEGEEUT FiCe-Tuel (IZE - fafaARl O IF ICERR T RBNE) | Bk - BEH KREIE) R EEBE,

MmSunfireftHhEFE I S5SOECHETT- BIR

$EY K= B R (—BLiRR +7KFR) 84% 86% 88%
hE 84% 82% (HyLlnk)
(3.6kWh/Nm3) (3.85kWh/Nm3)
BEE 750Nm3/h 750Nm3/h 2N 82% 84% 86%
(SynLink)
%U)fﬁ’. 7J<§ﬁl§99.99vol% H2/CO=1 .5-3.5 = ATFEERY 6 5B 8BRS
MEMIS - Bk -e-fuel
;_izﬂilﬁﬁ ;_1%?5': KkFIRXL  €5/kg €2.3/kg €2/kg
e e
ﬁsunﬁre*io)*ﬂijés()EC@Tﬁi% H#8:Oliver Posdziech“PRODUCTION OF RENEWAI_BLE HYDROGEN AND SYNGAS

VIA HIGH-TEMPERATURE ELECTROLYSIS” &6 &IC1ERK
EU electrolyzer
O ® ®
e-Fuel Steel \ Refineries

nk(6GW) | BSROKFRETT) - RIHAR Hylink(4%WX2)
- _ . L

Revenue potentialll

2 Revenue potential!
| EUR2,700m

EUR850m

Revenue potentiall!
EUR850m
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&% TDOMSOECICEY i DENR (BN EFR)

B EEBENTIE. SOFCERFEU TEZEENSOECOREETEZ X\ THK,

B SOFCOEEAXA—A—NDBloom EnergytSOECAZS A, 202 2 FLUEICR BRI FE,
AR TE O TOKEFBICEITTI ) —UKEERET DEHE,

m Haldor Topsoe |[E500MW/EDEFREBEELERIE N\ DIXRESHEZFKK,
T IEZT7OXY /=R EDREIKREEAICT ) —KFRZEE T DETED,

B ZOM, Schlumberger&IACEASICKWERIIENZGenvialN e[ EFZDSOECZEFEFER,
2023 FICIF300KWIRT L% 2024F(CIFBMWD U R T LZ=RFETE,

SOECICE 9 2R DENE (FR<BHEEDSAFER)

Bloom Energy(GK) Haldor Topsoe(72~¥—%)
v Bloom energyldSK&E& &EEICEEETRET00ICHEIT v 2021#F3AIZHaldor TopsoelZ500MW/&E
ERVUEAEUT BHOSOFCEEhE T —KkE DSOECHELERERNADIREHEE R KU,
ZRETDIZHDSOECEIRMHEFETH D, Bmld2022 SHRISICEERNZI0EICTRIATYavE
$1 HEFE AN DIREHR R EADERY A EFH K. H>dET D, 2023FEH SOEERFHIAT Eo

v 2021%F5RIC(FBaker Hughes(BETAXA—H1—) &5 v RmOFRETRAENIONZBA DMEET D,
AUTSOECEREHMD TR TOERISERUTWEE, v MiaARe (72 EZ7) MEFmEROKER
v TZREU EHROFEFHIEAEA, &% E,

Fueled by Hydrogen

,/\andLNG Blend at Port 7 J
M
A |

{88 : Bloom EnergyftHP H 88 : Haldor TopsoeftHP

MIZWHO Mizuho Research & Technologies 1 3 8
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$%#:SOECIZ D\ TOREDER (EM)

B BN TIIRZIRINF—I R T LAXDERIICSOECOAMTFFEICER VT . ERLIF20FRBF &N S,
B X7z ERSOFCORFEZT > CER=EE T PEAFHERESOECADS A ZnFHE.

SOECICE 9 2 mEDEAEFRDENES!

RETIRIVF—IRATLRX =Z8T
v NEDOZOJIVRADSEZEU T HEHAIMEIZ v #E=AR(0.2MW-TMW) DSOFCERRL T/
FUIERICEER TERBEZ 2EI7 Y U MANZ =ZET2H. ATz & U TCSOECEHFEICEHE
ALEIEERTIZREFEUC. VT,
v RREE20FRBETFELN RIVIDAMEMT v 202252 BHRD. EAHERAIDKEFKERTR
RELEI2KWIREDEDNH D E VI EEEEF . RIEMWKR/IN—D1TE RIKROEEFERD—
DEUT. EHFEMICKLDSOECZEERAT DETH, =
10 KEREEEN20 %EE FEER (202 3F I SEERIIA T E
;‘E 08
g oo e 1 ,
% 04 |- & - B % —m.,w
£ s ._g ‘ Sanusunn
fé o0z | o ’ nnnnnn L
¢ — — o
e (1.3V) L3t ttgenHE W =gET LU —2 LY

Improvement of cell performance under operating condition of 1.3V

HEIRZLE21—(2021%3R)
BHROORTYIIRERDREAKER, 3EISWRIC ZIEETI50MWIRIAL
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$%: SOECIHEMIC DL\ THERED A (FHENR)

B KRAZDAZ IV R—FRIDSOECERWEHERIC DLW TORYEAZHE.
B BSEUBRARIEXYR—3 D ICFIAT HETHE,

SOECHERICAT SmiaNENERDOEEAEI (KRAR)

QEMHB AR A—3T SOECA R Z— a2 Hi#li ) TR R

HEEREREHFIA ———* 85~90%

v CO2&XK-EHNNSSOEC 2R OBBMER o sic HEBEENG

HERICKY m‘"JJXIﬁJ & — 22 bt RHEG
L/t B A% X R— = d D C;IJTH—
DI:*UFH@“%E%TEEJ%’E&E HIOE S < ‘ L LS
$H3, ‘ CO,+3H,0 CO+3H, QH‘:‘;HQO
@‘ SOECHEMEE XEARIGRE
KECOLRICER AR

& $EISOEC (£EZIFE) DISH
ﬁiEiSOEc E33yOAZRE W FHASOEC : &ETIFH

I

v 2021F1RICEFRINZE

R, TIVIEMAENKE h-O-BRE0LSC. LELEEROEE
'ﬂ:.@ &‘x IJ \y |\0)3735>(9 RN IIVIRETE LD ’f\
J— 7 — 1

IWHR=RET S, R P EERAROERERESD

5 %m B P (fitR0%] 1 ZHEE)

= B | EETENEC B

< r“";" TROBBED S
< %@ — ERORFERRLPIC W - APRA SR
ATF=IT7YIBES
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SE  RHNGEATBFEOH (SRR FIEKER)

B JOMARE LTSIV EERE(CHV BRI ER (PCFC) AMEERREE DIKRILCIERICH VL HER
K(B0%) WO XY SEBIN, IREMRTERAENRIN TS,

B AAREMEBRE CENILRREEZZEF TV N TIETON M EES I v I Z AV ZKERE(PCEC) DIFZEHE
HEHNTHY, T0KWDRERNETETL S,

B ERNTIENEDOLEEMEZ SO TV TIHINERE L. REANPCECHFSEBEEELU X,

JORARELSIVIZRVWVZRBIERDOMERFE O EELSIVIZRAVZKERDHAFRFE

(NEDOZ%ETOY TV . EEXRTRth) (FMFCHJUZOY T2 GAMER)
v 2018%FIC. EHHR - BRFBH X I FANDEA v RERO2T1ETH). 10kKWDEMREEZEMK.
A ZDPCFCILZEEGE, 30barDRS1KRZEEE,
F=2v ro—N (ERRE) BN (A } GOAL: Demonstrate high temperature steam electrolysis
e N T T ammigmn using proton ceramic electrolysis cell:
e 3y = 10 kW system with BoP for thermal integration

( = 30 bars dry hydrogen

b

W - 539 - Comasn = 600°C
(e9z»20) . —
—— (%) w ;"
W) 7). i RENE 6 ﬁc—-—; l Partners Country
el »t .: SINTEF (coordinator) Norway
BELETO R WRT) (A R YERS PR RDLLR Carbon Recycling International Iceland
/ RRRM A
et NCRREE o S S A csicima Spain
i ;' . = MRPCFCE N
ABAL% FH 1 m Coorstek Membrane Science AS Norway
5 08 — S -
 os} e e BAPCECER oo University of Oslo Norway
02~03 A/cm? Ssotean T
04f MC2 Ingenieria y Sistemas SL Spain
02} HERE LE1ZMHRIDITIEE R
X POFC: 7O > BRAZ/ (12 Shell Global Solutions International BV  Netherlands

1 L 1 "
0 0.1 02 03 04 05 08
RREX/ A/cm?
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Why is 3M interested in water electrolysis?

O Has the potential to address primary energy
industry priority — grid level storage;

O Compatible with core 3M technologies;

= 3M has a well established fuel cell program;

= Source of H, necessary for deployment of fuel cells - electrolysis is one of
the most promising sources (environmentally clean, can use renewables,
meets energy independence goals, etc.);

= 3M developed techniques, procedures and processes for making and
testing fuel cell MEAs - something readily adaptable to electrolyzer MEAs; |

= 3M made investment in facilities and equipment for making fuel cell related _
materials - again readily adaptable to electrolyzer materials; :

= 3M proprietary NSTF catalyst seemed an extremely good fit to water
electrolysis (carbonless - durability, thin layer — low mass transport
losses, high conductivity, good heat dissipation, strongly hydrophilic -
weakness in fuel cells, but strength in electrolysis; {88 Laura Nereng (3M)“Operation of low-

temp electrolyzers at very high current
densities: A pipe dream or an opportunity?”
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ﬁ} Approach- Innovation & chemours @\ Nafion

(=]
Ce concentration (mg/cm’)

H,>2H'+ 2e 2H" + 2eOH,

o !
O

Baker, et aL, J. Electrochem. Soc., 164{12), 1272-1278, 2017.
0 5 10 15 20 25mm
* BP1 will adapt cerium migration work for fuel cell membranes into

water electrolyzer space to investigate movement of platinum GRC
and radical scavenger in PFSA membrane in PEMWE conditions

* Mobility data will feed into fabrication efforts to optimize placement

and composition of additives for reduced/eliminated mobility

i i He#: Andrew Park(Chemours) “Performance and Durability Investigation of
and/or dlSSOIUtIOﬂ Thin, Low Crossover Proton Exchange Membranes for Water Electrolyzers”
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DOET OY T THOEEREMADEFRDERY fHAH(3M)
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Project Components

NSTF OER Powder
Catalyst

1 GW/yr Scale
2g/m?, 35kW/m?

77kg Iridium

Cube, 13.6
cm per side

29k m? Electrode, CCM

~Surface
Area of
Mt. Fuji

NSTF OER Subgasketed
Electrodes WE CCMs
1 &
.v .
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30 f . i
- | Wind Profil
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E20 }
Variable 3.
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1

o
3M PFSA lonomer ¢,
(Powder) i

Catalyst Precursors
(Metal Bars)

Catalyst Support Precursor
(Powder) |

High Volume Roll to Roll
nufacturin

Materials Process F

NSTF OER

Thrifted Catalyst Coated Membranes

NSTF OER
Electrodes

Ay
-

Validate:
Plug Power
MW-Capable

Stack
(100kW test)

H#:Andy Steinbach(3M)” Advanced Manufacturing Processes

for Gigawatt-Scale Proton Exchange
Membrane Water Electrolyzers”

DR 4
Powder Electrode Cell V
Process Rate | Loading | @ 2A/cm?
(GW/year) |(mg,/cm?)| (Volts)
Baseline <1 0.22 1.731
Milestone 1.4.1 Target >1.5 NA NA
Milestone 1.4.1 Status >3.75 NA NA
BP1 GNG Target 3.75 <0.25 < 1.740
BP1 GNG Status 2 0.21 1.733

2GW/FEDNBRERT— IV (ERD217) & HEHRKED
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‘A. Energy Materials Network v
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/ nodes / {88 Guido Bende (NREL)
” HydroGEN: Low-temperature
Electrolysis (LTE) and LTE/Hybrid
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o capability nodes @ a

".M:NREL t « Awarded 4’ Northeastern University

B Lawrence Livermore projects get AN
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2 KEDAIICK M BEFEIR (Facebooklc kDA —T2

TF—ytvhk)

250005 Z8A SDFTEIROBERMNESND,

B 2020F10RIC. hi—xF—XOVKFEFacebook Al Researchh/KEEEERIGDMIEICRET 24—
7OV Uk 0pen Catalyst Project OC201&7—%9t v &R,
B EMEETETIEN —Z2079 37z D0penCatalystT—4 v hCIXT1 20 ADDFREIINEENTHY., 2

Open Catalyst Project OC20

Figure 13. Examples of cataylsts (larger atoms) and adsorbates (smaller atoms) in the OC20 dataset. Spheres represent the atoms with th
color and size indicating the atomic number (element type) and the atomic radii, respectively. For example, the small white, red, grey, an
blue spheres are hydrogen, oxygen, carbon and nitrogen, and the larger spheres are mostly metals.

Hi88 : "AnIntroductiontoElectrocatalystDesignusingMachinelLearning
forRenewableEnergyStorage”

Reaction

Mam

2H* 4 2¢” — H,

Hydrogen Evolution Reac-
tion (HER)

2H,0 —> 0, +4H" +de”

Oxygen Evolution Reaction
(OER)

H, —2H* 4 2e"

Hydrogen Oxidation Reac-
tion (HOR)

de” + 0, +4H" — 2H,0

Oxygen Reduction Reaction
(ORR)

CO, + 4H, + —3 CH, + 2H,0

Methanation

N, +3H, —3 2NH,

Haber-Bosch

N, +6H* + 6¢~ —3 2NH,

Nitrogen Reduction Reac-
tion (NRR}

2NH; —+ N, +3H,

Ammonia Decomposition

CO, + ne” +nH" — products

COs Roduchion Reaction
(CO3RR)

CO + Hy ——» products

Fischer-Tropsch

C[}-F ”20 —F COQ +“.2

Water Gas Shift (WGS)

CEHEI _3‘ CEH‘ + HE

Mon-Oxidative Ethane De-
hydrogenation
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DOE Hydrogen shot

m DOEAFZOY TV Hydrogen shotlZzirs EIF,
8/31ICTHydrogen Shot SummitlFifeE,
B (5% 10FTAZREEIRNET1$/kgET B 1 EVD

Hydrogen Energy Earthshot

HERICET T OKEE D EARBRE + CCSOMICE. — “Hydrogen Shot”

HSPDDBEERMDAIREMEZEK BHDEERMDEFE | o St L

EHAET DEHE, - - e = » $1 for 1 kg clean hydrogen
m ERIDORDADPHARKICHITZT—0Yav I TOEH (I aas

in 1 decade

Z#ZC. FRD&AD¥IREFEFT 5 H 9 5l

[Hydrogen ShotlDEEDEHH
J—o23v >

Hydrogen Shot Summit TIRTvE

- EBIDRD &DIC
(2021, 8/31-9/1) LB

‘:JEIDU—Z .
A -RD &D#i&
Hydrogen -’iﬂ%flﬁ:‘ﬁ%; AFHED
= 50
Shot Summit L
Aug 31-Sept 1, IS— =y T
s - BIEFFERIC
KERET—U
VENPE Xt
te Enables achieving
Hydrogen Shot

5 © &
N © A (O
@) earthshots | Hydroger 1Dollar 1Kilogram 1 Decade

{88 :Sunita Satyapal, John Litynski, Linda Horton(DOE) “Hydrogen shot Overview”
MIZWHO Mizuho Research & Technologies 17 O
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SE RE DK

m [Department of Energy Hydrogen Program Plan]Tld. {tEARIBIDKZRELEN, IRIX$2/kadI X
MKETHDEUENS, fEPTOEANBRRZE L CTEICIRMERNRIRETH D E U, BB IEA—HRY
Za—PSRKEE $2/kg BRI $1/ke (TR, RBRAD) TFEZENBEEINTLS,

Enabling Activities by Government Increasing Private Sector Role

2020 2030 and Beyond

Scale up market deployment across applications and
sectors to enable economically viable technologies and
achieve sustainable market penetration to realize energy,
environmental, and economic security.

