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1 EXECUTIVE SUMMARY

Background

Fuel cell electric vehicles use hydrogen to generate electricity to drive an electric motor. They offer rapid refuelling and
potentially a greater range than battery electric vehicles, whilst emitting no carbon dioxide at the point of use. Recognising
the green potential of hydrogen-fuelled vehicles, the European Union (EU) has directed that a network of hydrogen
refuelling stations should be built along the main European motorways.! Today there is only one hydrogen refuelling
station (HRS) operating on the island of Ireland, at the Belfast Translink bus depot, and so before their number increases
it is timely to consider the legislative framework for regulating their safety in Ireland. Such considerations will also inform
a wider policy and regulatory discussion under the National Hydrogen Strategy? and forthcoming update of the existing
National Policy Framework on Alternative Fuels Infrastructure.® This is important as it ties in with the current, fast-paced
push to de-carbonise the transport sector through the introduction of greener fuels and pilot programmes that may be
used to stimulate wider use.

A hydrogen refuelling station consists of hydrogen storage, hydrogen gas compressors, a pre-cooling system, and a
hydrogen dispenser, which dispenses hydrogen at pressures of 350 bar or 700 bar depending on the type of vehicle, and
potentially also hydrogen production by electrolysis. Their limited equipment and lack of processing means they are not
complex and are generally designed and operated by adherence to relevant codes and standards.

Hydrogen Hazards and Comparison

With hydrogen being a new fuel in Ireland, it is useful to compare its hazard to that of compressed natural gas (CNG), for
which there are refuelling stations in Ireland, and also traditional petrol stations. Hydrogen is not toxic and an unintentional
release followed by ignition must occur for there to be a hazard.

Compared with petrol, the significant difference in the hazards of hydrogen is that hydrogen gas is (and must be)
pressurised and, as such, a release will persist until release is isolated, or the inventory is released. For petrol and diesel
the release will stop when the pump stops and, for hydrogen, the HRS safety systems should identify a release and isolate
the stored hydrogen inventory from the leak.

The stored energy with any pressurised gas is significant and a release will immediately affect a larger area than a liquid
release. This is also the case for CNG.

At atmospheric conditions, hydrogen is a flammable gas that burns in air. If an accidental release is ignited, apart from
flame visibility, the flame characteristics are similar to that of natural gas and so the fire hazards are similar, though there
is less energy in a given volume and pressure of hydrogen compared to methane. At 700 bar, a 1 mm release would
produce a fire a few metres long. Larger fires up to a few tens of metres are possible if a catastrophic failure occurred.
This has the potential to impinge on near-by equipment which could lead to failure of that equipment and escalation of the
event, though this would only occur after persons had time to leave the area.

If ignition occurs later such that a sizeable cloud of hydrogen ignites, a more severe explosion can result for a rich (>20 %
hydrogen in air) mixture and if the mixture is confined by walls, or other structures, or is in an environment with congestion

e.g. piping.

Hydrogen has a wider range of concentrations over which it is flammable than methane (4—75% compared to 5-15%) and
can also be ignited by a lower energy source than methane. Both these properties increase the risk associated with

1 ‘Alternative fuels infrastructure: Council adopts new law for more recharging and refuelling stations across Europe’, Council of the
European Union, 2023. https://www.consilium.europa.eu/en/press/press-releases/2023/07/25/alternative-fuels-infrastructure-council-
adopts-new-law-for-more-recharging-and-refuelling-stations-across-europe/

2 National Hydrogen Strategy, Department of the Environment, Climate and Communications, 2023,
https://www.gov.ie/en/publication/624ab-national-hydrogen-strategy/

3 National Policy Framework on Alternative Fuels Infrastructure for Transport in Ireland, Department of Transport,
https://www.gov.ie/en/publication/3cb2f6-national-policy-framework-on-alternative-fuels-infrastructure-for-tr/
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hydrogen compared to methane in a like-for-like situation, though many ignition sources that can ignite hydrogen can also
ignite methane.

Overall, the hazards of hydrogen at an HRS are well understood and lead to the three main controls of:

e Containment — keeping the hydrogen within the vessels and pipework;

e Ignition prevention; and

e  Separation distances — such that the HRS is not affected by other events (e.g. ignited petrol leak from same site).
Regulatory Review

To inform Ireland’s approach to safety regulation, the Department of Transport (DoT) contracted DNV to review
approaches for safety regulation of hydrogen refuelling stations (HRSs). This report provides a review of existing safety
regulations applicable to HRSs in Ireland, considers the regulatory approach in other countries and provides options for
how Ireland may design its own safety regulatory regime. The report also considers the potential for the divergence of UK
standards from EU standards and how this may impact interoperability on the island of Ireland.

This report does not cover the regulation of activities such as the transportation of hydrogen to the HRS, maintenance, or
the hydrogen-fuelled vehicle itself. The risks associated with bringing a hydrogen vehicle inside a workshop and carrying
out maintenance may be comparable to the risks associated with hydrogen refuelling activities.

Across Europe there is a commonality of approach for the regulation of HRSs in that the EU directives on flammable
atmospheres (ATEX) and pressure equipment (PED) are applicable. This means that without any additional regulation
specific to hydrogen or HRSs, all member states of the EU have relevant legislation already in place. While member states
have enacted these EU directives through national acts and regulations, the research in this report shows that no EU
member states have implemented any HRS specific safety regulation. Specifically, research was carried out into the
regulatory frameworks in place in the UK, Germany and The Netherlands, none of these countries have specific safety

legislation for HRS, despite already having HRSs.
| Oxygen I

Pressure Equipment Directive ATEX Worker Protection Directi
(PED) 2014/68/EU 99/92/EC “ATEX 137
Applies to equipment with max allowable / Requires a reduction in risk from fire ol
pressure >0.5 bar. explosion from hazardous substances
connected to work activities.
l HRS Safe
I-Fuel Containmentl | Ignition Prevention
Pressure Vessels Directive (PED) | Petrol | ATEX Directive 2014/34/EU “AN
2014/29/EU 114”
Applies to vessels with max allowable | Hydrogen | Applies to equipment and protective
pressure >0.5 bar. systems intended for us in potentially
explosive atmospheres.

Of the three main risk reduction mechanisms listed above, the first two are covered by the Directives above and the third,
separation, is included in various standards that represent good practice for HRS design. Additional legislation would be
required if it was considered that these safeguards were not sufficient. In considering further options for HRS safety

regulation, these are covered within the following criteria for determining if regulations are required:
e Proportionality — The effort required by the regulator and the entity being regulated must be in proportion to the
gain from doing this, which in this case would be a reduction in the hydrogen risk. The regulation must be efficient
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and not place excessive burden on the regulator, or the owner/operator of an HRS. Excessive regulation would
likely slow development and uptake of hydrogen as a fuel for transport.

Consistency — The regulatory approach must be consistent with existing regulations and avoid duplication.

Effectiveness — Regulations must effectively meet their objective — in this case reducing the risks associated with
an HRS. Regulations that are overly complicated will place an unnecessary burden on all involved parties that
will ultimately reduce their effectiveness.

The options proposed, in conclusion to this report, for further consideration by the Irish government are therefore to:

1.

Not to introduce new legislation and remain reliant on existing legislation.

This would be consistent with the current regulatory approach to HRSs in Europe but would not benefit from an
operational phase licencing regime such as the one that covers petrol stations.

Develop new hydrogen safety regulation specific to hydrogen refuelling stations:

Any new regulation would have to carefully avoid overlap with the existing applicable safety regulations and also
provide a consistency of regulator. No such similar regulation currently exists in Europe and there would be
significant cross-over with existing explosive atmospheres and pressure systems regulations. New regulations
would, however, provide an opportunity for licencing the operation of an HRS.

Implement a safety case regime for hydrogen refuelling stations:

Any new regulation would have to carefully avoid overlap with the existing applicable safety regulations and also
provide a consistency of regulator. The safety case regime for CNG falls within the scope of the existing Gas
Safety Framework however this is not the case for HRSs and new legislation would be needed. No such similar
regulation currently exists in Europe and an HRS is not of the complexity normally associated with a site requiring
a safety case.

If the situation in Ireland changes such that HRSs increase in number or their size approaches COMAH limits the above

options could be revisited.
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2 INTRODUCTION
2.1 Hydrogen refuelling stations

Fuel cell electric vehicles (FCEV) use hydrogen to generate electricity to drive an electric motor. They offer rapid refuelling
and potentially provide a greater range than battery electric vehicles (BEVSs), which have rapidly grown in use in recent
years. Hydrogen produced from low-carbon sources* for transportation has the potential to help Ireland meet its
commitment to the Paris Agreement goals as, at the point of use, it emits no carbon dioxide and its main combustion
product is water. It is for this reason the European Union (EU) has directed that a network of hydrogen refuelling stations
(HRSs) for FCEVs should be built along main European motorways.

Adoption of FCEVs remains low today. There has been a trial of hydrogen buses in Dublin, and Translink operate a fleet
of them in Belfast with a private HRS. There is understood to be one hydrogen demonstration car in Ireland. These and
the international situation show that hydrogen is technically feasible for transportation, but green hydrogen supply is limited
in Ireland and there is currently only only HRS on the island.

In Europe, the greatest number of HRSs are found in Germany and The Netherlands with around one hundred in the two
countries. By comparison there are just fourteen HRSs in the United Kingdom (UK). Some of those in Germany are open
to the public and are co-located with petrol stations whereas others are for commercial use only, e.g. for a bus fleet or
local authority vehicles. There are few hydrogen cars in the UK and even in Germany there are fewer than a thousand.

In recent years, compressed natural gas (CNG) refuelling stations have been opened in Ireland. Safety regulation of them
was added to the Gas Safety Framework with a safety case required to be approved for each individual fuelling station
before operations can commence.® It is unknown how existing legislation for ignition prevention and pressurised systems,
which may have achieved a similar outcome, was taken into account. Stakeholders identified that the regime has perhaps
become overly onerous for suppliers who do not already have a gas distribution safety case and inhibited development of
this transportation fuel.® Specifically, regulations were implemented that require CNG filling stations to prepare and
maintain a safety case.

The risks at petrol and diesel refuelling stations are well understood and well managed such that safety measures are
common across Europe. From the size of the nozzle through to the requirement for an emergency pump shutdown, there
is a commonality of approach that is clearly beneficial to developers, operators and end users. For these fuels, codes and
standards define the type of infrastructure that must be used and the safety controls that must be put in place. So, although
the base legislation for safety is not prescriptive, its application for a situation in which the risks and safety measures are
well understood becomes one of the application of accepted standards.

International codes and standards define good practice” for the design and operation of an HRS and the hazards of
hydrogen are well understood. The National Standards Authority of Ireland (NSAI) develop and publish standards and this
publication then confirms good practice in that technical area in Ireland. The way in which such codes and standards are
expected to be followed is described further in section 4.1.4 and this does not have to be defined directly in regulations.

On the regulatory side, Ireland already has the Dangerous Substances Regulations 2019 (S.I. Nos. 630 and 631) enacted,
which primarily cover petroleum refuelling stations, but also make reference to HRSs. The Department of Enterprise,
Trade and Employment has stated that these regulations are being updated to remove references to hydrogen as they
were not intended to regulate new HRSs. As such these regulations have not been considered further in this report with

4 Hydrogen is low carbon if it is generated, for example, by electrolysis from renewable energy (termed green hydrogen), or through
reformation of methane with carbon capture and storage (termed blue hydrogen).

5 Gas Safety Framework, Commission for the Regulation of Utilities, https://www.cru.ie/professional/safety/gas-safety-framework/

6 Note that stakeholders consulted did not include suppliers, operators or users of CNG facilities, whose views of the onerousness or
not of current regulations may differ from the HRS stakeholders consulted.

