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1 EXECUTIVE SUMMARY 
This report has studied the technical aspects of the gas networks undertaking hydrogen conversion and assumed that 

the significant non-technical risks have been successfully managed – this includes, for example, active involvement of 

government to get projects off the ground and to make hydrogen conversion investable.  The conclusions have been 

summarised using a timeline that counts backwards from the conversion of the first property.   

If UK Government makes a policy decision to convert the gas networks to hydrogen in 2025, the first full-scale 

conversion rollout will begin in 2035 – the ten previous years will be used for building the hydrogen production, storage 

and CCS infrastructure.  Using Teesside as an example, the conversion of all 250,000 customers is likely to take nearly 

five years and will be complete by 2040.  Clearly, for the whole of Great Britain to be converted by 2050, all the gas 

networks will need to work in parallel and very closely with National Grid Gas who may have options to supply natural 

gas, hydrogen blend or 100% hydrogen. 

1.1 Timeline for hydrogen conversion 
Once a gas network has committed to conversion to 100% hydrogen, the information gathered by this study indicates 

that it is likely to be up to ten years before the first house on the first street is converted.  A high-level timeline, bringing 

all the information together is shown in Figure 1-1.  Biomethane production has been included as part of the plan as it is 

a low-carbon gas that has a role in decarbonising the gas networks. 

 

Figure 1-1  High-level timeline for conversion to 100% hydrogen 

1.2 Hydrogen production and supply modelling 
One of the first things to do is to undertake a detailed hydrogen production and supply modelling for the conversion area 

- a high-level example for Teesside was shown in section 5 of this report.  The modelling will set out how much 

hydrogen is needed and the storage requirements during and after conversion – the peak demand for hydrogen will 

increase and the peak demand for natural gas in the gas distribution network will correspondingly decrease.  However, 
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the demand for natural gas from the NTS will increase overall as the methane reforming equipment will have a 

conversion efficiency of somewhere between 80 and 90 %. 

Using the production and supply modelling information, hydrogen producers will be able to size and cost the methane 

reformers and the rate at which production needs to be ramped up.  In our study of Teesside, we have assumed that 

hydrogen production plant is modular and additional 50 MW modules can be added as required.  Storage operators will 

use the production and supply modelling information to evaluate the size of underground storage caverns that need to 

re-purposed and/or developed.  

Key to understanding the roll out of hydrogen conversion is the mix of demand profiles within the system and 

interconnectivity of pressure tiers.  The process of hydrogen conversion will displace natural gas supply.  Our modelling 

indicates that conversion activities ideally need to work back from the network extremities towards the supply points and 

this includes converting the IP network to hydrogen – this will require new transmission pipelines or temporary local 

hydrogen production and storage facilities.  For the Teesside conversion of the NGN network, for example, if conversion 

starts South of the Tees and storage is available only North of the Tees, there is currently no direct pipeline linking the 

two areas. 

1.3 Blue hydrogen production 
Blue hydrogen will be generated by reforming natural gas at NTS exit points or at new exit points from the LTS.  This is 

predicated on the assumption that the NTS will continue to supply natural gas.  If the NTS is converted to hydrogen, 

then responsibility for sizing of hydrogen production and storage moves from a local or regional level to a national one 

managed by National Grid Gas.  The FutureGrid project will report in 2023 on whether NTS pipelines can be used for 

hydrogen and before 2025 on options for system operation including compressors and deblending.  Development of the 

blue hydrogen plant will need to be linked to a CCS network.  Planning applications, funding, FEED studies, ordering of 

long-lead items, tie-in between production and CCS could take up to four to five years.  Construction is estimated to take 

up to three years including new pipeline connections to CCS networks and any new pipework connections to the 

existing gas networks.  As soon as the production system is commissioned, hydrogen will flow from the facility and it will 

either need to go into the gas network or into storage.  If the hydrogen goes into the gas network, it will need to be 

blended with natural gas and suitable gas blending and monitoring equipment will need to be available.  The outcome of 

phase 2 of the HyDeploy project will be required to demonstrate whether 20% hydrogen blend can be supplied to 

customers together with any mitigation required to make it safe.   

Industrial and commercial customers who are unable to take a blend of hydrogen will need to be protected and supplied 

with natural gas which potentially could involve deblending technology to remove hydrogen.  Some of these customers 

are likely to prefer one conversion activity straight to 100% hydrogen rather than an additional disruption involving ann 

interim conversion to hydrogen blend.  For the Teesside conversion of NGN’s network, for example, our models predict 

that a natural gas reforming capability of 385 MW will be required to meet peak demand but this would provide a surplus 

most years which would be available for other areas of the network or for other industries. 

If interim or temporary production of hydrogen from electrolysis is required within the network, this will require a 

significant power supply (preferably renewable) and access to large quantities of potable water. 

1.4 Hydrogen storage 
Hydrogen is likely to be stored in bulk and underground in salt caverns or repurposed natural gas fields.  Development 

of such facilities will also take a considerable time.  Geological surveying, planning applications, environmental analysis, 

FEED studies and design of pipelines and above ground installations between the gas network or production facility 

could take three to four years.  To drill and excavate new salt caverns, for example, will take a further two to three years.  

Commissioning of the facility and validating that the quality of the hydrogen withdrawn from storage is within 
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specification is likely to take about six months.  For the Teesside conversion of NGN’s network, for example, our models 

predict a storage requirement of 2.55 x 108 sm3 which is equivalent to 8.6 x 108 kWh.  

1.5 New hydrogen LTS 
All the studies to date, including this one, indicate that new sections of the LTS will be required to maintain both the 

natural gas and hydrogen supplies to customers during and after conversion. Laying of new transmission pipelines also 

has a long lead time before commissioning can take place.  Periods of three to four years for routing, design, planning 

applications and consents and ordering pipe stock have been estimated.  The construction of the pipeline depends upon 

the geography, diameter and length of the pipeline – two years has been estimated in the high-level plan.  The new LTS 

needs to be available at the same time as the production and storage facilities and is likely to deliver hydrogen blend in 

the first instance before converting to 100% hydrogen once conversion starts. 

Work to demonstrate that the existing LTS network can be repurposed for hydrogen is an important part of the plan.  

The gas networks are working together to develop the safety, technical and practical evidence to support the use of 

hydrogen in the LTS.  The research work proposed underpins many aspects of the decarbonised pathway and will: 

 Provide evidence by 2023 and secure the LTS assets 

 Provide the technical input to ensure decarbonisation of industrial clusters can be delivered 

 Confirm the role of LTS in system transformation and the impact on hydrogen roll out and green recovery.   

This work will be funded as part of the RIIO-2 plan and aligns with the BEIS National Programme of Evidence. 

1.6 Temporary hydrogen supplies during conversion 
Temporary supplies of hydrogen during conversion are likely to be a significant challenge and should only be used as a 

last resort for small groups of customers for which there are challenges in establishing a permanent network connection.  

At a conversion rate of 2,500 homes per week, the volume of hydrogen required is significant even when the reducing 

energy demand is taken into consideration during the summer months.  If the hydrogen were supplied by tanker, then 42 

tankers would be required in week 1, 74 in week 2, 98 in week 3 and 115 in week 4.  Alternative options are portable 

electrolysers which could supply individual properties or groups of properties or small-scale methane reformers.  One 

advantage of small-scale reformers is that they could be fuelled by displaced biomethane supplies and then retained as 

vehicle re-fuelling stations for hydrogen vehicles (including gas distribution network fleets) once conversion is 

completed.  Similarly, containerised electrolyser units could also be retained for gas network vehicle refuelling post 

conversion. 

1.7 Industrial and commercial customers 
Large industrial customers connected to the LTS will need special consideration especially if their process or 

combustion equipment is sensitive to hydrogen.  It would be prudent to engage with these customers up to four years 

ahead of conversion to enable them to plan either for additional combustion controls or to install a parallel hydrogen 

combustion system.  In some circumstances, hydrogen deblending equipment may be required as conversion to 

hydrogen blend and then to 100% hydrogen may be impractical or not cost effective. 

1.8 Supply chain 
The supply chain will need to be engaged several years ahead of conversion.  Manufacturers of hydrogen-ready 

appliances, for example, have stated that they are ready to set up production lines once hydrogen trials are complete 

and a policy decision has been made to undertake hydrogen conversion.  The supply chain includes everything that is 

required including gas network components, sectorisation valves, meters, tools, a full range of appliances and customer 
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equipment and so on.  Much of the development of the supply chain will be commercially driven but sharing of 

information about the quantity, quality, and timing of supplies will be important. 

1.9 Detailed sectorisation modelling 
Previous NIA projects have indicated that the detailed sectorisation modelling on a street-by-street basis will be vital but 

very time consuming.  The modelling will need to be completed ahead of the start of work on the networks.  The 

modelling will identify the network sectors, where the sectorisation valves will need to be installed, any reinforcements or 

outstanding mains replacement and the programme of work.  Once conversion to hydrogen is confirmed, any REPEX 

work should include making the networks hydrogen ready to avoid the need for remediation work later.  Consideration 

should be given to the installation of conversion sectorisation valves on REPEX projects being carried out in the 

regulatory period prior to conversion where they coincide with strategic isolation locations identified by the various 

analysts 

1.10 Biomethane 
The role of biomethane needs to be considered.  The Renewable Heat Incentive payments to producers are 

commitments by Ofgem for seven years so early engagement and consultation would be required.  There are options for 

biomethane including conversion to hydrogen or transporting it by tanker/new pipelines to a separate 100% biomethane 

network or vehicle refuelling facility. 

1.11 Network Conversion Activities 
This study has combined the thinking from the H21 Leeds City Gate, the H21 North of England and Frazer Nash 

Logistics of Domestic Hydrogen Conversion projects and used these to propose a more stream-lined approach including 

activities on the gas network and downstream of the consumer meter.  For example, we propose that the Gas Safe 

workforce is employed for the whole project and that the winter period is used to prepare the network and customers for 

a smooth and quicker conversion experience in the summer.  This will ensure that the skilled and experienced workforce 

is not lost and will minimise retraining of new staff in the spring.  We also recommend that the H21 and H100 Fife 

hydrogen trials are used to develop realistic timescale data for site surveys, installation times for hydrogen-ready 

appliances, decommissioning and purging of mains in a sector, purging of domestic and industrial/commercial supplies 

and conversion of hydrogen-ready appliances.   

There is a need for an overall feasibility study/master plan to combine the outputs of previous and future studies as part 

of a Front-End Engineering Design (FEED) programme, where all options should be assessed from an economic and 

safety perspective.  The gas networks would then move forward and have access to: 

 Basis of design 

 Process flow diagrams, pipe & instrumentation diagrams, safeguarding diagrams 

 Main equipment data sheets and specifications 

 Valve, line and tie in schedules 

 Instrument and valve data sheets 

 General arrangements drawings for main equipment and main pipework. 

 Cost estimating and project schedule 

 Identification and investigation of long lead items 

 HAZOP/HAZID 

 Project execution plan, HSE plan 
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 Risk Register 

A detailed roadmap to conversion activities in the gas distribution network has been set out and it is summarised in the 

timeline shown in Figure 1-2.   

 
Figure 1-2  Roadmap to Network Conversion  
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Planning and stakeholder engagement work begins up the three years ahead of conversion of the first house in the first 

sector.  Surveying of customer equipment and resourcing activities begin up to two years ahead.  Between six months 

and one year ahead, work on the gas network starts and this includes any outstanding mains replacement, checking 

valve function and installation of hydrogen-ready appliances as required.  In the two weeks before conversion, there is a 

rapid ramp up of activity in the first sector culminating in house to house conversion and commissioning of the hydrogen 

supply. 

1.12 Issues to be resolved 
This study has shown that there appear to be few technical issues that have been overlooked by the programme of work 

underway, or planned, for the conversion of the gas networks to hydrogen.  However, new technical issues may arise 

during delivery of the research programme.  BEIS has also commissioned a gap analysis for safety evidence from HSE 

and this will feed into the programme of work to be undertaken collaboratively by the gas networks.   

What do remain, however, are local challenges that will need to be resolved in detail for every location.  Prior to 

supplying hydrogen to the first house in the first street, some major preparation work and new infrastructure is required 

to ensure that: 

 Customers that are converted to hydrogen continue to be supplied safely and securely with hydrogen by 

means of an enduring solution 

 Customers that remain on natural gas also continue to be supplied safely and securely with natural gas until 

they are converted 

For the first pilots and full-scale conversions, gas networks may need to take responsibility for assets, operations and 

services that are currently outside the current Gas Transporters’ licences.  This could include, for example, upstream 

challenges associated with full-scale hydrogen production and storage through to activities downstream of the meter 

including conversion of appliances in homes.  Once hydrogen networks are well-established these functions are likely to 

be run on a more commercial basis. 

Regulatory challenges include: 

 Gas quality and safety including updating the Gas Safety (Management) Regulations 

 Updates to the Gas Act to allow hydrogen conversion to be mandated 

 Consumer billing before, during and after conversion 

 Planning and permitting to permit the works to be undertaken 

 Environmental from venting and purging natural gas during conversion and capture of carbon dioxide from 

methane reforming plant 
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2 INTRODUCTION 
The UK has set out ambitious goals to achieve Net Zero carbon emissions, and the energy transition ambition is 

gathering pace.  In November/December 2020 alone, we saw the publication of a substantial number of policy 

statements, strategies, and consultations.  This included: - 

• HM Government Ten Point Plan for a Green Industrial Revolution 

• HM Government Energy White Paper 

• A Carbon Capture Utilisation and Storage (CCUS) business model update from BEIS 

• A post Brexit UK ETS announcement 

• The Climate Change Committee (CCC) Sixth Carbon Budget 

• The Oil and Gas Authority (OGA) new Strategy 

• HM Treasury interim report on transition funding 

• The Scottish Government hydrogen strategy 

A key feature of all these papers was the need to accelerate the transition to a lower carbon future, and all highlighted 

the important role of hydrogen in achieving deep decarbonisation in industry, domestic heating, and transport. 

The decarbonisation of domestic heating will play a key role in delivering the UK’s net zero ambitions, and the gas 

networks are working on a range of projects to demonstrate how a transition from natural gas to the use of hydrogen in 

domestic applications can be achieved safely and cost effectively.  A transformation on this scale is, nevertheless, a 

massive undertaking, requiring careful planning, support from national and local government, acceptance from both 

commercial and safety regulators and public acceptance. 

Northern Gas Networks, and their partners Wales & West Utilities and National Grid have asked DNV to support them in 

the research and development of NIA  270 – Initial Hydrogen Supply Strategy, to produce a report outlining the impact of 

hydrogen on the LTS and to propose a high level conversion strategy from natural gas to 100% hydrogen. 

Key to determining the strategy for gas network conversion are several factors: - 

• Future demand for hydrogen in industrial, power, and domestic applications 

• Future demand for natural gas in industrial, power, and domestic applications 

• The timeline for conversion (as determined by government policy decisions) 

• Decisions on the deployment of hydrogen blends or 100% hydrogen pathways 

• Hydrogen production sources and locations 

• Routes from hydrogen production sources to consumers 

• The need for hydrogen storage during conversion, and subsequent network operation 

• Supply chain readiness 

• Consumer acceptance 

This report aims to summarise the work completed to date relevant for a network conversion to hydrogen, and to 

present a countdown to the work necessary before the first house on the first street can be converted to 100% 

hydrogen.  This will draw heavily upon the initial research undertaken in the NGN H21 North of England (NoE) Report 

which discusses the reuse of the National Transmission Systems (NTS), Local Transmission Systems (LTS) and a new 
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Hydrogen Transmission System (HTS) for transmission of hydrogen.  Since the NoE report was completed, there have 

been several further projects assessing the various ways in which hydrogen can be delivered to the LTS network.  

2.1 Scope 
Currently the natural gas that NGN distributes is supplied by the National Grid NTS high pressure system. The gas is 

generally taken at high pressure into the LTS and reduced through pressure reduction stations to around 7 bar before 

further pressure reduction in the distribution system. The LTS is used to provide intraday storage through line pack as 

required, at pressures up to 38 bar. 

NGN does not currently have a confirmed source of hydrogen that can be imported into the LTS and used for network 

conversion at scale. There are several NIC/NIA projects being undertaken by other stakeholders researching the best 

way to deliver hydrogen to the areas where it will be needed, including via the NTS, but these projects have various 

differing solutions which have a differing impact on the potential conversion strategies.  This report highlights key 

elements of the work being completed by other gas networks and industrial clusters, where it is relevant for this NIA 

project.  It reviews potential sources of hydrogen and how they may be delivered to customers in the network, the 

suitability of the upstream NTS network for the conversion programme and make recommendations to mitigate or 

develop solutions to any issues raised (including gaps in knowledge). 

2.2 Hydrogen Production Transportation and Storage 
Figure 2-1 provides an overview of options for production, transportation, and storage of hydrogen.  

 

Figure 2-1 Hydrogen Production, Transport and Storage Options (image credit DNV) 
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2.2.1 Hydrogen Production 
Currently, the main production method for hydrogen is steam reforming of natural gas (SMR).  This process is mature 

and has been used in the bulk chemicals industry (e.g., for ammonia production) for many years.  SMR produces 

hydrogen at a pressure of approximately 20 bar – this can meet the Hy4Heat hydrogen purity standard1 of 98% if 

impurities are removed using standard clean-up techniques. Almost all hydrogen produced through this route is known 

as “grey” hydrogen, as the CO2 that is produced during the production process is released to the atmosphere.  

Developments to improve the efficiency of the production process have led to the development of higher efficiency Auto 

Thermal Reformers (ATR’s).  The next step in the development of hydrogen production through the reforming route is to 

capture the CO2 that is released, and transport it to a safe storage location.  Hydrogen produced in this form is 

commonly known as “blue” hydrogen, and this is the form of hydrogen that all the UK industrial clusters are proposing to 

use at first. It is important to note the requirement for CCUS (Carbon Capture, Utilisation or Storage) associated with 

blue hydrogen production, this requires the production facility to have been granted a licence to dispose of its CO2, 

either directly into a suitable subsea reservoir, or into a suitable pipeline network approved for CO2 disposal use.  This 

requirement may delay the introduction of blue hydrogen from industrial clusters and needs to be considered in any 

hydrogen conversion strategy.  The Government is, however, funding some CCUS projects associated with industrial 

clusters. 

The alternative to SMR based hydrogen production is electricity-based electrolysis of water.  Where renewable 

electricity sources are used, this is commonly called “green” hydrogen.  Current mainstream technology is the alkaline 

electrolyser (AEL), but it is expected that this technology will be replaced by the proton exchange membrane (PEM) 

electrolyser within a decade. 

Currently, the production of blue hydrogen at scale is significantly cheaper than green hydrogen, but DNV believes that 

green hydrogen at scale will be cost competitive with blue hydrogen by the early 2030’s2  The implication for LTS 

conversion, is that it is likely that additional sources of hydrogen production will become available during the conversion 

period.  This will include blue hydrogen from industrial clusters initially, but volumes of green hydrogen wishing to 

access the LTS will increase in the 2030’s.  Therefore, it is important that planning of the future design of the LTS 

considers that hydrogen may enter the LTS in several different locations including from the NTS, or from new sources.  

Consideration of how lower pressure hydrogen can access the LTS from these new sources will be an important 

element of the conversion strategy. 

2.2.2 Hydrogen Storage 
Ensuring a secure supply of hydrogen will be a challenge during a conversion project. At present, the gas system can 

rely on a variety of mechanisms and assets to ensure peak gas demands are met.  A new hydrogen grid will not have 

access to these facilities and in order for hydrogen production facilities to operate at lowest cost and greatest efficiency 

they need to be utilised at high throughput throughout the year. To allow for this, and to also accommodate variable 

hydrogen supplies produced from renewable energy sources, there will be a need for hydrogen storage facilities that 

may exceed the LTS linepack capability. The sizing and location of these assets will need to be based on reliable 

evaluation to determine the storage requirements. Typical considerations for security of supply would include customer 

demand profiles, variability in supplies (blue/green hydrogen sources) demand forecast accuracy and potential plant 

outage. 

Hydrogen can be stored in pure form or as an intermediate energy carrier that can release hydrogen at the point of use 

and regenerated with hydrogen at the point of production – these processes are referred to as hydrogenation and 

dehydrogenation respectively.  Figure 2-1 displays four alternative states:  

 Liquid (cryogenic) hydrogen  

 
1 Hy4Heat Hydrogen Purity Standard https://www.hy4heat.info/wp2 
2 Energy Transition Outlook 2020  https://eto.dnvgl.com/2020/index.html#ETO2019-top 
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 Ammonia  

 Hydrogenated liquid organic hydrogen carrier  

 Compressed gaseous hydrogen (storage tanks or subsurface). 

Liquid hydrogen has a higher energy density than compressed hydrogen, however, more energy is required to liquefy 

hydrogen than for compressing it to high pressures. Liquefied hydrogen is stored at atmospheric pressure, but it needs 

to be cooled to approximately -253 °C.  Liquid hydrogen storage tanks must be heavily insulated to minimise the 

evaporation losses caused by thermal leakage (boil-off).  They also need to be resistant to expansion and contraction as 

well as structural degradation due to hydrogen embrittlement.  These issues can however be solved by a careful choice 

of materials and careful construction. Furthermore, liquid hydrogen has different safety characteristics than compressed 

gaseous hydrogen. For example, a leak into open air from compressed hydrogen tanks will rise due to buoyancy and 

will generally dissipate quickly. In contrast, a leak of liquid hydrogen into open air will freeze the surrounding air, become 

a heavy gas, and may accumulate on the ground for some time. This is relevant when, for instance, transporting 

hydrogen either by ship or truck, or when storing it in tanks. Cryogenic storage is a proven technology and has been in 

use for more than 40 years. As they do not need to be pressurized, cryogenic storage tanks can be built in large 

volumes. Typically, a trailer-based storage vessel can hold more than 60 m3 of liquid hydrogen 

Ammonia has a higher energy density per volume than liquid hydrogen and can be stored and transported as a liquid at 

low pressures or in cryogenic tanks at around -33 °C at 1 bar. This means that ammonia can be transported at low cost 

by pipelines, ships, trucks and other bulk modes. The caveats are that ammonia synthesis and its subsequent 

dehydrogenation to release hydrogen requires significant energy, and a release of ammonia can produce a toxic cloud. 