Foster RD&D to reduce regulatory barriers and enable market \
penetration by private sector. Enable technology-neutral,
all-of-the-above strategy. /

Hydrogen

> with end use for focused, cohesive deployment efforts to
Production

demonstrate value proposition

to meet appl]cation-specific cost and performance metrics:
$1/kg to $2/kg

KEREDHDILEDORD&DE I fAE

KERICRSED o AR EZEHIRUIEFU VAR L EiEfnig
on '%\ LFl::—“ 7’“ O NHMBIB LV ARMBEEHIATARAD. EV1-NRIHAESAT A RUKEBRIATA
ALNREY ® {EIA NTIHAMICEBNEISS SO Bk
® IR CIHATEICBNE, EJIANDEIES - RESIEFHR
o A TER L D=HDIEA ML AT A MESBIEA DX hDHREA
® ATR(Autothermal Reforming)Z SO E IO EARIA MDHIR
o NT—ILIJMO=JR. FBE. BEIADRERE, I5> MO#HEEPY T S AT hADIE
OEERODAT N7V L BENREEEBUEBRNT EHPNORS
O BERELKEDZELEZIREICTHeEHRRE M AT A
o JOTARELZSOIATASET. \MTUYRME, BLUREIE

188 : DOE” Department of Energy Hydrogen Program Plan”

RD&D for H, production from diverse domestic resources > Scale up H, production, including CCUS and co-locate production

\
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AKENational LabIC&BTH2NEWI1O V=7 L

®m National LablC & BKEBHEDODRKDI VY —I P LATH2NEWIDFEET10B LWIIE EIT, SERE$SSOMDFE,

m BXEDONational LablZ&BKERRKDTOY TV M HydroGENIFHRIBRIC TA—ARLTULZH,
H2NEWTIE LY EBRLEREBEE U TEM M BIDA1 T L —3 ), SLEEMOR&DICTA—H 2R,

B WREITIEHREEDEEE. TRLOSVPEM-SOECICEFRTDET B,

B 2025FKREEIRANS2/kg. RFYOIXR$T100/KWELWS SV BEZICAITTEEEDSVEREEE LT, $I(C
MHEE. TEAME. RT—IL7Y T (REEE) ZER IR (F=>A/B) DHEILIREZEBIE T,

HE prasastion Electrolyzer Stack Goals by 2025
! Low-Temperature target <$2/kg
o' Electrolysis (LTE) LTE PEM HTE
‘ - m o Capital Cost $100/kW $100/kW
High-Temperature . 98% at 1.5
: Elect. Efficiency (LHV)| 70% at 3 A/cm?
Water Electrolysis (HTE) Hydrogen Y ( ) A/cmz
Lifetime 80,000 hr 60,000 hr

H2NEW focuses on higher TRL
electrolyzer technologies: L iNREL SNL

* PEM for LTE
o Argonne‘) 7
* _Oxide ion conductors for HTE | | = 7w serwcLc LAe Pacific
A Northwest
The emphasis is not on new materials but » Los Alamos || Lawrence Livermore
. . atuona ratory
gddreSS{ng components, maFerlaIs % OAK RIDGE IN—::,.:::;le
integration, and manufacturing R&D il sy Lykdes

H#:Bryan Pivovar(NREL)” Current Status of (Low Temperature) Electrolyzer Technology and Needs for Successful Widespread
Commercialization and Meeting Hydrogen Shot Targets”
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B O-QFERNTERLDIVEAN RSN QRIEHRMDEFEICERVBTRANERIND,

DT AN - IR R eSS QMR (IR~ HE)RUFT—

ARSURBIEICLDHIERFDHRE - ONTIVABEE -2 2EM R T IR RIVDCCMBELGERAT (R TL—
- EX-situ COERMBIRE - AL 5T - )UItRE =T+ 7)) h o REELEIELH
IEREARRDIESE BIVETFIYT EHEAT(Roll to Rol) AD#1T
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2-D Cell Level Multiphysics Models * Dilute ink

* Homogenous Ir
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\‘ * Low throughput
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Optimization/Mitigation i

* Viscous Ink

* Very high throughput
Translate subscale
learnings

H#:DOE AMR 2021&#%}
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ZEF H2NEWTOKREEIRAMERICHEIFZ770—F

2 MER - BRI EER.

B H2NEWD7#7 - BIFERE Tl 2025F DKRBHEIRN$2/kg, BBEIZED $1/kg& W\ 2 BERICEIT . $fm3
B BRREMERCUTESBIRN\DEBRERE. ZEDMATEA LZMD ERFICIRN-HEE DM ZEBET,

KREEIXMERD A £

$4.00
}E;Ik = Capital Cost
$3.50 $3.44 Fixed O&M Cost
’ M Electricity Cost
 $3.00 $0.31 T
€ $0.14
& PUES
2 $2.50 E= E& 2025814
E ol (<$2/kg)
= $2.00 $1.92
Y
F $1.07
A B I FHBEE
5 mpys (<$1/kg)
2 $1.00 e $0 75 . $0.86
h $0.32
$0.50 ﬁl* =n,
to) nx{ﬁjx '\

== =) ECiRk [

Current Efficiency Lifetime Capital Cost Midterm Variable Further Ultimate
Increase Increase  Reduction Target Electricity Capital Cost Target
Cost Reduction
Integration

H2NEWTOIR Y VERY #

H#i:Bryan Pivovar(NREL)” Current Status of (Low Temperature) Electrolyzer
Technology and Needs for Successful Widespread Commercialization and
Meeting Hydrogen Shot Targets”
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& H2NEW TOPEMRERFE

ENIAMERICEIF=7O0—F

B H2NEWD 17 - BiRE

RE Cld PEMEERREENDRYYIIXEEST100/kKWICEIFT7Z7 TO—-FEUT,

OERZEEMRL(2. OA/cm2:3 OA/cm2)
QEEBFEREDIEE(3mg/cm2=0.5mg/cm2)

QRT—IL7v T (BIEEEDILEK. Roll-to RollZ7OTRICLBCCMAEBEERLY)

Z1RET.
PEMERRRE (RPELE)DIAMRRREBR
2400 R m Assembly Frame
$350 ® Anode GDL W Cathode GDL
$350 m Bipolar Plate ccMm Zg\yggﬁiaﬂ_ﬁ
$300 35 Stack Targets Status 2023 2025
_ ?élﬁjﬁ;f‘; Cell (A/cm?@1.9V) 2.0 258310
2 50 2 555 2023 Efficiency (%) 66 68 70
1 S@ BiE Lifetime (khr) 60 70 80
S 5200 fE | o Degradation (mV/khr) 32 275 225
3 2l Capital Cost ($/kW) 350 200 100
% 150 M 7 . 0%’ PGMloading (mg/cm?) 3 1 05
3 EREE -
$100 s Eﬁéf $37 B
Y BeRE
$50 {ECRL +H#8:Bryan Pivovar(NREL)” Current Status of
l (Low Temperature) Electrolyzer Technology and
Needs for Successful Widespread
$0 [ — Commercialization and Meeting Hydrogen Shot

Current 2.5 Afcm2 1 mg/cm2 Scale-up Midterm 3 A/cm2 0.5

Ultimate
Target

Further

Target mg/cm2  Scale-up

H2NEWTOIR 5B #d

Targets”
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BX FCHJ U DK FRBGE AT FAFE S

B FCHJUTIIKFEETOI T TS9N S 532HKERETHY. 7J<€'-§ﬁ$&?fﬁilc3|5’.‘%*l:7]’&lﬂ?L\%o

B X7z, B (FEHDIAD ICEAL TERBRICIREZET > CL DRI EE A 5, PEMIE
T, BRRESKDKRERDT/3Z5H5HD,

m DERREENROKEHEZZE RS PEMBA—BUTEZVHSEEIIXSOEC, ZIVAUFICETSTOI IO

BEonsd,

BRFIEICEAT SEEE

FCHJUZOY 1 b TOREERRIMRAFEDAR

RINFAFIXEFHDMAER

Electrolysers, M€ FCH JU support

RIA: Research & Innovation
Actions (RTD)

IA: Innovation Actions
(Demo)

32 Projects

H B8 : FCHIU Programme Review Days&#1=HE(CAER

InEH:
SEE(IA)

€30

Million

€25
\ €20
€15

€1

o

3

0, ]

€0

TERIRERDHES

FCH JU funding per technology

2008 2009 2010 2011 2013 2014 2015 2016 2017 2018
WAE ®mPCE EWPEME mPEME/SOE/AE mSOE

MIZWHO
p——

Mizuho Research & Technologies

176



FCHJUTMD20208:4RDKERBEETOI T I

m FRBISISAEIFSOECICRIT 2 6 MH R (FEEIFAEM) T3, IR ZARA VY ILABDEDAR.

KB

MegaSyn SOEC
(HERR)
PROMETEO SOEC
WINNER PCEC
ok
zEt>
SVIER
BE)
Green PEM
HysLAND

MWRT—ILDERSOECHEREE
ZEHEL., BSHFR CARA R E1RI T

BEIZEBEUTHILICEAT R HMRZEE
BU.EiliZTRL7IAEB|IE LTS,

LA E L ROGGELETRER M T, 4
IXRIF—ErEEEERAT itllﬁﬂh\
S5MNSOEC(25kWik) TOKZRELE(C
HRUHED,

TOMARBESIVIEIVERWET
DEZTHER. RALKFRRKRIL. B
KESBROTIVBIRETS.

Hydrogen valley’O0J T bD—2,
ARAIRIANWABICKRIOVRAT A
EREINL PVICERHINIZ7.5MW

DEREEEEE )T (N -RAH),

CHPD S MGEYMINEVEHIR) . BE
BHHB HREEIAZEHEET o

-Sunflre(ae,ﬁﬁ RBEX—1—)
-OMV Downstream (&HES)
JS5—YIRK

*Paul Wurth(TI=7U20%9)
*SolidPower(EfRERE)
-Cpital Energy(HR)
*SNAM(H R)

-Stamicarbon (AEE})
-O—5UXITHRK
‘NextChem(ITI=7U2Y)
- IMDEA (ftZ51#:B8)

*SINTEF (FFZ2H4RE)

*COORSTEK Membrane Science(t5
Shell (ZRILF—)

*SANDVIK (#1%})

‘Engie(IRILF—)

ZZ20K

T IN—OIRIK

-CSIC (FRFEHEE)

« ARA D3 OHEES

=)

MIZWHO
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https://ec.europa.eu/commission/presscorner/detail/en/fs_21_367

FCHJUDOY IO THOERFRESAIR

B IR OFCHIUDOY T OTIX AS 0TIV LIV TO20MWDOINER 7 IV A EfFEE (McPhy®)
[CKBT)—KBEENSDAXY )—I)VEETOT TN Djewels I EA#K. 202 2 E:EenFaE5THH,
B 2025FFTICIFHEMWDERREEE A FE,

Hydrogen production, new generation of low temperature electrolysers {cH

i
%,

Project: Don Quichot (Colruyt; Project: Haeolus (remote P2P) Project: H2future
HRS+forklifts) Place/date: Norway, 2017 (Voestalpine, steel industry)
Place/date: Belgium, 2011 Electrolyser: Hydrogenics (PEM) Place/date: Austria, 2016
Electrolyser: Hydrogenics (PEM) Funding: €5.0 m Electrolyser: Siemens (PEM)
Funding: €5.0 m Funding: €12m (oo €18 m)

20 MW -) BOMW >

100 MW

The European Green Deal
call for proposals includes a
topic to install a 100MW
Electrolyser.

Project: Hybalance i 5 Project: Refhyne (Shell,
Place: Denmark refinery, gas injection in NG)
Date: 2014 Place/date: Germany, 2017
Electrolyser: Hydrogenics (PEM) ) Electrolyser: ITM (PEM)
Funding: €8.0 m Funding: €10 m (oo €16m)

Call closed:

16 proposals
received

. v'htrtps:7/Www.demo4qrvi‘dﬁ.eu/' (https://refhyne.eu/)
- Scaling up challenges: new manufacturing processes to lower cost, increase capacity and lifetime

{8 Bart Biebuyck(FCHJU) “Scaling-up Innovations on Renewable Hydrogen Production and Use”
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SEASOTDI)-0T7IANTOITIMDjewels]

] 7I7J97)I/7*T’f}l/'dat 20MWOINEF 7 IV EfRREE (McPhy®) [CK BT —2KZEDNS DAY /) —)E
w0V TV Djewels|MAY—RLTL\D,
B SETEIE. Nouryon({EZEX—71—). Gasunie (7 R). Denola(Bi&X—H—) % &,

Rlouryon gasuHe (BioMCN

h
MEan '}-'\H\vr @‘
INNOVATION [ _;:jﬁﬁ.'jrg,n:..,
| Augmented McLyzer | . - -

Key project to establish zero-carbon hydrogen

competitiveness at large-scale
e . R bl

High current density v

PUNSNS S

Flexibility and fast response time 20 MW: 3,000 tons of zerO-carbon Hz/ year
from 0 to 100% in < 30 sec and 27 000 tons of Co, emissions avoided / year

from 100% to 0 in<5sec WS P oe™ e )..';1_; S T

High efficiency: < 4,9 KWh / Nm* ¥ - g 74}1 pag e
5 % ’ & VA o

High-pressure: 30 bar e . | e~
Life time > 70.000 hours “ ¥ _
Best TCO on its segment | B2ES i‘;}, i

- .
s

Compact footprint: 3 First 20 MW Unit in Europe dedicated to Renewable
20 MW installed in less than 1000 m? Methanol

Highest quality & safety standards

HE#:McPhyTDJEWELS |

MIZWHO Mizuho Research & Technologies 17 9
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BN ZE DK RBEERMFAFEHEEDOE (XS 25)

B A5 DT CHBISPT CIIBFRE CHRAIN TWSKEZ T —UKETREBL L2, TMW
Test Centrel. TGW Electrolyzerl. THychain]& WS 3DDERYWEAZEH T\ D,

m [MW Test CentrelTl&. 7V AUFKERE - PEMZKERZNZTN250kWDR G Z R A - BRREIC LY.
GWHERADZ T — )7y FICEIF =AM DR EEHET D, IREEPCHT T 20FEDFELQHN S AEMI AR Z
FE.

MW Test Centred 2V —I7 LA DSEBERE

CAMPUS

Hanzehogeschool Q e
:;P Gronmgen - RNour yon FRAMES GRONINGEN
” ¥ University of Applied Sci i ((( ”p
YARA
¥ W GRONINGEN SEAPORTS
(k.' «( ”) :'} @ ?74 univt_:n‘sity of Knowledge grows : dee) oo beard
.a,fﬁf"?;lga.a groningen  snen G / groningen (_ EUROPE WIehinge

. MW Test CentreldgA—T 14/ R—I30a#ET IR THY . R

BB, R E DB DT T AV EEER - (Eaes i Z X 1T R BE, BARIE X —

H—DBSAFUISWVBEREBDICENTEDMRERD T /IN—hF—
EUT AT RDKEBA—H—EEHFEMFEL TS,

e FIVHIUFEPEMEIEIEAZREHEEZ TS, EEEENKHOSND LS

ISpT TIVAVEDNBHER. PEMEIES D T7Y T I UNRERESTEDHICK
b, NBE - D EELDFBEFICITE ULAPEMAE 1,

(4528 DFRFEHES)
« TEIETIVAURIERFA U PEMEIC ERMT DBV LA H D,

H#EER3TFEIRIL T —FEEaRCRICRET SREFER KR RSB0 -y TOESEERVERNCHEITSKR-BHEBFIERINNRRE FEREE
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A5 249 Nouryontt D EREFR—L T2 A

AlkaliflexoOJ 10k
20195327 )V N ) ERDRERMEZ M.
FEHLERIFEIZAMEICEN 728,

v SRR ERZEEDF A

B EIXME-ZRT—=IL7Y T -EHaetaE D BZRICHEIT T, ED/ZHEET
YIS AVEHB USSR TOV T /M@ L ERAEHASIGH -3E
SEETHEMFAREHLEL TS,

v AZRNUTHEICEBNZEONEN
v BRI AIS

v SURERRDFIE

IR E DERAZTERE,

A BN

center
Bubble Improved cell R&D at Demonstration Concept for GW
fundamentals design 100+ kW at 20 MW plant in NL in 2030
' —

E R AIYIKE SEEE AL TMKREE
KEEHATRENRTUNIBROE || ¥F510- 70 | | 20MWBROEE | | GWRZ—ILTOIR
SH DM ZEFRFET D, JITUMIEUR DZEEE, b0 TR RIEER
Hi# : Nouryon[ Alkaliflex: vergroting van de flexibiliteit en &ﬁﬁ% Fﬁﬁ%o %1-0)*%?:#
productiecapaciteit van alkalische waterelektrolyse | & EIZYERL
Mizuho Research & Technologies 1 8 1
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2% NouryonD7 I H ) ERHFEBIE

KEZBIET CETE2/kaDKRERMIDCEZBIFREL TS,

B IREFIVAVERTIE. 7/ —ROMICHY — R UTEER (AR E) 2 KTV EHI/m2IEEFE>TUVS
T—REHDERBNOND, UH\ U IREBEIF40008/ g1 D=8 CNIFTARMTWLWAIEEEE/m2IZHEH,
B ERCOESEIBAEZIH TS EIAMEERZ L TEEEEZ 5N,

B NouryonlIBIEEBROEMERE OXA—T—. EfREEIC D\ TEHFEZET>THY. 2030FEICETO0/KWD
B SR EERTEEBIETRICEIBELMICHIZ D EN, WENRERBRE CCOBEEZERTIHTHD.