7 Good practice is the recognised risk management practices and measures that are used by competent organisations to manage well
understood hazards arising from their activities.
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respect to hydrogen, though they do give the framework for petrol and diesel filling stations and this similar to that which
exists elsewhere.

Existing legislation relating to flammable atmospheres and pressure systems are applicable to HRSs and so Ireland is not
starting from a blank sheet in terms of regulating HRSs. However, there is a need to determine whether the current safety
regulatory regime relating to flammable atmospheres and pressure systems is sufficient for HRSs, or additional regulations
are required to cover any regulatory gaps, taking into account of the situation in Northern Ireland and further afield.

2.2 Use of HRSs and implications for regulation

At present, Ireland does not have any HRSs, though this may change in the future. Current predictions and government
policies focus on the uptake of hydrogen as a fuel for heavy goods vehicles, with private cars moving from conventional
liquid fuels to battery-electric.® To this extent, it is unlikely that members of the general public will be using HRSs in Ireland
in the near future as their use will most likely be by employees of commercial or government enterprises who are at work.
The hazards from an HRS can extend beyond those who are immediately using the equipment and so there is some risk
to the general public whom are not using the HRS. Codes and standards for separation of HRS equipment seek to
minimise this risk. Regardless of this, some occupational health and safety regulations that already apply to HRSs define
a workplace such that it would include all HRSs: this fact can influence the choice of regulator for HRSs (see section
4.3.2.1). These facts are accounted for in the regulatory framework that is considered in this report and, in the future, if
hydrogen fuelled cars become popular and HRSs open to the public, the framework may need to be reviewed, though no
specific recommendation is made to do this.

The entity that will be regulated also needs to be considered especially if a more onerous regime is put in place. The entity
responsible for all aspects of the operation of the HRS (other than using it to fill a vehicle) may not be the same entity
whose site it is on and operates the vehicles.

When discussing which authority would be best suited to regulate HRSs in Ireland, consideration has been given to the
size, capabilities and expertise of that organisation. For example, in the UK, the London Fire Brigade is the licensing
authority for petrol stations. Being a major city, the fire brigade is large and capable compared to fire brigades in more
rural parts of the country. London alone has a population approximately double that of Ireland, and so consideration must
be given to the capabilities of smaller organisations.

2.3 Project approach

To inform Ireland’s approach to safety regulation the Department of Transport (DoT) contracted DNV to review approaches
for hydrogen refuelling stations. This report provides a review of existing safety regulations applicable to HRSs in Ireland,
considers the regulatory approach in other countries and provides options for how Ireland may design its own safety HRS
regulatory regime. The report also considers the potential for the divergence of UK standards from EU standards and how
this may impact interoperability on the island of Ireland. The report and its conclusions aim to inform consideration of
regulatory options by the relevant authorities and stakeholders, and that the report is subject/subordinate to the National
Hydrogen Strategy? and any recommendations contained within it, including in relation to hydrogen safety regulation.

The review was split into four tasks:

1. Compilation of a summary of the hazards of HRSs and the typical controls in place (see section 3);

2. Aregulatory review of relevant jurisdictions to determine current practice in HRS safety legislation. The project
team included DNV staff in Germany and The Netherlands to provide detailed, local knowledge (see section 4);

3. A workshop in Belfast with the project steering group to discuss the key regulatory issues (see section 5); and

8 Ten-year Strategy for the Haulage Sector, Department of Transport, 2021.
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4. Development of options for the legislative approach for Ireland, emphasising commonalities between north and
south (see section 6).

Note that sections 4 and 6 had input from the workshop. The approach in each of these four areas is outlined below.

To provide context, a comparison is also made in the UK and Ireland between the current approach for HRSs.

2.3.1 Hazards and controls

Information on the hazards of hydrogen was collated to provide background information and a qualitative assessment of
the risks associated with hydrogen refuelling stations. Hydrogen hazards are well understood and key details are
presented in section 3.1 of this report.

Hydrogen refuelling stations are no longer a completely novel technology. There are now standards that outline good
practice in terms of design, construction and operation. These safeguards can be split into three categories: plant, people
and process. Refer to section 3.3 for further detalils.

2.3.2 Regulatory review

The first part of this review was to identify the primary and secondary legislation in each country (see section 4) and to
determine:

(i) Whether HRSs are legislated by either a risk-based approach where the operator is responsible for
demonstrating safety (goal setting), or where the regulator sets out specific requirements that have to be met by
the operator (prescriptive); and

(i) The extent to which the country has introduced new regulations or guidance to cover HRSs.
The process is then to identify commonalities of approach in different countries to identify good regulatory practice.

In addition to addressing the technical details of the statutory regulatory processes for each of the selected countries, the
review also provides information relating to the organisation of the authorities within each country that are responsible for
administering and enforcing compliance with their regulations. In doing this, information was gathered on the content and
use of industry standards relating to HRSs (noting that there are many equipment standards that are relevant for HRSs
but are not specific to the fact that hydrogen is being used).

As part of the research, the UK team from DNV liaised with DNV hydrogen experts in both Germany and The Netherlands
with significant experience working on hydrogen refuelling stations in their respective countries. Their insight and advice
were invaluable to the UK-based team in deciphering the legal frameworks of these EU member countries. Furthermore,
there have been other projects conducted in Europe to review hydrogen regulation. The most notable of these is the Hylaw
project that began in 2018.° This was a collaboration of twenty-three partners from eighteen European countries and was
focused on reviewing and removing the legal barriers to the development of hydrogen as a fuel for transport. Information
from it has been used here and it is still a valuable reference source.

2.3.3 Workshop

A workshop was held in Belfast on the 2" of December 2022. All departments and organisations from the project steering
group were represented (with the exception of Céras lompair Eireann and the Department of the Environment, Climate
and Communications) and DNV guided the discussions throughout the workshop. In the morning, the steering group
viewed the Translink hydrogen refuelling station in Belfast. This was invaluable in providing insight into the practicalities
or planning, installing and operating an HRS. The afternoon workshop was held in the offices of the Department of the
Economy, Adelaide House, Belfast and was aimed at prompting discussion amongst the key stakeholders on the
challenges for HRS safety regulation in Ireland. The current structure of regulation in the European Union and the United
Kingdom, and how good practice is implemented were presented. The workshop concluded with a series of four questions

9 https:/iwww.hylaw.eu/
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that prompted discussion around the possible options Ireland could adopt. The structure of the workshop is summarised
in Figure 1 overleaf.

2.3.4 Option development

An initial set of options for regulatory development were developed prior to the workshop through research into the way
HRSs are regulated throughout Europe. The workshop was used to refine the options, with input from various members
of the project steering group and to also gain feedback on their practicality for Ireland. This was achieved at the workshop
where a series of discussion points were raised alongside several direct questions to prompt discussion. Following the
workshop, DNV combined the results of their in-house research with the opinions discussed at the workshop to create
three potential regulatory options for Ireland. These are discussed further in section 6 with analysis of the pros and cons
of each and conclusions on how well such a regime may work for Ireland. The intention was not to provide a single
consensus option to be taken forward, but instead to provide broad options to inform debate and for further consideration.
HRS Overview

ALARP, Proactive and ]

Reactive Regulation .
00000
DNV analysis and ‘

research on
regulatory regimes

in Europe
XAXXXN |

) Comments and opinions on the

‘ 00 ... outstanding questions that will

support the preparation of the
() draft final report

UK regulation for HRS and
petrol

Ireland regulation for HRS
and petrol

Figure 1 Workshop design

2.4 Report structure

This report presents the outcomes of the project along with the methodology of how those outcomes were reached. Section
3 explains the hazards of hydrogen and HRSs and this acts as essential background to the research and analysis that
follows. Following this, section 4 details the results of DNV research on how European countries are currently regulating
HRSs. A general discussion around the types of regulatory regimes is also given for context. The lens through which this
work has been completed is one of safety and not law. Further qualified legal advice is recommended to supplement the
DNV analysis.

Section 5 describes the workshop conducted in Belfast in December 2022, noting the discussion points and opinions of
members of the steering group. It was these discussions that led to the options listed in section 6. This last part of the
report presents three options for Ireland on how hydrogen refuelling stations could be regulated for safety. The regulatory
changes that would be required are described and a qualitative discussion outlining the pros and cons of each option
given with a conclusion on whether the option is viable for Ireland against the tests of regulatory proportionality,
consistency and effectiveness. The options are informed by DNV’s stakeholder engagement with the project steering
group, but have been produced independently and so should not be taken to represent the views of any individual steering
group member.
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3 HYDROGEN REFUELLING HAZARDS AND SAFEGUARDS
3.1 Hazards of hydrogen
3.1.1 Hydrogen properties and hazards

At atmospheric conditions, hydrogen is a flammable gas that burns in air (detailed properties given in Table 1). If an
accidental release is ignited, apart from flame visibility, the flame characteristics are similar to that of natural gas and so
the fire hazards are similar, though there is less energy in a given volume and pressure of hydrogen compared to methane.
If ignition occurs later such that a sizeable cloud of hydrogen burns, the greater reactivity of hydrogen compared to
methane means that a more severe explosion can result, but this is only possible for a rich (>20 % hydrogen in air) mixture
and if the mixture is confined by walls, or other structures, or is in an environment with congestion, e.g. piping.

Hydrogen has a wider range of concentrations over which it is flammable than methane (4—75% compared to 5-15%) and
can also be ignited by a lower energy source than methane. Both these properties increase the risk associated with
hydrogen compared to methane in a like-for-like situation. However, the low density of hydrogen assists with its dispersion
so that a cloud is less likely to form near ground level, where potential ignition sources are located. For this reason, new
HRSs tend to have limited weather cover and any roof protection that is added tends to be sloping so that any accidentally
released hydrogen can still rise along it and not gather under it.

Table 1 Properties of hydrogen

Chemical symbol H2

Flammability range in air 4-75 % in air

Gas Group/Temperature Class IIC/T1 (ignition on surfaces above 450 °C)
Colour Colourless

Flame colour Invisible

Odour Odourless

Taste Tasteless

Toxicity Non-toxic

Corrosive Non-corrosive

Gas density 0.085 kg/m? at 1,013 bar, 15 °C (lighter than air)
Boiling temperature —-252.87 °C at 1.013 bara

Liquid density 0.07 kg/L at 1.013 bara and boiling point

Gas volume 830 L gas at 1.1013 bara, 15 °C per 1 L liquid
Minimum ignition energy 17 wd

3.1.2 Hydrogen refuelling station hazards

Following on from the general hazards of hydrogen in the previous section, this section discusses the hazards specific to
the refuelling of hydrogen vehicles. The biggest risk is from a leak, or loss of containment of hydrogen due to its highly
flammable nature. Compared with petrol, the significant difference in the hazard of hydrogen is that hydrogen gas is (and
must be) pressurised and, as such, a release will persist until the pressure drops to atmospheric. For petrol and diesel the
release will stop when the pump stops. The stored energy with any pressurised gas is significant and a release will
immediately affect a larger area than a liquid release.

If a leak was to occur in a high-pressure hydrogen system, a gas jet would be the resulting consequence if it remained
unignited. Due to the fact that hydrogen is not toxic, there would be no direct hazard to persons from such a release.
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If the release ignited without a significant flammable cloud having built up in a confined, or congested environment, then
a jet fire would result. DNV’s PHAST software is able to model the effects of such a release and this shows there is a
potential for a twenty metre long jet fire flame if there was a 10 mm hole in a 700 bar hydrogen part of the system. Fatalities
would be expected if the flame were directed towards people, though such a large release would require an unusual
catastrophic failure. A more plausible 1 mm hole would give a flame size far lower as the hydrogen flow rate through such
a hole would be one hundred times less than the 10 mm case.