LOHC’s such as toluene or dibenzyl toluene requires less energy for hydrogenation and dehydrogenation than 

ammonia or Liquid H2, , but the gravimetric density of the hydrogen that can be extracted from the hydrogenated liquid 

(methylcyclohexane for the LOHC toluene) is 50%–70% lower than the gravimetric hydrogen density of ammonia, 

requiring additional storage volumes than ammonia.  LOHC’s are however seen as a potentially safer option that 

ammonia storage. 

Compressed hydrogen can be stored in pressure vessels and is a proven technology with a history of more than 100 

years. New combinations of metallic, polymer, and composite materials are allowing for higher storage pressures. 

Composite pressure vessels can withstand pressures up to 1,000 bar and are near commercial production.  Due to the 

high storage pressures, the volume per vessel is limited. We expect, based on current commercially available composite 

vessels, it will be below 1 m3 per vessel.  Compressed hydrogen also can be stored in aquifers, salt caverns, or empty 

natural gas fields. This is proven technology for natural gas.  The storage pressure currently varies between 100-150 

bar and may exceed 250 bar for very deep reservoirs or aquifers. Hydrogen storage in salt caverns and depleted oil 

wells is also demonstrated for more than 30 years.  Three caverns are currently licensed for operation on Teesside, 

each cavern is capable of storing 70,000 m³. Operated by SABIC, the facilities support hydrogen distribution to chemical 

plants in the Teesside chemical complexes and have done so for over 30 years. The caverns operate at 45 bar at a 

depth of 400 m with a total storage tonnage of 700-1000 tonnes (27,600- 39,429 MWh 3) and are adjacent to the BOC 

SMR.  The H21 Leeds City Gate report estimated that an estimated storage capacity of 855,000 MWh would be needed, 

based on the use of 7 x 400,000 m3 salt caverns  operating at 200 barg maximum pressure   This analysis was 

extrapolated in the H21 North of England report to predict that 90 x 400,000 m3 salt caverns would be needed to support 

that project.  For the purposes of this project, it will be necessary to determine the necessary hydrogen storage 

capacities for both the conversion and the normal operating (seasonal maximum) conditions. 

  

 
3 The higher heating value of 12.11 MJ/m3 at UK metric conditions of 15 °C and 1.01325 bar has been used. 



 
 

DNV GL  –  Report No. 10267889-1, Rev. 4a  –  www.dnvgl.com  Page 11
 

3 SUMMARY OF EXISTING PROJECTS AND REPORTS 

3.1 H21 North of England Report 
The H21 North of England (NoE) report was issued in November 20184.  It was commissioned by Northern Gas 

Networks (NGN), Equinor and Cadent, with the core team being drawn from NGN and Equinor. It built upon the earlier 

H21 Leeds City Gate (LCG) project, but extended the area being converted to consider the gas networks in the North of 

England between 2028 and 2034 (see Figure 3-1).  H21 NoE also brought into consideration industrial consumers, 

which had not been previously addressed in H21 LCG. 

 
 
Figure 3-1  Geographical area and population centres covered by the H21 North of England report 

Key technical aspects of H21 NoE relevant for this project included: 

 3.7 million domestic meter points converted to hydrogen (17% of UK total).  Approximately 530,000 per year 

during the conversion period. 

 12.15 GW hydrogen production facility supplied by 9 ATR units 

 8 TWh of inter seasonal H2 storage in 56 salt caverns at Aldborough, operating at pressures between 85 bar 

and 275 bar.  Note that the report recommended that 50% of this storage be available prior to conversion 

starting. 

 125 GW capacity hydrogen transmission system (allowing for 25GW of intraday storage) consisting of three 

pressure tiers: 

o 520 km of High-Pressure Hydrogen Transmission System (HNTS) operating at 80 bar 

 
4 Northern Gas Networks, H21 North of England Report, November 2018  https://www.northerngasnetworks.co.uk/event/h21-launches-national/ 
 

Image credit: NGN 
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o 334 km of Local Hydrogen Transmission System (LHTS) operating at 40 bar 

o 605 km of Hydrogen Intermediate Pressure System (HIPS) to connect to the existing below 7 bar 

distribution networks  

 CO2 capture of up to 20 Mt/pa by 2035. 

3.2 HyNTS Projects 

3.2.1 Aberdeen vision 
Aberdeen Vision is a project delivered jointly by SGN and NGGT5’; an infographic for the project is shown in Figure 3-2.  

The project aimed to demonstrate the commercial viability of injecting 2% hydrogen into the National Transmission 

System and building a new 100% hydrogen pipeline between St Fergus and Aberdeen for the SGN network.  The 

project proposed a 200 MW autothermal reformer at St Fergus to produce hydrogen.  Carbon dioxide would be captured 

and sequestered in spent gas fields in the Northern North Sea as part of the Acorn project6.   

 
Figure 3-2  Infographic for the Aberdeen Vision project 

 

The NTS feeders leaving St Fergus are large diameter pipelines made of high strength steel which is likely to require 

bespoke (probably in-line) materials assessment to check compatibility with hydrogen; further research on hydrogen in 

high-strength steel (X60 and above) is being undertaken as part of National Grid’s FutureGrid project (see Section 

3.2.4).  Two potential routes for the new SGN LTS pipeline were studied with different connection points into the 

distribution Aberdeen network.  The characteristics of the pipeline are shown in Table 3-1. 

 
5 https://sgn.co.uk/about-us/future-of-gas/hydrogen/aberdeen-vision 
 
6 Acorn Project https://theacornproject.uk/ 
 
 

Image credit: SGN 
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Parameter Proposed Solution 

Length 54 km 

Diameter 18” 

Material  Steel or reinforced thermoplastic 

Pressure 70 bar 

 

Table 3-1  Characteristics of a proposed LTS pipeline between St Fergus and Aberdeen 

When designing new LTS pipelines, there are several considerations: 

 Establishing the starting and end points of the pipeline to facilitate network conversion and future network 

operation 

 Optimising proximity to population centres and national infrastructure such as airports 

 Noting the locations and crossing points of existing NTS and GDN pipelines 

 Noting the locations of existing utilities such as cables and water pipelines 

 Noting geographical features such as river crossings, estuaries, high and low points 

 Factoring in connections to hydrogen storage, above ground installation, pressure reduction stations and other 

gas distribution assets 

The Aberdeen Vision study also looked at options for the conversion of Aberdeen to hydrogen blend and 100% 

hydrogen. 

3.2.2 Project Cavendish 
Project Cavendish7 (Hydrogen for South London) is a NGGT feasibility study on the potential of the Isle of Grain LNG 

facility to act as a hydrogen production and storage catalyst to decarbonise heat, power and transport for London and 

the South East of England.  The current plan is to blend 2% hydrogen into Feeder 5 to Middlestoke to supply Drax 

Damhead Creek Power Station and start construction of a 100% hydrogen transmission pipeline from Isle of Grain LNG 

to Shorne by 2025 and increasing this blend of hydrogen to 100% by 2040.   

The project included studies of: 

 Hydrogen production methods including steam methane reforming, autothermal reforming and electrolysis of 

water 

 Hydrogen separation technologies 

 Utility requirements such as power and water 

 Carbon capture and storage 

 Hydrogen storage 

 Hydrogen for public and private transport  

 A timeline for development of the Grain LNG facility for hydrogen supply and CCUS 

 
7 National Grid Gas Transmission Project Cavendish  https://www.smarternetworks.org/project/nia_nggt0143 
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 Commercial and regulatory options 

 

 
 
Figure 3-3  Infographic for Project Cavendish 

 

3.2.3 Hydrogen Injection into the NTS 
DNV carried out a study for NGGT to locate suitable locations for a hydrogen trial8.  The key metrics for determining the 

location of the trial site were: 

 Finding an isolatable section of the NTS i.e. a spur with valves which is non-critical for supply security.   

 Ensuring that the field trial is a proper test of the NTS including NGGT assets and operations.  The material of 

the pipelines is important as lower strength steels are preferred for a trial.  This is linked to the size of the 

pipelines as the smaller the diameter, the lower the steel strength.   

 A willing customer at the end of the spur that has decarbonisation ambition and is able to take a blend of 

hydrogen with the ability to start at a low % of hydrogen and ramp up.  As a participant of the trial they would 

be expected to contribute to the funding.  An understanding of the current energy requirement to the customer 

is required so that this is not impacted.  It would also be useful to understand whether the trial would be 

permanent or temporary. 

 A source of hydrogen (correctly sized electrolyser or SMR) at a suitable injection point on the NTS to produce 

the amount required for up to 100% hydrogen (3 times the volume of natural gas).  It would be ideal if the 

partner involved in producing the hydrogen was able to contribute to the funding of the trial. The amount of 

hydrogen injected should vary with the gas flow to ensure a consistent hydrogen blend. The carbon intensity of 

the process chosen to produce the hydrogen also feeds into the overall picture.   

 Including, if necessary, the option for deblending hydrogen to non-compliant offtakes on the NTS spur and then 

recycling hydrogen or reinjecting hydrogen to a gas distribution network.   

The study surveyed the whole of GB but the conclusions for the Teesside area were dominated by the presence of the 

Teesside terminal which feeds into the NTS and typically supplies gas to the South of England and across to the North 

 
8 DNV GL report 10171673/1 Hydrogen Injection into the NTS.  Phase 3 - Locations for NTS Hydrogen Trial April 2020 

Image credit: National Grid Gas 



 
 

DNV GL  –  Report No. 10267889-1, Rev. 4a  –  www.dnvgl.com  Page 15
 

West. Although there were several NTS pipelines in the area and potential hydrogen consumers, it would have been 

difficult to isolate an NTS pipeline without compromising capacity flowing away from the terminal.  The NTS pipelines in 

the area were overlaid onto a geographical map – this is shown in Figure 3-4. 

 

Figure 3-4  Route of NTS pipelines in the Teesside area 

 

3.2.4 FutureGrid NIC Project 
The suitability of the National Transmission System for operation with hydrogen blends and 100% hydrogen is currently 

uncertain.  The FutureGrid project9 will build a test facility at DNV Spadeadam from a range of decommissioned 

transmission assets, to create a representative whole-network.  The project includes the testing of high-strength steel 

pipework at diameters up to 36”, valves, network entry and exit facilities, non-metallic components and some pipeline 

rupture tests.   The aim is to start construction in 2021 with testing under typical NTS operating conditions beginning in 

2022.  A summary of the FutureGrid Phase 1 activities is given in Figure 3-5 - these include material compatibility, new 

pipeline rupture data for the NTS quantitative risk assessment, hydrogen flow characteristics (velocity, pressure drops 

and saltation) for network models, impact on compressors and how to maintain security of supply.  Phase 2 of the 

project will investigate deblending technologies which could be used to remove hydrogen from natural gas/hydrogen 

blends for directly connected customers that are not ready or unable to take hydrogen.  Phase 3 will make the facility 

available for hydrogen testing for the supply chain and for training or upskilling the workforce. 

The FutureGrid facility will connect to the H21 gas distribution facility to create a representative UK hydrogen testing and 

training centre covering all pressure tiers from import terminal to domestic consumers.  The project has a range of 

partners including DNV who will host FutureGrid at Spadeadam, HSE who will provide safety assurance and advice, 

Northern Gas Networks as their H21 facility will link with FutureGrid, the Belgian gas transmission operator Fluxys and 

two academic departments at Durham and Edinburgh universities.  Phase 1 of the project is due to be completed by 

2023. 

 
9 https://www.nationalgrid.com/uk/gas-transmission/insight-and-innovation/transmission-innovation/futuregrid 
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Figure 3-5  Summary of FutureGrid Phase 1 activities (image credit National Grid Gas) 

3.3 HyDeploy 
The HyDeploy project10 is a demonstration of blended hydrogen (20% blend) 

and natural gas running in 2 phases, Phase One at Keele University, and 

Phase 2 (known as HyDeploy2) at Winlaton in the North East of England.  

HyDeploy2 is undergoing equipment testing and ongoing stakeholder 

engagement at the time of writing this report. 

Key findings from phase 1 of the project relevant for this current strategy development were: 

 The submission to the HSE of a safety case, demonstrating that a 20% hydrogen blend could be supplied to 

consumers safely.  This culminated in the HSE issuing an exemption to the hydrogen requirements of the Gas 

Safety (Management) Regulations.  After submission of the safety case and QRA the process of granting the 

exemption took 4 months.  A key lesson learned was that the focus of much of the work was to ensure that the 

evidence for ‘no change’ to the regulator is robust.  This was particularly the case for procedures, where it was 

assumed that existing procedures would be viewed by the regulator as acceptable, when this was not in fact 

the case.   

 Extensive stakeholder engagement with policy makers, regulators, the general public, but most importantly with 

those to be immediately involved in the pilot.  This included a dedicated customer liaison officer on site.  The 

project found itself dealing with a number of stakeholder issues that were not actually related to the scope but 

could not be ignored.  This consumed more effort than expected. 

 An extensive survey of all properties involved in the Keele demonstration, with the replacement of any devices 

that were deemed to be unsafe, even on natural gas, before the demonstration started.  The results from the 

surveys will inform future blending and conversion projects. 

 
10 Cadent HyDeploy project  https://hydeploy.co.uk/ 
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 Ownership of hydrogen production equipment.  This proved to be a greater regulatory challenge than had been 

anticipated. Given the small scale of the operation there had been an expectation that it would be possible to 

secure a suitable derogation to allow the GDN to own the equipment.  This was not possible, and an alternative 

solution had to be developed. 

 Early engagement with the supply chain was found to be very beneficial to the project schedule. 

 Establishment of a baseline gas consumption profile for the demonstration homes proved more difficult than 

anticipated. 

 Costs for regulatory approval project management and supporting scientific studies were higher than expected.  

The grid entry unit was also more expensive than anticipated. 

 COVID 19 resulted in project delays. 

3.4 Logistics of Domestic Hydrogen Conversion 
- Frazer Nash 

This 2018 report11 presents an investigation of the logistical requirements 

associated with transitioning UK domestic properties from natural gas to 100% 

hydrogen. It was commissioned by BEIS. 

Key findings from this research relevant for this current strategy development 

were: 

 It envisaged that home surveys would be needed to assess the 

condition of the gas pipework and undertake an inventory of the gas 

appliances. A gas tightness test would be required to test the integrity 

of the pipework and the property would need to go without gas for a 

short period of time (10-20 minutes). It was estimated that the 

surveys would take 1-2 hours per property. 

 It estimated that if existing natural gas appliances were adapted in-situ or replaced with hydrogen appliances 

then boiler conversions would take up to 1 day and hobs, ovens and fires will take ½ day each. Pre installation 

of hydrogen ready equipment was felt to be an advantage in scheduling the conversion.  

 The time required to convert a hydrogen-ready appliance was estimated to be around 1 hour. There was some 

concern highlighted in the report that a conversion activity could invalidate the original supplier warranty or 

service contract. It was therefore proposed that either the conversion body will need to guarantee the warranty 

post conversion, or the techniques and materials used to adapt the appliances will need to be agreed with the 

individual manufacturers and the modification undertaken only by accredited engineers. 

 A substantially increased conversion workforce would be needed.  The report estimated that 100,000 

engineers would be needed for the UK’s 27 million homes on gas today.  If such a workforce was trained, it 

was estimated that full conversion could be completed in 4 years.  Relying solely on the existing gas safe 

registered workforce for conversion would take 16 years.  A suitable training course to develop the necessary 

competencies was estimated to be 10 weeks long. 

 The report highlighted the “risk” that homeowners may choose, or be convinced to electrify their homes 

instead, and this would make planning and implementation of conversion much more difficult.  Early and 

 
11 BEIS report by Frazer Nash. 30 November 2018.    https://www.gov.uk/government/publications/logistics-of-domestic-hydrogen-conversion 
 



 
 

DNV GL  –  Report No. 10267889-1, Rev. 4a  –  www.dnvgl.com  Page 18
 

proactive communications of the benefits of a hydrogen conversion was encouraged, as was “bundling” 

hydrogen conversion with consumer benefits such as improved insulation, fire detectors, smart meters etc. 

 The report also highlighted the need to identify the risks associated with access and modifications – It 

recommended that there must be a firm understanding of the legal framework surrounding conversion works to 

address any aspects that may prove contentious. This was felt to include gaining access, enforcing conversion, 

and ensuring clarity on who pays for any remediation work required to bring the existing gas system up to the 

appropriate safety standards or repair any damage caused by the conversion.  Based on the Towns Gas 

conversion records, a 20% call back rate should be expected to remediate issues with equipment not working 

as planned, or consumers reporting damage to homes after installation.  

 The report highlights the benefits of a central co-ordinating body for the conversion activity.  This may be 

something that the gas networks need to consider.  Having a central team developing common procedures, 

testing appliances and conversion tools, and approving competency across the gas networks mat be beneficial 

to avoid duplicated efforts in each GDN.  

3.5 Element Energy & Jacobs 
Element Energy12 were contracted by BEIS in 2018 to lead the creation of a 

dataset to support analytical and modelling work for estimating the cost and 

emissions of hydrogen’s potential role in heat decarbonisation.  They were 

supported in this work by Jacobs and BGS. 

Key findings from this research relevant for this current strategy 

development were: - 

 The 99.8% purity specification as defined in the H21 report is 

manageable without a significant impact on the capital and 

operating cost of reformers 

 Output pressures from electrolysers are typically 20-30 bar.  PEM electrolysers may be developed that can 

produce 80 bar, but alkaline electrolysers are unlikely to be able to produce more than 60 bar.  Compression 

would be needed to inject this into the NTS.   LTS injection should be OK. 

 Electrolysers consume 10 litres of potable water for every kg of hydrogen produced.  Siting and access to 

potable water is therefore important. 

 World scale reformers currently have capacities of 150 - 200 MMSCFD (564-739 MW) H2.  The high CAPEX 

cost of capturing CO2 from SMR flue gas makes the use of ATR more attractive for “blue” hydrogen production, 

especially if CO2 capture rates >90% required. 

 The study estimated that in the North East of England, at the completion of the Iron Mains Replacement 

Programme, there would still be 443 km of pipeline yet to be replaced. 

 The study estimated that additional below 7 bar pipe would be required to compensate the reduction in 

linepack in the below 7 bar system as a result of hydrogen’s lower volumetric energy density. 

 The study questioned the ability to repair leaking hydrogen pipelines in the same way as a leaking gas line is 

today, given the lower ignition energy of hydrogen. 

 Depleted hydrocarbon (oil or gas) fields were deemed not suitable for hydrogen storage due to the residual 

contaminants e.g. sulphur compounds, hydrocarbons, etc. 

 
12  BEIS report by Element Energy. 30 November 2018.  https://www.gov.uk/government/publications/hydrogen-supply-chain-evidence-base 
 



 
 

DNV GL  –  Report No. 10267889-1, Rev. 4a  –  www.dnvgl.com  Page 19
 

3.6 Costain Deblending 
The final technical report produced by Costain under 

NIA NGGT0165 – Hydrogen Deblending in the GB 

Networks Feasibility Study was issued in November 

202013.   

The key findings from this research relevant for this current strategy development were: - 

 Deblending is a potential solution to allow the existing gas transmission and distribution network infrastructure 

to transport energy as blended gas stream. Deblending can provide either hydrogen, natural gas or blended 

gas. If proven technically and economically feasible, utilising the existing gas transmission and distribution 

networks in this manner could avoid the need for investment in separate gas and hydrogen pipeline networks 

during the transition to a future fully decarbonised gas network. 

 To understand the number of potential sites for hydrogen deblending at a regional scale, a high-level 

assessment of NTS offtakes and Pressure Reduction Installations (PRI) operated by Cadent and Northern Gas 

Networks (NGN) was performed to characterise the potential sites where hydrogen deblending plants could be 

installed. 

 The study examined which existing technologies could be applied to recover a combustible quality hydrogen 

stream from a blended gas stream for network operating conditions. The main technologies considered were: 

o Cryogenic separation 

o Membrane separation 

o Pressure Swing Adsorption (PSA) 

 Key to the potential of the technologies to be adopted was the pressure differential between the NTS and lower 

pressure tiers to “drive” the process.  Should this pressure differential not be available, additional compression 

facilities would be needed, adding to costs, and complexity.  

 The study determined that two process schemes consisting of (1) Cryogenic separation and (2) a combination 

of Membrane separation and PSA, could be deployed in the GB gas transmission and distribution network to 

produce a hydrogen product stream. 

 The study also confirmed that the technologies evaluated could be deployed to provide a natural gas supply 

with a low hydrogen content to hydrogen-sensitive consumers during the network transition from natural gas to 

hydrogen. 

 This study concluded that deblending was feasible and economically viable against the specific case studies 

selected. However, due to the site-specific nature of the application it recommended that wider study would be 

required to ascertain the potential scale for deployment of deblending. It also recommended that an at scale 

demonstration of the technologies in network operational conditions would be required to prove the purity and 

quantities of hydrogen that could be delivered from deblending and demonstrate that the inherent pressure 

differential in the gas network could be used as the energy source to drive the gas separation process. 

 The report highlighted that seasonal turndown in NTS offtakes needs to be carefully considered when choosing 

locations where deblending using differential pressures would be viable.  Minor compression may still be 

needed at several locations, where process outlet pressures were below LTS input pressure requirements. 

