Lintroduzione
dell’idrogeno

1n Italia

Gli aspetti legati
alla sicurezza

Le utenze domestiche alimentate con idrogeno: studio delle
problematiche di sicurezza

Ing. Stefano Marsella - Dipartimento dei Vigili del fuoco, del soccorso pubblico e della
difesa civile

Roma - 10 dicembre 2021



’'uso domestico di idrogeno
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The aim of the Hy4Heat programme is to establish if it is technically possible,
safe and convenient to replace natural gas with hydrogen 1n residential and
commercial buildings. This will enable the government to determine whether to

proceed to community trials.

The safety assessment covers leaks occurring downstream of the emergency control valve

(ECV). The assessment IS valid for masonry-built terraced, semi-

detached, or detached properties. This includes homes and ‘light’ commercial

premises such as corner-shops. This covers the majority of domestic settings and 1s believed
to be sufficient for a broad range of potential community trials. Note that blocks of flats,
houses in multiple occupation, those with mechanical (forced) ventilation, prefabricated
and high-rise buildings are excluded from the assessment and so should not be

considered as subjects for hydrogen trials, until further work i1s undertaken.

In order to compare the safety risks associated with each gas (i.e. natural gas and hydrogen
gas), a QRA (quantitative risk assessment) was conducted to obtain numerical estimates of
the safety risks for each gas from a quantitative consideration of the event probabilities
and consequences. The numerical results from each of the QRA for both gases were then
compared and evaluated (taking into account any proposed safety mitigation measures)

against the risk acceptance criteria.
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Figure 2: Example of domestic gas pipework

5 Figure 5: QRA methodology
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The key differences in risk between hydrogen and natural gas (methane)

are associated with their inherent properties and behaviour, these include:

e Hydrogen will leak approximately three times the volume through a given hole size under a given

pressure compared with methane.

e The energy density of hydrogen is approximately one third lower than that of methane

e The density of hydrogen is approximately one-eighth that of methane. As a result, hydrogen 1s more

buoyant, leading to larger convective forces, and consequently hydrogen dispersing more quickly than
methane.

The flammability range of hydrogen (about 4 to 74%) is greater than methane (5-15%)
Hydrogen has a lower minimum ignition energy, particularly in the concentration range 10 — 50 %vol.

Hydrogen and methane differ in their stoichiometric concentration (approximately the concentration at
which there 1s the optimum mix of gas and air for ignition): (hydrogen: ~28.9 %vol, methane: ~ 9.5 %vol).
The gases differ therefore 1n the relationship between average gas concentration in the flammable mixture
and the explosion overpressures resulting from the explosion, based on how close the average gas
concentration 1s to being stoichiometric (but also see note relating to laminar burning velocity below).

In hydrogen compared to methane explosions, the consequences of the explosion have the potential to be
worse 1n the case of hydrogen. This 1s because the laminar burning velocity of hydrogen 1s approximately
eight times higher than that of methane.

Both hydrogen and natural gas (methane) deflagrate (burn) in a broadly similar fashion (in a domestic
and commercial situation).
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Figure 6. Ignition energies (mJ) of various materials and types of 1gnition source that may ignite them [7,
figure 2.5]
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A number of assumptions are made in the safety assessment. The key assumptions, and the principal reasons why the
assumption has been made in the way 1t has, are as follows:

* The internal pipework and fittings for hydrogen gas are the same as for natural gas. There 1s no evidence to suggest that pipework
requirements will need to be amended for the conveyance of hydrogen. The assessment also assumes that the pipework and fittings fully

comply with any regulatory requirements.

* The causes of an initiating leak event (e.g. pipework damage, third party interference) will be unchanged from natural gas to
hydrogen gas. This is because these are, broadly, independent of the gas being conveyed.

e Consumer behaviour is assumed to remain unchanged from natural gas to hydrogen gas, including their response to a suspected leak,
because the same odorant will be used for hydrogen gas. This will ensure that the familiar smell people are used to responding to 1s
unchanged.

* No centrally added colourant is added in the distribution network. This 1s because the technical and logistical i1ssues with introducing
a colourant into a network are significant and not fully understood and may introduce additional risk without significant benefit.

e Appliances are all safety certified in accordance relevant legislation

e Competent installers will all be Gas Safe certified for hydrogen. This will ensure any hydrogen system is installed to the same
standard of safety as current natural gas standards require.

* Principles from the IGEM Hydrogen Reference Standard are to be applied during any potential community trial, because these
standards outline the key differences associated with hydrogen gas compared to natural gas and how to manage these safely.

e All gas service pipes supplying properties are installed to current natural gas standards to ensure they are in line with the current

recommended standard of safety.
8
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Risk reduction measures
The following risk reduction measures are recommended to be put in place for a community

trial:

The following regulations and standards shall be complied with:

e (Gas Safety (Installation & Use) Regulations

e IGEM Hydrogen Reference Standard (IGEM/H/1) or equivalent hydrogen specific amendments to existing IGEM natural gas standards

e As and when 1t 1s completed, the BSI PAS Installation Standard — pipework and ventilation, and other relevant IGEM standards

e All hydrogen appliances must be new (domestic or commercial), certified by a Notified Body 1n accordance with Gas Appliances (Enforcement),

Miscellaneous Amendments Regulations with the use of PAS 4444 including FFDs fitted on all appliances

¢ Installed hydrogen smart gas meters must be new, certified by a Notified Body (for metrology and safety), and be SMETS2 compliant
EFYV to limit the flow rate to 20m3/hr in the service pipe. This is either to be installed as a retrofit or as part of new installation. The installation
of this mechanical excess flow valve should conform to the functionality of the standard ASTM F2138 - 12(2017) (Standard Specification for
Excess Flow Valves for Natural Gas Service) or similar publicly acknowledged industry standard. It shall be located 1n either of the following
locations: In the service pipe itself , Immediately after the ECV

Hydrogen gas meter containing an integrated EFV to limit the flow rate to <20m?3/hr or set at a lower value that is related and proportionate to the
maximum usage of appliances installed within the individual property. Minimum values for the setting of this should be agreed with appliance
manufacturers.

