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Section 1: Project Summary

1.1 Project Title:

Clean Energy Balance (CEB) - Hydrogen Injection for Carbon Displacement

1.2 Funding Licensee:

Wales & West Utilities Ltd. (WWU)

1.3 Project Summary:

The Future of Heating strategy, published by the Department of Energy and Climate
Change, recognises the potential of hydrogen, produced using renewable energy
sources, and injected into the gas network as an effective and efficient means of
decarbonising heat. If successful, this exciting new source of energy can exploit
installed and future renewable generating capacity and maximise the continued use of
the existing gas infrastructure.

A key aim of this programme is to test and demonstrate the practical feasibility of
injecting hydrogen into the WWU gas distribution system using a unique electrolyser
powered by a renewable electricity source to produce the hydrogen.

The key benefits from the programme are:

e Local community benefits and a significant investment opportunity for the Wales &
West Region

e Learning that will reduce the environmental impact of using gas for generation and
heat. This will help WWU and the UK achieve greenhouse gas emissions targets

¢ Avoidance of future costs for the local community and UK if the project is
successful and replicated on a commercial scale

e Improved security of supply by displacing imported and non-renewable sources of
gas with a sustainable alternative

¢ Demonstrating the sustainable role the gas distribution network can play in
facilitating the more efficient use of intermittent renewable electricity generation.

This innovative proposal is an exciting opportunity for WWU and its partners to provide
key learning on the road to a more secure, affordable and sustainable energy mix. You
will note this is a joint LCNF and NIC submission and clear demonstration of cross
sector intent from WWU and WPD to develop innovative energy wide solutions utilising
new thinking from expert third parties.

1.4 Funding

NIC Funding Request (£k): 3,565 (£3,565,180)

1.4.3 Network Licensee Contribution (£k): 0 (£0)

1.4.4 External Funding - excluding from NIC/LCNF (£k): 213 (£213,220)

1.4.5 Total Project cost (£k): 4,290 (£4,290,370)
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1.5 Cross industry ventures: If your Project is one part of a wider cross
industry venture please complete the following section. A cross industry
venture consists of two or more Projects which are interlinked with one
Project requesting funding from the Gas Network Innovation Competition
(NIC) and the other Project(s) applying for funding from the Electricity NIC
and/or Low Carbon Networks (LCN) Fund.

1.5.1 Funding requested from the LCN Fund or Electricity NIC (£k, please
state which other competition): 12,750 (£12,749,790) from LCN Fund (WPD
T205v1)

1.5.2 Please confirm if the Gas NIC Project could proceed in absence of
funding being awarded for the LCN Fund or Electricity NIC Project:

|:| YES - the Project would proceed in the absence of funding for the
interlinked Project

% NO - the Project would not proceed in the absence of funding for the
interlinked Project

1.6 List of Project Partners, External Funders and Project Supporters:
Partners:

CGI IT UK Ltd (£35k)

ITM Power Plc (£41Kk)

Toshiba International (Europe) Ltd (£188k) will provide the energy management
systems and overall programme management via Cornwall Development Company
(£24k) and learning via TRL (£39k)

Wadebridge Renewable Energy Network Ltd (WREN) (£23k)

Wales & West Utilities Ltd (as detailed in 1.4.3)

External Funding: £10m WREN privately sourced funding into wind farm

Please note: the amounts shown within this section indicate our partner investments,
over and above any funding highlighted within Section 1.4.

This is a joint LCNF and NIC programme. In response to Ofgem’s comments following
the ISP, the allocation of costs between strands based on customer benefits has been
further refined. Detailed in Appendix A.

1.7 Timescale

1.7.1 Project Start Date: 1.7.2 Project End Date:
1°t January 2014 31°%" December 2017

1.8 Project Manager Contact Details

1.8.1 Contact Name & Job Title: 1.8.3 Contact Address:
Dr John Newton (Development Manager) ITM Power PLC

Unit H

Sheffield Airport Business Park
1.8.2 Email & Telephone Number: Europa Link
jn@itm-power.com Sheffield

S9 1XU

0114 261 5960 07730 761353
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This section should be between 8 and 10 pages.

2.1 Aims and Objectives:
The Context

Clean Energy Balance (CEB) has been developed as an overarching programme of work with
three funding strands (The Low Carbon Network Fund (LCNF), The Network Innovation
Competition (NIC) and The Network Innovation Allowance (NIA)). Each strand has
associated activities and delivery projects. Henceforth this bid refers to the CEB Programme,
funding strands and component projects.

All participants in this programme fully recognise the need to innovate to deliver secure,
sustainable and affordable energy for the UK. It is hoped that this programme is the first of
several innovative schemes that will make a major contribution to overcoming energy
challenges.

This programme will provide specific learning within the Wales and West geography. The
programme will also provide the local community with a significant investment opportunity
and support local employment. The outputs of the programme will be learning about the
technical feasibility of hydrogen injection into gas networks and the development of
sustainable, safe, secure and more affordable energy for generation requirements and
heating homes. By displacing a volume of natural gas with hydrogen from a renewable
source, a small reduction in local environmental emissions will also be achieved.

The Future of Heating strategy, published by the Department of Energy and Climate
Change, recognises the potential of hydrogen, produced using renewable energy sources,
and injected into the gas network as an effective and efficient means of decarbonising heat.
If successful, this exciting new source of energy can exploit installed and future renewable
generating capacity and maximise the continued use of the existing gas infrastructure.

The existing world class GB gas network has the capacity to transport renewable energy
away from points of constraint on the electricity network and, in doing so, provide a means
of displacing fossil natural gas and distributing a source of low-carbon heat for domestic and
industrial use.

By utilising the renewable generating capacity at times when the renewable electricity is not
required, the outcomes from this programme may also significantly improve the productivity
of current and future renewable energy generating plant. This, coupled with the exploitation
of existing gas network assets, will minimise the costs to customers of providing secure,
safe and sustainable energy, for both generation and domestic heating and cooking.

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. This programme will seek to increase this limit. In parallel, it will examine the
potential of cross-sector working to demonstrate hydrogen’s ability to enable the storage of
renewable energy and overcome constraints in the electricity network while providing
benefits to gas consumers and helping to meet UK carbon reduction targets.

The LCNF strand uses electrolysis to absorb excess electrical energy that the electrical
network cannot support due to a local constraint. The NIC strand will then test hydrogen
storage and injection technologies which will allow the hydrogen generated by the
electrolyser, operating as an electricity demand side load, to be injected into the natural gas
network and transported beyond the electricity network constraints benefiting both gas but
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also electricity customers. The gas will be used by existing gas customers or used by newly
installed CHP to generate electricity at the point of use. The programme will explore, using
the Wales & West Utilities (WWU) Fuel poor Connection Allowance, to see if fuel poor
customers can be connected to the gas network and have CHP installed, thereby addressing
the needs of some off-gas fuel poor customers. Appendix B illustrates an electrolyser unit.

A separate but related Network Innovation Allowance (NIA) strand will run to obtain an
exemption from the Gas Safety (Management) Regulations (GS(M)R) to allow higher levels
of hydrogen to be injected into the Wadebridge medium pressure network.

This programme is expected to start in January 2014 and run for four years.

The diagram below shows the project elements and the division between the LCNF and NIC
strands.
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We envisage that the renewable generation, electrolyser, gas mixing and injection will all
be owned by one operator who will choose the best option depending on wind, generation
constraints, electricity wholesale price, gas storage availability, gas wholesale price and gas
network capacity

The Problem:

The current UK target to decarbonise building heating requires either a method to
decarbonise the gas supply chain or an expensive change of heating systems for millions of
premises. The latter option is likely to be unpopular with existing gas consumers as well as
requiring reinforcement of the electricity distribution system and decarbonisation of
electricity generation. In turn, the current UK target to deliver 15% of the UK’s energy
consumption from renewable sources by 2020 will necessitate significant electricity network
reinforcement and/or generation curtailment unless other means of overcoming constraints
in the existing electricity networks can be found. A recent study by Imperial College for
DECC (‘Understanding the Balancing Challenge’ (2012)) projects that surplus renewable
power that cannot be moved from the point of generation to the areas of demand could
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reach 50 TWh pa by 2030, with 60-100 TWh pa curtailment possible by 2040-50 (i.e. 20-
30% of renewable output).

However, practical energy storage technologies are few, are generally expensive and/or
limited in their capacity/duration and/or location. A further complication of available energy
storage solutions is that energy is put into them and taken out at the same physical point.
Although this allows a level of time-based smoothing of supply/demand, it ignores the fact
that, in the main, certain areas will be generation (supply) dominant while others will be
demand dominant. The most significant limitation that needs to be overcome is that
effective energy storage needs to be not only time-specific but also location-specific.

The Solution:

The solution proposed by the CEB programme is to use electricity generation that would
otherwise be constrained off, convert it to hydrogen, store it and inject it into the gas
distribution system displacing fossil methane. This low-carbon gas will then be utilised by
gas consumers for heating and/or electricity generation. This solution therefore helps to
decarbonise the gas supply chain as well as addressing the electricity network constraints of
time and geography. In parallel it enables the optimum use of the existing gas and
electricity networks to deliver benefits to customers. It is an innovative example of
“sweating the assets” and across two networks rather than one. In doing so, it will support
the core theme of this programme of delivering benefits to both networks and their
customers.

The combined LCNF and NIC programme will comprise two zones, a Generation Zone and a
Demand Zone. The NIC strand will 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 be injected into the natural gas network. The solution
will comprise the following:

Electrolyser

This will be part of the LCNF strand. The electrolyser will be connected to the WPD 33kV
network and will utilise electricity generated by the renewable generator but which is
constrained off the WPD network

The following elements will be part of the NIC strand

Gas Storage and Mixing

Natural gas will be taken from the WWU network and blended with electrolyser-produced
hydrogen from pressurised storage. The gases will be mixed to ensure the permitted 0.1%
(or higher if a GS(M)R exemption is granted) hydrogen level is consistently maintained.

Gas Injection

The hydrogen/natural gas mixture will then be injected into WWU’s medium pressure gas
network. The rate of injection will be carefully controlled to ensure that the pressure within
the network is maintained within the regulated limits.

Gas Export and Usage

Gas containing hydrogen will be withdrawn from the gas network in the Demand Zone at a
point beyond the electricity network constraint, either to be burnt by existing gas consumers
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displacing fossil natural gas or used to fuel CHP units, subsequently returning an element of
electrical energy back to the electricity network. The net effect is increased flows through
the existing gas distribution network.

Control System

A control system will be up in place to manage the end-to-end flow of energy from
generation, through electrolysis to storage, mixing and gas injection. The system will be
optimised to maximise generation export and hence gas injection potential.

The Discrete Methods and Trials:

The discrete Methods within the above solution that will be tested by the programme
include:

Energy Storage and Transport via the Gas Network

This Method will use hydrogen produced by the LCNF electrolyser in the Generation Zone as
a means of converting constrained renewable energy to a form that can be stored,
transported and reused.

The hydrogen will be stored and subsequently mixed with natural gas and injected into the
gas network at the prevailing regulated levels at a time when there is available gas network
capacity to accommodate it.

The Method will be trialled in the following way:

e The gas mixing and injection equipment will be deployed and the ability to inject
hydrogen at regulated levels when headroom allows evaluated with particular attention
paid to achieving blending at low flow rates

e The capacity of the resultant gas injection system to consume the generated hydrogen
will be evaluated over time and the subsequent impact on optimal hydrogen storage
determined.

Requlatory Impact of Hydrogen Gas Injection

An evaluation of the current UK Regulatory framework on hydrogen injection will be
evaluated from a WWU perspective and a wider perspective.

The Method will be trialled in the following way:

e The consequences of mixing hydrogen with natural gas on CV, Wobbe Index and any
potential impact on metering and billing will be evaluated
e Any impacts on the operation of the system will be noted and evaluated.

Gas Export: De-Carbonisation of the Gas Network

The gas network has the capacity to transport a source of low-carbon heat for domestic and
industrial use. This would utilise existing investment in the gas network assets and thereby
minimise the costs to customers of the continued maintenance of the gas network.

The Method will be trialled in the following way:

e The potential decarbonisation benefits for domestic and industrial use in the
programme area will be evaluated compared to the theoretical benefits obtainable if
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the target level of injection was achieved
e Hence the potential wider UK decarbonisation benefits will be evaluated.

Gas Export: Gas Network Life Extension & Wider benefits

Benefits will accrue to the gas network through the deployment of this Method.
The Method will be trialled by investigating:

e The decarbonisation benefits to gas consumers

e The benefits of reduced methane leakage due to displacement by hydrogen

e The benefit of keeping gas consumers connected to the network in terms of sharing
fixed costs

e A more detailed assessment of the number of sites to which this Method is applicable.

Commercial Modelling and the End to End Value Chain

This Method will look at the optimal cost, efficiency and commercial models for the end-to-
end value chain from renewable generation through to end-user consumption.

The method will be trialled in the following way:

e Through operation of the discrete Methods, above, and wider analysis, system
sensitivities against key variables will be assessed and the optimal end-to-end
operating model identified for a given set of performance parameters (e.g. Carbon
reduction, reinforcement avoidance, renewable energy connections, energy lost)

e A key determinant of whether hydrogen injection is commercially viable is the price of
hydrogen so the value chain from generation, through electrolyser and energy storage
and gas injection will be modelled. Potential barriers to the development of the
optimum model will be identified (e.g. ownership, regulation, technology
costs/limitations, the ability to provide cross-subsidies across the value chain) and
mitigations determined

e The impact of increasing the permitted level of hydrogen content in the natural gas
network will be evaluated and the potential benefit for the wider rollout of gas injection
determined. This will include assessment of the economic viability from a Distribution
Network Operator (DNO) and a Gas Distribution Network (GDN) perspective and also
the wider benefit of decarbonising the UK gas network

e The current and future opportunities for alternatives to one party owing the the end-to-
end system from generation to hydrogen injection will be assessed and contrasted
against opportunities for the discrete Methods in isolation, for example where gas
storage and injection are owned separately from the electrolyser.

e Subsequently, the optimal rollout strategy will be devised and the net benefit to the UK
determined.

2.2 Technical Description of the Project

The combined LCNF and NIC programme will comprise two zones, a Generation Zone and a
Demand Zone. The NIC strand will 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 be injected into the medium pressure natural gas
network.

To maximise the use of the current gas transportation assets in the Generation Zone, a
rapid response Polymer Electrolyte Membrane (PEM) electrolyser (Appendix B) will be
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installed and will be connected to the local electricity distribution network in the Generation
Zone. The electrolyser will present a 1MW load on the electrical network that can be
controlled in response to a signal from the overarching control system. In this manner, it
can also be used to absorb renewable energy that would otherwise be curtailed as a
consequence of electricity distribution network constraints. The electrolyser’s ability to
rapidly respond means that it can earn demand side management revenue.

The hydrogen produced by the electrolyser will be sent to a pressurised hydrogen store,
capable of storing up to 400kg of hydrogen at a pressure of 300bar. The store will consist of
steel k-type vessels and represents the best compromise between pressure and footprint
(m?/kg of hydrogen stored). The storage system will provide a buffer between hydrogen
production and the technologies which will utilise it, consequently allowing time shifting to
accommodate electricity network constraints (gas engine) and/or gas pressure/hydrogen
content constraints (gas injection).

From the store, hydrogen will either be sent directly to the gas engine or sent to a gas
mixing installation where it will be mixed with natural gas withdrawn from the medium
pressure gas network, hence ensuring that the total hydrogen fraction stays within the
existing regulatory concentration limit.

The hydrogen/natural gas mixture will then be injected into the medium pressure gas
network via a network entry point. The gas mixture will be analysed and metered before
injection. The medium pressure gas network in the area identified for the location of the
electrolyser (and hydrogen storage) and the siting of the gas mixing and injection facility,
transports gas at pressure <2 bar. Consequently, the gas mixing and injection equipment
will be less complex due to the low pressure requirement and the hydrogen will not require
compression before mixing, instead pressure reduction prior to mixing will be necessary.
Appendix C illustrates the gas network in the Wadebridge area.

The rate of injection will be carefully controlled to maintain the regulated hydrogen fraction
and the network pressure within the regulated limits. WWU may need to make changes to
the operation of the medium pressure network in the area to facilitate this.

The overarching CEB control system will be in place to manage the end-to-end flow of
energy from renewable generation, through electrolysis to storage, mixing and gas
injection. The objective of the CEB control system will be to maximise generation export
and hence gas injection potential. Given the trial nature of this system, failsafe for key
elements of the process will remain with the primary equipment and/or the network
operators. A separate NIA strand will run in parallel, to obtain an exemption from the
GS(M)R necessary to allow higher levels of hydrogen to be injected.

The network entry point will be designed drawing on WWU'’s experience of biomethane
injection with, broadly speaking, the same equipment, measurement devices, telemetry and
protection systems. WWU sees hydrogen injection as being a logical extension of
biomethane injection although there will need to be some differences to take account of
there being two different gases in the mixture. The network will be protected by Remotely
Operable Valves and information required for the operation of the network will be passed to
the WWU control centre by telemetry. There will be a network entry agreement between
WWU and the operator of the entry facility which will stipulate gas quality and other key
requirements such as metering and gas quality measurement. Ofgem will be asked to agree
not to require installation of CV measurement equipment at the site in order to reduce cost,
but Ofgem may not agree to this. The shipper injecting the gas into the network will be
charged using the same principles as for biomethane although allowance will need to be
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made to take account of the gas being taken out of the network, blended and then re-
injected.

2.3 Description of Design of Trials

The programme will initially trial the injection of up to 0.1% by volume hydrogen in order to
test the functionality of the hydrogen mixing and injection technology. If this is successful
and the linked NIA strand gains an exemption from the GS(M)R to allow higher levels of
hydrogen injection, then higher levels of hydrogen will be injected.

The Location of the trial

Wadebridge was selected for the following reasons

e The initial thinking was that the programme would deliver most value in a location
where the electricity network was constrained, as is the situation in Wadebridge. As
described in section 2.1, the modelling will seek to determine if there is more general
applicability

e In April 2013 Wadebridge was short-listed as one of Britain's top eco-towns (ITV, 2013,
Wadebridge short-listed as top-eco towns (sic)[online]
http://www.itv.com/news/westcountry/update/2013-04-26/wadebridge-short-listed-as-
top-eco-towns/ Retrieved 31 July 2013) and is home to Wadebridge Renewable Energy
Network (WREN) - a grass roots enterprise aiming to make the town the first solar
powered and renewable energy powered town in the UK (Independent, 2011, Cornish
town aims to be UK’s first to adopt solar power — struggle becomes YouTube series
[online] http://www.independent.co.uk/environment/cornish-town-aims-to-be-uks-first-
to-adopt-solar-power--struggle-becomes-youtube-series-2289830.html Retrieved 31
July 2013). WREN is the key party in developing the renewable generation project and
also provides crucial local community involvement

e The constrained 33kV electricity distribution line runs very close to the WWU medium
pressure (up to 2Bar(g)) pipeline that serves the Wadebridge low pressure network

e Wadebridge is representative of a growing number of communities where commercial
generators are dominant and hence capacity for community generation is limited.
Hence the community has the inconvenience of wind and PV farms on its doorstep but
none of the benefit. With more power being given to communities to veto wind farm
developments, it is critical to find a willing community with which to prove a viable
community model to address this.

Replication potential

e An analysis of the WWU and Western Power Distribution (WPD) network maps in
Appendix E shows that there are approximately 50 locations in Cornwall and 30 around
Cardiff where the WPD 132kV or 33kV lines cross or run very close to the WWU
intermediate pressure (up to 7Barg) or medium pressure (up to 2Barg) pipelines. While
many locations will not be suitable for this type of scheme owing to planning, water
supply and other reasons, this suggests that the Wadebridge location is not an isolated
example. As renewable generation is rolled out, it is likely that more of these electricity
lines will become constrained. Although this a small sample, it nevertheless suggests
that there will be many more potential sites across GB where this solution could be
utilised.

e The programme will determine the effectiveness of the system design in delivering the
gas mixing and injection solution. In order to reduce, so far as possible, the technology
risk of up-scaling, the technology-specific aspects of the technology will be tested to
determine function, reliability and performance in particular:
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Gas mixing — The robustness of the technology at various flow rates and how closely it
can meet the regulatory limits

Gas injection — how the gas injection performs with a hydrogen methane blend,
whether existing systems and processes need modification, whether a direct injection
solution may be worth looking at in future

Control system — the overarching CEB control system is delivered by the LCNF strand of
the programme, to manage the end-to-end flow of energy from renewable generation,
through electrolysis to storage, mixing and gas injection. The trials will seek to
understand and develop the control algorithms necessary to maximise the gas injection
potential and ensure compliance with regulatory requirements.

2.4 Changes since ISP submission

The following changes have been made in response to points raised during the review
process:

Although the programme deliverables and Methods have been refined since the ISP, the
learning expected to be gained from the programme remains the same

The target level of hydrogen injection sought has been reduced from 20% to 2% since
this is seen as a more likely to be achieved in the timescales and does not unduly
impact the programme.

The model has been updated to include a CPI rate of 2.5%, a 0.5% PA energy price
increase as standard (based on DECC'’s future fossil fuel price projections) and the
discount rate used for NPV has been increased to 3.5%. Additionally all results have
now been calculated post tax and depreciation

Various changes to LCNF strand have been made including the pCHP arrangements and
the assumptions about Demand Side Management revenues payable to the electrolyser
and gas engine, and wind farm modelling. These are detailed in the LCNF submission.
The control system costs are now modelled on a shared service model

The Gas mixing costs have been reduced by approximately £400k and are now all in
2014/15 as we are now using German suppliers rather than UK based who would have
needed to design the system.

The allocation of costs between the NIC and the LCNF strands of the programme based on
customer benefits has been further refined. The detailed logic behind this allocation can be
found in Appendix A. However, in summary, cost allocation has been undertaken based on
the following principles:

Gas Inject is the core technology required by the NIC strand to extend gas network life.
However, it is an optional solution to LCNF. Hence all costs have been allocated to NIC
Gas mixing supports gas injection and hence is an NIC cost

The electrolyser and gas engine provide a means of storing/time-shifting electrical
generation and hence are LCNF costs

Gas Storage is required by both the gas injection system and the gas engine. Hence
costs are shared

Shared activities (PM, IT, Learning) have been allocated approximately 20% NIC and
80% LCNF

The above has resulted in a proportion of the control system costs being allocated to NIC
where none were previously, given the benefit this provides in maximising the potential gas
injection rate. The NIC cost has therefore increased accordingly.
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This section should be between 3 and 6 pages.

3.1 Business Case Context

The main aim of this programme is to test and demonstrate the practical feasibility of
injecting hydrogen into the WWU gas distribution system, using a unique electrolyser
powered by a renewable electricity source to produce the hydrogen. This will reduce the
environmental impact of using gas for generation and heat. In turn, this will make gas a
more attractive option as the UK government considers its energy policy options.

