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The Seveso Directive of 1982 was the first attempt in the EU at addressing industrial accidents involving dangerous substances. Over successive revisions, the Directive has expanded its scope and strengthened requirements on major accidents prevention, land use planning, and risk communication. In Italy, these provisions are currently implemented through Legislative Decree 105/2015 and operate in close interaction with other regulatory domains, including fire prevention. At the same time, the energy transition is transforming the industrial landscape. New technologies related to green hydrogen introduce new hazard scenarios and raise questions regarding risk assessment, safety management, and compatibility with surrounding areas. Although specific technical rules for hydrogen systems have existed in Italy for more than a decade, there are open questions regarding the safety permitting within Seveso establishments. This paper reviews the Italian approach to major accident prevention in the context of green hydrogen production. The aim is to outline the regulatory framework, identifying challenges and aspects that may require further consolidation. A preliminary comparison with selected countries is also included to support this ongoing assessment.
Introduction
Energy transition and climate change have challenged the industry in identifying new energy vectors to replace fossil fuels, and hydrogen has emerged as a versatile solution. Hydrogen can be produced from different sources, from fossil fuels to renewable energy, making it a key player also in energy security. The main technology behind green hydrogen, i.e., hydrogen derived from renewable sources, is the electrolysis of water.
The EU Hydrogen Strategy for a climate‑neutral Europe, adopted in July 2020, sets a roadmap for the ramp‑up of hydrogen technologies as part of the European Green Deal (European Commission, 2020). The strategy prioritizes renewable hydrogen and defines ambitious targets, including 40 GW of electrolyzers by 2030. In alignment with EU objectives, Italy has adopted a National Hydrogen Strategy, targeting a production of 3GW of electrolyzers by 2030. Hence, green hydrogen technologies have been promoted through dedicated research, policy, and funding initiatives (Gandiglio and Marocco, 2024). This push has contributed to a surge of interest from both researchers and industry in developing new solutions. 
However, the development of green hydrogen technologies also presents safety challenges (Mahmoud et al., 2025). Hydrogen is a light gas, hence storage is challenging and energy intensive. Moreover, hydrogen is highly flammable, with a broad flammability range and low minimum ignition energy; it can also cause severe material degradation (hydrogen embrittlement). As a result, the growing development of green hydrogen systems was complemented by research efforts on their safe handling. 
The implementation of such systems also introduces regulatory challenges, and several EU initiatives have examined potential bottlenecks in hydrogen permitting (HyPop, 2024a). This work focuses on safety permitting. In Italy, the prevention of major accidents is governed through the national implementation of the EU Seveso Directive (European Commission, 2012). The Seveso regulation originated in response to the Seveso accident in Italy 50 years ago, which highlighted the severe consequences associated with the accidental release of hazardous substances. The Directive has undergone several revisions to address emerging technological and industrial challenges which are summarized in Figure 1. The most recent update is the Seveso III Directive (2012/18/EU), transposed in Italy via Legislative Decree 105/2015. 
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Figure 1: Timeline of the major developments of the Seveso Directive in relation to different challenges
In this paper, the safety permitting of green hydrogen technologies in Italy is reviewed, with a specific focus on green hydrogen systems. Firstly, we discuss major hazard accident permitting (Section 2.1), while Sections 2.2 and 2.3 address its interfaces with specific regulation for green hydrogen technologies. Furthermore, a preliminary comparison with other countries is carried out in Section 3 to contextualize the Italian framework. The results are discussed in Section 4, and Section 5 contains the conclusive remarks and future perspectives.
Italian regulatory framework
Implementation of the Seveso Directive
Table 1 summarizes the implementation of the revisions of the Seveso Directives in Italy.
Table 1: Overview of the main regulatory framework for major hazards in Italy, in chronological order
	EU Directives
	Italian legislation
	Description

	Directive 82/501/EC (Seveso I)
(amended)
	Decree of the President of the
Republic 175/1988
(amended)
	Implementation

