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DNO Group 

Participant DNOs 

DNO area(s) 

Project title 

Project summary  

The DNO must provide an approximate Project start and end date. 

Estimated Project funding 
The DNO must provide an approximate figure of the total cost of the Project and the LCN Funding it is applying for. 

Total cost of Project 
LCN Funding 
requested 

Low Carbon Networks Fund 
Screening Submission Pro-forma 

1 
Cross Sector 
Projects: Requested 
funding from 
Electricity NIC, Gas 
NIC or NIA?  

If yes, please specify 



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

Method(s) 
The DNO must describe the Method(s) which are being trialled. The DNO 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 DNO is to provide a commentary on the accuracy of its funding estimate. If the Project has phases, the DNO must 
identify the approximate cost of each phase. 

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 communications 
systems and software) that has a Direct Impact on the Distribution System) 

A specific novel arrangement or application of existing Distribution System equipment (including 
control and communications systems software) 

A specific novel operational practice directly related to the operation of the Distribution System 

A specific novel commercial arrangement 3 



Accelerates the development of a low carbon energy sector & has the potential to 
deliver net financial benefits to existing and/or future customers 

The DNO must demonstrate that the Solution makes a contribution to the Carbon Plan and has the potential to deliver 
financial benefits. 

 
  

4 



Has a Direct Impact on the operation of the distribution network 
A Second Tier Project must demonstrate that the Method(s) being trialled will have a Direct Impact  (as defined in the 
Governance Document) on the operation of a DNO's Distribution System.  

 
  

Generate knowledge that can be shared amongst all network operators 

The DNO must explain the learning which it expects the Method(s) it is trialling to deliver. The DNO must demonstrate that it 
has a robust methodology in place to capture the learning from the Trial(s).  

5 



Please tick if the project conforms to the default IPR arrangements set out in 
the LCN Fund Governance Document? 

If the DNO wishes to deviate from the default requirement for IPR then it must demonstrate how the learning will be 
disseminated to other DNOs. 

Focus on Methods that are at the trialling stage 

The DNO must demonstrate why it has not previously used this Solution (including where the Solution involves commercial 
arrangements) and why LCN Funding is required to undertake it. This must include why it would not run the trial as part of its 
normal course of business and why the Solution is not R&D. 

6 



Project Partners and external resourcing/funding  

The DNO 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 DNO 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 DNO has not identified any specific Project Partners, it should provide 
details of the type of Project Partners it wishes to attract to the Project.  

7 



Customer impact 
The DNO 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). 

Derogations or exemptions 
The DNO should outline if they consider that the Project will require any derogations, exemptions or changes to the regulatory 
arrangements. 

8 



Details of cross sector aspects 

The DNO should complete this box only if this Project forms part of a larger cross sector Project that is seeking funding from 
multiple competitions (ie Electricity NIC, Gas NIC or LCN Fund). The DNO should explain about the Project it will be 
collaborating with, how it all fits together, and must also add a justification for the funding split.  
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Contact name 

