HYDROGEN AT AIRPORTS

Infrastructure for Ground Handling of Hydrogen Aircraft at Airports

i DLR



New Institute of Air Transport 4#7
DLR

= Established on 1st April 2023

= Merger of DLR Air Transportation Systems
Lab and the Institute of Air Transport and
Airport Research

Air Transport
Development

= Locations in Hamburg and Cologne

» Mission: Forecasting, designing, and
evaluating the air transport system as part
of the overall transport system

» Four departments complement the

Ai;r'Tra'nsport Flight Operations

- Concepts extensive technological portfolio of the
L DLR with operational, economic, and
Institute of ]
Air Transport regulatory expertise

Copyright: DLR
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Department Air Transport Development T

Example: Flight Schedule N>’ DLR
- - RNt
3 Strecken
Week Dep Arr DepDay | ArrDay |DepTime| ArrTime | Aircraft M S 737-800
0 |wos BRN HAM 0 0/18:30:00 |20:15:00 |NLHO2 ! A2ON
1 |wos DRS HAM 0 0|08:40:00 |09:45:00 |ATR 72 600 S P AN
g g/ 8 @ ~21NPROG
2 |wos DRS HAM 0 0/20:05:00 |21:10:00 |ATR 72 600 4 AN
.3E. £ T L Dot A359
3 |wos FKB HAM 0 0/08:35:00 |09:50:00 |AT72 e~ ¥R & 350er00
4  |WO05 FKB HAM 0 0/20:55:00 |22:10:00 |NLHO4 , N Ao
5 |wos HAM BRN 0 0/20:45:00 |22:30:00 |AT42 AT72
6 |Wo05 HAM DRS 0 0/07:00:00 |08:05:00 |AT72 ATR 72 600
7 |wos HAM DRS 0 0/18:25:00 |19:30:00 |AT72 B748
-AiN- L. @ B779PROG
8 |wos HAM EWR 0 0/09:00:00 |12:15:00 |A359PROG
9 |wos HAM  |FKB 0 0(06:45:00 |08:00:00 |AT72 _ s
10  |[WO05 HAM FKB 0 0/19:05:00 |20:20:00 |NLHO4 hess
11 |[WO05 HAM LCY 0 0/07:05:00 |07:50:00 |AT42 D228
12 |W05 HAM LCY 0 0/17:00:00 |17:50:00 |NLHO2 DHBD
13 [WO05 HAM LTN 0 0/10:20:00 |10:55:00 |A21N (5 pHc-8-400 (Q400)
14 |WO05 HAM NCE 0 0/13:40:00 |15:50:00 |A20N E190
15 [wos  [HAM _[TIS 0 0/10:10:00 [12:20:00 |E195-E2 .
16 |WO05 LCY HAM 0 0/08:20:00 |11:10:00 |AT42 - @ Loz
17 |WO05 LCY HAM 0 0/18:20:00 |21:10:00 |AT42 @ nLHo:
18  |WO05 LTN HAM 0 0/07:20:00 |09:45:00 |A21N @ nLHos
19 |[WO05 NCE HAM 0 0/16:20:00 |18:30:00 |A20N ] @ nuvos
20 |Wo05 TLS HAM 0 0/12:55:00 |15:10:00 |E195-E2 @ nuHos
@ NLHo7
R tati inter- d k
Week 5 (factor 21,3832781) @ nvos
Week 30 (factor 31,1090253) @ NLHoe
@ nNLH10

Tim Schunkert, Institute of Air Transport, 10.04.2025
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Potential of LH2 ‘#7
Cost-Effective Emission Mitigation DLR

= Fuel cost account for .
about 30 % of total airline 200€
costs
= Fossil Fuels with Carbon £~ —/—— —
Price and Tax would be PP N I N
much higher § 7Y S S S e o it e e 2 ST R
Including infrastructure s
measures are projected to

be 104 and 120 € / MWh o¢
i n 2050 based On tWO 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050

. . e-fuel Biofuel (HEFA) Biofuel (Gasification/FT)
d Iﬁe re nt aSSU m ptlons Biofuel (Alcohol to Jet) Green liquid hydrogen = = == Green liquid hydrogen
—t— Fossil fuel Source: DLR

