v
DVGW

SERVICE &
CONSULT

© www.dvgw-sc.de

..........
.............
...........
...........
...........
...................
.- " »
.......
ooooo

""""
L R DS
00000000

Converting Gas Networks to
Hydrogen

Frank Birnmeyer, CEO, DVGW Service & Consult GmbH

04.06.2025




A
DVGW

SERVICE &
CONSULT

Importance of
hydrogen

» Hydrogen is emerging as a crucial
element in the global effort to
combat climate change and
achieve energy independence.

> As the most abundant element in
the universe, hydrogen offers a
clean and versatile alternative to

fossil fuels.

Hydrogen Europe
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Germany decission to built the core network for H,

» Germany is advancing rapidly

' with its hydrogen core network,
starting new pipeline sections this
year.

» The core grid is laying the
foundateion for a new H,-based
e energy system. It is considered to
i be a starter grid which is to be

IPCEI / PCI / Reallabor
—— Umestellungsleitung

IPCEI / PCI / Reallabor expanded fu rther

® Projekte gemaR Anlage 1

» The development of the H,
market is now a collective task.
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Germany decission to built the core network for H;

History of the hydrogen core network

Mai 2023 Januar 2024 Marz 2024 Mai 2024 Mai 2024 August 2024 Oktober 2024 Dezember 2024
T ? ? ? ? T . ............... . .........
N A ) -\ .
> X X = K =
BReg kindigt EnWG-Novelle BMWK veréffentlicht EU verabschiedet FNB reichen BNetzA konsultie BMWK konsultiert
Kernnetz an (Kernnetz) tritt in Kraft Green Paper Gaspaket Kernnetz-Antrag ein ~ FAUNA (§ 71k GEQY Approved G-Novelle (Gaspaket)

The H, core network is a "political" network to overcome the chicken-and-egg problem

Parameters:

Length: 9,040 km

High pressure network

Entry/exit capacity: 100GW/87GW
Operation: 2032

Responsible for implementation: 15 TSO and
20 interconnected companies

VVVYVYYVYY

» New construction/conversion ratio: 44/56
» Compressor capacity: 291 MW
> Invest: € 18.9 hillion

This is a "starter network" that needs to be
expanded further.

4 Hydrogen Europe
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o Oxide layer
The problem: °

» Hydrogen is known to lead to faster crack growth in pipework
damage.

» Can natural gas pipelines therefore be safely converted to
hydrogen?

H, (molecular)

Studying the influence of the partial H, pressure

First set of results Variation of H, pressure, material St 35

(here using an example of the material ST35): L e ealr

Increasing partial H,
pressure lowers the facture
toughness K,

till saturation

< All samples met the stability criteria
(ASME limit value) even at up to 100% H,

K, (MPa m"?)

All results are significantly
higher than the requested
threshold of 55 MPam *
(ASME B31.12)

0
ObarH, 02barH, TbarH, 2barH, 5barH, 10barH, 20barH, 100bark,

Hydrogen pressure (bar) Quelle: 0GE
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(Part 2): Exposure to dynamic loads in accelerated lifetime testing

6

Example: Lifetime of a steel pipe (DN 600, DP 67,5, L 415, t = 8 mm) with artificial defect (I =50 mm, d =0,8
mm)

A natural gas pipeline (DN 600, DP
67.5 bar) WOU|d Iast approx. 10’000 ....................... .......... S
yearS Wlth dally, hlgh Ioad Changes. Conservative assumption: daily change of load

| S S —— Conservative calculation Even under a dally load variation of

> All steels typically used in pipework & el 10 bar the crack (dafect) would
; 0 = - DVGW G 464: Dt remain stable for > 10.000 years
In Germany_ (and Europe) are 100% f} 9,820,802 mm before growing rapidly leading to a
H, -compatible. 3 5 _ _ failure
> Normal operation of steel pipes with % , Alternative intorprotaion:
i ; - The defect depth would grow within
H2 II’! accor(_jance with DVGW G : E | the first 100 years by 0,002 mm
464 IS pOSSIbIe' @0 1 10 100 1000 10.000
g —— 10 bar time (years) Quelle: 0GE

> Results are transferable to ......................................................................................
distribution grids and H,
admixtures.

Details on the service life of each individual steel under selectable load

cycles can be found in the "SyWeSt" project report

Hydrogen Europe ©2025 DVGW Service & Consult GmbH
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Hydrogen
research projects
2024

Time for an energy change

Shaping the future
with hydrogen |
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© ImportingH, ................. 6 © Biogenic processes .......
© H, availability and quantities © Hydrogen flagship projects
© Garbon footprint of H, . ...
© Alternative H,

production and derivatives

o © H, readiness of component]
© H,pipelines .............. .. 3 and materials ... ... ...
© Fitness of sieels for use with 3 © Safe operation with H, ...
© H, distribution networks . .. 8
OHoqualty.......................

© Building sector - H, admixture . ...
© Building sector - heating ... -
© Building sector - instrumentation . ...
© Power generation and power plants .

