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Abstract.

Challenges in terms of solving the problem of using existing natural gas pipelines in Ukraine for hydrogen
operation within the framework of the green energy transition are analysed. The main reasons for the possible
loss of integrity of long-operated gas pipelines in the case of gaseous hydrogen transportation are given. The
methodological aspects for increasing the sensitivity of mechanical indicators to hydrogen are highlighted. The
main attention is paid to the development of damage in steels and the role of hydrogen in this process. The
operational degradation of pipe steels is summarised according to their main physical and mechanical
indicators, and an assessment of the failure risk is analysed.
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Energy security is crucial for the sustainability of countries, including Ukraine. Hydrogen will play
a significant role in a decarbonised energy system and green reconstruction in the coming decades.
The European Green Deal was defined as one of the main strategic priorities of the European Union in
2019. In May 2022, the European Commission presented a plan to rapidly reduce the oil and gas
consumption, as well as the introduction and use of “green” energy sources (REPowerEU). The
development of hydrogen energy, which is part of the policy on the issues of green energy transition,
achieving climate neutrality, sustainable energy and strengthening energy security, involves the
transportation of gaseous hydrogen through pipelines [1, 2]. Ukraine has an extensive infrastructure
for transporting natural gas, which is planned to be repurposed for hydrogen service according to the
EU and Ukrainian government policies (the European Hydrogen Backbone initiative, the Central
European Hydrogen Corridor, and others) [3].

The realisation of such a prospect of hydrogen transportation by existing natural gas networks
exacerbates the issue of violation of pipeline integrity due to the well-known negative impact of
hydrogen on the mechanical properties of steels [2, 4, 5]. One of the most important issues is hydrogen
embrittlement, as well as a decrease in resistance to brittle fracture of steels as a result of hydrogen
impact, which is often responsible for unpredictable low-energy fracture of metal components.
Additionally, operational degradation of pipeline steels should be taken into account, since long-term
service of gas pipelines causes a deterioration of the mechanical properties of steels [6, 7].

The analysis of serviceability according to key indicators of hydrogen embrittlement of steels of
long-term operated gas pipelines, which could lose their initial physical and mechanical properties, is
presented in the work. The important role of operational damage in reducing resistance to brittle
fracture is considered, taking into account that hydrogen absorbed by the metal contributes to its
intensification, and this is one of the mechanisms of the harmful action of hydrogen from the inner
surface of pipelines. The development of damage in long-term operated pipeline steels is analysed. It
is summing up that the operational damage as a result of the interaction of steels with an aggressive
environment inside pipelines under simultaneous action of mechanical loading should be considered a
key aspect of the manifestation of hydrogen embrittlement.

It is demonstrated that the application of nonlinear fracture mechanics approaches taking into
account the anisotropy of properties of pipeline steels is suitable for the assessment of hydrogen
embrittlement with high sensitivity.

Based on the research results of the determination of fracture toughness under the action of
hydrogen, local fracture criteria were formulated as the basis for establishing conditions for safe
operation of pipelines.
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HPOBJEMMHA JOBI'OBIYHOCTI TA HIVIICHOCTI
TPYBOIIPOBOAIB ITI YAC 15.¢ INEPENTPOPLIIOBAHHA
JJIA BOJAHIO Y 3EJIEHIM PEKOHCTPYKIII YKPAIHHU

AHoTauis.

Ilpoananizosano 6ukauku 3 02130y HA GUPIULEHHS npoONeMU BUKOPUCMAHHA HAAGHUX MA2ICMPAIbHUX
2a3onpoeoodie Ykpainu 0ns excniyamayii y 600HI 8 paMKAX 3€1eH020 eHepeemuyHozo nepexooy. Ilpusedeno
OCHOBHI NPUYUHU MOJCIUBOI 6mpamu YLIICHOCMI MPUBANO eKCHIYAMOBAHUX 2A30NpPo800Ji6 8 YMO8aX
MPAHCNOPMYBAHHS  2A30N00i0H020 800HI. Buceimieno memoouuni acnekmu niOguUWeHHA YYMAUBOCHI
MEXAHIYHUX NOKA3HUKIE 00 600HI0. OCHOGHY y6acy HAOAHO PO3GUMKY NOWKOOINCEHOCMI 68 CMAAX Mmd pOojb 8
yvomy npoyeci 800HI0. Y3azanvHeno excniyamayiiny dezpadayiro mpyoHux cmaneil 3a iX OCHOBHUMU Qi3uKo-
MEXAHIYHUMU NOKAZHUKAMU Ma OAHO OYIHKY PUBUKY DYUHYEAHHSL.
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