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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: Wales & West Utilities Limited (Sponsoring an ITM Power Project)
	Network Licence Project PartnersRow1: N/A
	Funding Licensee areaRow1: Wales and West
	Project titleRow1: Clean Energy Balance (CEB) - Hydrogen Injection for Carbon Displacement
	The Licensee must provide an approximate Project start and end dateRow1: DECC's Carbon Plan's aim to decarbonise heating and increase renewable generation will necessitate significant electricity network reinforcement unless new approaches can be found to store and/or transport the energy bypassing electricity network constraints.  
This project will run from 2014-17 and will test methods in which the potential future capacity in the gas network can be exploited to address challenges faced by the electricity distribution networks while providing benefits to gas consumers.
Specifically, this project will work alongside a Low Carbon Network Fund (LCNF) project that uses electrolysis to absorb excess electrical energy that the electrical network cannot support.  This NIC project will then test storage and injection technologies which will allow the hydrogen generated by the electrolyser to be injected into the natural gas network and transported beyond electricity network constraints. Domestic CHP will be used to generate electricity at point of use.   A separate but related Network Innovation Allowance project will run to obtain an exemption to allow higher levels of hydrogen injection in the Wadebridge network.
The technologies and approach adopted comply with each of the NIC criteria.  
This project is expected to start in January 2014 and run for four years.
	Total cost of Project: £32,177,000
	NIC funding requested: £3,467,000
	If yes please specifyCross Sector Projects only Requested funding from Electricity NIC NIA or second tier LCN Fund: LCNF Tier 2 funding requested £15,372,000
NIA funding to be requested circa £300,000
	The Licensee must provide a narrative which explains the Problems which the Project is seeking to addressRow1: Any increase renewable energy (RE) sources will necessitate significant electricity network reinforcement and/or curtailment unless other means of overcoming constraints in the electricity networks can be found.  A recent study by Imperial College for DECC projects that surplus renewable power that cannot be moved from the generation to areas of demand could reach 50 TWh pa by 2030, with 60-100 TWh pa curtailment possible by 2040-2050 (i.e. 20-30% of renewable output).  
However practical energy storage technologies are limited, are generally expensive and/or limited in their capacity/duration and/or location. A further complication of existing energy storage solutions is that the energy is put into them and taken out of them at the same physical point. Although this allows a level of time-based smoothing, it ignores the fact that, in the main, certain areas will be generation dominant while others will be demand dominant. The most significant constraint that needs to be overcome is that effective energy storage needs to be not only time specific but also location specific. 
The increasing shift to electricity as a source of industrial and domestic heat will create capacity in the UK gas network whilst simultaneously putting additional pressure on the electricity network. 
DECC's The Future of Heating: Meeting the Challenge, 2013, recognises the potential of hydrogen (produced using renewable energy sources) injected into the gas grid as an effective means of decarbonising heat, exploiting installed and future renewable generating capacity and maximising the continued use of existing infrastructure.
The existing gas grid has the capacity to both store and transport renewable energy away from the point of constraint on the electricity network and in doing so can provide a means of storing and distributing a source of low-carbon heat for domestic and industrial use. This would exploit existing investment in the gas network assets and thereby minimise the costs to customers of the continued maintenance of the gas network.
However hydrogen gas injection technology has not been demonstrated in the UK, in addition the volume of hydrogen currently permitted in the natural gas network is too low for these needs. Therefore this project seeks to examine the potential of cross sector working to store renewable energy and overcome constraints in the electricity network while providing benefits to gas consumers and helping to meet UK Carbon targets.
	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 combined LCNF and NIC project will comprise two zones, a Generation Zone and a Demand Zone. The NIC project intends to trial a solution that allows hydrogen produced by the LCNF electrolyser in the Generation Zone to be stored and subsequently mixed with natural gas to the regulated limits and then injected into the natural gas network.
Gas Storage and Mixing - Technologies will be applied which draw natural gas from the gas network and electrolyser-produced hydrogen from pressurised storage tanks.  These fuels will be mixed to ensure the permitted 0.1% (or higher level if an exemption is granted) hydrogen level is maintained consistently.  
Gas Injection - The hydrogenated natural gas will then be injected into WWU's medium pressure natural gas network. The rate of injection will be carefully controlled to ensure that the pressure within the network is maintained within regulated limits.
Gas Export - Gas will be withdrawn from the natural gas network in the Demand Zone at a point beyond the electricity network constraint in order to fuel CHP units,  
	Methods continuedRow1: subsequently returning an element of electrical energy back to the electricity network
Control System - A control system will be put in place to manage the end-to-end chain from generation, through electrolysis to storage, mixing and gas injection. This system will be optimised to maximise generation export and gas inject potential. This system will be delivered by the LCNF work stream of the combined project.
Commercial Modelling - The overall gas balance between gaseous energy injected and gaseous energy extracted will be monitored and the overall energy lost in the conversion chain calculated. Commercial models will be explored that optimise the risks and returns for all parties whilst maximising overall solution benefits. Given the primary driver for installing the electrolyser is to maximise the level of renewable generation that can be connected to the electricity network, the commercial arrangements will necessarily span both the NIC and LCNF projects and will include:
 