G 202222

G 202333

© Real-world laboratories

© Real-world laboratories
at a glance

© Model regions and

innovative H, concepts

©2025 DVGW Service & Consult GmbH


https://www.dvgw.de/themen/forschung-und-innovation/forschungsprojekte/dvgw-forschungsprojekt-bruchmechanik-fuer-h2-leitungen
https://www.dvgw.de/themen/forschung-und-innovation/forschungsprojekte/dvgw-forschungsprojekt-h2-und-kunststoffe

Overview of the H; readiness of the supply assets: ovew

(simplified representation and reduction to essential installations) ST

Rohrléitungen
und Armaturen

H, import
domestic H, Applications
production

100%
storage
Gas transport network Gas distribution network
Pipeline: *  Pipeline:
Steels + Steels
Plastics

Ductile cast iron
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Overview of the H, readiness of the supply assets: Dvew
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(simplified representation and reduction to essential installations) ConsuLT

‘ [N
I e I Q¢ o
: Gas pressure regulating and metering station o Pipelines
H H.-readiness, component-dependent and firtings
Compressor station Pressure Preheater Gas Gas flow Gas meter (Gas flow monitor
H requlator and filter measurement monitor : i
H min

Gastransportnetwork . Gas distribution network

Source: DVGW
Pipeline: ¢ Pipeline:
Steels e Steels
Plastics

Ductile cast iron
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Overview of the H, readiness of the supply assets: Dvew
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(simplified representation and reduction to essential installations) ConsuLT

DVGW R&D p rOj ects DVGW projects: DVGW driven:
H, - Suitability of steels, PrOjeCtS and Standardisation Roadmap
Hz -tolerance of ductile cast Hydrogen
iron, references added

Hz and plastics

DVGW project:

HydEcus ﬁ

: !
| AV :
Gas pressure regulating and metering station — Pipelines
H.-readiness, component-dependent and firtings
: Almost all pipes and fittings of :
Compressor station Pressure Preheater Gas Gas flow the gas network are 100% H,-ready. Gas meter Gas flow monitor
regulator and filter measurement monitor : H
DVGW project: H, -Correctness of /
min T i, measurement, H; -fronts
__|Gas transport network ©  Gas distribution network -
DVGW project: . ) A . . Source: DVGW
T T HySpeed * Pipeline: * T Pipeline:
. * Steels DVGW projects:
DVGW project: DVGW project: Steels . lasti P ]_
Transformation paths for H, and welding P aSt_|CS ] H; -security,
underground storage e Ductile castiron H, Vent
facilities EU project: HIGGS DVGW projects:
Hz-Infra, TrafoHyVe, Hz-conversion, Source: DVGW
Tightness of flange connections H,

10  Hydrogen Europe ©2025 DVGW Service & Consult GmbH



All results of years of R&D on material and functional suitability of ovew
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grid components are systematically stored in the database verifHy®

Material and functional tests of all components along the Tightness and functional

tests - passed successfully
DVGW R&D projects DVGW projects: DVGW driven

H, - Suitability of steels, Standardisation Roadmap
H; “tolerance of ductile cast Hydrogen

H, and plastics
DVGW project ‘ {
HydEcus

] o
Pipelines
and fitings

GEPRUFT / TESTED

“ “ ‘ “ ' Flow-controlled shut-off valve

Almast all pipes and fitings of
the gas network are 100% H,-ready.

DVGW project: H, -Correctness of
measurement, H, -fronts

f -1

DVGW project - > =
HySpeed » Pipeline: + 1 Pipeline
+  Steels + Steels DVGW projects:

DVGW projact: DVGW project . Plast
Transformation paths for H, and welding astics H, -security,
underground storage ! »  Ductile cast iron H, Vent Shut-off bubbles
facilitles EU project: HIGGS DVGW projects:
H,-Infra, TrafoHyVe, H,-conversion,
Tightness of flange connections H,

e-drives for compressors . Turbines can be up-graded
are Hy-ready or bought Hz ready
- el Chromato- T

graphs for

up rlny
to 20% H, Hydroggg?aEég:
are

available

Gas transport network = Gas distribution network . r,s o S



verifHy — Hydrogen-READINESS Database: : veiny pvew
Automated evaluation of your gas grid _Mvszr:.,zzz r o

Bundled info on H,
suitability of products,
components and materials
of all gas grid operators

Automated evaluation and - e T heitory

documentation in a :>

assessment specified file

format

Information on the H,, -
compatibility of the ||,

Enables grld Operators to components of the existing
design their asset planning network
thoroughly

L Evaluation by
H; Readiness <: network operator

Report or expert

Work can be embedded in

target network planning @
processes =/

www.verifHy.de

Hydrogen Europe ©2025 DVGW Service & Consult GmbH
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» 171 hydrogen standards covering the entire gas
grid value change

» |Issued in three different sets
- Complete set

- Industry uction
- Production -
> Eng“Sh VerSion W||| be ava.”able fOI’ the The entire set: Module Industrie: Module Generation:
. 171 standards 61 DVGW + 4 DIN 35 DVGW + 1 DIN
Hydrogen Week n BFUSSG|S standards standards

» As the German regulatory framework (by DVGW)
is notified, all standards can be applied in every
other European country

13 Hydrogen Europe ©2025 DVGW Service & Consult GmbH
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Frank Birnmeyer

DVGW Service & Consult GmbH
Managing Director

Contact Details:
Frank.Birnmeyer@dvgw-sc.de
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