I-VEHEENouryonMBiE9 BiE

<100 <75 <50
kW  €kW

—(lassic alkaline

) 4 s . — - 59
=" —|ntensified alkaline ""E 24
., 217000 Aim? £ sa
= @ 5.5 kWh/Nm? g 22 2
-] - 49 [ > .'._ 49 é
~ 20 g ~ 20 - 1 2=
- (=1 b =}
R I I L @ 18 Kl
o =3 -
9 8000 Alm? 2 s z
= 16 @4.4KWhNm*~ 3¢ 8 = 16 319 @
? % ¥ 8
34 E 14 1 34 §
w NouryonDEIFE @
- BiRmaE - -
1.2 4 29 1.2 29
1.0 A . - 24 1.0 = 24
0 2000 1000 6000 8000 10000 0.0 20 40 6.0 8.0 10.0
Current density (A/m2) WA (BB (€/m2)Ds | Current density (A/€ investment)

]CT)IRNYYDERICIHRE

Hi # : Nouryon[ Intensification of alkaline electrolysis |
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BHADKEREKMOIRIK - BIRE DLLE

B 2020F6 BICHRESNZERNDOKERERIMICET S IHEREISLUHAERDBR - BHAEDLEILUTDBEY,
m 7)UAY - PEMEICBARDITRIRMEEBA ERREENENLLLICERTH SN &iE- X T IXNBRRICREREZY,

7IVA - PEMEEREENEARDIFREIEO-FYYTERS LUBH & DL

(F1 TAHY Téﬂcﬁﬁﬁﬂwﬁ:{k& B &{H) T ( SR 3
| BRE( FER) 1 0200 | O—Fzv7OB#HE |
e — RAORR

IRILF—HEEX kWh/Nm3 4 3(0. 15A/cm2EEF) 4.3 (0.15A/cm2f%) — 46
5.0 (1.0A/cm2EF) 5.0 (1.0A/cm2E¥)
BRiEaAR FHF/Nm3/h 60 72 34.8 223 -
(FA/kW) (12) (14.4) (7.8) (5.2) (5.5-15.4)
ATFAROR F/(Nm3/h) /5E 24,000 29,000 7,200 4,500 8,900
$ieE %/100085 Eailes Bl 0.12 0.10 0.13
BREE Afecm2 0.15-1.0 0.15-1.0 0 7 0 8 0.5
fETOINNLMERE mg/W 0.7LLTF 0.7LLT
1 BREH KR HE99.9%. JkiEjjo 05MPa %2 7k 3% 8% 8100,000 - 200,000 NmajhmtiAGJﬂ(%ﬁ%Ei—ﬁ—l £HHEIE XS ZiEar
1. FERIAEIREE

OKEBREBOBHNEL -BRALICET-RR - EEEF0OEKMFERE. QEZENHM DAL TH o ARBLICLHIRMIH.

(%1 PEMKEREEBEOZRIRL B Eﬁ)

W _-zm':l_m: i
IRILF—HEEE kWh/Nm3 46-438 5.2
BimEaAr JAA/Nm3/h 125 182 57 5 29 0 -

(FBH/KwW) (25) (37.9) (11.7) (6.5) (12.1-19.8)

AUFFURORR A/ (Nm3/h) /& 2020 BRFRERIA 12,000 11,400 5,900 16,200
=z E3lEs %/100085 20205 BERERRA = 0.19 0.12 0.25
Ch BREE Afcm?2 A= 0 2281 F (BKHEEE) 22 25 20
g Mg ESES(PGM)  mg/W 05-15 27LF 27 0.4 5.0
i HEEE(A®) mg/W 0.2-0.5 07T 0.7 0.1 1.0
vk RE—~ b =7 01T 2 1 10
N O—JLFRA—F ﬂ‘ Rk RE— H_-ﬁﬁ(l -2) — 30 10 120
Ll REEE 100 as 43

¥1 KEREEA—H— UJJ‘J&DD’ﬂE HEE %2 *FEB’J&%.IEF*EM‘*EH'CE%@. _#Li'cm?ﬁnﬁ*iﬁ*béﬁiiikmﬁs
1. FRRINSRE

OKEREBOEYEL - BWALICHE 02 MIEEDOREFTRE. QUL R2ys DEBLSEEIE DR ILI<E - HHT=IE.
B ERIRILE—FT KSR A EhEER0— ROy T ORISR (85200 A5 - R EhEER0— ReyTSETI—+> 7907 &R
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ANEDIEFEDH (FMSDE++)

B SDE++[IMRER=RAMIC T SAEHIE THY . (LREEEHDEDD) CO2HIRKER EmmMisDEEZMIET
SHBENEHFE THD,

B CCSIISDE++DMEIDMR TH D, TI—IKRDELEICESDE+H+ZEFRATE S,
KIzTZUSDE++DXR ELTIE, TEADCCSTIIATEE LR(7.2Mt/F)MRINTL S,

B BIR+KERICEDT)—KEHEISHEIDWRTH D, 2h 2021F-2026 F X TIL. HEBFHEIC_LRH
EHSNTND BIRENZTARVFEEDERADANETBICEFBIRNTD TRV ZHESN TS,

BRI K DKREGERFEID_ LR

- 2021 2022 2023 2024 2025 2026

BRERFE LR 1490 1590 1820 2330
[h/&]

HER : ASSAAF SDE++ 2020”

& H31FEDBNMIF(2020F2R) DR - ZAEEADIX

KELCEZSND1t07147 (SDE++FIE) ICDWT

«  SDE++(FFREY MR SRIRAMC Xt I DA HIE . JRERAMTC L HCO2HIHE LR
mffit& e OEZMEANT 5. ERZ€300/tCO2LL. T T O EAM(CHERN RN D,

«  fBZ(FCCSIFSDE++DIRIZD T, CCSICLDT ) — K =B SBT3 (FTH1D.

ATVIERSERRE [ 1) ok 30 CO2BIHE P TIRE 1064/tCO2EBEARN. BN RER L )
=K SRIFFESNTHD, HENTFERT 2000855 I FOEOHNSDE++OMRIBEELT
BENTVS, REEFRIOIEESMISNOE. FREOERCIEAE AT IR -
NEBFEEI I ASND AR T B TEBULDN

« LU, 32 3E@FEN4A-5EIRIADSF FRNOFAZEZ TS,

TKI Nieuw Gas

MIZWHO Mizuho Research & Technologies 1 8 5
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% SDE++TOXEADEHI(CCS)

B SDE++TIL(CO2HIRFERDEHERR-TRILF—/CO21MH8) X FRED CO2HIBED D& T < &o
B CCSOBZRIRS (CCSICESDH SNIEHELR-ETSE) X FHITrBEZ Xk,

CCSIC¥ 9 3SDE++TOXEFRDAEF(SDE++RFa1XIEELY)

This example is calculated based on CO, capture in an existing production process with 8,000 full-load hours and a

capacity of 100 tonnes of CO,/hour. Participation in the ETS has been factored into this example.

Category: Existing CO, capture in existing production processes (8000 full-load hours)

Maximum application amount, Phase 1 onwards 62.476 €/tonne CO;

ETS 25.264 €/tonne CO;

2020 provisional correction amount® 0.000 + 25.264 = 25.264 £/tonne CO;

=l

tCO%ﬁit ) Provisional 2020 SDE++ subsidy £62.476 - €25.264=£37.212
DAEER

Maxi ber of full-load h titled for th

aximum number of full-load hours entitled for the 8.000 Full-load hours

subsidy

Total capacity 100 tonnes of COz/hour

Maximum annual production entitled for the subsidy for - _

a facility with a capacity of 100 tonnes of COz/hour 8,000 * 100 = 800,000 tonnes CO,/year
FREDZIEEE | Provisional 2020 SDE++ subsidy 800,000 * €37.212 = €29,769,600

* In the calculation of the provisional correction amount, the product CO; itself has no value, but in this example the ETS value is incuded

HE  ASHBUF SDE++ 2020”

MIZWHO Mizuho Research & Technologies 1 8 6
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FRARD Sy T HIEDBE
(KREDBEEZHILT)
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R FE TCOBIRIEOFIARR

B BEICHIFTIIRIF—DEEMZIAFIE T, #igZS0 TRRATSN TLWSBIRIIENER D,
m LK TIZRECSH. B TldGuarantees of Origin(GO) A FIAINTULDIAR,

HABRE THRINTVSIREEEADEEY R T A

Guarantees of Origin

® RECs
® |-RECs

@ National system

H#:Energy Community“on Implementation of the Guarantees of Origin System in the Energy
Community”

MIZWHO Mizuho Research & Technologies 1 8 9
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KEIDRECSICDWT

B LR CIIREBROREMIAE UCRECSHRAWV SN, RPSHIE TOBIREABIRER PLEFEDRET10072ED
R R BIRERDOICEEIINTS,
B RECslE KEICHSVWTHIRBEDEAICMHET SBREBIEDABEEEZERITDVATLTHD,
B 2019FICIEH L ET7T80ADEE (£XRKDT—IVEEENDS%) - 186400 EMWhDE (£AKDUT—IV5E LD
4%) M, RECSTHIZICZEUL T\ D,

KEDHEBENDI -V ENREDHFET LAR

BNEMBEN TS PREE | o \ Sales
W\ BhEmE@nan | G2 MRS | oo,
MRECsZHEiE) LEFRIDR Sales

HEBEENENStHET )-8
TERESZ RS oo =
(BEASHNRECSZETE)

BEE(IFHEIRIA(RECS) ZEA 50
L. EAIETISEH S FhE, LEE
(EER N RECSZEIHE)

Competitive I EGIZAN=WAL-d:- YN — "
Suppliers (BEEEHNRECSZEIHiE) SEE Competitive Suppliers

Utility Contracts
AS1-FAREHEHETEA TR 5 Utility Green Pricing

- s (EICFEE.
(D227 14 HRECSZHEE) FRREZE) 2010 2013 2016 2019

Utility Green
Pricing

Utility
Contarcts

Unbundled RECs

Unbundled
RECs

CCA

Ao ANBIRFEEREBEENY
—~ AL e NS A

U_ J%tﬂgQEﬁﬂme%IJ\ B3 RHEE e Jenny Sauer (NREL)“Status and Trends in the

(AR RECSZFILE) U.S. VoluntaryGreen Power Market (2019 Data)”

He#:Eric O’ Shaughnessy, Jenny Heeter, and Jenny Sauer(NREL)“Status and
Trends in the U.S. VoluntaryGreen Power Market (2017 Data)” =& & (Z/ERR
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ATV THDLCFSOL I MERADRECsDFIFA

B KERXAT—I3 v TOBBIERTEIL DY MEBDTz0IC. RECsZEFIHUTI AR UI TOBIRAFXKRZIRTT D
EVWOFENIBETENARIEETH D,

HITAIWZFPMICEH1F3S.RECsZHIRAUELCFSOL I MERDBLEE - FIF

Virtual Renewable Power Supply for H2 Production in California

idor sy Pt

“X" MWh electricity
generated; “X” RECs listed in
Western Renewable Energy

Generation Information System
(WREGIS) for “X” MWh

H#:Norton Rose Fulbright

STAGES

VIRTUAL PPA

“X" RECs can be retired in
WREGIS and matched with
electricity supplied and
reported in the LCFS

LCFS credits generated

Electricity
Hydrogen

Source: Norton Rose Fulbright

FAEREETRE T RILT—F
TRV X T L(WREGIS)
ANDT I ESR

LCFS¥EBICWNERRECS
D70

LCFSICHIFBRECS5EAN
MDEEE

(PQEAC EICIRRRE
Thd_EDEILEELT,
REEZAXWREGISTIELE)

A DFEEEREHFRECS
=HFA9 555, WREGIS
NeTagsZA U—b,
(NEDIZEDH)

H88: CARB“LCFS Guidance 19-01 Book-and-
Claim Accounting for Low-CI Electricity”

MIZWHO
R ————
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RCFsZRWLCFSEEIOL DY MER

B KERE TOKBREENDRABNICRCFsZEL, LCFSOL I VRIS T DI ENFIRETH D HRLEFHEIC (.
CARBICKWEZ SNV Oy TT—=TIVHFAE R, COXAF—LH\HEET DAL LITO@EY EBE,

B LCFSTIE KEDIL I RtEICWell-to-tankDHFEEZRVL TV S (FIR—IUZER) 2. LI MNERIC
[FWell-to-tank DL EFEHRNUE , BHEREREEDRCFs (=ELERE OHEL) DA TIAERIF T3 TR,

B (D R<EBIVYIT7YTT—TJIIVERRAT SR CTHNIL) LCFSAITE - BrBDA N Z= 2 il HEN S5 A 5N
TWBTeth RER D DEERFRIED TENIE+2 (=RCFsHFEFDFEHRT D) EEZASND,

RCFsZRAWLzARUBIRTOLCFSEEI LI NEB DD EE(S2Y :RCFsORENEEERESEE)

Electricity Pathway Options

Lookup Table ( Tier 2 \
Pathway Pathway
Ly Iy 7°7_-—7) b:‘ﬁ;%ﬁ% Application Application
(Lookup Table Pathway
Application)
BV EE VR (2 K DI
MCARBHASIEREN TS, A\E;?gfoemclgid (as defined by Smart Charging
?73‘ LBIR+ jﬁﬁ%@?)k} g LCFS) All other low-Cl
7T T—JIVFIFAEE, - - ! electricity
ELECTRICITY U AS bR TAON FUEL
REMIRZRELS I
P B N 4
L . ! —-
| Elect_rmytlc H, Electrolytic H, Smart . _ TIRERER _ _
I using CA using Zero-Cl Electrolysis I (T|er\2 /I?_athway\Appllcat\lon)
| | Average Grid | | 1) ORI LU BRET NI,
ELECTRICITY USED IN HYDROGEN PRODUCTION BEDOFERGHHERE/ IhITT
------------------------ EWR) THET 5.
MIZWHO Mizuho Research & Technologies 1 9 2



ERMDGOICDUNT

B BN TIEEIRIES (RED IDICEVWTHEICBIXRDRMELR(GO) 522V AT LAMERI DL OIMEL TS,

B GOXERICLBDBIXRFADERTHAIN, S IIEDE CERBINTHN S, GOIIBIRENEEEDEK
[CIXUTRITIND REAIFTMWhTHY  BERIFTFER e SN TS,

B QH. GONFREIFILAERICHY ., 2018FICIX1.0-2.5€/MWhTERB SN T Lz, GOIZKA-BAICEIUK
FHFEITIN TS,

GODEE= GOMDTHIZENE I EDHER

v ﬁl*%?@l@ﬁgi@{%gﬁwﬁ{g(gﬁ%) t%j] Eﬁj\%ﬁbf\ Market Development Guarantees of Origin (TWh) 2006 - 2019
AEETG CHB|I T EZrREET B,

TRANSMISSION GRID

20(
100
]
2019 1%
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 [
6 146 185 191 198 202 275 323 306 368 513 530 506 617
4 3 81

~—Market supply (issued)

HZ

PRODUCTION ¢ /1 71 CONSUMPTION

7 75 m 146 182 223 236 246 31 41 357 470 520 S
30 70 74 45 16 -21 3 ' -8 r4 156 60 76 3 r
GOMHIZHE | ENHZ

' Market supply (issued) Guarantees of Origin per technology 2019
= I\ 2%
9% m Hydropower
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B SN TlEOERBATFIC L BDKEICEAT I XIETOI T MEIARENA-CEFC(Clean Energy Finance

Corpolation, BIFERIERS) [CKVEE, LLTDA4DHERY #E AR, D 5KZRICEETAEDIZLL T3 D,

Advancing Renewables
Program (ARP)

ARP supports a range of development,
demonstration and pre-commercial
deployment projects. This includes
opportunities to optimise the transition to
renewable electricity, commercialise clean
hydrogen and support the transition to low

emissions metals.