The two key benefits from the programme are:

e Demonstrating that hydrogen injection is technically feasible under the GB safety
regime
e Providing learning than can be used to enable a UK wide rollout

We recognise that the benefits of decarbonising the gas network will only be seen with
levels of hydrogen injection higher than the 2% proposed; therefore this project should be
seen as a project that demonstrates the feasibility of hydrogen injection.

3.2 Benefits of the Project

The hydrogen output from an electrolyser connected to the distribution network in the
Generation Zone can be stored and subsequently injected into the gas grid, provided it
stays below an existing regulatory concentration limit.

Therefore, the programme:

e provides a demonstration of a means of decarbonising the existing gas network and the
heating load of customers connected to the gas network in turn avoiding reinforcement
of the electricity distribution network which would be required if customers converted to
electricity based heating and cooking

e avoids customers having to spend money converting their in house heating and cookng
systems to another energy source

e prolongs the network’s useful life by enabling the total cost of ownership of the network

e is apportioned over the widest possible customer base.

3.3 Overall Financial Benefits

The main financial benefits would be future cost avoidance for gas consumers if this
programme is successful and developed on UK wide scale. The following sections provide
further detail of the potential values.

A more immediate benefit is the small reduction in carbon emissions from reduced
methane leakage and a reduction in Carbon Dioxide emissions from burning hydrogen
rather than natural gas In Appendix G we calculate this benefit as £142,000 over 20 years
in a rollout scenario.

3.4 Benefits of Wider Rollout

The success of the programme will enable the overall solution to be applied across other GB
gas networks, subject to the required regulatory permissions, and has the potential to assist
in delivering the UK greenhouse gas emissions targets. Notwithstanding the customer and
carbon benefits described later, this programme will provide the following benefits: Helping
to achieve UK greenhouse gas emissions targets
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The wider rollout will contribute to this target without customer resistance. DECC’s report,
‘The Future of Heating’ (2013), acknowledges the importance of the gas network in meeting
peak heat demand. Page 24 of the evidence annex demonstrates that when asked
spontaneously what system they would install, 90% of existing gas customers responded by
saying a gas boiler. This shows that a policy that requires gas customers to move away
from gas is likely to be very unpopular. Hydrogen injection offers a way to offset this
requirement.

Avoiding future costs

The cost of converting the existing gas system to include a proportion of hydrogen is likely
to be much less than the cost of converting customers from a gas based system to other
systems. While we do not claim that hydrogen by itself will decarbonise the gas supply
chain it can be part of the solution together with biomethane and potentially synthetic
methane from the gasification of waste. Together, with energy efficiency measures, these
technologies could provide sufficient decarbonisation to enable the continued use of the gas
network

Costs of converting customers from a gas based system to other systems would include:

e The cost of converting 21 million premises from gas heating and cooking to non-gas
systems is probably a minimum of £2000, which is the approximate cost of having a
new gas boiler installed. This equates to £42bn

e The cost of decommissioning the gas network

e Cost of developing sufficient renewable generation and the associated electricity
reinforcement to support electricity based heating systems.

Although many of these costs are uncertain, there appears to be a significant benefit of
utilising the network compared to alternative non gas solutions.

Improving Security of Supply

Hydrogn injection will provide a degree of increased energy security and reduce the reliance
on the import of gas into the UK. Reducing the UK’s reliance on foreign imported gas has
the potential to reduce price volatility and deliver further value for GB gas customers, as
well as improving the UK balance of trade. Notwithstanding the possible need for appliance
inspection and modification, using hydrogen will ensure carbon reduction at the point of use
with minimal customer involvement and inconvenience, since the generation of the low-
carbon fuel occurs upstream of the consumer.

3.5 Customer benefits

Customers that disconnected from the gas network would need to be provided with heating
and would therefore have to install replacement heating systems. It is unlikely that this
would be less than £2000 a customer (the price of having a new gas boiler installed) and we
estimate that this would cost a minimum of £330,000 over 20 years.

It is likely that that the electricity distribution system would need to be reinforced to
support the increased load from systems, such as heat pumps, and the customers supplied
by the electricity distribution network would have to pay for this reinforcement. Based on
figures from WPD we have estimated this in Appendix G for transformer reinforcement only
; however the current estimates are small in comparison to other costs. In addition, the
work by Delta EE for the Energy Networks Association, ‘2050 Pathways to Domestic Heat’
(2012), shows that the operating costs of the alternative systems are likely to be higher
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than the cost of operating a gas boiler because electricity per KWh costs much more than
gas and modern condensing gas boilers are up to 90% efficient.

Customers that stayed connected to the gas network would have to share the higher unit
costs of maintaining the system over a decreasing number of customers and then pay for
decommissioning any parts of the network that was no longer required. WWU'’s cost of
maintaining the gas network for its 2.5m supply points is circa £400m per annum. This is
circa £160 per supply point per annum. Wadebridge currently has 2,500 gas supply points
(last census data); albeit another 800 homes are planned within the next ten years. One
scenario within the DECC Future of Heating predicts a 25% reduction in customer numbers
by 2040. If the number of supply points reduced by 25% by 2040, the cost per supply point
would increase to £213 (a £55 increase per supply point). We estimate in Appendix G that
over 20 year this equates to an additional cost of approximately £1.5M.

Therefore, customers will see considerable benefits from staying connected to the gas
distribution system, they will not have to

e Finance the installation of an alternatively heating and cooking system

e Pay for reinforcement to the electricity distribution system.

e Pay for decommissioning of the gas system
Of these, appendix G shows that the first and the last points comprise the majority of the
benefit.

This programme, which investigates whether hydrogen injection to decarbonise the gas
network is feasible, offers considerable customer benefit.

3.6 Carbon Benefits

The biggest contribution by far to the carbon footprint of GDNs, including WWU, is the
volume of leakage from their mains. The primary reason for this is that methane is a more
potent greenhouse gas than CO, WWU'’s carbon footprint is illustrated in Appendix F. If
methane is displaced by hydrogen, then any leakage of hydrogen will not contribute to
greenhouse gas emissions. In terms of the project, introduction of 0.1% hydrogen in the
Wadebridge network would save the equivalent of 1 tonne of Carbon Dioxide a year.
Appendix F shows that WWU'’s primary emissions to atmosphere equal just over 500,000
tonnes of Carbon Dioxide equivalent over 95% of which is attributable to network losses of
natural gas. If 0.1% hydrogen was introduced throughout WWU'’s network, the reduced
leakage of methane would be equivalent to 500 tonnes/year of CO,. If Hydrogen is then
used across all gas distribution networks, this benefit would increase ten-fold.

The project could also lead to indirect carbon savings from avoiding the carbon emissions
associated with installing new systems in customers’ premises; avoided reinforcement of
the electricity distribution system and avoided decommissioning of the gas network.

3.7 Licensee learning benefits and alignment with business objectives

WWU’s RIIO GD1 business plan identified the following as a priority for innovation based on
outputs from its stakeholder engagement programme:

e The sustainability challenge of ensuring that there is a longer term viability of gas
networks, with lower environmental impact

The benefits of this programme for WWU are:

Page 13 of 43



m NETWORK INNOUATION | Project Code/Version No:

- WWU GN 01 v2
Gas Network Innovation Y

Competition Full Submission Pro-forma
Project Business Case continued

e Understanding the operational challenges of introducing hydrogen into the network and
whether this is a long term viable option

e Understanding the commercial (including Uniform Network Code) challenges of
introducing hydrogen into the network

e There may be learning that could be applied to the development of hydrogen-only
standalone systems

e Evaluate the pros and cons of working with the community and/or other third-party
organisations to deliver solutions to what are inherently network problems.

3.8 Industry Benefits

The gas industry will benefit from demonstrating for the first time in the UK the injection of
hydrogen, produced by electrolysis using renewable energy, into the natural gas distribution
network.

This programme contributes directly to providing information to DECC on whether hydrogen
can be injected into the gas network.

The hydrogen will displace natural gas from the network and be available to be transported
away from the point of the constraint, used as a means of decarbonising local heat
production and reduce greenhouse gas emissions due to gas leakage from the network. The
hydrogen will also be available for subsequent re-conversion locally to energy and heat in
distributed domestic CHP and electricity in a gas engine as a means of smoothing renewable
generation output. This will demonstrate the beneficial role the gas distribution network can
play in supporting the planned growth in renewable energy generation. The programme will
provide valuable learning from the physical integration and operation of the individual
system components which include a pressurised hydrogen store and gas mixing and
injection technology.

3.9 Direct Benefits

There are three direct benefits for gas consumers which will materialise if the project is
successful and is rolled out throughout the gas distribution networks:

e De-carbonisation of the energy usage and reduced greenhouse gas emissions as a result
of leakage

e Avoided costs of electricity reinforcement (included as all gas customers will also be
electricity customers)

e Lower costs by avoiding future decommissioning

e Improved security of supply by using a non-imported, sustainable source of energy into
the existing gas network.

The benefits of the programme to the network are long-term and will not be realised in the
current price control period, they will accrue if hydrogen injection becomes a developed
technology. This depends on a number of developments, not least government policy which
itself will only develop as the capabilities and benefits of alternative technologies such as
hydrogen are developed and demonstrated. Therefore, while hydrogen injection may not be
adopted, it is clear that unless this technology is demonstrated, it will remain as a possibility
and there will be no possibility of gas customers benefiting from hydrogen injection.

The development of local sources of gas, may, in time, allow changes to the operation of
the network, such as reduced reliance on the Local Transmission System with consequent
reduction in maintenance and capital expenditure on renewal.
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This section should be between 8 and 10 pages.

The gas industry has faced and overcome threats to its existence in the past. In the 1920s,
the spread of electric lighting forced the industry to develop new uses for gas as gas lighting
declined; in the 1960s/70s the industry went through a fundamental change, converting to
natural gas. If this programme is successful, it will be an opportunity for the industry to
develop expertise in hydrogen conversion that will be marketable outside the UK.

4.1 Accelerates the development of a low-carbon energy sector and/or delivers
environmental benefits whilst having the potential to deliver net financial benefits
to future and/or existing Customers

Supporting the Carbon Plan
Hydrogen injection can drive increased decarbonisation of the gas network across the UK.

The Carbon Plan aims to reduce carbon emissions by 34% on 1990 levels by 2020 and to
generate 30% of the UK’s electricity from renewable sources in the same timeframe in order
to meet EU targets. In addition, DECC’s report, ‘The Future of Heating’ (2013), has targeted
the decarbonisation of heating in the UK and recognises the potential benefits to be gained
from changing the content of the UK gas grid. DECC believes that low carbon fuels like
hydrogen could be deployed through the national gas network in a similar way as natural
gas is delivered today.

The Government recognises the potential of the UK gas network as a means of storing and
transporting electricity generated by renewable sources in the form of hydrogen. By using
the existing gas network as a means of decarbonising the production of domestic and
commercial heat, this programme could initiate fundamental change in the industry by
being truly innovative and providing relevant learning.

As a source of heat, gas has a higher instantaneous power output and higher temperatures
than electrical heat pump alternatives, this allows more flexible controls within buildings.
Gas (hydrogen) mix offers increased functional utility and substantial savings in annual
energy; SAP predicts a 15-20% saving depending on property
(https://www.gov.uk/standard-assessment-procedure), Energy Savings Trust field trials
predict a 5-10% saving (http://www.energysavingtrust.org.uk). This is particularly
important for commercial buildings with a high temperature hot water distribution system.
This is also consistent with consumer demand for combi-boilers, which produce
instantaneous heat and so require little or no hot water storage.

Encourage local communities to host renewable energy projects

Ed Davey recently stated that ‘Community groups know their local area best, so | want to
see them taking control of their own energy projects, generating their own power and
shielding themselves against the rising cost of wholesale energy prices. This type of
collective action has great benefits for local economies, creating jobs, offering the
opportunity to develop new skills and injecting investment across the country.’
(https://www.gov.uk/government/news/putting-local-communities-at-the-heart-of-energy-
use).

The WREN community energy cooperative is seen by central and local government as a
flagship initiative for its level of ambition and its success in raising community interest in
their energy economy. However, WREN is constrained from achieving its ambitions by local
grid constraints.
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CEB is one of the first energy schemes to formally involve a local community energy
cooperative as a delivery partner, and design the scheme around both technical and
economic outcomes sought by the local community. CEB aims to develop a Method that
enables the community to benefit through ownership of the community wind project at the
heart of the scheme, as well as developing an infrastructure for unlocking further
community generation across the area.

WREN held a major exhibition on the theme of Wadebridge Energy Futures from 19" — 21°
September which was attended by 463 people. Visitors gave feedback on some questions
including:

Do you want a locally owned Energy supply company 949% in favour
Should Wadebridge own more of its energy generation 90% in favour
Should Wadebridge lead the way in developing smart grid 90% in favour

These responses clearly show the local interest in local involvement in the energy supply
chain.

Contribution of rollout to achieving Carbon Plan

The solution is replicable throughout GB and could be implemented at sites where the
electricity and gas networks of appropriate capacities cross or are very close together. Maps
of the WPD and WWU networks in Cornwall have been examined and approximately 50
locations where the WPD 132kV or 33kV cables cross the WWU intermediate pressure (up to
7Bar(g)) or medium pressure (up to 2Bar(g)) pipelines have been identified. A similar
exercise in South East Wales covering an area of about 15 miles around Cardiff identified 30
locations. The population of Cornwall is about 532,000 and that of Cardiff approximately
330,000. Both these very different areas give a figure of approximately one possible site
per 10,000 of population. Based on a GB population of 63M this suggests that there could
be around 6,300 possible sites in GB. It is important to note that the electrolyser and gas
injection does not have to be located close to the location of the renewable generation. The
model works as long as they are on the same part of the electricity network, so the main
constraints on location will relate to the requirement for a water supply and planning
consents.

If the Method is successful, there would appear to be considerable scope to roll this out
across GB, delivering decarbonisation benefits to the gas supply chain as well as enabling
the connection of constrained renewable generation to the electricity distribution network.

How rollout will deliver a solution quicker than the most efficient current solution
in the UK

Currently, the only Method of decarbonising the gas supply chain is through the injection of
biomethane. This is very much in the development phase and WWU received gas from the
first biomethane plant connected to its network in August 2013. Biomethane is eligible for
the Renewable Heat Incentive (RHI), which is not currently available to hydrogen injection,
and, based on the current subsidy, is competitive with natural gas. Unfortunately, there is
only a limited volume of suitable material for Anaerobic Digestion and therefore biomethane
can only be part of the overall solution. DECC’s ‘Future of Heating’ (2013) paragraph 4.25
page 105 estimates that biomethane could contribute up to 20TWh compared to an annual
total gas demand of 550TWh; however, this figure also includes gas from gasification of
biomass which is currently an unproven technology. Biomethane injection is therefore a key
part of the solution but is not sufficient on its own.
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Hydrogen injection therefore offers an additional way of decarbonising the gas supply chain
and there is no current solution to provide this additional decarbonisation. The current
solution is therefore “do nothing”. Since there is no current method, hydrogen injection will
be the quickest method to achieve this additional decarbonisation.

The expected financial benefit the Project could deliver to customers

At 0.1% or 2% injection the benefits to customers of the first 3 benefits described in
Section 3.9 (avoided conversion costs, avoided electricity network reinforcement, and
continued use of the gas network) will not be realised as the level of decarbonisation will
not be large enough. This programme will demonstrate that the technology is feasible and
that it could lead to higher levels of hydrogen being injected. At 10% or 20% then the level
of decarbonisation starts to become significant and it is reasonable to start claiming some of
the decarbonisation benefits. As shown in Appendix G we have assumed that rollout is
achieved at 10% volume of hydrogen and the benefits assumed below are based on 10% of
the benefits of full decarbonisation.

The benefits from a rollout in the Wadebridge area using rollout costs and 10% injection
could be as shown below (see Appendix G).

Carbon £141k
Avoided conversion £330k
Avoided electricity network reinforcement £9k
Continued use of gas network £1500k
Total Gross Benefit £1980k
Cost £600k
Net Benefit £1380k

Overall efficiency

The Electrolyser system efficiency is 75%. This includes the transformer losses stepping
down from 33kV and the electrolyser Power Supply Unit efficiency. The gas storage is
about 94% efficient due to energy losses in the compressor. The need for compression is
due to a desire to minimise foot print and avoid the need to comply with COMAH
regulations. Under some scenarios some of hydrogen the gas may not go into storage and
in this case the storage energy losses will be less. Based on experience in Germany the gas
mixing and injection is 98% efficient. Overall efficiency is therefore about 70%
(75%x94%x98%) so 10kWh of constrained off (wasted) wind generation will produce 7kWh
of hydrogen injected into the gas network.

4.2 Provides Value for Money to Gas Customers

This section shows, for plausible parameter values, both the hydrogen injection and the
electrolyser can make returns over reasonable periods. Although the electrolyser is funded
under the LCNF strand it is useful to include the analysis in this submission to demonstrate
the end to end feasibility of the programme.

The LCNF strand assumes that the wind farm and electrolyser are owned by the same
operator and therefore makes the simplifying assumption that the constrained off wind
generation is provided free to the electrolyser. Given that electricity distribution use of
system charges are largely fixed at 33kV which is the connection voltage of the wind farm
and electrolysers, this is reasonable.
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The table in Appendix shows M various scenarios and the returns for the various methods.
Method 3 (Gas inject) shows an acceptable rate of return in some scenarios but is
outperformed by Method 6 which looks at the end to end returns assuming that all parts of
the system are owned by one operator provides the best option. Method 5 (CHP)
outperforms both but since it involves installing CHP using natural gas it does not contribute
to any carbon reductions or environmental benefits other than any benefits from gas being
a lower carbon fuel for generation than coal. The modelling suggests that Methods 6 and 3
could offer customers value for money.

The conclusions above, based on modelling and trials, would demonstrate whether the
modelling assumptions are valid or whether in practice different methods are optimal.

GB shale gas may have an impact on the gas price but the effect is unclear for two main
reasons. First the amount of shale gas that is recoverable and the cost is very unclear and
second it seems likely that there will be a need for more gas fired electricity generation in
the medium term and this may use all the shale gas that may be available.

Direct impact on network or GB system Operator

The programme will affect the WWU network by providing a new source of distributed gas.
To date, the WWU system has received all its gas from the National Transmission System;
however, the growth of biomethane injection requires WWU to manage injection points
embedded in its system, so this will be another point to be managed. In the long term,
distributed gas will affect investment decisions and slowly require changes in the way WWU
designs and operates its network.

Justification that the scale/cost of the Project is appropriate in relation to the
learning that is expected to be captured

The programme will deliver significant learning. It has the potential for providing the basis
for the development of a substantial change to the GB gas industry and the cost is relatively
small for such a large potential gain.

DECC’s own research (see section 3.4) and the Energy Networks Association project with
Delta EE (Pathways for Domestic Heat, 2012) shows that gas customers like gas as a means
of heating their homes and have no appetite for change. Therefore, there is significant value
to them in continuing to use a gas-based system. In addition, using a gas-based system
avoids significant capital conversion costs. The Delta EE study showed that, owing to the
higher cost of electricity, heat pumps were more expensive to run than a gas boiler. DECC
recognises that there will be a continuing requirement to use gas for peak heat and
therefore many customers will need to remain on gas and bear the cost of maintaining the
system. It is therefore far better value for money for them to use their gas-based heating
system for all their heating requirements. This programme offers a way, together with other
low carbon gases such as biomethane and synthetic methane, of enabling them to do that.

The processes that have been employed to ensure that the Project is delivered at a
competitive cost;

Partners, such as ITM Power (ITM), are providing equipment at cost. Where partners use
established subcontractors, they will have been subject to the partners’ procurement
procedures. The IT integration service provider has been sourced by Toshiba using WPD'’s
procurement processes.
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Cornwall Development Company has been appointed to programme manage CEB and will
have robust programme management processes to regularly review progress and monitor
costs by means of monthly project manager meetings and quarterly programme review
boards. Payments to partners will be back-loaded and paid on completion of outputs rather
than expenditure and so partners will have a strong incentive to manage costs and ensure
delivery of outputs relevant to the programme’s aims. See Appendix G.

Expected proportion of potential benefits accruing to the gas network as opposed
to other parts of the energy supply chain and the assumptions used to derive the
proportion of expected benefits;

If hydrogen injection enables the gas network to be decarbonised and therefore remain in
use rather than be decommissioned, in whole or part, then substantial benefits accrue to
the gas network. The programme will also indirectly benefit the electricity distribution
network customers (which will comprise of the gas customers plus others not connected to
the gas network) and renewable electricity generators; however, in designing and costing
the programme, joint costs have been allocated in an equitable way. Hydrogen producers
will benefit insofar as they can inject hydrogen but they will not receive any subsidy from
the network and the charges they pay for entering gas will be cost reflective as they are for
biomethane entry.

How Project Partners have been identified and selected including details of the
process that has been followed and the rationale for selecting Project Participants
and ideas for the Projects

This NIC strand is led by a third party: ITM. WWU was approached by ITM and the partners
in the linked LCNF strand.

The rationale for selecting the partners was as follows:
ITM Power — NIC lead and therefore not selected as they initiated the strand.

Toshiba — lead for LCNF strand and therefore not selected as they initiated the strand.
Toshiba's Bristol-based research facility, TRL, will be responsible for trial management and
information dissemination.

Wadebridge Renewable Energy Network (WREN) — Community group and developer of
renewable generation. Provides close links to the community in Wadebridge. A key
requirement for the LCNF strand was a renewable generator on a constrained network and
therefore, as the connecting party, WREN effectively self-selected as without a renewable
generator, the programme was not viable. An additional benefit of WREN is the community
contacts which will assist in the customer engagement for appliance inspections if required.

Cornwall Development Company (CDC) — procured through Toshiba’s procurement
procedures to provide Programme Management.

CGI- procured through Toshiba’s procurement procedures to provide IT services
integration.

The costs associated with protection from reliability or availability incentives and
the proportion of these costs compared to the proposed benefits of the Project.
None claimed.
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4.3 Generates Knowledge that can be shared amongst all relevant Network
Licensees

What new knowledge is intended to be generated from completing the programme
The core learning generated by the programme and shared among UK GDNs will be three-
fold:

e Technical Learning — the programme will determine the technical issues and opportunities associated
with the injection of hydrogen into the medium pressure gas network. This will include the engineering
and safety challenges of integrating the mixing and injection equipment and the inter-operation of the
hydrogen storage and the gas mixing stage with the medium pressure network and the subsequent
safe transport of the natural gas/hydrogen mixture through the network. In addition, comprehensive
learning will be developed in the steps necessary to seek an exemption to the Gas Safety
(Management) Regulations 1996 (GS(M)R) necessary to inject hydrogen at a higher concentration
than the current statutory limit.

e Commercial Learning — the programme will demonstrate the financial viability of the
technologies deployed. It will explore Methods that enable achievable reductions in
carbon emissions from both the gas network (through leakage) and the gas transported
through the network, while minimising network impact.

e Programme Learning — the programme will provide learning on how to run a cross-
competition programme both in terms of governance and in terms of demonstrating
benefits to gas and electricity customers, when, in some cases, the benefits are inter-
related.