Hydrogen in aviation: A simulation of demand, price dynamics

and CO2 emission reduction potentials - ScienceDirect

Tim Schunkert, Institute of Air Transport, 10.04.2025



https://www.sciencedirect.com/science/article/pii/S0360319924010723#fig5

Potential of LH2

Market Share DLR
4 X 10* Available seat kilometers per fuel type - conservative 4 10* Available seat kilometers per fuel type - progressive
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Source: DLR DEPA 2070

Tim Schunkert, Institute of Air Transport, 10.04.2025
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Liquid Hydrogen (LH2)

1. Cryogenic Temperature

= Within this temperature range,
almost all other molecules freeze
out

2. Low Density
(Piiquia =~ 71 kg / ms3*)

» Higher Space and Volume
Requirements

» 4x Higher Volume for Equivalent
Energy Compared to Hydrocarbon-
Based Fuels (Jet-Al)

*at 1 bar

Tim Schunkert, Institute of Air Transport, 10.04.2025

Pressure p in bar,

Critical Point
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DLR

u. a. “NIST Standard Reference
sport Properties-

L Huber, Mark O McLinden
nd Tran

Fluid Thermodynamic a

ce: Lemmon, Marcia
REFPROP”. In: National Institute of Standards and Technology 9 (2010)
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Hydrogen Fuel Supply Route to Airport

(= Geeowst2 = Laidi2 | G711 Transportation in its liquid form

H2 supply Near / on airport H2 Refueling . .
route to airport° facilities ° setup = Remote Ilqueflers
= Delivery in single packages (containers /

> &= e L @ trailers)

Liquid H2 supply LH2 refueling
to airport truck

B 5 4

cossoro @ szuquefacﬁon . %5 @ S2a: Transportation in its gaseous

airport \ LH2 refueling
&)

LH2 storage

pipeline & fO 'm
! hydrant system

(+ dispenser . :
On-site H2 truck) » Local GH2 pipeline
production _ . _

» On-site liquefier

Source: H2-powered aviation at airports — Design
and economics of LHZ refueling systems -
ScienceDirect

S2b: Production nearby the airport

Tim Schunkert, Institute of Air Transport, 10.04.2025

i DLR


https://www.sciencedirect.com/science/article/pii/S2590174522000290#f0015

Hydrogen Fuel Supply Route to Airport

DLR

— Gaseowskz = LaudR2 | Container / Trucks:
H2 supply Q Near / on airport H2 ° Refueling = Net Capacity 2 615 kg

route to airport facilities setup

= &y - B

LH2 refueling
truck

Liquid H2 supply
to airport

Gaseous H2 @ ‘ ' 0 ; ngn @
H2 liquefaction %

LH2 storage

Picture Hydrogen-technologies_brochure.pdf

:ﬁggg © LH2 refueling
pipeline &
mm| hydrant system
(+ dispenser .
On-site H2 truck) LH2 Trucks:
production
= 35t-45t

Source: H2-powered aviation at airports — Design
and economics of LHZ refueling systems -
ScienceDirect

Picture Hydrogen Liquefaction Engineering and Liquid Hydrogen
Storage & T

Tim Schunkert, Institute of Air Transport, 10.04.2025



https://www.sciencedirect.com/science/article/pii/S2590174522000290#f0015
https://saintwah.en.made-in-china.com/product/amlYDTuCBQRp/China-Hydrogen-Liquefaction-Engineering-and-Liquid-Hydrogen-Storage-Transportation.html
https://static.prd.echannel.linde.com/wcsstore/REN_Industrial_Gas_Store/Hydrogen-technologies_brochure.pdf

On-Site Airport Facilities
DLR

I
. H2 MR Nelium
H2 supply_ ° Neélzl.on airport H2 ° : @ @ @ @
route to airport facilities |

|
|
|
_______________ |
« Deliver H2 in its L ! I
B &= gaseous state :' _ ' '
Liquid H2 supply * Energy Demand: I' - :
to airport 7-11kWh/kg | = '
0 ﬂgﬂ - |
|| = |
Gaséolis H2 Place Demand T § |
supply to Example for 40 TPD: 1| |
airport I Compressor I
_____ T Building I |
On-site H2 80_m_x_9gm_! :I : !
production 2 200m? |: : Trailer Filling :
Source: H2-powered aviation at airports — Design || I |
gréldeﬁ(éoeglorg&:s of CHZ refueling SYStems - e m o mm o I - | I
- 1140m x 120m/1 Electnc Control | | l
16.800m? :1_____f_“fflf______________Fi“_*l”‘____' __________ !