 
13 Hydrogen Deblending in the GB Network – Feasibility Study Report https://www.h2knowledgecentre.com/content/project348 
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3.7 H21 Strategic Modelling of Major Urban Centres 
The four Gas Distribution Networks carried out network analysis14 of the conversion of cities within their geographical 

areas: 

 NGN - Hull, Teesside and West Yorkshire 

 Cadent – Liverpool 

 SGN – Bournemouth and Edinburgh 

 WWU - Cardiff 

The study focussed on the LP and MP/IP models and the infrastructure upgrades that would be required to maintain all 

network minimum pressures, velocities and security of supply.  Key conclusions were: 

 The time required to carry out a full network analysis for the sectorisation and conversion of a large city is 

significant and ample time should be set aside when planning and scheduling conversion operations 

 Any REPEX work should include making the networks hydrogen ready to avoid the need for remediation work  

 Consideration should be given to the installation of conversion sectorisation valves on REPEX projects being 

carried out in the regulatory period prior to conversion where they coincide with strategic isolation locations 

identified by the various analysts.  The cost differential for installing a valve as part of a planned REPEX project 

as opposed to installing one retrospectively as a standalone project is significant.  There is also the reduction in 

the impact upon local stakeholders. 

For the Teesside model, the data in Table 3-2 was presented and this has been used in the conversion strategy 

reported in this document. 

Hydrogen demand Hydrogen Energy/GWh 

Peak 1:20 hydrogen demand (766,750 scmh) from five-year forecast LP model 2.58  

Peak day 40.2  

Peak year 6,204 

Average hourly demand in peak year 0.71  

Gas demand for 2016 5,135 

 
Table 3-2  Demand data for Teesside 

3.8 H100 Fife 
H100 Fife Phases 1 and 2 would provide customers with hydrogen supplied in a new pipeline which would run in parallel 

with an existing natural gas pipeline in Methil, Fife.  In Phase 1, about 300 customers with homes sited along the new 

hydrogen pipeline would be able to opt into the trial.  In Phase 2, an additional 300 customers, who were not eligible in 

Phase 1, would be converted in small groups such as housing estates or cul-de-sacs.  The hydrogen would be produced 

by an electrolyser powered by electricity from a wind turbine.  There are some multiple occupancy buildings within the 

area giving the opportunity for developing hydrogen options for this critical group of property types.  As the project is not 

yet underway with construction, there were no key issues to be shared which are relevant for this report. 

 
14 H21 Strategic Modelling Major Urban Centres https://www.h21.green/projects/h21-strategic-modelling-major-urban-centres/ 
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3.9 HG2V: Hydrogen Grid to Vehicles 
This report summarises the Hydrogen Grid to Vehicles15 (HG2V) project, outlining the supply chain challenges and 

associated milestones to accomplish UK-wide delivery of hydrogen to supply Fuel Cell Electric Vehicles (FCEVs) - it 

addresses the practical issues associated with using the gas network to deliver fuel cell spec hydrogen to vehicles, in 

particular hydrogen purity. The report was produced with inputs from DNV, Imperial College London, Kiwa and NPL. 

The key findings from this research relevant for this current strategy 
development were:  

 Hydrogen from a repurposed gas network was simulated 

experimentally to assess its quality and compliance to the ISO 

14687:2019 standard. This included both a 100% hydrogen 

scenario and a hydrogen/natural gas blend scenario. 

 Assuming the hydrogen produced meets the ISO 14687:2019 

hydrogen fuel quality product specification, and that there are 

no impurity issues which affect the final delivered product, a hydrogen gas grid could be used to supply FCEV 

hydrogen refuelling stations across the UK in a  commercially viable manner. 

 However, the simulation highlighted that hydrogen/natural gas blend scenarios do not comply with the 

requirements of hydrogen fuel for transport and a downstream purification step would be required for FCEV 

readiness which would most likely render such solutions uneconomic. 

 Odorants present in gas networks are likely to contaminate FCEV fuel cells and would need to be removed. 

 Testing of five selected contaminants identified in the Cadent Gas network - on the short- term performance 

and initial cell voltage degradation rates of PEM fuel cells - indicates the absence of any major concerns for 

FCEV use of grid-supplied 100% hydrogen. 

 Hydrogen produced from electrolysis is a more likely route to the delivery of the correct specification for 

FCEV’s, than hydrogen produced from reformation of natural gas. 

3.10  LTS Futures 
The project is investigating the safety, technical, regulatory and practical evidence for repurposing the 11,500 km 

system of LTS pipelines to transport 100% hydrogen or carbon dioxide for CCS.  The LTS is built mainly of low-strength 

steels and there is evidence that these are likely to be suitable for 100% hydrogen.  Following desk top studies, an off-

line trial is planned on a decommissioned section of the LTS between Granton and Grangemouth in Scotland. 

The first phase of the desk-based project16 has shown that a significant percentage of SGN’s LTS network consists of 

relatively low strength pipeline grades and operate at low stresses.  Both factors are conducive to the pipeline’s 

suitability for hydrogen transportation and storage.  The use of higher strength steels and higher pressures leads to 

potentially increased susceptibility to hydrogen degradation and an increased demand on the pipeline steels in terms of 

stresses. 

In February 2020, SGN held a workshop in Edinburgh to share knowledge and identify any knowledge gaps.  Following 

the workshop, SGN set up an IGEM group called ‘LTS Futures’ which comprises all the GDNs, HSE, BEIS and other 

industry bodies. This group is working collaboratively to compile research work packages to support IGEM standards on 

repurposing the LTS network for hydrogen and other hydrogen. 

 
15 Cadent Hydrogen Grid to Vehicle report  https://www.smarternetworks.org/project/nia_cad0022 
 
16 SGN LTS Futures report:  https://www.smarternetworks.org/project/nia_sgn0139 
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Phase 2 of the “The Future of LTS” will develop the safety, technical and practical evidence to support the use of 

hydrogen in the LTS.  Future phases may include assessing the LTS for carbon dioxide service.  The research work 

proposed underpins many aspects of the decarbonised pathway and will: 

 Provide evidence by 2023 and secure the LTS assets 

 Provide the technical input to ensure decarbonisation of industrial clusters can be delivered 

 Confirm the role of LTS in system transformation and the impact on hydrogen roll out and green recovery.   

This work will be funded as part of SGN’s RIIO-2 plan and aligns with the BEIS National Programme of Evidence.   

3.11 BEIS Hy4Heat 
Initiated by BEIS at the end of 201717, with a £25 million budget, the programme set out 

to establish if it is technically possible, safe and convenient to replace natural gas 

(methane) with hydrogen in residential and commercial buildings and gas appliances. 

A series of work packages was established to conduct research into the full range of issues likely to impact the potential 

uptake of hydrogen in domestic and industrial properties – these are shown in Figure 3-6. 

Figure 3-6  The BEIS Hy4Heat programme showing the nine work packages 

 

Although not yet fully completed, the key findings from this research relevant for this current strategy development from 

each of the key work packages can be summarised as follows: - 

 Work Package 2 - Hydrogen Quality Standards 

o The Hydrogen Purity report made a recommendation for a minimum hydrogen purity level of 98% in 

gas networks, as well as maximum levels for other likely trace components.  For use with fuel cells 

(including fuel cell vehicles), additional purification will be required. 

 

17 BEIS Hy4Heat programme  https://www.hy4heat.info/ 
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o The Hydrogen Odorant report concluded that Odorant NB is suitable to use with 100% hydrogen. 

o Energy & Utility Skills were appointed to develop a Competency Framework for the training, 

accreditation, and registration of gas engineers working with hydrogen downstream of the network 

and/or attending public reported gas escapes. 

 Work Package 3 - Hydrogen Appliance Certification 

o BSI has developed a new publicly available standard, PAS 4444, to be used primarily on the Hy4Heat 

programme but the aim is that it can form the basis for widescale standardisation of hydrogen-fuelled 

appliances.  This was published in April 2020. 

o In November 2020, BSI was requested to initiate work on equipment installation standards 

 Work Package 4 - Domestic Hydrogen Gas Appliance Development 

o A number of organisations have completed or are nearing completion of developing safety certified 

appliances 

o In November 2020, boilers developed by Baxi and Bosch were installed and are operating in DNV’s 

Spadeadam HyStreet facility. 

o The development of ancillary system components that are compatible and safe for use with hydrogen, 

is underway. 

 Work Package 5 - Commercial Appliances and Equipment Development 

o In November 2020, the Understanding Commercial Appliances report was published 

o Suppliers have been appointed and are working on the development of a number of commercial 

appliances. 

 Work Package 6 - Understanding Industrial Appliances 

o The aim of the study was to assess the technical requirements and challenges associated with 

industrial hydrogen conversion and estimate the associated costs and timeframes 

o In January 2020, we saw the publication of the report into the conversion of industrial equipment to 

hydrogen. 

 Work Package 7 - Safety Assessment 

o Experimental testing has been undertaken to support the safety assessment. Additional information 

from GDNOs has been collated to support this work. This information has been fed into the 

quantitative risk assessment (QRA) and consequence model to support the safety assessment. 

o Results of the QRA are expected to be issued shortly. 

 Work Package 8 - Demonstration Facilities 

o The NGN Low Thornley site was chosen as the location for two demonstration homes for hydrogen 

appliances – these will be open to the public. 

o Due to Covid-19 the moveable demonstration facilities that were contracted have not been produced, 

as yet. 

 Work Package 9 - Planning for Potential Community Trials 
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o To inform the planning of potential community trials, Hy4Heat commissioned a literature review and a 

small number of focus groups with members of the public to consider their willingness to take part in a 

hydrogen trial, asking them to consider what barriers and challenges would be faced and how to 

overcome them. 

o In December 2020, the literature review and focus group research was published. 

3.12  Frontier Economics 
Frontier Economics (authored jointly with Dentons) published a report into making hydrogen projects investable18 by 

investigating the contractual and regulatory infrastructure required to minimise risk to initiate and encourage investment.   

The paper explored the types of contractual and support arrangements that will need to be in place for the first wave of 

blue hydrogen projects located in or near the UK’s CCUS clusters.  Like any project, early hydrogen projects will be 

exposed to a variety of risks.  Allocating these risks effectively will be an important part of ensuring the investment and 

affordability of early projects.   

 
Figure 3-7 Key commercial and regulatory relationships identified by Frontier Economics.  Image credit: 
Frontier Economics 

 

The following general conclusions were reported: 

 There are significant cross-value chain risks to manage, and in many cases, there are several ways in which 

risks could be allocated 

 
18 Frontier Economics Making Early Hydrogen Projects Investable https://www.frontier-economics.com/ 
 January 2021 
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 Projects will need the active involvement of government at a relatively detailed level to get off the ground, and 

government may have to provide protection to one link in the chain against the failure of another link 

 Securing “value for money” for the government will require an integrated view across conversion support for 

customers and support to hydrogen production 

 Pinning down an early view of an acceptable allocation of risk will be critical – and government support 

contract(s) will be an important part of this risk allocation and 

 Potential hydrogen investors and customers will need to form an early view as to their preferences in terms of 

risk allocation. 

3.13 Element Energy 
Element Energy published a report on the requirements for carbon capture and storage (CCS) infrastructure for The 

Committee on Climate Change19.  The report confirms that CCS is required to retain the flexibility of fossil-fuel based 

energy generation whilst reducing carbon emissions of 50 MtCO2/a by 2030.  The engineering infrastructure 

requirements are less than, or similar to, the investments already made in the North Sea oil and gas industry.  The 

report notes that the North Sea industry emerged over decades whereas CCS infrastructure will need to be delivered 

much more quickly.  The overall cost is £8 billion (undiscounted) which is less that the amount spent in one year on oil 

and gas activities.  However, the uncertainties in costs relating to sub-surface performance and site variabilities may be 

very large.  There are long lead times for storage assessment and high risks that specific sites or transport routes will 

fail to satisfy consenting processes.  A summary of the timelines for developing CCS infrastructure is shown in Figure 

3-8.  The building of new methane reforming plant with CCS is likely to be similar to the timeline shown as “New gas 

plant with CCS” – from pre-development and design to operational is estimated to take 8 years. 

 

Figure 3-8  CCS infrastructure development timeline from the Element Energy Report.  Image credit:  Element 
Energy 

 

 
19 Element Energy “Infrastructure in a low-carbon energy system to 2030: Carbon capture and storage” 29 July 2013  

https://www.theccc.org.uk/publication/infrastructure-in-a-low-carbon-energy-system-to-2030-by-element-energy-and-imperial/ 
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The report was written in 2013 and it does state that the UK Government needs to make progress on political, 

regulatory, economic, commercial and technical barriers; BEIS has acted on the progression of CCS by publishing an 

action plan in 2018, making progress on business models and supporting industrial clusters. 

3.14 Edinburgh University 
A study by Edinburgh University20 in 2021 reports that UK offshore hydrogen storage can potentially store about 2661 

TWh of hydrogen.  Off-shore storage fields with suitable geology and with pipeline links to Teesside include the Everest, 

Joanne, Breagh and Judy fields in the North Sea – it is estimated that these fields could store 142 TWh of hydrogen.  

The study has assumed that these fields will not be required for any other purpose such as continued natural gas supply 

or carbon dioxide storage.  A chart showing the potential storage requirements for each of the gas distribution networks 

is shown in Figure 3-9. 

 

 

Figure 3-9  Hydrogen storage requirements estimated by the Edinburgh University paper.  Note that "NG" is 
Cadent which was formerly National Grid Gas Distribution.  The numbers above each of the bars represent the 
seasonal spread of hydrogen storage between summer and winter. 

  

 
20 Mouli-Castillo, J; Heinemann, N; Edlmann K Mapping geological hydrogen storage capacity and regional heating demands: an applied UK case study  Applied 

Energy 283 (2021) 116348 
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4 TEESSIDE STUDY AREA 
To provide a focus for the study, NGN identified a location on their network that contained a mixture of network asset 

pressure tiers, an industrial cluster capable of producing hydrogen, a residential heat demand base, potential for 

hydrogen storage and an overall network of a reasonable size.  The project partners and DNV agreed that Teesside had 

the appropriate and typical characteristics; any project outcomes seen in Teesside could be applied to other conversion 

projects in other gas networks and regions of Great Britain. 

4.1 Introduction to Teesside Study Area 
Teesside is located on the NE coast of England between County Durham and North Yorkshire and it has about 250,000 

domestic and over 2000 non-domestic customers.  The population of the area is almost 700,000 and the industry is 

dominated by chemical production in the North East of England Process Industry Cluster (NEPIC).  These companies 

are based on three large chemical sites around the mouth of the River Tees at Seal Sands, Billingham and Wilton. 

National Grid Gas supplies the gas into the Teesside area from the NTS.  National Grid Gas also has direct connections 

to power generators and large industrial users in Teesside. 

4.2 Natural Gas Supply in Teesside today 
The natural gas supply into the NGN network primarily comes from National Grid Gas Transmission (NGGT) offtakes at 

Cowpen Bewley and Elton.  NGGT also has direct connections to power generators and large industrial users in 

Teesside, but this gas does not pass through the NGN network.  Gas also enters the NTS at the Teesside terminal.  

Biomethane, which is a low-carbon gas, is injected directly into the NGN network.  A schematic of the Teesside natural 

gas supply network is shown in Figure 4-2. 

 

Figure 4-1  Natural Gas Supply into Teesside today 
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4.2.1 CATS Terminal 
The North Sea reception and gas processing terminal at Teesside receives gas from the North Sea Central Area 

Transmission System (CATS).  The CATS pipeline carries natural gas and natural gas liquids from various points in the 

North Sea to the CATS terminal at Seal Sands as shown in Figure 4-2.  Since there are multiple producers using the 

pipeline, switching it to a hydrogen delivery pipeline would be complex to achieve and therefore unlikely.   Further 

information on the CATS systems is available on the Kellas Midstream website.21 

 

Figure 4-2  The CATS system - a single pipeline connecting multiple producers of gas and hydrocarbon liquids 
from the North Sea.  Image credit:  Kellas Midstream 

 

4.2.2 National Grid Gas Transmission Network 
The NGGT network in the Teesside area is shown Figure 4-3.  There are several large feeders in the area supplying 

both the NGN network and industry.  Running from East to West:  

 The Teesside reception terminal is on the coast and flows gas into NTS feeder 6.  This gas supplies not only 

Teesside but also connects into larger feeders supplying the South and North West of England.    

 Feeder 6 runs between the Teesside terminal, Cowpen Bewley and Elton.  There are direct connections with: 

o Phillips CHP (site 5123, minimum offtake22) – 1,218 MW power generation and 800 MW steam to the 

Teesside oil terminal 

o Avecia Billingham – biopharmaceuticals  

 
21 CATS system  https://www.kellasmidstream.com/cats 
 
22 A minimum NTS offtake means that National Grid Gas only owns and operates the entry point valve – the customer owns and operates the energy measurement 

and other equipment  
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o Teesside Hydrogen (site 5122, minimum offtake) – hydrogen production 

o Teesside BASF (site 5121, minimum offtake) - chemicals 

o Terra Billingham (site 5117, NTS offtake) - chemicals 

o Enron Billingham (site 5119, offtake equipment decommissioned and removed) 

 Cowpen Bewley is at a junction of feeder 6 (24” operating at a MOP of 70 bar) and feeder 13 (42” operating at 

a MOP of 70 bar which is slightly lower than at Elton).  The offtake supplies the NGN network in Teesside. 

 Elton is at junction of feeder 6 (24” operating at a MOP of 70 bar) and feeder 13 (42” operating at a MOP of 75 

bar) which runs in a North-South direction.  This offtake supplies the NGN network in Teesside. 

It is important to include a conversion or low-carbon strategy for customers directly connected to the NTS - these 

will also need to decarbonise their processes and production and the timing of this compared with the 

decarbonisation of the NGN network needs to be considered. 
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Figure 4-3  National Grid Gas Transmission network in and around Teesside 
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4.2.3 NGN Network 
Gas enters the NGN network from the NTS.  A schematic of the pressure tiers operating within the NGN network is 

shown in Figure 4-4.  Between each pressure tier is a pressure reduction and control facility known variously as 

pressure reduction stations, district governors and governors depending on the pressure tier.  Odorant is added to the 

gas supply at the NTS offtake – this is known as “local gas treatment”. 

 

 

Figure 4-4 Gas flow from the NTS through the NGN network 

 

It may sound obvious, but it is important to remember that if hydrogen were injected into the HP network, it would flow 

down through the pressure tiers and eventually supply the whole network unless isolation valves were in place.  If 

hydrogen were injected into the LP network, it would stay in the LP network; the only way it could flow into the MP 

network would be if there were in-grid compression to push the hydrogen up a pressure tier. 

Layout of NGN network in Teesside 

The geographical network in NGN in Teesside is shown in Figure 4-5.  This covers all four pressure tiers and the colour 

coding is the same as shown in Figure 4-4.  The industrial facilities are located on either side of the Tees Estuary - Seal 

Sands in the North and Wilton in the South. 
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Figure 4-5  The NGN gas network in the Teesside area.  The pressure tiers are colour coded – red LP, blue MP, green IP and yellow HP. 
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NGN also has an East Coast Grid which is an IP network running from Teesside to Morpeth and around the major urban 

centres of Teesside, Sunderland, Gateshead and Newcastle.  The IP network is connected to the HP network and this 

could be a route to expand hydrogen conversion to the North of Teesside. 

NTS Offtakes to the NGN Network 

Over 98% of the natural gas in the NGN Teesside network comes from the NTS via the offtakes at Elton and Cowpen 

Bewley.  From Cowpen Bewley, there is an HP line to Sunderland and to the Seal Sands industrial cluster which was 

formerly also used as the offtake to the Seal Sands salt cavity for diurnal storage (see Figure 4-6). 

 

Figure 4-6  High level map of the Cowpen Bewley offtake.  The pink network is the NTS, all other pipework is 
part of the NGN network.   

 

From Elton, there is a single HP feed into the South Tees linepack system which is cycled between 24 and 40 barg.  

This pipeline also serves the industrial cluster at Wilton. 

 

Figure 4-7  High level map of the Elton offtake.  The pink network is the NTS and all pipework is part of the NGN 
network 

 

Seal Sands 

The Seal Sands area of Teesside is a large industrial cluster including the CATS terminal, the BOC hydrogen production 

facility and the Seal Sands salt cavity storage.   

The underground storage facility (see Figure 4-8) used to be filled by NGN from the Cowpen Bewley offtake and 

consisted of four salt cavities capable of storing 1.45 Mm3 of natural gas.  This facility was formerly operated 

volumetrically and served as HP diurnal storage for the NGN network.  The status of this storage facility needs to be 

established and, if it is available and viable, NGN should explore whether it could be repurposed for hydrogen.   
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Figure 4-8  The  Seal Sands storage facility and the NGN pressure reduction station shown circled in red 

 

BOC Hydrogen Teesside 

The BOC facility has produced hydrogen at scale since 2002.  It is close to both the NTS and the NGN networks and the 

original plant produced up to 32,000 tonnes per annum of high-purity hydrogen as a feedstock for polyurethane 

production at Wilton and aromatics manufacturing in North Tees.  The plant also produces 100 tonne/hour of high-

pressure steam to the North Tees site. 

NGN Customer connections 

In 2016, NGN reported that there were about 250,000 meter-points flowing over 5 GWh of natural gas energy to 

customers in Teesside (see Table 4-1).  About 62.9% of the energy was for domestic heat and the rest was for industrial 

and commercial use.  Note that conversion of all 2,158 industrial and commercial customers to hydrogen is, on average, 

more effective in terms of decarbonisation in energy terms, than converting the same number of domestic customers.23  

The practicalities of converting the industrial and commercial customers depend upon them all being co-located on the 

same parts of the network, which may not be the case. 

