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Hydrogen value chain
Production is only the beginning
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Role Partner

Production Distribution
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Cylinders
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Liquefaction Trailers

[l
]
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Pipelines storage
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production
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Leader in all distribution
(technology & scale)

Technology
& Service
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H, refueling
stations
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Equipment,
Technology,
Operations &
Service Offerings

Leader in H,
fueling

Linde H, Assets

50+ years of experience

World-class technology

150+ SMR / PSA

80+ Electrolysers

1,000km+ pipeline

1,600+ trailers

200+ refueling stations

$2+ billion in H, sales

Pure H, Cavern
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Dispenser: Dual Pressures 350bar (35Mpa) & 700bar (70Mpa) refueling

TK16 H2 35Mpa

TK17 H2 70Mpa
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Fueling Nozzle and Receptable

Fue[ing nozzle TK17 Hz 70 MPa Fuefing nozzle TK17 H2 70 MPaENR Fuelingnozzle TK16 H,

DESCRIPTION
DESCRIPTION
DESCRIPTION

Actuation lever

Impact protection with exchangeable data interface
Impact protection

Cold protection

250°

360°
e Swivel joint
swivel joint

Impact protection

- Hand grip
250° Data cable

swivel joint

Receptacle TN1 H,70 MPa

Actuation
lever
DESCRIPTION

Locking lever

Hand grip

¢ Actuation
lever

Purging line

Locking lever

Pressure Range

TNTH TN H, High-Flow TNT H, 70 MPa TNSH, TN5H,
CVERVIEW eceptatio - N1H,forR® | TN1H, High-FlowforR® | TN1H,70MPafor IR*
Druck
nozzle PN 25 MPa 35 MPa 35 MPa 70 MPa 25MPa | 35MPa
TKI6H, sMPa /. « “

TK16 H,35MPa

TK16 H,35 MPa 35 MPa « « &

ENR ) ) i

TK16 H, High-Flow

TK16 H, High-Flow [SELIVES «

with IR+ @

TK17 H, 35 MPa | B

TK17 H, 35 MPa 35 MPa « « «

ENR#

TK17 H, 70 MPa

TK20 H, 70 MPa 70 MPa «

ENRe+ . .
25 MPa + !

35 MPa . . . . . “
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H2 Mobility

Linde Hydrogen Refueling Station - enable H, mobility projects worldwide

About Linde HRS Hydrogen mobility projects by Linde

Sarawak, Malaysia .
Experience: +15 years of technology development IC90 for busses and passeng
Products: Hy-refueling systems (HRS) & services vehicle refueling i
Scope of work: Development of key components, process & system WMl L)
design, manufacturing, installation & commissioning, after sales
services

Manufacturing Locations: Germany, Austria, China

Number of Linde HRS installed ’ it (G0 i (RERIE Ef
. for commercial vehicle
APAC

refueling

Customer EMS; 7 HRS
deliveredin 2020

19%

USA FiA Fountain Valley CA, US

CP90 for passenger
vehicle refueling, first

with four fuel points

Customer FirstElement Fuel,
8 HRS delivered 2020
EMEA




Components of a Hydrogen Refueling Station

(1)/(2)/(3) are options of H2 supply. For example, HRS can be supplied with (1) only. Or it can be supply with (2) +
(3). The supply option is depending on H2 consumption and station location

o

O supply |@Delivery or Pipeline
90n—snte (Electrolysis / SMR) A—
Storage
ol Lw® -Gaseous H,
Pressure Storage | _30 o 50bar Sk o
Optional . | (
eyt ) Onsite Production / o 3 -‘—5 Medium Pressure
|_ - - - T - = = == S 'm Or Trailer delivery : - - - - Storage 3 x 1.2m3
O Compression | -Gas Compression | (Picture is showing onsite ! =
I & High Pres. | -Outlet up to 900bar ] electrolyser production) e i
| storage @ | -Buffer at 900bar 1
! 1
|
O i Med Pressure | -Buffer at 450bar :
Storage @ | -Covers peak demands
: (Optional) -Relieves compressor load | CEIEEESy
1 B 1 Station
| : 1 S
| Dispenser | -Dispenses at 350 or 700bar 1
| @ -Parallel filling (Dual nozzles) 1
1 1

