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‘GAS

Construction, conversion and opera-
tion of steel gas pipelines for
hYd rogen: from material testing to approval

The basic requirement for the hydrogen run up is that hydrogen is available in sufficient quantities where it is needed.
Therefore, a hydrogen core network as a link between hydrogen feeders and consumers is necessary. The development of an
efficient hydrogen infrastructure is not only achieved through new construction, but in particular through the conversion of
existing gas infrastructures [1]. At this point, these offer great potential for the supply, distribution and storage of hydrogen.
Hydrogen can either be transported in its pure form or blended.
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A bird’s eye view of gas

infrastructures: Existing

gas pipelines will play-a
major role in the injection,
distribution and storage of
hydrogen in the future.
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he amendment to the Energy

Industry Act (EnWG, July

2021) provides the starting si-
gnal for a legal basis with the addition
of hydrogen in favour of the DVGW re-
gulations for systems for the production,
transport and distribution of hydrogen
[2], thus the presumption rule regar-
ding compliance with the generally re-
cognised rules of technology for hydro-
gen networks for pipeline-based energy
supply to the general public applies.
With the DVGW regulations updated for
hydrogen applications, gas pipelines for
the distribution and transport of hydro-
gen can now be constructed, converted
and operated. Depending on the object
under consideration, different technical
and legal assessment principles must be
taken into account. In order to be able
to safely operate an infrastructure for
hydrogen within the meaning of the
EnWG, further organizational, legal and
economic requirements must also be
met. An overview of the requirement for
gas pipelines for the distribution and
transport of hydrogen is provided here.

Assessment of gas pipelines for
hydrogen applications

The assessment criteria for newly cons-
tructed or converted gas pipelines are
specified in various DVGW regulations.
The shell model shown in Figure 1a) in
accordance with DVGW Information
GAS No. 29 [3] is a good way of illust-
rating the different levels of assessment.
Here, the individual levels for the appli-
cation of the term ,,H, -ready“ from the
assessment of the material to the steel
pipes, the high-pressure gas pipeline and
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the specifications for operation are
brought together to form an integral as-
sessment. The subdivision into the diffe-
rent levels enables a differentiated pre-
sentation of the relevant requirements
that are to be used as the basis for the
respective assessment. The requirements
described in DVGW Code of Practice
G 221 [4] form the basis for this. Only if
all requirements are fulfilled the H,-
readiness is comprehensively given and
operation with hydrogen possible. In this
context, H,-ready means that a gas pipe-
line is prepared for operation with or the
use of hydrogen, whereby additional
measures may be required that can only
be implemented at the time of a conver-
sion to hydrogen. The respective level is
only H,-ready if the levels included have
also been assessed as H,-ready.

For a basic suitability of the material of a
component for use with hydrogen, the
specific design of the component, the
respective operating conditions and, in
the case of systems in operation, the cur-
rent condition (integrity) must be
known. For the assessment of gas pipe-
lines for hydrogen applications, the spe-
cifications of the assessment levels are
described in various DVGW regulations.
These regulations for the assessment of
gas pipelines are outlined below and sum-
marized for high-pressure gas pipelines
in Figure 1b).

The basis for the evaluation of the exis-
ting components is meaningful network

and system documentation from the ope-
rator. The suitability for the respective

application must be determined and ver-
ified by the operator.

Energy supply as common interest
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Materials

Materials and the elementary compo-
nents made from them, e.g., pipes or
fittings of the inner level of the model,
are ready for operation with hydrogen
if they are selected, designed, operated
and maintained in such a way that the
requirements for integrity and tight-
ness are met over the entire service life.
Even though gas pipelines are generally
subject to predominantly static loads
and therefore only negligible growth of
defects occurs, potential crack growth
can be greater when operating a high-
pressure gas pipeline with the medium
hydrogen compared to the medium na-
tural gas. For this reason, the hydrogen
suitability of the gas pipeline must be
proven for the intended operating time
and a fracture mechanics assessment is
required for high-pressure gas pipelines
made of steel pipes for a design pres-
sure of more than 16 bar in DVGW
Code of Practice G 464 [5]. In addition
to the safety concept, the fracture me-
chanics assessment is based on the
DVGW research project G 202006 - H,-
Suitability of steels -~ SyWeSt H, [6].
Here, extensive fracture mechanics
material tests were carried out on all
typical pipe steels used in Germany un-
der the medium hydrogen up to 100 bar
test pressure. The test results show that
the steels used are basically suitable for
hydrogen that complies with DVGW
Code of Practice G 260. The assessment
in accordance with DVGW Code of
Practice G 464 of typical high-pressure
gas pipelines with predominantly static
loads generally results in a sufficiently
high permissible service life.
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Further requirements for other materials as well as parts
and components for gas pipes for the transport, distribution
and feed-in of hydrogen are given in DVGW Code of Practi-
ce G462, G 463, G 265-3 and DVGW Code of Practice G 221
[4,7,8,9].