Contact Address 

E-mail 

Direct telephone line 

Job title 

Any further information the DNO feels may add to the submission 

10 
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	DNO GroupRow1: Western Power Distribution (Sponsoring a Toshiba Project)
	Participant DNOsRow1: Western Power Distribution
	DNO areasRow1: South West
	Project titleRow1: Clean Energy Balance (CEB) - Circumventing Electricity Network Constraints
	The DNO must provide an approximate Project start and end dateRow1: The Carbon Plan's aim to decarbonise heating and transport and increase renewable generation will necessitate significant network reinforcement and/or curtailment unless alternative approaches can be found. DECC's The Future of Heating, 2012, envisages a 30% reduction in gas consumption by 2030 from 2008 levels. If this comes to fruition significant capacity will be released in the natural gas network.
This project 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. It will test discrete methods which form part of an integrated energy system that translates electricity to/from gaseous form for ease of transportation and/or storage. Specifically, the project will involve the conversion of electrical energy into hydrogen gas via electrolysis and either:
- The storage of hydrogen gas until the local DNO network is less constrained and it can be converted back to electricity and return to the grid 
- The transportation of hydrogen via the natural gas network to an area where the DNO network is less constrained allowing it to be converted back to electricity for local use
This project is expected to start in January 2014 and run for four years.
	Total cost of Project: £32,177,000
	LCN Funding requested: £15,372,000
	If yes please specifyCross Sector Projects Requested funding from Electricity NIC Gas NIC or NIA: NIC funding requested £3,467,000
NIA funding to be requested circa £300,000
	The DNO must provide a narrative which explains the Problems which the Project is seeking to addressRow1: The Carbon Plan's projected increase in renewable generation will require significant network reinforcement and/or generation curtailment unless cost-effective alternatives can be found. A recent study by Imperial College for DECC Understanding the Balancing Challenge, Imperial College, 2012 projects that surplus renewable power 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 few and far between and 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 network areas will be generation dominant while others will be demand dominant.  The constraint that needs to be overcome is therefore not only time specific but also location specific.
The transition to electrical heating and transport and its exponential impact on peak demand will also necessitate significant additional lower-level reinforcement unless local low carbon energy sources and/or methods of load smoothing can be found.
Consequently an innovative solution is required to:
· Minimise renewable energy curtailment and reinforcement costs
· Provide a solution to both time and location-based constraints
· Provide a method of injecting local generation to support peak load
· Provide a method of smoothing intermittent generation
· Provide a solution that supports the decarbonisation of heat
· Provide a commercial framework to adequately recompense all parties
	The DNO must describe the Methods which are being trialled The DNO must outline how the Methods could solve the Problem The type of Method should be identified where possible eg technical commercial etcRow1: The project intends to trial a solution that maximises the utilisation of renewable energy whilst limiting reinforcement and curtailment costs and optimising utilisation of the gas distribution network. This will be achieved by providing a loosely-coupled energy storage system comprising of two distinct zones:
· The Generation Zone  - This will comprise a constrained renewable generation set (the 3-6MW Wind Farm), a 1MW electrolyser, a 400kg hydrogen store, a gas injection module and a 1MW gas engine
· The Demand Zone  - This will comprise two commercial (200kW+) CHP systems and 100+ micro CHP units (50+ with thermal stores)
Both zones will have their own micro grid energy management system to integrate the zone's components and network sensors. 
	Methods continuedRow1: The Generation Zone control system will use weather data to forecast future generation. This information will be coupled with gas and electricity network headroom data and available storage capacity in the hydrogen store to control the electrolyser, gas engine and gas injection operation as well as drive any constraints required on the generation. Specifically it will look for opportunities to increase available hydrogen capacity ahead of renewable generation peaks through gas injection and/or gas engine operation, curtailing generation as a last resort.
The Demand Zone control system will use local demand forecast data to schedule and control CHP generation operation and closely match it to local load. In addition to the two commercial CHP installations, domestic micro CHP installations will be trialled with and without a thermal store in order to determine the implications on customer take up, generation potential and generation availability.  The Demand Zone control system will also manage the state of charge of battery ensuring sufficient capacity is maintained to smooth generation peaks against load. 
In support of the above, commercial arrangements will be explored that optimise the risks and returns for all parties whilst maximising overall solution benefits, including:
· The balance between wind, electrolyser and gas engine including loss allocation
. The DNO's ability to maintain a 'gas neutral' position (i.e. neither net producer nor consumer) including the commercial terms with CHP providers and the GDN required to support it
	The DNO is to provide a commentary on the accuracy of its funding estimate If the Project has phases the DNO must identify the approximate cost of each phaseRow1: WPD 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 overlapping phases. LCNF costs for each are provided below:
- Phase 1: Project Setup - The costs for this are estimated at £11,448,000
- Phase 2: Operation - The costs of this are estimated at £4,084,00
- Phase 3: Decommission - The costs of this are estimated at £1,548,000
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.
	The DNO must demonstrate that the Solution makes a contribution to the Carbon Plan and has the potential to deliver financial benefitsRow1: Carbon Savings 
Onshore wind is predicted to rise by 5-8GW by 2020 (Renewable Energy Roadmap, DECC, 2012). A 2010 study on Wind Farm Power Output by Cardiff University estimated that mean GB onshore wind farm power output was 25.5% of capacity with a standard deviation of 15.5%. Connecting wind farms at 30% of capacity with an additional 20% of capacity via an electrolyser would therefore result in curtailment less that ~7% of occasions with the electrolyser having at worse a 30% utilisation.  Assuming this minimum operation and a conservative 5GW rise in onshore wind, if the generated H2 is injected into the gas network it would displace 848.5tonnes of CO2 per annum.
Generation Zone Benefits
The electrolyser load will reduce overall levels of reinforcement and/or curtailment hence benefiting both the generators and DNOs while facilitating more and/or earlier renewable connection. By effectively smoothing the wind farm output using the electrolyser, the need for high-cost, high-carbon peaking plant will be reduced. If successful, the Method used within the Generation Zone will demonstrate that the level of firm connection required by a Wind farm under BAU operation can be reduced in proportion to the size of a PV farm connected to the same network segment. Connection costs can be seen to be rising over time as the network becomes more constrained. Recent generator connections offers made by WPD in the Wadebridge area have involved reinforcement costs in the region of £7m per connection offer (due to triggering EHV network reinforcement). 291 connection requests have been received on the EHV network in the past year within the WPD South West region alone.
Demand Zone Benefits
GB peak demand is expected to grow ~60GW to ~75GW in 2030 (Work stream 3 Phase 2 Report, SMART Grid Forum, 2012). During this time an additional cumulative Business-As-Usual investment of circa £7 billion (ibid) will be required to support the low carbon technologies necessary to deliver this. Imperial College's 2012 research, Understanding the Balancing Challenge states that the distribution network investment required could reach £35bn by 2040 and more than £90bn by 2050. If successful, the Method used within the Demand Zone will offset this future network reinforcement. We estimate that about 20% of distribution substations will need reinforcement by 2030 at a cost of approximately £20,000 per substation. WPD South West has roughly 13,000 distribution substations. Deployment of the Solution could therefore avoid this reinforcement in many situations.
The Carbon Trust estimated that micro CHP units may be viable in up to 8m UK houses. With 2kW generation each, this would provide an additional 16GW of peak generation at the point of consumption. Consequently, providing sufficient incentive to maximise take-up, micro CHP should have the ability to offset a significant proportion of the £7 billion investment required to achieve the 75GW max demand in 2030 and the far larger figures predicted thereafter.
It is expected that on rollout the Solution developed would be considerably less than the initial LCNF project cost, with each scheme potentially allowing multiple generators to connect to the network for each deployment. In addition each deployment would service multiple distribution substations. When the benefits from the Generation Zone and Demand Zone are scaled to all GB licences the investment by customers and shareholders in the initial demonstration are well justified.
 