It should be noted that all the learning from the programme will be foreground IPR (e.g.
control algorithms, commercial models, etc.) and as such will be shared amongst GDNs.

Knowledge will be captured and disseminated by means of the processes described more
fully in section 5. In summary, learning can be divided into planned learning that is
expected to occur and unplanned learning that is not expect but which occurs during the
course of the programme.

We confirm that the IPR arrangements conform to the default arrangements.

4.4 Is Innovative (i.e. not business as usual) and has an unproven business case
where the innovation risk warrants a limited Development or Demonstration
Project to demonstrate its effectiveness

The programme is innovative in several ways:

¢ Injecting carbon-free hydrogen produced by the electrolysis of water powered by
renewable energy, into the medium pressure gas network has never been demonstrated
in the UK

e The programme will trial a technology solution for the safe mixing of low concentrations
of hydrogen with natural gas extracted from a representative UK medium pressure gas
network and the subsequent re-introduction of the mixture back into the network at the
same point

¢ Working in conjunction with the Health & Safety Laboratory, as part of the NIA strand,
the programme will develop the methodology necessary to demonstrate to the regulatory
authority that an exemption to GS(M)R is required, how the potential hazards can be
understood and demonstrate the steps necessary to assess risks and address knowledge
gaps

¢ Although similar technologies are being demonstrated in Germany, in response to the
Energiewende (‘energy transition’) initiative launched by the Federal Government, UK
companies are unwilling to fund the necessary development work required to prove them
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in the UK.

The project make use of two major projects, NaturalHy and work by the European Gas
Research Group, to inform the NIA strand to obtain an exemption to the GS(M)R to allow
injection of greater than 0.1% hydrogen by volume. ITM’s involvement in power-to-gas
projects in Germany and their participation in the HIPS project, means that this programme
can draw on its experience to reduce risk. NaturalHy was a 5 year €17m European project
funded by the European Commission’s 6th Framework Programme which ran from 2004 —
2009. The purpose of the project was to determine the conditions under which hydrogen
can be added to the natural gas system (<40-8 bar) with acceptable consequences. Work
packages studied the impact of hydrogen addition on: durability (pipelines), integrity
(pipelines), safety & end use. The project concluded that the max. % hydrogen that can be
added to natural gas is limited by (in order of increasing importance): 1. Pipeline,
materials, 2. Safety, 3. End user appliances. The project concluded that for properly
adjusted appliances and favourable natural gas quality can accommodate up to 20%
hydrogen although stationary gas engines and gas turbines (based on state of the art at
the time) would require adjustment and/or modification. The final report
(www.naturalhy.net/docs/project_reports/Final_Publishable_Activity Report.pdf) concluded
that admixtures of 10-15 % are not critical in most cases, except for:

1. Modern gas turbines with pre-mixed burners (but on-going work is addressing this)

2. Steel storage tanks in NCVs and CNG fuelling stations (the current limit is 2% but
activities to increase the value are underway)

3. Underground porous rock storage facilities (recent studies have been initiated to
determine a reliable limit value although each case is unique based on the geology)

The recently concluded European Gas Research Group (GERG) project Admissible Hydrogen
Concentrations in Natural Gas Systems also known as Hydrogen in Pipeline Systems (HIPS)
undertook an analysis of the issues/impacts of hydrogen addition to natural gas on the end
to end gas supply chain. UK participants included ITM Power, National Grid, KIWA Gastech
and E.ON New Build & Technology Ltd. The study focused on gaps in knowledge related to
the addition of up to 10 vol. % hydrogen to natural gas with the following results:

e Infrastructure (transmission & distribution pipelines) — For steel Pipes no impact of
hydrogen on external repairs currently used for existing NG pipelines was observed,
hydrogen induced stress corrosion cracking was only relevant for high-tensile steels,
up to 10 vol.% hydrogen has no impact on lifetime. For plastic pipes (PE) the
hydrogen permeation was higher than in steel but no demonstrated impact on safety
was observed. No impact on lifetime has been found to date and leak tests show no
impact on safety aspects

e Pressure regulation systems - DIN EN 437 min. 60 vol.% hydrogen, a slight decrease
in pressure was observed when hydrogen was blended with natural gas.

e Domestic installations - The Ameland project (Netherlands) showed after 4 years
testing of max. 20 vol. % hydrogen in natural gas, no problems were reported.
There were two leakages were due to incorrect installation and a construction fault.
No significant effects were reported on copper pipes, brass couplings, valves or
rubber hoses.

e Gas metering & billing - Gas meters showed <2% difference in flow rate for
hydrogen/natural gas mixtures. Analysis suggests explosion frequency could increase
by factor of 2 by adding 20 vol. % hydrogen, however the current risk of explosions
was very low and even with this increase, the risks remains within acceptable limits.
No expected design lifetime reductions for meters, gas chromatographs and volume
conversion devices for up to 10 vol. % hydrogen.
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WWU is not able to fund the programme as part of its business as usual activities for the

following reasons:

e The programme is unlikely to deliver any benefits to customers in the current price
control period

e The programme will not deliver any benefit to shareholders and therefore there is no
reason for them to fund the programme

e Other parties will gain from the programme and therefore it is appropriate that they
should provide contributions of expertise and products at cost.

The programme is appropriate for NIC funding for two main reasons:

e There is considerable uncertainty over the timing of financial benefits to customers
owing to uncertainty with government policy

e The regulatory, environmental and cross sector nature of the programme is too risky for
commercial funding.

4.5 Involvement of Other Partners and External Funding

The programme will exploit learning developed by the individual partners over several years
of operation, including, in ITM’s case, external funding from institutions and organisations
such as DECC, The Technology Strategy Board and The Carbon Trust, which has enabled
the partners to develop and increase the Technology Readiness Levels (TRL) of their
proprietary technologies. Funding for the programme includes:

Partner Contribution — Each partner will provide a 10% cost reduction in addition to the
considerable efforts already invested in designing and modelling the systems, components
and Methods to be deployed by this programme. These contributions are detailed within the
costings of the overall programme.

WWU will make a contribution of 10% to the cost of the NIC strand and will also contribute
the learning it has gained from playing a leading role in the development of biomethane
connections, including leading the two studies in 2012/13 to demonstrate that raising the
GS(M)R limit on Oxygen to 2% was safe. It is anticipated that the experience gained from
that work will be of considerable help when conducting the NIA strand to seek an exemption
to increase the hydrogen limit.

4.6 Relevance and Timing

DECC is demonstrating increased interest in the exploitation of hydrogen. Greg Barker
(Climate Change Minister) commented, ‘Hydrogen and fuel-cell technologies are at the
cutting edge of new low carbon energy solutions. We need to see how these technologies
can be integrated with other energy and transport products.’ (cited by the Technology
Strategy Board, July 2012, Accelerating the introduction of fuel cells and hydrogen energy
systems [online]
http://webarchive.nationalarchives.gov.uk/20130221185318/www.innovateuk.org/content/
competition-announcements/accelerating-the-introduction-of-fuel-cells-and-hy.ashx
Retrieved 31 July 2013).

Other companies involved in the hydrogen industry have demonstrated support such as
KIWA Gastech.

Sweden, Austria, Switzerland, Germany, France and Holland all permit higher
concentrations of hydrogen gas in their gas networks than does the UK. In Germany,
hydrogen gas injection is being adopted widely and the German parliament now permits up
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to 9.99% vol. hydrogen to be injected, achieving ~3% carbon saving. Several German
utilities, including parent companies of two of the UK ‘big six’ electrical utilities, are actively
involved in power-to-gas projects. In addition, several of the largest Stadtwerk (municipal
utility companies) are also actively involved in developing projects and trialling the
technology. Trials currently underway in the Netherlands are demonstrating the
incorporation of up to 20% hydrogen in the Dutch natural gas distribution network.

On a national scale, therefore, the programme is relevant, as it addresses government
requirements and it draws on experience of other European countries.

The programme is relevant for WWU as it fits in with its business plan objectives, which
were developed as a result of stakeholder engagement. In particular:

e The sustainability challenge of ensuring that there is a longer term viability of gas
networks, with lower environmental impact.

The WWU network has many rural areas that currently do not enjoy the benefit of gas
connections. If successful, this programme has the potential to lead to standalone
hydrogen-only networks or standalone hydrogen and biomethane networks and which could
bring the benefit of gas to areas that currently are too far from the gas network to be
connected. These customers tend to use carbon intensive heating systems, such as coal, oil
or LPG, which are all more carbon intensive than natural gas and obviously much more
carbon intensive than hydrogen-form renewable generation or biomethane. Inasmuch as
some of these customers are fuel poor, they could benefit from reduced energy costs by
being connected to a gas distribution network.

Appendix H demonstrates the Learning Approach to be adopted through CEB.
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This section should be between 3 and 5 pages.

] Please cross the box if the Network Licensee does not intend to conform to the
default IPR requirements.

5.1 Learning Dissemination

Knowledge Capture and Dissemination Plans for NIC Clean Energy Balance

Knowledge capture is a very important aspect of this programme, which requires a robust
methodology and plan for delivery. Due to the nature of the programme new knowledge will
be produced that relates to various stakeholders. Knowledge will generally be of two forms;
planned and unplanned. The approaches for capturing these types of learning are discussed
below.

Planned learning:
e Will be integrated into the programme plan for each part of the programme.

e By the end of the design phase, each project team should have a framework and
method in place for capturing learning. The key learning objectives must be included in
the use-case document to ensure system design links to learning objectives. Each team
will also have a clear method on how the key questions will be answered.

e Outcomes of these activities will be shared through reports published on the
programme website.

e These documents will be available to all partners via an online document collaboration
service such that documents can be read, edited and used as required.

Unplanned learning:

e It is very difficult to anticipate the nature of these lessons learned and, as such, issuing
a standard template will be counterproductive.

e Instead, the learning lead for the programme will conduct diarised interviews with work
package (and project) leads and project teams to identify lessons learnt. The advantage
of having a project team together is that the discussion brings out a far richer context
which when captured in a coherent manner is very valuable. It is imperative that these
interviews are integrated into the programme plan and happen at regular intervals. This
will make it a part of normal programme activity thus highlighting the importance of
knowledge capture.

e This means that it will be a relatively quick process to capture knowledge and lessons
learned with the majority of the work in post-processing and collating the information.

e These commentaries will be organised into a coherent structure and any recurring
issues will be investigated where necessary. At agreed stages in the programme,
learning will be collated and shared amongst the programme participants to enable
implementation of any relevant lessons learned.

e This will capture issues that occur on an ongoing basis but that are likely to be
forgotten after a period of time. This will be shared via a lessons learned document at
various phases throughout the programme.
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Aspects of the planned learning objectives for this programme have already started;
Appendix H outlines the system-level use cases for the programme and how they relate to
primary learning objectives. Maintaining this link between use cases throughout the
programme is imperative to ensuring successful learning. Appendix H also shows primary
use cases that are built below the system-level use cases. During the mobilisation phase,
these system and primary-level use cases will be finalised with the programme partners.
This will inform the use case specification which will be necessary at the design stage to
ensure the trial operation and the objectives are compatible. Please note that NIC Appendix
H actually shows the use cases across both NIC and LCNF strands, as this is the best way to
ensure that learning objectives and aims are not omitted. Clearly, some areas will be more
relevant to NIC, which will be the focus of GDNs and related parties and will be reflected in
the dissemination outputs.

As part of capturing learning, regular interviews with project leads (or teams if appropriate)
will be integrated into the programme plan. This ensures that learning objectives remain as
a priority throughout the programme. The regular interviews will focus around what issues
the project teams faced and how they dealt with them, as well as what aspects have gone
well and what factors contributed to this. This type of experience will be very valuable to
other parties interested in rolling out similar systems (e.g. GDNs, equipment providers).
Combining this with a periodic (throughout the programme) written report collating
experiences and evidence across different projects will make it easier for other parties to
learn from CEB’s experience.

Figure 1 shows the overarching strategy to achieve the learning objectives of this
programme. Key themes, as described earlier, cut through the entire programme period.
Learning will be recorded in a log for ease of reference, which will include reference to
whether there is an impact on GDN strategy or policies. Due to the integrated nature of
LCNF and NIC, it has been decided to make the learning strategy follow the same principles,
to ensure that both strands benefit from a rigorous learning methodology and robust
framework.
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Collate learning from each work package throughout the project life. This is to be integrated into the project plan.

Capture un-planned learning through diarised interviews with project leads and teams. The diarised interviews will be integrated into the project
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Figure 1 Overview of Learning Strategy for CEB
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Each stakeholder will have different interests in the programme, so the outcomes will be
varied along those lines. Likewise, in terms of dissemination, external parties will have
different interests. Here, the broad impacts for a range of stakeholders are captured.

GDN: Given the likelihood of increased capacity in the gas network, this programme will

investigate how it can be used to provide a service for a constrained electrical network. The
programme will investigate how this novel use of the gas network may affect its lifetime and

commercial impacts it may have. For example, the programme will investigate the effect
which the planned take-up of uCHPs (as a result of the CEB method) will have on the gas
network capacity. Supporting a gas—based energy balance at a national scale will also
require analysis into commercial arrangements for injecting gas (at the generation zone)
and consuming gas (at the demand zone); any differences in the connection costs for

customers needs to be addressed as well.

Other technical challenges also need to be investigated, such as: effects of injecting
hydrogen into the network (e.g. maintaining pressure regularity), storage of hydrogen for

injection into the network and commercial models to facilitate this. Future rollout potential

of this solution and its effects on the network will also be investigated.
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Technology vendors: This programme is a unique opportunity for vendors to understand
what technical capability is required to address the challenge of using gas as an energy
transportation medium to alleviate electrical constraints and utilise the gas network
headroom. In addition, the commercial viability and agreements necessary for a large scale
rollout will also be investigated (e.g. ownership of the gas mixing and injection equipment).
Electrolyser performance and costs (operation, maintenance and capital) will also be
evaluated in a real situation which will provide a better understanding of its capabilities for
scaling-up of the solution.

Consumers: Take-up of HCHPs could increase the number of off-grid gas customers which
reduces the fixed costs of the GDN. The programme will investigate how integrated energy
systems such as CEB can cross-subsidise this to initiate and accelerate take-up of these
technologies.

Gas Suppliers: Lowering electrical connection costs through innovative solutions that
utilise the gas network would make it possible for renewable energy generators to connect
to the grid in areas which would otherwise be uneconomical to do so. These generators
would then (either directly or indirectly) ship gas through the network. Commercial
arrangements to buy, sell and ship the gas need to be analysed along with asset ownership
and operation.

Community: Communities being at the heart of this solution is a novel concept that CEB
will explore in the hope of creating a repeatable model that can be implemented throughout
the UK. Developing a rollout strategy will help secure the gas network infrastructure in the
future as an integral component in the national infrastructure necessary to balance energy
supply and demand. The programme will identify the key characteristics necessary to create
this community solution as well as commercial aspects necessary for its success.

Dissemination Methods

Learning objectives of the programme will be formulated in terms of research questions, the
results of which will be published in the following ways:

o Technical reports made publicly available on the programme’s website
e Academic papers published in leading journals and conferences.

Learning objectives relating to novel commercial arrangements and strategic impacts will be
shared in the following ways:

e Workshops with relevant participants
¢ Reports and white papers made available on the programme’s website.

As this is the first time this type of end-to-end energy system is being implemented in the
UK, the data set created will be hugely valuable to understand and develop similar systems
for rollout in the UK. With such a vast amount of information being generated, its true value
can only be realised through open access sharing. To enable ease of sharing, a web portal
will be developed as part of the IT system to make data available (ensuring the necessary
access and privacy controls are in place) either in its raw form (database) or through some
basic analytics tool that will also be in the portal. This will be used by academics to simulate
various scenarios to assess the economics and physical behaviour of such a system in order
to develop more novel solutions. The information will also be useful for GDNs, consultants
and equipment vendors to understand how rollout of this system can be achieved.
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The outcomes relating to lessons learned in the practicalities of the programme will be
shared as follows:

e Reports made publicly available on the programme’s website
e Workshops with relevant participants
e End of programme lessons learned booklet.

In addition to this, social media channels (e.g. Twitter) will be used as a means of notifying
and updating interested stakeholders on the progress of the project. As part of the
dissemination plans, the CEB programme will utilise various routes as outlined in Figure 2.

Clean Energy Balance Dissemination Activities

Case studies

on specific Academic Periodic bzdsis o
Workshops Web portal for p National and [ with the
5 A Web portal for H aspects of the | | . publications reports for .
with GDN's, . public access . international . community to
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Figure 2 Dissemination Activity Outline for CEB

5.2 IPR

All parties agree to the default IPR agreements.

Page 29 of 43




m NETWORK INNOUATION | Project Code/Version No:

- WWU GN 01 v2
Gas Network Innovation Y

Competition Full Submission Pro-forma
Section 6: Project Readiness

This section should be between 5 and 8 pages.

Requested level of protection require against cost over-runs (%0): 0

Requested level of protection against Direct Benefits that they wish to apply for (%6): NA

6.1 Evidence of why the project can start in a timely manner
The following issues have been considered in planning for a timely start

Seamless transition from bid to delivery

Governance and Contractual model

Relevant experience

Mobilisation period

Partner engagement

Programme logistics

Learning from WPD involvement in LCNF projects in 2010, 2011 and 2012.

The WWU executive board have reviewed the NIC strand of the CEB programme and signed
off both the bid concept and the final submission. The CEB Programme is a collaborative
venture and other key partners have also obtained the appropriate approvals in their
organisations. The Programme Management team from Cornwall Development Company
(CDC) will continue their role into the delivery which enable the programme to move
smoothly from the bid phase to the delivery phase.

The following processes, frameworks and documents have already been put in place to
ensure a smooth and timely transition from bid to delivery and an efficient mobilisation
phase:

¢ Programme Management - CEB will be planned and delivered in accordance with tried
and tested project management methodology (PRINCE 2, adapted) and within a robust
governance structure. This framework will provide the partner delivery organisations
with a system that gives total clarity and support for all strategic objectives, strong risk
and issue management, quality assurance processes in place throughout, and control
over programme budgets. Through the lead sponsor, Toshiba, CDC has been appointed
to undertake the overarching Programme Management function. A key role for this team
will be to ensure that all the partner organisations work together to deliver the
milestones for both this NIC strand and the associated LCNF strand.

e Programme Plan - a high-level programme plan has been constructed, with input from
CEB partners, covering the full extent of the programme and the key milestones and
deliverables. It also highlights where key interdependencies exist. The collaborative
manner in which the plan was produced ensures that all partners have agreed and
signed up to the deliverability of the whole programme and to how their contributions fit
into the wider picture. This is essential in giving everyone, including stakeholders not
directly associated with the programme, the confidence that CEB will deliver. The
Programme Plan is contained in Appendix I.

e Governance Structure — there will be a Programme Review Board (PRB), consisting of
senior representatives from partner organisations; this ensures that the board has
appropriate organisational authority and that there is senior management commitment
to the programme. The PRB will meet quarterly throughout delivery and will be
responsible for strategic objectives and overall programme vision, as well as signing-off
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stage reviews, ensuring funding contracts are being delivered to the agreed standard
and initiating action where key risks and issues arise. CEB is the overall programme, but
it is made up of a number of projects (or ‘workstreams’), run by CEB partners. Thus, a
Project Team, consisting of all the project managers will also be set up. The Project
Team will meet monthly and will focus on progress, risks, issues and opportunities. (For
more detail on the Governance Structure see Appendix J.)

e Reporting Structure - a clear and concise reporting structure will ensure the Project
Team meetings and the PRB meetings are well informed by accurate information.
Highlight Reports, produced by the Project Team members, will be presented at each
Project Team meeting; this will be coordinated through CDC, and further reports to the
two sets of meetings will include a strategic overview by CDC, including review of
programme risks / issues / budgets and stakeholder engagement and communications
areas. The reports will focus on confirming deliverables and identifying risks (potential
and experienced); this will allow for CDC to coordinate the sub-projects, which have
many interdependencies, and also for CDC to escalate any strategic risks, issues and
opportunities to the PRB.

e To support and enable the programme to start in a timely manner, whilst ensuring
continuity, key members of the bid team will be transferred into the programme delivery
phases. This will help mitigate the risk of losing knowledge and ensuring relationships
that have been built with partners through the bid process continues.

WWU will be drawing on recent experience in connecting biomethane plants to the
distribution network and while this process is not business as usual at present the
advantage is that the team has recent experience in thinking about the issues and this
approach will serve us well in addressing the related challenges of managing hydrogen
injection.

A high level Programme Plan has been developed in conjunction with CEB partners and is
contained in Appendix I. It is believed that this provides a robust and realistic plan for the
delivery of the programme of activities. The plan contains a 5 month Mobilisation Phase,
which is realistic for a programme of this complexity and is necessary for sufficient planning
to take place to allow the programme to be ready to enter the Design Phase.

Partners are fully engaged across the programme and bring relevant experience of
mobilising competitive projects. CDC has experience of delivering EU funded projects and,
as a local organisation, has a clear incentive to ensure that the programme is delivered.
Partners in the LCNF strand also have relevant experience of other LCNF schemes (WPD),
and WREN, as a community organisation, has a very clear local incentive to ensure the
programme starts in a timely manner.

Work has already taken place to engage other affected parties, such as landowners and
equipment suppliers to ensure that during the Mobilisation Phase these initial discussions
can be turned into firm agreements.

The involvement of WPD has been of great help in providing support to the NIC strand as it
has been possible to draw on their experience of previous LCNF projects in such areas as
working with partners, the practical experience of managing LCNF projects and the business
requirements for the deliverables, such as six monthly reports.
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6.2 Evidence of how the costs and benefits have been estimated
Estimation of Costs

Costs as given in Appendix G have been calculated using a bottom-up approach
Partners have quoted fixed prices for the majority of their services

Method costs have been calculated based on credible information from suppliers

A large percentage of the costs of the equipment is driven by compliance and as such
cannot be influenced by the programme, as detailed further in Appendix G.

A thorough and rigorous analysis of the costs and benefits of the CEB programme has been
undertaken. Further detail is provided within Appendices G and M.

Experience that partners have brought to the programme planning has aided the completion
of thorough, realistic and appropriate cost/benefit models. The approach to developing the
analysis has been both bottom-up and top-down to give as rounded a view of the numbers
as possible. This has ensured that all partners have confidence in the costs attached to their
sections and are managing these, as well as having confidence that the overall programme
costs have been analysed and will be managed and monitored centrally.

Partners have quoted fixed prices for the majority of their services and conventional costs,
feeding into the Base Case, have been estimated based on previous experience of
implementing traditional solutions. Method costs have been estimated based on credible
information from suppliers and citable sources.

Estimation of Benefits

Benefits of the programme have been estimated using the current costs of running the
WWU system and the value of Carbon.

