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> BIPEFEAREIRAEE IRENA (55 S 2050 SEEBRTHRIZERIAE 1.5 A
AR B > HE R G R mAe R (5 F By S EEZH 2D By 12% - 0K
b/l 10% _EAbhRTRX

> R 2021 55 26 JEIE SRR PEIES COP26 - HEwE (Failrat2enig
12) 'E SIS BUR SR IR AR RO a8 e i - o B ORI
FEEhR B S

> RBEEEGTREER 2022 £ 8 HEE ([#REERAREZ) (Inflation Reduction
Act, IRA) > SFERELAEAR  SAMERISORIETRE - TRZEREHY 10 EAE ALY 3,690
EERITTE R AKIERREEL - EFERAERAE - tikElF(Carbon Capture
and Storage) 1B E/ TEEHIRGUIR S » 0AZE IR L LR RATHTRE IR E
B BRI 2030 AT 40%0REI

> ERFEPEEWE R4 E R E RIS - 55—{EZ Section 45Q
{H NLERAtRES (T (Carbon Capture and Storage) f3¢fifif > f% 1) ELHEAEZER
Hrfife 270 1,000 W ~ 2) fEEREERGEATE £ /) 18,750 W I HAffeRA D
R 75% - =X 3) FE(EIHAE T 2 /) 12,500 M - &SR A A R ] FE Y
GILrEiNe

> B{EATE Section 45V - R ZE RS T E HUAY R WSCHE e R ER R 0 2 e e
AIPERCE (0 TR - SRR TSk E R fm EREA
1 3 SRITHRUGR G - AR BB SIS SR A Y A

Life Cycle Emissions (kg CO_ e/ kg H)) ITC Percentage PTC Value (20225/kg H,)
4-25 6 percent 0B0
25-15 15 percent 0TS
1.5-045 10 percent 1.00
0.45-0 30 percent 300

U RO ZEnERIR) SRR S BT L S IO BRI SRR - 1F 2030 4ERA0{H 2 BRI HIIR 2 1A L
TR > EOFE 15 - 2) - 3) B - A - S)REE -

Zéfﬂﬂéf},]ﬂ? : Alan Krupnick & Aaron Bergman (2022), Incentives for Clean Hydrogen Production in the Inflation Reduction Act.

Resources for the Future (RFF). https://media.rff.org/documents/Report 22-13 UNfLJLS.pdf



https://www.bloomberg.com/news/articles/2022-08-15/just-how-big-is-the-374-billion-us-climate-bill-in-global-terms
https://www.bloomberg.com/news/articles/2022-08-15/just-how-big-is-the-374-billion-us-climate-bill-in-global-terms
https://media.rff.org/documents/Report_22-13_UNfLJLS.pdf
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BUAEERS

REB# ek &8, T 35 % PR U DR B

YV V V V

PSP B AR EEAHEACRE K - AR A FricE
KB ERERE - RUA AR A FHAREIRET

EIR G SRAAEE - TRk SRYRAE S & DRI A SR A
R S o R i > DLE SRR © il - RIEFEEFRE SR
il B b & - NEETTSRME A BEERS - FE USRI ] R

3R ¢ (2014) Climate Change 2014. IPCC. https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_ wg3 ar5 full.pdf



https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_full.pdf
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GREY BLUE GREEN
HYDROGEN HYDROGEN HYDROGEN

Process BEGIllaleNel? Reforming or Electrolysis
gasification gasification with
carbon capture

Energy | ool Fossil fuels Renewable
source electricity

@55;0

Estimated

eT'SS'OtT]S Reforming: 9 - nb

pmrd“’l:‘gtioﬁ Gasification: 18 - 20
process?