	-
	Law 183/1987 
(amended)
	Define competences for implementation of EU Directives

	-
	Prime Ministerial Decree 31/03/1989
(in force)
	Index-based method for Seveso sites

	Directive 96/82/EC (Seveso II)
(amended)
	Legislative Decree 334/1999
(amended)
	Implementation

	-
	Ministerial Decree 15/05/1996
(in force)
	Land-use planning for LPG establishments

	-
	Ministerial Decree 09/05/2001
(in force)
	Land-use planning around Seveso establishments

	Directive 2012/18/EU (Seveso III)
(in force)
	Legislative Decree 105/2015
(in force)
	Implementation



The Seveso III is currently transposed with Legislative Decree (D.Lgs.) 105/2015 (Gazzetta Ufficiale, 2015). The scope is specified in Article 2 and it excludes the transport of hazardous substances, temporary storage connected by road, rails, sea, or air, as well as in pipelines, including pumping stations outside the establishment. This Decree is complemented by Ministerial Decree (DM) 09/05/2011, which establishes the safety requirements for land-use planning around Seveso establishments (Gazzetta Ufficiale, 2001), as required by Seveso II. Territorial compatibility in Italy is assessed through a hybrid scenario-based approach; the extension of damage areas is assessed using deterministic threshold values for different types of physical effects (fires, explosion, toxic dispersion). Then, the frequency of the event determines the vulnerability class allowed within the damage area. Italy distinguishes 6 vulnerability classes, ranging from A (most vulnerable) to F (least vulnerable). 
For LPG processing and storing plants, a specific land-use planning method is adopted, following the provisions in DM 15/05/1996. It follows a similar logic to DM 09/05/2001, but the establishments are divided in classes according to an index-based method: hence, the likelihood of the event is not a variable for land-use around LPG establishments. 
The competent authority for major-accident prevention is the Regional Technical Committee (CTR), established by the Ministry of Interior. The composition of the CTR has varied over the successive implementations of the Seveso Directive. Currently, it is defined in Article 10 of D. Lgs. 105/15. It includes local and regional members such as Fire Brigades (the Director is the President of the CTR), the Regional Agency for the Environmental Protection (ARPA), the Territorial Labor Office, the Region/Autonomous Province, the National Institute of Insurance against Accidents at Work (INAIL), the Local Health Authority (ASL), and the Municipality.
The requirements for major-hazard accident permitting vary based on the tier of the establishment. For lower-tier establishments, D.Lgs. 105/2015 requires: a notification containing the main information on hazardous events, the definition of a Major Accident Prevention Policy, an External Emergency Plan, and land compatibility assessment as per DM 09/05/2001. For upper‑tier establishments, all lower‑tier obligations apply, and additional requirements are introduced: an Internal Emergency Plan and the submission of a complete Safety Report. The CTR oversees the permitting process. For upper-tier establishments, it is composed of two steps: Construction permit (Nulla Osta di Fattibilità, based on the Preliminary Safety Report) and Operation Permit (Parere Tecnico Conclusivo, based on the Final Safety Report).
For what concerns the assessment of the hazardous events, their likelihood, and their consequences, the approach is not prescriptive, and the owner can adopt different tools and method. However, there are some technical rules available which are reported in Table 1, e.g., the Index Method ruled by DM 31/03/1989. Additionally, guidelines have been released by INAIL, and the SNPA (constituted by ISPRA and ARPA) (SNPA, 2026), to provide best practices regarding specific aspects of the Safety Report, e.g., inspections, aging of facilities (Marrazzo and Bragatto, 2023), and assessment of potential environmental damage.
Specific regulation for hydrogen systems 
Specific regulation has been developed for fire prevention of green hydrogen systems, which is summed up in Table 2.
Table 2: Fire Prevention regulation for hydrogen systems; HRS: Hydrogen Refuelling stations.
	Legislation
	Description