Meter connections shall comply with the “Specification for gas meter unions and adaptors™ upgraded from the Natural Gas specification (BS
746:2014) for use with hydrogen.

Hydrogen gas meter location: Hydrogen gas meters should be installed outside of the property™* and comply with current best practice and
BS6400-1:2016. *where it is inappropriate to install the meter outside the property, then the GDNO shall conduct a full risk assessment for the
individual property and ensure that any installation is within two metres of the service pipe entry

Ventilation ...

Internal pipework (downstream of the ECV) ...
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9 Results — base case

Table 29: Natural gas base case risk results

Type of event

Predicted number
of events per year

Predicted number
of individuals

Predicted number of
individuals injured

(GB population) injured per event (per year GB)
Kitchen explosion (5-7.5 vol%) 3.5 0.35 1.2
Kitchen explosion (7.5-14 vol%) 2.2 2 4.4
Kitchen explosion (14-15 vol%) 0 0.35 0
Whole downstairs explosion (5-6.5 1.5 0.9 1.4
vol%, or 11-15 vol%)
Whole downstairs explosion (7-11 5.5 10.1
vol%)
Total 17

Table 30: Hydrogen gas base case risk results

Type of event

Predicted number of
events per year

Predicted number
of individuals

Predicted number of
individuals injured

(GB population) injured per event (per year GB)

Kitchen explosion (5-14 vol%) 20.0 0.35 7.0
Kitchen explosion (14-23 vol%) 2.8 2.3 6.5
Kitchen explosion (>23 vol%) 2.8 7.4 20.4
Whole downstairs explosion (5-13 11.4 0.9 10.2
vol%)

Whole downstairs explosion (13-21 0.4 5.5 2.4
vol%)

Whole downstairs explosion (>21 9.4 18.8
vol%)

Total 65

decess| anno
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10 Results — with additional risk reduction measures

Table 29: Natural gas base case risk results

Type of event

Predicted number
of events per year

Predicted number
of individuals

Predicted number of
individuals injured

(GB population) injured per event (per year GB)
Kitchen explosion (5-7.5 vol%) 3.5 0.35 1.2
Kitchen explosion (7.5-14 vol%) 2.2 2 4.4
Kitchen explosion (14-15 vol%)’ 0 0.35 0
Whole downstairs explosion (5-6.5 1.5 0.9 1.4
vol%, or 11-15 vol%)
Whole downstairs explosion (7-11 10.1
vol%)
Total 17

Table 31: Hydrogen (+EFVs) gas risk results

Type of event

Predicted number of
events per year

Predicted number
of individuals

Predicted number of
individuals injured

(GB population) injured per event (per year GB)

Kitchen explosion (5-14 vol%) 18.5 0.35 6.5
Kitchen explosion (14-23 vol%) 0.4 2.3 1.0
Kitchen explosion (>23 vol%) 0.05 7.4 0.3
Whole downstairs explosion (5-13 6.5 0.9 5.8
vol%)

Whole downstairs explosion (13-21 0.4 5.5 2.4
vol%)

Whole downstairs explosion (>21 9.4 0.3
vol%)

Total 16

decessi anno con
misure di adeguamento
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Table 32: Comparison of predicted number of injuries for the natural gas base case, hydrogen base case, and

Table 28: Summary of HSE GSMR incident data (data for incidents originating downstream of the ECV) the hydrogen gas case with two EFVs installed*
Year Fires and/or Incidents with Indicative Natural gas - Hydrogen base Hydrogen + 2EFVs
explosion incidents | injuries average annual Predicted number of | case — predicted | — predicted number
_nqml_oer of individuals injured number of of individuals
Injuries (per year GB) individuals injured
2016/17 18 0 (HSE GSMR Data injured (per year GB)
2016-2020%) (per year GB)
2017/18 13 8
Total estimated no. | 12* 17 65 16
2018/19 6 5 of injuries per
year¥¥:
2019/20 9 5

Note: These numbers should be considered in orders of magnitude rather than absolute values

B Totale incidenti

B N. Incidenti Mortali

i dati non sono comparabili, ma...

250
200 DATI REGNO UNITO -
DATI REGNO UNITO PREVISIONE RICERCA ARUP
INCIDENTI GAS NATURALE

150
100 177 DATI CIG - 2019
159 157 INCIDENTI GAS
CANALIZZATO

50

0 14 9 14 15 11 16

14

2012 2013 2014 2015 2016 2017 2018 2019



conclusioni

lo studio del governo UK appare solido ma non puo essere utilizzato in Italia a

causa della diversita di scenari, di limitazioni e di assunzioni

v

per introdurre 'uso domestico dell’idrogeno e necessaria una ricerca specifica
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