> EBKGEREAEE R RILA T ETEANER - HNEEEERE S
{B% > BOAE Ry T REER
> EIRDIBRES{E (Carbon Capture and Storage) Y41l @ 1 " IKEBE SR | FTELE
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COMPANY
AQUAHYDREX
ASAHI KASE
AREVAH,
CARBOTECH

COCKERILLL JINGLI
CUMMINS - HYDROGENICS

DENORA
EMAPTER
GINER ELX

GREEN HYDROGEMN S5YSTEMS

HALDOR TOPSOE
HITACHI ZOSEN
HOMDA
HYDROGEMPRO
iGAS

ITM

KOBELCO
KLUMATEC
MCPHY

MEL Hydrogen
PERIC

PLUG POWER
SHAMGHAI ZHIZHEN
SIEMEMNS EMERGY

SOLIDpower

SUNFIRE

TIANJIN

TELEDYME
THYSS5ENKRUPE UHDE

TOSHIBA

> ERREEAKEMREEAEN N

MANUFACTURING SITE
AUSTRALIA, USA
JAPAN

FRANCE, GERMANY
GERMANY

CHIMA

BELGIUM, CANADA,
GERMAMNY

ITALY, JAPAN, USA

ITALY

USA

DENMARK

DEMMARK

JAPAN

JAPAN

MORWAY

GERMANY

UK

JAPAN

GERMANY

FRAMCE, ITALY, GERMANY
DENMARK, NORWAY, USA
CHIMA

USA

CHIMA

GERMANY

ITALY, SWITZERLAND,
GERMANY, ALUSTRALIA

GERMANY
CHIMNA
USA
GERMANY

JAPAN

ELECTROLYSER TYPE

ALKALINE

ALKALIME

PEM

PEM
ALKALINE

PEM AND ALKALINE

PEM AND ALKALINE

AEM

PEM

ALKALINE

SOLID CXIDE

ALKALINE AND PEM

PEM

ALKALIME

PEM

PEM

ALKALINE AND PEM

ALKALINE

ALKALIME

PEM AND ALKALINE

ALKALIME

PEM

ALKALINE
PEM

SOLID ©XIDE

SOLID CXIDE

ALKALINE

PEM

ALKALINE

SOLID CXIDE

AR ¢ (2022) Innovation trends in electrolysers for hydrogen production. IRENA. https://www.irena.org/-



https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/May/IRENA_EPO_Electrolysers_H2_production_2022.pdf?rev=647d930910884e51b60137bcf5a955a6
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BEIRATR A

> IJ2022£ﬁ Alkaline/PEM EEFEFEINILERA (BFERM - RASEH - T
) AT L (kW) 1,400 & 1,770 57T  BIFRAETRE EA Faf A2
2025 FIEE AT E{KHE M 60% - £E] 2030 FAE R AR FEE T
(kW) 440 % 500 7T

> BATRENEERANS » DIRARAEENIK @ﬁmﬁ’] 1% 25T
PRAT CCS IiREFMES R REY 1.5 & 3 FIT 0 A FHAREIRAI/KER
EEMNGOERL 4 E 9 FET (R TEP)

> THETEE] 2030 4F o BB APSRERE L ENSEERA IS 1.5 5T > W
2025 FEFFRA 1 E5T

Levelised cost of hydrogen production by technology in 2021 and in the Net Zero Emissions by 2050 Scenario, 2030 and 2050
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Naturalgas Natural gas w/| Coal w/o |Coal w/ CCUS|Wind onshore |Wind offshore| Solar PV Nuclear
w/o CCUS CCus CCus

IEA. All rights reserved.
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> REEEREHEENEAERNREGEE A SCeHARAE - EREEE
pHEEHY NEOM JH H IE AP E @V HRIHE (RN 5VIER) 2KE -
jﬁE){TuTﬁ%Uéféﬁzﬁtglﬁ HATfRIEAR S ER - LA PAHER
ARG G H BB RIEE

