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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. 

2 



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 

10 


	Funding LicenseeRow1: National Grid Gas Transmission (NGGT) 
	Network Licence Project PartnersRow1: N/A
	Funding Licensee areaRow1: National Grid Gas Transmission (NGGT)
	Project titleRow1: Haven Energy Bridge 
 
	The Licensee must provide an approximate Project start and end dateRow1: This project will demonstrate the injection of hydrogen into the National Transmission System (NTS). NGGT will work in partnership with the Milford Haven Port Authority (MHPA) on a project to develop and demonstrate the technical standards, innovative engineering connection solutions and new commercial arrangements for hydrogen injection into a high pressure natural gas pipeline. Acting as a catalyst to drive industry change, the project will deliver a standardised approach to customer connections of this type. This will be a first for the UK and will enable the full potential of hydrogen injection into the high pressure gas grid to be realised.
 
The project benefits are significant as hydrogen generated through the conversion of electrical energy via electrolysis offers a means to deliver a ‘greener’ energy solution via existing network infrastructure. For UK gas consumers, this will be an important development in maintaining low natural gas transportation costs for the foreseeable future, through a reduction in the carbon intensity of natural gas and ensuring natural gas has a place in the long term energy mix.
 
	Total cost of Project: £6million
	NIC funding requested: £5.4million
	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: There is significant uncertainty with regard to the long term usage of natural gas in the UK. Within the latest Future Energy Scenarios (FES) published by National Grid, the annual demand in 2035/36 varies from 600 TWh under the ‘Gone Green’ Scenario to 
855 TWh in ‘No Progression’. There are many factors, which will influence the scenarios including economic development and technological advancements. One key factor is the carbon intensity of each fuel, which will affect public perception and policy. To ensure that UK gas consumers benefit from the existing gas infrastructure and continue to benefit from low transportation costs, NGGT is looking to explore how to maximise the use of NTS assets. The development of a hydrogen economy is emerging as a solution to constrained electricity infrastructure and as a transport fuel. In addition, the injection of hydrogen into the NTS presents a significant opportunity to reduce the carbon intensity of the gas we deliver to UK consumers. This is likely to represent a more cost effective and timely solution compared to building dedicated hydrogen networks.
 
NGGT were approached by the MHPA to inject hydrogen, produced using renewable electricity, into the NTS. This presented a unique opportunity to explore the technical, engineering and commercial implications of injecting hydrogen into the NTS. One of the issues facing a customer wishing to connect to the NTS is that the gas must be compliant with GS(M)R, i.e. a hydrogen content no greater than 0.1% mol. However a number of studies, including “Injecting hydrogen into the gas network – a literature search” by the Health and Safety Executive (HSE) suggests that up to 20% hydrogen in natural gas content is unlikely to represent an increase in risk on gas pipeline infrastructure or domestic and industrial appliances.
 
This project will address the increasing need within the gas industry to develop the technical standards, engineering solutions and commercial arrangements required for hydrogen injection into high pressure natural gas networks, initially at GS(M)R levels, with a view to increasing this limit. For the purpose of assessing the long-term customer benefits of this project, we have used a level of 10% hydrogen in natural gas mixture.
 
 
	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 overall solution consists of two aspects: ‘Hydrogen Production’ and ‘Hydrogen Injection’. It is currently envisaged, that subject to board approval, MHPA will deliver ‘Hydrogen Production’, funded outside of NIC. This will deliver low carbon hydrogen generated via electrolysis from renewable electricity at the Port’s Liddeston 5MW Solar Farm – a process often referred to as ‘Power to Gas’. MHPA have appointed ITM as the hydrogen production technology partner, who have a wealth of experience in this field. 
 
