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Intfroduction

Energy transition in Germany is in full swing

» CO2 savings of 65% by 2030 (previously 55%)
> 88% less CO2 by 2040
» Climate neutrality by 2045 (previously 2050)

= Energy distribution in Germany

» Politics and public perception focused on electricity
» For the use of hydrogen [H,], mobility has been the focus so far

= Transformation of the German gas network

> The existing gas network is to be made usable for hydrogen intake
Step 1: Add 20% (30%) of hydrogen [H,] to the natural gas

» Develop regulations for the use of 100% hydrogen [H,]
Step 2: Apply 100% hydrogen [H,] in planned networks

Quelle: DBI Berlin/ Fachforum Energiespeicher/ 16.Sept 2020 / Dr. Stefan Stollenwerk (WESTNETZ),"Das H2-Netz im Reallabor SmartQuart"

[600 TWh] .
Warme
Mobilitét 497
28% [1300 TWh]

[750 TWh]
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— H; pipelines by conversion of existing natural gas pipelines (repurposed)

[
I n iro d U Cil o n = Newly constructed H; pipelines
== Export/Import H; pipelines (repurposed)

== Subsea H; pipelines (repurposed or new)

Main European Hydrogen Network

= Biggest 23 utilities

= 21 countries are involved

= 11,600km are to be implemented by 2030

= 39,700km are to be implemented by 2040

= Further network development after 2040 will occur

noim H )
Edinburgh Goenorg e : .
: \

Total costs amount to 81 billion euros

> 69% on reusable gas pipelines
> 31% on new lines for expansion

= New Supply lines DN 600 — 900 mm

= Range of Pipelines DN 500 — 1200 mm o
= Pressure Range 30 - 80 bar

= H,Production Cosfts 1 -2 € perkg

Athens &
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Benefits of hydrogen

Three most important advantages

1.

2,

3.

Simplified energy transport (one system)

Storage (finally possible)

“Sector decoupling” (unrestricted use)

The use of hydrogen is almost unlimited!

Quelle: www.emcel.com

oo
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Benefits of hydrogen
= Applications of Hydrogen

= Methanol [CH40], Petrol
by Power-to-X Method

E‘!j = Storage
= Power Supply
= Carfuel cell

= Gas Boiler h = Fuel cell
= Fuel cell = H, gas furbine
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Benefits of hydrogen

= German Initiative (State):

» The “National Hydrogen” Strategy was adopted in 2019
» The funds amount to €7 billion nationally and €2 billion internationally
Step 1: 1.11€ billion - 300€ miillion in basic research

- 200€ miillion in application-oriented
energy research

- 600€ million in pilot projects

Slide 7
Sources: Federal Ministry for Economic Affairs and Energy / 10.06.2020 / www.bmwi.de/Redaktion/DE/Publikationen/Energie/die-nationale-wasserstoffstrategie.htmil/ o ) ) .
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CO2-Emission

Supply of hydrogen

Green

Turquoise

Water electrolysis by renewable energy

Power-to-gas (Step 2):

-> Combination: Water electrolysis using
renewable energy and reformatted biogas

Gasification and fermentation of biogas
Biogas reformation

Power-to-gas (Step 1):

- Combination: Water electrolysis using
electrical energy and reformatted biogas

Water pyrolysis by using methane

= —

Electricity

Renewable Energy Electrolysis

Gray

Water electrolysis by using nuclear power
Natural gas reformation (CCS = CO2 Storage)
Natural gas reformation

Water pyrolysis by using natural gas

Water electrolysis by using fossil fuels (coal)

Reformation

Source: https://www.itc-software.com/nationale-Wasserstoffstrategie/ & Guido Laugs, DVGW e.V. Bonn

—~1F

—0—

Pyrolysis

!