> LUNEOM IHH Rl > 5% A H & 50 @35 C AR 26W HY/K BRI - fifat
A A 20 EWERYCRE, - FZ2 IR H B AR - K5 2030 GG
PEE T2 134 2 240 GW (5, E37) - MHES(E R E 2R 8 1] 2 6,000 (R
7t > MHIEREBRHEFEE 2,600 Bk E - ERFGSISEE AT 2 25%

'media/Files/IRENA/Agency/Publication/2022/May/IRENA_EPO Electrolysers H2 production 2022.pdf?rev=647d930910884e5
1b60137bcf5a955a6

SR (2020) Green Hydrogen Cost Reduction. IRENA. https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2020/Dec/IRENA Green hydrogen cost 2020.pdf?rev=4ce868aa69b54674a789f990e
85a3f00



https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/May/IRENA_EPO_Electrolysers_H2_production_2022.pdf?rev=647d930910884e51b60137bcf5a955a6
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/May/IRENA_EPO_Electrolysers_H2_production_2022.pdf?rev=647d930910884e51b60137bcf5a955a6
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Dec/IRENA_Green_hydrogen_cost_2020.pdf?rev=4ce868aa69b54674a789f990e85a3f00
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Dec/IRENA_Green_hydrogen_cost_2020.pdf?rev=4ce868aa69b54674a789f990e85a3f00
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Dec/IRENA_Green_hydrogen_cost_2020.pdf?rev=4ce868aa69b54674a789f990e85a3f00
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GW - HHEBERESHEE 1.8 HEST - EREEBEF 7,800 EHLk

& 0 AlskE AL EE R T 25 80%
> R Hydrogen Council @aEZ B & H5H° > R THIREN A SAHE &
$t75 680 il - AHEE 2,400 (B357T - L A GHER - SURHAHIVRE R

1% 2030 SR 2/ DFFELETF 2 7,000 {E357T

ezﬁﬂiﬁﬂ,ﬁ : (Sept 2022) Hydrogen Insights 2022. Hydrogen Council. https://hydrogencouncil.com/wp-
content/uploads/2022/09/Hydrogen-Insights-2022-2.pdf



https://hydrogencouncil.com/wp-content/uploads/2022/09/Hydrogen-Insights-2022-2.pdf
https://hydrogencouncil.com/wp-content/uploads/2022/09/Hydrogen-Insights-2022-2.pdf
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EEBLE EE ACWA Power ~ Air Products 1 NEOM E¢17HY&E /5] NEOM
Green Hydrogen Company (NGHC) » S {E& T F & KAIISEE R
RANRAVAE S » WA PR TR R ek SR T &
THHEE S i 50 fE35TT

EfERE 2GW (i M EEf#E Alkaline)

EE B H AR 600 Nfisks, (HERGAHEE 20 i)
AT 120 ENEE

BE 100%4k EBRER > 4GW A KPS RE I ERE R A & A= 2

TREEE R D 500 ENE S bR EE

THETISE LHEA 2026 5 (L FAVPREFTHL{EAT NEOM)
EEBERR

NEOM Upstream Hydrogen Downstream

Electrolyzer

]
1
E :
Hydrogen ' :
]
L .% , :
1
- 3 i
Power = i i
E Nitrogen™ 13 i
C = 1 Ammonia !
. : !
1 ]
1 1
' i
1 ]
! i
]

]

1

]

]

i

i Wind/Solar

]

: Ammoma
! Production
]

]

Dissociation H,
Compression

Global
Distribution
H Ship/Truck

ETEBLE m£ ﬁﬁimmﬁﬁﬂﬁﬁ =H > MZE B eEBUNEIER
B o i e KERES SR ANIEE » RS RIEHE
i Sz AL T JEUREH iR

HEKESH 14 {5 N Rk

BRI 150MW (i@l f#FE Alkaline)