The HRS safety systems should identify a release and isolate the stored hydrogen inventory from the leak, but if this does
not occur and the HRS is not shutdown manually, such a jet fire has the potential to impinge on near-by equipment which
could lead to failure of that equipment and escalation of the event, though this would only occur after persons had time to
leave the area.

Consideration of the fire hazards drives the required HRS separation distances both internally between different equipment
items and externally to other equipment items, or buildings.

An explosion may result if ignition occurs after a gas cloud has built-up in a confined, or congested region. Modelling of
such a situation is complex as it requires consideration of the release size and orientation, atmospheric conditions and
the geometry of the HRS especially the roof as this may prevent hydrogen from rising and dispersing naturally. The
generation of significant overpressure from a realistic release requires more congestion than is offered by a simple roof
canopy and the normal equipment associated with the refuelling equipment itself.1® Damage is still possible, but not to the
extent that threatens the whole HRS. Such congestion and confinement may be present in other parts of the HRS.

Overall, the hazards of hydrogen at an HRS are well understood and lead to the three main controls of:
e Containment — keeping the hydrogen within the vessels and pipework;
e Ignition prevention; and

e Separation distances — such that the HRS is not affected by other events (e.g. ignited leak of petrol — see section
3.1.2.1).

The above requirements are generally given in current good practice and further details of this are given in section 3.3,
with a general discussion on how good practice is implemented in legislation outlined in section 4.1.

3.1.2.1 Co-location with petrol stations

In some EU countries there has been a trend towards installing hydrogen refuelling points on the same premises as
existing petrol stations since multi-fuel hubs are efficient and convenient for the public. Figure 2 shows a new hydrogen
refuelling station which has been located within a pre-existing petrol station.

In a multi-fuel refuelling station, the hydrogen separation distances would need to account for all the hazards, e.g. placing
hydrogen storage and compressors at the edge of the premises several metres away from any petrol or diesel refuelling
equipment. Without sufficient separation distances there is a risk of escalation if there were to be an incident. For example,
an ignited spill of petrol could cause damage to the hydrogen storage tanks, potentially leading to catastrophic failure if
the fire was not extinguished. To further reduce the risk of escalation, hydrogen storage vessels are designed to withstand
external influences (e.g. fires) for defined periods. Storage vessels should also be fitted with fire relief valves. This, along
with defined separation distances reduce the risk from failure of the storage. Section 4.1 discusses the way in which this
can be regulated, in conjunction with the use of codes, standards and industry good practice.

10 Experimental Study on Hydrogen Explosions in a Full-scale Hydrogen Filling Station Model, T. Tanaka, T. Azuma, J.A. Evans, P.M.
Cronin, D.M. Johnson, and R.P. Cleaver, International Journal of Hydrogen Energy, 2007, 32(13), 2162—-2170.
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Figure 2 A hydrogen refuelling station within a petrol station!

3.1.2.2 Vehicle maintenance

During the visit by the project team to the Translink bus depot in Belfast, the maintenance of hydrogen fuel cell electric
vehicles was discussed and a maintenance facility viewed. While minimal maintenance of the fuel cell itself is required,
general vehicle maintenance tasks (e.g. changing tyres) are still required on a regular basis. Therefore, there is the need
to have hydrogen vehicles inside a workshop to carry out maintenance, which introduces additional hazards when
compared to petrol or diesel powered vehicles.

This report does not cover the regulation of activities such as maintenance, through from a hydrogen perspective the risk
of a flammable atmosphere being generated in such an activity are primarily controlled by regulations to enact the EU
ATEX Directives (DSEAR in Northern Ireland). This is explained further in section 4.2. Figure 3 and Figure 4 below shows
a hydrogen vehicle workshop that has been fitted with gas detectors and mechanical ventilation.

To comply with ATEX, the workshops may need to be fitted with additional safeguards such as hydrogen gas detectors,
mechanical ventilation and ATEX-rated equipment. The risks associated with bringing a hydrogen vehicle inside a
workshop and carrying out maintenance are comparable to the risks associated with hydrogen refuelling activities. The
main differences are the risk reduction for the HRS offered by it being in an open environment versus the closed nature
of a workshop, but a risk reduction in the workshop compared to the HRS because of the more limited volume of hydrogen
(just that in the vehicle).

11 Image © H2 MOBILITY Deutschland GmbH & Co. KG

DNV — Report No. 10369981/02, Rev. 5 — www.dnv.com Page 10



DNV

Figure 3 Gas detection (on the wall) and mechanical Figure 4 DSEAR (ATEX) area in a hydrogen
ventilation (in the roof) in a hydrogen vehicle workshop vehicle workshop (bus to right)

3.2 Hydrogen refuelling stations
3.2.1 Location

Unlike petrol stations, there is an uneven distribution of HRSs across the globe. At the end of 2022 there were 814
hydrogen refuelling stations in operation worldwide, with plans to develop a further 315.12 The number in Europe (254)
and worldwide (814) are shown below followed by their distribution in Europe.

The HRSs are broadly installed for either public or commercial use. Currently commercial use is mainly by ‘return to base’
transport, for example buses, or refuse trucks that will only ever refuel at a single point (typically in light industrial or
commercial zones). Public use is limited due to the low uptake of hydrogen fuelled cars.

12 press release, H2stations.org, Ludwig-Bélkow-Systemtechnik GmbH, https://www.h2stations.org/press-release-2023-another-
record-addition-of-european-hydrogen-refuelling-stations-in-2022/
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3.2.2 Equipment

3.221

HRS

A hydrogen refuelling station consists of hydrogen storage, hydrogen gas compressors, a pre-cooling system, and a
hydrogen dispenser, which dispenses hydrogen at pressures of 350 bar or 700 bar depending on the type of vehicle. The
main equipment items are:

Production: Hydrogen may be generated on-site via electrolysis of water with electricity. Fuel cells used in
vehicles are sensitive to contaminants and so purification equipment is required. The presence of hydrogen
production and purification facilities does not change the way in which an HRS is regulated, providing quantities
stored on-site are not above the COMAH and hazardous substances planning minimum limits and no new
hazards, not considered in this report, are introduced.

Storage: Hydrogen may be supplied in a tube trailer having been generated off-site. This requires a hook-up
connection and a gas transfer panel at the HRS. Hydrogen may be stored in high pressure cylinders to cascade
fillinto a vehicle, or alternatively lower pressure hydrogen storage may act as a buffer and be directly compressed
into the vehicle. Hydrogen may also be stored as a cryogenic liquid and vaporised prior to dispensing.

Compressor: A compressor is needed to raise the pressure of the hydrogen to above that in the vehicle (a
maximum of 350 bar or 700 bar, though this is temperature dependent). Even if the initial storage pressure is
high enough to flow into the vehicle, as the hydrogen is dispensed, its pressure will drop and so a compressor is
needed to continue to supply hydrogen.

Dispenser: The dispenser comprises a nozzle and hose with a breakaway coupling that will separate and shutoff
the flow of hydrogen should the vehicle driveaway while still connected to the nozzle. Inside the dispenser
enclosure is a filter, mass flow meter, a heat exchanger for pre-chilling the hydrogen to about —40 °C (since
hydrogen heats up as it expands into the vehicle storage), pressure and temperature transmitters, pressure relief
valve, isolation valves and a vent valve, together with control equipment and interface.

Figure 7 shows an HRS supplied with hydrogen from a tube trailer that is not open to the public (Translink in Belfast) and

Figure 8 shows an HRS with hydrogen producing capabilities on site in Aberdeen, Scotland that is open to the public. The

Translink tube trailer HRS is located within a bus depot and is not accessible to members of the public.

Figure 7 Commercial hydrogen refuelling station (Translink, Belfast)
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Figure 8 Hydrogen refuelling station open to the public (Altens, Aberdeen)?!?

3.2.2.2 Vehicle connection

The configuration between HRS and vehicle is shown in Figure 9 below. The standard I.S. EN 17127:2020,%4 covers the
interoperability of hydrogen refuelling points, and I.S. EN 1ISO 17268:2020,'° covers the connection. Unlike the traditional
refuelling process for petrol and diesel, hydrogen requires a communications link to be established between the vehicle
and refuelling pump through the refuelling nozzle where information on vehicle fill levels etc is communicated to ensure
safe and effective filling. It is not possible to inadvertently dispense hydrogen into the atmosphere in an analogous way to
which petrol or diesel may be spilt at a petroleum refuelling station.

HydTOQQn

} Amblent Temperature
Breakaway Sovor Vehicle fueling receptacle
Nozzle + Communication
Dispenser +
Dispenser Controller g%ﬂ
Hose
Temperature + - 11® | ’- )
Pressure Sensors l = m :
Metor — - Fuel line '
~ \"1' e ———————
""" Grounded and Bonded
Fueling Pad ‘ .
o — | Compressed Hydrogen
Thermally activated pressure relief device (TPRD) Storage System (CHSS)
Cooling block * CHSS Temperature and Pressure Sensors

Figure 9 Typical HRS dispenser elements'6

13 |mage courtesy of Aberdeen City Council.
14 Qutdoor hydrogen refuelling points dispensing gaseous hydrogen and incorporating filling protocols, I.S. EN 17127, 2020.

15Gaseous hydrogen land vehicle refuelling connection devices, International Organization for Standardization, I.S. EN 1SO 17268,
2020.

16 Image reproduced from ISO 19880-1:2020.
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3.2.2.3 Vehicle

Hydrogen fuel cells are comparable in size to conventional internal combustion engines and so can fit within the chassis
of existing vehicles. However, the hydrogen storage tanks require significantly more space than their petrol or diesel
equivalents and so some modifications to the internal vehicle layout are required. In the case of the double decker bus in
Figure 10 the back row of seating on the upper deck was removed in order to fit the required number of hydrogen storage
tanks to give a suitable range between fills.

Figure 10 Hydrogen fuel cell and storage tank in a hydrogen powered bus

3.3 Hydrogen refuelling station safeguards
3.3.1 Introduction

To understand the regulation that is required for HRS safety, it is important to understand the safety measures that are
currently employed in a typical HRS and the variability in these measures between different sites. These may be grouped
into plant, people and procedural measures, these being the three elements of process safety, a term used to describe
how the hazards of processing or using gases or liquids are managed.

3.3.2 Good practice and implementation

The safeguards discussed in the following sections are defined in codes and standards to be good practice, though the
exact implementation of a safeguard is dependent on specific circumstances. However, in EU countries, it is not the norm
to explicitly require the codes and standards to be implemented by, for example, being listed in regulation. However, the
as low as reasonably practicable (ALARP) principle alongside sound risk management means that the starting point in
any risk assessment (which is required by various existing regulations for HRSs) is compliance with good practice. See
section 4.1 for more detail on this matter. For each safety measure, a high-level comment is also given on whether any
decision in relation to the safety measure is made through reference to existing regulations, codes and standards, or
another mechanism. In each case, the decision is essentially one of whether, or how much of the safeguard is needed for
the risk to be ALARP. As outlined in section 4.1, the more complex these decisions are and the severity of the implications
of getting a decision wrong, the greater the need for a more stringent regulatory structure. However even in a more
stringent environment, such as offshore oil and gas, good practice does not need to be defined in regulation, though the
regulator, or industry may define this in some areas. Further information on how this decision is made in section 4.1.1 and
one key role of regulation is to ensure that key decisions are appropriately made.
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3.3.3 Plant
3.3.3.1 Layout

As with any fuel source, there is a fire risk from hydrogen should it be accidentally released and ignited. If the ignition is
delayed and a gas cloud has built-up in a volume with congestion, or confinement, there is the possibility of an explosion.
If a fire or explosion does occur, the user of the HRS is at less danger if they are further away from the hazard and there
is less chance of escalation if other items of vulnerable equipment are well separated. Therefore, one of the primary safety
measures for an HRS (and a petrol filling station) is the layout. Separation distances are the minimum distance between
a release source and other equipment, structures or people, and may be modified by installing firewalls (see section
3.3.3.3). Prescriptive separation distances are given in NFPA 2,17 and 1ISO 19880-18 includes a risk-based approach.