Applications

= Storge
E‘Vj = Power Supply

= Gas Boiler
= Fuel cell

m = Methanol [CH40], Petrol
o~e by Power-to-X Method
= Carfuel cell

Eﬂ * Fuel cell
= H, gas turbine
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https://www.itc-software.com/nationale-Wasserstoffstrategie/

Supply of hydrogen

Pink
Hydrogen

Nuclear Power

Production type leads to different effects on the carbon footprint

co,

oder C

Grey
Hydrogen

Natural Gas
—)

Reformation/Pyrolysis

Hydrogen

2030

Blue
Hydrogen

Natural Hydrogen

Gas

Underground
Storage

co,

- All types of hydrogen are chemically the same

Quelle: https://www.itc-software.com/nationale-Wasserstoffstrategie/ & Guido Laugs, DVGW e.V. Bonn

2050

Green
Hydrogen

Green

Electricity

— Hydrogen
—

Water

Electrolysis
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https://www.itc-software.com/nationale-Wasserstoffstrategie/

Supply of hydrogen

Mixture
(currently)

Complete change

(long-term goal)

Tomorrow Future

DVGW data sheet G408(M) up

- <5 bar to a volume of Complete conversion of DVGW
2 - 207Oh g J - worksheet G260 to a volume of
5 = <Y/ Nydrogen mixiure > 98% hydrogen mixture

a 5 bar - 16 bar S e Gl el Technical change of pipes

technical changes
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Supply of hydrogen

= Procurement:

= Hydrogen tankers
= Hydrogen pipelines long-distance network
= Hydrogen pipelines local network

-> Initial input via ports is possible
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Quellen: DVGW Energie 72. Jahrgang Mdarz 2021 | Wasserstoffversorgung via Pipeline / www.portofrotterdam.com
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European Hydrogen Backbone initiative 2021, supported by Guidehouse
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Supply of hydrogen
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Current infrastructure situation
\
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Quellen: Virtueller Produkt Showroom - Verbindungstechnologie fUr Rohrleitungssysteme (aliaxis.de)



https://www.aliaxis.de/de/showroom
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https://www.aliaxis.de/de/showroom

Current infrastructure situation
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https://www.aliaxis.de/de/showroom

DBl “H2ready” pilot project

= DBl “Gut” Gas and Environmental Technology

= DBI Gas and Environmental Technology
GmbH emerged in 1991 from the gas
technology departments of the German
Fuel Institute Freiberg (DBI, Deutschen
Brennstoffinstituts Freiberg) and is now
based in Leipzig.

= Terminology

= Permeation = describes the pernetration of molecules through a solid medium (permeate)

= Calorific value: Hydrogen 120 MJ/kg 11 MJ/m3
Natural Gas T 39 MJ/kg !E 36 MJ/m?3

Quellen: DBl / www.mecadi.com/de/permeationsmessungen/wasserstoffdurchl%c3%a4ssigkeit/wasserstoff-permeation-iso-15105
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DBl “H2ready” pilot project

= Scope of testing

Leak test (permation tests) of the FRIALEN components made of PE
100% hydrogen

Up to MOP 10 bar

Hydrogen concentration measurements in permeatoin measuring cell

Permeationsmesszelle

H2-Molekiile

Quelle: DBl Gas- und Umwelttechnik GmbH in Leipzig / Dipl.-Ing. Ronald ABmann

PE-Rohr

Permeat wird in speziellen
Messzellen aufgefangen
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= Tightness

= Tightness is based on VDI 2440. This provides for mass spectrometry with helium as a test
method (later comparable with hydrogen).

= Additionally measured at temperatures from -20°C to +40°C

= |n the H2ready test procedure, the test pressure of 104 mbar / s'' must not be exceeded. This
applies to the total leakage rate at all points to be tested.

| Slide 18
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DBl “H2ready” pilot project

M) " 2 OBI RuY
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= Proof of the tests: = -
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= ALIAXIS Hydrogen release:
» For FRIALEN fittfings and valves, the scope of hydrogen [H2] has been extended.
» The FRIALEN products can be used for 100% hydrogen up to MOP 10 bar

> This is confirmed by "test certificates” from the DBI

Note: This is not a certificate, but an attestation for leak tightness. The regulations on the
subject of hydrogen are only in the development phase through committees and working
groups. There is currently no certification. The DBI is taking the lead here in cooperation with
the DVGW and European regulations. The test certificates can be viewed on the website.
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“Hydrogen Island” pilot project by XX NetzeBW

Basic Information:

