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Problem 

The Licensee must provide a narrative which explains the Problem(s) which the Project is seeking to address. 

Method(s) 

The Licensee should describe the Method(s) which are being demonstrated or developed. The Licensee must outline how the 

Method(s) could solve the Problem. The type of Method should be identified where possible eg technical, commercial etc. 
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Method(s) continued 

Funding commentary 
The Licensee must provide a commentary on the accuracy of its funding estimate. If the Project has phases, the Licensee 

should identify the approximate cost of each phase. IGTs should indicate potential bid costs expenses.  

Specific Requirements (please tick which of the specific requirements this project fulfils) 

A specific piece of new (ie unproven in GB) equipment (including control and/or communications 

systems and/or software) 

A specific novel arrangement or application of existing gas transmission or/and distribution 
equipment (including control and communications systems software) 

A specific novel operational practice directly related to the operation of the gas transportation system 

A specific novel commercial arrangement 
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Accelerates the development of a low carbon energy sector & has the potential to 

deliver net financial benefits to existing and/or future customers 

The Licensee must demonstrate that the Solution has the potential to accelerate the development of the low carbon energy 
sector in GB and/or deliver wider environmental benefits to GB customers. The Licensee must demonstrate the potential to 
deliver net financial benefits to existing and/or future customers. 
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Delivers value for money for gas customers 
The Licensee must demonstrate that the Method(s) being trialled can derive benefits and resulting learning that can be 
attributed to or are applicable to the gas transportation system.  

 

  

 

Demonstrates the Project generates knowledge that can be shared amongst all 

Licensees 
The Licensee must explain the learning which it expects the Method(s) it is trialling to deliver. The Licensee must demonstrate 
that it has a robust methodology in place to capture the learning from the Trial(s).  
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Please tick if the project conforms to the default IPR arrangements set out in 

the NIC Governance Document? 
If the Licensee wishes to deviate from the default requirement for IPR then it must demonstrate how the learning will be 
disseminated to other Licensees and how value for money will be ensured. The Licensee must also outline the proposed 
alternative arrangements and justify why the arrangements are more suitable than the default arrangements. 

How is the project innovative and with an unproven business case where the 
innovation risk warrants a limited Development or Demonstration Project to 
demonstrate its effectiveness. 
Demonstrate why the Licensee has not previously used this Solution (including where the Solution involves commercial 
arrangements) and why NIC funding is required to undertake it. This must  include why the Licensee would not run the trial as 
part of its normal course of business and why the Solution is not Research. 
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Project Partners and external resourcing/funding  

The Licensee must provide evidence of how Project Partners have been identified and selected, including details of the process 
that has been followed and the rationale for selecting participants and ideas for the Project. 
 
The Licensee should provide details of any Project Partners who will be actively involved in the Project and are prepared to 
devote time, resources and/or funding to the Project. If the Licensee has not identified any specific Project Partners, it should 
provide details of the type of Project Partners it wishes to attract to the Project.  
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Derogations or exemptions 
The Licensee should outline if it considers that the Project will require any derogations, exemptions or changes to the 

regulatory arrangements. 

Customer impact 
The Licensee should outline any planned interaction with customers or customers’ premises as part of the Project, and any 

other direct customer impact (such as amended contractual or charging arrangements, or supply interruptions). 
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Details of cross sector aspects 

The Licensee should complete this box only if this Project forms part of a larger cross sector Project that is seeking funding 

from multiple competitions (Gas NIC, Electricity NIC or LCN Fund). The Licensee should explain about the Project it will be 

collaborating with, how it all fits together, and must add a justification for the funding split.  
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Contact name 

Contact Address 

E-mail 

Direct telephone line 

Job title 

Any further details the Licensee feels would add to the submission 
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	Funding LicenseeRow1: Northern Gas Networks
	Network Licence Project PartnersRow1: National Grid Distribution,Scotland and Southern Gas Networks, Wales and West Utilities
	Funding Licensee areaRow1: Northern Gas Networks 
	Project titleRow1: H21 
	The Licensee must provide an approximate Project start and end dateRow1: The objective is to provide compelling safety based evidence for a 100% hydrogen conversion in the below 7 bar UK gas distribution network. Specifically that the pipes and equipment in 2032, i.e. following completion of the REPEX programme, will be as safe operating on either 100% hydrogen or natural gas. This could ultimately support policy decisions for a UK hydrogen conversion with potential to save £100bns vs alternative decarbonisation strategies. The project builds directly on the work undertaken as part of the `H21 Leeds City Gate' (H21 LCG) NIA project and its recommended roadmap presented in section 10.  
Problem: The UK has committed to substantial carbon savings; heat contributes to a third of its current emissions. Delivering low-carbon heat via a 100% hydrogen conversion appears to be a technically credible, lower cost, large scale decarbonisation solution than alternatives.  However, there is a critical safety based evidence gap which must be quantified by the UK gas industry to progress the option. 
Method: A comprehensive testing, measurement and quantified risk assessment will be undertaken across a strategically selected range of below 7 bar assets.  These tests will be split into three phases; background testing, consequence testing and field testing. 
Solution: The project will provide comprehensive, quantified evidence across the range of below 7 bar assets within a three year time frame 2018 to 2020. 
 