NGN 2016 Figures Number Energy/GWh 

Domestic meter points 248,097 3,230 

Non-domestic meter points 2,158 1,905 

Total 250,255 5,135 

 
Table 4-1 2016 data from NGN on the split of energy supplied to domestic and non-domestic customers 

 
23 On average, each industrial and commercial customer used 0.88 GWh whereas each domestic customer used 0.013  

GWh 
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4.3 Hydrogen in Teesside 
The Teesside area is currently responsible for half of the UK’s hydrogen production capacity.  There used to be a small 

network of hydrogen pipes connecting what is now the Sabic facility and the old ICI Fertilisers site – it is believed that 

this network has been decommissioned.  Details such as material, size or pressure ratings of these decommissioned 

assets would be needed prior to assessing suitability for reuse. 

Hydrogen production from electrolysers or methane reforming is typically about 70 to 80% efficient.  Methane reforming 

is generally at a much larger scale and more suitable for supplying hydrogen to a gas network in a large conurbation.  

However, electrolysers and renewable power are both starting to scale up and green hydrogen supply will increasingly 

be an option in the longer term.  In March 2021, BP announced plans to produce 1 GW of blue hydrogen by 203024 – the 

project would link with the Northern Endurance and Net Zero Teesside projects for CCS. 

4.3.1 Existing production of grey hydrogen by BOC 
The BOC hydrogen production facility was built in 2002 by Foster Wheeler Energy25.  It produces 32,000 tonnes/year 

(equivalent to about 3.5 TW/day) of high-purity hydrogen by steam reformation of natural gas supplied from a direct 

connection to the NTS.  There is no carbon capture, so the hydrogen is not low carbon (also known as grey hydrogen).  

The plant included a new pipeline running under the River Tees.  In addition to the £30 million investment on the plant 

itself, a further £10 million was spent on associated new infrastructure, pipelines and high purity water supplies.   

A memorandum of understanding (MoU) has been signed between Net Zero Teesside and BOC, exploring the 

decarbonisation of the BOC steam methane reforming hydrogen plant.  The plant has been sized to supply customers 

on long-term contracts and there is little spare capacity that could be put into the NGN gas network.  The purity of 

hydrogen produced by the BOC plant is shown in Table 4-2. 

Component  Concentration 

Hydrogen >99.98% 

Oxygen <5 vpm 

Moisture <8 vpm 

Total carbons <10 vpm 

Nitrogen <100 vpm 

 
Table 4-2  Purity of hydrogen from the Teesside production facility26 

 

Demand for natural gas for production of blue hydrogen could be met by the 7.2 bcm that is piped to the Teesside 

terminal from the North Sea annually. However, existing contracts, such as supply to local industry and the NTS, would 

need to be honoured – this is not “spare” natural gas and production from the North Sea would need to be increased.  

Even if all existing customers converted to blue hydrogen, the flow of natural gas would need to be increased to cover 

the efficiency losses associated with the hydrogen production plant.   

 
24 https://teesvalley-ca.gov.uk/bp-plans-uks-largest-blue-hydrogen-project-in-the-tees-valley/ 
 

25 https://www.chemeurope.com/en/news/7968/boc-foster-wheeler-celebrate-launch-of-england-s-biggest-hydrogen-plant-on-teesside.html 

26 https://www.boconline.co.uk/en/products-and-supply/liquefied-industrial-gases/bulk-hydrogen/bulk-hydrogen.html 
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In principle, the Teesside industrial cluster could produce blue hydrogen for both domestic and export markets.  It would 

require the building of a bank of new autothermal reformers together with CCS provided by the Net Zero Teesside 

programme.  

4.3.2 Green hydrogen  
In the longer term, green hydrogen could be produced in Teesside, but it would require a supply of renewable power 

such as that from the Teesside windfarm operated by EDF Renewables UK27.   

Teesside has a long association with BOC.  Linde, the 

parent company of BOC, announced in January 202128 that 

it will build, own and operate the world's largest PEM 

(Proton Exchange Membrane) electrolyser plant at the 

Leuna Chemical Complex in Germany.  This new 24 MW 

electrolyser will produce green hydrogen to supply Linde's 

industrial customers.  In addition, Linde will distribute 

liquefied green hydrogen to refuelling stations and other 

industrial customers in the region. The green hydrogen 

produced by the electrolyser could fuel approximately six 

hundred fuel cell buses driving 40 million km in total and 

saving up to 40,000 tons of carbon dioxide tailpipe 

emissions per year. 

The electrolyser will be built by ITM Linde Electrolysis GmbH, a joint venture between Linde and ITM Power, using high-

efficiency PEM technology. The plant is due to start production in the second half of 2022. 

4.3.3 Hydrogen storage near Teesside 
The Independent Commodity Intelligence Service (ICIS)29 reports that salt caverns in Teesside are already present and 

used for the storage of hydrogen. As salt is, and has been, mined locally, there is scope to increase hydrogen storage 

capacity as supply chains develop.   

Drilcorp Drilling Services30 recently decommissioned two brine wells on Teesside, where historically salt has been mined 

by the Cleveland Salt Company for use in chemical plants.  Salt mining in Teesside started in 1887 by injecting water 

and evaporating brine using waste heat from the Middlesbrough Ironworks blast furnaces.  Since the 1950s, the 

resulting salt caverns have been used for the storage of natural gas, hydrogen, various liquid hydrocarbons and other 

waste products in Billingham (Salthome) and Wilton.  There are around 30 caverns still in use.   

The Teesside area is a home to a unique type of salt field31 which is only about 340 m below the surface and the salt 

strata are between 30 and 45 m thick.  ICI previously produced brine from Saltholm and Wilton for chemical 

manufacturing and over 100 caverns have been formed in the area varying from 10,000 to 100,000 m3 capacity. 

 
27 EDF Renewables UK Teesside windfarm https://www.edf-re.uk/our-sites/teesside 
 

28 https://www.linde.com/news-media/press-releases/2021/linde-to-build-own-and-operate-world-s-largest-pem-electrolyzer-for-green-hydrogen 

29  Independent Commodity Intelligence Service Hydrogen Whitepaper – prospects for decarbonising the UK’s industrial clusters. June 2020  
https://www.icis.com/explore/resources/energy/white-papers-insights/Prospects_for_Decarbonisation/ 

 
30 https://www.drilcorp.com/drilcorp-decommission-brine-wells/ 
 
31 Thomas, B and Black,S: “Salt deposits and gas cavern storage in the UK with a case study of salt exploration from Cheshire”  October 2004.  

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN030002/EN030002-000783-
KGSL%20-%20Beutal%20Black%20Salt%20Deposits%20and%20Gas%20Cavern%20Storage%20in%20the%20UK.pdf 

 

Image credit:  EDF Renewables UK 
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4.4 Carbon Capture and Storage 
Net Zero Teesside32 is owned by the Oil and Gas Climate Initiative (OGCI), an investment group made up of oil and gas 

firms that are dedicated to supporting the Paris Agreement and reducing emissions. The Teesside cluster is home to 

five of the UK’s top 25 carbon dioxide emitting companies and already produces 50% of the UK’s hydrogen.  The 

cluster’s development of blue hydrogen, as part of moving towards net-zero emissions, requires the co-development of 

CCS facilities.  It should be noted that the hydrogen production facilities already have a market in Teesside.  To supply 

hydrogen to the gas networks would require substantial further investment and expansion of production.  

In 2019, Net Zero Teesside was awarded £3.8m as part of a government funding round to accelerate the rollout of CCS 

in the UK.  If consultations and planning applications are successful, the project could start up by the mid-2020s, with a 

projected capture of up to 6 MtCO2/year, equivalent to the emissions from two million homes.   

In March 2021 further funding was awarded in the region as part of the Industrial Decarbonisation Challenge under the 

UK Research and Innovation’s Industrial Strategy Challenge Fund (ISCF).  Under this funding The Northern Endurance 

Partnership (NEP) will accelerate the development of an offshore pipeline network and geological storage in the UK 

Southern North Sea. Captured carbon dioxide (CO2) emissions from both the Net Zero Teesside (NZT) and Zero 

Carbon Humber (ZCH) projects will be transported and permanently stored deep underground in Endurance33, the UK’s 

largest appraised saline aquifer for carbon storage.  In Teesside, Net Zero Teesside (NZT) will develop a new flexible 

gas-fired power station with carbon capture and establish a CO2 gathering network to enable decarbonisation of 

industrial emitters, hydrogen production and power generation in the Teesside area. 

The Net Zero Teesside project geographical footprint is shown in Figure 4-9.  According to the Tees Valley Combined 

Authority (TVCA) there is potential for up to 1 GW of industrial hydrogen use in Teesside.  Moreover, with expansion of 

the carbon dioxide export pipelines, up to 10 MtCO2/year can be stored as part of the project. 

 
32 Net Zero Teesside https://www.netzeroteesside.co.uk/ 
 
33 More information on the Endurance CCS Project can be found here:  https://www.equinor.com/en/where-we-are/united-kingdom/Northern-Endurance-Partnership-

NEP.html 
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Figure 4-9  Scope and scale of Teesside Net Zero industrial cluster.  Image credit: Net Zero Teesside 
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The Northern Endurance Partnership is a collaboration between bp, Eni, Equinor, National Grid, Shell and Total to 

develop the offshore infrastructure for CCS (see Figure 4-10).  The operator is bp and the infrastructure will serve the 

Net Zero Teesside and Zero Carbon Humber projects which will decarbonise the industrial clusters in Teesside and 

Humberside.  NGN has signed a memorandum of understanding with bp to initiate decarbonisation by conversion of 

industrial and domestic customers to hydrogen; BP will develop the hydrogen production facilities and NGN will carry out 

the network conversion. 

 

Figure 4-10  Plans for the offshore Northern Endurance Partnership (image credit bp) 

 

4.5 Starting hydrogen conversion – top down assessment 
When the hydrogen conversion process starts in earnest, some of the infrastructure for maintaining an enduring security 

of supply will be required from day one.  This includes: 

 A supply of hydrogen of the correct purity 

 Land available for industrial development for hydrogen production 

 Storage capabilities to match supply and demand 

 A hydrogen compatible network connecting the supply and storage facilities with customers 

 Customers ready for conversion 

 Supply chain capacity 

Since the Teesside area and the NGN network is well-served by existing natural gas infrastructure, the repurposing of 

as much of the gas distribution assets to transport hydrogen would be an efficient first step.  Teesside also has plenty of 

brown-field industrial sites that could be redeveloped with ATR and CCS plant.  One possible scenario is shown in 

Figure 4-11. 
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Figure 4-11  A first step for supplying hydrogen to the Teesside NGN network.  It is assumed that the NTS 
continues to supply natural gas. 

 

The following sequence of events assumes that the NTS continues to supply natural gas: 

1. Build the first of a set of modular ATR plants with CCS at, for example, the decommissioned NTS exit point at 

Enron Billingham.  This would be in North Tees and would need to be connected into the NGN network via a 

new LTS pipeline. 

2. If an NTS direct exit point is not viable or an additional entry point into South Tees NGN network is required, it 

would be necessary to build ATR plants with CCS using a connection from the existing NGN LTS network.  To 

maximise output, ideally the inlet pressure to the ATR would need to be similar to NTS pressures (about 60 to 

70 barg).  As for item 1 above, a new section of hydrogen LTS pipeline would be required to connect with the 

existing natural gas network. 

3. The ATR modules would each have a constant output of hydrogen and the new hydrogen LTS pipelines would 

need to connect with salt cavity storage in the local area to ensure security of supply. 

4. If a hydrogen refuelling facility were required for vehicles, this could be connected to the new LTS pipeline.  

Fuel-cell vehicles typically contain hydrogen stored at pressures between 350 and 700 bar.. 

5. Crucially, if the hydrogen were to be stored in a salt cavern or used for vehicle refuelling, it would be better if 

the new hydrogen LTS pipelines were not odorised.  If the LTS were running above 7 barg, this would comply 

with current Regulations.  

6. The connection point for the hydrogen LTS into the NGN network would need to be suitable for the 

sectorisation of the downstream conversion process. 
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7. As an interim step towards 100% conversion, it may be useful to convert the NGN network to hydrogen blend 

to enable the hydrogen production and storage facilities to ramp up.  This would require the minimum of 

additional infrastructure but it would provide an outlet for hydrogen at scale, familiarise customers with 

hydrogen and start decarbonising heat. 

8. The future of biomethane supply would need to be assessed.  It may be necessary to maintain certain sectors 

of the network on 100% biomethane but this would also need biomethane storage to match supply with 

demand. 

4.6 Starting hydrogen conversion – bottom up assessment 
The H21 Strategic Modelling Major Urban Centres34 report identified where new hydrogen pipeline infrastructure should 

be built – this is shown in Figure 4-12 and it identifies new high and intermediate pressure pipelines and regulator 

stations.  It is highly likely that every dense population area will require a new hydrogen LTS linked to the existing LTS to 

form a ring of transmission pipework around the conversion area. 

 

Figure 4-12  New hydrogen pipeline infrastructure for the Teesside area identified by NGN in the H21 Strategic 
Modelling Major Urban Centres report 

 

As well as high and intermediate pressure pipelines, reinforcement at lower pressure tiers may be required at certain 

points.  These locations are only likely to be identified at the detailed FEED stage when comprehensive street-by-street 

network modelling of conversion sectors is carried out.  Reinforcements will be required if the bottlenecks will endure 

after conversion.  If the bottlenecks are temporary, then additional sources of hydrogen may be required such as high-

pressure bullets supplied by tankers – further calculations on the number and frequency of tankers required for every 

2,500 customers converted is given in section 5.4.  However, tanker or temporary supplies cannot be used for very long 

or for large groups of customers; our calculations show that for a typical domestic demand in May, six tankers per day 

 
34 H21 Strategic Modelling Major Urban Centres https://www.h21.green/projects/h21-strategic-modelling-major-urban-centres/ 
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(42 tankers per week), each containing 300 kg of hydrogen, would be required to supply 2,500 homes in the first week.  

In the second week and with 5,000 homes converted, 74 tanker loads of hydrogen would be required.  A plot of the 

number of tankers of hydrogen required against conversion weeks is shown in Figure 4-13.  This plot also takes into 

account that the demand per household will decrease in summer and then increase again towards the autumn. 

 

Figure 4-13  Plot of hydrogen demand through a summer conversion period and the numbers of hydrogen 
tanker deliveries that would be required for temporary supply if the hydrogen LTS were not available.  The 
conversion rate assumed is 2,500 domestic properties per week. 

Other options for temporary supplies include portable hydrogen production facilities such as electrolysers (which require 

a power and potable water supply) or portable methane reformers (which require a suitable pressure and flow of natural 

gas).  H2-International provides a hydrogen business directory35 which contains a useful list of suppliers and equipment 

for hydrogen applications.   

4.6.1 Portable electrolysers 
Portable electrolysers come in a range of sizes.  For individual or small numbers of properties, hydrogen could be 

produced locally without the need for a hydrogen network.  Examples of portable electrolysers for temporary supplies of 

hydrogen are: 

 Enapter36 produce units that could be supplied to individual properties (500 m3/h at up to 35 bar) or up to 70 

electrolyser modules can be combined in a 20 foot container to suit the application 

 
35 H2-International   https://www.h2-international.com/companies/#Hydrogen 
 
36 Enapter Electrolysers https://www.enapter.com/electrolyser 
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 The Pure Energy Centre37 produces a similar range of small electrolysers including a community unit that uses 

a wind turbine to generate the power – hydrogen production rates range from 0.5 to 200 m3/h 

 ITM Power38 provides hydrogen generation units that fill tube trailers which will then take the hydrogen to 

where it is needed.  The electrolyser can supply up to 36 kg/h and it is housed in two ISO containers.  The 

electrolyser units can be scaled up as 2 MW modules depending on requirements 

4.6.2 Small scale methane reformers 
Methane reformers are unlikely to be portable but small units could be installed at gas AGIs or old gas holder sites.  The 

technology is likely to be of a scale designed for hydrogen vehicle refuelling stations and these could remain in place as 

vehicle refuelling stations after conversion is complete.  An academic review39 of small stationary methane reformers 

has been carried out by Princeton University and it shows the range and type of equipment available.  As an example, 

GTI40 manufactures micro-scale steam methane reformers for refuelling stations – biomethane supplies displaced by 

hydrogen conversion could be used as the input fuel to make low-carbon hydrogen. 

Section 5, which follows, builds upon the top down and bottom up assessment to model hydrogen production, supply 

and storage for Teesside. 

  

 
37 Pure Energy Centre https://pureenergycentre.com/hydrogen-electrolyser/ 
 
38 ITM Power https://www.itm-power.com/markets/hydrogen-tube-trailer-filling 
 
39 Review of Small Stationary Reformers for Hydrogen Production  https://afdc.energy.gov/files/pdfs/31948.pdf 
 
40 GTI Hydrogen Refilling Stations https://www.gti.energy/hydrogen-technology-center/ 
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5 MODELLING OF HYDROGEN PRODUCTION AND SUPPLY 
This section discusses the wider considerations of the Teesside gas network and demand profiles versus possible ATR 

production rates. In particular the challenges around demand swing and geographic considerations during the 

conversion roll out. 

5.1 Gas Networks 
The Teesside gas system is made up of around 250,000 domestic meter points with a further non-domestic 

consumption of over 37% of the Teesside network demand. This higher non-domestic demand is an outlier for the UK 

gas consumption make-up.  

Throughout the modelling in this section, demand has been primarily discussed in energy terms (kWh) as this provides 

easier parity between any natural gas modelling and hydrogen. The overall Teesside network annual demand is around 

5.2 TWh. 

The Teesside area highlighted for this study is shown in Figure 5-1, also shown with background context and mapping in 

Figure 4-5.  

 

 
Figure 5-1 The NGN gas network in the Teesside area. IP supply points highlighted. The pressure tiers are 

colour coded – red LP, blue MP, green IP and yellow HP 
 

Key to understanding the roll out of hydrogen conversion is the mix of demand profiles within the system and 

interconnectivity of pressure tiers. Figure 5-1 highlights the connection points to the higher-pressure supply to this 

network; the process of hydrogen conversion will be displacing natural gas supply. Hydrogen conversion activities 
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ideally need to work back from the extremities towards these supply points to, at some point, convert the IP network to 

hydrogen also.  

 

Figure 5-2 continues the theme of interconnectivity, highlighting the supply points to the LP system. This can act as 

supporting information for sections of the LP network which are easiest to convert, where natural gas supplies can be 

maintained to unconverted areas whilst hydrogen supply is delivered to isolated sections simultaneously. Figure 5-3 

demonstrates the differences in connectivity in areas across the LP system. 

 
 

Figure 5-2 The NGN gas network in the Teesside area.  LP supply points highlighted. 
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Figure 5-3 Examples of cross-connectivity within the LP system (Left – multiple connectivity allowing options 
for maintaining natural gas supply during hydrogen roll out, Right – single connectivity reducing conversion 
options) (Map scales not matched) 

 

Figure 5-4 shows the distribution of higher demand industrial loads (category I2, daily metered loads); although there 

are pockets of these demands, they are broadly spread across the LP network highlighting the need to consider them 

within the general roll out planning. Within the IP network there are two distinct areas of industry either side of the Tees 

river. 

 

Figure 5-4 Industrial load spread throughout the network.  Teal indicates industrial (I2) and daily metered LP 
connections, the two purple connections (one North and one South of the Tees) are industrial (I2) connections 
to IP 
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Figure 5-5 is the same network model with the suggested ATR locations added where natural gas conversion could 

supply the hydrogen demands for the network.  Also added is the location of the Tees Estuary - without the ATR at ICI 

Wilton, a key challenge would be obtaining hydrogen supply across the river. 

 
Figure 5-5 Teesside model with suggested hydrogen ATR locations added. 
 

As noted with  

Figure 5-2 / Figure 5-3 there is the risk of isolating natural gas customers if thought (in the form of detailed network 

analysis modelling) is not given to the sequenced roll out of hydrogen conversion. Figure 5-6 demonstrates a potential 

approach to beginning this conversion process. The ATR supply at Cowpen Bewley could for example provide hydrogen 

for a northern direction of conversion whilst the IP supply maintains natural gas supply to the non- hydrogen customers. 

The southern regions however would probably require a different approach to provide the initial hydrogen supply. This 

may be in the form of localised electrolyser supplies or a newly developed hydrogen pipeline to reach the network 

extremities.  

A simple model test was attempted, ceasing the IP supply near the former ICI Wilton (see Figure 4-5) to the east LP 

network, which resulted in natural gas pressure issues in this area; further network analysis / reinforcement could allow 

a direct hydrogen supply here but this was not investigated in detail and the suggestion was to begin conversion at the 

network extremities as shown in Figure 5-6 
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Figure 5-6 Conversion Intention Diagram 
 
 
 

5.2 Hydrogen Production Ramp-up Modelling 
Taking a base domestic conversion rate of 500 domestic properties per day (2500 properties per working week) it is 

possible to establish an estimate of increasing hydrogen demand.  The resources for this rate of conversion are 

discussed in section 6.  In this analysis a generic domestic (D1) demand profile for the year was applied to domestic 

properties using the Ofgem 13,500 kWh average41 annual energy usage per house.  For this estimation, conversions 

were only undertaken over the summer months.   

In the plots below, works were modelled to start on the first week of May and ending the last week of September 

(22 week working window). Figure 5-7 shows a generic annual domestic demand profile and highlights the lower 

demand in this conversion period. For the benefit of clarity, kWh has been used to allow direct comparison with natural 

gas – hydrogen equivalents and is a widely used means of discussing natural gas energy demand. 

 
41 Sourced from Ofgem https://www.ofgem.gov.uk/system/files/docs/2019/11/20191030_state_of_energy_market_revised.pdf 
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Figure 5-7 Domestic (D1) annual demand with conversion window highlighted 

Figure 5-8 shows the increasing hydrogen demand alongside the estimated total demand for the system. The total 

demand value (yellow trace) is estimated based on the metered flow data for 2019 at Cowpen-Bewley and Elton. 