The method demonstrated through this NIC project is ‘Hydrogen Injection’, which will deliver a solution capable of injecting varying levels of hydrogen into NTS pipelines. There are 3 key components to achieving this solution:
 
1) Technical Standards Assessment – an evaluation of the impact of changing current standards (including gas quality) on network assets and associated downstream connections, in order to drive changes to existing limits.
	Methods continuedRow1: 2) Engineering Solution – this will consist of feasibility and conceptual designs, followed by a detailed design for the chosen method. There will then be a build phase and subsequent hydrogen injection test programme. The design options for consideration will include: a single connection with bi-directional flow, a dual connection and a direct hydrogen injection technique. Working with MHPA, the final solution will be developed at a NGGT Above Ground Installation (AGI) close to the proposed ‘Hydrogen Production’ infrastructure at Milford Haven.
 
3) Commercial and Charging Models – an assessment of existing commercial frameworks and if required, the development of a commercial model suitable for hydrogen injection into the NTS.
 
In achieving these 3 key components, the proposed method will deliver a robust solution for hydrogen injection, that meets the long-term needs of the gas industry and delivers the greatest customer benefit. Throughout the project, stakeholder engagement will underpin these 3 components. The stakeholder group will consist of the HSE, NGGT customers, Trade Organisations and other licensed networks. In particular, the liaison with HSE will be particularly important when evaluating appropriate changes to GS(M)R. We have held an initial conversation with the HSE and will continue engagement as we progress through to Full Submission.
 
	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 total cost estimate for the Hydrogen Injection NIC Project is £6 million. 
 
Approximately two thirds of the cost is associated with the Engineering Solution, which consists of: gas compression package, hydrogen analyser, AGI piping, valves and instruments and control system for compressor and flow management.
 
The remainder of the cost is split across the Technical Standards Assessment and Commercial and Charging Models components.
 
	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: The addition of hydrogen to a natural gas network can make a significant reduction in total greenhouse gas emissions and is an effective means of "greening" natural gas. Natural gas has a carbon footprint of  0.025 kg CO2e / kWh, compared to pure Hydrogen which has no carbon footprint.1 NTS pipeline flow rates in the MHPA location are ~0.3 TWh per day and a change from pure natural gas to a 10% hydrogen/ natural gas mixture, would see a carbon reduction of ~300,000 tonnes CO2e per year.
 
At 2014 prices, network costs are 23% of an average domestic customer dual fuel bill, costing £180 per customer per annum. These network costs are based on current gas transmission demand of 800 TWh per year. Network costs can be largely considered as fixed costs, remaining relatively stable irrespective of changes in demand. The present ‘Gone Green’ Future Energy Scenario states demand would fall by 200 TWh by 2035. Under this scenario, greener gas is not significant, and the increasing prevalence of the electrification of heat results in the loss of customers connected to the gas network. The impact on the retained gas customer would be two fold. The relatively stable Network Costs would be shared between a smaller customer base, resulting in a cost increase of £60 to £240 per customer per annum. In addition, this fall in demand would result in asset redundancy, with associated decommissioning costs of approximately £1million for an asset such as an NTS offtake. Over a 20 year period, it could be expected that 20 such decommissioning activities at a total cost of £20million are avoided.
 
Hydrogen has the potential to be a significant enabler in the supply of greener gas, which could drive the energy future to a scenario whereby gas demand is not displaced by the electrification of energy. The resultant benefit to the Gas Consumer would be stabilised demand levels, with the customer bill impact remaining relatively unchanged. Hydrogen injection therefore, represents an energy vector with enormous potential for the gas consumer.
 
There are cross sector benefits too; achieved through reducing constraints on the electricity grid. Where sources of renewable power, such as those in Milford Haven, are used to generate hydrogen for injection into the gas grid, this reduces the need for costly upgrades on the electricity grid where capacity is already constrained and new connections for energy generators can be financially unviable.
 
This project presents the opportunity to avoid these costs and implement a solution that provides greener gas at. We believe this project has a vital role in the solution to achieving a low carbon economy in the UK.  
 
 
 
 
 
 
 
 
 
 
1http://www.ukconversionfactorscarbonsmart.co.uk/
 
	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: The project will deliver a solution for hydrogen injection that delivers a cost efficient  and low carbon solution through use of existing NTS infrastructure. The knowledge gained from this project will potentially enable the realisation of a £60 per year saving to each customer and associated savings from avoiding £20million of decommissioning costs on the gas network. These are significant benefits to the gas consumer, which is appropriate to the £6million project cost.
 