= Location: Ohringen close to Stuttgart
= Pilot project with 28 households from the 90s
= Supply with 30% hydrogen (mixed with natural gas)

| ] : ®
LA ooc Netze BW
L\g}‘,,“&!———- . * . Betriebsstelle &
s WA 4 - -
NSNS 2

o Elektrolyseur «
Strom aus ’ &L E i

erneuerbaren : Ll ii 1]
Energien el

~= Mischgas
(Erdgas mit

. ¢ o .
¥ &

Slide 20

Quelle: Netze BW / Frau Dr.-Ing. Heike Griner / DVGW Wintervortragsreihe Baden 21/22 o ) ) )
Aliaxis | Stefan Griesheimer|H2 Vortragsreine



“Hydrogen Island” pilot project by XX NetzeBW

Basic Information:

= Location: Ohringen close to Stuttgart
= Pilot project with 28 households from the 90s
= Supply with 30% hydrogen (mixed with natural gas)
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Quelle: Netze BW / Frau Dr.-Ing. Heike Griner / DVGW Wintervortragsreihe Baden 21/22
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“Hydrogen Island” pilot project by ,\}{\' Netze BW

Basic Information:

= Location: Ohringen close to Stuttgart
= Pilot project with 28 households from the 90s
= Supply with 30% hydrogen (mixed with natural gas)
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“Hydrogen Island” pilot project by XX NetzeBW

Basic Information:

= Location: Ohringen close to Stuttgart
= Pilot project with 28 households from the 90s
= Supply with 30% hydrogen (mixed with natural gas)
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Conclusion

= |Legal Requirements
> DVGW

= Test Method
> DBI

Oaliaxis

We are "H,ready 100" and are

available to position operators

and planners with our expertise
at any timel

= Pilof project

> Wasserstoff-Insel in Ohringen

= Statement of the plastic pipe association KRV:

> Available publications show that pipes and fittings made of the materials PE 80, PE 100, PE 100-RC and PA-12
are suitable for the tfransport of hydrogen.

» No negative feedback with hydrogen contact is known for the suitability of elastomers and lubricants as
used in fittings. However, scientific proof is still pending here.
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Conclusion

Visible steps of the pipe manufacturers and trends

Permeation Permeation

Material coefficient CH, coefficient H,
cm® . mm cm® . mm

i bar , Tag Tl bar , Tag
PETOORC with PA 0.5mm 0.246 58.155 0.42%
PETOORC with PA 0.7mm 0.246 60.799 0.40%
PVC 0.417 119.483 0.35%
PETOORC with PA 0.2mm 0.892 61.491 1.45%
PE100 19.096 120.453 15.85%
PETOORC without PA 22.138 92.653 23.89%
PETOORC 22.928 107.624 21.30%
HexelOne 29.165 168.872 17.27%

Barrier layer
To reduce permeation
(e.g. aluminum layer)
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Conclusion

Possible layered structure of pipes for H,:

Outer layer
PE material to further use the
technology of electrofusion welding

Carrier layer
PA-12 to allow higher
pressure loading (>16 bar)

Barrier layer

Aluminum almost completely prevents
the permeation of hydrogen

- The barrier must be on the inside so

. that the layering system is not affected
Protection layer yerna sy

Protects the aluminum layer
from wear and corrosion

Quelle: Egeplast — Kunststoffrohre in den Wasserstoffnetzen / Spaeth & Greven, Egeplast International GmbH

aliaxis

With Egeplast, we have a
reliable pipe manufacturer as a
partner who is taking the next

step into the future of hydrogen
together with us!
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Conclusion

Possible home solutions for H, |
Solar Hydrogen System

= Afleast 9 kg of water!
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Quelle: www.homepowersolutions.de/produkt/ & Wasserstoff: Wie viel Wasser wird dafir bendtigte - TGA Fachplaner (tga-fachplaner.de) o . . .
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http://www.homepowersolutions.de/produkt/
https://www.tga-fachplaner.de/energietechnik/energietraeger-wasserstoff-wie-viel-wasser-wird-dafuer-benoetigt
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Dr.-Ing. Stefan Griesheimer
Product Management Global

ALIAXIS Deutschland GmbH
SteinzeugstraBe 50
68229 Mannheim

Email: stefan.griesheimer@aliaxis.com

FRIATEC

FRIALEN is
“H,ready 100"

for the new age of
energy with hydrogen
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https://h2.aliaxis.de/
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