(Noting 2020 was an abnormal year for energy usage due to the Covid-19 pandemic, 2019 gave an indicative value for 

system demand). Week one is the first week in May of a hypothetical year, with week 53 the same date of the following 

year. The annual heat demand profile demonstrates the non-linear increase in hydrogen demand as the conversion roll 

out progresses (higher energy demand over colder weeks, lower over summer). 

There is a discrepancy between the total system entry demand and the domestic load based on the estimated number 

and energy usage of the domestic properties and the other demand types not included in this ramp-up estimation. The 

domestic demand would not all be at the Ofgem prescribed demand level. Likewise, the high industrial proportion of 

demand at Teesside implies the D1 curve is an overestimation. The minimum of the orange hydrogen demand is also 

thought to be artificially low as industrial/commercial demand would not follow the same annual profile and form a 

steadier baseline demand. 

 

01/Jan 20/Feb 10/Apr 30/May 19/Jul 07/Sep 27/Oct 16/Dec

Annual demand for heat

Conversion Window
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Figure 5-8 Modelled Rising hydrogen demand as Domestic (D1) properties are converted. 
 

Alongside this, the smallest hydrogen generation ATR was quoted at 50 MW conversion/supply rate.  Allowing a 

computation of the ramp up rate of required ATRs (for simplification the ATRs were ramped in 50 MW increments, not 

suggestive of the best approach).  This incremental increase in hydrogen production was based on maintaining a 

storage volume above zero. Storage in this case began at zero and increased as hydrogen production exceeded 

demand.  Figure 5-9 shows the effects of this production ramp-up and the associated storage requirement. 
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Figure 5-9 Addition of storage estimation to hydrogen ramp-up modelling (extension of Figure 5-8)  
Cumulative storage on the right axis, all others on left axis 

Domestic ramp up was capped based on 250,000 domestic meter points for the Teesside area, requiring 100 weeks of 

conversions. However, the conversions, whilst upholding a work-freeze over the winter period so as not to leave 

customers without heat, would span around 4.6 years. It can be noted from Figure 5-9 that the first year of conversions 

through to around 75 weeks will mostly cover the anticipated demand before large storage withdrawals are required 

(blue ATR supply is above orange demand with small storage/supplemental supply over winter months -- not accounting 

for severe demand conditions). Combined with the associated lag for creation of sufficient storage volume to manage 

this surplus there may be merit in the investigation of blending hydrogen into natural gas for the wider network for a 

period whilst a storage facility is created and commissioned, and hydrogen volume is ramped up. This would need 

assessment in parallel with management of demand variation and security of supply. 

From this basic model it is possible to estimate a ballpark peak storage requirement of around 8.56 x 108 kWh, noting 

this will not necessarily cover any peak-hourly or peak-six minute demand scenarios.  In volumetric terms, the peak 

storage volume modelled for the domestic demand (250,000 meter points) is estimated at 2.55 x 108 sm3 with a peak 

storage in-flow (surplus hydrogen to demand) of 4.7 x 107 sm3/week and a peak storage out-flow (ATR supply deficit to 

demand) of 5.0 x 107 sm3/week. 

To meet the demand of 250,000 meter points the total ATR sizing equates to around 385 MW or 3.38 x 109 kWh 

annually. 

Another feature not implicitly modelled here is the impact of industrial conversion schemes. Week 1 in Figure 5-9 has a 

50 MW ATR generating a large surplus over the 500 domestic (D1) conversions demand. One means of offsetting this is 

to convert strategically located industrial consumers to reduce this initial supply surplus/demand deficit. There are 

associated challenges with this if not all industrial customers on the same supply route may be converted upon the 

same timescale and therefore a workaround for the natural gas and hydrogen supplies in parallel could be required. 
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As mentioned in section 5.1 another method of managing this initial surplus is the delaying of ATR supply through 

localised electrolyser plans. Also addressing the non-geographical nature of the model in Figure 5-9 where the 50 MW 

supply will not necessarily be accessible to all conversion locations if multiple areas are under conversion schemes 

(Figure 5-6)  

5.3 Hydrogen Peak Demand 
To establish the required response to peak demands the Local Distribution Zone (LDZ) Demand Statements (DS) were 

used to scale to an equivalent size for the Teesside network. The Demand Statements represent a forecast/modelled 

scenario of peak loading on the gas network developed by the Distribution Network Owner based on historical data for 

the system conditions. 

Scaling for these profiles was based on the total annual metered flow at Cowpen Bewley and Elton, this total was used 

to scale the total DS profiles for an average year, denoted as “warm” in the profiles. This provided a single conversion 

factor for the curves, used then to also scale the “severe” or “cold” profiles.   

Figure 5-10 shows the scaled demand profile based on the DS data. The dashed curve outlines the required storage 

supply rate when the ATR supply is insufficient (based on the fully converted ATR rate); a positive value is in addition to 

ATR supply, likewise a negative value for this curve is surplus ATR flow entering storage (or delivered/blended into 

another system).  

 
Figure 5-10 Annual demand scaling based on LDZ DS profile (Demand on left axis, storage volume on right 
axis) 

The peak deficit in ATR supply is 9.85 x 106 kWh indicative of the flow required to leave storage on the peak day of the 

warm annual profile. The profile in Figure 5-10 (starting May) required an initial storage volume to be present, however 

over the year balanced to zero net loss/gain in stored hydrogen (based on the ATR sizing). Storage reaches its 

minimum in mid-April as the ATR supply begins to match and exceed the system demand. 
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Figure 5-11 applies the same approach to the “cold” profile, indicative of a severe weather case and higher demand on 

the system. The peak deficit over base ATR production is around 2.72 x 107 kWh, a notable increase over the warm 

case. 

 
Figure 5-11 Annual Demand Cold Profile based on LDZ DS profile 

 

The data presented in Figure 5-10 and Figure 5-11 helps demonstrate the swing in demand on hydrogen production. 

Table 5-1 shows the range of these values. Evidently, most years will sit somewhere in between these hypothetical 

demand cases.   

 

 Warm Cold 

Max Supply Surplus (kWh) 7.074 x 106 4.188 x 106 

Max Supply Deficit (kWh) 9.849 x 106 2.719 x 107 

 

Table 5-1 Hydrogen surplus/deficit production for warm and cold predictions  

Management of this swing in possible demand is challenging on a smaller scale network. It is understood that hydrogen 

ATRs outputs are not easily ramped to meet demands and produce at a relatively steady rate once operational. The 

existing natural gas system makes use of linepack within the LTS and demand forecasting to allow sufficient network 

resilience over a supply year.  In the roll out of hydrogen the options to manage the peak versus low demand cases are 

more limited.  Figure 5-11 implies an annual deficit for the cold year of 4.1 x 109 kWh if the ATR supply is sized to 
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exactly meet the average year based on the 2019 offtake data.  Alternatively the ATR supply could be sized to meet the 

cold year peak identified in Table 5-1 resulting in security to meet the possible peak demand but this would generate a 

large hydrogen surplus for most years.  With this over supply approach there is a requirement to manage the surplus 

hydrogen gas which may be able to be blended into the wider natural gas network or be disposed of through commercial 

sale to other consumers outside of the network demand. As UK Hydrogen markets expand, there may be merit in the 

exploration of compression into a hydrogen transmission network, equivalent for use in other consumer networks, noting 

a lot of considerations required on contractual and regulatory controls for this to become viable. 

The chosen solution to the issue of hydrogen surplus and deficit also impacts the scheduling of the conversion roll out. 

For example, the requirement to manage the initial surplus of hydrogen if an ATR is online with 50 MW supply capacity 

and only a small proportion of the network is converted to hydrogen as the roll out starts. One scheduling approach here 

is to have first established a storage location and delayed the conversion start until the storage facility is available. 

Another is to ensure hydrogen blending capacity to other networks is available which if feasible may allow conversion to 

be started earlier with the blending proportion fluctuating as the surplus proportion varies throughout the process. This 

then has dependencies upon billing against the gas CV delivered to the customer (e.g. ongoing Future Billing 

Methodology project). Blending may therefore only be a short-term initiative if the local area has enough demand to 

absorb the excess hydrogen. 

5.4 Temporary supplies of hydrogen by tanker 
If, during conversion, a hydrogen supply is unavailable to a conversion area, a temporary solution could include supply 

by road tanker.  Using the assumption that road tankers contain 300 kg of hydrogen at 160 bar, the following 

calculations have been carried out to determine the number and frequency of tankers required during conversion - see 

Table 5-2.  We have also assumed that the temporary supplies will only be required in the summer period – during the 

following winter period, the network will be supplied by the converted LTS or the new hydrogen LTS. 

Hydrogen Volumetric basis (15 °C, 1.01325 bar) Mass basis 

Calorific value  12.1 MJ/m3 3.4 kWh/m3 142.0 MJ/kg 39.4 kWh/kg 

300 kg tanker 3519 m3 11829 kWh 42585 MJ 11829 kWh 

 
Table 5-2  Conversion factors for calculating the energy content of a 300 kg tanker of hydrogen.  Note: To 
convert from MJ to kWh, divide by 3.6. 

 

The basis of initial conversion strategy requires available hydrogen for the initial demand conversions. Tankers have 

been identified as likely to provide insufficient supply to cover the demand even from the first week.  

Table 5-3 uses the same ramp up profile seen in Figure 5-8 of 2500 D1 demands per week (13,500 kWh per property 

annually42) but equated to tanker requirements to meet this demand. 

As can be noted from  

Table 5-3 the number of tanker movements grows rapidly as conversions progress. It is assumed that the volume these 

movements would create too big an obstacle to be practical after the initial weeks. It is also important to note that the 

generic numbers are based on an average consumption with no allowance for higher demand conditions (cold years). 

 

 
42 Ofgem - Review of typical domestic consumption values.  July 2013.  https://www.ofgem.gov.uk/ofgem-publications/74735/tdcv-review-consultation-pdf 
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Conversion Week kWh per Week No. tankers per week 

1 4.91E+05 41.5 

2 8.75E+05 73.9 

3 1.16E+06 98.2 

4 1.36E+06 115.3 

5 1.50E+06 126.6 

6 1.58E+06 133.6 

7 1.63E+06 137.8 

8 1.67E+06 141.2 

9 1.72E+06 145.6 

10 1.81E+06 152.7 

11 1.95E+06 164.4 

12 2.16E+06 182.4 

13 2.46E+06 207.8 

14 2.86E+06 241.8 

15 3.37E+06 284.7 

16 3.98E+06 336.5 

17 4.68E+06 396.0 

18 5.46E+06 461.6 

19 6.27E+06 530.3 

20 7.14E+06 603.7 

21 8.40E+06 709.7 

22 9.96E+06 842.1 

 
Table 5-3 Initial conversion weeks equated to hydrogen tanker requirements 
 

It is possible that tankers could be used to manage some of daily swing demand for higher demand days, however this 

would need to be balanced against the wider supply approach – e.g. how is the main (ATR) supply sized against 

demand and with what buffer available. 

5.5 Further Work & Challenges 
The discussions around demand ramp up and supply roll out have been non-spatially based, and do not consider how 

gas will be transported from ATR or local supply to the relevant converted areas as the roll out begins; therefore further 

detailed thought is required once a chosen approach is agreed. In the intention diagram Figure 5-6 for example, the 

southern extremities are evidently not near the ATR sites. One option would be the addition of a high pressure main (or 

mains) to transport hydrogen from the major supplies and feed the network from the extremities of the natural gas 

network again impacting the timelines for the roll out (pipeline planning, TD1 requirements, construction…). Another 

potential option is for localised supply via electrolysers or introducing temporary storage although this will still require 

some consideration to the management of the hydrogen supply/demand imbalance.  

It should be noted that the locations of the large-scale storage and/or blending facilities and the associated pipelines 

required to manage supply/demand swing will likely not be ideal for the initial roll out of conversion. Notably if conversion 

begins south of the River Tees and storage is available north of the river, currently there is no direct pipeline route 

between these two locations. 
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The make-up of the non-domestic consumers is also undiscussed in this analysis. The gas networks will need to 

establish whether all consumer industrial processes can convert to hydrogen (e.g. is natural gas being used beyond 

generating heat).  In the cases where the use case is more complex or conversion a longer timeframe, there may be 

adjustments required to the roll out, including temporary maintaining of natural gas supplies in parallel to the hydrogen 

roll out. 
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6 ROADMAP TO CONVERSION 
The roadmap to the conversion process within the network needs to start well ahead of first engineer entering the first 

house on the first street.  The following sections describe a conversion process that starts up to three years before the 

first customer is converted.  A summary of the overall roadmap is shown in Figure 6-1. 

 

Figure 6-1  Roadmap for conversion 
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This roadmap is based on the 250,000 customers in the selected Teesside area.  Approximately 99% are residential 

customers, with the remaining percentage representing commercial and industrial users. Though the proportion of 

commercial and industrial facilities is significantly smaller, these sectors comprise 37% of total gas demand. These 

statistics are crucial to the implementation of the conversion program.  The roadmap also assumes that a secure source 

of hydrogen is available, conversion has been mandated, most customers will already be using hydrogen-ready 

appliances, network specifications and procedures will be available (including access to customers’ property) and that 

standards of service/costs for customers will have been agreed with Ofgem. 

6.1 24 to 36 Months Prior to Conversion 

 

6.1.1 Implementation Programme  
There are currently several hydrogen concept studies either completed or in production. There is a need for an overall 

feasibility study/master plan to combine the outputs of these studies and any future reports, as part of a Front-End 

Engineering Design (FEED) programme, where all options should be assessed from an economic and safety 

perspective. 

The FEED programme is defined as “the work required to produce process and engineering documentation of sufficient 

quality and depth to adequately define the project requirements for detailed engineering, procurement and construction 

of facilities and to support a defined percentage project cost estimate”.  

FEED packages generally include: 

 Basis of design 

 Process flow diagrams, pipe & instrumentation diagrams, safeguarding diagrams 

 Main equipment data sheets and specifications 

 Valve, line and tie in schedules 

 Instrument and valve data sheets 

 General arrangements drawings for main equipment and main pipework. 

 Cost estimating and project schedule 

 Identification and investigation of long lead items 

 HAZOP/HAZID 

 Project execution plan, HSE plan 

 Risk Register 

 

 

24 – 36 Months 
Prior to Conversion

Implementation ProgrammePublic Relations

Stakeholder Engagement

Resource RequirementWork Flow System

Network Planning
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6.1.2 Public relations communication exercise 
Positive publicity, promotion and effective employee communication are among the most important elements of a 

successful conversion program.  The public perception of the gas network operators’ hydrogen conversion program will 

rely heavily upon communication and public opinion.  To support this objective, it is vital that consumers understand the 

differences between natural gas and hydrogen, the purpose for the conversion and the process required to complete it. 

It is for this reason that an organised and sustained public relations program is implemented to create and maintain a 

favourable climate of opinion.  All messages and their timing during the campaign should be worded to offer maximum 

effectiveness.  

DNV’s recommendation for the optimal timeframe for development and execution of a detailed public/customer relations 

and communications program is 24 to 36 months prior to the commencement of the conversion process.  This 

recommendation is based upon DNV’s previous natural gas conversion experience.  

6.1.2.1 Implementation 

The public/customer relations and communications program surrounding the gas network operators’ natural gas to 

hydrogen conversion exercise requires effective information delivery to multiple audiences.  Given the complexity of the 

hydrogen gas conversion process and various parties involved in the implementation exercise, DNV would recommend 

the creation of a separate brand under which all communication concerning the conversion process (including mailings, 

advertisements and literature) should be distributed.  The unique brand would be developed and agreed upon by all 

parties and be present on all communication concerning the conversion exercise.  The brand will not only unify the 

message and efforts on behalf of the parties implementing the conversion but will also clearly identify the 

communication as connected to the project.  The brand may also serve as a buffer for gas network operators and the 

regulator, from any unpleasant perception emerging from the exercise.  The brand should be supported by a strong 

central theme developed by the client to reflect the purpose and benefit of the hydrogen conversion process.  The theme 

must convey the regulator’s and gas network operators’ purpose.    

By developing a separate brand, the gas network operators can build consumer curiosity and interest while stressing 

values important to the consumer (i.e., better cleaner future for Teesside etc) through an initial campaign launch in 

anonymity. The intended result is to prompt existing and potential customers to perceive the industry—specifically the 

gas network operators, in a positive light and gain support for the conversion project.  This positive public perception will 

then be conceptually linked to the gas network operators when the initial launch is complete, and their identities 

revealed as those implementing the conversion.  

The following offers DNV’s recommended actions the gas network operators should execute for the public/customer 

relations and communications campaign. 

6.1.2.2 Commercial and Industrial Customers 

The gas network operators’ primary target audience is gas consumers, including commercial, industrial and residential 

users – however, it is recognised that there may also be impacts on non-gas users.  Commercial and industrial users 

(representing just 1% of the conversion population but 37% of resource consumption) must be informed of the arrival of 

hydrogen gas, the benefits and uses of hydrogen and the key tasks of the conversion.  These groups should also be 

assured that any inconvenience resulting from conversion will be minimised to reduce business interruption.  DNV 

recommends the use of direct-to-consumer mailings, print advertising and collaboration with professional organizations 

to target the gas network operators commercial and industrial users. Adequate consideration in the communication 

process outlined below will need to be made for members of the industrial or commercial community with disabilities, or 

for whom English may not be the first language, in all forms of communication.  Each initiative is discussed below. 

Direct-to-Consumer Mailings 
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All commercial and industrial users should receive a series of mailings directed to senior and high-level management to 

introduce: 

 The hydrogen gas conversion effort 

 Sector and location conversion date information 

 Conversion process evaluation 

The use of an end user conversion database to deliver contact letters to existing consumers will be vital.  DNV 

recommends the development of notification cards for surveyors and conversion teams to distribute when entry cannot 

be gained to an establishment to survey or execute conversion.  A simple, one-sided doorknob hanger including the 

conversion brand logo, contact telephone number and space for handwritten operative arrival date and time and 

expected return is sufficient.  Further information (i.e., gas conversion information) may be printed on the reverse, if 

preferred. 

The first phase mailing will announce the arrival of hydrogen gas to the area and discuss the conversion process.  This 

mailing should emphasise the gas network operators’ efforts to limit inconvenience and business interruption and stress 

the importance of site accessibility for surveying.  (For establishments located in sectors scheduled for conversion early 

in the exercise, this notice will provide the scheduled date and time of the pre-conversion equipment survey.  Those 

located in latter sectors will be notified of the survey time and date in a separate mailing at a later date.)  For those 

scheduled for early conversion, the notice should also include brochures containing basic information about hydrogen, a 

conversion description with a visual diagram depicting the process including the survey date and time. These materials 

will be provided in a separate mailing for establishments scheduled later.  

If surveyors cannot gain entry to a location on the scheduled survey date, a notification card will be issued to announce 

the visit and note an expected return time.  The card will provide a telephone number or email address to contact for 

rescheduling, if necessary. 

The second phase mailing will be distributed following the site survey to revisit basic conversion information and notify 

the consumer of the scheduled conversion date and time.  This mailing should again state the importance of site 

accessibility and stress that the premises will be isolated if access is not permitted.  The mailing should include a 

telephone number or email address for consumers who are unavailable on the conversion date to make appropriate 

arrangements. 

On conversion day, conversion teams will provide consumers with information on the proper use of hydrogen gas, 

emergency procedures and contact numbers for customer inquiries.  In addition, a mobile unit will be available locally for 

consumers to visit, obtain further information and or discuss any concerns. 

If teams cannot gain entry to an establishment on conversion day, a notice card will be issued stating that the premises 

have not been converted, the gas supply has been isolated, and the consumer must make immediate arrangements to 

schedule appliance conversion and connection. 

In the weeks following conversion, a final, follow up survey will be mailed to the consumer to evaluate conversion 

procedures and communication.  The evaluation information will be collected and analysed to refine efforts going 

forward. 

An electronic mail direct marketing campaign targeting commercial and industrial consumers should be undertaken in 

tandem with the mailings to supplement important messages.  The gas network operators must review regulations 

regarding the use of electronic mail for commercial purposes to deliver a sanctioned campaign. 

DNV recommends that the consumer mailings take place a minimum of 24 to 36 months prior to conversion day, 6 to 12 

months prior to conversion day and every week of the final month with a countdown clock and at least three weeks 

following conversion. The electronic mail direct marketing campaign should coincide with this schedule. 
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Print Advertising 

Print media can be most effective when working with select audiences. Specialised publications, including business 

magazines and trade journals, provide direct access to specific audiences in every industry.  These publications are a 

major source of professional information and are particularly prevalent in commercial and industrial disciplines. DNV 

recommends that the gas network operators target its message to commercial and industrial professionals using full-

page advertisements in food service, healthcare, education and power generation industry publications.  Regular 

placements in each of the publications should offer simple, consistent, visual and text messages conveying the positive 

features of hydrogen and the conversion process, such as environmental safety.  All advertisements should carry the 

unified brand to identify the message with the conversion project. 

DNV recommends that the print advertising campaign begins 12 to 24 months prior to conversion and continues at a 

regular schedule throughout the conversion exercise. 

Professional Organisations and Community Groups 

To further build awareness among commercial and industrial consumers within each sector, DNV would recommend 

that the gas network operators collaborate with local and professional organisations and community groups.  Each 

association represents an additional channel through which the gas network operators can distribute its message. 

Newsletters, group meetings, Internet sites, social media and other available resources can be utilised to communicate 

directly with group members across all industries.  Presentations offered during regular meetings are an ideal 

opportunity to address audiences affected by the conversion.  These relationships will enable the gas network operators 

to address consumer concerns, respond to questions and distribute literature at the community level. 

DNV recommends that the gas network operators begin working with professional organisations and community groups, 

including those from representative religious and ethnic groups at least twelve to twenty months prior to conversion and 

continue these efforts by sector throughout the conversion exercise. 

6.1.2.3 Residential Relations 

Domestic consumers, representing the largest segment of the primary target audience but consuming less gas, should 

be addressed separately from commercial and industrial end users.  Domestic consumers must be provided with basic 

information about hydrogen gas, the benefits and uses of hydrogen versus natural gas and the key tasks of conversion. 