Industrial Energy
Transformation Studies
Program

The Industrial Energy Transformation
Studies Program aims to assist large
energy users to undertake studies to
identify opportunities to lower energy costs

and reduce emissions.

Regional Australia Microgrid
Pilots Program

The Regional Austrahia Micrognd Pilots
Program (RAMPP) supports pilot
demonstrations of microgrid technologies
in rural and regional Australia.

Status: Ongoing

Status: On hold

Innovation Fund =

Emerging Australian technologies &
businesses that can accelerate Australia’'s
transition to a renewable energy economy.

Status: Ongoing

Status: Open

He: ARENA HP
https://arena.gov.au/funding/
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“Yara Pilbara’ s green ammonia project”
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https://fuelcellsworks.com/news/britains-gas-grid-to-be-ready-to-deliver-hydrogen-across-the-country-from-2023-energy-networks-announce/
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H#8:https://fuelcellsworks.com/news/nikola-announces-
strategic-agreements-with-bosch-for-fuel-cell-manufacturing/
(2021F9H2H)

AVTAIV P MHEE. 2022FDFEEMUL. 3EERFIDA R
REDEHIC6FHMTEREFT100BRILDIREZEITICEZERRET
Do

D)= IRIF M DOFREFICEIRWBT RIS T S HiER
ZERR(EBTERIV, 3FR) EBYIAEN T D,
COWERIZRRIE. EXBEBEDRGE AT T, #Zh, UF U LME.
N7 )—84E, REMRTE. X5 VHRESER, RAHZADERZRS
e DIKREAM R E DM DEFRERICTEEINDS T E,

H#8:https://fuelcellsworks.com/news/california-governors-
2022-budget-additions-includes-100-million-for-green-
hydrogen/ (2022F1H12H)
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H#:https://fuelcellsworks.com/news/bayotech-and-loop-energy-
announce-a-joint-market-development-agreement-to-deploy-
hydrogen-fueling-infrastructure-and-hydrogen-vehicles/ (20215
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K8l https://fuelcellsworks.com/news/green-hydrogen-koch-

engineering-fidelis-infrastructure-invest-9-2-billion-in-
renewable-energy-ecosystem-in-louisiana/ (2021F£4821H)
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e https://fuelcellsworks.com/news/ladwp-joins-hydeal-la-
targets-areen-hydrogen-at-1-50-kilogram-by-2030/ (2021%5H
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H#8:https://fuelcellsworks.com/news/bw-renewable-signs-
agreement-to-jointly-develop-innovative-biomass-to-hydrogen-
clean-energy-project-in-australia-using-brightlooptm-technology/
(2021%F10818H)
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hydrogen-fuel-cell-footprint-with-certification-from-eu-
authority/ (2021F5818H)

H#8:https://fuelcellsworks.com/news/sinopec-lands-worlds-
largest-photovoltaic-green-hydrogen-production-project-in-kuga-
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HiE: https://www.nna.jp/news/show/2174874 (2021F4H9H)

H#8:https://fuelcellsworks.com/news/shagang-group-along-
with-hyzon-automotive-and-guofu-hydrogen-to-jointly-promote-
49t-hydrogen-fuel-cell-heavy-trucks/ (2022F11810H)
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e https://fuelcellsworks.com/news/hyundais-luxury-brand-
genesis-to-run-on-fuel-cells-and-batteries-by-2030/
https://fuelcellsworks.com/news/hyundai-motor-group-
presents-its-vision-to-popularize-hydrogen-by-2040-at-
hydrogen-wave-forum/ (2021F9878)
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el https://fuelcellsworks.com/news/s-korea-to-double-
electric-hydrogen-cars-in-2022-in-net-zero-emission-drive/
(2021%F12829R)

MIZWHO
"

Mizuho Research & Technologies

Hyundai Motor Group®Xcient Fuel CellXB+Sw oI,
1AL SEEDR ETEITIDFECTH D,

Hyundai Glovisl&. Hyundai MotorH's 10k kD Xcient
Fuel CellZz2&8BAL. BETCOEYEE T —ERIZFERT 3,

8 https://fuelcellsworks.com/news/hyundai-motors-xcient-fuel-
cell-trucks-to-hit-korean-roads-starting-in-november/ (2021598
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8 https://fuelcellsworks.com/news/edison-motors-and-plug-
power-inc-sign-agreement-for-mass-production-of-hydrogen-
powered-city-buses/ (2021F12815H)
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H#:https://fuelcellsworks.com/news/doosan-to-develop-
hydrogen-power-pack-for-cars/ (2021F11822H)
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H#8:https://fuelcellsworks.com/news/air-liquide-airbus-incheon-

airport-and-korean-air-partner-to-prepare-the-use-of-hydrogen-

in-the-decarbonization-of-the-aviation-sector-in-korea/ (20224
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consortium-to-build-green-hydrogen-tram-in-egypt-new-capital/
(2022=F18278)
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H#8:https://fuelcellsworks.com/news/doosan-heavy-pursues-
ammonia-fueled-hydrogen-gas-turbine-development-together-
with-posco-and-rist/ (2021F&7H208)

Doosan Heavy Industries & Constructionl&2H.
KEPCO E&CE7 VEZ7HEH AR EFOEALICHEIT=E3E
BRI ERmEURERHKRU
TPOEZTPREHRRERMIE. 7OEZ7ZHSRRY BURKEEZ R
SETCKRY—EVEFREIE. ZEZT,

KEPCO E&ClE. T hDmBEILE SO HEMEADI I =7
) I EiERFEL. Doosan Heavy Industriesld. 7VEZ7
WERE KR —EUREF B IR ZIEY,
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construction-accelerates-hydrogen-turbine-technology-
development-with-kepco-ec-and-korea-midland-power// (202252
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join-forces-to-accelerate-areen-hydrogen-production-in-dutch-
north-sea/ (2022F&2H815H)
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ecosystem-project-green-power-of-the-dutch-economy-to-
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H#8:https://fuelcellsworks.com/news/western-green-energy-
hub-in-australia-set-to-transform-global-green-fuels-
production-in-historic-partnership-with-the-mirning-people/
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el https://fuelcellsworks.com/news/plug-power-to-partner-
with-fortescue-future-industries-to-manufacture-electrolyzer-
technology-in-australia/ (2021F10814H)

A—=ZARSUTPDRFIRIVF—EEEDD YRR BA—
ZRSUT7MBRFDXZIEEZT T HRREDKER -7 VEZT7EE
MEsR % /IN— RSB &R IC R I DEtEEH R U,
ATOV TV MDRERISHAZABDEDERY, PUOEZT7 ERIK
KEOF caERANKZEEZ1H15000 (tpd) XTEET .
KRETVEZT7IE EROBERMERAARRBEDOEAZRNT
BHETN., RFPEEED 100 %M HIBE 2 IIHEBRINDB,

H#8:https://fuelcellsworks.com/news/woodsides-h2perth-to-
make-western-australia-a-hydrogen-powerhouse/ (2021F10825
B)

FA—ZARSUPKRTOIVIIME Za1— IR I —ILAMTH]
&)T\ %’E\ E‘:J“*Z\ iﬁjﬁm@ﬁ‘u_yﬂ(§o)*um Erﬁﬁyﬁbto
COTOVIINTIK T)—DKREFFEDHARY T —IITR
AU, 23,5000 —&KREE. 100DFEZEMSR. 7 DD ITERIC
RMHITEFE,

Hea:https://fuelcellsworks.com/news/first-green-hydrogen-for-
new-south-wales-homes-and-businesses/ (2021%F11818H)
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A—=ALSV7 - Za1—I—=3RDEE R - YT S1FI—2)

B A—ZNSIPEFDIAR—IV-RE - BEEKEIRIVF —HIMICET /-~ —2y T
m Amp Energyld IR —b D4 UATEA—X S ) PBERIBEIRIVF—/\TI(TREHSA]) Z3%1L,

BRSO B DGR

A—RLSVTPEIIAR=IIE, BE- BEBRICH T HHEAR A—ZRSU7 EBEIK FHME- OIS Y3 &M/ —hF—
HIER D7z 8 DAEHEL A IR0 1) — KR E DR AT DREZ IV CERUR.

IMET B7=8. 3,00065RILDIN—F—IYTEERIIT D, MEIESE10FEULICHIZ>THRAL BHEA RS LUEOHEE
Scott Morrison&EH8I&. 7z MEBEE T AEZDREIL. 47— HAFMDBAZ(BET DDA U7 F I%=MF-TEL. BR
ZASUTDOFHEEEDERILAZEKRL, ZESIRIVT —E% REREE(NDC)ZET/NIBED T TORERLZDHRERZL.
DIARRHEERIC DY REIFLVZ<DAMERERTB26IC NZEERTDEHDEBNEZIRIT D EZEHNRT D,
BIRBEITDI_ENTED | EBRAR TS, BERFE. BEEA RN U T7OREBDKET TSAFIT—

DR ZEZIET DI EEZRELR,
8 https://fuelcellsworks.com/news/australia-partnhers-with-

singapore-on-hydrogen-in-maritime-sector/ (202156R108) Hei:https://fuelcellsworks.com/news/australia-republic-of-korea-
sign-low-zero-emission-partnership-that-includes-hydrogen/

(2021F1181H)

ZF—RSU7 EREIFMEHREA RV 1—03VICET B/ —k
TV T EHEIT B DLetter of Intent(BAE)ICER H D SAFT—UD OISR

U7z

F—RSUTP EREIE, 7')—KER ZBEAEREOEIREFIA —ZRSUTPMIC BAIEYRE.
(CCUS), “BILFROBIREBE(CCS), EMBRT NG PR o) i o BES ) at e e
EERMEFCNUNEI 1—IVR, JU—2 - RF—ILETBRER TAUATHBEA—ZANSY PHETRETRILE—/I\T |

AEZZOEIFLEMILGLE, 6 DDEERIMOMFTFHFEICERE (TREHSAE&YuUEC s E2RELE,
[CERVMBE - EIC3D, BA—Z S P OBETETRILE — N\ TADIZEHREEIL20
BRI EDZ B EiA.

e https://fuelcellsworks.com/news/australia-uk-partnership-

to—driv)e—low—emissions—solutions—including-hydrogen/ (2021F7 T e |
B29H N : ;

2-billion-renewable-energy-hub-incorporating-hydrogen-energy-
in-south-australia/ (2021F5H8H)
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FHEOHR(EEUT 1)

B BRFIEIREEDEBEEAAY -1V I SBMBZREDEIT LT EHREK.

B HyundaildUshZ4thAEIE

ENEAEORRE - SAZRANICHEEL TV, EE

St iHE X —H—BHEK,

EEUT 1 (BEE) B OFMHIER

Hyundai Motors?DGenesisT S VRIFIBICTI0OFEEXTICT
RNTHDIVIVEZEIEL, 2025FURICTE1—9 aMEX
AP EMEZIZNNY T —TCEDIEHKRU,

Fe . 2040F X TICKRZE RS E. 2028F X TICHEEAE
DEETFIVEEEMEL. INT—RLA I\ T ) —0BEIE R X
FLEFRBAT R EVSHEZEHRKRUE,

e https://fuelcellsworks.com/news/hyundais-luxury-brand-
genesis-to-run-on-fuel-cells-and-batteries-by-2030/
https://fuelcellsworks.com/news/hyundai-motor-group-presents-
its-vision-to-popularize-hydrogen-by-2040-at-hydrogen-wave-
forum/

BRIFE 4831 2BICRFEDBEREHEZ LR THRERL BIRNE
SEFECMBENBEHEDE AW ERENDHN24H580005H
52022F(CIFHIS0BARETEIZ LIFR_EEBIETEHSHIC
L7z,

SHE Tl EXBEEEIZI20558. KRBEEIEI3ASTE. TNEN
=) 1 I Y FOVANES I

Fiz. BFIERE, EREEESKEEHESEDTTES - KEXT—

3VELRETI6AE.3108XTILAT 2 FE

Hea:https://fuelcellsworks.com/news/s-korea-to-double-electric-
hydrogen-cars-in-2022-in-net-zero-emission-drive/

Hyundai Motor Group®Xcient Fuel CellKEF>voIE,
1AL SEBEDR ETEITIDFETH D,

Hyundai Glovisld. Hyundai MotorHn'5 10k kD Xcient
Fuel CellZ28BA L. BETOEYEET —EXICERT S,

He: https://fuelcellsworks.com/news/hyundai-motors-xcient-fuel-
cell-trucks-to-hit-korean-roads-starting-in-november/

BEOAFERHEEX—H—T»SEdison MotorslZ. Plug
Power& . KRB E MBSO ETERT /N A DRAFE - TSR A ICE
IR ERRELUECEERHRU=.

&, 2022 FEF FTIRBERET /N 2D O 1 25
B, 2023FRHFE CICERA TSV I —LZIE EITDHE
BE9I3FE,

8 https://fuelcellsworks.com/news/edison-motors-and-plug-
power-inc-sign-agreement-for-mass-production-of-hydrogen-
powered-city-buses/

Doosan Groupld. 11AICERERDOKR/INT—/\Y O ZREFEL.
BMEIEMNZAB LRSIV ITIBADS AZRIALZ, Doosanld
CNET. RO—VREDOKZR/INT—/I\yoEs8HELT LD, BEIE
FDKFRINT—INY O ZRFET DDIESEHEIH T,

H#:https://fuelcellsworks.com/news/doosan-to-develop-
hydrogen-power-pack-for-cars/
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B JKRNZEREDRFEICTEBBICERY O Airbush, EBEICHV\TEHZE
m Doosan Heavy IndustryD 7 EZ7Z05vF 0 UTRY B URKERICEDHRY—E VFHKEADRVUEH
ZPOSCO.KEPCOEWS Tz EEHDEXE S EH TS,

B TOKRMAZBIEL RS Z MG,

EEUT 1 (ZDth) DEFDFHIGEHR HEDBHOEMIGER

Air Liquide. Airbus. Ki&finze. {Z)||EFFRZE A 2812
NEFREEICHFDKRFAERSTTDHODEEICTHNLZ. C
DOMoUDRHAACPH VT, 4DD/IN—bF—IE FITC)NEEEZFD
BOCHOKEFRERFETDHOO—RYY TE/ER L. BBEOM
DZTE(CHER T DKBIIVRATLDERE T R—N 320D
DAZEEU. EZBEE LT, N\— b=y TR KBRZEHRE
‘9”5@?7]@%221%@@%&1?& ZNEBTURERRIEAA TSN
HEFRZTEHNEUZMREZERTDICEICERZTEL TS,

e https://fuelcellsworks.com/news/air-liquide-airbus-incheon-
airport-and-korean-air-partner-to-prepare-the-use-of-hydrogen-

Doosanld7H. POSCOH LU EERIFER MR (RIST) MO
=207 JEZ7HHERARDKRHRAY—E D DHREFHEFEICET
Mol Z#ELIzERKERU.