	Total cost of Project: £15,000,000
	NIC funding requested: £13,500,000
	If yes please specifyCross Sector Projects only Requested funding from Electricity NIC NIA or second tier LCN Fund: N/A
	The Licensee must provide a narrative which explains the Problems which the Project is seeking to addressRow1: The UK, as with most other countries around the world, recognises the challenge of climate change and has resolved, by 2050, to reduce carbon emissions by 80% of their level in 1990. In the UK this is a legal obligation defined under the terms of the Climate Change Act 2008. Climate change is one of the most significant technical, economic, social and business challenges facing the world today. Following the completion of the H21 LCG NIA project there has been growing interest in the opportunity to decarbonise the gas network by converting to 100% hydrogen, a solution that appears to be technically and economically viable. 
 
Decarbonising UK heat, which is predominantly provided by the gas network, is particularly difficult due to the large inter-seasonal swings in demand, distributed nature of the consumer appliances (boilers, fires, ovens etc.) making localised decarbonisation impractical, and established significant customer preference within the UK.  Decarbonising the gas network with hydrogen has the potential to be the single biggest contribution to the deliverability of the Climate Change Act. 
 
All the technology to convert the UK gas distribution network to hydrogen can be evidenced across the world today (steam methane reformers, salt caverns, hydrogen appliances).  However, the primary obstacle to progressing with such a decarbonisation pathway is the lack of quantitative safety evidence.  The H21 LCG study has confirmed the below 7 bar UK gas distribution network has adequate capacity with minor reinforcement for conversion (the above 7 bar would not be effected). However, a significant programme of work is required to prove this part of the gas network in its 2032 condition, i.e. following completion of the Iron Mains Replacement Programme, presents a comparable and acceptable risk whether transporting 100% hydrogen or natural gas.  
 
Quantifying this risk is a significant challenge, the range of below 7 bar asset in the UK gas networks in 2032 including pipe, fittings, connections, district governors (pressure control equipment) etc is extensive.  Designing an appropriate testing regime that provides confidence that this range of assets is safe operating on 100% hydrogen is a challenge which requires a dedicated programme of strategically targeted work, large amounts of funding and high levels of expertise.
 
 
	The Licensee should describe the Methods which are being demonstrated or developed The Licensee must outline how the Methods could solve the Problem The type of Method should be identified where possible eg technical commercial etcRow1: The H21 LCG report recommends circa £100m of funding is required to de-risk a hydrogen for heat pathway. This can be broken down into three core evidence requirements; safety, customer acceptability and Front End Engineering Design. This was set out in the `H21  - Executing the roadmap' document presented to OFGEM and BEIS in December 2016. The H21 NIC project will provide the safety based evidence part of the roadmap. This project is the first NIC project that has been collaboratively funded, supported and, subject to successful award, executed across all GDNs.  
 
The below 7 bar UK gas distribution network in 2032 will be predominantly polyethylene (circa 90%).  However, there will still be some retained metallic iron and steel mains.  Furthermore there will be a range of different PE pipe ages, transition fittings (between PE, iron, steel, different diameters etc.), services, service connections, buried valves, service governors and district governors.  
 