DNV would recommend the use of mass communication tools including print advertising, electronic media, out-of-home 

media, direct-to-consumer mailings, social media and grassroots communication to deliver the gas network operators’ 

message.  Adequate consideration in the communication process outlined below will need to be made for members of 

the community with disabilities, or for whom English may not be the first language, in all forms of communication.   

Each initiative is discussed below. 

Direct-to-Consumer Mailings 

All residential consumers will receive a series of mailings to introduce: 

 The hydrogen gas conversion effort 

 Sector and location conversion date information 

 Conversion process evaluation 

The use of a residential end user conversion database to deliver contact letters to existing consumers will be vital.  DNV 

recommends the development of notification cards for surveyors and conversion teams to distribute when entry cannot 

be gained to a residence to survey or execute conversion, similar to those left at I&C premises. 
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The first phase mailing should announce the arrival of hydrogen gas to the area and discuss the conversion process. 

This mailing should emphasise the GDN’s efforts to limit inconvenience and stress the importance of site accessibility 

for surveying.  

For those scheduled for early conversion, the notice should also include brochures containing basic information about 

hydrogen gas, a conversion description with a visual diagram depicting the process and a postage-paid reply card 

including the survey date and time.  

The reply card will ask the recipient to confirm availability on the survey date, stress the importance of accurate 

identification of appliances for conversion or replacement and provide space for a written alternate appointment, if 

necessary. 

If conversion teams/operatives cannot gain entry to a residence on the scheduled survey date, a notification card will be 

issued to announce the visit and state an expected return time.  The card will provide a telephone number and email 

address to call for rescheduling if necessary. 

The second phase mailing will be distributed after the site survey to reiterate basic information and notify the consumer 

of the scheduled conversion date and time. This mailing should again state the importance of site accessibility and 

include a telephone number for residents unavailable on the conversion date to call to make appropriate arrangements. 

On conversion day, conversion team members will provide consumers with information on the proper use of hydrogen 

gas, emergency procedures and contact numbers for customer inquiries. 

If teams/operatives cannot gain entry to a residence on the day of conversion, conversion teams/operatives must leave 

a notice card stating that the premises have not been converted, the gas supply has been isolated, and the consumer 

must contact the GDN immediately to schedule appliance conversion and connection.  The GDN should also have 

conversion teams/operatives available within the area during the conversion week to allow for a speedy conversion 

process of those not converted on the actual conversion day. 

DNV would recommend that the consumer mailings take place 12 to 24 months prior to conversion day, six months then 

one prior to conversion day and at least three weeks following conversion. 

Print Advertising 

Print media is an effective way to communicate with the general population, particularly residential consumers. 

Publications offered in English and other languages common to the area, provide broad access to demographic groups 

across age, gender, culture and economic boundaries.  Daily local newspapers are an optimal outlet for a GDN’s 

hydrogen gas conversion message. Where daily papers are used, DNV would recommend a full page, colour display 

advertisement in at least one section of the newspaper, on a regular basis.  Simple visual and text messages should be 

consistent with commercial and industrial messages and distributed under the conversion brand. 

DNV would recommend that the print advertising campaign begins in a similar time frame to that of the consumer 

mailing campaign. 

Electronic Media 

With increasing penetration of new technologies, electronic media is a unique way to communicate with residential 

consumers.  Modern digital technology allows text messages to be transmitted to mobile telephones, data assistants 

and other personal electronic devices capable of receiving data.  Though lacking the visual impact of colourful graphics 

enjoyed in print media, DNV recommends electronic messaging as a direct and efficient communication tool for the 

GDN consumer campaign.  Text messages displayed on digital phones should compensate for absent graphics with 

concise and well-crafted copy.  NGN should review regulations regarding electronic messaging for commercial purposes 

to deliver a sanctioned message campaign. 
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6.1.2.4 Out-of-Home Media 

Encompassing a variety of mass media, out-of-home advertising offers broad message delivery through targeted 

channels.  Though unique in its consumer approach, out-of-home advertising offers market and message flexibility as 

well as repeat exposure.  Mass transit widely attended events and well-travelled locations are ideal for the placement of 

promotional announcements.  Supported by the GDN’s sectorisation plan, DNV recommends wrapped vehicles or bus 

side/taxi advertising as key outlets to distribute the GDN’s message to local communities.  Each offers mass exposure 

and can be tailored for display in select locations. 

For example, within the Teesside area advertising at sporting events such as football/cricket grounds, are another 

specialised location for NGN to direct its message.  Football ground placements can present mass media messages 

while targeting sector audiences. 

DNV recommends that the transit campaigns begin 12 to 24 months prior to conversion and continue by sector through 

the completion of the conversion exercise. The football/cricket ground advertising campaign should begin six to twelve 

months prior to conversion and continue at a regular schedule throughout the conversion exercise. 

6.1.2.5 Grassroots Communication 

Given the diversity of the GDN’s audience, the aforementioned vehicles may not reach all residential consumers.  

Elderly or infirm residents having little or no activity outside the home may not be exposed to the GDN’s various 

communication initiatives.  To reach these individuals, the GDN must carry out a concerted grassroots effort among 

professionals interacting with home-bound residents including those from representative religious and ethnic groups.  

Key grassroots audiences include personal care givers, volunteers and others having regular contact with elderly and 

infirm residents.  DNV recommends a targeted mailing campaign to personal care givers and volunteers in cooperation 

with the NHS, local authorities and their partner groups to communicate with elderly and disabled residents before 

conversion to help build awareness and understanding surrounding the conversion process.  The mailing should be 

carried out in tandem with the first phase mailing to residential consumers.  All personal care givers and volunteers 

should be supplied with hydrogen gas conversion literature and responses to frequently asked questions to distribute 

and discuss with caregivers, volunteers, family members and residents in need. 

Local and National Government and Media Relations 

The Client’s secondary audiences include local and national government departments, legislative agencies and media. 

These groups’ classification as secondary audiences optimise their crucial role in the positive public perception of the 

conversion program.  Early communication with local and national government departments and agencies will enable 

GDN to explain the reasons for, and processes associated with, the hydrogen gas conversion.   Public officials should 

be contacted in advance of the release of conversion information through the media.  Discussions with community police 

and fire emergency personnel should also be conducted at this stage.  Particular attention should be afforded to officials 

and agencies representing cultural groups to ensure awareness among all constituents.  As discussed below, DNV 

recommends the use of direct communication to deliver the Client’s message. 

6.1.2.6 Media Relations 

Communication and cooperation with media outlets are vital to the success of the conversion program.  Through media 

releases, staging conversion tours and offering feature stories, media should be included throughout the 

communications campaign.  In the months preceding conversion, a series of news releases should be distributed to all 

media to announce the hydrogen gas conversion project.  For example, the first release will discuss the arrival of 

hydrogen gas to Teesside and the planned conversion process.  A second release will offer more detailed information, 

including the proposed project timeframe and sector plan.  The second release will be accompanied by an information 

kit including fact sheets about hydrogen gas and the conversion process, a conversion diagram, a listing of frequently 

asked questions and the name(s) and contact information for select NGN personnel. 
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To keep media apprised of conversion progress, news releases regarding new and significant developments should be 

distributed to local and national print and broadcast outlets, including newspapers, radio and television.  Areas to 

highlight include: 

 Percentage of sectors converted 

 Number of kilometres of pipe converted 

 Number of meters converted 

 Number of appliances converted 

 Percentage of conversion complete versus incomplete (target tracking) 

DNV also recommends that the GDN offers feature stories including successful, high-profile conversions as they occur 

to broadcast and print media, particularly targeting trade and consumer publications contracted for print campaigns.  

The GDN may also wish to arrange media tours of select conversion sites to further its efforts in obtaining favourable 

media coverage. 

6.1.2.7 Summary 

DNV believes the use of multiple media outlets will benefit all the GDNs, reiterating a consistent message from various 

sources, both general and consumer focused.  The overlap of messages delivered through mass media, particularly 

print media and out-of-home advertising, are broad enough to reach commercial, industrial and residential consumers to 

reinforce the GDN’s message. 

DNV’s recommendations are provided as a basic programme from which the GDNs may remove or expand any initiative 

as desired.  Consequently, pricing and budgetary allocation for these efforts have been excluded from this report.  

Allocations for such efforts are contingent upon various factors including program timescale, outlet specification, 

communication frequency, agency fees, required creative input and manpower, among others.  It is incumbent upon all 

the GDNs when to determine the resources necessary to fulfil desired outcomes. 

6.1.3 Resource Requirements 
DNV has reviewed several hydrogen reports with a view to resourcing requirements both pre conversion and during 

conversion week.  It has been assumed that all customers will be switching to hydrogen and none will opt for 

electrification.  We have considered the recommendations provided within the following reports: 

 H21 Leeds City Gate 

 H21 North of England 

 Frazer Nash Logistics of Domestic Hydrogen Conversion 

Each of these reports has highlighted the staffing requirements from a Gas Safe Registered perspective i.e. downstream 

of the ECV. As part of the DNV resourcing requirements calculation, we have included estimated numbers for not only 

Gas Safe Registered operatives but also distribution, supervision, and support staff, all of which will be required during 

the conversion of a sector.  Separately, and outside the scope of this section of the report, training and resources would 

also be needed for hydrogen production and storage. 

It should be noted that the reviewed reports have used various terminology for the role of Gas Safe Registered operative 

i.e. Gas Fitters, Plumbers, Gas Safe Workforce and Engineers. This report has used the term Gas Safe Registered 

operatives to define the role of the competent person who will undertake work within industrial / commercial and 

domestic premises downstream of the ECV (including the role of purging of services where required). 

 

H21 Leeds City Gate Report 



 
 

DNV  –  Report No. 10267889-1, Rev. 4a  –  www.dnv.com  Page 65

 

The number of resources required to undertake the conversion programme was considered in the H21 Leeds City Gate 

report. In Section 4. Gas Network Conversion, it considers a conversion sector size of 2,500 properties, which could be 

theoretically converted over a five-day period based on a three-year conversion strategy for Leeds. There is no 

distinction in the table (shown in Figure 6-2 below) between preparation for conversion work and conversion work.   

Section 5. Appliance Conversion introduced the split in area conversion, of domestic (99%) to non-domestic (1%) and 

Table 5.2 also specified the “design parameters for the management of the appliance switchover process” as shown 

below. 

 

 

Figure 6-2  A copy of table 5.2 from the H21 Leeds City Gate report 

 

Table 5.3 “Estimation of effort required for appliance switchover for one isolation zone containing 2,500 domestic 

properties” identifies the effort (h) to undertake various activities of the appliance conversion programme and provides a 

total estimate of the number of gas fitters (939) and managers (125) required.  
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Figure 6-3  Copy of Table 5.3 from the H21 Leeds City Gate Report 

 

H21 North of England Report 

The H21 North of England report (referenced in Section 3.1 of this report) considered a bottom up approach for the 

workforce required to convert a sector.  Table 6.2 “Conversion workforce” shows the calculation used to identify the 

number of plumbers required per year over a seven-year period.  The numbers are based on one plumber attending one 

house per day, each conversion week (7 days) over a 26-week period.  The table also shows the number of 

management and administration staff (combined). 
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It can be extrapolated from the figures within the table that each sector will require 356 plumbers in the summer 

conversion period, see calculation below.  

For year 2028, the H21 North of England report quotes a total number of meter point conversions of 339,830: 

 339,830 divided by a standard sector size of 2,500 meter-points = 136 sectors 

 136 sectors to be converted in a 26-week period = 5.3 sectors per week 

 Therefore 1,888 staff divided by 5.3 = 356 plumbers  

 

 
Figure 6-4  Copy of table 6.2 from the H21 North of England report which calculates the work force required for 
conversion 

 

Frazer Nash Logistics of Domestic Hydrogen Conversion 

The “Logistics of Domestic Hydrogen Conversion by Frazer Nash” report (referenced in Section 3.4 of this report) 

considers the tasks associated with conversion of appliances in greater detail.  Table 3 “Duration and Cost of 

Conversion Work” is used in Section 6.3 “Workforce Size” to calculate the total number of manhours required to fully 

complete the domestic appliance conversion programme for the UK – this table is shown in Figure 6-5 below.  

The approach used in the Fraser Nash report considered the overall number of man hours required to convert the 

existing meter points within the UK.  To produce a comparable workforce number for a sector, DNV have used the 

following derived information: 

 The percentage of appliance types found within “The Fraser Nash Report, Section 6.3 Workforce Size” 

 The time to convert/install boiler (1 day) fire, hob and oven (0.5 day each) “The Fraser Nash Report, Table 3 

Duration and cost of conversion works” 

 The standard sector size approach of 2,500 meter-points 

 Based on the percentage used within report to calculate total man days: 

o Boilers - 2,500 x 0.92 = 2300 

o Hob/oven – 2,500 x 0.28 = 700 

o Fire – 2,500 x 0.23 = 575 
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 Therefore 2300 + 700 + 575 = 3575 divided by 5 days = 715 Gas Safe Registered operatives per sector (or 7 

days = 511 Gas Safe Registered operatives per sector) 

 

 
 
Figure 6-5  Copy of table 3 from the Frazer Nash report which estimates times and costs for hydrogen 
conversion 

 

 

6.1.3.1 DNV Resource Calculation 

The DNV resource requirement calculation has been based on the following general assumptions: 

 The summer conversion programme is 26 weeks 

 The conversion week is five days with days six and seven for “sweep-up” operations 

 All appliances are hydrogen ready or have conversion kits available and on-site 

 All meters are hydrogen ready 

 Sector size consists of 2,500 domestic (99%) and industrial/commercial (1%) properties 

 A maximum period of five days without gas, assuming access to properties can be obtained (this period without 

a gas supply would need to be agreed with the Regulator) 
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 The summer Gas Safe Registered conversion team will be deployed during the winter period to undertake the 

“Six Months Prior to Conversion“ activities (install hydrogen ready meters and appliances where not already 

installed) – any period without a gas supply would again need to be agreed with the Regulator 

 The summer Gas Safe Registered conversion team will be deployed during the Winter period to undertake the 
“12 Months Prior to Conversion“ activities (appliance survey) 

The DNV resource requirement calculation has been based on the following staff assumptions: 

 Supervision of Gas Safe Registered operatives is based on a ratio of 1:15 

 Sector isolation requires a maximum of five flow stopping operations 

 Each flow stopping operation will require two Distribution teams 

 Each Distribution team will consist of a team leader and a mate 

 Supervision of Distribution teams is based on a ratio of 1:4 

 All operatives will be involved in the Day 1 purge and commissioning of the network 

 Resource availability includes a 10% sickness / holiday allowance  

The DNV calculation has considered that the Gas Safe Registered workforce would need to be employed throughout 

each 12-month period, as it is believed there is a risk to project staffing levels should numbers be reduced following the 

Summer 26-week conversion programme.  The potential reduction in staff may lead to a skills loss with the need to 

retrain additional staff (see section  6.2) which would impact timescales for both the pre conversion works and the 

following summer conversion period. 

It is believed that further development of hydrogen ready appliances would allow appliance installation to be undertaken 

during the winter period in preparation for summer conversion.  This would have the effect of reducing the workload 

during the conversion week whilst retaining the staff resource over the Winter period and would also remove the 

summer peak staff requirement by balancing the workload throughout the year.  

These figures are based upon the information gathered from prior reports; however, they also include additional staffing 

considerations.  It is recommended that these timescales and derived staff numbers are confirmed during real time 

trials, such as the H100 Fife and H21 Redcar and Cleveland projects.  This will provide a valuable opportunity to 

accurately measure the timescales required to complete key tasks such as: 

 Initial site surveys 

 Installation time for hydrogen ready appliances  

 Decommissioning and purging of mains in a sector 

 Purging of domestic and industrial/commercial supplies (mains connection to ECV) 

 Conversion of hydrogen ready appliances   
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A summary of the DNV Sector Staff Resource Requirement Calculation is shown in Figure 6-6 below. 
 

 

Figure 6-6 DNV Sector Staff Resource Requirement Calculation 

 

Staff Calculation per Conversion Sector
Gas Safe Registered 

Operatives
Gas Safe Registered 

Operatives
Gas Safe Registered 

Operative Supervisors
Domestic Industrial/Commercial

Customers (99:1) 2375 125
Mains Conversion / Purge (Hours) 2375 250
Based on 1.0 hrs per domestic property 1
Based on 2.0 hrs per industrial/commercial property 2
Manpower for Conversion / Purge (Day 1 only) 158 17

Appliance Conversion (Hours) 3563 938
Based on 1.5 hrs per domestic property 1.5
Based on 7.5 hrs per industrial/commercial property 7.5
Gas Safe Registered Operative Supervision based on ratio of 1:15 15
Manpower for Appliance Conversion (Day 2 - 5)* 178 47 15
*Percentage of staff to be available for sweep up (Day 6 - 7)
Total Number of Staff + 10% (Sickness/Holiday) 195.94 51.56 16.50

Distribution Operatives Distribution Supervisors
Flowstopping Operations No. 5
Mains Flowstopping / Conversion (Hours) 150 38
Based on 7.5 hrs per flowstopping/commissioning operations 7.5
Based on 2 teams of 2 staff per operation 4
Distribution Operative Supervision based on ratio of 1:4 4
Mains Flowstopping / Conversion (Day 1 only) 20 5

Sector 2 Flowstopping Operation Preperation 5
Mains Flowstopping Preperation (Hours) 600 150
Based on 30 hrs per flowstopping/commissioning setup 30
Based on 2 teams of 2 staff per operation 4
Distribution Operative Supervision based on ratio of 1:4 4
Mains Flowstopping Preperation (Days 2 - 5) 20 5

Total Number of Staff + 10% (Sickness/Holiday) 22.00 5.50

Distribution Operatives Distribution Supervisors
Reinstatement Operations No. 10
Manpower (Hours) 150 38
Based on 3.75 hrs per reinstatement 3.75
Based on 2 teams of 2 staff per operation 4
Distribution Operative Supervision based on ratio of 1:4 4
Manpower 4 1

Total Number of Staff + 10% (Sickness/Holiday) 4.40 1.22

Staff No.
Operational Support Staff
Communication Centre Operative 2
Public Relations Operative 2
Stores Operative 2
Field Drivers 4

Total Number of Staff 10.00

Overall Total Staff No.
Gas Safe Registered Ops + Supervision 264
Distribution Ops + Supervision 33
Other Staff 10
Sector Staffing Requirements 307
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6.1.4 Stakeholder engagement 
This section will identify the stakeholders of the hydrogen conversion project; this may be individuals, groups of 

individuals, the local authority, private sector, energy users, community in general, etc.  

The stakeholders should be categorised as key stakeholders and minor stakeholders. This will enable to know about the 

stakeholders who have controlling powers for making the project a success or a failure.   

Once the stakeholders are identified, the impacts of undertaking this conversion project will be discussed.  The impacts 

could be positive or negative.  

The first step is to identify all the potential stakeholders of the project as either key and/or affected stakeholders.  This is 

carried out in cooperation with ‘local knowledge’ and an understanding of the hydrogen conversion project activities and 

their location.  

Previous DNV experience in this area suggest these stakeholders are Government Departments requiring approvals, 

other utilities with pipe or cable assets in the street, transport authorities concerned with traffic disruption, commercial 

enterprises concerned with disruption to business and the general public with worries on access to properties, safety 

and general disruption as construction work progresses.  Listing of stakeholders who are either likely to be affected by 

the project, or who are influential on the project’s establishment and operability, is the first step to ensuring that all these 

stakeholders are to a greater or lesser extent, taken into consideration, which leads to the development of their 

individual management and engagement plans. 

Information is then gathered on each stakeholder regarding their role particularly in the construction, operation and use 

of the public utilities and infrastructure.  Potential impact from the project on stakeholders, and vice versa, also needs to 

be discussed and assessed at each stage.  Then the linkage between the different stakeholders and the project will be 

better understood for further analysis. 

The expectations of the stakeholders to the project will vary and this will depend upon their aspirations for the project. 

Some stakeholders will see the project as an opportunity to improve residents’ lifestyle (e.g. Hydrogen is better for the 

environment) and others may see the project as a threat to business (e.g. Natural Gas suppliers losing trade). 

Stakeholders are then prioritised in an attempt to understand what their stake or interest is and the extent of the 

stakeholder’s power over the project which subsequently helps us to understand how much the stakeholder can 

influence the project, what avenues they have available to make their needs known and how far they will go to see them 

through. 

The ‘stake’ can be one or more of the following examples: 

Interest Stakeholder is affected by a decision related to the project 

 Example: Street closure might affect a trader with reduction in business 

Rights Stakeholder is to be treated in a certain way or has particular right protected 

 Example: Health and Safety Legislation might limit the hours of working 

Ownership Stakeholder has legal title to an asset or property 

 Example: Right of access to properties 

Knowledge Stakeholder has specialist or organisational knowledge 

 Example: Water Authority has data on location of non-gas utilities pipes 

Impact Stakeholder has influence on project work or can be impacted by the work 

 Example: Government can audit to ensure compliance with Regulations 
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Contribution Stakeholder may supply resources or funding 

 Example: Contractors supplying people, materials, equipment etc. 

In addition to the number of ‘stakes’ each organisation may have in the project; the stakeholder prioritisation will also 

consider the following important factors: 

• Power - power to stop or delay the project 

• Proximity - closeness to the project 

• Urgency - how important the project is to the stakeholder and how prepared they are to act to 

• Achieve their expectations – subsequently this is divided further into ‘Value’ and ‘Action’. 

Many high-level timelines have been produced for the overall project however detailed programmes that consider the 

timelines for each element need to be developed.  Any delays with this aspect of the project may significantly impact the 

overall date of conversion.  

6.1.5 Network Planning 
Details on the network analysis and how sectorisation is to be achieved is contained within Section 5 of this report but 

what must be taken into account is that as soon as the first sector has been converted to hydrogen the gas network is 

now operating two independent systems, the existing natural gas network and the new hydrogen network. 