The project was selected through an open process, as detailed in the ‘Project Partners and external resourcing/funding’ section. The project will be subject to robust project management practices including a stage gate process over the project lifecycle. NGGT will establish a Project Management Board with other partners to ensure the project is managed to time and budget. For all relevant procurement activity, a competitive tender process will be carried out.
 
This project will deliver key benefits to gas network customers and the solution will also be transferable to aspects of the gas distribution networks, with similar pressure, flow and pipeline material characteristics. Hydrogen injection will also deliver benefits to electricity consumers through alleviating demand constraints on electricity distribution networks thus avoiding costly network uprating that would otherwise be required to bring renewable energy sources onto the grid. 
 
	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: The results from this project will be a standardised solution and methodology for injecting hydrogen enriched gas into the NTS. Key learning will include:
 
- The assessment of the implications of increased levels of hydrogen in high pressure    gas network pipelines, secondary assets and downstream offtakes.
- Optimum techniques for injecting hydrogen into high pressure natural gas pipelines. 
- Methodology for maintaining a homogenous mixture, measurement of hydrogen concentration, monitoring and control strategies. 
- A commercial and charging model that facilitates hydrogen injection connections to the NTS.
 
Throughout the lifetime of the project we will maintain close relationships with gas distribution networks and stakeholders in other hydrogen industry related projects to ensure effective collaboration and optimise knowledge sharing. The project will have a dedicated website and other social media options including the National Grid Connecting site for the publication of project progress information. Results and project learning will be reported at the annual LCNI (Low Carbon Networks and Innovation) conference and as part of the NGGT Innovation Annual Summary. We will also utilise industry groups such as IGEM and the Pipeline Industries Guild for dissemination events. Throughout the project regular internal and external stakeholder sessions will be provided with updates including to the Gas Innovation Governance Group. 
 
The project will conform to the default IPR arrangements.
 
	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: N/A
	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: This project is a first for the UK introducing at scale, the first hydrogen connection to the National Transmission System, forming part of the low carbon, green energy solution required for the UK’s future energy mix. 
 
Knowledge and understanding of the hydrogen injection methodologies remains limited at present, and this project presents the opportunity through the NIC funding to determine a solution and methodology that provides the greatest value for money to the UK Gas Consumer. It addresses the energy trilemma innovatively: energy security (producing our own energy, efficiently); low carbon (renewables-sourced); and affordable (efficient and utilising existing infrastructure). 
 
The project will deliver an engineering and commercial solution for the first hydrogen connection to the NTS that can be replicated across the UK gas networks. It will develop and prove effective  technical solutions for the measurement and monitoring of hydrogen and define the commercial and charging arrangements necessary in order to facilitate a connection of this type.
 
	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: Project partners have been selected through a process that started with the identification of priority themes for gas transmission. All the different aspects of the gas transmission business (Asset Management, System Operations, Safety, Sustainability and Resilience) were consulted and five themes were identified: Future of the National Transmission System (NTS), Intelligent Asset Management, Outage Minimisation, Third party interference, and Zero emissions compressor station working towards a zero emissions National Transmission System  (NTS). These themes were published on the National Grid website and circulated via email to all the NGGT innovation contacts and via LinkedIn. Six proposals were received from various innovation partners and these were compared and scored against the NIC criteria and NGGT’s innovation strategy. This proposal received from the Milford Haven Port Authority is the successful candidate. 
 