	Ministerial Decree 31/082006 (amended)
	Technical rule: fire prevention of HRS

	Ministerial Decree 23/10/2018 (in force)
	Technical rule: fire prevention of HRS

	Ministerial Decree 07/07/2023 (in force)
	Technical rules: fire prevention of electrolyzers



The permitting for fire prevention is ruled by Decree of the President of the Republic (DPR) 151/2011 (Gazzetta Ufficiale, 2011), which identifies the regulated activities controlled by the Fire Brigades. According to Annex I, activities can be classified in category A, B, C, with increasing hazards. 
Green hydrogen production systems typically involve: an electrolyzer, hydrogen storage, compression systems, loading bays, and connection piping. Depending on flowrates, volumes and pressures, green hydrogen production systems are mainly included in Category B and C, which require an evaluation of the project, and a Positive Opinion from the Fire Brigades. The final output of the authorization process is the Certified Notification of Activity Beginning (SCIA) which is issued by the owner, and not by the Fire Brigades. For the fire prevention of upper-tier Seveso establishments, the SCIA is included in the Final Safety Report, speeding the permitting process from both owner and authority.
For what concerns technical rules for fire prevention, Italy had a law already in 2006 on Hydrogen Refuelling Stations (HRS). This law was updated in 2018 through DM 23/10/2018 (Gazzetta Ufficiale, 2018), and it establishes minimum requirements for firefighting, as well as Safety Distances (SD), which can range from 12 to 30 m. However, it does not include provisions for electrolyzer units, as it allows two feed options for the HRS: electrolyzers or tank wagons. Hence, the scope of application of this decree is limited, since H2 electrolysis plants without HRS elements (i.e. production, storage and distribution to industrial users) were not included. This gap was filled with DM 07/07/2023 which establishes minimum requirements and safety distances for H2 production plants fed by electrolyzer systems (Gazzetta Ufficiale, 2023). This Decree applies to all electrolyzers, even if the process not in scope for DPR 151/2011. Internal SD range from 3 m to 15 m, depending on the pressure of the hazardous elements (which include electrolyzers, storages, compressors, piping); external SD can reach 30 m, and can be doubled in case of vulnerable targets. For comparison, the criteria established in DM 23/10/2018 were not differentiated based on pressure, but only on the type of hazardous element. The technical rules implement a prescriptive approach. However, for cases in which the prescriptive approach is not possible due to specific constraints, an “engineering approach” can be adopted. The engineering approach is ruled by DM 09/05/2007 (Gazzetta Ufficiale, 2007), and it states that accidental scenarios should be assessed and calculated to provide reasoning to the reduction of safety distances.
Permitting process for green hydrogen projects
Based on the Italian regulatory framework discusses in Section 2.1 and 2.2, the permitting process for green hydrogen depends on its use, which can be divided in:
· Green hydrogen for automotive and civil uses (as per DM 23/10/2018)
· Green hydrogen for industrial use, including the hard-to-abate sector (as per DM 07/07/2023).
For the automotive sector and civil use, the quantities involved are typically well below the lower-tier threshold for hydrogen (5 ton); so, such structures are not included in the Seveso Directive, and only the fire prevention rules apply. The permitting process is shown in Figure 2 and retraces what was outlined in Section 2.2.
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Figure 2: Permitting process for green hydrogen technologies
For industrial use of green hydrogen, considering the current size of electrolysis plants, it is uncommon for them to fall within the major-accident prevention regulation as a stand-alone, unless consistent storage is foreseen; as a reference, a storage of 200 m3 of hydrogen at 300 barg and ambient temperature would be required to reach such a threshold. Nonetheless, if such technologies are installed within a Seveso plant, a detailed risk assessment might be required to demonstrate that there is no increase in the risk level of the plant, and the CTR could be involved, as shown in Figure 2 with the elements in the dashed boxes. 
Additionally, the safety distances provided by the legislation may be conservative, and their respect might not always be feasible considering potential spatial constraints. Moreover, according to both DM 23/10/2018 and DM 07/07/2023, passive measures, e.g., concrete walls, cannot be employed to reduce the SD. As a result, the engineering approach is often adopted. To demonstrate the conservativeness of the SD, we propose a simplified case study. We compare the SD proposed in DM 07/07/2023 with the ones obtained through a consequence assessment using the engineering approach. The following scenarios are considered:
· Installation within a Seveso plant of a 2,5 MW PEM electrolyzer unit operating at 30 barg and 30°C, with a hydrogen capacity of 500 Nm3/h, i.e., 50 kg/h (0.014 kg/s). The average size of the piping in the electrolyzer is 1’’ (25,4 mm);
· The hydrogen is fed to a process plant at a pressure of 2,3 barg through a 3’’ pipeline (76,2 mm).
Given the lack of national guidelines, the most conservative release conditions are considered: nominal pressure and temperature, full-bore leak, with maximum release rate capped at the electrolyzer capacity. A mitigated 3-minute release was considered. The consequences were simulated using Phast 9.11 from DNV. The results are shown in Table 3: the SD from DM 07/07/2023 are compared with physical effect thresholds set by DM 09/03/2001. Only the jet fire scenario is considered, as no flash fire or explosion are computed due to the low quantity of hydrogen released.
Table 3 - Comparison of safety distances (SD) using DM 07/07/2023 and engineering approach
	Unit
	Release diameter 
(mm)
	Release 
conditions
	SD (m)
Jet fire
3 kW/m2
Light injuries
	SD (m)
Jet fire
12,5 kW/m2
High lethality
	SD (m)
Jet fire
37,5 kW/m2
Domino effect
	SD (m)
DM 07/07/2023

