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Clean Hydrogen Outlook
Demand will grow, fueled by the clean energy transition

Market Growth (SB) Long-term market potential by application

Selected use cases Adoption rate scenarios

Il Decarbonized H, uses 1500 .
Eﬂ Methanol 5% of global production

Existing H, uses

PR Trucks 1% of global fleet (ca. 150K)
'a' Cars 1% of global fleet (ca. 10MM)
290
100 ] ﬁ Heating 2% replacement in EU natural gas
2020 2030 2050 A Power 2% of RE converted for H, buffering

Substantial growth projected for hydrogen, although extent and timing still uncertain

Source: H2 Council, BNEF, Linde Analysis.



The Hydrogen Momentum

Color heavily influenced by natural resources and government support Q ;&
Natural resources Government support for Clean H, PEM electrolysis cost evolution
Natural gas for Blue H, o, $/kg
e ANV P, = Green New Deal: 200K vehicles and 450 lustrative Example: Germany

Y o 2 HRS by 2025
= $10.7B" for eco-friendly future mobility
- until 2022 2020
= Low Carbon Fuel Standard: California Powgr
Price
$200/t GHG
= TMMFCEV and 1K HRS by 2030 |
= New California Executive Order: no sales Capex & .
of new ICE cars after 20352 Efficiencies
= €7+2 bn public support for H, 2030

deployment ‘_._ @
- 5GW by 2030

[ ] Capex Power Price

Source: H2 Council, McKinsey

'Eco-friendly future mobility (deployment of EV & FCEV + earlier retirement of diesel vehicles /trucks) 4
2 |CE Stands for internal combustion engine. All new medium-and heavy-duty trucks to be zero-emission by 2045.



The Hydrogen Momentum
Choice of hydrogen color will likely differ by geography

Local production costs comparison by H, type Cost drivers

k
$/kg Gray Blue Green Gray H,

= Price of natural gas
= Potential carbon taxation

U g\
29,

Blue H,
= Price of natural gas
= (Carbon Capture & Storage (CCS) costs

Green H,
= Power costs (renewable price and load factor)

= Electrolysis capex

2020 2030 2020 2030 2020 2030

Competitiveness of hydrogen color dependent on local policy framework and access/price of natural resources

Source: Linde



The Hydrogen Value Chain
Linde as integrator across the entire value chain

Production Distribution Application

SMR, ATR, POX, ... BID  Liquefaction H, refueling Industrial
[=F] stations
...with CCU/S Mobility
@ Trailers 6' Underground
storage .
Building &

E “E Ammonia &
==  methanol plants

Electrolysis

industrial heat

. N Equipmen’;&
Hpelmes = Tech Offerings Power

00006

GrayH, @ BlueH, @ GreenH, @ H,Distribution, Conditioning & Application

Ability to leverage existing infrastructure, technology & expertise - agnostic to the color of the molecule




Hydrogen production with PEM electrolysis

GLOBAL

“ines [ ITM LINDE ELECTROLYSIS

=

World class technology for green industry feedstock and storage

JV

i | ITM LINDE ELECTROLYSIS

Industry

k ) ™™ F’OWER

4 Energy Storage | Clea

The leading OEM for PEM
electrolysis technology

Example: Shell REFHYNE project

The leading Hydrogen and « 10 MW Electrolysis system for H2 generation
Syngas EPC firm
(modular approach 5 x 2MW)
« Solid water treatment management system
to expand life-time of electrolyzers
 H2 purification to 5.0 purity, suitable for
load and grid balancing

Energy storage

Example: Energie Park Mainz

Largest P2G plant, converting wind power
into green hydrogen through electrolysis
On-site production and storage of GH,
800 kg storage (25 MWh)

Running since 2015




Scaling Up Green Hydrogen
World class PEM e|EthO|y5iS technology u)[wl)i: ITM LINDE ELECTROLYSIS 6 Z!‘

j Upscaling: focused on simplification, footprint improvement and cost reduction

10MW using 2", 31 and 4t generation stacks

Manufacturing at ITM Power Gigafactory has started Upscaling from 50 to 15 to 4 stacks fora T0MW module
At 1GW /yrit’s the world’s largest electrolyzer production facility. = Designintegration techniques reduce BoP costs
= Cells with significant efficiency improvement

= Acceleration plan to address market demand




Carbon capture, utilization and storage (CCUS)

2

€O, capture in I1G production

from SMR, ammonia, ethylene, steel & ethanol plants

Various pre-combustion capture as well as
post combustion capture technology options
available

(0, production for the merchant market &
large industrial consumers (e.qg. urea production)