6.3 Evidence of the measures a Network Licensee will employ to minimise the
possibility of cost overruns or shortfalls in direct benefits

The programme has been broken down into discrete project packages and also into phases
and deliverables, with each element having a cost allocated to it. This will allow cost
management to individual items and enable action to be taken by the relevant project
manager to address any potential cost overruns.

The Programme Management team will identify any actions that other parties could take in
the event of cost overruns in one part of the programme to bring overall costs back within

budget. The PRB will review the budget at each meeting and will only authorise each stage
of the programme and spend when evidence is provided that the current stage is delivering
the required outputs and is on budget.

Risk management processes will be in operation throughout the programme. Each risk will
be assigned to an owner based on the risk rating and the ability of the individual to manage
the risk. A risk register is given in Appendix K and a contingency plan is given in Appendix
L.

6.4 A verification of all information included in the proposal

1. The proposal has been prepared by WWU in conjunction with CDC and information has
been provided by programme partners and equipment suppliers.
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2. The bid has been prepared by a dedicated team of experts from across the partner
organisations.

3. The proposal has been through independent checking processes, peer review processes
and sent to programme partners to ensure the accuracy of information.

4. Information provided from partners has been reviewed by WWU to ensure accuracy.

6.5 How the Project plan will still deliver learning in the event that the take up of
low carbon technologies and renewable energy in the trial area is lower than
anticipated in the Full Submission

There is a risk that some aspects of the LCNF strand will not be delivered (for example take-
up of domestic Combined Heat and Power boilers (CHP)). While this will mean that the
increased demand for gas may be less and this will affect the volume of hydrogen that can
be injected, it will not affect the learning from this programme which is related to the
practical issues of the connection and management of hydrogen injection into the gas
network.

The main risk for this NIC strand is that the planned wind farm component of the
programme is delayed, in this case, the contingencies of both a constraint model using an
existing wind farm and also a solar PV farm would be developed and the programme would
still be able to deliver learning as to the viability or otherwise of the gas injection. In the
unlikely event that none of these options are viable, the NIC strand will not be able to be
delivered; however, even in this case, there would be some useful learning in terms of the
development of a governance and contractual model for programmes across LCNF and NIC.
Best practice and experiences will inevitably build up and logs of lessons learned and
continual capture and transfer of knowledge will ensure that experience and best practice
emerges from the programme in any event. TRL, in their role as ‘learning and dissemination
partner’, will ensure that learning outcomes are maximised.

6.6 The processes in place to identify circumstances where the most appropriate
course of action will be to suspend the project, pending permission from Ofgem
that it can be halted.

Gateway Reviews have been scheduled for the end of each of the key programme delivery
phases, as indicated in the Programme Plan (Appendix I), and are designed to determine
whether or not the programme can successfully progress to the next phase of delivery.
They provide assurance both to stakeholders and to programme team members that the
scheme is on track, with regards to deliverables, and on budget.

At the point of a Gateway Review, CDC will coordinate a thorough examination of the phase,
including:

1. Reviewing the Programme Plan, cost model and risk register;

2. Reviewing the outputs of the stage;

3. Assessing outputs against the Successful Delivery Reward Criteria; and

4. Ensuring that the best available skills and experience are deployed on the programme.

The above assessments will be carried out against the budget and the Programme Plan. As
well as reviewing the current phase, the review process will take a forward look to the next
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stage, determining whether everything is in place for that phase to begin. Where the review
highlights that remedial action is required by the PRB, this can take place, and this will also
feed into the high level reporting to Ofgem.

In the event that the programme has moved beyond being a viable scheme, with Exception
Reports and recommendations not being able to keep the deliverables as expected by
partners and funders, the programme will report this to Ofgem via the DNO and request
that the programme be halted. This stage review approach will ensure that CEB does not
drift too far from proposal without review, be it the formal stage review or the ongoing
monthly monitoring.

The PRB will review and agree the level of risk associated with the programme and
determine a Delivery Confidence Assessment. This assessment will then provide the Project
Team with recommended actions. The actions fall into the following categories.

1. Critical (Do Now): to increase the likelihood of a successful outcome, it is of the
greatest importance that the programme should take action immediately
2. Essential (Do By): to increase the likelihood of a successful action, the programme
should take action in the near future. Wherever possible, essential actions should be
linked to a milestone and / or a specified timescale
3. Recommended: the programme would benefit from carrying out the
recommendation. If possible, recommended actions should be linked to a milestone
and / or a specified timescale
4. Halt the programme: either
a. the programme has exceeded the tolerances set and agreed at the
programme initiation and the situation is deemed as irrecoverable. The
programme is halted and WWU senior management will contact Ofgem to
discuss and agree the way forward. Or
b. the related LCNF strand has been halted thereby meaning that the NIC strand
cannot proceed. The programme is halted and WWU senior management will
contact Ofgem to discuss and agree the way forward.

The Clean Energy Balance programme team has developed a strong position from which to
deliver this scheme over the four year timeline. The relevant expertise in programme
delivery, senior level partner representation and governance structures are all in place.
There has been significant planning and preparation from all partners to support the vision,
objectives, tasks and the interdependencies between teams and the budgets to undertake
these activities.

The overarching CEB Programme has aligned LCNF, NIC and NIA strands; with the NIA
derogation being based on a much broader set of deliverables and requirements through
the NIC / LCNF strands, so it is essential to undertake these interdependent aspects of the
Programme at this point in time, in line with the Programme timescales set out in this
submission. The level of partner readiness and commitment of key resource to the
Programme also underlines the ability and need to commence the Programme in line with
these timescales from January 2014.
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This section should be between 1 and 3 pages.

X Please cross the box if the Project may require any derogations, consents or
changes to the regulatory arrangements.

Uniform Network Code

The Uniform Network Code is the contractual agreement that controls the commercial
operation of the GB gas transportation system. The connection of the hydrogen injection
will require gas to be taken off the WWU system to blend it and ensure that the
hydrogen and methane are intimately mixed to avoid hydrogen in excess of the
permitted limit being delivered to customers. This mixing will require an exit point from
the WWU system to take off the methane and an entry connection downstream to put
back in the slightly larger volume of mixed gas. This is currently not allowed by the
Uniform Network Code, and would require a modification raising to allow it. WWU will
need to determine the best way to achieve this. Appendix C illustrates the gas network in
the Wadebridge area.

Direction of site for the purposes of measurement of the energy content (CV) of the gas
injected

Under Section 12 of the Gas Act, Ofgem has the power to direct sites that inject gas to
measure the CV of the gas injected. This information is then used to calculate the energy
content of the gas metered at customers’ premises. This equipment is expensive and,
based on the industry’s experience with bio-methane injection, it is unlikely that Ofgem
will decide not to direct this hydrogen injection point; however, given the low volumes of
hydrogen that will initially be injected, WWU will seek clarification from Ofgem as to their
intentions.

Exemption to GS(M)R Reqgulations

WWU will require a exemption to GS(M)R to enable it to put greater than 0.1% by
volume of hydrogen into the network. This will be the subject of the NIA strand.
Currently, the GS(M)R Schedule 3 prohibits hydrogen in excess of 0.1% from being
transported in the network. The systems can be demonstrated while conforming to this
constraint and it seems likely that size of the wind farm will mean that injection of
hydrogen in excess of the limit will not be possible on a regular basis, however, it would
still be useful to obtain an exemption to enable the full potential of this innovative
programme to be tested.

In order to obtain an exemption it will be necessary to demonstrate that “the health and
safety of persons likely to be affected by an exemption will not be prejudiced in
consequence of it” The experience of Wales & West Utilities in obtaining and exemption
form GS(M)R to allow the limit on Oxygen in biomethane to be raised from 0.2% to 1%
will be invaluable in obtaining an exemption for hydrogen.

The programme will need to:

1. Demonstrate that an exemption is required

WWU will need to provide a compelling argument to demonstrate why the gas conveyed

can’'t meet the gas specification. This ‘statement of need’, linked to the overall objectives

of the power to gas project, will need to provide evidence to demonstrate the following:
a) Why can’t the Hydrogen content be kept to <0.1%7?
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b) Why can’t the hydrogen be reprocessed to make methane?
¢) Why can’t the hydrogen be conveyed outside the network i.e. to non-domestic
premises or to an electricity generating station only?

Our consultant will provide an independent review of the ‘statement of need’ and provide
commentary on the adequacy of the supporting evidence.

2. Demonstrate the integrity of the assets to be used by the hydrogen methane mix

WWU will need to demonstrate the integrity of the existing assets, their design
specification, maintenance and inspection history etc.

This will produce a list of assets that will need to be investigated as to their suitability to
carry the hydrogen methane mix. It will also eliminate some classes of assets that exist
elsewhere on the WWU network but that do not exist in the Wadebridge area, such as
over 7Bar pipelines.

3. Understand the Regulatory requirements

WWU will need to understand the regulatory requirements (beyond compliance with the
GS(M)R 1996), along the value chain and across the life cycle of the programme, where
compliance could be affected by conveying gas outside the gas specification.

4. Understand the hazards and who could be affected and existing work done

In order to demonstrate that health and safety standards are not being prejudiced,
WWAU will first need to identify ‘health and safety issues’ and ‘persons affected’ by the
change in gas quality, considering all aspects of the value chain and life cycle. Some
work has already been done, notably by NaturalHy and CERG, and some findings have
been published. These will be reviewed to establish what work has been done, how far it
goes to demonstrate the safety or otherwise of various classes of asset and appliances
at various proportions of hydrogen. This will include work on hydrogen embrittlement
of metallic pipes.

Workshop 1
This will systematically identify the ‘health and safety issues’ and ‘persons affected’.
Outputs from the workshop will include:

e A matrix of persons affected and the hazards that they are exposed to

e An initial identification of key risk control and mitigation measures available

e An initial semi-quantitative ranking of these hazards including the identification of
any ‘show stoppers’

e Identification of potential sources of information to support the risk assessment and
demonstration process for specific hazards identified (e.g. work from CERG and
NaturalHy)

e An assessment of hazards for end-users based on the existing network operation —
to allow for comparisons with the hazard, including a comparison with the ‘issues’
and ‘persons affected’ for the existing gas distribution system (based on existing
assessments).
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5. Work on specific issues to develop the evidence base to demonstrate that the risks for
specific issues would not increase.

It is anticipated that Workshop 1 will identify specific issues that require additional
consideration and development, including by means of literature review, incident
analysis, and specific detailed risk comparison studies.

6. Demonstrating that the risk have been assessed and do not prejudice persons health
and safety

Building on the outputs from Workshop 1, WWU will need to demonstrate to the HSE,
through risk assessment (and/or deterministic arguments), that the hazards identified
can be managed to a level which does not prejudice the health and safety of persons
affected i.e. that the risk levels are comparable to the risk profile of the existing gas
distribution network. This could include, for example:

e Integrity assessment for the distribution network operation with methane/hydrogen
mixtures

e Risk assessment for different persons, e.g. end-users, maintenance workers etc

e Comparison of risks between the existing gas network and the gas network
conveying a hydrogen/methane mix.

7. Specifying a programme of work to address any gaps identified

It is foreseeable that the work above will identify a number of issues, including areas
where the relative risks associated with conveying a hydrogen/methane mix are greater
than those for normal operations of the network.

Workshop 2

A second workshop to examine in more detail the risk control and mitigation measure
and identify any key gaps. The outputs of this workshop will include further
experimental work and also specific mitigating actions that may be required to mitigate
the risks for the Wadebridge area, for example inspection and modification of appliance.

For completeness and the bigger picture Appendix E shows the electricity and gas networks
across Cornwall.
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This section should be between 2 and 4 pages.

As part of the overall programme we will be developing the appropriate detailed customer
communications plans for both power and gas customers where there is any likelihood of an
impact on them and the plan will be shared with Ofgem for approval before any customer
engagements.

There may be two major impacts on customers
e Appliance inspection
e CHP installation.

Appliance inspection

A process of appliance inspection and adaptation may be required if the work on obtaining
an exemption to the GS(M)R to inject higher than the current limit identifies that this is
required. This would require significant planning and resource to accomplish and it is
envisaged that close working with WREN to plan this work and obtain customer co-operation
would be necessary; however, at this stage, this is only a potential impact and the hope is
that the work on obtaining an exemption will not require this approach, for example we may
be able to demonstrate that 2% hydrogen / natural gas mixture does not burn differently
from natural gas. It is recognised that some customers in Wadebridge are served by
networks owned by Independent Gas Transporters and WWU would need to engage with
these companies before conducting inspections for these customers. WWU has a workforce
that delivers its emergency service in the area but these employees are not trained to work
on gas burning appliances and would therefore require training. It is anticipated the
programme will use a company such as Kiwa Gastech based in Cheltenham to provide this
training to WWU. Owing to potential problems that may be found with appliances these
inspections would need to be done in the summer to minimise the impact on customers.

We assume that it will be relatively easy to gain access to premises owned or occupied by
WREN members but recognise that gaining access to those owned or occupied by non-
WREN members will be more difficult.

In order to improve access rates we will make use of the following:

e Demographic profiling to target high risk premises. Appliances built since 1996 have
been tested on 23% hydrogen mixture and therefore it is likely that premises built
after 1996 will not have pre 1996 appliance although this would need investigating

e Rental property have to have landlord safety checks and this may provide some
useful information that will reduce the number of inspections required

The following should increase awareness and hence willingess to provide access:

e The WREN ‘community shop’ in Wadebridge will provide a point of engagement

e We expect that there will be local interest and awareness of the project and that
appliance inspections are required and WREN will be key to creating and sustaining
this awareness

o We will market the benefits of having annual gas inspections especially for older
appliances and hence the value of our free inspection

e We may offer incentives for example free Carbon Monoxide alarms as part of the
inspection and organise prize draws

We will make use of WWU'’s systems to ensure the necessary inspections are made and
properly recorded. The high density of the inspections will require an fairly intensive
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operation and this will assist in obtaining for the following reasons:

e It will be easy to call back to premises because we will be in the area for a number of
weeks
¢ We may be able to make appointments owing to local contact

We recognise that there are likely to be a number of hard to access properties, for example
holiday lets and we will have to put in resources to address these issues as and when they
arise.

Some customers may be reluctant to provide access and in these cases we would seek to
speak to them in person to understand their concerns, explain why we want to inspect their
appliances and provide reassurance.

We have budgeted £416k including a 50% contingency for this activity. This comprises:

e 3,000 inspections taking one hour will be required
e 10% or 300 will require a return visit of 2 hours to do modifications
e £15,000 for materials such as burner replacement or appliance replacement

The budget for material is relatively small because we have assumed that in the vast
majority of cases only burner replacements will be needed.

During the course of the inspections we may come across some appliances that are
“immediately dangerous” for example those that are producing carbon monoxide. We wiill
deal with these in line with the procedures we use during our normal activities. While
customers who are informed that their appliance is immediately dangerous may be
frustrated at the inconvenience and expense they are also likely to be grateful that this
potentially life threatening fault was identified.

We may also come across appliances that are “not to current standards”; theses appliances
are not dangerous and we would offer advice to customers in these cases.

For rollout, it will be impractical to inspect appliances so it would be necessary to establish
that all appliances could burn the hydrogen / natural gas mixture. Additionally the
government may legislate to force burners to be able to burn hydrogen / natural gas
mixtures and phase out old appliances; precedents include smokeless zones forcing
customers to use smokeless fuels and the phasing out of incandescent light bulbs
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Section 9: Successful Delivery Reward Criteria

This section should be between 2 and 5 pages.

Criterion 9.1 (NIC SDRC 1)
Specific: Complete the Delivery Phase Project Plan (also into contracts)
Measureable: Document produced and circulated to all organisations within the
programme.
Achievable: The Programme structure will see a fully developed set of project plans
covering programme, budget and scope of works with clear actions and risk review
incorporated.
Relevant: The criterion responds to the Programme objectives of being well positioned and
deliverable for all project partners. This SDRC will set the Programme out on a solid basis
for the Design phases onwards.
Timely: Completed by 24™ June 2014
Lead: Cornwall Development Company
Evidence 9.1

1. Full Delivery Phase Project Plan and associated detailed documentation.

Criterion 9.2 (NIC SDRC 2)
Specific: Trial Design
Measureable: Document produced and signed off by all the organisations within the
programme.
Achievable: The trial design will build on the initial Use Case document in order to specify
the full range of planned trials to be undertaken by the project under each of its Methods.
Relevant: This deliverable is critical for ensuring that the investment in this trial delivers
valuable learning that is of benefit to both WPD and the industry as a whole.
Timely: Completed by 31°* March 2015
Lead: TRL
Evidence 9.2

1. Trail design document produced and signed off by the project partners

2. Trial design document made available for wider industry circulation

Criterion 9.3 (NIC SDRC 3)

Specific: IT architecture and System Design

Measureable: This SDRC is measureable by the delivery of specific outputs (design
documents) of the IT design work stream — see evidence 9.5

Achievable: These are typical design documents. There is nothing unique in their structure
nor anything extraordinary in terms of the design issues they address

Relevant: The IT architecture / design is a fundamental requirement of the solution. It is
on the overall solution critical path

Timely: Completed by 31°* March 2015

Lead: CGI

Evidence 9.3

Solution Architecture Diagram

Communications Network Design document

Security design document for CGI solution

SCADA solution design document

Data store and Analytics design document
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Criterion 9.4 (NIC SDRC 4)
Specific: Gas Mixing & Injection passes Factory Acceptance Test
Measureable: Gas Mixing & Injection Factory Acceptance Test certification.
Achievable: Approval is based on standards which the CEB Programme, through ITM Power
as lead project team, are qualified and experienced to deliver. Timescales projected are
based on experience of such work in other projects.
Relevant: The Gas Mixing & Injection technology is an essential component of the CEB
Programme overarching technological requirements.
Timely: Completed by 31°* March 2016
Lead: ITM Power
Evidence 9.4

1. Final design and specification documentation

2. Certification from the Factory Acceptance Test

Criterion 9.5 (NIC SDRC 5)
Specific: Achieve first hydrogen injection
Measureable: Hydrogen successfully injected into WWU network.
Achievable: This is based on appropriate levels of hydrogen as set out in the bid
submission, which is in line with recommended guidance at this point in time.
Relevant: It is a core objective of the CEB Programme, and essential as a deliverable for
the scheme.
Timely: Completed by 31°%' March 2016
Lead: WwWU
Evidence 9.5
1. Measured flow of hydrogen into WWU network

Criterion 9.6 (NIC SDRC 6)
Specific: Trials Completed
Measureable: Report produced outlining the Commercial Models for the project, including
options for the scheme which have been reviewed as well as the preferred option for
potential roll-out of CEB to other communities.
Achievable: This SDRC is a core deliverable of the project at the end of the 4 year
programme, which all parties are committed to achieving.
Relevant: The application of the CEB Programme through a role out of the full scheme, or
components of it, is a core objective of the scheme.
Timely: Completed by 29" December 2017
Lead: Toshiba
Evidence 9.6

1. Report produced and dissemination of findings

Criterion 9.7 (NIC SDRC 7)

Specific: Reports on the community engagement approach and customer experience with
hydrogen natural gas mixtures

Measureable: Report produced outlining the benefit, risks and opportunities in the delivery
of the CEB Programme which can influence the planning and delivery of comparable projects
and programmes. Report outlining customer’s experience of the inspections programme if
required and using hydrogen / natural gas mixtures

Achievable: This will be one of a series of such deliverables which WREN are positioned to
deliver throughout the 4 year programme. Their community based remit aligns with this
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SDRC and is a core strand of work throughout the scheme. WWU will contribute
experience from the inspection programme and any experience from customers’ use of
hydrogen / natural gas mixtures
Relevant: The CEB Programme is community focussed, and through the lead of WREN will
ensure that this programme and future activities can deliver meaningful community
benefits.
Timely: Completed by 29" December 2017
Lead: WREN/WWU
Evidence 9.7
1. Report produced
2. Report and findings disseminated to relevant audiences and made publicly available
3. Presentation of findings in formal events as part of the wider programme
dissemination process

Criterion 9.8 (NIC SDRC 8)
Specific: Reports on the learning about hydrogen mixing and injection
Measureable: Report produced outlining the technical and commercial learning related to
the hydrogen mixing and injection.
Achievable: This will be one of a series of such learning deliverables and will be delivered
by ITM Power and WWU.
Relevant: The successful delivery and learning from the hydrogen mixing and injection is
the key element of the NIC strand of the project and is key to achieving wider rollout.
Timely: Completed by 29" December 2017
Lead: ITM Power & WWU
Evidence 9.8
1. Report produced
2. Report and findings disseminated to relevant audiences and made publicly available
3. Presentation of findings in formal events as part of the wider programme
dissemination process
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Appendix A Apportionment of Costs between Strands

In summary, cost allocation has been undertaken based on the following principles:

Gas Inject is the core technology required by the NIC strand to extend gas network life.
However, it is an optional solution to LCNF. Hence all costs have been allocated to NIC.

Gas mixing supports gas injection and hence is an NIC cost. The electrolyser and gas
engine provide a means of storing/time-shifting electrical generation and hence are LCNF

costs.

Gas Storage is required by both the gas injection system and the gas engine. Hence
costs are shared. The gas injection can operate without the control systems and hence
these are LCNF costs.

Shared activities (PM, IT, Learning) have been primarily allocated in line with the ratio of
initial direct strand costs. This results in approximately 20% of shared costs being
allocated to the NIC and 80% to the LCNF

Apportionment of Costs between Projects

On a cross-sector project of this nature it is critical that costs are apportioned in a
manner that best reflects the underlying value they deliver to the customers of the
respective networks. To achieve this, each of the logical components of the overall

solution has been evaluated in terms of its value to both gas and electricity distribution
customers. Costs were subsequently allocated on this basis.