SENEEZHHEICEY . POSCOIZT7 VEZ7DEE HiaZ1B YL,
POSCO&RISTIX 7 VEZ7 DR DBFEZHRFE THESH. Doosan
Heavy Industries & Constructionld7 VEZ7oRTRET
BHREMRBESEBKEHRY—E D ERBERORFR AR LY TR
Pl PRV AT

Hei: https://fuelcellsworks.com/news/doosan-heavy-pursues-
ammonia-fueled-hydrogen-gas-turbine-development-together-

in-the-decarbonization-of-the-aviation-sector-in-korea/

&EMHyundai RotemI%2022%F1HICOrascom
Construction. 75 ZMColas Rail EHXET. IIT+DH
BEICKRN S LT ERITDEEICHNL,

Hyundai Roteml. A2V =7 AlXSE L ARICNS LTO
JI7HJ—:'§3’5.:H§$EIJ7 l\ﬁiﬂu‘é[;hﬂjb ﬁn?&% 5%&
ThdoEzxRH5MNIUTz,

Hei:https://fuelcellsworks.com/news/hyundai-rotem-led-
consortium-to-build-green-hydrogen-tram-in-egypt-new-capital/

with-posco-and-rist/

Doosan Heavy Industries & Constructionld2A.
KEPCO E&CE7 VEZ7HEH AR EFOEALICHEIT=E3E
BRI ERmEUREHRU,

T OEZTPHREARAFEERIE. PUEZ7HSEY B UTKRE RS
SETCKRY—EVERESIE. REZT,

KEPCO E&Cld. 7oV hDmBEILEECREMEANDI VI =
7T EERFEL. Doosan Heavy Industriesl&, 7VEZ
TERE KR —E VR E T EMIIMAFEEEY,

8 https://fuelcellsworks.com/news/doosan-heavy-industries-
construction-accelerates-hydrogen-turbine-technology-
development-with-kepco-ec-and-korea-midland-power//
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PEIEMFEAERITKRAT—3 2 DmBEEDIRE

B IRFEETRINAHRDKEZRA VI SERICEWTIXII 2L —avIdRIBTNTLEN 7=, FraunhoferDffzE
CE) IFER TRENH D215k,

(GE)Nugroho, Rizai, et al. "Cost of a potential hydrogen-refueling network for heavy-duty vehicles with long-haul application in
Germany 2050.” International Journal of Hydrogen Energy 46.71 (2021): 35459-35478.

B FAERITICE, EFHOKRITEFERE U CEREKRZE IR,

FraunhoferCDKFRA1 VI SRBHEYI1L—3a 2V EFDFRAICDOWLT

o FRWNTIZAZERT—Va EEHREICE VWV CRBEEEY I 1L —YavEaER—2cUizE
< WS EEIESNETIRHEVTLARL,

© RECERANDN202TFICHERUARENBAERERIT KR T—Y3 0 DREREDIHZE
DFWXICDVWTIIREN DY, SKIXGHENSHEVEDTEZERITT.

. IR SO IC DVWT DA ZE T D EHEIERV, FRkDZ EZET D538
Fraunhofer ISI F=IDBNILATEEEE Z B,

X CDIFTIADIERE . RUTERERITOKRFRHEDHYABICDONT

« FYDIXRIVF-HBULRRISELRAODRT VIPIVNEE. mHICHEENRET) 2%
BUT. ALBRDF LRADEIRN S DKERKRELE +/\1 TS5 TOEEE DEXEET
DA NEROIR R ZEERRUZ. CNHORXDERENERTH D,

© ERE-HEIROFERISOVTIE 250kmERimR SEEENL N EEZ D, T U7ICDNTIEL,
LOHCIEA 2 IS HMEMS D TRIAELY B8 E TX Y MBS D TIEE LD,

- BERAEOAVKR—RIAN—IEBEKRNZHEEZD,

Fraunhofer ISI | . (i ksRICBIL TIE500-600kmET T BREEREN S Y VT &\ S SREEH BN
AROIRIVF—RIRICHREN H D &\ D58,
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B ENKEEE(CRAT S Fraunhofer®EXY A

DI ERATECE T BEEEERY T DE(120BPP/min) & 92K, BaFICERY

mEICO—ILI4—3
fHATLB,

FCREREICHITTZBPPRIERIEDIMFAFADIKIRICDOWNT

- SESERETI20BPP/minDEUSEE % BIE I 5. REI0S TEN T\ DM
EHBEZ 2 2FERYICTERI TS FRE, BEVY U OERALIFSE/(2026FF T) T
175 BiDERLIE2028FN 52030 FENEMILEBET.

. (BPPIIITETH5)O0—2— IJ/'I'\ZiJIJIlat 2T MLIEY EREERE 7 KIEIC
HEFondmIc Xy, BFEHICIES

O—3>IVMRAMIICDWVTIE, 951&—)3 IREEFRAUBRASHBRLICTUTIARRN
SLDKEISETNTUVD, O—IFRRDEDHSEICAST LT BE1H],

Fraunhofer IWU]| °

BPPFELLE
Stamping Hydroformen Roll-Forming

Area (total) 500 cm? 500 cm? 500 cm?
production rate 60 BP-HP/min 6,7 BP-HP/min > 120 BP-HP/min
Compare of:

Formability / Geometry = 1 2

Produktion rate A ™ iy

Prozess Complexity AN A (=

Stamping Hydroforming Roll-Forming
zre. s, —

:Lc; :1::: ; r> W Pr:ssLlrrB g'l_ N‘E

e (sottom) /15 nnnnnn End positan Lowerdie ——— - ———
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B XYYV IOREEFE22A8. FCRYYIEEIRAME3I2/KW., CNICKYV IR TLIRANZE€T100/kWE T BETH],

H9EFR ﬁﬁnﬁﬁ

Fraunhofer IPT BPPELER T
GREPY—IVE RR
v

Fraunhofer IWU  BPP&RLER: i

(O—>—I R0
THEE)

Fraunhofer ILT L——I0T - i
it
Fraunhofer IFF TOtER%KE
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IKERRICET SNRELOEXY A

B Hydrogen shotDEVBZRICEITTIL, B PEDEAZE=ICPEM-SOECORFEICEXVHEA .+ H
BEZRAIREE LT UL\D,
B AR—ITRBLIICKEREICKDIARN T ICERVED ., £/z. BOPOIOXN DEEEE L. EH,

DOE Hydrogen shotDB&ZEICHIT/ZKEFRDRHFEICDOULT

. H2NEWTPEMEMESOECICTIA—HRIEBRELUTIE. CNSDHEFICIZERYMED
ELEHHY . KEIFESVVEMAZF > TS EEZ TS,

. HEOEFREEEZZUNIZVEF<KH, MAEREFKENTRTEATH S,

. H2NEWILEEDZOY UM (HydroGEN) & XERY  BBEEFEOMEIRLTEIEER %
B89 . HydroGENTIIMRIBEFEN TR o=,

- JZFBEBEBLARVEDNERTEBENHETOCERL THY RRTIBEEZ S,
- BOPQOIRNYIUEEBRTHY. ERBICHIRA<I—IY3v TERMETE.
2%E . DOETOKERDEIR

NREL

Draft Electrolyzer Stack Goals by 2025

LTE PEM HTE
Capital Cost $100/kW $100/kW
. . 98% at 1.5 82:Brian Pi
Elect. Efficiency (LHV)| 70% at 3 A/cm? 2 NG Hydrogen (H2)
Afcm frlom Nelxt-gen?cration
Elect Wat
Lifetime 80,000 hr 60,000 hr Overview' o
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S& IKERICET SNRELOERY #
m AN PIEAEEL L2 T ABELS RIIRIC OB MO L TIR N VU EEB,

DOE Hydrogen shot®BRICRAIFTIZH2NEW O 19 M TOKERFDRHFE
Approach: Manufacturing Scale Up H2NEW

Spray Coating Slot Die Coating R2R Coating

* Dilute ink \ * Viscous ink s T
. N -

* Homogenous Ir Heterogenous Ir distribution %
Serves as a model

- distribution |
\* * Low \‘“\ high throughput deposition

throughput technique

* Viscous Ink

* Very high throughput

* Translate subscale
learnings

2025

Understanding/Legacy Model/Scalable Fabrication Engineered @Scale/H2NEW 100 $/kW

Ink Composition Ink Mixing Electrode Structure/Function

Substrates
.,;“ 7’3,‘_’9 - .r‘_.
...\‘ -?‘-“.‘a*c‘. .‘." pﬂ‘ !
Study the impact of ink Study the impact of Impact of substrate type and
composition, solids mixing on the ink deposition method on
content, 1/C ratio and stability and structure and function of the
solvent types agglomeration Impact of ink, deposition resulting catalyst layers.
;
Ink Rheology technique on the catalyst layer Seedifusien e Downselect based on
g Study the relationships structure, ionomer distribution, technoecon.omlc and
3|~ | between ink catalyst distribution, manufacturing
f _ .- | composition, rheology agglomerate size on considerations.
z“‘; Lo @@ | and the of ink performance and durability.
B '..'i"\:}.&"d‘::ci.':l".:bi"i-:'u' T rheology on Hj.ﬂﬂ Brian Pivovar

“H2NEW: Hydrogen (H2) from Next-generation Electrolyzers of Water Overview”
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7 IVAKERRICE T SHYCCOHHRY A

m RED IIDOJ)—2KEZEABRICAIT T A5 VI DILFEA—NT—THEHYCCHEKEBFEANZINHE,
B REUEZERITDEEEIC RERNICIEERY TS/ FI— U Z BRI DU ENHDEEA T D,

Z525TOHO7IVAKERDRFEICDOLNT

«  HyCCIHMEZEA—N—EUT.RED IITH2030FBR(5&I71)—2KEREAN) [CAEITFTER
VAT D, COBERRITHEXNET &V 5535,

«  25-26FI[CMFTT250MWD7IVHEBRFZEAT HETEC. REDEENKNE, BAIC
(3:7(5:0) %7&%}:!:“75&%7‘3\357;\/\g\/\tnw\u

- JRARBERELTE2/kgDKEZBIET . BE T ohiHE U TIIMZERAMRRI® D717
= A5/ =ILDEFELTDT =Kz,

HyCC . OZRBEEBLARIVEDNERTIMVENRHIENDEEBRLTHY . EEHTIZEE2 3,
e ROR—IITRTREFILTEE, HREMICIFOXMNIES.
. ASUYFBRKERIIENTE, BNY TS F I —URERIIEE, b RE D,

£% Nouryon(HyCC)
DB I7IVAKER
DBRKE

HE#:Thijs de Groot
“Intensification of alkaline
electrolysis”

(" Material cost |} 1\* [ E

%@

Manufacturing cost l

=)
it Bl

Stack cost

oA E/kW

<100 €/kW

Balance of plant

flg

KW

Installed plant
(GW scale)

Other project costs AN

@TE
. = ooo

Jﬂ 15002900 €/kW

— 65%
~I0oeelkW

/ Target: 2 €/kg Hydrogen
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&% 7 )VH)KEREICEET SRR D L — R AT (HyCCER)

B S ORFEEROBICIE, IXSER-FERME-MAEZEEKT S LETON—RATNFE,
B EAREDER CORMBARAIPEREEZ 51D,
B RS REETE - TOMIUEREEZETZN. A5 VY TIXTNORZDIEEIZIEBO>TL B,

Trade-offs in scaling up innovations

Diaphragm thickness:
Resistance vs. gas crossover

.| Operating temperature:
tfficiency vs. stability & corrosion

Capital costs

Plate and frame thickness:

Energy costs , Mechanical strength vs. material costs
A

Flexibility
Durability T

|
[
P
@ o 4 &Py

i u
Overpotentials \ 8 \ 2l { &
Ohmic resistance \ ik ety
I Higher potential (cheaper power conversion)
* (as crossover H,0 vs. shunt currents

* Shunt currents
* Electrode stability & corrosion
* Changes in gas hold-up | Electrodearea:

Heat management vs. material efficiency & footprint
* Heat management
* Mechanical strength v

K Operation pressure / Electrode material: Electrolyte flow rate:

Max. efficiency vs. robustness Heat management vs. BoP size

KOH KOH

H#:Thijs de Groot“Scaling up electrolyzers”
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KEYISAFT—IBEICHEITIZIRAVERRAF—L(H2Global)

B MIZERAHDOKFZT TSAFI—IEED AVEFAFT—LEUT RMYEF - 20LL EORRBIEHEISRD
H2Globald 2 —I7 LN, ) —2KZROMHEEA - FSZE DMIEES /e, B RUTSNEIEZBI5d,
B GERFICY TIVA =03V ICKUEERORE/NIIIHET D RICHE,

H2GlobalDRAF—LAIZDWNT

«  SBEBOBFHEREICHE > TKEODERERE® LR TDERIAATEY ., CORFT—LHEEE
TREEZTWD, (RF—LDEEMITTR - RR—IESER)

- BEEIR(0F) B EFEANREMIRERA TRV TET LV ERBRL TS,

H2Global 4 ;% HINT.CO
HYDROGEN
HPA over 10 years INTERMEDIARY
NETWORK
COMPANY
SE! o : :
H 2G l. b l. o f‘ Payment of price Supply side: Demand side:
0 a - difference based on CfD
Long-term (10-year)
O)Z:F_A o — . Short-term sales
Jemase, auction-based :
N < et contracts ( ) with
*E*_‘, = purchase agreements purchasers
o & (HPAs) with producers
o
T Regulatory framework
takes effect
HSA over 1 year Financing needed by HINT-CO for paying
the price difference is reduced over the
> course of the funding period
Jii: 1 1
e Time axis
Shaping the . . . .
lobal energy The_ price d\_fference depends on the developmentl (_t)f the actual PtX price. This means that the
9 . » capital required by HINT-CO depends on the quantities guaranteed to be purchased under the
transition HPA, the negotiated price and the development of the H2 price on the purchaser's side.

MIZWHO Mizuho Research & Technologies 2 4 1
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2% :H2GlobalDXF—LA

m H2Global FOHint.CONTigHEEES,
m HHARITIE51100-150MWO EREBZ S0 TOU 1/ M E4-5EXIET B5HE.

eI & (X1 OFE EflitE T34 F2A (X -2FDFEHATER

Overview of the HINT.CO model’

Consortium

+ HINT.CO serves as a market maker, it buys
and sells PtX products

Consortium

Country/region

side

*  Federal Government funding provided to
offset the losses incurred by HINT.CO

+  HINT.CO guarantees availability of PiX
supply to final customer

COMPANY

o
© +  Long-term (10-year) competition-based
- purchase agreementfs  (HPAs)  with
Consortium E:E HINT.CO e producers
:-IlJYTEE)RRﬁSDEII:R = +  Short-term (1-2 vyears), product-specific
T NETWORK o sales contfracts (HSAs) on the demand
.;EL
E
[=]
Q

Consortium

Country/region
Competition-based purchases

Federal Government

funding provided to offset
the losses incurred by
HINT.CO

Energy sector

Consortium

Country/region

1 Exemplary representation © H2Global Advisory GmbH
2Supply side: 10-year hydrogen purchase agreement (HPA)
3 Demand side: hydrogen service agreement (HSA)

RE-HRENA TA—I3aVEEL.

: l L
?ﬁﬁ%ﬁ’&?ﬁﬂﬂrﬁu I:_:ifl-%G|_l|§§‘a(l)-t%arl1ar:>in9 the global energy transition”
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BHAADRE
<WRPEM - KEBROIR I —AEEERTTONEN >
B SO Y UICAT TRE R D BERMICHU T, BCRIERATEIRE L,

BICRMYEEELTT 70T 1 VU7 TlAITKEE RHEEIC &7z > TIEFraunhoferz 213 T&E
ERMDREFEICSENT DIEZ,

B CUDn[F.Roll to Roll¥fis, BPPOIIHir(O—>—IMR) L—F—IIL - YR E(T3E .