Lowering GHG emissions

€O, capture & utilization

for customer applications

€0, mineralization in concrete
Ready-mix & precast concrete application

(0, utilization in Greenhouses
Linde OCAP pipeline in The Netherlands

x‘;‘". = |
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€0, utilization for water pH control & remineralization
Linde SOLVOCARB technology for wastewater & drinking water

CO, capture & utilization technology
for 1G production & customer applications

Linde DRYREF™

dry methane reforming
for chemicals production
with external CO, import

- Linde post-combustion

& capture & purification
for hard to decarbonize
industries (e.g. cement,
steel)

Linde oxyfuel

combustion capture &
purification L
forindustry decarbonization |
(e.q. power, cement, glass) |




Linde Integrated Hydrogen Supply
DRI-EAF steel plant

Green H?2
Offtake
(optional) . For full decarbonization of 2 mt/y
T Green H2 | steel plant with 100% DRI:
1 ‘>: I
: E H2 and 02 Production
Green Power ' >
(PPA) : 5 Electrolyzer capacity 950 MW
! 1
. - . 68.5 kg/t
1
: H2 Production 190,000 Nm3/hr
1
' . 500 kg /t
ﬂ 02 Production 90,000 Nm3 /hr
POWeT | lEjactrolyzer
System u y H2 and 02 Consumption
Reheat DRI  EAF Reheat Total
4_
vent EAF Furnace H2, kg/t 54 2.5 12 685
02 compression/treatment ;
| Green 02 | 02, kg/t 0-55 45 30" 75-1302
- —»
\ !
| Syngas H2 Cojet® System REBOX® Oxy-H2 Tfor partial oxyfuel conversion
v (optional) H2 Burners Technology* of reheat furnace. Full
offtake A conversion will require 2x
I
(optional) [
: 2 ~259 of electrolyzer 02

production is used

Linde Technology

*0xy-fuel combustion will be
economical/required with H2 10



Incremental Steps to Net Zero: Energy Efficiency with Oxyfuel Combustion
Over 170 REBOX® oxyfuel installations worldwide g ; .

Oxyfuel Combustion:

Replace current NG-air combustion with 02-H2 Linde Oxyfuel Technologies and Hydrogen Applications in a Steel Mill

= 5-50% fuel saving over air-fuel for the furnace

= Prepares plant for H2 blending / substitution % — = ¢ = M) ¢

= Facilitates direct ammonia combustion o ~

= Drives Oxygen Intensity +20-100% ’étz?‘t ﬁ

Cutting scrap to smaller
9 P \1/ Flamelessoxyfuel (02)

~ Minimill : 40-55Nm3/t tng s 0 smd |
. DRI~ I / = 0
Oxygenenrichment , ::.n Protection atmosphere, modifying

and reduction gas supply ﬁ material properties (Ar,N2,H2)

Ll
Ovako first in the world to heat steel e RO forahnealng nd
. Oxygenentichment Converter (AOD,BOF) galvanizing (02)

u S I ng hyd rog e n Reduction of NOx emissions (02) Cooling water treatment (C02)  Ladle stati
A Slag splashing (N2) Bottom stlrnng (Ar,N2)

Decarburizing (02, N2, Ar)

N

- Integrated MI”: 1 50_200 Nm3/t Scrap \3 COJETchemlcaIenergy(OZ)
Bottom stirring (Ar,N2) Ladle preheating Rolling

5& w < REBOX application (02)
‘) W () @ :
Coking plant Desulphurization Casting
Dry Quenching of coke (N2) Oxygenenrichment for blast air Injection of carbide or  Protective atmospheres (N2, Ar)
Waste water treatment (02) Stove oxygen enrichment Magnesia (Ar,N2) Cutting (02, C2H2) 7

Synthesis of by-products  Inerting of coal grinding and transport(N2)




Summary

. Substantial growth projected for hydrogen, although timing is uncertain

2. Green hydrogen may not be the only solution. Choice of hydrogen color is dependent on local policy framework and
access/price of natural resources

3. PEM electrolysis is the leading technology for green H2 production today. Linde isinstalling the world largest PEM
electrolyzer of 24MW, using 2MW modules. Scale up to 5MW modules and 100+ MW is in development. Scale up
and cost reduction are key challenges to be solved.

4. Integration of green H2 and 02 supply into a steel mill, either existing or greenfield, requires careful consideration.
Hydrogen use can be optimized by deploying oxyfuel technologies in the steel mill.

5. Steelmakers caninitiate stepwise decarbonization today with cost-effective, energy efficiency projects. Oxy-fuel
combustion is a prime example.