	A Second Tier Project must demonstrate that the Methods being trialled will have a Direct Impact as defined in the Governance Document on the operation of a DNOs Distribution SystemRow1: The project will have a direct impact on the distribution network in that the Generation Zone will connect directly to the 33kV level and will actively monitor power flow, automatically controlling connected equipment to address any adverse movements, hence maintaining the network within regulated parameters and protecting both network and connected assets. This will allow safe connection of more generation and ensure:
· A better over usage factor  - more reliable for P2/6
· Greater level of visibility and control of generators 
· More efficient use of assets in the case of Connection Offers reserving capacity by taking a long time to be built or never being built
· Monitoring is installed at a known network problem area
The Demand Zone will monitor the local network and control the CHP and heat storage devices in order to optimise power generation and contribute to gas peak smoothing. The introduction of additional local generation will also reduce needs for reinforcement at higher voltage levels otherwise required to accommodate future load growth which is typically funded through DUOS. 
 
The overall solution encourages a wider diversity of generation and therefore predictability at a national level, hence supporting national stability and contributing to a reduction in imbalance costs and carbon.
	The DNO must explain the learning which it expects the Methods it is trialling to deliver The DNO must demonstrate that it has a robust methodology in place to capture the learning from the TrialsRow1: Specifically the project will seek to determine whether:
- It is financially and technically 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 storing it locally as hydrogen to fuel a generator when renewable generation drops off and/or using reinforcement or curtailment
- Commercial CHP and domestic micro CHP combined with thermal storage can sufficiently support short-falls in local generation at peak demand given the correlation of gas and electricity peaks
- It is possible to manage the overall gas balance such that the DNO is neither a net producer or consumer
- Turning the CHP model from `electricity as a by-product of heat' to `heat as a by-product of system-funded generation' is sufficient to stimulate customer uptake
- Workable commercial terms can be established that are appropriate to the Generator, DNO, GDNO, Regulator and Prosumer
- The viability of cross sector projects that enable benefits to be accrued for both industries
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 DNO wishes to deviate from the default requirement for IPR then it must demonstrate how the learning will be disseminated to other DNOsRow1: 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 LCNF process.
	The DNO must demonstrate why it has not previously used this Solution including where the Solution involves commercial arrangements and why LCN Funding is required to undertake it This must include why it would not run the trial as part of its normal course of business and why the Solution is not RDRow1: All of the components within this project have been trialled and/or commercially operated in schemes around the world.  However to date they have not been combined 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. 
 