B HAEUTEBEERTOYVIVMTRoll to RollFMEDEERMBERICIRVBATETHY. &
DEMNAEBIEIN TS, BISEFE CTIIPEMAZKERRICEMDKEREZITOFEESNS,

B SHBILANEHFFINZAREAERSE . AL NDOREIENRITICEIVE KREEET DFHiTET
ARERFNICEFEL D0 —IRIVF—HHeHiiiN#E Th I KERICERANATETH D&
o, BEUTHEEREIMEZ TR KIBERETIAIEIBIEGEO—D TR,

<KFRYTIAFI— 2 DRE—EFENDEEDEFY EXEAF—LOWEE>

m OKFEYTSAF T UESICA T, BRI R HEHOFERAERMN (FIZHR) TIRETIN
I TV D, EUDIF M TII I TICER—HFE B> THZRRF—LZIS LT,

B OKFREADRETERIEUENMEBIRN, Rl (01 —2) KROFBERF N —BRIL T DATEEN,
ENTEXEHENFHRADUERENBZOTVDEELS.
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ZEE#Z#HE(IPHE) T CTOERZZADSM

m IPHEIX2003FICERIIS Nz EBUSE/ N — I\T VT, BREIDEEREE. ERHNZEMS CEh RSN BN,
B IPHETFCIIRE2DDIR I TA—ZANERESN T D, (FRTREH)

?—V(Bt%n%“ﬂr7k§§%iﬁﬂ%0)GHG?3FHj§'§-EUDH$ Ml HFEUTKRDERES o
B REFR CIEECINSDTFICHGRICSIN. SEDZERITDIEREE BARN S DIFHRiRM. EREHREE =X/,

IPHE: Global Government-to-Government Partnership @
Accelerate Hydrogen and Fuel Cell (FCH) Deployments

Priorities:

Formed in 2003 | 1. Share Information on Latest Developments

2. Inform Future Government Policy
= 3. Foster Collaboration
Chair The IPHE addresses these Priorities by,

E‘ . * Coordinating and Sharing Information — at Bi-Annual Steering - = -
‘ Committee Meetings, and through Webinars, Brochures, Newsletter —I—
Vice-Chairs | . peyeloping Country Updates — Country Profiles at www.iphe.net I * I >
* Working Groups:
Iilg 1. Regulations, Codes, Standards & Safety (RCSS) L n
2. Education & Outreach (E&O) I I SN2
El] * Task Force: - +
1. H, Production Analysis Z 1IN

Past Chairs 2. H, Trade Rules &\

And by, Coordinating with International Initiatives and Orgamzatuons21 cme \}o.eaé’ Normmrerre.
u 1 u n issi
including the IEA, HEM, CEM/MI, HC, IRENA & Others "
hi

g N RO 0 4 > E =
HE#:Tim Karlsson

“Policy Actions to Facilitate the Global Hydrogen Market Role of the International Partnership
for Hydrogen and Fuel Cells in the Economy”

MIZWHO Mizuho Research & Technologies 2 4 5
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IPHET®MTask ForcelcDL\T

B [PHETCIFIREEIC2DDIRITA—ZANKZEIN TS,
H2 Production Analysis Task Force (H2PA TF)Tl&. 2V —2KEZEDEZRRERFICINEL,
IKFBRHERFFDGHGHIEEEED A EFRICRAT D2 HAIRTAI U Z/ERK. 202T1F10BICRF XV MRICE ST,
m £/=.H2 Trade Rules Task Force (H2TR TF) ClId/KZEE =B EU-EEFRODEIE- L 1—% M,
2022F2BICRFa XV MARICE STz,

IPHEDY RO I —=ADBHEHINIZFFIXD K

KREERDGHGHFEERE DS iEHR KROEREZICET BIFHROLE1—
(2021%F10A8) (2022%F2A8)
theGreenhouse s (O e e

Information and Issues for Consideration

the Production of Hydrogen

IPHE Hydrogen Production Analysis Task Force IPHE Hydrogen Trade Rules Task Force

FEBRUARY 2022 (Rev 1)

https://www.iphe.net/ files/uad/45185a ef588ba32fc54 https://www.iphe.net/ files/ugd/45185a 29c90ec0eal54
e0eb57b0b7444cfa5f9.pdf 63eadf5d585cfd7b20a.pdf
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https://www.iphe.net/_files/ugd/45185a_ef588ba32fc54e0eb57b0b7444cfa5f9.pdf
https://www.iphe.net/_files/ugd/45185a_29c90ec0ea15463eadf5d585cfd7b20a.pdf

IPHE H2PA TFDR—7 -EsmD™ER

B H2PA TFTOESRIE. V) —VKEDIERIEEDHDEDTIF RV, HLETELEFERICHUZGHGHIHENE
EDHEREZZRIT DED,

B RFIXUMIE, [KER, RIAHRNE + CCS. 8lEKzR, AKARIE+CCSINADDEGEFERC &(ZHERN
BEINTVWS, COEIICEITTIE BEFERICH TO—F 0T 7 I —F (SG)DRESN. ZmZEmUT,
12U RFIAXIMNISEETZY T T—EINS2EDTHY ., SEIDRFIXVNTEY EIFoNZ4DDELEFER
DA FBETDELEFENRONDED T,

B UATLERELUT, "well-to-gate“DEEATINTHY. Scope 1, 2, Partial Scope 3INEENE, (TH)

upstream_ downstrgam
scope 3 emissions emissions scope 3 emissions

material acquisition : distribution
pr oduct A & pre-processing isammisines & storage

. scope 1 and 2 emissions required by the Corporate Standard
. scope 3 emissions required by the Scope 3 Standard

. product life cycle emissions required by the Product Standard

Source: Green House Gas Protocol: Product life Cycle Accounting and Reporting Standard - WBCSD, WRI

H#:IPHE Hydrogen Production Analysis Task Force “Methodology for Determining the Greenhouse Gas Emissions
Associated With the Production of Hydrogen”
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28 FHREFEOTOELRT7O—FI(KERR)

B RFIXUMNMEEOKER TCOKREESEICHITETOELRJO0-FlERT,

Effluent
Product system waste Oxygen
I
P v v - — e e — - H;at 3 MPa,
| | >99% purity
i Treated Wet H Dry H |
Water water 'e e | Gas purification, ! : 1
Water y treatment Electrolyser *| drying & cooling Compression . Hydrogen
I
. i r 3 b l
I
Electricity !
| I
, I
steam |+ I
| I
: I
Other l
solid, [
liquidor p——» I
gaseous 1 |
fuels i
| e e e e e e e e e e e e e e e e e e e e e e o — —
Diagram key
System Waste
input product
Product (or
Uit interim
operation product) of
interest
Co-product
[significant)

*Three main types of electrolysers include alkaline, polymer electrolyte membrane (PEM) and solid oxide (SOEC

e IPHE Hydrogen Production Analysis Task Force “Methodology for Determining the Greenhouse Gas Emissions
Associated With the Production of Hydrogen”
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& FREFEOTOELRT7O—FI(KRAH RIE +CCS)

B REIXIMNMEFHORAHANE + CCSTOKEREICHIFZTOER7O—F|ZETRT,

Matural gas Waste gases
liquids, oil and and other
Upstream system condensates impurities

o |
Electricity |—+—» |
|
| I
Other liquid, 1 I
solid and/or n G G I Gas for steam
. "
gaseous — . “t_ as . as rt ———»  methane
fuels 1 extraction processing ranspo | reforming
| I
| I
Utility water —Ih I
| |
1 Carbon I
1 capture and |
| storage |
| [ Diagram key
L
Associated System Waste
Iﬂpl.ll product
water
Product (or
Unmit interim
operation product] of
intere st
Co-product
(significant)

H#: IPHE Hydrogen Production Analysis Task Force “Methodology for Determining the Greenhouse Gas Emissions

Associated With the Production of Hydrogen”
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28 FREFEOTOELR 70— (BIEKR)

B RE I XAVMNMEHORIEKENRET D TOERJO—F(BIEER. T IS5V 0) &R,
B SERORFIXVNTIEIEYDOERYIFWNCDVWTIE, IRIVF—AR—=IXTO7OT—3 >V RAT LR
FMETO7OT—3 & V\DRSTIENHESE,

AEEROHAE FIPOSUE IO
N -

A. I g |
i -f" .| | L m
: : #

H8#: IPHE Hydrogen Production Analysis Task Force “Methodology for Determining the Greenhouse Gas Emissions
Associated With the Production of Hydrogen”

MIZWHO Mizuho Research & Technologies 250
L L]



& 1 JFREFROTOELRT7O0—-(ARARIL+CCS)

B RFaXIUMEEHOGRARE+CCSOTOERT7O—FI%ETRT,

— Hydrogen
Liquid Waste gases | sulphide
nitrogen/
crude argon
Particulate matter, sulphur
compounds, trace heavy
N, Product system metals, other
- - e A A -\ o S - —— e H,at 3MPa
Na I >99% purity
Ambientair |~ . |
Ll Y separation Hy CO |
| Coal some CO, Syngas H; Hydrogen o Hydfo‘en
Bulky gasification conditioning compression | |
Coal for coal Further coal |
gasification ' processing® Hy, |
I Co,
| somg team co |
i CO, (heat) :
Utility water |—1—» RAdIo? :
| Waste heat electricity
I recovery unit Carbon |
Electricity |—r—» capture,and |
I storage | 5 o
lagram ke
Other liquid | | a9 y
orgaseous __T_. o
ystem Waste
fuels Steam (heat) input product
| and/or '
l elecinicity Product (or
Steam Unit interim
l __________ i i N ) LG S e T G S G Ly e - Operation product) of
v v interest
Steam (heat) Cosndnt
Ash and/or slag and/or electricity (significant)

H#: IPHE Hydrogen Production Analysis Task Force “Methodology for Determining the Greenhouse Gas Emissions

Associated With the Production of Hydrogen”
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——,

Mizuho Research & Technologies




RFAXDFAREDIPHE H2PA TFCTOERIA

B Phase2 &UTHFvPE5i - fikED:

=2ESA
oFkafl

m [PHE H2PA TFTI&. 2021F10BISKFRER D ICRET D AERD R F 1 XU hZE R, (Phase 1)
ZIREERESD, 12 AN S (EEEDER B,

B 5% CNSOF v T7ERHRE - EEE D ZE AppendixXITEMUERFAX UM E AT 3 FET RETZEEH TL\D,
B v PICRALTIE. PVEZ7. LOHC, RIEKEN IR TCOERZ RO L,

KEFBEEFDHRLETENHERDFF1XE

(2021F10RIC2E)

Methodology for Determining @
the Greenhouse Gas

Emissions Associated With

the Production of Hydrogen

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

ssssssssssssssssssss

'S

| Embedded
i Emissions
x in CAPEX

{
{

H2PA Phase?2
KZ=DF ) PRl Bk

H2PA PhaseT (—ERSTMERTET)
KE=HER D IKFREE
(FBEmIA) SERSTMERK)
Phase 1: H2 production Pliasad L
- +HZp 2b) H2 trinsport

D =

Feedstocks &  Transport /

Hydrogen Transport [ Refuelling/f; End | End

Energy Inputs  Transmission Generation ’ Distribution Supply points Use | Of life
Point of Point of
Production Use
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KRB DEIE

B EHNICTRICRIZRELR—~OREFESEICEEY U B1EIDSEE TEHINIZUTORBDERN (A41-21)
EEFACTRELE,

B

IPHE Newsletter ZERBZHEDIPHENEEAMICHEE #FICH L.
95 -1—RALY—

Mission Innovation’s newsletter ZEERHEDMission TR Lo
InnovationhVEEINICHKIE TS
—1—ALHy—

Hydrogen Council Lik—k HtAKEDOREELTENSE T DHE BICH U,

AT dHydrogen Councilh®
EHNICHEET DS LR—k

FCHJU newsletter FRMFCHJUD ERARICRAE T D BT Lo
—1—ALH5—
FDfth BEOKFREHIE -O—RFYYITEIC RKE KREBRICHBED

DLW TEHSEICIHU TERUTZ, EJRZEERICDOVTDIE
HIIHESD(1) — 1Y

RE KR =

AR IKEEEE

-HE O—RIYD SMKZT/NT DIFRITERS
SM KF/INT Z20(1) - 11247z,

“KE KF/NT
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S5 EHHREATDIAXA—Y

HIRIC RIS I BELR—bOFRFIEIMRICEEY U, A1EI0H
%EF_I:/\ _“ﬁEI:I LJT

AR CHRTSNIZUTORBDERN (A41-240)

T1—-RUVIY—DEHAAX—T

FCH JU newsletter (4 A5 E#)

UEL: httpe/fwww fch europa ewaletter-archive/3487

FCHIU MZa—-ALS-04 AGIZ2o0 T, k- PRIEHICRRT WA e - B
LAt OENTICEST .

1. FCHWWZ AT LRUFTAY 2 FOEFRFE

SHIPORTS : fmiRts{bmEEh & | T ok

International Energy Azency, 2021/03/29

T oEEEOEREF I ~0I - 0w AOBEIERCGHTERE LTSI EEME
T2 HiPore: 7O 2 FICIE. THILF-SERUReEm o mnisgs - hl
ERREEFRET 24 5 1255 h A0 L L EEE D OFENER. il I|EAE I hTL
. FAVT O 2010 FTHEEh. 02 FFRI THRIFNITETED.

FCHIRATL: TME i

P A0 — i DIC L, SR AL R TOHIEH ANALSENEIRE S 3
SEHEL. H-RoZa- b3 kEEHEIDE I ok RERE T S v
— VRS AFLEY - IERE L FIRE-2-3-0w8 (TME) PRE
EENPES TV - I EE L. FOLE v s REO T O0R 73S T2,

FLAGSHIPS :
The Maritime Executive, 202104107
B 03z b TlE. 2021 2 AU Mt — RN PR T T 2RIk EiE - o
ErE RN T D b EREL.

J2 R S| 2 270 H1 - 0@ ET 0

ENEA - Italian MNational Asency for MNew Technologiss, Energy and Zustainable
Econorme Development, 21 401

o 2T TR - TR — - FRICRE SRR OO DERSH THD ENEA L
FETTRE AR L@ EHIA L THREE SRS (20E) oEsmeta O 7
EFEE L. U - Lok EEe I CEE TS M0, Buiima i — k- 9 it AL D AR
A —DTLEEET S, ZO7 AV 0T, BN ERAL T, 1B &
V) 15ks Mobs EREE T F D 25kWe HEFRE O 0 F 24 TEHET .

BEIKFBIBDENAA—D

Designing the Met Zere Hydrogen Fund consultation (E#)

UE hy
Hy n Fund ) Executrve summary & FISRT.