10m

—

Tim Schunkert, Institute of Air Transport, 10.04.2025

Source: idealhy.eu


https://www.sciencedirect.com/science/article/pii/S2590174522000290#f0015

On-Site Airport Facilities
DLR

== Gaseous H2 = Liquid H2 Spherlcal Tanks
Hzsupply (@) Near/onaiporthz @)  Refueling = Storage Capacity currently < 4,700 m3/ 400t LH2

route to airport facilities setup
= Diameter for 400t LH2 storage: 25.3 m

B -

e —

Liquid H2 supply
to airport

Gaseous H2 @ % ngn @
H2 liquefacti
supply to IHERCHIoN LH2 refueling

Ry

LH2 refueling
truck

- &

LH2 storage

airport et
pipeline & ; -
mm| hydrant system Apollo-era 3,200- 3
(+ dispenser LH, storage tank New 4,700-n?
On-site H2 truck) 3 LH, storage tank
production

Source: H2-powered aviation at airports — Design
and economics of LHZ refueling systems - 5
ScienceDirect e Brzes e - e —

Source: NASA

Tim Schunkert, Institute of Air Transport, 10.04.2025



https://www.sciencedirect.com/science/article/pii/S2590174522000290#f0015

On-Site Airport Facilities

DLR
== Gaseous H2 = Liquid H2
H2 supply c Near / on airport H2 ° Refueling Spherical Tank Place Demand Example
route to airport facilities setup
Liquid H2 supply LH2 refueling
to airport LH2 storage Hiick
Gaseous H2 @ 0 % Ilgn @
H2 liquefacti
=UppIG Rt LH2 refueling
airport L
pipeline &
mm| hydrant system
(+ dispenser x
On-site H2 truck) o
production =
2
Source: H2-powered aviation at airports — Design 8

and economiIcsS of LHZ refueling systems -
Sciencebirect

Tim Schunkert, Institute of Air Transport, 10.04.2025



https://www.sciencedirect.com/science/article/pii/S2590174522000290#f0015

Existing Liquefaction Plants

DLR

Filling bays
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Source: Google Maps / Earth Screenshot

LH2 storages

Tim Schunkert, Institute of Air Transport, 10.04.2025



Exemplary On-Site Airport Facilities

DLR

Example 700 TPD Example 300 TPD
Production + Liquefaction + Storage Liquefaction + Storage

= —

Own illustration place demand example

Source: CDG Paris Airport

Google Earth

| | | = Place demand: < 6.2 ha
Liquefier LH2 tank farm + Truck  Electrical Transformers Electrolyser

module  departureof  loadingbay & Electrical rooms module » Energy demand: ~2.700 MWh /d
cryo-pipes rmadule

Tim Schunkert, Institute of Air Transport, 10.04.2025
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Sequential and Parallel Turnaround Processes
DLR

Demin. Water

-------------------------------------------------- . Air Starter
-------------------------------------------------- g De-iding |
77 Nomvoutine Mainenance / On-demand Check i il
! ) — . e »
: CO nve nt|0nal Routine Maintenance / Flight Check . 5

' Turnaround Process e hnnal fpmmmm m mm e i

— Fueling
s e >

Wheel and tire check

Portable Fresh Water

Waste Water Handling (Sanitary)

P mmmmmm e ———— »
o Exterior Aircraft Cleaning
3 -
3 P ———— S
["%
g Open Dis- Dis- Cabin Final Board Crew Board Close
PAX embark  embark & clean Crew Check PAX PAX
dor  PAX  Crew _ Cockpit R R - _door 3'2“
Position  Position catering Remove Remove
wheel PAX Diti-Fras stodk PAX wheel
chocks  stairs ly-Free stocks stirs _ chocks
In-flight entertainment o
Positon ~ Open Unload  Unload Load Load Close Remove
Cargo Cargo Bags cargo cargo bags cargo cargo
1 door Loader 1
Source: Significant Turnaround Process
Variations due to Airport Characteristics

Turnaround Process

umaondPrecss

Source: AIRBUS

Tim Schunkert, Institute of Air Transport, 10.04.2025



https://www.researchgate.net/publication/326922244_Significant_Turnaround_Process_Variations_due_to_Airport_Characteristics

Refueling Process

DLR

Positioning and docking _
Purging - I:’
Chill-down | |:| :
Refueling |- - ,’
Purging |- I:I /
Disconnecting and removal | I:l < <=