The highlights of this analyse are provided below:

Constraint Scheme - The constraint scheme is only pertinent to the electricity
network hence any costs specifically associated with this will be allocated purely
to the LCNF project

Electrolyser - The electrolyser is a controllable load used to allow excess export
from the wind farm to be accommodated when the electricity network is
constrained. Although it is used in conjunction with gas injection, gas injection is
not the primary reason it is there, the excess generation is the reason. It is
appreciated that the argument could be made that without the electrolyser there
is no hydrogen to inject, hence no NIC gas injection project and consequently all
benefits associated with gas inject are lost. However when considering the direct
benefits of the electrolyser these sit firmly with the LCNF project for the reasons
stated above and hence all electrolyser costs have been allocated there

Gas Engine - The gas engine provides a means for peak shifting electrical
generation. It provides no direct benefit to the gas network. Hence all costs have
been allocated to the LCNF project

Gas Injection - The gas injection system, if successful, will reduce carbon for
gas customers and extend the asset life of the gas network. For electricity
customers it provides an alternative Method to the gas engine for accommodating
otherwise-constrained generation. As such it is an optional resource for the
electricity DNO to achieve the same benefit it can achieve in other ways but it is a
compulsory resource for the gas network to achieve the benefits specific to its
network. Hence the primary beneficiary, arguably, is the gas network and
therefore all costs should be allocated to the NIC



Gas Storage - The gas storage helps provide a buffer for both the gas engine
and gas inject. Hence, following the logic deployed above, this is resource that is
shared between both NIC and LCNF project components. As such its costs have
been shared 50:50

Gas Measurement and Mixing - Although the gas engine burns a blend of gas
the mixing activity is supported by standard gas engine operation. Consequently
the additional gas measurement and mixing equipment identified is required
purely to support the gas injection process. All costs for these items have
therefore been allocated to the NIC project

Demand Zone - The purpose of the Demand Zone equipment is to provide a
means of aligning CHP generation to the electricity demand peak while ensuring
the subsequent apparent reduction in load doesn’t create problems at higher
electricity network levels. In doing so it aims to reduce the need for electricity
network reinforcement and, as such, its primary benefit lies with the electricity
network. Although the project is also seeking to identify means of stimulating
CHP take up, which in turn can extend the life of the gas network, this is a
consequential benefit and not the main purpose for the CHP inclusion in this trial.
Consequently all Demand Zone costs (control system and CHP trial) have been
allocated to the LCNF project

Generation Zone - The Generation Zone control system is responsible for
managing all of the discrete components within the Generation Zone and
operating these as logical units that support each of the LCNF Methods being
trialled. Included within this is the operation of the gas storage and injection,
hence this cost needs to be apportioned across both projects. This has been done
based on an assessment of the complexities and associated learning value that
each will deliver to its respective customers. Given the LCNF learning
encompasses multiple Methods each with the potential to deliver customer value
where as NIC is focused on one specific technical Method and its associated
learning, the costs have been allocated as described above for shared costs.

Knowledge Capture and Dissemination - Learning applies across both the
LCNF and NIC projects. Given learning costs have not been broken down based
on specific trials at this stage but have been derived based on appropriate
resourcing levels, it is difficult to accurately predict to allocation between LCNF
and NIC. Consequently the costs have been allocated as described above for
shared costs.

Programme Management - Programme Management have been apportioned in
the same manner as Knowledge Capture and Dissemination costs following the
same logic

Information Technology -IT the costs have been allocated as described above
for shared costs. which is felt to be a good approximation of the level of IT
enablement and integration complexity required for each and also a good
approximation of the associated learning and hence customer benefits delivered



Appendix B Illustrative Images of the Electrolyser Unit

Schematic
diagram of
containerised
0.3MW PEM
electrolyser.
Electrolysis stacks
and gas
separation on left,
balance of plant
(including water
treatment) in the
centre and right.

An array of 8
electrolysis stacks
representing a
load of 0.5MW
capable of
producing 200kg
hydrogen/day. A
1MW electrolyser
system contains
16 stacks.
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Appendix H Clean Energy Balance: Use Cases

Clean Energy Balance: Learning Approach

Introduction

The CEB Programme

The CEB programme aims to trial a number of Methods which utilise both the gas and
electricity distribution networks in order to maximise renewable generation, minimise
network reinforcement and provide a mechanism for community energy engagement. To
achieve this, a number of discrete technologies will be deployed, including: a hydrogen
electrolyser, hydrogen storage, a gas engine, gas injection, CHP units and a number of
control systems.

Purpose of this document

This document details the learning that CEB proposes to undertake. The aims and
objectives of CEB and the Methods which support this have been translated into specific
use cases which will be used to evaluate each Method. The use cases have been defined
in the following categories:

e System use cases — These have been defined to evaluate the performance of the Methods
which underpin CEB from both a technical and commercial view point
® Functional use cases — These have been defined to evaluate the performance characteristics
of the discrete components upon which the system use cases rely
The diagram below provides an overview of how the programme’s Aims and Objectives
and use cases align. It is the programme’s intention that this document forms the basis
for the business requirements for CEB and, as such, will inform both programme and
engineering design. In this manner, CEB can be assured that delivery of the programme
and the supporting system will deliver the learning sought.
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Secondary Use Cases

Documentation Approach
Within this document, the use cases have been defined in terms of:

e Summary — A high level summary of the use case

® The Opportunity — What are the key benefits of proving the use case?

e The Objectives — What is the key learning sought in order to demonstrate the benefit
potential of the use case?

e The Trials — What are the trials that will be undertaken as part of the use case in order to
achieve the objectives?

e The Actors — What are the key elements necessary to deliver the use case? — these may be
either individuals or system components

® Roles and Responsibilities — What is expected of each actor in support of the use case? For
example, the actions each is expected to undertake

e Data—This is the data required to feed the use case

¢ Information — The use case also needs to be considered in terms of the information it is
expected to produce in order to achieve the objective

The above information has been specified on an incremental basis (i.e. the additional
data/information required over and above that already specified for a previous Use Case
upon which the current Use Case relies).
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System Use Cases

ID | Name Description
S1 | Constraint | Summary:
Scheme This Method will look to connect multiple generating resources above the

available firm capacity and maintain the net export across these
resources within available network capacity.

Opportunity:

It is anticipated that by combining different generation forms, such as
solar and wind via this Method, the generation diversity will naturally
provide a degree of export smoothing and therefore allow more
generation to be connected sooner.

Objectives:
® To understand the key factors that influence the level of constrained
energy within a constraint scheme. This will include the size and mix of
solar and wind generation sets

e To understand the level of control on a constraint scheme required to
protect the network from limit excursions. This will include speed of
response, the level of response and the need for advanced warning via
forecasting

® To understand wind farm viability at different levels of firm connection and
with different levels of diverse generation within the scheme

® To evaluate ownership structures and commercial models that might
further improve scheme viability

e To understand the key factors which influence the level of constrained
energy within a constraint scheme. This will include the size and mix of
solar and wind generation sets

® Impact of the scheme on different levels of firm connection and sizes of
generating sets

¢ Wider impact of roll-out of the solution and its technical implications for
both WPD and the UK as a whole

Trials:
® To connect the wind farm with a constrained connection and manage its

export within available firm limits. The level of curtailed energy will be
measured and the impact on wind farm viability will be assessed

e Based on actual data, to simulate lower firm connection levels and
determine the impact on curtailed energy and hence viability

e Based on actual data, to simulate variations on the generating mix and
controllable generation type (wind, PV) and its impact on curtailed
generation and hence generation set viability

® To monitor the scheme response to actual network events and refine the
scheme to achieve optimal response actions and times

Actors’ Roles and Responsibilities:
¢ Wind Farm — Willing to connect and operate in constrained mode

e PV Farm —To provide real time generation data

® Met Office — To provide wind and solar weather forecasts
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e UuEMS —To forecast generation and manage the wind farm export to
ensure network limits are not breached

e DNO —To provide near-real time network measures and limits within
which the constraint scheme must operate

Data:
® Generated power/power flow (kW) every five seconds from Wind Farm, PV
Farm and 33kV feeder

® Voltage (kV) every five seconds at 33kV constraint points

*  Frequency (Hz) every five seconds at Wind Farm, PV Farm and MV
substation

e Status and fault information on event occurrence from Wind Farm, PV
Farm and 33kV feeder

e Wind and Solar forecast from Met Office every 30 minutes for next 24
hours

¢ Wind farm development and operating costs from Wind Farm
developer/operator

Information:
® Forecast solar and wind generation from uEMS

e Current and future available network capacity from uEMS
e Potential curtailed generation (kWh) from analysis

e  Optimal constraint scheme fault responsiveness for different constraint
levels/types from analysis

® Assessment of comparative costs/responsiveness of controllable PV vs
controllable wind

® Assessment of responsiveness/costs/accuracy of proactive control based
on forecasting Vs responsive control

* Assessment of potential UK opportunities (based on generation mix,
constraint level, constraint type, etc) from analysis

e Control scheme install and operating costs based on different ownership
structures and associated assumptions from analysis

e Evaluation of Wind Farm viability from analysis

e Evaluation of future cost/benefit (based on energy prices, carbon saving,
component cost glide, commercial models) from analysis

e Evaluation of customer benefits from analysis

S2

Gas
Enabled
Peak
Shifting

Summary:

This Method will utilise the constraint scheme in conjunction with an
electrolyser acting as a controllable load, hence allowing the wind farm to
increase export in line with electrolyser size. The gas generated will be
stored and subsequently blended with natural gas and burned in a gas
engine at a later date/time when the available network capacity allows.

Opportunity:

Through operating as described above, the gas micro-system deployed
by this Method will provide a mechanism for generation peak shifting and
smoothing which should have the potential to greatly reduce, if not
remove, the need for network reinforcement and/or generation
curtailment when connecting renewable generation.

Objectives:




Toshiba TRL

Trials:
[ ]

To demonstrate the viability of using an electrolyser, gas storage and a gas
engine to support generation peak shifting

To determine the optimal sizing of equipment to maximise the commercial
viability of the Method for different Wind Farm sizes

To evaluate ownership structures and commercial models that might
further improve scheme viability

Evaluate current and future opportunities to optimise the economic model

Future evolutions of the underlying technologies will be assessed and the
impact of this on price and performance will be evaluated

To operate the electrolyser, gas storage and gas engine as a peak shifting
scheme and evaluate performance, energy losses and commercial viability

Based on actual data, to simulate increasing levels of constraint and review
the scheme performance, losses and viability

To simulate different comparative sizes of wind farm, electrolyser, energy
storage and gas engine and model the optimal size from a performance
and commercial viability perspective

Based on actual data, to include the gas engine within the constraint
scheme in order to maximise its generating output (based on both
hydrogen and natural gas) and hence use Spark Spread to contribute to
costs

To utilise the electrolyser as a balancing tool when not required to offset
Wind Farm curtailment

To evaluate the commercial viability of the above based of changes in
external factors such as wholesale energy prices

To evaluate the implications of different ownership structures and the
implications on contractual relationships and hence commercial viability
(e.g. the impact on working with a non-bound gas engine)

Actors’ Roles and Responsibilities:

Electrolyser — To absorb excess wind generation to produce hydrogen gas
Wind farm — To connect to electrolyser in order to maximise its output

UEMS —To coordinate renewable generation, gas engine and electrolyser
within constraint limit

Gas storage — Provide capability to store hydrogen gas for burning in the
gas engine

Gas engine — Maximise generation output

Generated power/power flow (kW) every five seconds from Wind Farm, PV
Farm and 33kV feeder

Voltage (kV) every five seconds at 33kV constraint points

Frequency (Hz) every five seconds at Wind Farm, PV Farm and MV
substation

Gas storage capacity; pressure, temperature
Electrolyser capital and operating costs

Gas engine output (kW) and running costs

Information:
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® Current and future available network capacity

e Potential curtailed generation (kWh)

® Value of Spark Spread from wholesale market prices
e Optimal gas engine operation

e Optimal gas engine and gas storage sizing

® Method install and operating costs based on different ownership
structures and associated assumptions

e Evaluation of Method viability

e Evaluation of future cost/benefit (based on energy prices, Carbon saving,
component cost glide, commercial models)

e Evaluation of customer benefits

S3

Constraint
Circum-
vention
via the
Gas
Network

Summary:

This Method will employ the electrolyser to convert the electrical energy
to hydrogen. The hydrogen will be stored and subsequently injected into
the gas network at the prevailing regulated levels at a time when there is
available gas network capacity to accommodate it. In support of this, an
exemption to the Gas Safety (Management) Regulations (GSMR) will be
sought to allow the injection of hydrogen at higher levels.

Opportunity:

If a cost-effective approach can be demonstrated, this will provide a
viable means of transporting energy beyond a constraint in the electricity
distribution network.

Objectives:
¢ To demonstrate the viability of using the electrolyser, gas storage and gas
injection as a means of maximising generation output

* To simulate different levels of constraint and subsequent effect on
electrolyser behaviour

* To evaluate the effect of injecting hydrogen on the gas network; pressure
changes, effects on infrastructure

e Evaluate ownership and commercial models

Trials:
e The gas mixing and injection equipment will be deployed and the
ability to inject hydrogen at regulated and higher levels evaluated
when headroom allows

The capacity of the resultant gas injection system to consume the
generated hydrogen will be evaluated over time and the
subsequent impact on optimal hydrogen storage determined

Current and future opportunities to optimise the economic model
will be assessed. This will include options for ownership, impact of
a potential hydrogen injection RHI tariff, scheduling injection for
peak pricing and the impact of future energy prices rises

The impact of increasing the permitted levels of hydrogen content
in the natural gas network will be evaluated and the potential
benefit for the wider rollout of gas injection determined. This will
include assessment of the economic viability from a DNO and GDN
perspective and also the wider benefit of decarbonising the UK
gas network

Evaluate ownership and commercial models.
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e Current and future opportunities to optimise the economic model will be
assessed.

Actors’ Roles and Responsibilities:
® Electrolyser —absorb excess generation and produce hydrogen gas

® Gas Injection — transfer hydrogen from storage into gas network

e Gas storage — store hydrogen gas as required

* Hydrogen generation rate (mol/s) as a function of the available input
power

® Power available for hydrogen generation (kW) and its fluctuations
® Level of pressure (bar) in the hydrogen storage tanks

e Hydrogen flow (mol/s) from the storage system to the gas grid

e Level of pressure (bar) and gas flow (mol/s) in the gas network

® Ratio (%) of hydrogen and natural gas in the gas network

e Parameters of quality measurement of the gas infrastructure (e.g. Level of
corrosion, pressure, safety, etc)

Information:
®  Fluctuations of the available power for hydrogen generation

e Hydrogen generation capacity of electrolyser

e Storage capacity and pressure variations in hydrogen storage tanks
e Optimal conditions for electrolyser operation

e Optimal electrolyser sizing

®  Maximum capacity of hydrogen injection into the gas network

® Method install and operating costs based on different ownership
structures and associated assumptions

e Gas injection cost/benefit and sensitivity analysis to key variables

e Evaluation of future cost/benefit (based on energy prices, carbon saving,
component cost glide, commercial models)

e Evaluation of customer benefits

S4

Network
Arbitrage
Model

Summary:

This Method will combine each of the above Methods into one
overarching solution set. This will then be operated to explore
opportunities to exploit network availability and prevailing energy prices
in order to offset an element of the cost of energy lost in the conversion
process.

Opportunity:

If it is feasible to shift between gas injection and gas engine, an
opportunity to utilise network availability to offset costs elements will be
created.

Objectives:
¢ To demonstrate the ability to switch between gas injection and gas engine
operation

* To evaluate whether it is feasible to exploit differences in energy prices to
overcome conversion losses

® To evaluate commercial models to support network arbitrage
Trials:
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e The ability to switch between gas injection and gas engine will be
assessed operationally and the impact on overall efficiency of
shorter operating timeframes on each energy route determined.
The optimal responsiveness will be gauged and the most
economic batch sizes determined

e The comparative efficiency and economics of gas-enabled peak
shifting Vs gas injection and the sensitivities of each method to
key variables will be assessed

e The opportunity to maximise returns and consequently minimise
losses by providing a solution that effectively arbitrages across
gas and electricity markets and trading windows will be assessed

e The opportunity to maximise energy throughput by exploiting
available capacity across both networks will be evaluated

Actors’ Roles and Responsibilities:
e UyEMS — utilise system constraints to manage generation

® Electrolyser — provide conversion mechanism for electricity into hydrogen
® Gas engine- utilise hydrogen and natural gas to produce electricity

e Gas injection —inject hydrogen into the gas network

® Gas input flow for the gas engine (mol/s)

e Qutput power from the gas engine (kW)

e Demand profile characteristics in the electricity and gas grid

e Historic and forecast energy pricing in the electricity and gas markets

Information:
® Energy efficiency of gas engine

® Energy efficiency of gas injection
e Associated cost of gas engine and gas injection operations

e Restrictions of the volume on hydrogen that may be added to the gas
network

e Switching time from gas injection to gas engine and vice-versa

® Analysis of gas and electricity price fluctuations for different markets/
contract volumes and hence sizing of arbitrage opportunities

® Method install and operating costs based on different ownership
structures and associated assumptions

® Method cost/benefit and sensitivity analysis to key variables

e Evaluation of future cost/benefit (based on energy prices, carbon saving,
component cost glide, commercial models)

e Evaluation of customer benefits

S5

CHP as a
means of
Reinforce
ment
Avoidance

Summary:
This Method will explore the ability of CHP systems to support local load
and hence minimise the need for urban reinforcement.

Opportunity:

Subsidising micro CHP costs can stimulate unit take up and subsequently
deliver increased levels of local generation capable of offsetting peak
demand. This would reduce the cost of both location and regional
reinforcement and also the need for central balancing reserve.
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Trials:

Objectives:

To evaluate the level of incentive required to stimulate micro CHP
adoption

Investigate concerns over remote operation of CHP units through liaison
with both domestic and commercial customers

To demonstrate the ability to align CHP generation to peak electricity
demand and the potential benefits to the network that may result

Demonstrate the extent to which CHP generation can be controlled to
avoid impacting constraints at higher network levels

Identify viable commercial models including ownership of the units and
the energy (heat and electricity) that is generated

Analyse the operational efficiency of a model where heat is a by-product
of generation and identify the conditions that maximise generation while
minimising energy losses.

Assess the current and future opportunities to optimise the economic
model

The ability to stimulate demand for micro CHP will be assessed through the
inclusion of additional incentives

Concerns over remote operation of the CHP units will be assessed by direct
customer liaison with both domestic and commercial customers

The degree to which CHP generation can be aligned to electrical load will
be assessed by remote management of the unit’s generation

The ability to control CHP output in line with generation at higher network
levels will be assessed including the ability to smooth intermittent
renewable generation profiles

The operational efficiency of a model where heat is a by-product of
generation will be assessed and the conditions identified that maximise
generation while minimising energy losses

Actors’ Roles and Responsibilities:

Micro CHP — convert gas into heat and electricity at domestic sites
Commercial CHP — convert gas into heat and electricity at commercial sites
UEMS — control the demand zone CHPs

Demand forecast — provide forecast of demand for planning CHP utilisation

Efficiency of energy conversion in CHP
Output power from CHP (kW)

Output heat from CHP (kW)

Gas flow input for CHP (mol/s)

CHP thermal storage capacity and efficiency
CHP generation responsiveness

Local electricity demand (kWh)
Household/property temperature

Local weather/temperature data

Demographic/site usage

Information:
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Peak demand period in the local electricity network
Unit impact on peak gas demand

Impact of aligning energy to peak demand on hot water availability, system
efficiency and customer benefits

Cost of deploying, operating and maintaining CHP based on different
ownership structures, control scenarios and associated assumptions

Evaluation of Method viability

Evaluate impact of different technologies (CHP size, heat to energy ratio,
separation of heat and electricity generation, etc)

Evaluation of future cost/benefit (based on energy prices, tariff models
(RHI, ToU, etc), Carbon saving, component cost glide, commercial models)

Evaluation of customer benefits

S6

End to
End Value
Chain

Summary:
This Method will look at the optimal cost, efficiency and commercial
models for the end-to-end value chain from wind farm through to CHP.

Opportunity:
This Method aims to show the total benefit of maximising renewable

energy

output through the combined Methods developed by the CEB

programme.

Objectives:

Trials:

To understand the system performance (economic and technical) for all
the methods listed above and develop and optimal model

To evaluate the benefits and barriers to an end-to-end system
Develop an end-to-end rollout model

Investigate current and future opportunities for the end-to-end model and
compare it to opportunities for the discrete methods in isolation.

Develop commercial models to optimise the risks and returns for all
parties.

Through operation of the discrete methods above and wider analysis,
system sensitivities against key variables will be assessed and the optimal
end-to-end operating model identified for a given set of performance
parameters

Potential barriers to the development of the optimum model will be
investigated and mitigations determined

The current and future opportunities for the end-to-end model will be
assessed and contrasted against opportunities for the discrete methods in
isolation. Subsequently, the optimal rollout strategy will be devised and
the net benefit to the UK determined

Actors’ Roles and Responsibilities:

Wind Farm — Willing to connect and operate in constrained mode
PV Farm — To provide real time generation data
Met Office — To provide wind and solar weather forecasts

UEMS — To forecast generation and manage the wind farm export to
ensure network limits are not breached

DNO — To provide near-real time network measures and limits within

10
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which the constraint scheme must operate
UEMS — To manage demand-zone CHPs
Electrolyser — convert excess generation to hydrogen

Hydrogen storage - store hydrogen gas until it is needed for injection or
burning via the gas engine

Gas engine — create electricity from hydrogen and natural gas

Gas inject — inject hydrogen gas into the gas network

Cost of operating the overall system, including hydrogen generation,
storage, and injection into the gas grid. As well as, the use of gas engine

Efficiency and saving provided in the different stage of the end-to-end
value chain

Benefits derived from new business and commercial models

Information:

Levels of interdependence between the gas network and the electric
network

Defined key parameters to measure the overall technical and economic
performance of the system

Energy saving contribution

Carbon reduction contribution

Monetary saving for final users and new business opportunities for actors
Limitation associated to the commercial and business models proposed

Renewable clean energy sources contribution

Functional-Use Cases

ID | Functional | Actors Description
Use Cases
1 | Manage DNO, Wind power integration to the grid (both electric and gas) is
wind GDN, dependent on a number of key factors: wind generation,
power wind network headroom, electrolyser capacity, gas engine
farm capability, H2 storage size.
owner, Key operating scenarios include:
gas ® Manage constraint scheme (turn wind export up/down
engine, based on PV capacity not utilised)
H2
® When wind power exceeds the capacity of the constraint
Storage ) )
UEMS scheme, divert it to the electrolyser and convert to hydrogen
commerc *  When wind power exceeds capacity of the constraint
ial CHP scheme and electrolyser, turn CHP generation down
owner, ¢ When wind drops off i ti
domestic en wln power rops off, rfemovmg generation
CHP constraints, utilise the gas engine and CHP to generate
owner, e Use wind forecasts to manage gas storage, i.e. lower H2
consume storage levels when strong wind is expected next day (using
r, Met gas engine or gas inject)
office .
Key outputs from analysis:
® Impact of forecast on gas storage management
® Level of constraint and its impact on wind power economics

11
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e Added benefit of constraint scheme and electrolyser
compared to business as usual

2 | Manage GDN, H2 | The electrolyser plays a key role as the interface in the
Electrolyser | storage, power-to-gas system. The electrolyser operation can be
H2 operated under various scenarios:
electrolys e If over generation from renewable energy, then utilise
er, H2 electrolyser to create hydrogen
injector, - .
UEMS. e Utilise electrolyser as variable load to solve other network
constraint issues

e Utilise electrolyser above firm to determine cost/benefit by

increased capacity Vs asset degradation
Key outputs from analysis:

e Performance in terms of operation costs, maintenance costs,
operation patterns, system efficiency, asset degradation,
and availability

e |dentification of minimum spares inventories for different
levels of O&M contracts (bronze, silver, gold), minimum
remote monitoring requirements and min/max staff
attendance on site

® Electrolyser stack and system efficiency changes due to
varying load profiles (part/full/overload)

e Ability to use the electrolyser as a controllable load to
generate revenue from the balancing market