	Electrolyzer
	25,4
	30 barg, 30°C
	4,4
	2,7
	-
	7 to 14 (external)
5 (internal)

	Connecting pipe
	76,2
	30 barg, 30°C
	4,6
	2,9
	-
	



Even in the case of full-bore rupture, the internal SD set by the current regulation are reached only in the case of light injuries; moreover, the regulatory external safety distances are approximately up to three times larger than those derived from consequence assessment. Although this scenario is severe, it is unlikely, and the regulations provide no guidance on acceptable release frequencies. Additionally, there is no clear equivalence in the regulation among safety distances and physical effects thresholds. Consequently, for hydrogen systems in Seveso plants, the correspondence between risk assessments demonstrating no increase in risk and the safety distances required for fire prevention may not be straightforward.
Comparison of safety distances with other standards and regulatory frameworks
Section 2 reviewed the Italian approach to safety permitting of green hydrogen technologies. However, different codes and regulations are adopted across Europe and the world (Mazzaro et al., 2023). Hence, the regulatory framework and technical rules available in other countries were analyzed to contextualize the Italian case. The following sub-sections provide an overview of the main findings.
The Netherlands
The Dutch approach to major-hazard regulation is prescriptive: a full Quantitative Risk Assessment (QRA) is to be carried out, with specific settings and guidelines issued by the RIVM. The country also adopts an all-hazards approach, regulating external safety for all hazardous activities, not only Seveso-related ones. The reference regulation for external safety is the Omgevingswet (Environmental Act); the technical specifications are instead specified in the Besluits Kwaliteit Leefomgeving. For hydrogen systems included in Seveso sites, the Individual Risk indicator should be evaluated to obtain external safety distances. A technical guideline is available (PGS-35) for internal safety distances of HRS. The PGS-35 sets reference release scenarios which are chosen considering their credibility. It also sets reference physical effect thresholds. SD can vary from 2.2 to 8.5 m (Büthker et al., 2015), almost half of SDs in Italy. Additionally, SD can be reduced if passive measures are implemented, e.g., fire-resisting walls.
France
The Seveso regulation in France is currently implemented through Decrees 284-2014 and 285-2014. External safety around upper-tier Seveso establishments is ruled by the Technological Risk Prevention Plan (Plan de Prévention des Risques Technologiques). The approach is similar to the Italian one, as it entails an hydrid threshold-based approach. Specific guidelines, such as the Omega 9 are available, but are not prescriptive regarding release scenarios. Additionally, France considers Installations Classified for the Protection of the Environment (ICPE) within the French Environment Code; a threshold-based approach is adopted to differentiate the permitting process. For HRS storing more than 1 ton of hydrogen, safety distances are evaluated according to the max flow rate generated, ranging from 6 to 14 m (HyPop, 2024b). For comparison, the SD for the electrolyzer system analyzed in Section 2.3 is 6 m. Additionally, distances can be reduced to a fixed value in presence of specific measures.
Canada
The case of Canada is briefly analyzed to have insight on a country outside of the Seveso regulation. Here, CAN/BNQ 1784-000 provides a range of SD to be maintained from HRS depending on the quantity stored and exposure (e.g., buildings, roads, other storages, etc.). The SD range from a minimum of 0 m to a maximum of 5 m and which may be reduced in presence of fire walls (Bureau de normalisation du Québec, 2022).
Discussion
