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Executive Summary

The UK Government signed legislation on 27th June 
2019, committing the UK to a legally binding target 
of Net Zero emissions by 2050. Climate change is one 
of the most significant technical, economic, social 
and business challenges facing the world today. 

The H21 NIC Phase 1 project delivered an optimally 
designed experimentation and testing programme, 
supported by the HSE Science Division and DNV GL, with 
the aim to collect quantifiable evidence to support that 
the UK distribution network of 2032 will be comparably 
as safe operating on 100% hydrogen as it currently is on 
natural gas. This innovative project begins to fill critical 
safety evidence gaps surrounding the conversion of the 
UK gas network to 100% hydrogen. This will facilitate 
progression towards H21 Phase 2 Operational Safety 
Demonstrations and the H21 Phase 3 Live Trials, to 
promote customer acceptability and ultimately aid 
progress towards a government policy decision on heat.  

DNV GL and HSE Science Division were engaged to 
undertake the experimentation, testing and QRA update 
programme of work. DNV GL and HSE Science Division 
also peer reviewed each other’s programme of work 
at various stages throughout the project, undertaking 
a challenge and review of the experimental data and 
results to provide confidence in the conclusions. 

A strategic set of tests was designed to cover the range 
of assets represented across the Great Britain gas 
distribution networks. The assets used in the testing 
were mostly recovered from the distribution network 
as part of the ongoing Iron Mains Risk Reduction 
Replacement Programme. Controlled testing against a 
well-defined master testing plan, with both natural gas 
and 100% hydrogen, was then undertaken to provide 
the quantitative evidence to forecast any change to 
background leakage levels in a 100% hydrogen network. 

Key Findings from Phase 1a:  

 → Of the 215 assets tested, 41 of them were found to 
leak, 19 of them provided sufficient data to be able 
to compare hydrogen and methane leak rates. 

 → The tests showed that assets that were gas tight 
on methane were also gas tight on hydrogen. 
Assets that leaked on hydrogen also leaked 
on methane, including repaired assets. 

 → The ratio of the hydrogen to methane volumetric 
leak rates varied between 1.1 and 2.2, which 
is largely consistent with the bounding values 
expected for laminar and turbulent (or inertial) flow, 
which gave ratios of 1.2 and 2.8, respectively.  

 → None of the PE assets leaked; cast, ductile and 
spun iron leaked to a similar degree (around 26-
29% of all iron assets leaked) and the proportion 
of leaking steel assets was slightly less (14%).  

 → Four types of joint were responsible for 
most of the leaks on joints: screwed, lead 
yarn, bolted gland, and hook bolts. 

 → All of the repairs that sealed methane leaks also 
were effective when tested with hydrogen. 
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A key part of the project objectives included updating the 
Quantitative Risk Assessment (QRA) model to allow the 
evaluation of the difference in safety risk to the public 
associated with supplying 100% hydrogen versus natural 
gas. This provides a quantified basis to demonstrate 
whether distribution of hydrogen through an existing 
gas network presents higher or lower risks to the public 
than a natural gas network and, if the risk is higher for 
hydrogen, how it can be lowered. A review of the current 
natural gas model was undertaken and the gaps in the 
model relevant to the change to hydrogen from natural 
gas were assessed and a master test plan developed 
to provide the evidence required to update the QRA.   

From the review of the QRA and the findings from Phase 
1a, a set of experimental tests were designed to allow 
quantification of risk associated with background 
leakage, establishing what the consequence of leaking 
hydrogen will be for different scenarios with different 
leakage rates and potential sources of ignition when 
compared to natural gas. These experimental tests 
were undertaken in Phase 1b and further details of 
the results can be found in section 5.0 of this report. 

The results from Phase 1b were evaluated and 
used to update and develop the QRA model to 
provide a hydrogen prediction model that can be 
utilised to assess the difference in safety risk.  

After modifications were made to the QRA model 
with the benefit of access to the results of the Phase 
1b experimental programme, and associated model 
development work, the analysis showed the following: 

 → The risks from fires are lower for 
hydrogen than natural gas. 

 → The risks from explosions are higher 
for hydrogen than natural gas. 

 → Explosions are predicted to be a greater 
contributor to the societal risk than fires. 

The overall risks from hydrogen could therefore 
be greater than those from natural gas, with 
greater explosion risks, partly offset by lower 
risks from fires and therefore further potential 
mitigation measures will need to be assessed. 

The updated QRA model was used to assess the safety 
risk of the NGN current network in 2020 transporting 
natural gas, and the predicted network in 2032 
transporting 100% hydrogen. The gas distribution 
network predicted to exist in 2032 was used in the 
risk calculations, as this is the year in which the Iron 
Mains Risk Replacement Programme is scheduled 
to be completed.  It is expected that the Iron 
Mains Risk Replacement Programme will continue 
between 2020 and 2032, and that the composition 
of the network will change as a result, increasing the 
percentage of PE pipes within 30m of a property. 