	Methods continuedRow1: This H21 NIC project will provide the quantitative safety based evidence across a strategically designed range of these assets through a comprehensive three stage testing programme as outlined below. 
Stage 1A) Background Testing.  A strategic set of tests are being designed to cover the range of assets and pipe configurations representative across the UK.  A cross section of these assets will be removed from the networks and transported to the NGN/NGD Keighley gas site.  Controlled testing with natural gas and 100% hydrogen will then be undertaken.  These tests will provide the quantitative evidence for changes to background leakage levels in a 100% hydrogen network.  
Stage 1B) Consequence Testing: Quantification of risk associated with background leakage and failure leakage (for example mains fracture, 3rd party damage) when considered against different forms of ignition needs to be determined. Tests will be undertaken on 100% hydrogen and methane and will be carried out at Spadeadam site. 
Stage 2) Field Testing: Ultimately, in order to provide conclusive comparative safety based evidence for a 100% hydrogen conversion, some field testing will be essential.  These field tests will be undertaken on in situ mains the purpose of which is to confirm the results of the evidence gathered in stage 1A.  It is important to note these tests will not be undertaken downstream of the meter and will not affect customers gas supply. Extensive liaison with local authorities as well as a comprehensive customer engagement plan will be required. These tests will be undertaken on sites including holder sites (for large mains), derelict/demolished council owned sites and if appropriate individual streets. 
	The Licensee must provide a commentary on the accuracy of its funding estimate If the Project has phases the Licensee should identify the approximate cost of each phase IGTs should indicate potential bid costs expensesRow1: The budget for this NIC is dictated by the number of tests required in each phase.  The costs are based on delivering a suitable number of tests from which robust conclusions can be extrapolated to provide all necessary safety based evidence. All stages will require a supply of hydrogen and natural gas to site, modifications to site, testing, measurement and quantitative analysis
Stage 1A (12/18 months, concurrent with stage 1B) Background Testing: Costs are based on the establishment of a background testing site at Keighley and supply and assembly of network assets. £7.0m
Stage 1B (12/18 months, concurrent with stage 1A) Consequence testing: Costs are based on modifications to the DNV GL Spadeadam site, supply and assembly of materials, leakage and ignition simulation. £4.0m  
Stage 2 (12 months): Field Testing: Costs include testing at one or more decommissioned holder sites, derelict/demolished council sites and specific streets, comparative analysis to results obtained in stage 1A. £4.0m.     
Costs have been based existing network REPEX contractors coupled with the expertise of the project partners.  In parallel to the bid an NIA is underway to determine site designs at Keighley/ DNV GL Spadeadam site providing more robust costing and acceleration of execution.  
 
	The Licensee must demonstrate that the Solution has the potential to accelerate the development of the low carbon energy sector in GB andor deliver wider environmental benefits to GB customers The Licensee must demonstrate the potential to deliver net financial benefits to existing andor future customersRow1: Converting the UK gas distribution network to hydrogen would allow decarbonisation of heat for domestic, commercial and industrial customers with minimal impact in the homes and the highways when compared to alternative solutions.  Additionally, the bulk availability of hydrogen within the UK gas grid would facilitate decarbonisation of transport through hydrogen fueling stations and of electrical generation through decentralised and centralised  technologies.  
 
A 100% hydrogen gas distribution network would unlock the potential for system integration between the electricity and gas networks.  This would allow the onset of more renewable technology and more efficient energy balancing.   Furthermore, a hydrogen gas grid can provide the fuel for any future district heating system. Hydrogen, as a central energy vector for the UK, is complementary to all decarbonisation technologies. A UK hydrogen gas grid conversion would represent the biggest step forward in decarbonisation within the UK to date.
 
In order to convert the UK gas grid to hydrogen critical evidence is required to de-risk this pathway and allow policy decisions to take place. This H21 NIC project would provide a significant part of this evidence which, when coupled with the recommended government `downstream of the meter' programme, will provide all the safety based evidence required for conversion. 
 
Since publication of the H21 Leeds City Gate report there have been multiple 'calls for action' from a number of highly respected organisations and think tanks.  These all recognise the importance of providing the evidence defined in the H21 roadmap to allow progression towards a UK government policy decision on heat.  These reports are referenced below.
 
•         Ofgem  - Future Insights Series  - The Decarbonisation of Heat
•         Hydrogen roadmap  - Innovate UK
•         Role of hydrogen in the UK energy system  - Energy Research Partnership 
•         Managing Heat System Decarbonisation  - Imperial College
•         How to decarbonise domestic heating  - Policy Exchange
•         Scenarios for deployment - Climate Change Committee 
•         2050 Energy Scenarios  - KPMG
•         Next steps for UK Heat  - Committee on Climate Change
•         The Parliamentary Advisory Group on Carbon Capture and Storage
 
The latest report from the Committee on Climate Change identifies that the UK government must be able to make deliverable policy decisions on decarbonising heat, based on credible evidence, in the early 2020s to meet its obligations under the Climate Change Act.  To do this it is essential that the UK gas industry can provide the compelling safety evidence as defined within this NIC project. 
 
	The Licensee must demonstrate that the Methods being trialled can derive benefits and resulting learning that can be attributed to or are applicable to the gas transportation systemRow1: It is in the interests of all UK energy customers that the challenge of the Climate Change Act is delivered utilising the optimised solution / combinations of solutions.  Failure to deliver the carbon reductions in an optimised way could lead to significant increases in customers' bills, disruption in the homes and the highways and potentially removal of the energy choices that customers enjoy today (electric and gas). 
 