In addition to these considerations, any new overhead structure or canopy design should be such that accumulation of
hydrogen in the event of a leak is prevented. The layout also needs to consider issues such as refuelling tanker vehicle
access, maintenance operations, emergency access and egress, etc.

The decision on the detailed layout is likely to be made by reference to codes and standards, while the macro-layout may
be a planning issue.

3.3.3.2 Hazardous area classification

Hazardous area classification (HAC) is a well understood method of ensuring that equipment that may be exposed to an
accidental release does not cause its ignition. It applies to electrical equipment but is also relevant for machinery that has
the potential to create a hot surface that could cause ignition (>500°C for hydrogen).'® Ventilation must also be considered
for enclosed spaces where there is no, or very limited natural ventilation. Application of the HAC standard,
I.S EN IEC 60079-10-1,%° requires various assumptions and application of engineering judgement, which can lead to
variation in zones between different locations. .S EN 1ISO 1692321 for CNG has an informative annex with HAC zoning,
and a supplement?? to the Blue Book (industry good practice on how to design a refuelling station) includes information
for HRSs. This Blue Book supplement is tailored specifically to hydrogen dispensing systems for refuelling motor vehicles
at filling stations with both traditional liquid fuels and hydrogen.

Hazardous area classification is codified and so any decision is made by reference to codes and standards (though these
are essentially risk-based themselves).

3.3.3.3 Firewall

A firewall can be used to separate a fire hazard from vulnerable equipment or people and potentially reduce separation
distances between equipment. ISO 19880-118 states that ‘A fire barrier may be used as a mitigation option to reduce safety
distances.’ There is no guidance on the size or extent of the firewall and so location specific assessment is needed. The
supplement?? to the Blue Book states that a two-hour rated firewall that provides effective line-of-sight cut-off between
source and object can be considered to reduce the overall separation distance [specified in the guidance] by 50 %.

Risk assessment is likely to be used to decide on whether a firewall is installed, though the risk assessment may just
involve an assessment of consequences (flame lengths compared to the available space on the site). A firewall is more
likely for more complex sites, e.g. with hydrogen production.

17 Hydrogen Technologies Code, NFPA 2, National Fire Protection Association, Massachusetts, USA, 2023.

18 Gaseous hydrogen — Fuelling stations — Part 1: General requirements, ISO 19880-1, International Organization for Standardization,
2020. Note this has not yet been adopted at a European level.

19 Spontaneous ignition of hydrogen: Literature Review, RR615, Health and Safety Executive, UK, 2008,
https://www.hse.gov.uk/research/rrpdf/rr615.pdf

20 Explosive atmospheres - Part 10-1: Classification of areas - Explosive gas atmospheres, IEC 60079-10-1, International
Electrotechnical Commission, 2020.

21 Natural gas fuelling stations — CNG stations for fuelling vehicles, 1SO 16923, International Organization for Standardization, 2016.

22 Guidance on hydrogen delivery systems for refuelling of motor vehicles, co-located with petrol fuelling stations, APEA/BCGA/EI
Guidance, 2017.
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3.3.34 Detection

Hydrogen gas and flame detection installed in buildings or enclosures and outside can be used to stop any refuelling
process should there be an incident that is detected by them. ISO 19880-1'8 states that direct or indirect means of
detecting hydrogen fires should be provided to avoid escalation due to flame impingement on neighbouring equipment by
taking an appropriate action, if required by risk assessment.

The decision on whether fire and gas detection is required is made by risk assessment with a greater requirement for
installation in an enclosure.??

3.3.3.5 Pressure and temperature protection

With changes in temperature and pressure regimes between different parts of the hydrogen refuelling equipment, there is
the potential for a hydrogen release if a serious upset occurs and the pressure or temperature in some part of the
equipment exceeds its ratings. This type of hazard is often controlled by a temperature or pressure instrument detecting
the hazard and shutting down, for example, the compressor to remove the source of pressure. The ability of this safety
system to work correctly and appropriately is termed functional safety and this needs to be demonstrated at system level
using the .S EN IEC 61508 series of standards for functional safety. Pressure safety valves or devices also need to be
considered to manage any pressure hazard. Where liquid hydrogen is stored a low temperature cut-off is needed in the
supply line from storage.

Codes and standards for instruments (1.S EN IEC 6151125) and pressure containment guide as to the protective devices
needed and/or their functionality.

3.3.3.6 Communication: HRS-vehicle checks

The nozzle and other associated dispensing system components for each fuelling point must match the equipment on the
vehicle for hydrogen to be safely dispensed. The fuelling protocol includes an electronic pressure-rating check prior to
fuelling and an ongoing pressure and fill level check for the duration of the refuelling. There is also a high pressure cut-off
to ensure the vehicle hydrogen storage tanks cannot be overfilled or over pressurised.

The communications link is achieved through a wired two-way electronic link between the vehicle and the refuelling station
via the nozzle. The requirement for this link is one of the main differences between hydrogen refuelling and traditional
petrol or diesel refuelling of vehicles and is vital for safe and effective filling.

Codes and standards define the communication protocols and requirements.

3.3.4 People
3.34.1 Operator

HRS operators (those that work on an HRS, not the public who may use one), maintenance personnel, and fuelling
attendants (for facilities that have them) need to be trained in the operations of the fuelling station, relevant specifics on
hydrogen and in dealing with emergencies. Employees need to be trained in emergency response plan (ERP) procedures.

Specific competency requirements are placed on operators of high hazard sites but are not in place for less hazardous
locations. Petrol stations require tanker drivers and contractors working on the forecourts to have undergone specific
training. A similar level of training should be given to all personnel operating HRSs at work. However, for those HRSs
open to the public, it is not possible to train every user.

23 For comparison the workshop seen at Translink had hydrogen gas detection.

24 Functional safety of electrical/electronic/programmable electronic safety-related systems, IEC 61508, International Electrotechnical
Commission, 2010.

25 Functional safety — Safety instrumented systems for the process industry sector, IEC 61511, International Electrotechnical
Commission, 2016.
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3.34.2 User

The user of an HRS should not have a safety critical®® role to play when refuelling a vehicle. The same is not true for petrol
refuelling stations where there is always the possibility of petrol spillage if the equipment is incorrectly used.

The avoidance of the user being a safety critical part of the refuelling process is achieved by commonality of systems and
the need for the HRS nozzle to match to the vehicle and for the two elements to communicate with each other. Due to this
inherent safety in design, use should be possible with a minimum of instruction: by comparison, no training is provided or
required for petrol refuelling despite the higher possibility of spillage. Nevertheless, instructions for use of the HRS need
to be included on or in the vicinity of each dispenser with the dispenser fuel (i.e. hydrogen) and pressure class clearly
indicated and an example of this is shown in Figure 11 below.

The user of the dispenser should also have the ability to initiate and stop the automatic fuelling process from the dispensing
area.

3.3.5 Procedures

Beyond that described above for the user, no usage procedures are required.

Procedures are needed for service and maintenance activities. Procedures need to consider proper isolation of the system,

measures required during the maintenance or service activity to prevent contamination or air ingestion into the dispensing
system, and steps required to return the system to operation.

- How to use

0 Check that the green lght is it
P
,9 Connect the nozzie 10 your vetvcks
Pross start bution.
The green ight will fash while dapensing

A red gt will fash f there is an orror - the
fashing code will 8ipnad dflerent errors.

When dapensing is complete T green and

O ‘ rod kghes wil come 0n 1ogether. Disconnect
the nozzie from your vetscle and retum & 1o
the holder

Press s1op tamon at any tme

Figure 11 HRS refuelling nozzle with user instructions

26 safety critical is a term initially used offshore to identify those items of equipment that are essential to the safe operation of a plant,
or are essential to allow personnel to react to and control an emergency. The same concept can also be used for work carried out: if an
error can plausibly lead to a hazards, that part of the task can be described as safety critical.
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4 HYDROGEN REFUELLING STATION REGULATIONS
4.1 General regulatory principles and approaches
4.1.1 ALARP and decision making

In Ireland and Northern Ireland health and safety regulation is based on the underpinning principle that risk should be
reduced to as low as reasonably practicable (ALARP) and that the body that generates the risk is responsible to do this
as they best understand it and are best placed to manage it. This places the onus on the owner/operator to implement
reasonably practicable risk reduction measures to protect the workforce and members of the public from the risks arising
from their activities. For hazards that are well understood, the judgement of what is reasonably practicable is likely to be
made by following good practice,?” whereas for higher risk, less established operations an assessment requiring
engineering risk assessment, or even a precautionary approach is required, as shown in Figure 12 below taken from the
CRU’s ALARP Guidance.?82°

Factor A B C
Nothing new or unusual New to thg organisation or New and unproven ir]ver_wtion, design,
. geographical area development or application

) Type of Represents normal business e )
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Activity Well-understood activity _ ) : ]
(] . ! Good practice not well defined or met No established good practice for whole
"E Good practice well-defined by more than one option activity
[=] — ; ——

Significant uncertainty in risk
o
. . Risks amenable to assessment using Data or assessment methodologies
c URISktaI_]dt SIS TS T under’st;:)od well-established data and methods unproven
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.UI experts
~
(8]
[
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«
XK
XK
XK
#K

whed
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E g Engineering
w _E &/or Risk

8 (%] Assessment
4 o

<

Precautionary
Principle

Figure 12 Risk related decision-making framework?®

Taking account of the decisions that have to be made by the owner/operator and potentially judged by a regulator, the
type of regulation that is required is explored below in the context of a proactive or reactive regulatory regime. The latter
is more appropriate when the hazard and controls are well understood and the former when the decisions are more
complex and would often have a very high cost to change.

27 Good practice is the recognised risk management practices and measures that are used by competent organisations to manage well
understood hazards arising from their activities.

28 ALARP Guidance Part of the Petroleum Safety Framework and the Gas Safety Regulatory Framework, Commission for the
Regulation of Utilities, Version 3.1, November 2017, https://www.cru.ie/wp-content/uploads/2017/11/CER16106-ALARP-Guidance-
Vv3.0.pdf

29 sStakeholder interest is the term for external influences that may favour more cautious approach than may otherwise be the case from
following a strict engineering approach. The context of stakeholder interest is relevant for an operator of a site, but less relevant in this
context for a regulator, or government body. For an operator, its inclusion would tend to make the approach more precautionary or lead
to a more sophisticated risk assessment being carried out and most likely lead to a more cautionary approach than would otherwise be
the case.
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4.1.2 Proactive versus reactive regulation

Proactive regulatory regimes that use a goal setting approach are appropriate for high hazard industries. Characteristics

of a proactive regulatory regime are:

Decisions made in design are complex or costly, e.g. separate accommodation platform for offshore oil and gas
facility to separate personnel off-shift, or not directly working on the process plant from the hazards;

Regulation likely to be goal setting and have few overall standards for the way in which the facility needs to be
designed, though standards for individual equipment items will exist and be applicable;

Regulator likely to inspect over a variety of topics on a regular basis; and

The regime is permissioning in that the regulator carries out significant work to assess any future owner/operator
of a facility before operations begin and the regulator only provides permission for operations to commence when
satisfied that the risk is ALARP. For higher risk industries, safety cases are appropriate. A safety case is a
document that presents a clear argument, alongside evidence, to justify that the risk of operation of a facility is
as low as reasonably practicable. Safety cases must be submitted to a regulator for approval ahead of a facility
becoming operational. Examples of high hazard industries that have implemented a safety case regime include:

o Safety cases for oil and gas installations — driven by Piper Alpha 167 fatalities and Deepwater Horizon;

o COMAH safety reports for industrial onshore facilities — driven by 100-1000s of people affected by
Seveso chemical poisoning;

o Railways — driven by Ladbroke Grove 31 fatalities; and
o Gas networks — potential risk countrywide.