Cars (700bar)
Buses / Trucks (350bar)

Block Diagram of HRS Process

H2 Supply Options
Hydrogen Refueling Station (HRS)

Dual Pressure
High Pressure 6_ D_ISP_enfr_UnLt
e Storage, 900bar ] |
|
* | 700bar
1 Vehicle
|
|

350bar
Vehicle

S
(1)
(2] (3]

Electrolyser or SMR Low Pressure
(On-site p S ge, 30bar®

Capacity depends ACapacity and Pressure
on H2 demand requirement depends on H2 demand
requirement

900bar compression l
H2 supply Hydrogen Storage
cabinet Comp M

|
(5)

lum

R |

Storage*, 450bar

IS su—

Video: Linde standard hydrogen filling station with IC90 compressor - YouTube

¢ ﬁmﬁ 1 it o
E_zaﬂmv'ﬁ i%;\ﬂllbﬁm Hyundalﬁ}iﬁélm =
CAR HLRE{>#] - YouTube 350“’7‘(;0
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Advantage of H2 FCEV for Public Transportation

Why H, mobility will win the race - range, refueling, payload and flexibility Battery electric bus (12 meters)
Efficient mobility Sustainable mobility Sustainable and efficient mobility
Charging time: 3 hours
Advantages: Advantages:
= Zero tailpipe emissions = Long ranges irrespective of
+ Very quiet ambient temperature Seat capacity:
L
=+ Quick and quiet refueling 70 seats
= Less weight {
Battery - Less power required
() () =+ Balancing of grid peaks Fuel-cell electric bus (12 meters)
= Flexibility: local or central
praduction of green H,
-+ Heating in winter @ 15 minutes
.$ Final winner
Advantages:
= Cost-efficient
-+ long range
= Established refueling infrastructure
>80 seats

Source: LE_LHF Flyer Bus 2022 DIN_A4 51047 2023 tcm19-673276.pdf (linde-engineering.com

Efficient scalability of capacity

Capacity Specifaications

— 1x single compressor container
. é (8.1 m?)
j\-/ 450 or 900 kg / day — 1x electric container (8.1 m?)

— 3x 550-bar tubes (each 1,200 I)

— 1x dual dispenser

— 2x single compressor container
(8.1 m? each)

i\/ 900 or 1,800 kg / day — 1x electric container (8.1 m?)
— 9x 550-bar tubes (each 1,200 I)

— 2x dual dispenser

— 3x single compressor container
(8.1 m? each)
1.350 or 2,700 kg / day — 2x electric container (8.1 m? each)
— 9x 550-bar tubes (each 1,200 I)

\/ — 2x dual dispenser
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HRS Options

Light fueler: Pressure equalization

. ; F " Hungary (2022

The H; light fueler is a safe, robust, low-cost and easy-to-use hydrogen dispenser
solution. It is ideally suited to low-volume temporary and demo hydrogen
fueling stations

The maximum fueling capacity depends on the number of bundles and the
current/remaining pressure in each of those bundles as well as the size of the
vehicle tank.

H2 Supply
Pipeline supply, Tube Trailer, MCP

MCP (Multi-Cylinder Pack) Tube Trailer

Number of cylinders: 20 (50L per cylinder) Trailer weight: 4800kg

Cylinder weight: 1460kg Water Capacity: 22 m3

Holder weight: 340kg Usable H2 Volume: 4000 m3

Usable H2 Volume: 150 m3 Usable H2 Mass: 350 kg

Usable H2 Mass: 13.4 kg Dimension (LxWxH):12.5x 2.5x3.5m

Total weight: approx. 1820kg
Dimension (LxWxH):1.3x1.1x2m
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Toyota Australia Melbourne
HRS and H2 system supplied by Linde