Although it is believed that economies of scale and technology advancement would lead to the commercial viability of the core electrolysis technology, currently costs remain greater than traditional reinforcement, hence the need for LCNF funding to prove the potential for its future adoption and roll out.
	The DNO 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 DNO 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 DNO has not identified any specific Project Partners it should provide details of the tVDe of Proiect Partners it wishes to attract to the ProiectRow1: Toshiba will provide the energy management systems, programme management of the LCNF workstream and of the overarching integration. Toshiba's Bristol-based research facility, TRL, will be responsible for trial management and information dissemination 
ITM Power is an AIM-listed company that designs and manufactures hydrogen energy systems for energy storage and clean power production and has grown from its original platform of novel polymeric elecrolytes for electrolysis and fuel cells to that of a technology provider. ITM will be responsible for the hydrogen conversion and gas inject project elements
An IT Partner will be selected to 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 cooperative 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 commercial CHP systems and attract local community micro CHP participants
Wales & West Utilities (WWU) will undertake a NIA study, working in conjunction with the HSE, aimed at obtaining a derogation to enable the hydrogen content within the Wadebridge gas system to be raised from the current legal limit to a level approaching 20%. WWU will also submit a NIC ISP to complement this submission and will provide appropriate gas network connections and status monitoring to support the LCNF bid
Energy Saving Trust will support TRL and WREN on the micro CHP trial
 
Both Toshiba and ITM Power have previously proposed key elements of this project to WPD and WWU respectively and hence will be sponsored through to the LCNF and NIC competitions without selection. Given the not-for-profit status of WREN and the charitable status of the Energy Savings Trust, neither has been deemed necessary to put through a formal selection process either. 
WPD has an on-going activity to assess “project concepts” against identified strategic priorities. All external approaches are evaluated in a consistent manner with a standardised process and documented on a concept form. Concepts are only shortlisted if they meet the LCNF criteria, offer new learning, match WPD priorities and are value for money.
Shortlisted concepts are then evaluated using the concept form, reviewed and approved by WPD managers and prioritised according to importance, funding and resource availability. For the 2013 competition four project concepts reached the detailed evaluation stage. Only Clean Energy Balance progressed to the ISP stage. Clean Energy Balance satisfied all our evaluation criteria. WPD and Toshiba will continue to develop the project into a fully worked up plan prior to full submission to the LCNF and NIC competitions in August
 
	The DNO should outline if they consider that the Project will require any derogations exemptions or changes to the regulatory arrangementsRow1: This project expects to have no derogations or exemptions.
	The DNO 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 only direct customer impact is likely to be with regards to the CHP owners. These systems will be controlled by the project to help maintain the local energy balance.  However customer consent will be obtained in advance and an incentive of £500 per customer domestic customer paid to ensure their agreement.
 
The derogation to raise the hydrogen content within the Wadebridge area may have a negligible impact on certain customer appliances.  However the initial NIA study will need to demonstrate that this impact is insignificant before the derogation is awarded.
 
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.
	The DNO should complete this box only if this Project forms part of a larger cross sector Project that is seeking funding from multiple competitions ie Electricity NIC Gas NIC or LCN Fund The DNO should explain about the Project it will be collaborating with how it all fits together and must also add a justification for the funding splitRow1: 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 LCN funds 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 LCN funds 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 HSE labs, tasked with obtaining a derogation that enables the hydrogen content within the Wadebridge gas system to be raised from the current legal limit to a level approaching 20%.
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
 
 
	Any further information the DNO feels may 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 desire of the Health and Safety Executive to support this project is a clear indication of the overall perception that the hydrogen derogation is achievable and therefore the opportunities this project seeks to explore are viable future solutions.
 
It is the consortium's belief that the approach taken and technologies we have chosen will generate substantial interest and learning.
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