· The share of energy conversion losses (including any CHP subsidy) allocated between the wind farm, the electrolyser operator and the DNO
· The DNO's ability to maintain a 'gas neutral' position (i.e. neither net producer nor consumer)
· The optimal commercial terms required with the GDN to support the above
 
	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: WWU will contribute 10% towards project costs. Project partners will offer a matching 10% cost discount to demonstrate their commitment to the project.
With contingency, the project is expected to cost ~£32m over 4 years.  Circa £17m of this will be LCNF funding (with WPD contribution), £3.8m NIC funding (with WWU contribution) and a further £11.2m will be leveraged funding via commercial partners.
The project will consist of three phases. NIC costs for each are provided below:
- Phase 1: Project Setup - The costs for this are estimated at £3,056,000
- Phase 2: Operation - The costs of this are estimated at £636,000
- Phase 3: Decommission - The costs of this are estimated at £160,000
We have been developing this project with the partners for over 18 months and consequently have good confidence in our initial estimates. Naturally our best estimates at this stage of the process will be subject to refinement. Specifically we intend to appoint an IT partner prior to full submission to confirm this element of the costs. Across all areas we are continuing to develop detailed plans with all the partners to increase the level of certainty.
Bid costs for the NIC project are estimated to be circa £30k.
	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: Carbon Savings 
Onshore wind is predicted to rise by 5-8GW by 2020 (Renewable Energy Roadmap, DECC, 2012). A recent study (A 2020 GB Transmission Network Study Using Dispersed Wind Farm Power Output, Cardiff University, 2010) estimated that mean GB onshore wind farm power output was 25.5% of capacity with a standard deviation of 15.5%.  By way of example, connecting wind farms at 30% of capacity and providing an electrolyser for an additional 20% of capacity, the report indicates that wind would only need to be curtailed in less that circa 7% of occasions and the electrolyser would have, at worse, a 30% utilisation.  Assuming this minimum operation and a conservative 5GW rise in onshore wind, then electrolyser output will be .3x.2x5GW = 300MW. This equates to 120tonnes of hydrogen which equates to 848.5 tonnes of CO2 displaced per annum if injected into the gas network.  This project will therefore support the development of renewable energy generation
Demand Zone (Wadebridge area)Benefits to Existing and Future Gas Customers
The exploitation of a gas engine in the Generation Zone (the wind farm and electrolyser location) provides a method of maximising and smoothing renewable generation output, hence reducing the need for high-cost, high-carbon peaking plant. By combining both hydrogen and natural gas in the gas engine fuel the carbon impact is minimised.  In addition to the carbon savings, injecting zero carbon hydrogen into the gas network decrease the carbon content of energy provided form the gas network.  This will enable use of the gas network to continue for longer than it otherwise would.  In turn this will ensure the total cost of ownership of the gas network is apportioned over the widest possible customer base, hence minimising customer transportation charges whilst protecting investment in gas networks and optimising asset utilisation. 
 
Other Demand Zone Benefits
The use of domestic CHP will provide benefits owing to avoided electricity network reinforcement.  Imperial College's research  (Understanding the Balancing Challenge, Imperial College, 2012) states that “the distribution network investment required to accommodate the load growth driven by electrification of transport and heat” could reach £35bn by 2040 and more than £90bn by 2050.  While avoided spend on reinforcement will specifically accrue to electricity customers there will be wider environmental benefits of avoided reinforcement.   Notwithstanding the Carbon benefits noted above these wider environmental benefits include  reduction in spoil, reduced use of new material for reinstatement and reduced noise pollution.
	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: One of the primary objectives of the overall CEB project it to demonstrate that the gas network can be used to circumvent constraints within the electricity network. The hydrogen injection approach proposed to achieve this has the additional benefit of providing a significant reduction in the carbon content of the gas carried and hence contributes directly to the objectives of the Carbon Plan.  If successful, the project will provide a mechanism for extending gas network life by enabling the gas network to transport low carbon energy, thereby enabling continued use of the gas network by a higher number of customers thereby reducing the average cost per customer compared with the cost incurred if customers disconnected from the gas network. 
 