3 | Manage Gas The gas engine mixes H2 gas and natural gas to produce
Gas Engine, electricity that can be fed into the distribution network. Key
Engine H2 operating scenarios include:

storage, e |f H2 storage capacity is low use gas engine to create
Wind headroom when network constraints allow and gas injection
Ezrmf PV, is not the preferred option
injector e Control gas engine such that headroom created by PV and
wind variability is utilised
Key outputs from analysis:

* Analyse the effects of hydrogen content on the gas engine
performance and maintenance cost

e Using the gas engine to provide other grid level services

® Analyse the economics of using the gas engine by
considering the cost of natural gas and the benefit of
generating electricity at a given time

4 | Manage Wind Gas storage will enable flexibility in using and transferring
Gas farm, H2 | wind power. Key operating scenarios include:

Storage storage, ®* Manage excess capacity via electrolysis into gas storage
i|-r|12'ector ® Release from storage via route forecast to be most
G;s ! economically viable (assuming capacity exists either to inject
engine or generate)

Key outputs from analysis:
e Use the data to develop methods to estimate size
requirements of gas storage

® |Impact of CEB roll-out on gas storage requirements and
sizing

12
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5 | Manage DNO, The gas network is a medium by which energy is
gas GDN, H2 | transported from the generation site to the demand zone.
inject storage, Key operating scenarios include:
H2 ® Gas demand high: Gas injection can be used to shift excess
injector, electricity generation
uEMS
comm,erc e Gas Demand Low/Electricity demand high: Gas injection can
ial CHP be used to support electrical demand via the use of CHPs in
owner, the demand zone hence creating demand to enable more
domestic injection
CHP ® Gas storage capacity low: Assuming there is capacity to
owner, inject, it can be used to reduce stored H2 levels
consume ]
r Key outputs from analysis:
e QOperation of the gas inject due to constraints of hydrogen
storage size, gas injection percentages and CHP operability
® The effects on the gas network due to the location of
hydrogen injection can be evaluated using data from the
trial
e Evaluation of viable locations of gas injection and hence
scalability of this solution
6 | Manage GDN, Domestic and Commercial CHP within the Demand Zone will
demand DNO, provide a release for hydrogen injected into the gas network
zone consume | and a tool to further balance intermittent generation. Key
CHPs rs, UEMS, | operating scenarios include:
commerc ® Gas demand low: Utilise the CHP to convert gas to thermal
ial CHP storage in order to alleviate predicted gas peak periods
owner, - T
domestic e Electricity deme.md high: Utilise the CHP to convert gas to
CHP heat and electrical output for local use
owner. ® Manage generation against higher-level constraints to avoid
increasing the problem
Key outputs from analysis:
e Methods of cross-subsidising CHPs in order to accelerate
CHP adoption
e Benefits of CHP operation for domestic consumers
® Develop methods to ensure safe operation of remotely
controlled CHPs

13




1D Task Name Duration Start Finish Predecessors Resource Names| 12,2013 Qtr 3, 2013 [Qtr 4, 2013 [Qir 1, 2014] Qtr 2, 2014] Qtr 3, 2014 | Qir 4, 2014 | Qtr 1, 2015]Qtr 2, 2015 Qtr 3, 2015 [ Qtr 4, 2015 [Qir 1, 2016 | Qtr 2, 2016 | Qtr 3, 2016 | Qtr 4, 2016 [Qir 1, 2017 Qtr 2, 2017 Qtr 3, 2017 [Qtr 4, 2017 [Qir 1
e aylun|Jul Aug Sey Jan FebMar /Apr Mayuun | Jul Aug Sey jov DecJan Fe_Mar Ay S r Maybun [Jul lAug Sey rMay Jun Sep|Oct NovDeclJan Feb|

7 Ciean Energy Balance - Overarching Programme 1180 days Mon 24/06/13  Fri29/12/17

2 Mobilisation Phase 270days  Mon24/06/13  Fri 04/07/14

Contracts 73days  Thu02/01/4 Mon 14/04/14
| Draft Bi Laterals 10days  Thu02001/14 Wed 15/01/14 Toshiba,ITM Power . . . . . . . .
5 | Review Bi-Laterals 10days  Thu16/01/14 Wed29/01/14 4 WREN,CDC,ITMWWU WPD,IT Partne . . . : . . .
] Redraft Bi-Laterals 3days  Thu30/01/14  Mon03/02/14 5 Toshiba,ITM Power : : : : : :
7= Agree Bi-Laterals 6days  Tue04/02/14  Tue11/02/14 6 WREN,CDC.ITMWWU,WPD,IT Partne : . . . . . .
Sign Bi Laterals 44days  Wed 12/02/14  Mon 14/04/14 7 WREN,CDC,ITMWWU WPD,IT Partne . . . . . . .
g Logistics 89days Wed01/01/14 Mon 05/05/14 Al : . . . . . .
0|5 Working location 15days  Wed01/01/14  Tue21/01/14 WREN,CDC,ITMWWU WPD,IT Partne . F5] WREN,CDE.ITM,WWU,WPD,IT Partner ! . . . ! ! !
| m 15days  Wed 01/01/14  Tue21/01/14 WREN,CDC,ITM,WWU,WPD,T Partne H E WREN,CDC,ITM,WWU,WPD,IT Partner H | | | | | | |
2| Team 15days  Wed01/01/14  Tue21/01/14 WREN,CDC.ITMWWU,WPD,IT Partne . F5] WREN,CDE.ITM,WWU,WPD,IT Partner ! . . . ! ! !
|5 Project Planning 15days  Tue15/04/14  Mon 05/05/14 8 WREN,CDC,ITMWWU WPD,IT Partne ! ! ﬁ] WREN,CDC,ITM,WWU,WPD,IT Partner ! ! ! ! ! ! !
iz Community and stakeholder engagement 30days Mon05/05/14  Fri13/06/14 ! ! .y ! . . . . ! !
5| CEB display in WREN shop 30days  Mon05/05/14  Fri13/06/14 WREN ! ! WREN ! ! ! ! ! ! !
6 |5 GEB information to WREN website Odays  Tue06/05/14  Tue 06/05/14 WREN ! ! @ 06005 . . . . ! ! ! !
7 |E Local CEB launch event 0days Fri 30/05/14 Fri 30/05/14 WREN H H Q 30/05 H H H H H H H
8 Generation project 245days  Mon24/06/13  Fri30/05/14 . . . . . . .
9|5 Complete feasibility studies (aviation, noise, ecology, etc) and decision to proceed to plar 94days  Mon24/06/13  Thu 31710113 WREN ! ! ! ! ! ! !
20 Finalise land option 65days  Fri01/1113  Thu3001/14 19 WREN . . . . . . .
21 | Neighbour engagement 108days  Wed01/01/14  Fri30/05/14 19 WREN ! ! ! ! ! ! !
22 | Scoping submission 108days  Wed 01/01/14  Fri30005/14 19 WREN . . . . . . . .
25 | Input to generation zone trial design 108days  Wed01/01/14  Fri30/05/14 19 WREN ! ! ! ! ! ! !
2 Commercial CHP 108days Wed 01/01/44  Fri30/05/14 . . . . . . .
25 | Community business model development (owner funded and WREN Energy Co funded) 108 days Wed 01/01/14 Fri 30/05/14 WREN H H H H H H H
2% | Host engagement (technology feasibilty, business model options and implications of CE 108days  Wed01/01/14  Fri30/05/14 WREN . . . . . . .
27 Domestic CHP 108 days Wed 01/01/14 Fri 30/05/14 H H H H H H H
28 | Community Business model development 108days  Wed 01/01/14  Fri30/05/14 WREN ! ! ! ! ! ! .
29 |[H Aiding TRL with engagement CHP suppliers and partners, including assessment of avail 108days Wed 01/01/14 Fri 30/05/14 WREN H H H H H H H
30 Electroliser and gas engine 108days Wed 01/01/44  Fri30/05/14 ! ! ! ! ! ! .
31 | Support WPD and ITM to engage landowners and secure site 108days  Wed 01/01/14  Fri 30/05/14 WREN ! ! ! ! ! ! !
32 ITM Scope 125days  Wed 01/01/14  Tue 24/06/14 ! ! ! ! . . .
k| Recruitment 23days  Wed 01/01/14  Fri31/01/14 ™ ; ; ! ! ! ! !
34 | Project IT 23days  Wed 01/01/14  Fri31/01/14 ™ : ! ! . . . .
3% | Project working method 23days  Wed 01/01/14  Fri31/01/14 ™ ! ! ! ! ! ! !
3% | Develop technoeconomic model 64days  Wed01/01/14  Mon 31/03/14 ™ : ! ! . . . .
37 |Ed Compliance and Certification 125days  Wed 01/01/14  Tue 24/06/14 ™
38 TRL Scope 197days  Fri27/09/3  Mon 30/06/14 ; ! ! : . . .
39 Use case scenarios, stakeholder and system requirements. 65days  Tue01/04/14  Mon 30/06/14 TRL |
o |m Use case model development 65days  Tue01/04/14  Mon 30/06/14 TRL : : : : : : :
| Stakeholder/business model development 65days  Tue01/04/14  Mon 30/06/14 TRL
2 || Functional and system requirements 65days  Tue01/04/14  Mon 30/06/14 TRL : : : : : : :
3 System modelling and analysis 65days  Tue01/04/14  Mon 30/06/14 TRL

Project: NIC Appendix M CEB Delivery [ Task split ... ... Progess S Vilestone <* Summary PP  Project Summary WRRSSSSSSNY  EdemalTasks | | ExtemalMilestone 4 Deadiine Rye

Date: Thu 10/10/13
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1D Task Name Duration Start Finish Predecessors Resource Names| 12,2013 Qtr 3, 2013 [Qtr 4, 2013 [Qir 1, 2014] Qtr 2, 2014] Qtr 3, 2014 | Qir 4, 2014 | Qtr 1, 2015]Qtr 2, 2015 Qtr 3, 2015 [ Qtr 4, 2015 [Qir 1, 2016 | Qtr 2, 2016 | Qtr 3, 2016 | Qtr 4, 2016 [Qir 1, 2017 Qtr 2, 2017 Qtr 3, 2017 [Qtr 4, 2017 [Qir 1
a ayJun| Jul Aug Sep|Oct Nov DeclJan FebMar|Apr Maylun|Jul Aug S o Mar|Apr Maylun|JulJAug Sep|Oct Nov DeclJan FebMar|Apr Maykun|Jul JAug Sep/Oct Nov DeclJan FeblMar Apr May Jun [ Jul /Aug Sep|OctNovDechjan Feb)
2| Developing elecirical network models 65days  Tue01/04/14 Mon 30/06/14 TRL i j TRL ! i ! ! ! i i !
5 |M Develop gas network models 65days  Tue01/04/14  Mon 30/06/14 TRL . . . . . . . .
% Knowledge Capture, dissemination and training 129days Wed 01/01/14  Mon 30/06/14 TRL : : : :
7| Development of KC&D plan and methodology 129days Wed 01/01/14  Mon 30/06/14 TRL . . . . . . . .
EEr| Project communications and awareness 129days  Wed 01/01/14  Mon 30/06/14 TRL . : : : : : : :
o M Capturing and recording project knowledge 129days Wed 01/01/14  Mon 30/06/14 TRL . . . . . . . .
50 | Dissemination of project leamnings and results 129days Wed 01/01/14  Mon 30/06/14 TRL : : : : : : : :
51 | Design and delivery of awareness/promotional programmes 129days  Wed 01/01/14  Mon 30/06/14 TRL ! ! ! ! . . . .
52 Demand zone: microCHP trial (some parts sub-contracted to WREN) 197days  Fri27/0943  Mon 30/06/14 TRL : : : : : : : :
5 | Trial Design + Participant Recruitment 197days  Fri27/09/13  Mon 30/06/14 TRL ! ! ! ! ! . . .
54 CGl Scope 121days  Fri10001/14  Mon 30/06/14 cal i ! ! ! ! ! ! ! !
5 | Trial Design + Participant Recruitment 65days  Tue01/04/14  Mon 30/06/14 cal I . ! ! ! ! . . . .
5 | Design activities 88days Wed 19/02/14  Fri 20/06/14 cal I : ! ! ! ! ! ! ! !
57 | Solution architecture diagram Odays  Mon05/05/14  Mon 05/05/14 cal I . @ 05005 . . . . . ! ! !
58 | Communications network design Odays Mon 02/06/14  Mon 02/06/14 cal I H @ 0206 | | | | | | | |
59 | Security design for CGI solution Odays  Fri02/05/14  Fri02/05/14 cal I . @ 0205 . . . . . ! ! !
60 |[Eq Hardware - bill of materials Odays  Fri10/01/14  Fri10/01/14 cal i ¢ 1001 | | | | | | | |
61 | Licences — list of requirements Odays  Frif001/44  Fri10/01/14 cal I ¢ 1001 . . . . . . . .
62 | CGl project plan (MS Project format) 0 days Fri 14/02/14 Fri 14/02/14 [elel] H H ’ 14/02 H H H H H H H H
6 | IT/ISCADA Requirement Odays ~ Fri2504/14  Fri25/04/14 cal = ! @ 2504 ! ! . . . . . .
64 | IT/SCADA Architecture Odays  Fri16/05/14  Fri16/05/14 cal i | @ 1605 | | | | | | | |
6 | 1O Schedule Odays  Mon07/04/14  Mon 07/04/14 cal = ! @ 0704 ! ! . . . . . .
66 | Datastore & Analytics Design Odays Mon 07/04/14  Mon 07/04/14 CGI i H ’ 07/04 H H H H H H H H
67 | SCADA Solution Design Odays  Tue20/05/14  Tue20/05/14 cal I . @ 2005 . . . . . . ! !
68 | Integration and Test Strategy 0 days Fri 02/05/14 Fri 02/05/14 CGI i H ’ 02/05 H H H H
6 | Master Test Plan Odays  Fri11/04/14  Fri11/04/14 cal I . & 1108 . . . . . . . .
70 | SIT [test] Specification Odays Mon 16/06/14  Mon 16/06/14 cal i H ‘ 16/06 H H H H
71| NFT [test] Specification Odays  Mon 16/06/14  Mon 16/06/14 cal H ! @ 1606 ! ! . . . . . .
72| UAT [test] Specification Odays Mon 16/06/14  Mon 16/06/14 cal i H ‘ 16/06 H H H H
73 Toshiba Scope 108days Wed 01/01/44  Fri30/05/14 Toshiba I P— . . . . . . . .
74 | Study of operational algorithm and how to learn optimum operation 43days  Wed 01/01/14  Fri28/02/14 Toshiba Toshiba
75 |EH Study and difinition of specification, how to operate and control for each equipment 43days  Wed 01/01/14  Fri28/02/14 Toshiba i Toshiba | | | | |
76 |Ed Study and definition of transmission data contents and timing for each equipment. 43days  Wed 01/01/14 Fri 28/02/14 Toshiba
77 | Study and definition of required hardware resource and performance. 43days  Mon 03/03/14 Wed 30/04/14 76 Toshiba
78 | Study and definition of communication protocol 43days  Mon 03/03/14 Wed 30/04/14 Toshiba Toshiba
79 |E Study and definition for functions and performance of EMS. 86days  Fri31/01/14  Fri30/05/14 Toshiba Toshiba
80 | Study and definition of design for operator's display pictures. 86days  Fri31/01/14  Fri30/05/14 Toshiba ] Toshiba
81 WWU Scope Odays Tue24/06/14  Tue 24/06/14 wwu @ 2406
2 |E 6 monthly report to Ofgem Odays Tue24/06/14  Tue24/06/14 Wwu @ 24106
83 WPD Scope Odays Tue24/06/14  Tue 24/06/14 WPD & 2906
8 | 6 monthly report to Ofgem Odays Tue24/06/14  Tue 24/06/14 WPD @ 2406
85 Programme Management 131days  Fri03/01/14  Fri04/07/14 coc
8 |{r Highlight Reports submitted to CDC (inc risks, issues, costs, outputs) 111days  Fri17/0114  Fri20/06/14 coc
Project: NIC Appendix M CEB Delivery | Task Spiit ... ... Progess — \Milestone <* Summary PP  Project Summary WRRSSSSSSNY  EdemalTasks | | ExtemalMilestone 4 Deadline L
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Date: Thu 10/10/13

1D Task Name Duration Start Finish Predecessors Resource Names| 2 2013\0«3 2013 [Qtr 4,2013]Qtr 1, 2014]Qtr 2, 2014\0“ 2014]Qtr 4, 2014 Qir 1, 2015] Qtr 2, 2015]Qtr 3, 2015 [Qtr 4, 2015 Qtr 1, 2016 [Qtr 2, zms\onra 2016 ]Qtr 4, 2016 |Qtr 1, 2017]Qtr 2, 2017]Qtr 3, 2017 [Qtr 4, 2017 [Qtr 1
[i] \Jun|Jul Aug nln chDecLlan FebMar|Apr [Jul AugSep|Oct NovDeclJan Fe_Mar|Apr MaylJ: I\ | AuqSeplOct NovDeclJzn FebMar|Aor I /Aug Sep|Oct Nov DeclJan Feb\Mav\Am May JunlJu\ Aug nlrw NovDecLJzn Feb|
B | CDC internal review and production of overarching Highlight Report for CEB Prog 86days  Fri24/0iA4  Fri23/05/14 [ | T
e Agenda and reports - Project Mng mtg / Programme Mng Board (Quarterly) 111days  Fri03/0114  Fri06/06/14 coc .
06 [Ox Project mig / Prog: mig 111days Wed08/01/14 Wed 11/06/14 coc 1
BENE] Assembly of full Gateway Review information 25days  Mon05/05/14  Fri06/06/14 coe cnc
114 | GWR1 Odays  Fri20/06/14  Fri20/06/14 113 WPD / WWU {92006
5 | SDRC Review Odays  Fri20/06/14  Fri20/06/14 113 WPD/ WWU 1 2006
716 Sign off process within CEB Sponsor / Lead Organisations 10days  Mon23/06/14  Fri04/07/14 114 WPD / WWU [ wep/wwu
17 SDRC's for Mobilisation Phase Odays Mon24/06/13 Mon 24/06/13 @ 2406
T8 Finalise the Delivery Phase Project Plan Odays  Mon24/06/13  Mon 24/06/13 cbe @ 2406
19 Knowledge Strand Paper on Cross Sector Working Odays  Mon24/06/13  Mon 24/06/13 TRL @ 20006
120
(@ Design Phase 261days  Thu01/0514  Thu30/04/15 | v
22 Community and stakeholder engagement 196days  Tue 010714  Tue 3103115 WREN P——
127 Wind Farm 239days  Mon 02/06/14  Thu 30/04/15 WREN PEE——
132 Control Systems 80days ThuO01/05/14 Wed 20/08/14 Toshiba P—
137 Gas Injection 80days Thu01/05/14 Wed 20/08/14 ™ P—
142 Community and stakeholder engagement 196days  Tue 010714  Tue 31103115 WREN PEEE—
147 Generation project 196days  Tue 01074  Tue 310315 WREN PE——
153 Commercial CHP 196days  Tue 010714  Tue 31103115 WREN P——
156 Domestic CHP 196days  Tue 010714  Tue 31103115 WREN PEEEE—
160 Electroliser and gas engine 196days  Tue 01074  Tue 310315 WREN P—
62 ITM Scope 239days  Thu01/0514  Tue31/03/15 P——
70 TRL Scope 197days  Tue 01074 Wed 01/04/15 P—
787 CGl Scope 197days  Mon30/06/14  Tue 31/03/15 cal P——
200 Toshiba Scope 196days  Tue 010714  Tue 3110315 Toshiba P———
208 WWU Scope 196days  Tue 01074  Tue 31103115 wwu P—
212 WPD Scope Odays Wed24/12/14 Wed 24/12114 WPD & 212
214 Programme Management 192days  Mon 070714  Tue31/03/15 85 coc Hp——
223 SDRC's for Design Phase Odays  Tue31/0315 Tue31/03/15 & 3103
224 | Trial Design Odays  Tue31/03/15  Tue31/03/15 TRL & 3103
225 |5 Complete logical control design Odays  Tue31/0315  Tue31/03/15 Toshiba & 3103
2% | IT architecture and System Design Odays  Tue31/03/15  Tue31/03/15 cal & 3103
27 |5 Report on application of business best practice to the D&B of site infrastructure electrolys Odays  Tue31/03/15  Tue31/03/15 ™ & 3103
228
229 Build Phase 502days Wed30/04/14  Thu31/03/16 | _ v
230 Community and stakeholder engagement 262days  Wed 01/04/15  Thu31/03/16 WREN » n n n v
235 Generation project 502days Wed 30/04/14  Thu31/03/16 WREN [ n n n v
243 Commercial CHP 262days  Wed 01/04/15  Thu31/03/16 WREN | _ n n n v
245 Domestic CHP 262days  Wed 01/04/15  Thu31/03/16 WREN v n n n v
248 ITM Scope 196 days Wed 01/04/15 Wed 30/12/15 ™ * '
254 TRL Scope 262days  Wed 01/04/15  Thu31/03/16 TRL | _
267 Toshiba Scope 262days  Wed 01/04/15  Thu31/03/16 Toshiba L . v
276 WWU Scope 131days Wed 24/06/15  Thu24/12/15 wwu M |
Project: NIC Appendix M CEB Delivery [ Task split e Progress S Vilestone <* Summary PP  Project Summary WRRSSSSSSNY  EdemalTasks | | ExtemalMilestone 4 Deadiine Rye
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2,2013]Qtr 3, 2013 [Qir 4, 2013 [Qtr 1, 2014]Qtr 2, 2014 Qtr 3, 2014 | Qtr 4, 2014 | Qtr 1, 2015] Qtr 2, 2015]Qtr 3, 2015 [Qtr 4, 2015 [Qtr 1, 2016 Qir 2, 2016 Qir 3, 2016 | Qtr 4, 2016 [ Qtr 1, 2017] Qtr 2, 2017 Qtr 3, 2017 [ Qtr 4, 2017 [Qtr 1
iaylJ SeplOct Nov DeclJan FebMar Apr May Jun [Jul Aug Sep|OctNovDechan Feb)