The recent study by KPMG `2050 Energy Scenarios' suggested significant differences in cost and deliverability between an all-electric and alternative gas options for decarbonisation.  The all-electric option for decarbonisation was estimated to have a cost differential per consumer of over 2.5 times the gas alternative which is a 170-196bn difference overall.  Additionally practical obstacles between all-electric and gas options were considered high as opposed to low/medium.  
 
Re-purposing the gas distribution network with hydrogen has the potential to ensure the continued, indefinite use of our national gas infrastructure in a low carbon format.  This ensures customers of tomorrow can have the same energy choices as customers of today.  Additionally, if hydrogen conversion is undertaken in the UK gas grid it will avoid the high costs associated with stranding the UK gas industries multi billion pound asset.  
 
The evidence which will be provided will be transferable to all gas networks.  The work is being designed to cover the broadest range of below 7 bar gas assets whilst keeping costs to a minimum.  Tests will be carried out at Keighley and Spadeadam as well as targeted field trials.  The collaborative nature of the project negates the challenges of knowledge transfer between GDN's as all will be actively involved from the start.
	The Licensee must explain the learning which it expects the Methods it is trialling to deliver The Licensee must demonstrate that it has a robust methodology in place to capture the learning from the TrialsRow1: This project is collaborative between all UK gas Distribution Networks and will be delivered by a cross GDN project team and multi stakeholder steering / stakeholder board.   
 
Knowledge generated. The purpose of the project is to provide unique and referenceable data for all GDNs and other stakeholders. The knowledge generated will be in the form of quantifiable risk assessments for below 7 bar gas network assets operating on 100% hydrogen when compared to those assets operating on natural gas. The learning will be derived directly from the testing regime defined in the method, i.e. background, leakage and field testing.  
 
Knowledge dissemination is integral to the project execution. The project has support across all GDNs.  Building on the highly acclaimed `H21' brand the project will progress with a detailed communications strategy and stakeholder plan. This will involve continuous presentations throughout the project at major conferences, round tables and various other events and a comprehensive public domain report/film which will be shared at a launch event at project completion (see H21 Leeds City Gate report/film).  
 
 
 
	If the Licensee wishes to deviate from the default requirement for IPR then it must demonstrate how the learning will be disseminated to other Licensees and how value for money will be ensured The Licensee must also outline the proposed alternative arrangements and justify why the arrangements are more suitable than the default arrangementsRow1: The purpose of this project is to provide insights and data for all Network Licensees and wider stakeholders, and therefore the Network Licensees confirm that they will conform to the default IPR arrangements.          
 
	Demonstrate why the Licensee has not previously used this Solution including where the Solution involves commercial arrangements and why NIC funding is required to undertake it This must include why the Licensee would not run the trial as part of its normal course of business and why the Solution is not ResearchRow1: Physical testing of the below 7 bar network on 100% hydrogen has never been undertaken. The H21 Leeds City Gate project has provided analytical evidence that the UK gas distribution networks are of adequate capacity with minor reinforcement for a hydrogen conversion to take place and that such a conversion could be managed with minimal impact to the customer when compared with alternatives.   The system would provide 100% decarbonisation benefits at point of use and over 80% decarbonisation levels as an overall system.  Additional benefits including the removal of carbon monoxide risk, improvement in air quality and subsequent decarbonisation of transport and electricity can all be achieved through a hydrogen gas grid.  All the individual technical aspects of a hydrogen conversion can be evidenced across the world today.  However, the most significant requirement is to provide the quantified safety evidence that a hydrogen gas grid in 2032 represents a comparable risk to a natural gas grid.  
 
Providing this safety based evidence has to be led and managed by the UK gas industry who have the expertise and access to the assets to undertake the work safely, effectively and efficiently.  There is no provision within business as usual operations in the RIIO-GD1 price control period for networks to undertake such an extensive project.   The rationale for the project is to enable a 100% hydrogen pathway to be de-risked.  This will facilitate the UK government to make strategic policy decisions to enable what could be the lowest cost, lowest disruption, and most technically credible major decarbonisation solution. This would be in the interests of all UK gas customers and the wider UK to meet its carbon reduction commitments.
 