The new network will require for a separate network planning system to monitor pressure in the new sector and as each 

sector is commissioned the system will expand.  There will also be a requirement for a dedicated emergency team 

consisting of first call operatives and distribution escape and repair teams to deals with reported gas escapes as the 

process will be different to that of natural gas. 

Whilst the network planning team could be manned by the existing natural gas team it is recommended that the 

emergency teams are stand alone and only deal with reported escapes on the hydrogen network.    

6.2 12 to 24 Months Prior to Conversion 

 

6.2.1 Training  
A detailed training program for frontline and customer service staff to support the planned hydrogen gas conversion 

project will need to be developed.   

The assurance, education and training of all the gas network employees is vital to the conversion operation and will play 

a leading role in the public/customer relations and communications program. 

The training of frontline staff and other customer service staff is a part of the staff relations initiative contained within the 

public/customer relations and communication program.  For the gas network operators to be viewed as the leading 

conversion authority, its public-facing employees must be well trained to build awareness and provide information 

surrounding the conversion process.  All staff must be fully briefed and prepared to receive calls ranging from routine to 

critical. 

12 – 24 Months 
Prior to Conversion

Sector Isolation IdentificationTraining

Conversion Kits

Existing Isolation Valve CheckHelp Desk

Appliance Survey
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Frontline staff must not appear misinformed or unresourceful when addressing consumer inquiries.  All personnel must 

have the foresight to direct consumers to other trained staff who may more suitably provide a response to the matter in 

question. 

All staff must be informed and trained to demonstrate proficiency in the hydrogen conversion process.  Not all questions 

can be handled by first-contact personnel and detailed training is necessary for those employees who will handle 

challenging calls related to the conversion process. 

The gas network operators staff members, surveyors and contractors are required to have a comprehensive knowledge 

of conversion activities.  The employees should be provided and familiar with all materials distributed among 

consumers, including advertising documents, conversion literature (as made available through mailings and libraries), 

fact sheets about hydrogen gas and the conversion process, a conversion diagram, a listing of frequently asked 

questions and the name(s) and contact information for selected gas network operators personnel. Information provided 

in the content of these materials will be supported through staff training exercises. 

A two-tier approach to training staff should be adopted by the networks. 

Tier one – general appreciation, will be required for all network personnel, followed periodically by project update 

briefings:  

• All staff should complete tier one training 

Tier one - training topics to include: 

• Difference between natural gas and hydrogen 

• The benefits of hydrogen gas 

• Frequently asked questions (FAQs)  

• Conversion process 

• Effect on commercial, industrial and residential customers 

• The timeline leading up conversion day 

• Question and answer session including contact information for details on the conversion program 

Tier two - advanced, will be completed in addition to tier one training and will be split depending on the type of operative 

group (Distribution or Gas Safe Registered). The training may take the form of both theory and practical elements. The 

following groups should complete their respective tier two training: 

• Training of Gas Safe Registered Engineers 

• Training of Industrial and Commercial Gas Safe Registered Engineers 

• Training of Gas Safe Registered Operative Supervisors 

• Training of Distribution Teams 

• Training of Distribution Team Supervisors 

Tier two – Gas Engineer training topics to include: 

• Hydrogen gas awareness and safety 

• Conversion of domestic appliances from natural gas to hydrogen 

• Conversion of Industrial and commercial equipment 
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• Problems with equipment and appliances 

• No access to properties 

• Customers who refuse to have appliances converted 

• Possible protestors (dealing with anti-hydrogen conversion campaigners)  

• Dealing with reported gas escapes 

• Gas detection equipment 

• Hydrogen purging 

• Tightness testing 

• Appliance commissioning 

Tier two – Distribution training topics to include: 

• Hydrogen gas awareness and safety 

• No access to properties 

• Dealing with reported gas escapes 

• Gas detection equipment 

• Hydrogen purging 

• Working on live gas 

6.2.2 Set up help desk 
In addition to the existing call centre structure (0800 111 999), a separate 24-hour information centre should be 

established to manage consumer inquiries and concerns surrounding the hydrogen gas conversion project.  This could 

be a separate call centre or dedicated website.   

Any incoming calls, to the information centre line, concerning gas emergencies, must be internally re-directed to the 

emergency call centre (0800 111999) as appropriate. 

The number provided to reach the help desk staff will be exclusive to this operation and not shared with current call 

centre operations.  Incoming calls to the existing emergency call centre concerning conversion-related issues should be 

re-directed to the dedicated help desk.  The help desk may be staffed by contracted personnel or the function may be 

outsourced to a qualified firm.  However, all help desk staff must have completed tier one training (see above) through 

the gas network operator’s hydrogen gas conversion training program. 

6.2.3 Sector isolation valve identification - PRI identification 
The identification of valves locations to be used as part of the sector isolation programme shall be identified during the 

network analysis sectorisation planning.  For existing valve their location and identification shall be confirmed, for new 

valves a programme of works shall be established for their installation.   

All valve locations shall be clearly identified and “marked up” on site drawings in readiness for conversion. 

The identification of new pressure reduction installation required as part of the sector isolation programme shall be 

identified during the network analysis sectorisation planning.  A programme of works shall be established for their 

installation.   
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6.2.4 Existing sector isolation valve movement check 
All existing valve locations shall be clearly identified and “marked up” on site drawings in readiness for conversion 

programme.  Confirmation of the operation of these valves shall also be completed. Those that are deemed inoperable 

shall be programmed for replacement.  This should be considered as part of all REPEX projects leading up to 

conversion.  

6.2.5 Survey of industrial/commercial and domestic appliances 
A gas appliance survey is an essential step in the hydrogen conversion programme.  It will assist in the identifying the 

scale of the conversion work and serves the following purposes:  

• Check of customer records and establishes a relationship with the customer  

• Determines the material requirements for conversion of appliances and man hour requirement for large 

commercial and industrial consumers   

• Provides an estimate of the time and quantity of material required in advance of the conversion date 

• Provides an estimate of the time and manpower required for conversion with minimal disruption to 

customers 

• Provides an opportunity for the identification of unsafe conditions 

• Provides the data to establish the actual cost of gas appliance conversion 

• Provides an opportunity to identify appliances that will no longer be supported by manufacturers following 

conversion and will therefore become obsolete 

The survey will be performed by a competent Gas Safe Registered operative who will be able to identify any potential 

safety issues at this time.  Any remedial work will be recorded, and customers informed, however in the most severe of 

cases, dangerous installations may require isolation.  

Industrial and Commercial Gas Safe Registered operatives will survey industrial and commercial customers due to 

bespoke appliances and machinery being installed. 

Customer premise visits will allow for the identification of meters which will assist with the H2 meter replacement 

programme.  

Based upon the survey information, the project team should produce a report detailing the extent of the pre-conversion 

visit to be completed 6 months prior to sector conversion.  

6.2.6 Order conversion kits for convertible appliances 
Results of the customer survey will have identified all appliances on a sector-by-sector basis.  Some appliances will 

require conversion kits, some may require ad-hoc conversion and some appliances will become obsolete and require 

replacement.  In this instance, the customer will be offered a range of options, details of which should be logged, as 

should all correspondence with the customer.  

Based upon the results of the survey and correspondence from the customer, materials and appliances for the 

conversion will be ordered and stocked. 
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6.3 Six Months Prior to Conversion 

 

6.3.1 Sector Isolation Valve Installation 
The programme for the installation of new sector isolation valves, identified during the network analysis sectorisation 

planning, will be completed and all valve locations clearly identified and “marked up” on site drawings in readiness for 

conversion.  This work can be completed without taking customers off gas. 

Confirmation of the operation of all existing valves to be used as sector isolation valves, shall also be completed. 

6.3.2 Completion of metallic mains replacement for sector 
The programme for the completion of the metallic mains, to enable sector conversion, will be completed. It should be 

noted that depending on the results of other projects, complete replacement of the metallic system may not be 

necessary.  

6.3.3 Completion of installation of new / additional PRI's  
The programme for the installation of new and additional pressure reduction installation stations, identified during the 

network analysis sectorisation planning, will be completed and “marked up” on site drawings in readiness for conversion. 

6.3.4 Install hydrogen ready appliances / meters 
The programme for the pre-conversion update of appliances and meters will be completed in readiness for the sector 

conversion programme.  The 12-month survey data will be checked, and any changes will be recorded to ensure correct 

conversion kits are available for the conversion week. 

Installation pipework, meters and appliances will be checked for suitability for conversion and updated as required.  

6.3.5 Set up central store facilities 
An area within the central stores will be identified for use with the conversion programme.  Known stock items that will 

be required for the conversion programme shall be identified and orders place with manufacturers to ensure no delays 

occur during the roll out phase of the project.  

6.3.6 Completion of CDM pack 
The CDM pack(s) that will be required for the conversion project will be drafted and issued for review.    

6.3.7 Develop template / database for sector job issues process 
Sector sequence will depend on network design and source of the new hydrogen gas. 

On a sector-by-sector basis, dates must be scheduled to gain entry to customer premises on the conversion date.  

Confirmation of this date from each customer is crucial as failure to gain entry to a small number of households within a 

sector on conversion date could potentially force the sector to be rescheduled. 

It is not envisaged that the system will allocate the conversion dates automatically, however, project team should 

validate the dates entered to ensure that they are chronologically correct when compared to the sector priority. 

6 Months 
Prior to Conversion

Install H2 Ready AppliancesCentral Stores

Install New PRI’s Valves

Complete Mains ReplacementCDM Packs

Install H2 Meters

Job Issue ProcessRoad Opening Notices
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Job cards will be created electronically and will be issued during conversion week, to the teams, detailing the work to be 

carried out for each property to be converted.  The job cards will identify all meter point reference numbers (MPRN’s) 

and detail the work to be carried out. 

The information contained within the job card would include, but not be limited to, the following: 

• Sector number 

• Conversion date 

• Customer name 

• Customer address 

• Customer identifier and Meter identifier 

• Access arrangements (including key holder) and special customer requirements 

• Description of work to be done  

• Tightness test  

• Final testing 

• Service regulator 

• Property isolated 

• Meter reading 

• Appliance information 

• Unconverted appliance information & disconnected and made safe notice 

• Combustion test 

• Outstanding work 

• Comments 

• Completion date 

• Gas Safe Engineer name and signature 

6.3.8 Road Opening Notices 
The preparation of all road opening notices required for the sector flow stop operations will be prepared in readiness for 

issue to the appropriate authority in accordance with the local authority timescales. 

Street work is a business-as-usual activity for the gas distribution networks – it will be coordinated with other utilities and 
road users in the usual way.  
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6.4 7 Days Prior to Conversion Week 

 

6.4.1 Installation of public relations / communications mobile unit 
The installation of the public relations / communication mobile unit shall be located in a central area in accordance with 

any agreements made with local authorities or other parties.  The communication links should be checked to confirm 

access is available in readiness for the conversion week.  Where possible the central area should consider future 

sectors to reduce the need to relocate less frequently.   

6.4.2 Installation of mobile stores unit 
The installation of the mobile store’s unit shall be located in a central area in accordance with any agreements made 

with local authorities or other parties.  Where possible the central area should consider future sectors to reduce the need 

to relocate less frequently.  

The stock level within the store facility must ensure that is adequate supplies of conversion kits, pipework, fittings, 

consumable items, temporary appliances etc. for the first two days of the conversion week. 

The stores unit should also incorporate a welfare facility for conversion staff use. 

6.4.3 Electronic job issue system 
The issue of work orders to Gas Safe Registered operatives will be via an electronic job issues system.  The work 

orders will be input into the system, ready for issue, a week prior to the conversion week.  The job issue system will 

need to be tested and backed up to ensure smooth operation given the additional volume generated during the 

conversion week.  The method of electronic receipt and return should be flexible to allow use of tablets, laptops or 

smartphones. 

6.5 Conversion Week - Day 1 

 

It is envisaged that on Day 1 of the conversion week, the following activities will be undertaken by the conversion teams. 

6.5.1 Distribution Teams Activities 
In accordance with the Non-Routine Operation (NRO) procedure, prior to physical isolation of the sector, a decay test 

will be undertaken to confirm that the system is not back fed and that all properties have been isolated.  

7 days Prior to 
Conversion Week

Communications Mobile UnitPR Mobile Unit

On Site Stores

Electronic Job Issue System Final Checks

Welfare Unit(s)

Conversion Week
Day 1

Decay TestSector Isolation

Isolate Properties

Disconnect And Cap No Access Properties

Purge Sector

Issue Temp AppliancesCustomer Queries

H2 Connection
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Following a successful decay test the sector shall be isolated from the natural gas system using approved isolation 

methods as instructed within the NRO.  

Note: The number of isolations for each sector will be determined during the network analysis phase of planning but for 

resource calculation purposes has been assumed to be a maximum of 5 (see Section 6.1).  

On completion of the sector isolation, the main will be purged in accordance with the latest recommendations regarding 

natural gas decommissioning and hydrogen purging.  The purge sequence of the main, branches and services shall be 

in accordance with the NRO and once commenced must continue until fully completed.  Properties, where access has 

not been gained must be disconnected and capped outside of the property, either below ground by a distribution team or 

at the Emergency Control Valve (ECV) if this externally located by the Gas Safe Engineer.  

Given the number of services it will be necessary to utilise the Gas Safe Engineer resource available on site to assist in 

the purge process of individual services as detailed in Section 6.1.   

6.5.2 Gas Safe Registered Operative Activities 
Prior to the distribution team undertaking the decay test there is a requirement for all properties to be visited early in the 

day and the installation isolated by closing and/or disconnecting the supply at the ECV.  

A decision to proceed will be made depending on the above level of no access cases and the ability to physically 

disconnect these supplies from the system by means of excavation and cut off, or valve closure, and should be 

complete by 10.30 am on the morning of conversion day. 

Following the commissioning of the mains and branch sector network to hydrogen it will be necessary to utilise the Gas 

Safe Registered operatives to assist in the purging of individual services under the supervision of the Authorising 

Engineer (AE) on site. This work would require additional specific training as this is currently outside the scope of Gas 

Safe Registration. 

Confirmation that the meter and appliances are hydrogen ready and that the appropriate conversion kits have been 

ordered and are available.  

6.5.3 Industrial and Commercial Gas Safe Registered Operative Activities 
Due to the complexity of some industrial and commercial properties, the use of Gas Safe Registered operatives, 

competent in the industrial and commercial areas, will be used to isolate supplies to these properties and assist in the 

purge process. 

Confirmation that the meter and appliances are hydrogen ready and that the appropriate conversion kits have been 

ordered and are available.  

6.5.4 Distribution Teams Supervision 
The sector isolation and conversion to hydrogen will be managed and coordinated by a team of distribution supervisors 

on-site.  Due to the complexity and size of the sector there will be a requirement to establish a lead 

supervisor/authorising engineer who will direct the team.  The sector isolation will require close coordination with the 

distribution and Gas Safe Registered operative supervision on the recording of properties isolated, those that require 

physical disconnection, when hydrogen purging can commence and is completed.  

6.5.5 Gas Safe Registered Operative Supervision 
The teams of Gas Safe Registered operatives will be managed by the Gas Safe Registered operative supervisors on a 

ratio 1:15. Their duties will include the recording of properties isolated, no access cut-off requirements, coordination of 

the supply of temporary appliances and completion of the purging of services. 

They will be required to work closely with the distribution supervisors throughout the whole isolation and commissioning 

process. 
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6.5.6 Communication Control Centre 
The on-site communication control centre will act as a hub for the recording of site data, conversion team site meetings 

and as a focal point for the local community to assist with customer queries. 

The control centre should be set up to facility the recording and issuing of work instructions to the conversion team.  

6.5.7 On-Site Stores 
The on-site stores facility will be established to ensure a steady supply of conversion kits, consumable items and 

temporary appliances. The stores should hold a minimum of 2 day’s stock and be replenished by the off-site store daily. 

When items are issued by the mobile stores, it is recommended that a barcode type system is employed to confirm that 

conversion kits are allocated to the appropriate property and that the correct stock levels are maintained. 

They will also control a number of mobile field operatives who will be able to drop of store items and remove waste 

materials from the conversion teams. They will also provide signs, barriers and fittings required by the distribution 

teams.  

6.5.8 Off-Site Stores 
The off-site stores facility will be established to ensure a steady supply of conversion kits, consumable items and 

temporary appliances. The stores should hold a minimum of 7 days stock and be replenished weekly. 

The off-site stores facility will need to have a system in place to track orders and deliveries from suppliers, for both 

conversion kits and consumable items.  

6.6 Conversion Week – Days 2 to 5 

Conversion Week 
Days 2 - 5

Prep Sector Isolation

Convert Appliances

Convert Industrial Commercial Appliances

Confirm/Replace Meter

Problematic ConvertionsReinstate Openings

Reconnect No Access

 

6.6.1 Distribution Teams Activities 
The distribution teams will carry out preparation work for the next week’s sector isolation i.e. excavation of all isolation 

points, installation of flow stop connections and bypass connections etc.  A number of operatives will remain on-site to 

undertake the re connection of externally isolated gas supplies once access becomes available.  

A separate workforce will reinstate all flow stop excavations, reconnected external gas supply excavations and removal 

of all signs, barriers and surplus material. 

6.6.2 Gas Safe Registered Operative Activities 
Domestic conversion will then proceed with gas safe engineer visits to each customer to fit pre-ordered appliance 

conversion kits/ replacements, soundness tests and commissioning.  The job cards will be issued electronically to track 

completed work, any additional work required and log site data.  A hard copy back-up system for the recording of job 

cards will be available from the communication centre.  

Where entry to a customer’s property was not possible, conversion was incomplete or the conversion failed soundness 

testing, the communication centre will be informed to arrange for a further appointment to be made to complete the 

work. 
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6.6.3 Industrial and Commercial Gas Safe Registered Operative Activities 
Industrial and Commercial Gas Safe Registered operatives will visit each customer to convert and commission 

previously identified appliances in conjunction with the site maintenance engineers.  The job cards will be issued 

electronically to track completed work, any additional work required and log site data.  A hard copy back-up system for 

the recording of job cards will be available from the communication centre.  

Where entry to an industrial and commercial property was not possible, conversion was incomplete, the communication 

centre will be informed to arrange for a further appointment to be made to complete the work. 

The Industrial and Commercial Gas Safe Registered operatives will also assist the Gas Safe Registered operatives with 

any problematic conversions. 

6.6.4 Distribution Teams Supervision 
The distribution team supervision will be split between three distinct areas: 

• The coordination of the teams undertaking the reinstatement activities throughout the sector and reconnection 

of the isolated services due to no access. They will also coordinate the movement of mobile facilities, ensuring 

that all waste has been removed from the site.  

• The supervision of the teams in preparation for the following weeks sector isolation.  

• The preparation of all documentation for the following weeks sector isolation and commissioning/conversion. 

6.6.5 Gas Safe Registered Operative Supervision 
The Gas Safe Registered operative supervisors will coordinate the conversion and commissioning of the customers 

within the sector, ensuring that the flow of information is maintained between gas safe engineers and the communication 

centre. They will also coordinate the removal of temporary appliances and return to stores.  

They conduct a sample audit of converted properties and record their findings back to the communication centre.  

Where poor workmanship is identified appropriate action is taken. 

6.6.6 Communication Centre 
The on-site communication control centre will act as a hub for the recording of site data, conversion team site meetings 

and as a focal point for the local community to assist with customer queries. 

The control centre should have been set up to facility the recording and issuing of work instructions to the conversion 

team.  

6.6.7 On-Site Stores 
The on-site stores facility will be established to ensure a steady supply of conversion kits, consumable items and 

temporary appliances.  The stores should hold a minimum of 2 day’s stock and be replenished by the off-site store daily. 

They will also control a number of mobile field operatives who will be able to drop of store items and remove waste 

materials from the conversion teams.  They will also provide signs, barriers and fittings required by the distribution 

teams.  

They will undertake PAT testing of the returned temporary appliances, ready for re issue. 

6.6.8 Off-Site Stores 
The off-site stores facility will continue the steady supply of conversion kits, consumable items and temporary 

appliances and prepare for issue of conversion kits for following sector.  
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6.7 Conversion Week – Days 6 to 7 

  

6.7.1 Distribution Teams Activities 
Several operatives will remain on-site to undertake the re connection of externally isolated gas supplies where access 

can only be obtained at the weekend.  They will also undertake any reinstatement activities associated with the site 

works. 

6.7.2 Gas Safe Registered Operative Activities 
Several Gas Safe Registered operatives will remain on-site to continue the domestic conversion process of properties 

where access can only be obtained at the weekend.  

6.7.3 Industrial and Commercial Gas Safe Registered Operative Activities 
Several Industrial and Commercial Gas Safe Registered operatives will remain on-site to continue the Industrial and 

Commercial conversion process of properties where access can only be obtained at the weekend, they will also 

continue supporting the problematic domestic conversion process of properties.  

6.7.4 Distribution Teams Supervision 
A distribution team supervisor will remain on site to coordinate the activities of the distribution teams and ensure that the 

flow of information continues with the communication centre.  

6.7.5 Gas Safe Registered Operative Supervision 
A Gas Safe Registered operative supervisor will remain on site to coordinate the activities of the Gas Safe Registered 

operatives and ensure that the flow of information continues with the communication centre.  

  

Conversion Week 
Days 6 -7

Sweep Up of all No Access Properties

Convert Appliances

Convert Industrial Commercial Appliances

Confirm/Replace Meter

Problematic ConvertionsReinstate Openings
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7 ISSUES TO BE RESOLVED  
This study has shown that there appears to be few technical issues that have been overlooked by the programme of 

work underway, or planned, for the conversion of the gas networks to hydrogen.  However, new technical issues may 

arise during delivery of the research programme.  BEIS has also commissioned a gap analysis for safety evidence from 

HSE and this will feed into the programme of work to be undertaken collaboratively by the gas networks.   