As such the arrangements developed and the associated learning will have value across the industry.  At circa £3.8m, the total cost of the NIC project is just over a ninth of the total project cost. The project offers significant value for money as the principles could be widely applied benefiting gas customers and also electricity customers. The following mechanisms will ensure that the project is delivered at a competitive cost:
 
· There will be a dedicated project manager, a project plan and board with budgets set. The project manager will be accountable to the project board that will meet regularly and review output and cost deliverables. This will ensure that the project is delivered efficiently and that the gas NIC and LCNF elements are well co-ordinated
 
· By commercial partners providing goods and services at cost
 
· By competitive tendering for services such as the IT integrator and the gas entry and measurement equipment
	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: Learning will include:
- It is possible to inject hydrogen into UK gas networks
- It is technically and financially (subject to the grant of an exemption see later) viable to use a gas-based storage and/or transportation solution to absorb excessive renewable generation
- Using `gas inject' to move energy away from a constrained DNO network area is more feasible/cost-effective than local storage of hydrogen to fuel a generator  and/or using reinforcement or curtailment
- It is possible to manage the overall gas balance such that the DNO is neither a net producer nor consumer
- Workable commercial terms can be established that are appropriate to the Generator, DNO, GDNO, Regulator and Consumer
- How to set up and manage complex joint NIC/LCNF projects
 
Toshiba Research Labs (Bristol) will ensure sought learning is understood and captured.  This will include unstructured learning capture pre-bid, semi-formal learning captured during the bid and formal capture post bid. Learning will include both structured and unstructured, subjective  and objective data and include tools and techniques such as use cases, structured interviews, informal interviews and stakeholder clinics, etc. This information will be shared/disseminated via reports, workshops and open data access.
	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: Where IPR exists in areas that are commercially sensitive and/or of commercial interest to the project partners, the partners will fund development of these assets outside of the NIC process.
	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: All of the components within this project have been trialled and/or commercially operated in schemes around the world and are therefore not research.  However to date they have not been combined in the UK in the manner proposed.  One of the primary reasons for this is that the solution spans two regulated businesses and hence, until the NIC was launched and joint projects permitted, it was impossible to gain buy in and/or funding for a trial that spans different regulatory domains.
 
A further complication is the current limit on hydrogen gas injection. Prior to the NIA and NIC it was difficult to finance a project to demonstrate that hydrogen can be safely injected into gas distribution systems since all available funds were intended for financing Business As Usual. Although there is evidence that the safe level of hydrogen can be raised, further work, under the innovation arrangements for gas distribution, is required to demonstrate this.  
 
The final consideration is the relatively recent commercial viability of micro CHP solutions and the growing appetite for community CHP schemes. These have now become viable, commercially-funded components for consideration in wider energy management schemes. 
 
 
	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: WWU's RIIO GD1 business plan identified priorities for innovation based on outputs from our stakeholder engagement programme. One of these was:
· ensuring that there is a longer term viability of gas networks, with lower environmental impact.
Since then work with DECC has highlighted both the challenges of decarbonising the gas network and DECC's increased interest in hydrogen produced by from low carbon sources.
 
WWU assess innovation projects to determine whether they contribute to achieving our key business Plan outputs and whether they provide Customer Benefit and Value for Money.  WWU considered one other project for the 2013 NIC competition but while the project satisfied the criteria the nature of the competition meant that the project would not have started until 2014. This did not fit in with our business requirements nor those of the external party.
 
The partners selected are ITM Power who first approached WWU with the gas injection proposition a year ago in conjunction with Toshiba and will lead the NIC project, sponsored by WWU. Consequently neither have been put through a formal selection. ITM Power will provide the electrolysis equipment and hydrogen storage technology.  Toshiba will provide the energy management systems, programme management, trial management and information dissemination across both legs. 
 
An IT Partner will be selected provide the data analytics, visualisation systems, IT integration, end-to-end testing, commissioning and operations and maintenance.
 
Wadebridge Renewable Energy Network (WREN) is a not-for-profit co-operative working with the Wadebridge community to raise income from renewable generation for local projects. It will develop and operate the constrained wind farm and the large CHP system and attract local community micro CHP participants to support the wider project.
Since WREN is a not for profit organisation operating in the project's target geography and providing commercially-funded elements of the bid, it has not been deemed necessary to put it through a formal selection process.
Western Power Distribution will submit an LCNF Tier 2 proposal to support the LCNF leg of the wider project. It will also provide the required electricity network connections and status monitoring to support the NIC project.
Energy Saving Trust will support Toshiba and WREN on the micro CHP trial as part of the wider project. 
WWU and ITM Power will work to continue to develop the project in
parallel with the WPD and Toshiba LCNF project to submit a fully worked up plan for full
submission to the NIC and LCNF competitions in August.
 