’: 31/03
’: 31/03
’: 31/03
‘: 31/03
’: 31/03
’: 31/03
’: 31/03
‘: 31/03

r Maylun|Jul

@ 3012
@ 3012

2712

9

7112

D Task Name Duration Start Finish Predecessors | Resource Names
a [Jul/Aug Sep|Oct Nov DeclJan FebMar|Apr Maylun|Jul"Aug Sep|Oct Nov DeclJan Fe [Mar|Apr Maylun|Jul Aug Sep|Oct NovDeclan FebMar
279 WPD Scope 13Tdays Wed24/06/i5  Thu 24/12/15 WPD I '
282 Programme Management 262days  Wed 01/04/15  Thu31/03/16 coc | _ n
293 SDRC's for Build Phase Odays  Thu31/03/16  Thu31/03/16
294 | Acquire compound Odays  Thu3i/03/16  Thu31/03/16 WPD
295 | Gas Engine passes Factory Acceptance Test Odays  Thu31/03/16  Thu31/03/16 ™
29 | Electrolyser passes FAT Odays  Thu31/03/16  Thu31/03/16 ™
297 | Gas Mixing & Injection passes FAT Odays  Thu3i/03/16  Thu31/03/16 ™
298 | Local Comms / PR Event on deliverables / benefits Odays  Thu31/03/16  Thu31/03/16 WREN
299 | Sign Network Entry Agreement Odays  Thu3i/03/16  Thu31/03/16 wwu
300 |54 Report on readiness to commence trials Odays  Thu31/03/16  Thu31/03/16 coc
301
302 Trials 391days  Fri01/04/16  Fri29/09/17
303 Community and stakeholder engagement 391days  Fri01/04/16  Fri20/09/7 WREN
308 Generation project 65days  Fri30006/17  Fri 2009117 WREN
31 Commercial CHP 391days  Fri01/04/16  Fri29/09/17 WREN
313 Domestic CHP 391days  Fri01/04/16  Fri20/0917 WREN
315 TRL Scope 391days  Fri01/04/16  Fri20/0917 TRL
334 Toshiba Scope 391days  Fri01/04/16  Fri29/09/17 Toshiba
336 WWU Scope 391days  Fri01/04/16  Fri20/0917 wwuy
347 WPD Scope 261days  Fri24/06/16  Mon 26/06/17 wPD
351 Programme Management 391days  Fri01/04/16  Fri29/09/17 coc
362 SDRC's for Trials Phase Odays  Fri3012/16  Fri3012/16
363 | Mid trial dissemination event - local event Odays  Fri30/12/16  Frid0/12/16 WREN
364
365 Consolidate and Share 66days  Fri2009/17  Fri20/217
366 Community and stakeholder engagement 65days Mon 02107  Fri 201217 WREN
37 Generation project 65days Mon 02407  Fri 20/2A7 WREN
373 Commercial CHP 65days Mon 0210117  Fri 2011217 WREN
376 Domestic CHP 65days Mon 02407  Fri 20/2A7 WREN
379 ITM Scope 65days Mon 02407  Fri 20/2/7 WREN
381 TRL Scope 66days  Fri2009/17  Fri20/1217 TRL
398 Toshiba Scope 65days Mon 02407  Fri 20/2A7 Toshiba
400 WWU Scope Odays Wed27/12/17 Wed 27/42/7 wwu
402 Decommission network modifications 65days  Mon 0210117  Fri 2011217 wwuy
405 WPD Scope Odays Wed27/412/47 Wed 27/42/7 wPD
707 Programme Management 65days Mon02/0/7  Fri20/12/7 coc
719 SDRC's for Consolidate & Share Phase Odays  Fri292/17  Fri2912/7
720 | Report on the Commercial Models Odays  Fri29/i247  Fri29/127 TRL
21 | Report on the community engagement approach Odays ~ Fri29/2i7  Fri29/127 WREN
22 | Agree ongoing commercial arrangements Odays ~ Fri291217  Fri29/1217 Toshiba
Project: NIC Appendix M CEB Delivery |  Task split Progress S ilestone <* Summary P  Project Summary (RSSSSSN  Eemal Tasks
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CEB NIC Appendix J

Accountable Body
Western Power Distribution (South West) — LCNF
Wales & West Utilities Ltd - NIC

A

\ 4

Project Assurance

Ongoing & Gateway Reviews
Nakada san, Toshiba (Technical)
Stuart Fowler, CGI (Commercial)

Bryan Morgan (Legal)
CDC (Audit, Compliance)
Others TBC

A
A 4

Programme Review Board
Roger Hey, Western Power Distribution (South West)
Steve Edwards, Wales & West Utilities Ltd
Steve Stead, Toshiba (Vision holder)
Tara McGeehan, CGI (IT)
John Newton, ITM Power
Scott James, CDC
CDC Contract Services (Secretariat, Audit)
Mahesh Sooriyabandara-TRL

.| Stakeholders / PR/

A

A

\ 4

Programme Management - CDC
Scott James - Programme Manager
Jim Cooper - Project Manager
Emma Simmons - Assistant Project Manager
Anthony Vage - Contract Services (Secretariat, Audit)

"| Communications

A 4

A 4

A 4 A

A

Wales & West

Richard Pomroy

Project Manager -

ITM Power
Project Manager -
Helio Bustamante

WREN
Project Manager -
Jerry Clark

CGI Consulting Western Power
Project Manager - Project Manager -
Rob Maddocks Steve Gough

Toshiba

Project Manager -

Ito san

TRL

Saraansh Dave

Project Manager -




Risk Register

Last updated

10.07.13

CEB NIC Appendix K

Programme Name: Clean Energy Balance Bid

Programme Manager: CDC

[ High Level Definition

Cause

Effect

Workstrea | Risk Ref.
0.

Dropdown

list

Next No.

Risk Status

Dropdown list

Responsibl
e for
mgmnt

"There is a risk that..."

Details of the Risk

Impact

See Table below
Score 1-5

Probability

See Table below
Score 1-5

Proximity Rating
See Table
below
Score 1-5

Auto Calculated

Movement

If risk has
changed to a
higher /
lower priority

Raised by

Who raised
the Risk?

Raised on

when was it
raised?

Target Date

Target Date
for Resolution

"...because of..."

Last date
the risk was What will Trigger the Risk?
updated

"...leading to..."

What will happen if it
occurs?

Mitigation Action Plan

How will this Risk be avoided?

Issue ID

ID of Issue Risk
has transferred
to

Governance arrangements )
I o cpc  |unclear or inappropriate to 4 3 4 o e e || crmEe committed to the prucess |PoteNtial to undermine the | - Clear legal partnership formalised with all
deliver the bid to a high [ A id. parties.
tandard in agreed timescales.
Partnership not adequately ;. B
; o ° ‘ Potential to undermine the ; .
o - coc  |Failure to engage community in 5 3 4 @ e GEEE || crmsEe addressing tangible b1, as per the previous . |EnSure adequate community buy-in to the
the project. community buy-in to the |21 %2 BT process, through the partnership agreement.
proces -
Failure to hit deadlines set by Delaying the pre-
CDC for bid submission, due to - submission review. |Adherence to programme and ongoing liaison
R03 PCjate contributions of material 4 3 s 60 cbe 16/05/2013 | 21/06/2013 Deadline missed. Potential to reduce quality |with bid management team.
from partners. and viability of the bid.
Ensuring that all parties are clear |ty ‘_’e_ﬁ"ei‘:‘ R ioan of contracts
R004 Closed CDC  |of the nessary responabilties 5 4 3 60 wPD | 22/05/2013 | 07/06/2013 > 1 © and inopriprate input to the|  Clear and stingent contractual framework
e and poor comincation :
required in the develary phase. bid
between partners
. _ N s Tonstant By team and
R0O05 cpc  [Stakeholders' perceptions of the 5 1 4 20 ic 09/07/2013 | 12/07/2013 Change in stakeholders' Potential to undermine the |confirmation of targets and SDRC throughout
programme change views programme and delivery _|the programme delivery phase.
rpac on DUAgeT Wi De— oo emme Qelvery B
Overal programme cost and/or unexpected hike in capital |negative; requre re- Contant review of market prices and
Ro0S CPC I scope could creep 4 ! 3 12 x 09/07/2013 | 17/07/2013 item cost appraisal possible communication with potential suppliers.
virement. Refinement?
It becomes apparent to |gjgnificant impact on
Stakeholder may withdra from e e e, Y o chai|confrmation o taroets, SDRC ané resourci
RO07 CcDC  |programme or have oversold 5 1 5 25 i 09/07/2013 | 12/07/2013 0 " A components or link in chain gets, ° 9
o oroject solution withdrawing or is failing to|could be missing and the pi delivery phase.
pro) deliver on target required to be re-procured |Early contracutal tie in of all parties.
deliverables and SDRC. _ |with consequential delays.
Programme delivery team does . . Significant impact on Constant communication by team and
not have the required knowledge CDC is failing to deliver on|geliverables, key confirmation of available personnel and their
R008 ODC | e to delver the 5 1 5 25 i 09/07/2013 | 12/07/2013 its target deliverables and  |components may be ohil S0t throughot the programme delivery
programme SDRC. undeliverable or delayed |phase.
whilst skills are reinstated.
N N N - Inputs from this constant Dy team ana
Insufficient CDC resource for CDC is failing to deliver on| PEE" 1O TES confirmation of available personnel and their
R009 CDC  [programme management 5 2 5 50 i 09/07/2013 | 12/07/2013 is target deliverables and |9 eR0Ce Ll O 1 ing  |SKill sets throughout the programme delivery
delivery SDRC. /IS0 h
delivery. phase.
TG e T e e TTaCeSToDeSuppoT
Provide as much info as possible on data
v Lose both LCNF and NIC _|requirements. Provide as much detail as
RO10 CGI  |IT Costs are too high 5 2 5 50 Ss 07/05/2013 | 01/06/2013 Insufficient detail on bids possible on level of support required. Retain a
requirements. Over pragmatic approach to solution. This is a four
|specified solution. year trial.
CGLis failing to del Tnputs from this constant Dy team ana
. is failing to deliver on rmati ; ;
Insufficient CGI resource for IT ¢ will be confirmation of available personnel and their
RO11 CGI support delivery 5 1 5 25 ic 09/07/2013 | 12/07/2013 ;E;acrget deliverables and inadequate, jeopardising skill sets throughout the programme delivery
- I phase.
o1 15 et to gl e o T Constant Dy eam ana
- is failing to deliver on rmati ; ;
Insufficient ITM Power resource i stakeholder will be confirmation of available personnel and their
RO12 ITM Power for programme delivery 5 1 5 25 ic 09/07/2013 | 12/07/2013 its target deliverables and N " skill sets throughout the programme delivery
SDRC. ! h
phase.
HedAmRS B YR
- P Findings of alternative i Complete constraint modelling and commercial
petsinnojepecificationlofoss ing and ion or buy in non- [model work as soon as possible
RO13 Closed [ ITM Power |engine based on availablity of 4 3 5 60 N 07/06/2013 | 30/06/2013 ; gl " . 5 .
cufficient fuel (hycrogen) model work to be constrained electricity Identify alternative generators and/or agree
completed (underway)  [necessary to produce business case to buy non-constrained electricity
g fuel
Tack of technical input e
from WEWU re:
Agreeing specification and cost of \:I’S:Z:r\‘/d\?:k::;: #OM Juncertanty around (Completelanalysis ofMPlinfrastactiralin
RO14 Closed [ ITM Power N9 spEciica _ 3 3 5 as N 07/06/2013 | 12/07/2013 " ) technical solution to gas i g
gas mixing/injection equipment technical/regulatory issues |\o | ot proximity to proposed gas injection site
- 2 mixing/injection
with Wadebridge MP
network at proposed
iniectinn sit
A longer-term view on the business case needs
to be adopted given that without a low-carbon
gas substitute, current predictions show 40% of
NIC business case doesn't stack Insufficient timeline Lose NIC bid; LCNF alone |92 Customers migrating to electricity by 2050.
RO15 1™ Power | 5 3 5 75 N 07/062013 | 30/06/2013 comeidored. becomes non-viable. Short-term planning horizons will only include
the start of this migration. However actions are
required now to protect this asset investment,
hence a longer-term business case horizon is
required to make this case
Tmpact the bulld timetable
Proposed payment sechedule in for electrolyser & storage ~|Affect build of hardware  [Review proposed payment schedule from Ofgem
Ro16 ITM Power | -, 4 3 5 60 N 07/06/2013 | 30/06/2013 hardware during delivery |during delivery phase and how this is refelcted in CA
phase
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Programme Name: Clean Energy Balance Bid

Programme Manager: CDC

High Level Definition Cause Effect
w“":‘:"ea R":“oker' Risk Status | Owner "There is a risk that..." Impact Probability | Proximity Rating | Movement | Raised by | Raised on | Target Date UD'::::E a “...because of..." “...leading to..." Mitigation Action Plan Issue ID
Given the financial risks associated with
Current constraint on electricity “’""Ec“"glaf ml;‘s"a't“e‘j gf"e"at‘;: Wt'”‘ .
network is insufficient to justify Findings of constraint We will need to find ;"f’l'j‘lq';ec"s‘nastr:‘r:‘e‘:gg'en‘;gi’orpf‘;is;h:t:;"""“
capital cost of electrolyser modelling and commercial [alternative constrained -

RO17 ITM Power system - see assessor feedback 5 3 5 75 IN 07/06/2013 | 12/07/2013 model work to be generation or buy in non- chfverttr;e tl’lla\ wldlldsmulatf rrtmrtehseverbelt
re: costs from 2012 PATHS (underway) constrained electricity constraint levels and demonstrate the viability
proposal of commercially connecting generation under

these conditions, hence providing the pathway
for future commercial projects.
Gas Engine fails to pass Factory Follow established processes including QA and

RO18 ITM Power Acceptance Test 2 1 3 6 IN 12/07/2013 | 31/03/2016 Engine failes FAT Repeat FAT OC procudures during build phase

RO19 ITM Power [Electrolyser fails to pass FAT 2 2 3 12 N 12/07/2013 | 31/03/2016 Electrolyser fails FAT Repeat FAT Follow established processes including QA and

oc during build phase
Gas Mixing & Injection fails to Gas mixing/injection fails Follow established processes including QA and

R020 1M Power |2 PO 2 2 3 12 N 12/07/2013 | 31/03/2016 o Repeat FAT D orocuturss duriog beild ahase
Commodity price increases in Forward price increases factored into

RO21 ITM Power [electrolyser stack components 3 2 3 18 N 12/07/2013 | 15/07/2013 Commodity price volatility |Price increase P

electrolyser costs at bid stage
(SS, Ni, Ti, Pt, Ir)
Report on application of business

R022 [TM Power |DESt practice to the D&B of site 3 5 3 18 n 12/07/2013 | 31/03/2015 Planning application Delay to receiveing Utilise knowledge gained from other UK and
infrastructure electrolyser / necessary consents European projects
hydrogen injection
Risk that programme financial
g:ﬁ::;'i::;;f:;;z‘;ﬁ!fﬂg‘:ﬂ Poor presentation of Potential to impact on Appoint dedicated lead programme accountant /

R023 Toshiba (s 4 5 5 100 coc 16/05/2013 | 21/06/2013 programme costs and P finance role to support bid process. Preferably
one or all partners making the " funding application.

funding. from the lead body.
programme undeliverable or
confusing for partners / funders
TREre TS 3 Sk ERat th
commercial position of the
programme is not agreed No agreement on the Programme will not Dedicated workshops with a nominated member
between all parties, thereby commercial position. One | e at this point for  |of each team to develop and agree the
RO24 Toshiba |impacting on an agreed scope 5 3 5 75 cpc 16/05/2013 | 07/06/2013 or more parties not prog P d 9
: the immediate funding |commercial structure. To be led by Toshiba as
and financial position which will supporting the structure of
deadlines. lead partner.
in turn impede the development the programme.
of the bid and funding
T:‘::j: :h;'f_:‘ ;zarte;":u‘:c“e;“:‘r e :‘a.l,f; of In I or clawback [Clear interpretation and understanding of
R025 Closed Toshiba [P DAL 0. 4 2 4 32 cdC | 16/05/2013 | 07/06/2013 LW S of funding. Sub-optimal islation and robust process
they are inappropriately procured Inappropriate procurement | .
d e input from IT Partner. implemented.
against relevant legislation. process deployed.
Clear understanding of what the Continual commuication between technical
exisiting systems are capable of Poor comunication The use cases and intial qeji ey teams and bid preparation team. Clear

RO26 Toshiba 9 sy P: 3 3 4 36 wPD 22/05/2013 | 07/06/2013 between programme bid  |design scoping will not be Y preparat .

currently and what needs to be definition of scope of work within contracts at
team and deilvery team  |approiate
further outset.
To address this, the strand has been broken
down into a number of discrete Methods, each
of which may be viable in its own right. Hence
. the strand is not simply dependent on the

R027 Toshiba tENF Business Case doesn't stack| 5 3 5 75 ss 07/05/2013 | 01/06/2013 ]ar";:f:g'i;‘:‘;zr:r’::ma' Lose whole bid viability of the end to end solution but may be
justified upon the success of one or more of the
Methods being trialled. Initially modelling has
demonstrated the viability of each of these AND
the full end-to-end solution.
R oTT Dy -tear e

@ i . Toshiba is failing to I"Pk“ff‘ f";’"‘ th:lsb confirmation of available personnel and their

R028 Toshiba | InSufficient Td“‘ ba resource for 5 1 5 25 ScP3 | 24/05/2013 | 12/07/2013 deliver on its target “ade e o skill sets throughout the programme delivery

programme delivery deliverables and SDRC, | nadequate, jeopardising | phase. Key resources identified and allocated as
programme delivery. part of the bid process.
ecusaimentmodsillok REcardignnc x':r'rn:: ':LSZ;?fe?.lZ'feof’:ﬁZ TRL to manage Cardiff Uni closely and WPD to

R029 Closed TRL  |ready in time for WREN to make 4 3 4 a8 WPD | 22/05/2013 | 07/06/2013 completing the analsys in | ; g ) Ul

’ ; 3 wind farm extending the support both with data required
a commitment to the windfarm time o dats
dissemination of learning
Lack of clarity at the outset|and embedding good .
System does not support an g g Develop detail use cases at the outset and map
RO30 TR | e learning 4 2 4 32 ss 07/05/2013 | 01/06/2013 of what learning is practice will be Iost With |t syster requiremente
required consequential impacts on
stage payments.
ici P - Inputs from this Tonstant Dy team ana
Insufficient TRL resource for TRL s failing to deliver on | 2P 0" 19 (RS confirmation of available personnel and their

RO31 TRL  |capture of programme learning & 4 1 3 12 X 09/07/2013 | 12/07/2013 is target deliverables and |2(°70 Er W00 0% o [skill sets throughout the programme delivery
dissemination SDRC. 4 h

deliven phase.
' Too many ongoing
RO32 Closed wpp | Lack of resource to support bid 4 4 4 64 WPD 22/05/2013 | 07/06/2013 programmes of key wpp | -2t€ summison of critcal Bringing in extra resoure
preperation feedback
Budget lines will be
Cost of high cost items are Quotations received as a dequate for high cost
WPD/Toshi | " ) inadequate for high cos! Contant review of market prices and
RO33 e [significantly higher than 5 2 5 50 1 09/07/2013 | 12/07/2013 response to procurement  |itemes, jeopardising communication with potantial suppliers.
anticipated activity. programme unless re-
procured or re-negotiated.
WPD is fail to del Tnputs from this Tonstant Dy team ana
- is failing to deliver rmati ; ;
Insufficient WPD resource for stakeholder will be confirmation of available personnel and their

RO34 WPD | e delvry 5 1 5 25 SCP3 | 24/05/2013 | 12/07/2013 on its target deliverables 1102 T0RET SN0 L |kl sets throughout the programme delivery

and SDRC. o phase.

Printed: 10/10/2013
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Programme Name: Clean Energy Balance Bid

Programme Manager: CDC

High Level Definition Cause Effect
w“""‘:"ea R":“oker' Risk Status | Owner "There is a risk that..." Impact Probability Proximity Rating Movement | Raised by | Raised on | Target Date UD'::::E a "...because of..." "...leading to..." Mitigation Action Plan Issue ID
- - CoTTSTanT Dy TeaTT AT
- WREN is failing to deliver |\"PUts from "“IS confirmation of available personnel and their
RO35 wren  |Mnsufficient WREN resource for 5 3 5 75 i 09/07/2013 | 12/07/2013 on its target deliverables |o2kenolder will be skill sets throughout the programme delivery
programme delivery o o, inadequate, jeopardising | shase. WREN to employ additional project
programme delivery. management capacity if needed
Tomplete feasibility work as soon as possible.
s o sty o [ s [T e g g e
RO36 WREN  |identified which kills wind project 4 3 4 as WREN ) 31/10/2013 9 Y alternative constrained 4 proj proj
" inception to be completed and develop initial trial based on St Breock
during bid approval process generation
data, expanding out into generator control once
LT e L nroiect generator is in place
Wind project and/or details of P! [All team members and sub-contractors need to
position of having to deal
CEB go public prior to planned : ) be aware of risk
Failure to keep project  |reactively with opposition,
release leading to backlash ! Develop and maintain up to date reactive
aimat project and/or details confidential until  [which could undermine  [2°¢¢IoP &
RO37 WREN/AIl 2921t Prol 5 2 5 50 WREN | 16/05/2013 | 31/10/2013 planned release by CEB  [public support for CEB and
programme (because of WREN to be consulted on any information going
programme team member, |WREN and create a PR
potentially controversial nature colleague or sub-contractor|problem for other public
of both the wind and hydrogen 9 P! CDC to be responsible for control of information
companies involved in the
elements) going public
Insufficient resource to |/ nds CHP and community T\ e i fead early and comprehensive
Community consultation cover in-house and 3rd |Sngagement elements of jons with the local ity to
RO38 WREN ° 4 2 4 32 1 09/07/2013 | 31/10/2013 > the bid will be poor which ! ! )
outcomes negative party costs for additional “ or Wi explain the design, scope and benefits of the
> could impact on viabiity of
to BAU work involved programme.
Preliminary modelling already undertaken which
indicates viability. Complete detailed constraint
Constraints modelling reveals Findings of constraint . modelling and commercial model work as soon
wind project will not be Project modelling and commercial |V Will need to find as possible
RO39 WREN proJ 4 2 5 a0 WREN ) 12/07/2013 9 alternative constrained P .
economically viable or financiable inception model work to be Identify alternative generators (e.g. new
generation
with constraint completed (underway) community solar project in area of wind project
and/or co-operation with REG to create false
constraint around St Breock wind repower)
Work on Key issues for the wind
Generation capacity will be |project is being carried out now. If an
Source and type of generation Lack of agreement on [a critical missing link an  |unresolvable issue is identified, WREN will seek
RO40 WREN  [unresolved (Wind, solar, installed 5 2 5 50 i 10/07/2013 | 31/10/2013 generation type, scale and |the programme will require [to develop similar scale solar project in the
capacity, location) location. modification through area. If no feasible site can be secured, WREN
simulation. will approach other generators in the area to be
1s"engaging a number of potential
commercial CHP hosts in the town already, and
Demand Zone trial will not |will continue to do so until agreements have
Inabilty to obtain required Failure to sign up sufficient [have statistically significant [been secured which will provide sufficient
RO41 WREN  |commercial-CHP in programme 4 3 4 a8 i 10/07/2013 | 12/07/2013 an up v <19 P
o candidate properties number of CHP units and  |capacity for the programme. Inconvenience
hence will be at risk allowance included in bid. Spread risk of failure
across both commercial and domestic CHP
o
WREN will lead discussions and negotiations
with RSLs, local owner occupiers and
Demand Zone trial will not |programme partners to secure sufficient
Inability to obtain required micro- Failure to sign up sufficient [have statistically significant [numbers of units to achieve SDRC and
B
Ro42 WREN? | CHp in programme area 4 3 4 a8 x* 10/07/2013 | 12/07/2013 candidate properties number of CHP units and  |programme viability. Provider discounts agreed
hence will be at risk for micro CHP and inconvenience allowance
included in bid. Spread risk of failure across
both commercial and domestic CHP units.
a5 system connection problems Inability to find conmection |F21Ur t0 CONNEct system | Appraisal of the local Infrastructure, inter-
R043 wwu accury P 5 2 5 50 i 10/06/2013 | 31/07/2013 Salum: components, inability to  |connectivity requirements and close liaison
disperse hydrogen between WWU and ITM Power.
Injection of Hydrogen at  |Early discussions and detailed proposals with
Confirmation from the level required for requlator by WWU with support from ITM Power.
R044a wwy  [mability to achieve required N . A 16 © 100672013 | 31/03/2016 regulator that propsed  [project viability will be dis- [Inclusion of HS Labs in the project to have an
exemption for hydrogen injection level of injection is allowed leaving only the  |early indication of problems. Inclusion of Gas
disallowed option of conversion back |Engine in Generation Zone to ensure LCNF
to electricity. project is not reliant on gas inject.
Risk assessment Appliance inspection programme required
RO44b wwy  |Requirement to conduct 1 4 2 8 RP 07/10/2013 | 30/09/2016 demonstrates that Risk of non compliant (requirement in project plan with costings so
appliance inspections are requried to !
low impact)
mitigate risk BT
Not able to gain access to Unresolved access ]a"a h'a‘xet: ;:Z“::;ce Short term limit project to 0.1% hydrogen;
RO44c WWU  [required premises to conduct 4 3 2 24 RP 07/10/2013 | 30/09/2016 PP longer term initiate programme to do further
> fo conduct problems unable to inject more than m i r
appliance inspections if required " work to eliminate need to inspect appliances
— N Tnputs from this Constant communication by team and
Insufficient WWU resource for WWU is failing to deliver | o\ ohoiger will be confirmation of available personnel and their
RO45 wwu 5 2 5 50 I 09/07/2013 | 12/07/2013 on its target deliverables P
programme delivery o eoRe inadequate, jeopardising  |sKill sets throughout the programme delivery
: deliven phase
Inability and/or delay in securing Identify multiple/alternative sites for
necessary consents for building ; compound(s), earliest possible engagement with
RO46 M\;/qu& for 5 3 4 60 N 12/07/2013 | 01/06/2014 Planning application ?;:Vcﬁ’nz‘(‘!f‘"g landowner(s) and appropriate planning
electrolyser/hydrogen store, gas P authorities and local stakeholders who might
engine & gas mixing/injection raise objections to application(s)
Access to site for delivery and Access to site will require
047 WPD & |installation of N ) 5 24 N 12072013 | 01/12/2014 access to site upgrading (widening roads [Include any necessary upgrades into the
WWU [electrolyser/hydrogen store, gas and access points to accept |planning application
engine & gas mixing/injection large vehicles)

Printed: 10/10/2013
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Programme Name: Clean Energy Balance Bid

Programme Manager: CDC

High Level Definition

Cause

Effect

Workstrea | Risk Ref.