BOC }«

H2 delivery (backu.p)
@ Onsite electrolysis for green hydrogen

€ Low pressure buffer storage (30 bar) (to storage Green H2 product)
@ H2 ionic compressor (28kg/h) and integrated high pressure storage
@ Medium pressure storage tubes (500 bar)

@ Dual Dispenser 350 /700 bar

Other types of HRS Reference:

PDC Diaphragm compressors (Seoul Bus Terminal)
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The poWer of hydrogen and fuel cell technolog
Due to the technical facts, hydrogen is inevital
for decarbonizing truck mobility

Truck refuelig station
by Linde at MPreis, Austria

FCEV

Range

500 km (also in winter times)
@ 350 bar;

for 700 bar: >1.000 km

Refueling time

10 minutes

Weight

Significantly less than BEV

SUPER
EFFICIEN
T ZERO
EMISSION
SOLUTIO
N

HRS

Connecting power
<250 kW for 30 Trucks per day &
12 Trucks back-to-back

Footprint
<200 m?

Flexibility
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Linde supplies full-fledged HRS solutions
Leading HRS technology maximizes end customer acceptance and satisfaction

Industry benchmark for reliability
Availability of >98%

Minimized Total Costs of Ownership
— Unique service concept
— Low energy consumption

(<230 kw)

Leading by performance

- 1,7 kWh / kg*

— High flow rate also at low inlet
pressures of > 5 bar

Highest Safety Standards
Zero incidents!

* > 100 bar inlet pressure

ESWE RVK Sarawak Energy
Wiesbaden, Germany | Cologne, Germany Jalan Belian, Malaysia

Twin IC 50/60-L 2x Twin IC 90/60-L Twin IC 90/60-L

for eight busses (350 bar) for 20 busses (350 bar) per day; for >15 busses (350 bar) per day
in eight hours 10 buses back-to-back and passenger cars (700 bar) %

L.

WSSk

TEswe

Sdr.jwnl:\\ energy

Refueling Station

b R e
=]

Largest FC bus fleet
in Europe

oS A o e T P TR R

Integrated onsite
H, production

- H, from Linde
=% B
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EMS
Jeonju, Korea

Twin IC 90/60-L

first HRS for trucks (350 bar) ' for > 10 trucks (350

ERVEES f:é1'1l‘back)

and commercial vehicles such g Eu_rope's -m‘ﬂsi'be%w
as garbage trucks e . CEP fueling protocol (A—#\/Iap

w0

alley, USA . s‘

CP O/ 100-L 1€ 90/30-S
(o) 7001 -

ehicle refueling; - o
fol 0 ueling and 700 barb
{

Customer: Eni :
Venice, Italy "

IC 90/30-S
or 700 bar passenger="_
cars-and 350 barbus
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Alstom
I =
Bremervorde, Germany

i 3x Twin IC50/60-L

\ for 14 passenggrtrains (1.800 kg/day)

\ R
- >

Daimler
Dusseldorf, Germany

IC 90/30-S

for 30 forklifts (350 bar);
refueling of passenger cars

also possible;

highly flexible as dispensers

can be installed at two different
locations

R

Indoor refueling

possible

5 —HA(1054E £ 106

F ) IBIHE R

5 —HA(1074E£116

F)EEEBESR

7RI

L7 SR

31



H AR aa

%{ﬁk@?ﬂlﬁﬁﬁzﬁ
On-site ZE FEE+H2 Trailer Back

up(77 E N E)
2. On-site 42 Z&+H2 Trailer Back

up(5 I, S )

3. On-site 4= Z&+H2 Trailer Back

up(EE iR A )
4. On-site AF B (/K EE fife, F1] P Bfelg

R4 7E)

H Riﬁéﬂ?ﬁl 1

2 2daoios

i = EaE

[LETTREITE TR |

i

3
N
o

‘=

32



-2

i

H H K A

I El-3

H HE K TS

ANNRRS B

(LITE

33



H H Bk A G H -4

2025412 H24 H &N TIEus !

e e e

https://e-info.org.tw/node/242742

34