Based on the review in Section 2, the Italian safety permitting regulation can adequately address technologies related to green hydrogen. However, consolidated guidelines for applying an engineering approach to green hydrogen within a major‑hazard framework are still lacking. In Seveso plants, risk assessment requirements are more detailed than those applied for fire prevention permitting, resulting in additional complexity. The consequence analysis presented in Section 2.3 is based on simplified modelling. However, hydrogen modelling remains affected by uncertainties, and more advanced approaches (e.g., CFD) may be required in complex conditions. This is further compounded by identified gaps in risk and reliability analyses for hydrogen systems (Al‑Douri and Groth, 2024). This further highlights the need for clearer guidance on scenario definition and modelling practices. 
The open technical framework of the major-hazard prevention legislation in Italy may represent an advantage, as it can, in principle, accommodate the authorization of novel technologies. At the same time, the system relies on the competence of the CTR, as well as the owner. As the CTR is composed of members at the regional and local level, the experience of safety permitting may vary. While this issue is common to all Seveso establishments, it is critical for emerging technologies, such as those analyzed in this work. In this context, coordination between practitioners and competent authority is essential.
The comparison with three other countries showed that different approaches are adopted. The Italian technical rules appear more conservative, with larger safety distances and limited allowance for reduction through passive measures. The comparison in Section 2.3 shows that, for a typical electrolyzer system, safety distances set by regulation can be reached in case of full-bore rupture; such a scenario is unlikely, but there are no indications regarding the accepted likelihood of accidental scenarios. Still, the case study is simplified and future works should aim at providing a structured comparison. Additionally, Italian fire prevention technical rules for electrolyzers were introduced only three years ago: further applications, together with feedback from completed projects, are necessary to support their consolidation (HyPop, 2024). The comparison presented is limited to a selection of countries. Moreover, the definition of safety distances involves aspects of risk perception, acceptance and governance, which are context‑dependent and influenced by national and cultural factors. Future research should therefore adopt an interdisciplinary perspective on permitting processes and technical regulation in both EU and non‑EU countries, with the aim of identifying improvement opportunities and better contextualizing different regulatory approaches.
Conclusions
This work focused on the safety regulatory framework for green hydrogen technologies in Italy. Section 2.1 and 2.2 outlined the regulatory background for major-hazard and fire prevention. The analysis in Section 2.3 showed that the Italian framework can support the permitting of green hydrogen technologies. However, technical regulation may provide conservative results, and specific national guidelines to harmonize fire prevention and major-hazard prevention are still lacking. In addition, the permitting process may be shaped by the specific expertise of the owner and the competent authorities involved. The comparison with other countries presented in Section 3 showed that different approaches are adopted to address similar technical issues. However, the results remain preliminary, as only a limited number of countries were considered. This aspect requires further investigation, particularly to clarify how national regulatory frameworks influence technical solutions and how these are translated into guidelines. A more systematic comparison of experiences across countries would support greater consistency in permitting practices and contribute to a more effective authorization process.
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