In all of these cases, there have either been single events that have caused very significant loss of life, or a lower,
but fatal, risk exists over a very wide area with the potential for a large number of fatalities to occur over a longer
timescale. An example of this is the CNG refuelling stations (which are required to produce a safety case). A
CNG refuelling station is supplied from the gas network through a physical connection, which means that an
event at a CNG station can be fed by the gas grid. However, the supply is at a far lower pressure than that which
is supplied to the vehicle and so this will have a limited impact on the overall consequences. An HRS is
standalone, with hydrogen either generated on site, or delivered to site by road trailers, but this difference does
not represent a significant difference in risk between the two situations.

The context of HRSs in Ireland is for there to be a relatively small number most likely just supplying commercial
customers and the inventories stored are below the COMAH thresholds for a safety case. Thus, there is no
compelling driver for a safety case regime for HRSs unlike the industries listed above.

For a lower risk situation in well understood industries, a more reactive regulatory regime is more appropriate in that the

regulator only reacts if something goes wrong. Characteristics of a reactive regulatory regime are:

Regulations and standards are likely to identify what the operator/owner must do to be compliant;
Hazards and controls are well understood;

Good practice is likely to be written down (e.g. Red and Blue Books for petrol stations);

Licensing is a normal method (e.g. gas installers, petrol stations);

o The licensing may be through a more general body than the specialist one that would investigate an
incident (e.g. local authority versus the Health and Safety Authority (HSA));

A risk assessment may be required, but not need to be submitted to a regulator for operations to commence; and

Likely to be strong similarity between designs of facilitates/sites.
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4.1.3 Goal setting and prescription

Regulations that require proactive regulation are typically goal setting in nature in that they require the reduction of risks
to a level that is ALARP, but leave discretion to the operator/owner as to how to achieve this. This is fundamentally different
from a prescriptive approach where the regulation defines the way in which an installation should be designed and
operated. A prescriptive approach, which defines all requirements, gives clarity on what is required but may lead to risks
not being fully and appropriately addressed if the situation is not a standard one.

For more complex situations, a goal setting approach has many advantages over a prescriptive approach. Rather than
simply complying with prescriptive requirements, goal setting requires the ‘owner’ of the hazard to understand the hazards
their operations present and to demonstrate that the safety measures they have in place are appropriate. Prescriptive
requirements also tend to lag technical developments, whereas adoption of the ALARP principle requires consideration
of new knowledge and incorporates continuous improvement.

It is possible for regulations to be predominantly goal setting while including elements of prescription where it may be
beneficial in certain circumstances such as the following:

o  Where the hazards are well understood and there are established protective or preventive measures adopted in
the industry;

o  Where risk assessment would not necessarily support the adoption of accepted good practice;

e Where the regulator recognises some element of advantage in having a common approach i.e. all offshore
helidecks comply with the same standard; and

o  Where the regulator considers that there is insufficient data available to make a determination that a risk is
reduced to a level that is ALARP.

4.1.4 Incorporation of codes, standards and good practice

As the risks of HRSs are well understood there are an array of codes, standards and guidance that can be used by
designers and operators of such facilities. These are written in such a way that they contain a level of detail that would
not be practicable to put into regulation. Specific HRS standards have been developed by ISO and the British Compressed
Gas Association. These are widely considered to contain good practice, which should be reviewed when planning,
designing, constructing and operating such a facility. Other sources, such as the addendum to the Blue Book, provide
information on good practice around the co-location of an HRS with an existing petroleum filling station.

The codes and standards discussed above represent a wealth of information on good practice for HRSs. While the
regulations in Ireland do not explicitly require all of these standards to be implemented (the regulations are mostly goal
setting, not prescriptive), it is implied through the ALARP principle that where reasonably practicable, good practice should
be applied. To this extent, the safeguards in section 3.3, while good practice, may not all need to be applied at any single
HRS if it can be shown (through risk assessment, or equivalent) that the effort of implementing the measures is not
proportionate to the risk reduction they would introduce.

4.1.5 Conclusion

In reference to the diagram in Figure 12, the discussion above and, as described in section 3, the hazards of hydrogen
and the controls for an HRS being well understood, there is no indication that a precautionary approach needs to be taken
where certain activities are prohibited, or severely curtailed. There is a significant body of good practice already defined
for HRSs, though some of it can lead to the requirement to carry out an engineering risk assessment and this can even
be embodied in some codes® e.g. hazardous area classification. Such codes are common across many parts of the world
and the general requirement to meet good practice, which forms the basis of any risk assessment, means that these codes
need to be adhered to, or another approach made, which meets the same aims. Furthermore, existing regulations in
Ireland relating to flammable atmospheres require a risk assessment to be completed and hazardous area classification
to be carried out, amongst other requirements. This means that the decisions that are made in terms of the safety

30 See examples in section 3.3.3.

DNV — Report No. 10369981/02, Rev. 5 — www.dnv.com Page 21



DNV

measures required for the design and operation of an HRS are well understood and this in turn means that any regulatory
decision on the acceptability of the risk from an HRS is also well defined. This indicates that a more reactive, potentially
prescriptive regulatory approach is appropriate.

4.2 EU-wide applicable regulation

There are no EU safety regulations or directives specifically covering safety of hydrogen refuelling stations. There are,
however, EU directives that are directly applicable to HRSs. Occurrence of fire and/or explosion requires three elements
to be present: oxygen, fuel and an ignition source. The fire triangle brings these three factors together diagrammatically.
If any one of these three elements are removed, then a fire/explosion cannot occur. To this extent, the safety legislation
applicable to petrol and hydrogen refuelling stations can be mapped to elements within the widely-used fire triangle (see
Figure 13).

Oxygen

HRS Safety

Fuel Containmentl | Ignition Prevention

Figure 13 Fire triangle

For obvious reasons, the concentration of oxygen in the atmosphere cannot be controlled, and so no regulations exist to
remove this corner of the fire triangle. However, fuel and ignition sources can be controlled and there are EU directives in
place to regulate these elements:

e The Pressure Equipment Directive (2014/68/EU) and Pressure Vessels Directive (2014/29/EU) cover the safe
storage of hydrogen (and all gases) at pressure and so are aimed at preventing loss of containment events in
pressurised systems; and

e The ignition element is control through two ATEX directives (Directive 99/92/EC ‘ATEX 137’ and 2014/34/EU
‘ATEX 114’).

By controlling these elements, the risk of a fire/explosion is greatly reduced. The diagram in Figure 14 shows these
directives with the fire triangle and which are applicable to hydrogen and/or petrol. This diagram is used to show the
regulatory framework for various countries, as well as the potential frameworks options that Ireland could adopt.
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Figure 14 Fire triangle outlining EU filling station directives

Other safety measures, such as firewalls and separation distances, further mitigate the risk should fuel containment and
ignition prevention measures fail.

The EU Seveso Il Directive (implemented through the COMAH regulations) is applicable to all sites that contain hazardous
materials above defined thresholds, which for hydrogen is five tonnes (lower tier sites) and fifty tonnes (upper tier sites).3!
Operators of such sites must have a Major Accident Prevention Policy in place, and for upper tier sites this must be
included in a more detailed COMAH safety report. Currently HRSs have limited storage and do not contain five tonnes (or
more) of hydrogen and so are unlikely to fall under COMAH. Production of hydrogen on site by an electrolyser does not
materially change the inventory stored.

The Deployment of Alternative Fuels Infrastructure Directive 2014 was enacted to encourage the development of electrical
charging points and HRSs along motorways in the EU. It is to be replaced by a regulation in 2023.1 Nevertheless, it does
not cover the safety aspects of HRSs and is aimed at encouraging development of greener fuels.

4.3 Ireland

In Ireland, occupational health and safety legislation is built on the Safety, Health and Welfare Act 2005, which addresses
aspects of workforce safety associated with employment. Multiple regulations sit under the Act, including those currently
in place that would be applicable to an HRS if one were to be built in Ireland.

The following sections summarise the current legislative framework in place in Ireland for HRSs.

31 Where an establishment has no individual substance or preparation present in a quantity above or equal to the relevant thresholds
COMAHH requires the quantities of all the dangerous substances present in an installation to be added together as partial fractions of
their threshold quantities. If the total equals or exceeds 1, the regulations apply.
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4.3.1 Planning

The Planning and Development Act 2000 forms the basis for planning regulations. Underneath the Act sits the principal
regulations of the Planning and Development Regulations 2001 (S.I. No. 600 of 2001).

The EU Seveso Directive (82/501/EEC) is implemented in Ireland through the Chemicals Act (Control of Major Accident
Hazards Involving Dangerous Substances) Regulations 2015. These apply to any site that stores more than five tonnes
of hydrogen and requires the regulator to be notified before operations begin. If the quantity of hydrogen stored on site is
to exceed fifty tonnes, then a safety report must be prepared and submitted to the regulator ahead of the commencement
of construction of such a site. In the context of an HRS, it is typical for no more than three tonnes to be stored on site and
so these regulations would not apply in the absence of other dangerous substances.

4.3.2 Flammable atmospheres

Part 8 of the Safety, Health and Welfare at Work Regulations 2007 cover the regulation of potentially explosive
atmospheres and implements the two EU ATEX directives. The regulation is titled Explosive Atmospheres at Places of
Work and it applies to any place of work where there is the potential of a flammable atmosphere and requires the employer
to prepare a risk assessment to ensure the risks to employees have been reduced to an acceptable level.

4321 Workplace
For clarity, Part 8 of the Safety, Health and Welfare at Work Regulations 2007 define a workplace as:
“workplace” means any premises or part of premises used for or in connection with work, and includes—
e any place within the premises to which a person has access while at work, and

e any room, lobby, corridor, staircase, road or other place—
(i) used as a means of access to or egress from that place of work, or
(i) where facilities are provided for use in connection with that place of work, other than a public road.

By this definition HRSs, whether open to the public or not, could fall into the category of workplace, and thereby these
regulations would apply (except if an HRS was operated in non-commercial circumstances, though there are no known
instances of this in Europe). However, as there are currently no HRSs in Ireland, these regulations have not yet been
applied to HRSs, although the above would imply that the regulator would be the HSA.

Stakeholders fed back that the HSA had a workplace focus and so would not regulate HRS open to the general public.
However, under the above definition, commercial HRSs would be a place of work.

4.3.3 Pressure systems

Pressure systems are regulated under the Irish regulation entitled European Union (Pressure Equipment) Regulations
2017, with the HSA being the regulator for places of work. This regulation will apply to all HRSs if any are built in Ireland.
A similar model has been implemented in other EU countries.

4.3.4 Standards

Ireland applies similar standards to other EU countries, most notably ISO, European Norms, and the BCGA guidance. As
there are no HRSs in Ireland, applicability has not been tested, but the same operators are likely to be active in Ireland as
the EU and so will be used to following a standard compliant approach.