ER TR R A 2.7 EE

BE 200MW HYRFZEE (KE I P L)
EERA BATER 1.2 25T

BHEE B R 44.5 B S EREHEE
SELHE 2021 4F 4 A EBItafR ALEE

7 BRIFIE ¢ Air Products E4E https://www.airproducts.com/campaigns/neom-green-hydrogen-complex

8 BRI  (Sept 2022) “Scaling Up: Three Low-Carbon Hydrogen Plants Leading the Charge”. International Energy Forum.
https://www.ief.org/news/scaling-up-three-low-carbon-hydrogen-plants-leading-the-charge



https://www.airproducts.com/campaigns/neom-green-hydrogen-complex
https://www.ief.org/news/scaling-up-three-low-carbon-hydrogen-plants-leading-the-charge
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ANEEE

> A 2018 4 fEE{EEE/ N H] Linde Ag BASEE[E]ZERY Praxair Inc #E{TE 0 » 3
R R K TR TEAHE

> FEHELSIT R 1) TERE (WER -8R &5 Z&/bhxk - 28 - &
R BETRE  FERET) > $HE(5EE 84% - DIk 2) T2 » $HE(5EE
16%

> BIniSE TR T - BRORME - B - i - Bk
o~ BTE

> 2021 U ARy 308 {EETT 0 EE R 72 [E3ET

EER

> BENS  AFREEFERFERETS  LHEREREREENARL
RERZFEE - TS BERE SRR 300 (§357T - RENEEBUT
IRA flihI A28

> ERNRESRATSHEI % LES - BEETEHIRAGE FRERE iR
Ff 10% LAY F 0

Inflation Reduction Act (IRA)

Carbon Capture Tax Credit (45Q) Hydrogen Production Tax Credits (45V)
- $85/ton incentive for carbon capture & sequestration - Up to $3/kg of green hydrogen produced
- Brings blue and grey H; close to parity - Reduces green H; cost ~50%
OPPORTUNITY
Decarbonize Linde Decarbonize Customers New Markets
Decarbonize Linde assets Decarbonize customer processes Enable new markets
Strategy e.g. SMRs, ATRs, POX e.g. Petrochemicals, Refining, Steel, e.g. Clean Ammonia, Sustainable
Power Generation Fuels, Mobility, Carbon Management
Blue hydrogen Blue & green hydrogen, Oxygen, Blue & green hydrogen, Nitrogen,
Offering Hydrogen storage, CO2 capture & Oxygen, Hydrogen storage, CO2
transportation capture & transportation

Investment | Carbon capture & transportation  ASUS. ATRs, Electrolyzers, Carbon  ASUS, ATRs, Electrolyzers, H2

capture & transportation, Caverns Liquefiers, Carbon capture &
iAssets = & transportation, Caverns, HRS

Potential

Investment' $3B+ $10B+ $20B+

L

U.S. investment opportunity $30B+

ERIAOE : Linde Plc AT E4E

> Y 2023 > A FE]E Exxon SR H RS EAE - R SEEEH 14
BT o % FH H AR BN 4 (R B - B Linde (Y TAEERF T E AL
5t - EHEETEH - TS HBEE 1,200 AMENERMGHRE > (HLIES
Exxon JRFTIHSRIERL - Sl A /S Bl AR 1.4 (B3 THIR AT S
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> HpTHEZER (Engineering) WL AFZFKIYE 38% % 8.3 (357 » UL AfLEERE
F+£ 9.4%

>  EA[EHEE (Return on capital) FHZE BIACEET 21.8%

> EHEIEE 2022 FFEFITEMN > A H Z BITERINY 11.93 TS
12.03 =TT > WRERZEREEN B FIZ TN E 17%2 18%

y=yI=A

> R4 Bloomberg Mii5TE M > 2023 FEARIELEE] Linde Plc 1Y EBITDA £ 112.5 (&

FETT 0 THHHFZEIERE) 4.5%

> B 2022 SR > TEOHIRSE(E{E 58 EV/EBITDA £ 15.5 fi% » BE{KAIT 3 4F
HI~EEafHE 16 %

> WTEATR > R E I EIEE B2 NNVEE f 14.5 {22 17.5
fi5 > BRI 3 54 8% Y5 {E R ek #ilE 2 A