	The Licensee must provide evidence of how Project Partners have been identified and selected including details of the process that has been followed and the rationale for selecting participants and ideas for the Project The Licensee should provide details of any Project Partners who will be actively involved in the Project and are prepared to devote time resources andor funding to the Project If the Licensee has not identified any specific Project Partners it should provide details of the type of Project Partners it wishes to attract to the ProjectRow1: This project is in collaboration across all UK gas distribution networks.
Northern Gas Networks is the lead funding licensee & project sponsor. NGN is leading the bid based on the networks experience delivering the H21 LCG project and its associated H21 roadmap which forms the basis of this project. NGN will provide 25% of the mandatory 10% funding requirement.
National Grid Distribution will provide 25% of the mandatory 10% funding requirement and will form part of the project delivery team.
Scottish and Southern Gas Networks will provide 25% of the mandatory 10% funding requirement and will form part of the project delivery team.
Wales and West Utilities will provide 25% of the mandatory 10% funding requirement and will form part of the project delivery team.
 
Amec Foster Wheeler: A partner on the original H21 LCG project supporting the project team, design services and expert advice. 
DNVGL: Global Technical Advisor to UK Oil and Gas Industry-  Bid production support, project management support, quantified risk assessment and leakage testing.  
Element Energy: Have been involved in the majority of the UK's large hydrogen engineering projects. They bring skills in design and implementation of hydrogen systems and include consultants with a background in hydrogen within the industrial gases industry. Element will support the design of hydrogen supply and hydrogen systems for the project, as well as providing advice on hydrogen safety and data analysis.  
ERM: One of the UK's leading HS&E and Sustainability Consultancies with extensive experience of Quantitative Risk Assessment studies for the UK gas industry and regulatory authorities. Supporting on Quantified Risk Assessment
Health and Safety Laboratory (HSL): The commercial arm of the HSE and one of the UK's foremost health and safety experimental research establishments. Specific understanding of the issues that HSE need to see addressed in this field, oversight of the experimental programme, testing and analysis of the emerging evidence base.                          
KIWA Gastech: A partner on the original H21 LCG project and providing an independent review of quantified risk analysis.
National Physical Laboratory:  Provision of measurement expertise for all sections of the project. NPL is the UK's national standards laboratory, owned by (BEIS) and an internationally respected and independent centre of excellence in research, development and knowledge transfer in measurement and materials science. 
Radius Pipe System: Provision of support and advice for PE testing / risk assessment and leakage testing (Phase 1B)
Academia: Will provide support for customer engagement strategy across the project and baseline and subsequent development of public opinion to decarbonisation / hydrogen strategies as the project progresses. 
	The Licensee should outline if it considers that the Project will require any derogations exemptions or changes to the regulatory arrangementsRow1: The testing will only be undertaken on isolated mains or controlled site environments, it will not have an end use customer impact.  As such testing will be managed through development of a comprehensive safety management system. It is not anticipated that any derogations to the regulatory arrangements will be required. 
	The Licensee should outline any planned interaction with customers or customers premises as part of the Project and any other direct customer impact such as amended contractual or charging arrangements or supply interruptionsRow1: This programme will not have a direct effect on customers in terms of end use appliances.  The project will create some disruption in the streets when removing mains for background testing and/or field trials. When removing mains in the street for testing (phase 1A) customer engagement will be managed as part of business as usual processes adopted day to day for the iron mains replacement programme. 
 
For field testing a specific customer engagement plan will be developed, working with local authorities, to ensure minimal disruption and confidence in the works for any customers in the identified small field trial areas. Where possible field testing will use sites with minimal or no customer impact, e.g. decommissioned holder sites, derelict / demolished council owned sites.  A small number of street based trials will be undertaken, these will be chosen as part of existing replacement programme work ensuring customer impact is kept to a minimum. The customer engagement plans will include provision of information on the principles and benefits of the project, and communication channels for discussion and feedback to inform and assist delivery. 
 
In addition to the core project team additional support for the customer engagement strategy will be provided by academia.  This will include development of a 'baseline' position and subsequent development work to understand public opinion to decarbonisation / hydrogen strategies as the project progresses.  The current Hydeploy NIC project will be developing some of this baseline data and the H21 NIC project will look to build on this work where possible.
 
	Any further details the Licensee feels would add to the submissionRow1: For details on the original H21 Leeds City Gate NIA project please go to the Northern Gas Networks website and type in 'H21' to the search bar.  This provides access to the full report (circa 400 pages), executive summary and H21 film (17 minutes).  
	Contact nameRow1: Dan Sadler
	Contact AddressRow1: Northern Gas Networks
1100 Century Way 
Leeds 
LS15 8TU
	EmailRow1: dsadler@northerngas.co.uk
	Direct telephone lineRow1: 07584 391466
	Job titleRow1: Special Advisor to the CEO (Northern Gas Networks) 
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