DNV — Report No. 10369981/02, Rev. 5 — www.dnv.com Page 24



DNV

4.3.5 Ireland petrol station regulation

The Dangerous Substances Regulations 2019 (DSR) are the statutory instruments in place in Ireland to regulate petrol
and diesel refuelling stations. There are two versions of these, S.I. No. 630 and 631,%2 that cover publicly available
refuelling stations and industrial refuelling stations respectively. The primary legislation, the Dangerous Substances Act
1972 (DSA), introduced a licensor, namely the local authority/fire brigade.

The DSR introduces the requirement for a risk assessment for petrol and diesel refuelling stations and requires the
operator to follow good practice. It also gives a process to regulate such refuelling stations through the licencing system.

In the 2019 update of the regulations, additional fuels, including hydrogen, were included, but the Department of Enterprise,
Trade and Employment has advised that these are being updated to remove references to hydrogen and that the hydrogen
element had not been commenced. These regulations are therefore not applicable to HRSs.

4.3.6 Ireland summary

A summary diagram of the current legislative framework is presented in Figure 15 below.

Safety, Health and Welfare at Work - S.I. No. 230/2017 - Equipment
Pressure Systems (S.l. No. 445 of 2012) @ Protective Systems Intended i
Aims to prevent serious injury from the hazard Use in Potentially Explosive
of stored energy. Applies at 0.5 bar or higher. Atmospheres Regulations 204
HSA Applies to equipment and protective
J systems intended for us in potentially
explosive atmospheres.
HSA

Ireland Pressure HRS Safet

Equipment Directive (PED) L A —_—
Applies to equipment with max —PrFueI Containment I I Ignition Prevention
allowable pressure >0.5 bar. 4 4
HSA

Y

7 e

Safety, Health and Welfare at

Danger n flammabl
angerous substances (flammable Work Regulations 2007 Part8:

liquids & fuels retail stores) KEY I
Regulations 2019 EU Directives Explosive AtmoSpHEtS S
Set out the requirements for sites which Regulator of Work (S.1. No. 290G,

dispense and/or store petrol. COMAH sites are Require a reduction in risk from fire o
exempt from these regulations. explosion from hazardous substance:

Local authority (petrol and hydrogen) Hydrogen CH?Sn;\]eCted to work activities.

Figure 15 High level summary of legislation applicable to petrol stations and HRS in Ireland

4.4 Germany

In Germany there are no specific regulations for HRSs. However, safety regulations that cover commercial and industrial
facilities apply e.g. BetrSichV, BimSchG and Storfall-Verordnung, which are described further below.

A process for planning permission exists, but varies depending on the approval body, which is determined based on the
mass of hydrogen to be stored on site. HRS with under three tonnes of hydrogen storage are classified as ‘natural gas
filling plants’ and only require a permit within the scope of the Industrial Safety Ordinance (BetrSichV). Sites with hydrogen
storage capacities exceeding three tonnes have a more stringent approval and regulatory process. Furthermore, an HRS
with hydrogen production on site can only be built in commercial and industrial areas under planning laws.

Depending on the quantity of hydrogen stored and the type of hydrogen supply, different legal framework conditions must
be considered. Before preparing the permit application, the applicant and subsequent operator of the installation must
identify the competent licensing authority, which differs depending on the federal state (Bundesland) and the municipality

32 The regulations for petrol and diesel filling stations (S.I. No. 630 and 631) list applicable standards. It is unusual for regulations to list
standards as the update and management of the standards is out with the control of government or the regulator. In addition, there are
differences between the set of standards in the two regulations, with the reason for this being unclear.
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(Kommune). In most federal states, the trade office is responsible for the operating permit, but there are also states where
this is the responsibility of the district office or the environmental office. Overall the licensing is handled at a local level,
but any consideration of this for Ireland must accounting for the difference in size of Germany and Ireland.

If more than three tonnes of hydrogen are stored on site, the simplified procedure of the Federal Emission Control Act
(BimSchG) must be considered, and for a storage quantity of five tonnes and above the Major Accidents Ordinance too.
Additionally, if greater than thirty tonnes of hydrogen is stored on site, the formal procedure according to BimSchG must
be adhered to. A distinction is made not only according to the hydrogen storage quantity, but also whether the HRS is
standalone or part of a multifuel hub. A summary of the relevant approval bodies is provided in Table 2 below.

EU directives are implemented in Germany at national level by regulations. This is how ATEX, pressure equipment and
alternative fuels infrastructures are applied to HRSs in Germany. Figure 16 shows the regulatory structure within Germany
for HRSs.

The Ordinance on Industrial Safety and Health requires workplaces with a high hazard risk to carry out a risk assessment
for commissioning of the facility and on a regular basis to determine safety measures. Separation distances must also be
considered, pursuant to local site conditions, with external safety distances determined on the basis of the risk assessment
according to the Ordinance on Industrial Safety and Health. Currently there is no common method available to determine
the internal safety distances, although ISO standards are usually applied to demonstrate good practice.

Table 2 Regulations relevant for HRSs in Germany

Under the Industrial Safety Ordinance (BetrSichV) Section

Hydrogen storage <3 tonnes 3 § 18 a permit is required alongside a building permit.

Hydrogen storage >5 tonnes (considering other

hazardous substances with respective weightings) Major Accidents Ordinance (BimSchG)

Hydrogen storage 23 and <30 tonnes Federal Emission Control Act (BimSchG) simplified

procedure
Hydrogen storage 230 tonnes and/or on-site Federal Emission Control Act (BimSchG) formal
electrolysis on an industrial scale procedure

Of the countries researched, Germany has by far the most hydrogen refuelling stations (>100). This shows that the
planning and regulation requirements are not so stringent as to be a deterrent to development of HRSs. With no specific
legislation for HRSs, Germany regulates these with existing legislative framework as described above, thereby presenting
no major barriers or delays to the design, construction and operation of a hydrogen refuelling station.

Despite this, there has been a relatively small uptake of private hydrogen vehicles, with commercial heavy goods vehicles
utilising hydrogen for transport far more extensively.
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Figure 16 Overview of the main standards and legislation for HRSs in Germany

45 The Netherlands

The responsible authorities for the regulation of HRSs are the local authority (municipality) or provincial authority
depending on where the HRS is being built. A planned HRS has to adhere to existing land use planning zones. An
environmental permit is required for construction and operation under the Environmental Act (Wet Algemene Bepalingen
Omgevingsrecht).

As with all EU member states, The Netherlands has implemented the ATEX and pressurised equipment directives.
However, The Netherlands has prepared guidance document PGS 35:2021% for hydrogen dispensing sites for road
vehicles. This provides guidance to the operators as well as the local authorities who will make decisions regarding the
licencing of an HRS, although its format means that the actual specification of requirements is opaque. The document is
guidance and is not a regulation, but does cover statutory regulations and so some parts of the guidance are mandatory.
For example, as per other EU countries, it is a requirement that an explosion protection document (EPD) must be written
before a facility becomes operational (to comply with ATEX). PGS 35:2021 states that the EPD must show evidence the
following processes have been completed:

e Identify and assess explosion risks;

e Document the implemented measures to prevent explosions;

e Designate a series of hazardous zones within the facility;

e Describe the design, operation and maintenance of all equipment on site; and

e Outline how potential risks are communicated to employees.
As part of the EPD, a quantitative risk assessment (QRA) is required under the Besluit Risico’s Zware Ongevallen (which

is a decree on risks of serious accidents), which is similar to ISO 19880-1. This enables operators to determine external
separation distances to ensure risks are reduced to an acceptable level and the possibility of escalation is reduced. A

33 Hydrogen: Installations for delivery of hydrogen to road vehicles, PGS 35:2021 en,
https://publicatiereeksgevaarlijkestoffen.nl/publicaties/online/pgs-35/2021/1-0-augustus-2021/#top
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specific methodology for QRAs for HRS is currently under development in The Netherlands. An overview of the legislative
framework for HRS in The Netherlands is presented in Figure 17 below.
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Figure 17 Overview of the main standards and legislation for HRSs in The Netherlands

The regulatory regime does not include a standalone piece of legislation for hydrogen refuelling stations and continues to
rely on the Dutch application of the relevant EU directives.

4.6 United Kingdom
4.6.1 General

In the United Kingdom (UK) the legislation enacting regulations differs in England and Wales, Scotland and Northern
Ireland due to the different legal systems and levels of devolution in operation. In Great Britain (Scotland, England and
Wales) occupational health and safety legislation is built on the Health and Safety at Work etc Act 1974 (HASAWA), which
addresses both public and workforce safety associated with general employment. The concept of reducing risks to ALARP,
which is at the core of the HASAWA, is common to most international risk-based regulatory processes. Under much of
the UK legislation covered by this review, a requirement is placed upon the ‘duty holder’ to demonstrate that hazards have
been identified and that the resulting risks have been assessed and managed such that the remaining residual risks have
been reduced to be ALARP. Many regulations sit under the HASAWA, some of which apply to HRSs (see sections 4.6.3
and 4.6.4).

The COMAH regulations also fall under the HASAWA. They aim to reduce the risk to people and the environment from
major accident hazards onshore. A site is only deemed a COMAH site if quantities of a hazardous material above a defined
threshold are stored there. With regards to hydrogen, a site enters the lower tier (as defined in the COMAH regulations)
when more than five tonnes of hydrogen is stored, and the upper tier when more than fifty tonnes is stored. It is anticipated
that hydrogen refuelling stations will have less than five tonnes of hydrogen in storage, and so the COMAH regulations
are unlikely to apply.3?
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4.6.2 Planning

With regards to planning for a new site, the Planning Act 2008 applies to nationally significant infrastructure projects in
Great Britain, a definition that no single refuelling station meets. If more than two tonnes of hydrogen is to be kept on a
site then the Planning (Hazardous Substances) Regulations 2015%* and the Planning (Hazardous Substances) (No. 2)
Regulations (Northern Ireland) 2015 apply. These implement land-use planning requirements under the EU Seveso Il
Directive for the issuing of a Hazardous Substance Consent.

For new HRSs planning to store less than two tonnes of hydrogen, in England and Wales the Town and Country Planning
Act 1990 and in Scotland the Town and Country Planning (Scotland) Act 1997 apply, with local planning authorities (LPAS)
granting permission for new hydrogen refuelling stations. This is a well established practice and, in most cases, the local
council are the LPA.

The planning process begins and ends with the local town and country planning authority but comprises a series of parallel
steps with the other involved inspection and approval parties. Through the planning process, a public access HRS will not
be permitted in residential areas, only within industrial or mixed industrial and commercial zones. Local authority
permission will also take into account approval by the local fire brigade. The Health and Safety Executive is a statutory
consultee when Planning (Hazardous Substances) Regulations 2015 apply, i.e. where more than two tonnes of hydrogen
is being stored.

Part two of the Automated and Electric Vehicles Act 2018, which applies throughout the UK, includes the refuelling of
hydrogen vehicles. However, as of 2023 there are no regulations under this Act, so specific details relating to
standardisation and access to such sites are yet to be defined. The Act does lay the foundations for future regulations that
may enforce the need for large petroleum retailers to provide hydrogen refuelling stations, or provide detailed
specifications for the design, construction and operation of such HRSs. Part two of the Act states the following:

Public charging or refuelling points: access, standards and connection
(1) Regulations may impose requirements on operators of public charging or refuelling points in connection
with—
(a) the method of payment or other way by which access to the use of public charging or refuelling points may
be obtained:;
(b) performance, maintenance and availability of public charging or refuelling points;
(c) the components of public charging or refuelling points that provide the means by which vehicles connect
to such points (‘connecting components’).
(2) Regulations under subsection (1)(a) may require operators—
(a) to provide a prescribed method of payment or verification for obtaining access to the use of public
charging or refuelling points;
(b) to co-operate with each other for the purposes of a requirement imposed by the regulations (for example,
by sharing facilities or information);
(c) to take prescribed steps for the purposes of such a requirement (for example, to provide information to a
prescribed person).
(3) Regulations under subsection (1)(b) may, for example, require the operator of a public charging or refuelling
point to ensure that the point complies with prescribed requirements (which may include technical specifications).
(4) Regulations under subsection (1)(c) may, for example, require the operator of a public charging or refuelling
point to ensure that its connecting components comply with prescribed requirements (which may include
technical specifications for connecting components or any related equipment).