Fow k- FO- 0ol FOYz - 770 F (NZHE) [ SHAM [ - e O
S0 A W TS TRES WAt OTHD, NZHF [4. 2022 4% 2025 F0fEC
B 2E 4000 A FOEEERILT DTE, NZHF OB, 2020 554125 L L ek
FokFEEIET Oz 0+ DB ER T3 L. 2050 .3 T|C 56W DiE ik AREhE R
WL WHFEITISH v - FTOEIET 00 REOHE TR AREHET 5 ILF
—VATLERRTSIEICRD DOV — 2 a UL kR A T -2 TE S
M2~ EOrBO—BTHY., ZO8w T-UniTirE. HI- [EREiEE IS AES
ICERITATD I I F— 2 g 2) EOEEREEE NS D, 2. BT [T EE6A bk
SRt TS ] E3E0T L. NZHF Oatf b Oisitsnaw sl cHeE L TL S, 2k HTO
#IT. FonitRT D NIHF Mt OAA &R T,

NZHF Oph#siit 7 L— L0 —0%

AF-LFTAVER Y OiER

i DiEE * Mets (EREEOES FOHELEETE

© EEGELERE (REONTHIR LITERTHE kR Lk
&) EAD HEO-kERhEEH T,
2020 FRIEE R R ROESIEERNET D D L AEIRAL Y
Asizd FEHRET D,

i

LT ST LUER SRR B R T 2 o nE

FHELEET S,

» MEREVIZAEFINCLIREEERELT DT
Az b

EHNE > AREVIAEFINCLIREFEEREL LA
ozt

FA—PEUFqRARAFr. FAVFIVEIUIF

DPAFHA 285« (FEED) OFBEs. £ FEED

AR F 1 ~OEIEC TR

REICHIIDERT I OMRERRHEME 0V D
FTHD BRI D OB R,

NZHF piRigd~ 7030 FREE L. B hi NZHF
OESOEAOEEABEISE TS I L ERET D

et s O 2 b

Foth DEFE .

drogen strategy DFERE L LT T FH T 1D Dememine the Net Zero
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KEDKZFE/\T (Regional Clean Hydrogen Hub)&HE (GEER)

21

m KEDOEX80ERIL(FT1ILA) =X A L. RE4H = TRegional Clean Hydrogen HubZ{E3Z &% B39,
B ZRRGKRREZER U —UKEDHBILKIC L DY T 7 DiRkERL. HBOBRILK  ZFERREER,
B 2026 FRFRDKRELEIRNEIZEZ2RIV/kgEEREL, 2030F1RIV/ kgD BZEZEEK T D EEHIET,

Stakeholder Engagement: Webinars, Workshops, H2 Matchmaker, RFI, Pre-Solicitation Meeting, etc.

Phase 1: Hub PanAing Evai/m Phase 2: Hub Deployment
(3-18 months) » . Negotiation

(9 months) (5+ years)

Phase 1: 8-12 awards; 51-4M

Phase 2: 4-6 awards 50.5-518
DOE Share each (Total DOE - each (Total DOE funding $4-58); ™
50% non-Federal cost share
required (i.e., $0.58-518 per
project)

funding $15-40M); non-Federal
cost share % TBD

Phase 1: Hub Pianning Eval/Select,

N ks Phase 2: Hub Deployment
3-18 months) egotiation

{5+ years)

(9 months)

Phase 1: 5-10 awards; $1-4M
each (Total DOE funding $10- =
35M); non-Federal cost share 50% non-Federal cost share

%T8D required (i.e., $0.58-518 per
Launch project)

#3&4
Add Supplemental Technologies to existing Hubs

Phase 2: 2-4 awards $0.5-518 Q
each (Total DOE funding $2-38);

$1-528
DOE

Hub Implementation & Management (e.g., Data Collection / impact Reports, Independent Engineering Firm, Reviewers, Lab
Technical Assistance, etc.)

Cross-cutting
Support

Other Potential Funding Mechanisms to Leverage Funds (e.g., Engagement with State & Local Gov., Tribes, etc.)

TR
DOE "Bipartisan Infrastructure Law Regional Clean Hydrogen Hubs”

MIZWHO Mizuho Research & Technologies 2 5 6
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https://pib.gov.in/PressReleasePage.aspx?PRID=1799067

M7 IVADKRO—RY YT (EHR)

B 202252 BICA7 IUAHMERE 1/ R—Ya v BN DKRHAO—RIY T IEHE,

B AEEREERISEODITSFFNL—AZIPFJIE VWS HEKRERRICETSTIVRATLAZLS LI ]
FEEICHAINTVDTL—KERDT ) —2KRNADEGRER D,

B Fz KRB ERELTHY . BAERESERED—.

2021-2024 2025-2030 2030-2040

PRODUCTION PRODUCTION PRODUCTION
+ Small scale electrolysis production + 5GW electrolysis capacity under + = Increase electrolysis capacity to at least 15GW by 2040
+ At least 1MW GH2 production piloted construction in NC
+ 10GW electrolysis capacity deployed  =z== z== —
s== in NC by 2030 == - + 'f +
= « 1.7GW electrolyser capacity deployed Ib “
in H2 Valley by 2030 === | r——y ——\
+ At least 500kt H2 produced annually - - -
by 2030 g
USE USE USE
At least 100 buses and trucks powered by H2 by 2025 « At least 500 buses and trucks powered by H2 by 2030 -+ Sector coupling and full use in transport, industry and power
-+ At least 20 forklifts converted to fuel cell power by 2025 « Power generation in turbines using H2 and ammonia =
- At least 5 refueling stations deployed by 2025 » Sector coupling and use in transport, industry

- Demonstration in power generation and stationary fuel cells in
public buildings

« Industry demonstration including SAFs m @ E ﬁ
=
o X i ks o X X E =

JOBS JOBS JOBS

I_\ &
-+ Upscaling of training and reskilling for new jobs oo™ - « At least 20 000 jobs created annually by 2030 f = Atleast 30 000 jobs created annually by 2040
Establish targets Support demand Mitigate Harmonize Promote Research, Strategic Skills development
and policy signals creation investment risk standards and Development demenstration and and public
remove barriers and Innovation deployment projects awareness

8 : DEPARTMENT OF SCIENCE AND INNOVATION “HYDROGEN SOCIETY ROADMAP FOR SOUTH AFRICA 2021

MIZWHO Mizuho Research & Technologies 2 577
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12 FDIKFRECR GER)

C:3

B 2022F2RICAVREHEFXT)—KZH-PIOEZT7BEREHRRKR,

B BFIE2070FFTICH—RYZ1—brSILEBIEL. 2030FFETIC500GWO ERZ I L AR E T 5 A%
B KR TUEZTIF REDDEHEEIRINIEETEN I REE RDBEARETRIVF—F U7 L TBRFAER,

Y1~V Green Hydrogen/ Green Ammonia Policy
BAE  JU—JKR-TPIVEZTHEE

F&H 2022F2H178
REH 1VRENE

RA o EXRKEIVIYIVIDEANREERNS
o REREEDS KR TP IESPA—A—ICUFISRTA T4
@1%5'61%&1‘1‘5‘9“55"%% & U ERZERE
JV)—=2KR-TPOEZTVEEED BEAURENDBACEBEARIRIVF—aEDILR

ZEAICITOICENTES,
FREENDOSBHEBEUL N 2 ItBIRE IR ZxRI0BBEX TCRESHICTAIT o NS,
BCEEEEL. J)—KkKFR- T —VF7 IEZTPA—HI—ICNU T, EHEE TEERIGETR
)b:‘f—EEﬁE°1ﬁ%ﬁa—5k—tb\T¢50
J)—=2KZR-TIOEZT7DEGEHEE EBERRIRIVF—TSUMI BERNISEEHEAD
Eaxa5a25nNn%,
BRI I T —BAREIIKER -7 OEZ TP A—N—EBREEXEEIC. BERRETIRIV
FT—BNHEDIZHDA T 'fjtbfﬁ'a_-'\'ﬂéo
J)—=2KR/ TP =7 DRGEEE L. LA MBI — 207 JEZT7 DETE
0)7".:67)[\5%0)5&0:/\‘)7]—7& %@'5'_2:%#__['\'1150
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&% HEOKFRIRIVF—ERFERP RIS GEHR)

L2

B 2022F3RICIKRIRIVF —EXEERPRIAFE (2021~2035F) I HK,
B 2030FFCTICHAIRFAKRDONERZ S0 CRAURRKRZBIET.
B ES5C KRIRIVF =1V ISRIRDILTTZRIET

SHEF & B EAA R (2021-20355F)
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BEROENIHBNROFXEEROEAE
(2025%F) (#%)

BERDOEANHNROAEEROFEE
(2025%.2030%F)

BERDEAIMHHROFEEZEERD
RHMAENE(20255F, 2030F) (#H)

- RBEFEFEE(D):7,050FkW
-EAFEE@): 1,700FkW
‘KB FE(D):3,636,606FkWh/F
-ENFEE@): 3,215,070FkWh/F
‘KEHEHEE(D):5.89%(=Q/(Dx24h/BX365H/5F))
{BEAHKE®):21.59%(=@/(@%24h/H*365H/%F))
HEDFIERDEIS: 0.6 %ICH1T DHIHE
‘AB5FEE(2030F) (@) :4,500FkW
-EAFEE(2030F)(®): 6,900FkW
- AREIEHEE(9):2,392FkW
-BAFEE@O): 176FkW
RIL6BRDIENZ, 2021FIANEAETERD L. BERD2030FNDEAEZHE,
- ABEtFEE(20305F) (@) :3,918FKkW(=@+@D/DxO@)
-EAFEE(2030F)(@): 890TkW(=10+©/2x%)
2021FE2030FNDEAEN S BERND2025FNEAEEHR,
- KFEFEFE(20255F) (@) :3,155FkW(=(Q+D)/2)
-EANFEE(2025F)(@):  533FkW(=(10+1®)/2)
FERICEVWTERBENREERFEAREL. KEEGAREERNFEEDMIH & DHE
£(2025%F.2030F)z#HI 5,
- ABEtFHE(20255F) () :1,627,378FKkWh/FE(=B*x24h/BX3658/FXB)
-EAFEE(2025F)(1©):1,007,440FKkWh/F(=@*x24h/HX365H/FX®)
- ABEtFHE(20305F) ():2,021,098FkWh/FE(=Dx24h/BX3658/FXB)
-EAFEE(2030F)(®):1,682,327FkWh/F(=0@*x24h/BX365H/FX®)
EAHEENRDEIS:0.6%EB~BICKET S
KB HEEBDARHAENE(D):
9,764FkWh/F(20255).12,127FkWh/F(2030%F)
{BEAFREDRMABHE(D):
6,045FkWh/F(2025%). 10,094 FkWh/F(2030F)

(HE)ERIRIVF T ENRERSREENRNFEERE BIREAREORBARELUICOWVWT, ICEDE/ERK

MIZWHO
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2.  KEHEDETIVIEEICRHT S5E
@ KFERTOIvIVFHELEEHE

BERICHIFDIRMABAICLDKFEMERT wIL(20255%F, 2030F)

- KEHREBDARHAENE(OQ):
BEEDLENIHNRDFAEEFIRD 9,764FTkWh/&(20255).12,127FkWh/%F(20305)
RAAENE (20255, 20305F) (#H) BENFEEDORARENE(D):

6,045FkWh/&F(2025%F).10,094FkWh/F(20305F)
KEREEDIRIF—HEE4.3kWh/NmTO. Z[FE

KR EDFRFIAENIC L DKRMERT I v)b:
*m%L.—G)Hjmfﬂﬁ%Uﬁ%@%**ﬁ@ﬂ%ﬂ}% EAICLD : )

-RAOFEEBORAAENICK BKRMERT v
1,406FNm/&E(20255F). 2,347FNm/F(20305F)
(HH)ERIRIF—T KR - REBBIRO— Ry TOERICAEIF XA, ICEDEER

D

AADBIRERENICL KR MENT IIvIL
2025%F:3,6 76 TNm/FE(KFHFHE: 2,271 FNm/F., BAFKEE:1,460FNm/F)
2030%F:5,168FNm/FE(KZ/FHE:2,820FNm/FE. RAFEE:2,347FNm/HF)

MIZWHO Mizuho Research & Technologies 2 8 1
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2. KFHZDETIVESRICEAT HRE
@ KFERTOIvIVFHELEEHE

AT Vv ILEHER-1 (=)

B BEREHICEATNTLSKZRERR. BHRERBORBEAZ(2021FIR) LRERDEIN S &

HIEDIBD Z1Z L. UKD 2025F 203 0FDRIBEABZHE L,

IR DR EAE (20255, 20305F)

>ld

DEEARW) | REEARKW) 20 A BB (KW)
KIBH: 349,020 ABH: 461,608  ABY: 573,288
A 39 @A 118 @En 197
(BB KB 152,507  ABH: 201,179 KB 249,852
AR 0 @A 0o mEn 0
i Afst: 469,587 s 619,455  ABt: 769,323
B7: 43816 gyt 435678 @A 727.540
(EBLLIH) At 134,813 ew: 177,838 KB 220,864
B 66,347 g0t 500992 @A 335.637
8 KB 406,569 ABK: 536,325 KB 666,081
AN 26 @A 79 @A 133
o KB 102,991 KBS 135,860 KB 168,730
A 16,000 EA: 48,471 S 80,941
i KK 13,406 KBS 17,685 KE: 21,964
AA: o A 0 AR 0
1AW KB 748,141  KBY: 986,910  AME¥:1,225,678
Eh: 15860 @EH: 48046  EH:  80.233
WhE KB 300,071 ABY: 397,025  ABH: 493,080
AR 100 @H: 301 @En 503

(HH) BRI R F—F BErRET RV — BEAEREFRICEDT/ER

MIZWHO Mizuho Research & Technologies
p———
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2. KFHEDETIERICEAT HFE
@ KFERT IV IVFHEGEEHAE

BN T Vv IIVEHER-1 (=)
B EEELICEATN TV B ABENRERE. ANRESROZEDREN S, BEENENENERE TH 3 18
FEU.FKFAENICKDKEHBRT O UvIIVOEE07—3a =& U=,

RAREAC L DRI DKFEIRRT 2wV (20255, 20305F)

20255 2030

RIEEAE (kW) KRHFAED KRBGEE | RIBEARKW) RHFAES] KREEE

(REZFE+EA) | (FNm/5F) (RFZF+EA) | (FNm/5F)
(FkWh/2F) (FkWh/2)
Sl e 1,430 333 Ak 573,288 1,777
GBEm) Al 201179 623 145 2B 249852 773 150
S e e 6,861 1,596 50 L 10,637 2,474
SEEE 1,661 386 At 666:081 2,063 480
ek A 17,685 - 13 A 21,964 o8 i
N 3,600 837 1225578 4,704 1,094
ISR SR 1,232 2g7 A 493,080 1,532 356

(HH) BRI R F—F BErRET RV — BEAEREFRICEDT/ER
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2. KFHEDETIERICEAT HFE
@ KFERT IV IVFHEGEEHAE

WM T v ILFHRQ-1DEESH

B RFRENICL SRR T v L OFHHERZR/ERADHK EICTOY Uz, O -3 ek T

D) 71 > S N e g

BEERNDRFAEHICLDKREMIENT Vv)b

S~ ERer
RET

=L s
333FNni/&E(2025%)
413FNm/&(20304)

\ BEm

. AR 145FNni/E(20255)

il | 180FNni/&(2030%)
226FNni/E(2025%) W o
335FNmi/#(2030%) NN

2187 T sEERT
l

2 s

1,596FNmM/&F(20255F)

A 2.4 74FNm/E(20305F)
7 ARl

B his o 658FNm/E(20255F)

13FNm/E(20255%F) | Bl 1,045FNm/%(20305)

16FNM/&E(2030%) L S s

-
. eAmeE

3 -\
v mme

Cwm

R Egithis
386FNm/FE(20255F)

837FNm/&E(20255F)
1,094FNm/F(20305F)

T oxEm . , R \;rgﬁ 7 /Ijl AR,

LD

480FNm/E(2030%) M >a7+Nni/E(2025%)
N 356 Nri/E(2030%)
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2. KFHZDETIVESRICEAT HRE
@ KFERTOIvIVFHELEEHE

BHATRT v LR @- 2

m TKEIE
@ TKENSHERERU/NAAHABZREHT S, FKERX LHDMEHERZAL D,
@ FHADNAAHZANSKRELEEITD EIRET Do
Q I\MAHRENSKREEEEZHETHT D,

ChpSEIAOhnpapr
TkE (N BBRTAGEAL, BSOS, RBEMTOAROHEHER
TKED SDBRERV/ AN E EL0BE TABRIFILF—LENA 1851 T8 29 & & Ii—1(2018518) Ofitizt
P —— ELBAT Tl SR TR
ESEE FAGHER ORI Tk 4 R BORHC & SRR BI TR SRk
INAAHRAEN S DIKRELEE =5 —&mITOITIh—]

INAAHZNIEE2,400Nm/BICH U, KFE&EE3,3TTNm/H
TKERICKBDKRMIERT v I)VEHTO—
[ BEEE TR ]_,[ BREE TS I ,I ERE R TAGEES I ,I BREE TAHES I ,I BERE TS ]