> ENMEEBRERPE—EREAEENT 14.5 % (KIH(E 300 £7T) > (H{EHH
HHEE

MAIELEE Linde Plc {51

gty M
O . M WA S R
P A A

v
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>  HX 1940 4F > Leonard Parker Pool £l|T7. T Air Products /N 5] o —BEHAR - 2\ 5]
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RES AR AR FE R RE SR RORAR R Y TR

1980 A - AEIFFENNE AR E T  WHAA R i B
FRIEEE - e A TIERIRNETEGR - WA A FEeGEE TERREL

H| 2 —

> T 10 FEAE B E R RS o SRR E T - FERARIEET > WE L By

St AL FERS — Air Products

Y

A TERARRSE - (Al > SRR G ST AR RO AR B G IH H - feft

SRR AR T 2 - A BN Ryt S A B E B T R A S e i

EER

> 2014 % 2022 £ > RIS HIE ST R 7 Bl 11%41
10% - S AEIFEA FERZZBINER M eesopririd et & (EZ R Take or
Pay & [EI{RIE M TJER)

> TN EDREERE] 2027 F - i E/0IEE 150 (83500 0 RS HAE R

RETRARTUIAE -
NEIR IR Z B 2.5 BTV (B

Horp 110 EFRITH AN ZRER

RIBHEE - T

> B 2026 4 > H§ ACWA Power ~ Air Products 1 NEOM & ERY KELGH B &SR
IHH R IEAEE - I E & SR 50 (§357T > THEHE H AL 600 Ik
& » HFEEAER) 500 EiiE S b LS
Major Projects

Moving forward

Plant Customer/Location Capacity Timing Market

ONSTREAM (last five quarters)

ASU/HZ2 Samsung Giheung, Korea World Scale Q2 Fy21 Electronics

ASU/Liquid Big River Steel, Arkansas >250 TPD + liquid Q3 Fr21 Steel/Merchant

Liquid H2 LaPorte, TX ~30 tons per day Q1 FY22 Merchant

ASU/Gasifier/ AP/ ACWA J SA / APQ — Jazan, ~%12 billion total 1v Q1 Fy22 Gasif to Refinery

Power Saudi Arabia — Phase I

ASU/Liquid Eastman, Kingsport, Tennessee Mot disclosed Q2 FyY22 Gasifier/Merchant

PROJECT COMMITMENTS

ASU/Gasifier AP 100% - Jiutai — Hohhot, ~%0.65 billion 1H FY23 Gasif to Chemicals
China

ASU/Gasifier/ AP J ACWA J SA / APQ — Jazan, ~%12 billion total 1V 1H FY23 Gasif to Refinery

Power Saudi Arabia — Phase II

ASU/Gasifier AP (80%) / Debang - Lianyung ~%250 million total 1V 2H FY23 Gasif to Chemicals /
City, China Merchant

SMR/ASU/PL GCA — Texas City ~%500 million 2H FY23 Ammonia

Net-zero Alberta, Canada ~%1.3 billion CAD 2024 Pipeline /

hydrogen Transportation

ASU/Gasifier/ Indonesia ~%2 billion 2025 Gasif to Methanol

MeOH

H2/SAF World Energy, California ~%2 billion 2025 Sustainable Aviation

Fuel

Carbon-free MNEOM Saudi Arabia + ~%7 billion total (JV + 2026 Global

hydrogen downstream APD) Transportation

Blue hydrogen Louisiana ~%4.5 billion 2026 Pipeline /

Semiconductor
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Kaohsuing, Taiwan

~%$900 million

Mot disclosed

Project capital represents 100%, not APD share

BRIRE ¢ Air Products NS E4Y

Transportation

Semiconductor
Al
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