34 This instrument applies to England. It also applies to Wales and Scotland to the extent that it relates to certain planning decisions
that are not devolved.
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4.6.3 Flammable atmospheres

With regards to flammable atmospheres, the two EU ATEX directives (Directive 99/92/EC ‘ATEX 137’ and 2014/34/EU
‘ATEX 114’) are covered by the following regulations within the UK:

e The Dangerous Substances and Explosive Atmospheres Regulations 2002, and (Dangerous Substances and
Explosive Atmospheres Regulations (Northern Ireland) 2003 (DSEAR) apply to hydrogen refuelling stations. All
flammable gases under pressure fall within the DSEAR scope, with the aim of the regulations being to protect
people from fire, explosion and corrosion of metal; and

e The Equipment and Protective Systems Intended for use in Potentially Flammable Atmospheres Regulations
1996. These cover equipment and tools intended for use within a potentially flammable atmosphere and so items
used within the hazard zones in a refuelling station need to be compliant.

Specific risks must be identified (covering potential gas leak, co-location with other fuels where applicable, and hydrogen
storage and dispensing) under the DSEAR regulations. Hazardous areas must be identified covering hydrogen pipework,
dispensers, nozzles, and venting and British Standards methodologies (BS EN 600793%) must be followed. The canopy
must allow free flow ventilation and prevent the accumulation of hydrogen and that signage, light fittings and electrical
systems are appropriate to hydrogen hazardous area classification for HRSs.

4.6.4 Pressure systems

Pressurised gas systems above 0.5 barg are regulated in Great Britain under the Pressure Systems Safety Regulations
2000, and Pressure Systems Safety Regulations (Northern Ireland) 2004 (PSSR). Design, installation and operation are
included in the scope, and so a new build HRS will be required to adhere to these regulations from the outset. The
regulations also require that a written scheme of examination for the system is prepared by a ‘competent person’.

The Gas Safety (Installation and Use) Regulations 1998 and Gas Safety (Management) regulations 1996 do not apply to
HRSs and/or hydrogen, the former being concerned with domestic installations and the later with gas transportation in a
network. The Pipeline Safety Regulations 1996 do not apply to pipelines located wholly within a single premises, and so
it is not envisaged that an HRS would fall under these regulations.

4.6.5 Standards

UK regulations do not make direct reference to standards. However, there are commonly used standards (see section
4.1.4) for designing and operating an HRS:

e British Compressed Gas Association (BCGA) Guidance Note 41, revision 2;
e International Organisation for Standardization (ISO) 19880-1:2020; and

e APEA / BCGA / El — Guidance on hydrogen delivery systems for refuelling of motor vehicles co-located with
petrol filling stations (Blue Book supplement).

4.6.6 Petrol station regulation comparison

Regulation of petrol stations is a well understood and mature process. The Petroleum (Consolidation) Regulations 2014
are the main statutory instrument in Great Britain and the Petroleum (Consolidation) Act (Northern Ireland) 1929 in
Northern Ireland, and these introduce a licensing regime, managed by local authorities or the fire brigade. These sit
alongside DSEAR (see section 4.6.3), which for petrol stations is regulated by the relevant Petroleum Licensing Authority
(PLA) rather than the Health and Safety Executive (HSE). This is indicative that a situation where the risks are very well
understood (petrol stations) and is regulated by a less specialist body.

If a public HRS was co-located with a petrol station, HSENI expect that the local authority (as licencing authority) would
regulate it. However no views were expressed on the regulation of public standalone HRSs.

35 Multi-part Document — Explosive Atmospheres, BS EN 60079, British Standards Institution.
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4.6.7 UK summary

In summary, no new regulations have been brought into force in the UK to cover hydrogen refuelling stations. There are
no significant differences in approach in Northern Ireland compared with the rest of the UK. Existing acts and regulations
cover the scope of HRSs, with the Automated and Electric Vehicles Act 2018 laying the foundations for future regulations
with regards to hydrogen refuelling, should it become required. A high-level summary is provided in Figure 18 that takes
the form of a fire triangle and depicts the legislation in place to minimise loss of containment events and to prevent ignition
if such an event does occur. The regulations for both HRS and traditional petrol refuelling stations are included to highlight
the differences in regulation and regulator.
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Figure 18 High level summary of legislation applicable to petrol stations and HRS in GB

The UK'’s approach of not introducing specific regulations for HRSs avoids the complications of increased regulation.
Maintaining the regulation of HRSs to a similar level of regulation as petrol refuelling stations seems proportionate to the
risks posed by both facilities and has so far been working in the UK.

4.7 Similarities and differences in regulatory approach

The regulation of hydrogen refuelling stations in the EU and the UK is predominately through already existing health and
safety legislation, and equipment and risk assessment provisions originating from EU directives, primarily on ATEX and
pressure equipment. This means that similar legislative frameworks exist for hydrogen refuelling stations across Europe.
No jurisdiction has introduced hydrogen-specific legislation, with existing legislation being deemed sufficient. The
Netherlands has produced hydrogen specific guidance in PGS 35, and is currently developing a set methodology for
guantitative risk assessments for HRS.
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5 PROJECT WORKSHOP

A workshop was held on the 2" December 2022 at the Department for the Economy in Belfast to consult the steering
group and present the outcomes of the research that DNV had carried out into how HRSs are currently regulated in Ireland,
the UK and Europe. Through this analysis, DNV had identified four main areas for which the participants opinions would
be useful in framing the options for HRS safety regulation. DNV gave an overview of each area to the participants and
then a question was posed to the steering group. The resulting discussions fed into DNV’s analysis of the options for HRS
regulation in Ireland and how these would compare to the situation in Northern Ireland.

The discussion areas, questions and general opinions of the steering group are present below.
Discussion point 1 — Proactive versus reactive
Question — For HRS, should regulation be more proactive or reactive?

Opinions/answers — There was a consensus in the room that regulation of HRSs should be predominantly goal
setting, and not too prescriptive. A fully proactive regime would likely involve the requirement for a safety case, or
equivalent, and this was viewed by some participants to be too stringent a requirement, though it was also noted
that a gas is inherently more dangerous than a liquid under otherwise similar conditions (a release of gas being
sustained by its pressure whereas a liquid release requires pumping, or gravity to be sustained) and, with the public
at risk for public HRS, there could be a reason for a more stringent regime.

Discussion point 2 — Deviations

Question — Do you foresee any future deviations in alignment between Ireland and Northern Ireland that could
affect the safety of HRS users or the public?

Opinions/answers — Upon reflection and following discussion, no significant concerns regarding cross-border
deviation were identified because, from the point of view of the user, many aspects of the HRS are governed by
codes for which there would be no driver for divergence. Depending on how HRS safety regulation is developed,
there was recognised to be the potential for deviation in regulatory approach, but this was considered to be
preferrable to avoid as it would be a barrier to having a uniform approach for HRSs across the island of Ireland and
may act as a barrier to development.

Discussion point 3 — Restrictions

Question — Compared to what is commonly seen for the petrol refuelling stations, do you see the need for
restrictions in the location of HRSs?

Opinions/answers — The steering group agreed some restrictions on the locations would be required, but, from a
risk perspective, no more so than current restrictions on petrol station locations. Current planning legislation was
viewed to sufficiently cover this already, and so this is an area that may not require any additional regulation.
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Discussion point 4 — Dangerous Substances Regulations

Questions — Do you consider that the Dangerous Substances Regulations require amendment with respect to HRS
(including removal)?

Is the local authority / fire authority a suitable licensing authority for HRS? If not, what would be required to make
them suitable, or would another body be more suitable?

Opinions/answers — The general consensus was that the local authorities and/or fire brigades in Ireland are unlikely
to have sufficient expertise and resources to regulate/licence HRSs. It was noted that there are resource constraints
in some areas affecting licensing of petrol refuelling stations and to consider a further extension to a fuel with which
these bodies have no experience was not considered to be a good option. Other bodies such as the HSA and the
CRU were mentioned as having suitable expertise.

The Dangerous Substances Regulations were discussed by the participants with the issues with them identified
elsewhere in this report being raised. The Department of Enterprise, Trade and Employment fed back that the
intention of including hydrogen in the 2019 revision was to future-proof the regulations foreseeing a time where it
is commonplace to include a range of greener fuels alongside traditional petrol and diesel pumps. They stated that
the hydrogen elements of the DSR had not been commenced and that the regulations were being updated to
remove references to hydrogen.
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6 CONCLUSIONS AND OPTIONS FOR IRELAND
6.1 Gap analysis

The research detailed in this report has concluded that the regulation of HRSs in Great Britain and Northern Ireland is
aligned, and therefore, the interoperability of HRS throughout the island of Ireland can be assessed by comparing the UK
regulatory framework with that of Ireland.

The design and operation of HRSs follows established codes and standards and no reasons were identified by DNV, or
project stakeholders for any divergence in standards between Ireland and the UK or the rest of Europe that could
reasonably be expected to result in interoperability issues across the island of Ireland. Furthermore these codes and
standards do not necessarily need to be defined in regulations as in any risk assessment (one is required by the ATEX
regulations in Ireland), the starting point is always adherence to good practice, or implementing a measure that means
that an equivalent standard is met.

By considering the regulations in force now in Ireland, practices in the UK and Europe, and the hazard and opportunity
presented by hydrogen as a transport fuel, DNV has identified that there is no regulatory gap in Ireland: the current regime
could be used to regulate the hazards from HRSs.

The only potential change to primary legislation would be the appointment of a new regulator, if the decision was taken
that this was necessary. This is because the fundamental framework to manage the hazards that hydrogen presents
already exists. In fact, elsewhere in Europe HRSs are controlled with no specific hydrogen regulation.

The HSA is the regulator for the current ATEX and pressure systems regulations, which apply to HRSs in Ireland. Within
the ATEX regulations the definition of a workplace is such that it includes all HRSs selling hydrogen. In Northern Ireland
DSEAR (ATEX) and pressure systems regulations are enforced by HSENI and local councils with the regulator for private
HRSs being HSENI. If a public HRS was co-located with a petrol station HSENI expect that the local authority (as licencing
authority) would regulate it. However no views were expressed on the regulation of public standalone HRSs.

At present, CNG stations in Ireland are regulated by the Commission for the Regulation of Utilities (public) and HSA
(privately owned). If more than one regulator becomes responsible for different HRS stations, coordination will be required
to prevent divergence of regulatory approaches. The situation of more than one regulator being responsible for a similar
safety remit for a single site is not ideal and, if this becomes the case, further coordination is needed to avoid duplication.
Such a situation could occur if the HSA retained responsibility for pressure systems and ATEX regulation, but other
regulation was also introduced through another regulator.