DRAKE D5k DINAAHRE DARFANAAHZE DIKFMHERT vV

(BZ) 1A HZANSDAREETOER
INAFAHBZADERERDEAT 2 (CHY)N60~70%. ZBEiRFR(CO,)M30~40%. TDMMEBDER(N,) PER(O,). Rtk
FZH,S) KUK(H,O)FZET,
INAAHZADSERINIZXI DS RORBRICEVKREZRET D ENTES,
CH4+H,0->CO+3H, (KETHREKRID)
CO+H,0-»CO,+H, (COZIER)
JRENAA A AN SBEEUTZKRFIBLSNI REBZFICHEIN TV S,

MIZWHO Mizuho Research & Technologies 2 8 5
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2. KFHEDETIEEICEHT DHE
@ KFRTIvIVFHEAEEHE
HIRTRT > v )V EHE@-2DFEE S

B NKEREMAULAKERIGRT Vv )L ZTHl T 5,
B EAYFTUATIE 2025F CTEHEDS50%. 2030F K TICRET SRIBENBIREIND EIRET Do

TKERZFAUZKEMIERT v

CI—

1 Bisbts—(ERRT(E4L)) 45,305m/H 263t/H 4,047Nm/H 1,214Nmi/B  611,304Nni/&
> BB b S— (EILT (Eeh)) 98,308m/B 570t/8 8,78INmi/B 2,634Nm/B 1,326,477Nni/%
3 BRESEREYY—(CAMHERI)) 3,862m/B 22t/H 345Nm/H  103Nmi/E 52,110Nm/&
4 KRBT — (R (R)) 1,911ni/B  11t/B  170Nmi/B  5INmi/B  25,785Nmi/&E
5 BRI (BT (2L) 14,443m/B 84t/H 1,290Nmi/B  387Nmi/H  194,880Nni/&
6 dLE-SEE-RE-EERBL L S—(WDSH)  66,149m/H 384t/H 5,908Nm/H 1,773Nm/H  892,553Nni/E
7 SEENTTARCISEEENT(EE)  28,000m/H 162t/H 2,501Nm/H  750Nm/H  377,806Nmi/&E
g T L L REIAILEE 10,030m/B 58t/H 896Nmi/B  269Nmi/B  135,335Nni/4&
0 ARTFAHERCEERE(R2)) 3,865m/B 22t/H 345Nm/H  104Nm/E 52,151Nmi/&

$ 3,668FNm/E

(H8) (R BBERTAKELH. BE™. LD ET, ZRERT. ES 7. BEEH

TKERICEDKEMRIGRT v
20255:1,834FNm/&F. 2030F:3,668FNm/=F

MIZWHO Mizuho Research & Technologies 2 8 6
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2. KFRMEDETIVIBEICEIT DA
@ KFERTOIvIVFHELEEHE

HiaRT O ovI)UEEEm-3

mECH
D ECHE(FBTEDCH)DSINMAHREZEL T D, £ECA=E. AHOFKEHERZRAV B,
Q@ EZHDOIBIFAVIVER, RUXI A ZERAZRDEIGICE DI NMAHRBELEZITO ERET D,
Q M AARENSKREEEZTE T D,

BEXNRRUBELAE

ECHE RIBA T —RERYUEERERERR - 2RIV IESE (2019FE)
N -92,423t/& (8R—2)

HHDOUHAIIE riﬁzﬁiscgfﬁfﬁ REED—MFERNIEDINRT

EMKEEBEmBEREROBENREREHRAEI (201 7FE)
A VAR EARDEE -BREXDERYBESE12,708Ft/FITHU.

XA ZLA%R506Ft/&E

EHENSD E 3584 T TAERIRILF— LM HIRS1 -6 29 & & Br—1(20185F18)

NAAHZE nELR

NAF2Bpsn — ELTEEE TACEEMMRMTEERREN TR/ A4 HRREHC & 3K FRAITH Bl 5T S
P 2 kFR)—F—EHTOITIM—]

KRBl N AHZAIZE2,400NN/AISH L. Kk FEELEE3,311Nm/H

T HICKBKFRMERTUvIIVERTO—

[

BERSRERYIERRER BERESEERYUIERER BERESERYNIERR BERSRERYIERER
DNECHE DESHITADIE DINAAHRE DKFEMIERT v
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—
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2. KFHEDETIVIEEICET HIFE
@ KFERTOIvIVFHELEEHE

HERT v IIVEHED-3DEESH
B £ CHEFMAUKRERNT vV ZTHET D,
B EAFTUATIE 2025FTL2ED50%., 2030FFXTICREET DRIENER{INDERET Do

F I HEMABURKRMRRT UvIb

1 H5HDIU—EII— HI<KIU—EUI— (ST (RE)) 22,045t/% 107,578Nni/&F
2  BUMmEAWLD)—try— BIUMARS -2ty — @Rl (RH)) 19,560t/%F 95,449Nm/%F
3  EERERtYY— dEEERTY—(LWDEM) 14,403t/% 70,285Nm/F
4 O=VEEIEYY—(FERET (HEX)) 2,957t/F 14,431Nm/%F
5 (FEMASHEEVERSEREYY—(FEm(RE)) 5,602t/ 27,338Nmi/%F
6 EE/MAEELYI-CHAERER CEE)IIH () 1,181t/  5,764Nm/F
7 BRREUI-CHEEBRER(SRENT(RR)) 8,278t/F 40,394Nni/HF
8 REGEMEAREY)—tUI-CHUIBRERR (RET(1RRF)) 1,903t/%  9,288Nni/&F
9  AlA S HEES (R)IET(RE)) 1,271t/%&  6,202Nm/&F
10 ENERER-ERET Y — (BN EH)) 2,839t/ 13,856Nni/fF
11 ¥BIU—E29—@EEH (1)) 2,044t/%  9,975Nm/&F
12 #@ERmtAYU—try— (B (RE)) 3,822t/ 18,65TNm/&
13 REtVI-IIABTHR(ESAT(ER)) 1,430t/%  6,978Nni/&F
14 BEHPII—EUI—(KREH(RAL)) 3,633t/F& 17,730Nm/&F
15 XREMHLEHEINEBESILE - BEtEdEt > 5 — (B3R (FEX)) 734t/%F 3,581Nm/&E
16 RER-AEERY -0y — (MR (RERE)) 720t/%F 3,51TTNm/&

£t 451FNm/&

-

ECHICLDKFMIART V)b
2025F:226FNm/&F, 2030F:451FNm/F

MIZWHO Mizuho Research & Technologies
——r.
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2. KFHEDETIVIEEICET HIFE
@ KFERTOIvIVFHELEEHE

ek vILEHER-4
mESSRAFYVY
D BT RFVIEIE. NHDGEHBERZEV S,
@ BETSRFVIDISERAA(BELSY. BEHNUSH D, B BAKRVERN) EXWE(C KEREEETO &R
gi& T KHBEDETSRAFVIENAEINTUVDIDIIEEREEYNDH TH DI EEEEY)
2 30))
Q TS AFVIENSKEMERT I vILETHET S,
B EEESEOEEREYHIEAERT TARINTLIMIES & DRSS EREIC. B TS IFVIDRKRNLS
OFEHDOENLFIT D EREL BT RATFYIEFBURKBRHGRT v IIDEE0—V3aVEET 3,
B BEAVFUATIE 2025F T2END50%. 2030F X TICRHET DRI ER/INDEIRET Do

BHENRRUELGE

T2 FE R REEREEY L UIBI S AR XSRS E (ST EERER)
FHADODETSAFVIE BEH(BE. =HA)64Ft/F
IR (BA) 33F /=%
s we  JGC GROUPTWASTE PLASTICS CHEMICAL RECYCLING BY GASIFICATION
BISATYIENSOKRREE BTS2 5w 210,000t H U k1,450t

BE TS RAFVIICLDKERMERT I VERTO—

RICILDRIR

m BEED BBERHEND
[ B BRI RTIIIdD x O e | BT 52T VOIC&B
= KEBIERT I ¢ P KEMBRT I
B2 | genszs

[ A S () ]
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2. KFHEDETIERICEAT HFE
@ KFERT IV IVFHEGEEHAE

BT RAFvoEFIRURKEHBRT v IL

| No | BET52Fy0WE

1 BE(ECS. 8R) 64Tt/F 103,259FNm/&
2 RS (RA) 33Ft/&F 53,243FNm/&F
st 156,502FNm/%E

BEITSZAFvoERAUZKERIGRNT v L

o | e SR | onuan

1 Rt (RSN 25Ft/%F 6Tt/F 8,974FNm/&F
2 fBEm 89Ft/F 20Ft/&F 31,946FNm/&F
3 R EBLHLAS) Tt/ F 2Ft/&F 2,513FNm/%F
4 #m 2Ft/%F 0.4Ft/% 718FNm/&F
5 iRt 20Ft/ & 4Ft/F 7,179FNm/%F
6  HEXhIE 121Ft/5% 27TFt/%F 43,433FNm/F
7 WDhEMm 172Ft/% 38Ft/F 61,739FNm/%F

st 156,502FNm/&
(H8) 2 FERERERERYEFL MBI ERBRESE (FHTEERR)

BETSRFYIICKBKEMIERT Vv
2025%:78,251FNm/%E. 20305F:156,502FNm/=F

MIZWHO Mizuho Research & Technologies
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2. KFHZDETIVESRICEAT HRE
@ KFERT IV IVFHEGEEHAE

HiaRT v ILEHE-5
B PUEZPHER
» BAETAHRTOY9YIE BEHICRIE? Y ES 7 OVRE (L7 U E= 7L U9—) E85EL. 7T
CPHHAEEETo TS,
m FREKZTYFELTOPVESPOMBILEE LT OEREERL. KRBHART V1)L E Tl

Do
BN RVCELAE
HiixR S
2120t x 2%
PUEZTIVIBE FPOEZTDEEKFREE KFESER)17.8% KROBE11.127NmM/kgh 5. KREF+J7
EUTHETBEZHET D,
Bzl DKkRELEE SRIE 7 VEZ7IEEENZEA00L/h. HEEE10%IEE & IRE.

L7 EZTDFEO0.73ka/m

- (H8) SBIREFEEEER ATIFRSVIFRK

[ET&{b?yJE:?@%iﬁ%iﬂsz?:\w'J?e:b‘CO)ﬂ?ﬁ%:éL%?Nrﬁ ]

KBRBIART vV 0.51FNmM/&F
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2. KFHEDETIERICEAT HFE
@ KFERT IV IVFHEGEEHAE

HHRRT v )VEHEDFE L H(20255F)
m BHHART VU v LOFHERRE U TIORT,

FH2R

BIZEKZ=D
e - BHE
#HhA & -

Diftie - 556

R

21,298

FNm/&F

s [11]]
I

145
FNmi/E

97
FNm/&E

54
FNm/&

15,973
FNm/&

16,269
FNm/&F

1,540
FNm/&

1,596
FNm/&

676
FNm/&E

55
FNm/&F

1,615
FNm/=F

5,482
FNm/=E

(ERUT)

FNm/=F

3,268

3] =i
Huts Hits

BERERADKRMEHERNT v ILOEIE(20255)

[ R LWHE st

1,540 - - -
FNmi/&F

658 386 226 13
FNm/E  FNm/E  FNmi/&#  FNni/E

663 - 283 —
FNmi/&F FNm/&E

48 20 31 2
FNm/E  FNm/&#E  FNmi/&# FNni/E

359 - 3,589 -
FNii/& FNmi/E

2,225
FNm/&E

837
FNm/&F

7
FNm/&

21,716
FNm/=

0.51
FNm/&E

- 2,225
FNm/F

1,540 1,540
FNmi/&F FNmi/&F

- 1,540
FNm/&F

287 3,676
FNm/& FNm/&F

446 1,834
FNmi/&F FNni/&F

35 226
FNm/&F FNm/&F

30,870

78,251

FNm/&F FNm/&F
- 0.51

FNm/F

KRt Bt OB ENENRET. BT DEZST

406 4,129 15 24,786 | 33,178 89,292
FNmi/&E [ FNni/E | FNni/E | FNmi/E | FNni/E | FNm/&E
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e ——

Mizuho Research & Technologies

292



2. KFHEDETIERICEAT HFE
@ KFERT IV IVFHEGEEHAE

HHRRT v )VEHEDE L 5H(20305F)
m BHHART VU v LOFHERRE U TIORT,

2

FH2R

glEKZ=D —
ithh - BhE
#HHRHE -

Diftie - 556

sHpEE) [

SES 858
— 153

,%705X9—_‘y7 :FNrnB/EE

42,344
FNmi/E

s [11]]
I

B
am) |
= 1,540
FNm/FE
180 2,474
FNm/&F  FNm/&F
195 1,352
FNm/F  FNm/&F
108 109
FNm/&F  FNm/&F
31,946 3,231
FNm/&F  FNm/=F

32,429
FNm/&F

8,706
FNm/ &

FNm/=F

4,724

BERERADKRMEHERNT v I)LOEE(20305F)

3] =i
(BRILTH) | dthis Hits

1,540 = - =
FNm/E
1,045 480 335 16
FNmi/E  FNmi/&E  FNmi/&E  FNni/E
1,326 - 565 -
FNm/4E FNm/E
95 40 62 4
FNm/E  FNmi/&E  FNmi/E  FNni/E
718 - 7,179 -
FNm/E FNm/&E

2,225
FNm/&E

1,094
FNm/&F

14
FNm/&

43,433
FNm/=

0.51
FNm/&E

[ R LWHE st

- 2,225
FNm/F

1,540 1,540
FNmi/&F FNmi/&F

- 1,540
FNm/&F

356 5,168
FNm/& FNm/&F

893 3,668
FNmi/&F FNni/&F

70 452
FNm/&F FNm/&F
61,739 156,502
FNm/&F FNm/&F

- 0.51
FNm/F

520 8,141 20 46,766 | 64,598 171,095
FNmi/&E | FNmi/&E | FNmi/FE | FNoi/&E | FNd/E | FNm/&E

KRt Bt OB ENENRET. BT DEZST
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2. KFHZDETIVESRICEAT HRE
@ KFERTOIvIVFHELEEHE

IR T v )VFHEOD X & o) (BRIC e EREL TLDED)

B ZHHERT v L OFHERR (BTG ZEREL TV ED) ICED<EBRRNICHST507 -3 T

v ERT,

BEEADKRMHETRT VvV (EED)

KRBT v )b |
(BICHHaZERELTLDED) Lo
5,305FNm/&F -

E5H g
S s
T I\

WERAE o gamrar B -, BR ‘ _
T4 et . LREH L

1,540FNm/&
AR

P N8By

B

o I S | - xgm ?
RET T N \ ! Y.
1l Y VT sdERT - s
S |
LT e ; ey

_ b
W 2,225FNm/=F
e
xn%;m:

\ o e
T it ) ‘ j s IR
RRE : S e e 1,540FNm/= y ’ mmer
T8 : — — ‘
N P ) Loeeo o
B 11 AP R T IR
b ommer o T .
i S, .
EEET: ] ) ' ® R"é” Gafy BN .
: Eﬁﬁ"'” %MW. .’ i
| T N |\t
e TN g 1,540FNm/ &
\ o e
= o
. )

R

Lakilon
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2. KFHZDETIVESRICEAT HRE
@ KFERT IV IVFHEGEEHAE

HiaRT v VFHBNDE E6H(20255F)

B BHART Vv LOFHERER (2025F) DRERAICH1T50T7 -3 EMamT vl ZER T,

BERADKFRMRTNT vV (G5

KRR T ov )b
(2025%)
89,292FNni/& |

e V]
S omEeE

\
LREH

{’“; A=~y
. w7 k_' ) .
AR - I

LAY T sEERT
|

. emmmEr

. mwar
i R ~a
AT

R rgithis

W - ‘
<men

~ERE
RET

IR rhithisy
5,482FNm/%F
AR

‘
\“‘,-‘_‘ o o r"\‘: i <:7/_“‘_,/ = /:‘ /"w. ‘\ .
A - [ RN 3 ST N/
b =i oy P o ’ S - )
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