	The Licensee should outline if it considers that the Project will require any derogations exemptions or changes to the regulatory arrangementsRow1:  
The NIC bid will require an exemption to Gas Safety (Management) Regulations to raise the hydrogen content in the gas network in the Wadebridge area to a higher level.  WWU will run an NIA project to make the case to the Health and Safety Executive for this exemption.  The exemption will enable this project to demonstrate whether hydrogen injection into gas networks is commercially viable in addition be being technically feasible.
 
	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: The exemption to raise the hydrogen content within the Wadebridge area may have an impact on certain customer appliances and inspection and some mitigation including modifications may be required. The project will mobilise support from WREN to gain customer acceptance of these inspections if required.
 
The project will work proactively with WREN in order to ensure the local community is briefed on the project and engaged in all stages of its development and trial. WREN will work with the project to identify any local objections and concerns and resolve these at the earliest opportunity.  WREN is a respected brand within the community with a shop in the heart of the town. Its involvement is therefore seen as key to obtaining local buy in and support.
	Any further details the Licensee feels would add to the submissionRow1: One of the key differentiators of this project is ensuring that the community is at its heart. We strongly believe that the future energy challenge can only be met by embracing local communities and optimizing their energy needs against the capabilities and constraints of the wider energy system.
Cornwall Council view this community project as a core element of their wider SMART Cornwall programme. The Cornwall Development Company and the wider council will proactively work with us on this bid and the subsequent project to ensure the resultant learnings can be wrapped up into the wider SMART Cornwall programme.
We believe that having such a relatively small and geographically concentrated community that is willing to adopt micro CHP, commercial CHP and renewable generation and allow this to be balanced against the wider system needs makes this project unique.  
There has been a lot of recent work undertaken to explore the potential for natural gas networks to accept a greater hydrogen content. Probably one of the most notable was the EU NaturalHy project which advocated a 20% hydrogen level could be reached without an adverse impact on safety.  More details of this can be found via the following link: http://www.naturalhy.net/docs/Naturalhy_Brochure.pdf 
The interest of DECC in hydrogen as part of heat policy is further reason to pursue the injection of hydrogen into gas networks as it may also provide useful learning for hydrogen only networks.
It is the consortium's belief that the approach taken and technologies we have chosen will generate substantial interest and learning.
	Contact nameRow1: Richard Pomroy
	Contact AddressRow1: Wales & West House, Spooner Close, Celtic Springs, 
Coedkernew, Newport, NP10 8FZ
	EmailRow1: richard.pomroy@wwutilities.co.uk
	Direct telephone lineRow1: 029 2027 8552
	Job titleRow1: Commercial Manager
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	Check Box9: Yes
	Check Box10: Yes
	Text11: This project will seek funding from LCNF Tier 2, Gas NIC and Gas NIA. The majority of competition funding has been requested from LCNF to reflect the greater proportion of benefits expected to be delivered to the DNO networks. Specifically:
- In the Generation Zone this will support the electrolyser, the gas engine, and the majority of control system costs as these are required to implement a controllable load and generating set capable of maximising windfarm generation and smoothing the net export from the zone.
- In the Demand Zone LCNF will cover all costs associated with controlling the CHP units as this is, in essence, the capability WPD requires to convert gaseous energy back to electrical energy in order to circumvent any constraints within the local DNO network and therefore address potential constraint-based local generation shortfalls.
The primary benefit to the gas network is the ability of hydrogen injection technology to extend the network's operational life as natural gas gives way to this zero carbon alternative. Consequently only those costs associated with gas injection and a representative proportion of associated project costs have been allocated to the Gas NIC. Where equipment is deemed to be shared between competitions then then costs have been similarly apportioned.
The hydrogen storage will be a shared cost and will essentially allow the electrolyser trials and gas injection trials to be decoupled. Additionally, we have costed for two gas mixing modules to allow the hydrogen/natural gas mix that is fed into the gas engine to be altered independently to the mix used for gas injection. This allows both trial elements to be tested autonomously whilst retaining the ability to combine them into one over-arching energy system for further full system trials.
An NIA project will be initiated, working in conjunction with the Health and Safety Laboratories or other bodies, with the aim of obtaining a exemption that enables the hydrogen content within the Wadebridge gas system to be raised from the current legal limit set by the Gas Safety Management Regulations.
To remove any risks associated with the outcome of the NIA project:
- The gas engine in the Generation Zone will provide a route for hydrogen to be converted back to electricity when the hydrogen threshold in the natural gas network has been reached
- The generation activity of the CHP units within the Demand Zone will be decoupled from the levels of hydrogen actually injected into the gas network to provide a view of the future possible support CHP could provide rather than that as constrained by current legislation
 
 