What do remain, however, are local challenges that will need to be resolved in detail for every location.  Prior to 

supplying hydrogen to the first house in the first street, some major preparation work and new infrastructure is required 

to ensure that: 

 Customers that are converted to hydrogen continue to be supplied safely and securely with hydrogen by 

means of an enduring solution 

 Customers that remain on natural gas also continue to be supplied safely and securely with natural gas until 

they are converted 

For the first pilots and full-scale conversions, gas networks may need to take responsibility for assets, operations and 

services that are currently outside the current Gas Transporters’ licences.  This could include, for example, upstream 

challenges associated with full-scale hydrogen production and storage through to activities downstream of the meter 

including conversion of appliances in homes.  Once hydrogen networks are well-established these functions are likely to 

be run on a more commercial basis. 

7.1 Hydrogen production and storage 
There are two main bulk hydrogen production methods – electrolysis of water and reformation of natural gas.  Both 

methods operate best at constant outputs and production can be ramped up by the addition of extra electrolyser or 

reformer modules as the conversion progresses towards completion.  Redundancy and availability of production 

equipment will need to be factored in; for example, a traditional steam methane reforming plant needs about four weeks’ 

down time for maintenance every four years.  Hydrogen production has to be coupled with storage; this will be critical 

both in the short-term, during conversion, and long-term where: 

 Hydrogen production will meet the annual demand 

 Intraday peak demands will be met by storage. 

Interim production and storage 

For the conversion of the first houses on the first streets, an electrolyser or portable steam methane reformer located 

within the town or city could provide a supply during the early stages of conversion.  However, the site would need to 

have suitable connections to the gas network and be able to provide short-term storage in high-pressure bullets to 

match the demand profile for heat (see Figure 7-1).  Storage will need to be available to meet peak demand – this 

includes the peak day, peak hour and peak six minutes.   

 

Figure 7-1  Diurnal and annual profiles for heat.  Hydrogen production is likely to have a flat profile so storage 
of hydrogen during periods of low demand will be required. 
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Gas networks may have retained land at gas holder stations – these could be suitable for hydrogen production and 

storage during conversion and perhaps in the longer term for peak demand.  However, traditional gas holders are 

unlikely to be suitable for storing hydrogen as both electrolysers and methane reformers produce hydrogen at LTS 

pressures whereas gas holders operated within the LP network and used water seals for gas tightness.  Material 

compatibility with hydrogen and the integrity of the holders are also likely to be an issue.  COMAH safety cases will also 

be needed if storage is above 5 tonnes of hydrogen. 

Hydrogen production ramp up during conversion 

At a rate of 625 homes per day for four days a week, the weekly conversion rate will be 2,500 homes.  Figure 7-2 shows 

that if conversion takes place for 20 weeks covering the late spring to early autumn, then hydrogen production needs to 

be ramped up to maximum capacity over five years for an area the size of Teesside (250,000 homes).  If conversion 

activities take place all year, then maximum hydrogen production would be required in two years.   

 

Figure 7-2  Time taken to convert a metropolitan area of 0.25M and 0.5M homes at a rate of 2,500 homes per 
week for different durations in a year 

Hydrogen purity 

The purity of the hydrogen is important.  The Hy4Heat purity standard43 requires hydrogen to be at least 98% pure with 

limits on carbon monoxide, hydrogen sulphide, total sulphur, oxygen, hydrocarbons, carbon dioxide and inert gases 

such as argon, nitrogen and helium.  This purity specification is easily achievable by electrolysers.  Reformers, however, 

will need additional clean-up processes, but this is well-understood technology - for example, BOC routinely achieves a 

purity of 99.98% hydrogen from its steam methane reformation plant on Teesside. 

Blending excess hydrogen with natural gas 

One solution to the production challenge is to blend any excess hydrogen with the natural gas supply up to 20 mol%.  At 

the beginning of conversion, the natural gas network will be the dominant supply and the potential for using hydrogen as 

a blend will be at its greatest.  As conversion progresses, there will be less capacity for taking “spare” hydrogen but, by 

then, it would be hoped that any storage provision was more mature.  This option would work if all the customers in the 

area were using domestic appliances but provision for accurate billing would need to be required to account for varying 

concentrations of hydrogen blend.  For industrial and commercial customers, further work would need to be undertaken 

to ensure that their burners could accommodate fluctuating hydrogen content. 

 

 
43 Hy4Heat Hydrogen Purity Standard https://www.hy4heat.info/wp2 
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System balancing of natural gas and hydrogen supplies during conversion 

Blue hydrogen from gas supplied by the National Transmission System will increase the natural gas nomination at 

offtakes due to losses associated with the reforming process.  If the methane reformers are 90% efficient then the 

natural gas flow will increase correspondingly to produce the same amount of hydrogen energy.  The nominations of gas 

continuing to flow downstream into the gas distribution network to customers not yet converted to hydrogen will be 

calculated as they are now.  Once the gas distribution network is fully converted to 100% blue hydrogen, all things being 

equal, the natural gas flow through the NTS will increase but the flow profile will be constant to suit the reformers and 

excess hydrogen will go into storage. 

Within the gas distribution networks, the volumetric flow rates of hydrogen and natural gas during conversion are shown 

in Figure 7-3.  When 24% of network demand has been converted to hydrogen, the flow rates of the natural gas and 

hydrogen systems will be equal as the calorific value of hydrogen is less than a third of that of natural gas.  The energy 

delivery, however, will remain at 24% of the network energy from hydrogen and 76% from natural gas. 

 

Figure 7-3  Network flow rates for the two systems during conversion.  Calorific values of 39.3 MJ/m3 for natural 
gas and 12 MJ/m3 for hydrogen have been assumed.   

 

Temporary supplies of hydrogen 

Temporary supplies of hydrogen delivered, by for example, tanker to a storage bullet should only be used as a last 

resort for small groups of properties of for short lengths of time.  In the first week of a conversion period, 2,500 homes 

would require 42 tanker loads of hydrogen.  In the second week, 74 tankers would be required to supply 5,000 homes.  

This is clearly not sustainable for very long and should only be used if no other measures are practical or for small 

groups of properties for which there are particular challenges in establishing a permanent network connection.  

7.2 Compression 
Electrolysers have a typical hydrogen output pressure of 20 to 30 bar with some producing pressures up to 80 bar.  

Methane reformers have a typical hydrogen output pressure of about 20 to 40 bar.  Given the lower volumetric energy 

density of hydrogen, line pack in the LTS at higher pressures could be useful – this would require the hydrogen to be 

compressed either into the LTS or into storage. 

7.3 Pipelines and Network Assets 
Pipelines, valves and other metallic and non-metallic components in the network need to be compatible with hydrogen.  

Innovation projects such as LTS Futures, FutureGrid, H21, H100 and HyDeploy are underway and have already 

produced significant new information.  These results need to be combined with the Mains Replacement Programme and 

the whole mapped onto the conversion network as part of the Safety Case.  Operational activities such as repairs, tools, 
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equipment, monitoring and measuring, leak detection and so on are currently being developed in ongoing innovation 

projects; these activities and any new equipment will also need to be approved and finalised.    

7.4 Regulations 
Gas quality and safety 

The Gas Safety (Management) Regulations do not currently allow hydrogen into the network at concentrations above 

0.1 mol%.  Even after the current GS(M)R are updated and the gas quality standard becomes an IGEM standard as part 

of the first set of changes, the hydrogen limit will remain at 0.1 mol%.   It is hoped that an IGEM gas quality standard will 

be easier to update (although no less safe as the HSE will continue to have oversight of any changes).   

The BEIS and ENA hydrogen programmes will provide the evidence and mitigations that the HSE requires to 

demonstrate that 100% hydrogen is safe – this will include equivalents for hydrogen leak detection and all other safety 

measures that gas networks use routinely. 

Gas Act 

There is some debate about whether the current Gas Act will need to be changed for 100% hydrogen – this is already 

being investigated by BEIS.  If amendments or a new Gas Act are required, these could delay implementation unless 

suitably prioritised by Government. 

Billing 

Ofgem regulates the commercial operations of the gas networks and customer billing is part of this.  An update to the 

billing regime and the IT system architecture will be required.  For a 100% hydrogen network, monitoring of the calorific 

value will be easier than for natural gas.  The current Gas (Calculation of Thermal Energy) Regulations cap any 

disadvantage to customer bills at a maximum of 1 MJ/m3 above the calorific value of the lowest supply into the charging 

area as part of the Flow Weighted Average Calorific Value regime.  Given the requirements of the Hy4Heat purity 

standard, variation in calorific value44 is likely to be less than 1 MJ/m3.  However, as metered flows will be approximately 

three times greater, the calorific value cap may have to be correspondingly smaller than it is now. 

Planning 

Planning applications for hydrogen production, storage, carbon capture, new pipelines and rerouting of any pipelines 

could become a bottle neck in conversion.  On a more local scale, LEPs, councils, parish councils, highway authorities, 

other utilities, transport and emergency services will need to be consulted before and throughout the conversion. 

Environmental 

During the process of conversion, the replacement of natural gas with hydrogen will involve some purging and venting 

operations.  The mitigation of the environmental impact of releasing natural gas will need to be agreed and approved, 

possibly using a permit system to strike the correct balance between safety and minimisation of emissions. 

7.5 Supply chain 
The conversion to hydrogen will involve the readiness of multiple supply chains.  These components could be upstream, 

within or downstream of the gas network.  For example, there are already long lead times for electrolysers which will be 

upstream of the network and new natural gas reformers will need catalyst materials (usually nickel based).  Hydrogen 

ready boilers, gas appliances, and so on will be required downstream in the right numbers and at the right time.  Within 

the network, sectorisation valves will need to be available in the right sizes and quantities to keep the natural gas and 

hydrogen systems separated.   

 

44 Variations in Wobbe Index, however, are likely to be >1 MJ/m3 (42 to 46 MJ/m3 is the allowable range) but this does not affect billing. 
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For those parts of the supply chain that do not already provide equipment to the gas networks, coordination of funding, 

design and installation will be needed - it is currently not clear who would be responsible. 

7.6 Equipment decommissioning/recycling 
There will be some natural gas assets that will need to be decommissioned.  Examples include consumer meters and 

metallic components in the network that are not compatible with hydrogen.  The gas networks have existing procedures 

in place covering their current operations - these will need to adapt and develop for decommissioning, recycling, 

excavating and backfilling associated with hydrogen conversion.  
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8 SUMMARY AND CONCLUSIONS 
This report has studied the technical aspects of hydrogen conversion and assumed that the significant non-technical 

risks have been successfully managed – this includes, for example, active involvement of government to get projects off 

the ground and to make hydrogen conversion investable.  The conclusions have been summarised using a timeline that 

counts backwards from the conversion of the first property.   

If UK Government makes a policy decision to convert the gas networks to hydrogen in 2025, the first full-scale 

conversion rollout will begin in 2035 – the ten previous years will be used for building the hydrogen production, storage 

and CCS infrastructure.  Using Teesside as an example, the conversion of all 250,000 customers is likely to take nearly 

five years and will be complete by 2040.  Clearly, for the whole of Great Britain to be converted by 2050, all the gas 

networks will need to work in parallel and very closely with National Grid Gas who may have options to supply natural 

gas, hydrogen blend or 100% hydrogen. 

8.1 Timeline for hydrogen conversion 
Once a gas network has committed to conversion to 100% hydrogen, the information gathered by this study indicates 

that it is likely to be up to ten years before the first house on the first street is converted.  A high-level timeline, bringing 

all the information together is shown in Figure 8-1.   Biomethane production has been included as part of the plan as it is 

a low-carbon gas that has a role in decarbonising the gas networks. 

 

Figure 8-1  High-level timeline for conversion to 100% hydrogen 

8.2 Hydrogen production and supply modelling 
One of the first things to do is to undertake a detailed hydrogen production and supply modelling for the conversion area 

- a high-level example for Teesside was shown in section 5 of this report.  The modelling will set out how much 

hydrogen is needed and the storage requirements during and after conversion – the peak demand for hydrogen will 

increase and the peak demand for natural gas in the gas distribution network will correspondingly decrease.  However, 
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the demand for natural gas from the NTS will increase overall as the methane reforming equipment will have a 

conversion efficiency of somewhere between 80 and 90 %. 

Using the production and supply modelling information, hydrogen producers will be able to size and cost the methane 

reformers and the rate at which production needs to be ramped up.  In our study of Teesside, we have assumed that 

hydrogen production plant is modular and additional 50 MW modules can be added as required.  Storage operators will 

use the production and supply modelling information to evaluate the size of underground storage caverns that need to 

re-purposed and/or developed.  

Key to understanding the roll out of hydrogen conversion is the mix of demand profiles within the system and 

interconnectivity of pressure tiers.  The process of hydrogen conversion will displace natural gas supply.  Our modelling 

indicates that conversion activities ideally need to work back from the network extremities towards the supply points and 

this includes converting the IP network to hydrogen – this will require new transmission pipelines or temporary local 

hydrogen production and storage facilities.  For the Teesside conversion of the NGN network, for example, if conversion 

starts South of the Tees and storage is available only North of the Tees, there is currently no direct pipeline linking the 

two areas. 

8.3 Blue hydrogen production 
Blue hydrogen will be generated by reforming natural gas at NTS exit points or at new exit points from the LTS.  This is 

predicated on the assumption that the NTS will continue to supply natural gas.  If the NTS is converted to hydrogen, 

then responsibility for sizing of hydrogen production and storage moves from a local or regional level to a national one 

managed by National Grid Gas.  The FutureGrid project will report in 2023 on whether NTS pipelines can be used for 

hydrogen and before 2025 on options for system operation including compressors and deblending.  Development of the 

blue hydrogen plant will need to be linked to a CCS network.  Planning applications, funding, FEED studies, ordering of 

long-lead items, tie-in between production and CCS could take up to four to five years.  Construction is estimated to take 

up to three years including new pipeline connections to CCS networks and any new pipework connections to the 

existing gas networks.  As soon as the production system is commissioned, hydrogen will flow from the facility and it will 

either need to go into the gas network or into storage.  If the hydrogen goes into the gas network, it will need to be 

blended with natural gas and suitable gas blending and monitoring equipment will need to be available.  The outcome of 

phase 2 of the HyDeploy project will be required to demonstrate whether 20% hydrogen blend can be supplied to 

customers together with any mitigation required to make it safe.   

Industrial and commercial customers who are unable to take a blend of hydrogen will need to be protected and supplied 

with natural gas which potentially could involve deblending technology to remove hydrogen.  Some of these customers 

are likely to prefer one conversion activity straight to 100% hydrogen rather than an additional disruption involving ann 

interim conversion to hydrogen blend.  For the Teesside conversion of NGN’s network, for example, our models predict 

that a natural gas reforming capability of 385 MW will be required to meet peak demand but this would provide a surplus 

most years which would be available for other areas of the network or for other industries. 

If interim or temporary production of hydrogen from electrolysis is required within the network, this will require a 

significant power supply (preferably renewable) and access to large quantities of potable water. 

8.4 Hydrogen storage 
Hydrogen is likely to be stored in bulk and underground in salt caverns or repurposed natural gas fields.  Development 

of such facilities will also take a considerable time.  Geological surveying, planning applications, environmental analysis, 

FEED studies and design of pipelines and above ground installations between the gas network or production facility 

could take three to four years.  To drill and excavate new salt caverns, for example, will take a further two to three years.  

Commissioning of the facility and validating that the quality of the hydrogen withdrawn from storage is within 
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specification is likely to take about six months.  For the Teesside conversion of NGN’s network, for example, our models 

predict a storage requirement of 2.55 x 108 sm3 which is equivalent to 8.6 x 108 kWh.  

8.5 New LTS 
All the studies to date, including this one, indicate that new sections of the LTS will be required to maintain both the 

natural gas and hydrogen supplies to customers during and after conversion. Laying of new transmission pipelines also 

has a long lead time before commissioning can take place.  Periods of three to four years for routing, design, planning 

applications and consents and ordering pipe stock have been estimated.  The construction of the pipeline depends upon 

the geography, diameter and length of the pipeline – two years has been estimated in the high-level plan.  The new LTS 

needs to be available at the same time as the production and storage facilities and is likely to deliver hydrogen blend in 

the first instance before converting to 100% hydrogen once conversion starts. 

Work to demonstrate that the existing LTS network can be repurposed for hydrogen is an important part of the plan.  

The gas networks are working together to develop the safety, technical and practical evidence to support the use of 

hydrogen in the LTS.  The research work proposed underpins many aspects of the decarbonised pathway and will: 

 Provide evidence by 2023 and secure the LTS assets 

 Provide the technical input to ensure decarbonisation of industrial clusters can be delivered 

 Confirm the role of LTS in system transformation and the impact on hydrogen roll out and green recovery.   

This work will be funded as part of the RIIO-2 plan and aligns with the BEIS National Programme of Evidence. 

8.6 Temporary hydrogen supplies during conversion 
Temporary supplies of hydrogen during conversion are likely to be a significant challenge and should only be used as a 

last resort for small groups of customers for which there are particular challenges in establishing a permanent network 

connection.  At a conversion rate of 2,500 homes per week, the volume of hydrogen required is significant even when 

taking into account that energy demand decreases during the summer months.  If the hydrogen were supplied by tanker, 

then 42 tankers would be required in week 1, 74 in week 2, 98 in week 3 and 115 in week 4.  Alternative options are 

portable electrolysers which could supply individual properties or groups of properties or small-scale methane reformers.  

One advantage of small-scale reformers is that they could be fuelled by displaced biomethane supplies and then 

retained as vehicle re-fuelling stations for hydrogen vehicles (including gas distribution network fleets) once conversion 

is completed.  Similarly, containerised electrolyser units could also be retained for gas network vehicle refuelling post 

conversion. 

8.7 Industrial and commercial customers 
Large industrial customers connected to the LTS will need special consideration especially if their process or 

combustion equipment is sensitive to hydrogen.  It would be prudent to engage with these customers up to four years 

ahead of conversion to enable them to plan either for additional combustion controls or to install a parallel hydrogen 

combustion system.  In some circumstances, hydrogen deblending equipment may be required as conversion to 

hydrogen blend and then to 100% hydrogen may be impractical or not cost effective. 

8.8 Supply chain 
The supply chain will need to be engaged several years ahead of conversion.  Manufacturers of hydrogen-ready 

appliances, for example, have stated that they are ready to set up production lines once hydrogen trials are complete 

and a policy decision has been made to undertake hydrogen conversion.  The supply chain includes everything that is 

required including gas network components, sectorisation valves, meters, tools, a full range of appliances and customer 
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equipment and so on.  Much of the development of the supply chain will be commercially driven but sharing of 

information about the quantity, quality, and timing of supplies will be important. 

8.9 Detailed sectorisation modelling 
Previous NIA projects have indicated that the detailed sectorisation modelling on a street-by-street basis will be vital but 

very time consuming.  The modelling will need to be completed ahead of the start of work on the networks.  The 

modelling will identify the network sectors, where the sectorisation valves will need to be installed, any reinforcements or 

outstanding mains replacement and the programme of work.  Once conversion to hydrogen is confirmed, any REPEX 

work should include making the networks hydrogen ready to avoid the need for remediation work later.  Consideration 

should be given to the installation of conversion sectorisation valves on REPEX projects being carried out in the 

regulatory period prior to conversion where they coincide with strategic isolation locations identified by the various 

analysts 

8.10 Biomethane 
The role of biomethane needs to be considered.  The Renewable Heat Incentive payments to producers are 

commitments by Ofgem for seven years so early engagement and consultation would be required.  There are options for 

biomethane including conversion to hydrogen or transporting it by tanker/new pipelines to a separate 100% biomethane 

network or vehicle refuelling facility. 

8.11 Network Conversion Activities 
This study has combined the thinking from the H21 Leeds City Gate, the H21 North of England and Frazer Nash 

Logistics of Domestic Hydrogen Conversion projects and used these to propose a more stream-lined approach including 

activities on the gas network and downstream of the consumer meter.  For example, we propose that the Gas Safe 

workforce is employed for the whole project and that the winter period is used to prepare the network and customers for 

a smooth and quicker conversion experience in the summer.  This will ensure that the skilled and experienced workforce 

is not lost and will minimise retraining of new staff in the spring.  We also recommend that the H21 and H100 Fife 

hydrogen trials are used to develop realistic timescale data for site surveys, installation times for hydrogen-ready 

appliances, decommissioning and purging of mains in a sector, purging of domestic and industrial/commercial supplies 

and conversion of hydrogen-ready appliances.   

There is a need for an overall feasibility study/master plan to combine the outputs of previous and future studies as part 

of a Front-End Engineering Design (FEED) programme, where all options should be assessed from an economic and 

safety perspective.  The gas networks would then move forward and have access to: 

 Basis of design 

 Process flow diagrams, pipe & instrumentation diagrams, safeguarding diagrams 

 Main equipment data sheets and specifications 

 Valve, line and tie in schedules 

 Instrument and valve data sheets 

 General arrangements drawings for main equipment and main pipework. 

 Cost estimating and project schedule 

 Identification and investigation of long lead items 

 HAZOP/HAZID 

 Project execution plan, HSE plan 
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 Risk Register 

 
Figure 8-2  Roadmap to Network Conversion  
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A detailed roadmap to conversion activities in the gas distribution network has been set out and it is summarised in the 

timeline shown in Figure 8-2.  Planning and stakeholder engagement work begins up the three years ahead of 

conversion of the first house in the first sector.  Surveying of customer equipment and resourcing activities begin up to 

two years ahead.  Between six months and one year ahead, work on the gas network starts and this includes any 

outstanding mains replacement, checking valve function and installation of hydrogen-ready appliances as required.  In 

the two weeks before conversion, there is a rapid ramp up of activity in the first sector culminating in house to house 

conversion and commissioning of the hydrogen supply. 
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