At this stage the project has the following two partners:
 
Milford Haven Port Authority (MHPA) – MHPA currently provides pilotage services to five major energy terminals in Pembrokeshire. More recently, the Haven was chosen as the site for Europe’s largest gas-fired power station - Pembroke Power Station, built by RWE nPower. The Port of Milford Haven also owns and operates Milford Docks and Pembroke Port – its short sea operations. The Port has succeeded in attracting over £3bn of new investment over the past 5 years. As a result, the port area now sustains 4,000 skilled jobs in Pembrokeshire. MHPA initially approached NGGT with a genuine customer enquiry to inject hydrogen into the NTS. This request presented a significant opportunity to drive industry change and to develop a standardised methodology for the injection of hydrogen into the NTS. MHPA are managing the ‘Hydrogen Production’ aspect of the project independently to NIC funding, which as set out in the method, will produce hydrogen via the ‘Power to Gas’ process, for injection into the NTS. In partnership with MHPA, dissemination of the learning objectives will be supported by Cardiff University. Cardiff University have been recently awarded funding for a project focusing on the development of an energy systems research capability in Wales (FLEXIS). 
 
Costain - Costain has a long-established track record of providing innovative engineering and technology-led solutions delivering complex processing projects across the Energy, Infrastructure and Nuclear industries from feasibility, through detailed engineering to construction. Once the MHPA proposal was chosen, NGGT approached it’s FEED Framework Consultants for an expression of interest in supporting the 2016 NIC Bid. After shortlisting 2 consultants, Costain was chosen due to their experience in Hydrogen and their commitment to the innovation opportunity presented by this project. Costain’s role is to act as principal engineering consultant, providing the skills and expertise required in assessing the engineering options.
 
	The Licensee should outline if it considers that the Project will require any derogations exemptions or changes to the regulatory arrangementsRow1: Maximising the potential of hydrogen injection will require an assessment of current legislation in order to determine the best option to deliver value to the gas customer.
As stated in the “Guide to the Gas Safety (Management) Regulations 1996”:
 
The Gas Safety (Management) Regulations 1996 (GSMR) apply to the conveyance of natural gas (methane) through pipes to domestic and other consumers and cover four main areas:
(a) the safe management of gas flow through a network, particularly those parts supplying domestic consumers, and a duty to minimise the risk of a gas supply emergency;
(b) arrangements for dealing with supply emergencies;
(c) arrangements for dealing with reported gas escapes and gas incidents;
(d) gas composition.
 
This project has the potential to impact part (d) gas composition. The engineering solutions will consider designs that are compliant with GS(M)R by taking gas off the NTS and injecting hydrogen, but also options where an exemption may be required such as a direct injection technique. The output from the project will also be used to influence and drive change to current standards in order to facilitate longer term solutions, which would enable levels of hydrogen greater than the current limits under GS(M)R.
 
	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: N/A
	Any further details the Licensee feels would add to the submissionRow1: In preparation for submission of the ISP, NGGT has considered the current range of hydrogen and other gas quality projects in flight, and those previously proposed under the Network Innovation Competition. Projects include: Northern Gas Networks’ (NGN) H21 Leeds Citygate NIA Project and SGN’s Opening up the Gas Market NIC Project. In addition there was a proposed cross network project in 2013 by Wales and West Utilities (WWU) and Western Power Distribution (WPD) for the Clean Energy Balance Project.
 
The NGGT project builds upon these projects, considering solutions that will develop a robust methodology for hydrogen injection at a gas transmission level. The associated knowledge to be gained from this project will inform the wider industry and provide a replicable solution which prospective high pressure hydrogen injection connections could utilise. As part of the 2016 NIC Process, National Grid Gas Distribution (NGGD) and Northern Gas Networks (NGN) are collaborating on the “Hydeploy” project which would see Hydrogen injection into a closed private network at Keele University. Hydeploy focuses on the domestic implications of an increased hydrogen content, which compliments the NGGT project which will develop a standardised methodology for hydrogen injection into the NTS and challenge the hydrogen limits in natural gas.
 
	Contact nameRow1: Tamsin Kashap
	Contact AddressRow1: National Grid House,
Gallows Hill,
Warwick Technology Park,
CV34 6DA
 
	EmailRow1: tamsin.kashap@nationalgrid.com
 
	Direct telephone lineRow1: 01926 655353
 
	Job titleRow1: Gas Transmission Innovation Manager
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