6.2 Option assessment

The changes that are summarised in the following sections have been qualitatively assessed against common criteria3®
for regulation:

e Proportionality — The effort required by the regulator and the entity being regulated must be in proportion to the
gain from doing this, which in this case is a reduction, or at least a management of the hydrogen hazards. The
regulation must be efficient and not place excessive burden on the regulator, or owner/operator of a hydrogen
refuelling station. Excessive regulation would likely slow development and uptake of hydrogen as a fuel for
transport.

The most effort and the highest level of scrutiny from the regulator is associated with safety cases whereby an
operation can only commence once a safety case is accepted by the regulator. The safety case is a detailed
description of how the hazard is managed including plant (equipment), procedural and people aspects. For lesser
hazards, or well understood hazards that have a high degree of commonality, regulation may be less proactive
than that of the safety case regime and more akin to the licensing regime of petrol stations.

36 Reforming the Framework for Better Regulation: A Consultation, Department for Business, Energy & Industrial Strategy, 2021.
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e Consistency — The regulatory approach must be consistent with existing regulations and also avoid duplication.
To this end, the ATEX regulations are important as they already require the operator to have documented a risk
assessment of the potential for hydrogen to be released and ignited. Within the ATEX regulations, the risk
assessment can be thought of as a ‘safety case lite’, though no submission is required to a regulator. Inadvertent
overlap of regulations needs to be avoided.

e Effectiveness — Regulations must effectively meet their objective — in this case reducing the risks associated
with an HRS. Regulations that are overly complicated will place an unnecessary burden on all involved parties
that will ultimately reduce their effectiveness.

The assessment of each option is in a common format:

Title of Option

Assessment

Diagram of the regulatory arrangement with yellow highlights An assessment against the regulatory criteria of
showing where regulatory change is required. proportionality, consistency and effectiveness

taking account of the pros and cons.

Detail Pros Cons Northern Ireland
Details the option in terms | The benefits that | Any reasons why | Assessment of the consistency of the approach
of the regulatory changes |implementation of | the option may not |to that which exists in Northern Ireland.
that are needed. this option brings. | be appropriate.

Summary — A short summary of the assessment.
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Option 1 -

Maintain the status quo

Safety, Health and Welfare at Work -
Pressure Systems (S.l. No. 445 of 2012)
Aims to prevent serious injury from the hazard

of stored energy. Applies at 0.5 bar or higher.
HSA

Ireland Pressure

Oxygen

S.1. No. 230/2017 - Equipment
Protective Systems Intended f
Use in Potentially Explosive
Atmospheres Regulations 201
Applies to equipment and protective
systems intended for us in potentially

explosive atmospheres.
HSA

A 4

Fuel Containment I

I Ignition Prevention

Equipment Directive (PED) 4
Applies to equipment with max >
allowable pressure >0.5 bar. L)
HSA

Dangerous substances (flammable
liquids & fuels retail stores)

-~

Safety, Health and Welfare at
Work Regulations 2007 Part 8:

Assessment
There are no gaps identified in the current regulatory structure.

Proportionality — Given that no new regulation is being proposed in this
option, the issue of proportionality can only be whether the level of existing
regulation is sufficiently high. Given that specific regulations already cover
pressure systems and ignition prevention, and these are the main two
issues associated with HRSs, it would seem to be proportional. Hazard
ranges are not covered by these regulations (other than the distance to
ignition sources), but good practice does cover HRS hazard ranges and
not all good practice needs to be reflected in regulation (in fact there is
reason not to as specification of good practice in a regulation gives it extra
importance even though it is completely out with the control of the
regulator).

Consistency — Consistency would not be affected.

Create no new additional regulations for HRSs. The
existing regulations for ignition prevention and
pressure systems would apply, with the HSA
remaining the regulator for these regulations.

Similar model in place in other European
countries.

No significant paperwork burden on owner/
operator (compared with e.g. a safety case
regime).

This option does not address the concerns that some
parties have with hydrogen being a new vehicle fuel
with different hazards to petrol and diesel, though the
same is true of the vehicles themselves and other
facilities e.g. maintenance garages. There would be
no licence required to operate an HRS unlike a petrol
station.

Regulations 2019 KEYEU Directives Explosive Atmospheres at Pla Ehfetr.:tiveness -A jud?e.ment tof ef;e(?tivihess is ajutt-igementloz.whether
Set out the requirements for sites which Requlator of W_Ol'k (S.L. No'. 299 of 2007) exis |r.19 pressure .con ainment and ignition preven pn regL.Jalons ére
dispense andJor store petrol. COMAH sites are Require a reduction in risk from fire o effective at managing the hazard of HRS (also combined with planning
exempt from these regulations. | Petrol ‘ explosion from hazard.oyfs substance regulations). This approach has been taken in Europe with currently no
Local authority (petrol and hydrogen) | Hydrogen ‘ cHoSn:ected to work activities. adverse impact and so could be effective in Ireland.
Added value of regulation — Not applicable as no new regulations are
being proposed.
Detail Pros Cons Northern Ireland

The status quo is consistent with the situation in Northern Ireland. The
ATEX and pressure systems regulations follow a common European
approach from the relative Directives.

Summary

General occupational health and safety, pressure systems and ignition prevention regulations apply, and include the requirement for a documented risk assessment, even in the absence of additional legislation.
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Option 2 — Develop new a hydrogen safety regulation specific to hydrogen refuelling stations

Safety, Health and Welfare at Work -
Pressure Systems (S.I. No. 445 of 2012)
Aims to prevent serious injury from the hazard
of stored energy. Applies at 0.5 bar or higher.
HSA

Ireland Pressure

Oxygen

HRS Safety

S.1. No. 230/2017 - Equipmenta
Protective Systems Intended'io
Use in Potentially Explosive
Atmospheres Regulations 20%%
Applies to equipment and protective
systems intended for us in potentially
explosive atmospheres.

HSA

Assessment

There is no precedent in Europe of a significant new regulatory instrument
for HRSs.

Proportionality — Without defining the extent of the regulation it is not
possible to define proportionality, but given that it, by definition, must
introduce new requirements, it may not be proportional to do this. Nowhere
in Europe has introduced hydrogen specific safety regulation.

Consistency — Consistency could be threatened by the addition of a new
regulation that has to fit between the explosive atmosphere regulations and

Any new regulation would have to carefully avoid | e
overlap with the existing applicable safety regulations

A chance to select the desired level of
regulation.

No precedent of this approach in Europe (closest
is in The Netherlands with the PGS 35 guidance).

Equipment Directive (PED) \ 4 A4 _
Applies to equipment with max »| Fuel Containment | | Ignition Prevention the pressure system regulations.
allowable pressure >0.5 bar. " 1 Effectiveness — Effectiveness may be threatened by consistency and the
A lack of proportionality.
Safety, Health and Welfare at

Dangerous substances New Work Regulations 2007 Part\8:
(flammable liquids & fuels retail Regulation KEYEU Directives Explosive Atmospheres at Plagé
stores) Regulations 2019 Has to be Requlator of Work (S.I. No. 299 of 2007)
Set out the requirements for sites which CC_JHSISt?n_t J Require a reduction in risk from fire or
dispense and/or store petrol. COMAH with existing | Petrol | explosion from hazardous substances
sites are exempt from these regulations. regulations connected to work activities.
Local authority Regulator? | Hydrogen | HSA

Detail Pros Cons Northern Ireland

Additional legislation is likely to make the regulatory regime in Ireland less
consistent with that in Northern Ireland where there is no specific hydrogen

No such similar regulation exists in Europe and there would be significant cross-over with existing explosive atmospheres and pressure systems regulations.

and also provide a consistency of regulator. e Licences could be considered for operating Significant overlap with existing regulations (ATEX | 'egislation.
HRSs. and pressure systems).
Time and cost to produce and implement.
Would create a cross-border difference in
regulatory framework.
Summary
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Option 3 — Implement a safety case regime for hydrogen refuelling stations

HSA

Safety, Health and Welfare at Work -

Pressure Systems (S.l. No. 445 of 2012)

Aims to prevent serious injury from the hazard
of stored energy. Applies at 0.5 bar or higher.

Ireland Pressure
Equipment Directive (PED) Ll

Oxygen

HRS Safe

v

Applies to equipment with max

Fuel Containmentl

S.I. No. 230/2017 - Equipmenta
Protective Systems Intended io
Use in Potentially Explosive
Atmospheres Regulations 2017
Applies to equipment and protective
systems intended for us in potentially

explosive atmospheres.
HSA

h 4

I Ignition Prevention

HSA

allowable pressure >0.5 bar. Y

3

F 3

Safety, Health and Welfare at

Assessment

S12007/299 essentially requires a ‘safety case lite’ for the assessment of
flammable risks, but to increase this requirement to a full safety case with
the need for acceptance before the site can be operational does not seem
to be commensurate with the hazard. This is exemplified by the fact that a
workshop for a hydrogen FCEV could be as hazardous as the HRS and
the is no suggestion of a safety case for the former.

There is no precedent in Europe of a significant new regulatory instrument
for HRSs.

Proportionality — Nowhere in Europe has introduced hydrogen specific
safety regulation. Because of this and the fact that HRSs elsewhere are
covered by similar existing legislation to that which already exists in Ireland,
it is not considered proportionate to introduce the need for safety cases for
HRSs.

various compromises.

precedence to existing applicable safety regulations
given it would have to cover the same area. It could
also be appended to existing legislation (as was done
for CNG refuelling stations), though this may lead to

A new safety case regulation would likely take | ¢ Could

set a high safety standard.

Not commensurate with the complexity and risks of HRSs:
such a regulatory regime would be more stringent than
those in any other European jurisdiction.

No precedence of this in other European countries.

burden on owners/operators to remain

compliant with a safety case regime.

Requires new legislation.

Would create a significant cross-border difference in

regulatory framework.

Dangerous substances New SC Work RegulationSiciu Consistenc The issue of consistency with the existing explosive
(flammable liquids & fuels retail Regulation | ["*"_ . Explosive Atmospheres at Plag y y g exp
stores) Regulations 2019 Has to be EU Directives of Work (S.1. No. 299 of 2007) atmosphere and pressure systems regulations could be managed in the
Set out the requirements for sites which consistent Regulator Require a reduction in risk from fire or same way that it is managed for COMAH sites and onshore sites falling
dispense and/or store petrol. COMAH with existing ‘ Petrol ‘ explosion from hazardous substances under the Petroleum Safety Framework.

sites are exempt from these regulations. regulations connected to work activities. ; _ ;

T — CRU/HSA ‘ Hydrogen ‘ HSA Effectiveness Effectiveness may be threatened by the lack of
proportionality and the more complex operatorship model that may be in
place for HRSs: the entity responsible for all aspects of the operation of the
HRS (other than using it to fill a vehicle) may not be the same entity whose
site it is on and operates the vehicles.

Detail Pros Cons Northern Ireland

Safety case legislation would make the regulatory regime in Ireland less
consistent with that in Northern Ireland where there is no specific hydrogen
legislation.

Summary

No such similar regulation exists in Europe and an HRS is not of the complexity normally associated with a site requiring a safety case.

DNV — Report No. 10369981/02, Rev. 5 — www.dnv.com

Page 38



DNV

About DNV

DNV is the independent expert in risk management and assurance, operating in more than 100 countries. Through its
broad experience and deep expertise DNV advances safety and sustainable performance, sets industry benchmarks,
and inspires and invents solutions.

Whether assessing a new ship design, optimizing the performance of a wind farm, analyzing sensor data from a gas
pipeline or certifying a food company’s supply chain, DNV enables its customers and their stakeholders to make critical
decisions with confidence.

Driven by its purpose, to safeguard life, property, and the environment, DNV helps tackle the challenges and global
transformations facing its customers and the world today and is a trusted voice for many of the world’s most successful
and forward-thinking companies.