The hydrogen suitability of individual components can be found

in the DVGWF*s verifHy database [10], which includes the con-
tents of the DBI‘s H, compendia. The database is supplemented

by findings from research and science as well as information from

manufacturers and is continuously developed further.

Pipelines for the gas infrastructure

The construction of the hydrogen infrastructure with gas pipe-
lines is based on the relevant DVGW regulations, which spe-
cify the functional requirements for the system under consi-
deration, e.g., pipelines for distribution, transport or for plants.
DVGW Code of Practice G 462, G 463 or G 265-3 and DVGW
Code of Practice G 221 are to be applied here. In addition, the
requirements of the ordinances [11, 12] and the associated
technical regulations must be observed with regard to explo-
sion safety, in particular for the construction and operation of
the systems used for pipeline operation.

Qualification requirements for construction companies for
pipelines for hydrogen are specified in DVGW Code of Practi-
ce GW 301 [13]; DVGW Code of Practice G 493-1 forms the
basis for the qualification requirements for construction of
hydrogen plants [14].

The basic prerequisite for the use of hydrogen in the existing
gas infrastructure is the technical suitability of the system. In
particular, the possible changes caused by hydrogen must be
considered separately. Above all, the influence on the pipeline
material requires precise testing and assessment and forms
the basis for converting a gas pipeline to transport hydrogen.
DVGW Code of practice G 407 (gas distribution) and G 409
(gas transport) apply to the conversion of gas pipelines for
hydrogen [15, 16]. According to the specifications of the un-
derlying DVGW regulations, a conversion to operation with
hydrogen can be a significant change. In this case, the corre-
sponding tests must be carried out and certified by experts,
specialists or persons authorised to carry out tests in order to
provide evidence.

As an overall system of gas infrastructures consisting of trans-
port pipelines and distribution networks, their interfaces to
the connected systems must be considered. Transport pipe-
lines and distribution networks are prepared for a conversion
to hydrogen operation if, in addition to the pipelines and sys-
tems of the network, the systems and facilities of the connec-
ted networks and the connected connection users are also
prepared for a conversion. The network operator requires
precise knowledge of all entry and exit points in its network
and appropriate planning for the conversion. At the time of

the changeover, all test certificates required in accordance
with legal requirements and DVGW regulations must be avai-
lable [4].

Operations

The organization and equipment for operation and mainte-
nance for hydrogen applications includes, among other things:

e Qualification of the specialists and the service providers
used,

e Adaptation of technical processes, including operating and
maintenance strategies, taking occupational health and sa-
fety into account,

e Adaptation of equipment and operating resources,

e Adaptation of the risk assessments and the defined protec-
tive measures for the protection of employees and corre-
sponding instruction of employees,

e Organisational security — Technical Security Management
(TSM).

Specifications for this can be found in DVGW Code of Prac-
tice G 466-1, G 465-1 and G 221 [4, 17,18].

The requirements for the qualification and organization of com-
panies for the operation of pipelines and systems for the
pipeline-based supply of gas and hydrogen to the general
public are described in DVGW Code of Practice G 1000 and
G 1010 [19, 20] within the framework of technical safety
management.

The qualification requirements for gas infrastructure experts
have been incorporated into the DVGW worksheets and tech-
nical bulletins of the G 102 series [21] and included in the
training and further education programs.

Summary

With the new definition of the 2nd and 5th gas family in DVGW
Code of Practice G 260 [22], the boundary conditions for the

use of hydrogen are anchored in the DVGW regulations. The

DVGW is revising its gas regulations accordingly. DVGW rules

and regulations documents are now labelled ,,H,-ready*if they

are applicable for gases of the 2nd and/or 5th gas family ac-
cording to DVGW Code of Practice G 260.

Based on the explanations of the term H,-ready in DVGW
Information Gas No. 29, the aspects for gas pipes have been
explained in more detail in this technical publication in order
to demonstrate the complexity and nevertheless a feasible
approach.

As part of DVGW research projects, further knowledge on the
suitability of assemblies and products for operation with hy-
drogen, for example, are constantly being developed and in-
corporated into the regulations accordingly. L]
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