0 2 4 6 8 10 12

Turnaround time in min
Source: Jonas Mangold et al. - Refueling of LH2 Aircraft—Assessment of Turnaround Procedures and Aircraft Design Implication

Connecting o
= Johnston coupling Z %
= Clean break disconnect e §
Purging

= Remove foreign gases from hose and
disconnect

= Extension of refueling time

= Critical factors: High volume flow and low pressure — parallel refueling required

= | osses can not be avoided

18 Tim Schunkert, Institute of Air Transport, 10.04.2025


https://www.mdpi.com/1996-1073/15/7/2475

Refueling Process
Possible LH2 Spills DLR

Normal Conditions:

= Connecting / Disconnecting

= Boil-Off

» Purging process

= Accumulation of hydrogen in hidden areas

Incidents during Refueling:

Historical incidents which had resulted in fuel spills occurring during fuelling of
an aircraft

Copyright: DLR

= Failure of valve ,L
. bt

= Couplings becoming detached from the aircraft
= Vehicle impact damage to hydrant couplers

= Failure of hydrant couplers due to incorrect re-
assembly

Determination of hazardous quantities of LH2 spills

19

Tim Schunkert, Institute of Air Transport, 10.04.2025



Refueling Process
Potential Harmful Effects DLR

Fire Hazards

= Explosive Atmosphere

= Lower flammability limit (LFL): 3.6 vol.%
= Upper flammability limit (UFL): 77 vol.%

= Minimum ignition energy: 0.017 mJ 30 vol.%
(Jet Al: 0.2 mJ)

Cryogenic Hazards
= Cryogenic Temperature can cause cold burns

Copyright: DLR

= Protective measures: gloves with face shield
and eye protection

All H2 threats conditions should be considered

20

Tim Schunkert, Institute of Air Transport, 10.04.2025



Hydrogen Dispersion Resulting from Leakage

Hydrogen Concentration

43 . . . . 100 4.5 . .
i e m—_mmT T T
ap =490 4 F P
1 N
\ i
3514 80 35+ £
\
B LN 3t ’
g B !
E \ 160 5 g /
E o251y g =25
S = z
N \ 150 N !
Eo
s \ Position Wolkenzentrum 140 g f ! Position Wolkenzentrum
L5 \ — — — Konzentration ¢ 130 A 1.5 - = = Temperatur T"w
- 3
L \
1 N 120 I
N
0.5 - N 110 0.5
el — - _
0 I | e B 1 0 0 | | | |
7
0 - \}4 hich 6 . 8 10 0 2 <4 6 8
erschicbung Xy, 1n m Verschiebung X inm
Parameter Einheit Beschreibung Wert
At S Intervallschritt 0.001
t s Gesamtzeit 10
1 m Austrittsradius 0.075
Te K Temperatur der Umgebungsluft — 288.15
h - Relative Luftfeuchtigkeit 0.5
Uy ms” Windgeschwindigkeit 2
P Pa Umgebungsdruck 101325

Tim Schunkert, Institute of Air Transport, 10.04.2025

Temperature Profile
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DLR

Copyright: DLR



Safety Area Example

Explosive Atmosphere

Tim Schunkert, Institute of Air Transport, 10.04.2025

Cryogenic Hazards

Copyright: DLR

DLR



THANK YOU FOR YOUR ATTENTION!

Hydrogen at Airports, Tim Schunkert, tim.schunkert@dIr.de



mailto:tim.schunkert@dlr.de

Contact #7
DLR

= Director: Dr. Florian Linke*: florian.linke@dIr.de

= Vice Director: Dr. Sven Maertens*:; sven.maertens@dir.de

Location Hamburg:
» Blohmstr. 20, 21079 Hamburg, Tel.: +49 40 2489641-201 / 396
» Department Flight Operations Concepts (Dr. Alexander Lau*; alexander.lau@dir.de)
= Department Air Transport Management (Klaus Litjens; klaus.luetiens@dir.de)

Location Cologne:

= Linder H6he, 51147 Koln, Tel.: +49 2203 601-2181

- Alexandra Leipold*; alexandra.leipold@dlr.de
- Department Alr Transport Development (Dr. Marc Gelhausen*; marc.qelhausen@dlr.de)

= Department Air Transport Economics (Dr. Janina Scheelhaase*; janina.scheelhaase@dlr.de)

Website: www.dlr.en/lv

* Acting
Introduction of the DLR Institute of Air Transport
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