The model was then upscaled to provide a prediction 
for all of the GB distribution network. It is assumed that 
the NGN network is representative of the whole of Great 
Britain, as all the networks have a common heritage and 
were constructed, operated and maintained according 
to the same British Gas standards. Based upon the 
numbers of domestic services/meters for the NGN 
network vs the GB network, the Potential Loss of Life 
(PLL) values for the NGN network were scaled up by a 
factor of 11.05 to give the overall risk for the GB network.   
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The resulting societal risk, measured as Potential 
Loss of Life (PLL), estimates are shown in Figure 1.1, 
for the current network ‘2020 - Natural Gas’, and the 
network in 2032 transporting 100% hydrogen ‘2032 
- Hydrogen Planned Replacement’. The scope of this 
project also includes a review of potential mitigation 
measures that could be implemented to reduce the 
safety risk to an acceptable level. The graph in Figure 
1.1 includes two possible mitigated hydrogen cases: 

Option 1 - 2032 - Hydrogen, Additional Replacement – 
(refer to section 6.6.3.1) the completion of all currently 
planned replacement activities, plus the following: 

 → The LP metallic mains with diameters 
between 8 and 18 inches are reduced 
to 10% of their 2020 population. 

 → An additional 20% of the metallic mains in all other 
categories are replaced, not including IP mains. 

Option 2 - 2032 - Hydrogen, All LP/MP Replaced – the 
completion of all planned replacement activities, plus 
replacement of all remaining metallic mains in the 
LP and MP pressure tiers (refer to section 6.6.3.1). 

The PLL for the 2032 hydrogen case is 1.88 times greater 
than the PLL for the 2020 natural gas case, with around 
83% of the hydrogen risk being associated with the 
metallic mains that are forecast to remain in the system 
based on current replacement plans. The risk mitigation 
measures considered demonstrate that it is possible to 
reduce the PLL associated with the whole distribution 
network further. This allows the hydrogen gas 
distribution network to be operated at the same or lower 
overall risk level as the current natural gas network, 
with credible and practical risk reduction measures.

Figure. 1.1 Estimated PLL for the whole GB gas distribution network, showing detail of the two most 
relevant cases with two possible further mitigation options
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Other potential mitigation measures were 
reviewed and are summarised below:

 → Moving Internal Meters - Removing all internal 
services gives a PLL reduction of less than 0.01 
fatality per year, or 1.6% of the base case total 
societal risk. However, this represents a 72.6% 
reduction in the risk associated with the services.

 → Reducing the Pressure of Mains - Reducing the 
pressures at which some of the LP network operates 
gives a PLL reduction of less than 0.02 fatalities per 
year for the hydrogen network, or 3.9% of the base 
case value. Reducing the operating pressures of the 
MP network results in a PLL decrease of around 0.04 
fatalities per year, or 10.3% of the base case value.

 → Protective Measure - The reduction in PLL is 0.03 
fatalities per year when all mains are protected, 
corresponding to a 7.2% reduction from the 
base case. However, the reduction in the PLL is 
less than 7 × 10-4 fatalities per year when only 
IP mains are protected, which is less than 0.6% 
of the base case.  These reductions are small 
relative to other risk reduction measures.

 → Fitting Excess Flow Valves - It is found that 97.8% 
of the 2032 hydrogen case PLL is due to releases 
from the mains, which are not affected by the 
excess flow valve. Hence, excess flow valves 
have a relatively small effect on the overall PLL, 
achieving a reduction of around 0.6%. Note that 
this analysis does not include any benefit from 
the mitigation of releases downstream of the ECV, 
where the risk reduction could be more significant.

Summary

These results show that the future 
hydrogen gas network can be delivered 
at no greater risk to the public 
than the natural gas network today. 
This depends on the completion of 
the ongoing Iron Mains Risk Reduction 
Programme, currently expected to 
conclude in 2032,alongside targeted 
additional mitigation measures 
for areas which are converting 
from natural gas to hydrogen.

Replacement of the remaining 
legacy LP and MP metallic mains 
and services pipes with PE pipes 
was the most effective measure to 
reduce the risk for hydrogen.This 
is consistent with the reduction 
in risk achieved by the ongoing 
replacement programmes and indicates 
that further replacement of some 
or all of the remaining population 
of metallic pipes would achieve the 
aim of ensuring that the risk to the 
public from a future hydrogen gas 
network is no greater than that for 
a natural gas network today. However, 
it should be noted that it is not 
necessary to replace every metallic 
main and service,and that targeted 
replacement could achieve this aim.

Other measures, although beneficial, 
had a smaller effect on the overall 
risks. However, these potential 
risk mitigation measures should 
still be considered as they could 
provide sufficient safety benefit to 
be implemented,independently of any 
metallic pipe replacement programme.  
The corresponding cost benefit analysis 
is outside the scope of this project.