Risk Status
m No.

Owner "There is a risk that..."

Impact

Probability

Proximity

Rating

Movement

Raised by

Raised on

Target Date

Last
Updated

"...because of..."

"...leading to..."

Mitigation Action Plan

Issue ID

RO48

Ownership of equipment
bought/built under the
programme

WPD &
wwu

24

12/07/2013

01/10/2013

Failure to agree which
party takes title to

Potential impact on what
happens to assets having
‘residual’ value post-

progi

WPD and WWU decide who owns (take title and
benefit) for the duration of the programme.
Ownership post programme subject of a
seperate discussion based on programme

R049

'WREN Wind Farm does not get
planning permission/complete on
time

WREN

75

SF

16/07/2013

01/10/2013

Wind farm fails to get
planning permission

Alternative generation
solution

The programme will begin working with data
from the St Breock wind farm while the WREN
wind farm is under development. This will allow
many of the trials to commence without the
need/ability to physically constrain the wind
farm output. Once the WREN wind farm is
completed then this will be transferred into the
trial allowing the full range of trial operations to
be undertaken.If the WREN wind farm fails
planning, then an alternative solar farm will be
pursued. This can complete in a much shorter
time horizon and would allow the constraint
model to work in reverse, i.e. controllable PV
balancing against St Breock wind.

COPY ABOVE
LINE TO INSERT
MORE ENTRIES

IMPACT

PROBABILITY

PROXIMITY

Movement

5~ Inability to deliver, business case/objective
not viable

4-Substantial Delay, key deliverables not met,
significant increase in time/cost

3~ Delay, increased cost in excess of tolerance
2-Small Delay, small increased cost but
absorbable

1-Insignificant changes, re-planning may be
required

5 - Certain
4~ More likely to occur than not
3-50/50 chance of occuring

2- Less likely to occur

1-Very unlikely to occur

Printed: 10/10/2013

5~ Imminent (Award -
Mobilisation)

4~ Likely to be near future
(<1year)

3~ Mid to short term (1-2
years)

2~ Mid to long term (2-3 years)
1~ Far in the future (4 years)
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Appendix L CEB Contingency Plan

With programmes of this size there are always risks and issues, and it is those
risks and issues which manifest themselves in the need for contingency. Based on
our experience of managing Low Carbon Projects as well as CDC's significant
expertise in managing infrastructure programmes of this size, we have adopted a
robust, but pragmatic approach to managing risk and therefore our approach to
contingency as part of the wider governance arrangements.

From the outset we have worked to ensure that there is an agreed governance
structure in place and this structure will support the proactive management of the
risks within this programme, thereby giving our stakeholders confidence that the
programme is under control and that we are working to ensure that contingency
is only used when it is necessary and that it is at the level most appropriate for
the project being delivered.

Our contingencies are self-contained within each partner’s budgetary costs for
their projects and are based on their individual skill and expertise to derive the
most appropriate level of contingency.

There are the following key risk & contingency areas for this programme:

Area Risk Level %
Labour Low to Medium 7.5-10%
IT integration Medium to High 10-15%
Equipment/commodity | Medium to High 10-15%
risk
Commercial model Medium 10%
Regulatory Low 5%
Partner withdrawal Low 5%

It is important though to recognise the ones that have the potential to place the
programme most at risk

This contingency plan has been written for the 8 most significant risks on the Risk
Register. All risks will be continually monitored and appropriate high risk
information will be referred to the Programme Review Board. Below are details of
how we will mitigate against significant risks becoming an issue and the
contingency plans.

RO15:

NIC business case doesn’t justify the expenditure

Mitigation

A longer-term view on the business case needs to be adopted given that without
a low-carbon gas substitute, current predictions show 40% of gas customers
migrating to electricity by 2050. Short-term planning horizons will only include
the start of this migration. However actions are required now to protect this asset
investment, hence a longer-term business case horizon is required to make this
case

R0O17:

Current constraint on electricity network is insufficient to justify capital
cost of electrolyser system - see assessor feedback re: costs from 2012
PATHS proposal

Mitigation




Given the financial risks associated with connecting a constrained generator with
commercial funding it is not possible to connect a fully constrained generator for
the trial. However the trial will simulate more severe constraint levels and
demonstrate the viability of commercially connecting generation under these
conditions, hence providing the pathway for future commercial projects.

RO21:

Commodity price increases in electrolyser stack components
Mitigation

Forward price increases factored into electrolyser costs at bid stage.

R023:

Risk that programme financial position is not clear for the bid, or
misrepresents the scheme to one or all partners making the programme
undeliverable or confusing for partners / funders

Mitigation

Appoint dedicated lead programme accountant / finance role to support bid
process, preferably from the lead body.

R024:

There is a risk that the commercial position of the programme is not
agreed between all parties, thereby impacting on an agreed scope and
financial position which will in turn impede the development of the bid
and funding opportunities.

Mitigation

Dedicated workshops with a nominated member of each team to develop and
agree the commercial structure. To be led by Toshiba as lead partner.

R027:

The LCNF Business Case doesn't justify the expenditure

Mitigation

To address this, the strand has been broken down into a number of discrete
Methods, each of which may be viable in its own right. Hence the strand is not
simply dependent on the viability of the end to end solution but may be justified
upon the success of one or more of the Methods being trialled. Initially modelling
has demonstrated the viability of each of these AND the full end-to-end solution.

R0O35:

Insufficient WREN resource for programme delivery

Mitigation

Constant communication by team and confirmation of available personnel and
their skill sets throughout the programme delivery phase. WREN to employ
additional project management capacity if needed

R049:

WREN Wind Farm does not get planning permission/complete on time
Mitigation

The programme will begin working with data from the St Breock wind farm while
the WREN wind farm is under development. This will allow many of the trials to
commence without the need/ability to physically constrain the wind farm output.
Once the WREN wind farm is completed then this will be transferred into the trial
allowing the full range of trial operations to be undertaken. If the WREN wind
farm fails planning, then an alternative solar farm will be pursued. This can
complete in a much shorter time horizon and would allow the constraint model to
work in reverse, i.e. controllable PV balancing against St Breock wind.



Appendix M

Cost Benefit Analysis

Gas Connectio
ethods | Wi | P | e | Frm | price ThErLa‘:h I e TC;:":: 20¥ear Z“N:E‘:r Pay Back
(MwW) | (MW | (IMW) | MW (1] (¥/N) ‘Wind Anum caved IRR &m) Year
MWh}) Costs (Em)

IMW,'IMW 1 0 0 1 0 N,ﬂ’ﬁ\ 0% 0.60 276 1,261 10.5% 161 1z
Method 0 6 0 0 & o || o 740 | 1843 [ sam | mam | 833 | wn
Method 1 6 1 0 1 2 | w 3% 076 | 1057 | 480 | se% | 18 | 17
Method 2 6 1 3 1 2 | w 3% 443 | 2049 | 675 | 7am | ass | 15
Method 3 6 1 3 1 2 | w 3% 419 | 1588 | 6715 | 9% | 392 | 18
Method 4 6 1 3 1 2 | w 3% so3 | 2048 | 675 | esw | 347 | 18
Method 5 6 1 0 1 2 | w 3% 3o | 228 | em | 2amx | avs 6

Method 6 6 1 3 1 2 | w 3% 720 | 1815 | 675 | s3m | 810 | 13
Method 7 6 1 3 1 2 | w 3% 804 | 2278 | 6715 | 100w | 084 | 13
Method 1 6 0 3 2 w | 2% 076 | 10z | soss | eew | 25t | 1
Method 2 6 0 3 2 w | 2% 443 | 2107 | @ | 38w | 007 | 21+
Method 3 6 0 3 2 w | 2% 419 | 1610 | 683 | 82% | se | 1
Method 4 6 0 3 2 w | 2% so3 | 207 | eEe | zem | 13 | -
Method 5 6 0 3 2 w | 2% 3o | 228 | sm | zamw | avs 6

Method 6 6 0 3 2 w | 2% 720 | 1838 | cEe | 203% | om | 12
Method 7 6 0 3 2 w | 2654 B0t | 2335 | emm | 75w | sm | 1s
Method 1 6 2 3 1 35 Y 18% 0.76 13456 6,152 10.2% 6.58 12
Method 2 6 2 3 1 35 Y 18% 310 2433 7,444 73% 409 15
Method 3 6 2 3 1 35 Y 18% 2.86 17.10 7,444 10.6% 8.55 12
Method 4 6 2 3 1 35 Y 18% 3.70 2433 7,444 63% 2.89 17
Method s 6 2 0 1 35 Y 18% 3.01 228 811 24.9% 478 6

Method 6 6 2 3 1 35 Y 18% 5.87 1938 7,444 125% 1266 10
Method 7 6 2 3 1 35 Y 18% 6.71 26.61 7,444 10.2% 1006 12
Method 1 6 1 a 1 40 Y 32% 0.76 10.57 4,830 58% 1.83 17
Method 2 6 1 2 1 40 Y 32% 2.70 1937 6,310 4.2% 0.23 20
Method 3 6 1 2 1 40 Y 32% 2.46 14.74 6,310 B.7% 5.62 14
Method 4 6 1 2 1 40 Y 32% 3.30 1937 6,310 31% -084 21
Method 5 6 1 a 1 40 Y 32% 3.01 228 Ell 249% 4.78 6

Method 6 6 1 2 1 40 ¥ 3% 5.47 17.02 6,310 11.0% 980 11
Method 7 3] 1 2 1 40 Y 33% 631 2165 6,310 B1% B.23 14

* Figures based on pre-tax cashfl ows

Firm 1MW
Firm 6MW

Low Firm/
Low Generation
Diversity

H2 RHI/
Low Firm
No Diversity

DECC High Gas/
Thrash Electrolyser/
Low Firm

DECC High Gas/
Thrash Electrolyser
Low Firm

Low Diversity



Appendix N
Base Cost Description of Estimates and Justification of Value For Money

The programme partners are each providing a 10% discount and ITM’s contribution to
the LCNF and NIC strands is at cost.

ITM Power designs and manufacturers hydrogen energy systems for energy storage and
clean power production and has grown from its original platform of novel polymeric
electrolytes for electrolysis and fuel cells to that of a technology provider. ITM has a
strong base of intellectual property and engineering expertise providing complete
hydrogen solutions, CE marked and TUV SUD approved products. A first class team of 65
staff, including 15 with PhDs, comprising engineers and scientists account for more than
250 man-years of electrolyser, energy storage, fuel cell, polymer science, power
electronics and combustion experience. ITM is accredited with ISO9001, ISO014001 and
ISO18001 and has experience in leading and collaborating in numerous Technology
Strategy Board and European funded projects and programs.

Prior to the start of the programme, ITM will have designed, built and installed three
rapid response PEM electrolyser systems, one in Germany and two in the UK. The first
unit, due to be delivered in September 2013 is a 0.3MW system for the injection of
hydrogen into the gas network in Frankfurt and will be operated one of Germany’s
largest Stadtwerk (municipal utilities). The second integrated 0.3MW system will be
delivered to the Isle of Wight in April 2014 and will be due to commence trials in
November 2014 concluding in October 2015. The third is a smaller15kg/day unit, also to
be located on the Isle of Wight, to provide fuel for a boat.

The costs (materials and labour) to design and build PEM electrolysers, the balance of
plant and the integration of the sub-systems necessary for hydrogen storage are well
known to ITM who have considerable experience of developing the UK supply chains
necessary to minimise the cost of components, sub-systems and services required. This
best practice approach has been extended to the suppliers of the gas engine and the gas
mixing and injection equipment. UK companies were chosen in preference to overseas
based suppliers although the supplier of the gas engine is the UK agent for the OEM
since no UK manufactured gas engines capable of operating on high concentrations of
hydrogen were available at the capacity required or of a suitable technology readiness
level (TRL).

To demonstrate the full potential of the concept of hydrogen injection in the UK as a
means of decarbonising the operation of gas networks and the local heat demand, it will
be necessary to move to a higher hydrogen fraction. To do this it will be necessary to
apply to the Health and Safety Executive for an exemption from the Gas Safety
(Management) Regulations.

Working with Health and Safety Labs (HSL), part of the Health and Safety Executive,
means that the Executive will help to ensure that the arguments that hydrogen injection
at the proposed levels are safe and proven and are aligned to the expectations of HSE in
making changes in regulation to accommodate the higher percentages of hydrogen
required. This limits the need for additional work to achieve exemptions.



To achieve an exemption, a separate Network Innovation Allowance (NIA) strand will be
undertaken. Working in partnership with the Health & Safety Laboratory, and other
service providers, the NIA strand will develop the methodology necessary to
demonstrate to the regulatory authority that an exemption to GS(M)R is required, how
the potential hazards can be understood and demonstrate the steps necessary to assess
risks and address knowledge gaps. The service providers will be selected in accordance
with WWU procurement rules to ensure value for money for gas consumers.

The NIC and LCNF strands of CEB will share programme management costs, TRL led
learning costs and gas storage costs. Hence, if the gas component stakeholders ran the
NIC scope alone, without being part of a combined LCNF NIC programme, costs would
considerably higher for those partners.

Upon completion of the detailed design, the IT costs for this project will be reassessed by
the consortium partners and we anticipate will be reduced further based on the
increased certainty about key solution areas such as wind farm and CHP control.



OV
MYV Substation \ Gas Network LV Substation

\

Network Generation Network
Headroom Output Headroom

\ | /
Generation Qm z m ”>.—._ o z

Load, Voltage &
Power Quality
Sensor Data

|
DEMANDZONE Load

Gas Balance

Forecast ZONE uEMS Management uEMS Forecast
Generation Electrolyser Gas Inject Generation Thermal Generation Thermal
Control Control Control Control Sensor Data Control Sensor Data
_.ul_ _.ul_ _.ul_ )\OI )\OI
16 D) o o
1§ ),
1.6 )
1€ ),
% W (%D
(] ﬁ} (] o o o
(&) K ) (& 5 o
Gas Engine Electrolyser Gas Storage/ Gas Water Gas Water
Inject Engine Tank Engine Tank

Domestive CHP Communal CHP

(100+) (1-2)



(GENERATION ZONE) (DEMAND ZONE)

MV Wind Power
substation GE Power

MV Power Grid LV —> 10 Household?  300kWx20min
substation
o
=
(]
} &
o)
PR . D
et et o)
....... i =
SCAEEEREEE > u EMS T1 Dm
. =» Household O
H2 Gas Balance 2
. « =
. 3
=» Household T
¢¢ &
— =
'c
-» Household 2
€
1MW — %
I Gas Grid =» Household
NG + x% H2
P wReN Power
I _|_|7\__Uo/>\m_\ EEEEEEEEEEEEEESN Imm.—“
Toshiba NG (+H2)
B e 2

.......... IT Partner -=------------- Signal (Direction only)




Appendix Q Partner Roles Summary

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 electrolytes for electrolysis and fuel
cells to that of a technology provider. ITM will be responsible for the hydrogen
conversion and gas injection project elements.

Toshiba will provide the energy management systems, programme management
of the LCNF strand and of the overarching integration. Toshiba's Bristol-based
research facility, TRL, will be responsible for trial management and information
dissemination across both strands.

CGI has been selected as CEB’s IT Partner and will provide the data analytics,
visualisation systems, IT integration, end-to-end testing, commissioning and
operations and maintenance.

Cornwall Development Company (CDC) has been appointed as CEB’s
Programme Management partner and will provide the lead specialist programme
and project management resource to complement the programme, ensuring the
programme vision and objectives are retained in the delivery phase with thorough
processes to manage programme, budget and quality aspects of the scheme.

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 programme.

Western Power Distribution will submit an LCNF Tier 2 proposal to support the
LCNF strand of the wider programme. It will also provide the required electricity
network connections and status monitoring to support the NIC strand.



CORNWVALL
COUNCIL

Ofgem
9 Millbank
LONDON Date: 16 July 2013
SWIP IGE

To whom It may concern
Clean Energy Balance

As the Cabinet Member for Economy and Culture 1 am writing to you on behalf of
Cornwall Councll to confirm our suppert of the Clean Energy Balance proposal.

Through the Green Lurnwall programme, Comwall Councll is committed to ensuring

i P and busnesses by taking a
the Lransltlnn to a low carbon economy. The Clean Energy Balance
project has chearty recognised Cornwall’s ability to lead In this field, capitalising on eur
strong communities and unigue natural envirenment.

Furthermere, as a member of the Smart Cornwall steering group [ understand the role
this project will play within the wider programme of work. As the flsst major praject tm
be delivered through this ambitious programme we are happy to privide our support.

Yours faithfully
-1 7 ¢
‘__,f('ﬁ‘;,,\ _/rx’/rt»f.;\gn

Julian German CC
Cabinet Member far Ecenomy and Culture
Esel an Kabinet rag Erbysiedh ha Ganisogeth

Tel: 01872 322579
Emall; jgerman@cornwall.gov.uk

Carnwall Cauncil, County Hall,
Trurs, Corwall TRL 38T

el Tel: 0300 1234 160 www conmmall gov.uk

CORNWALL &
IS.LES OF S_CILLY

NTERPRISE
26 July 2013

ofgem

9 Millbank

London
SW1P 3GE

To whem it may concern
Clean Energy Balance

As the chair of the Cornwall and Isles of Scilly Local Enterprise Partnershi
writing to confirm our support for the Clean Energy Balance proposal.

The Comwall and Isles of Scilly Local Enterprise Partnership is committed to
pioneering new industries that make the most of our special environment. We will do
this based on four cornerstones - Business Growth, Skills, Knowledge and the
Environment. This project aligns very closely to our priorities and will support us in
the delivery of our wider vision.

We understand the importance of the Clean Energy Balance project in advancing the
knowledge acress both the power and gas sectors in the UK through building an
innovative and replicable model to address issues of grid capacity, whilst benefiting
local communities. Through the UK wide network of LEP's we would commit to
ensuring the learning from this project is further disseminated through our networks.
Furthermore, we understand the potential of this project to create  lasting legacy for
the wider Smart Cornwall Programme and the potential to build on the innovative
outcomes from this project for many years to come.

Yours Sincerely

Chris Pomfret
Chair Cornwall and Isles of Scilly Local Enterprise Partnership

Local Enterprise Partnership, 4* Floor Wast Wing, New County Hall, Trayew Road, Truro, TR1 SGH
lepEcornwallgov.uk

energy

Cfgem

9 Milbank
London
SW1P 3GE

17" July 2013
RE: NIC Bid: Clean Energy Balance

To whom it may cencem,

We are pleased to provide this letter of support for the proposed Clean Energy Balance
project put forward by Wales & West Utilities and partners as an NIC bid, which is part of a
wider project requesting funding from the LCN Fund.

Managing stranded renewable generation either at a local network level or a system level is
becoming an increasingly important challenge to manage. While at present there are only
localised areas within the GB network that have constrained renewables, the experiences in
other parts of the world such as Germany, Spain and Texas indicate that this is essential to
address early.

Renewable energy once consrained is an opporfunity lost as the primary energy resource
cannot be stored in its natural form. Therefore technologies and applications such as this
method trial will be increasing important to provide a cost effective route to energy storage
and energy vector shifts to maximise the potential ufiisation of renewable energy.

Therefore in this context, the Clean Energy Balance project that seeks fo frial the method of
using injecting hydrogen derived from electrical renewable generation into the existing
natural gas nefwork as a storage and fransport vector for managing electrical distribution
network constraints is a valuable confribution to the experience base. This has direct carbon
benefits in the form of reducing the carbon intensity of gas users for space heafing as well as
power generation. A successful trial will help fimm up the business case for a wider roll-out of
the solution.

Regards,
W

Graeme Bathurst
Managing Director
Pefrofac - TNEI

444 Bl 233 4800
£ 440181 233 4801
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Front: joep. huij: om | i com]
Sent: 30 July 2013 11:58

To: John Newton

Subject: FW: Clean Energy Balance Letter of Support

Dear Sirs,

Itis with pleasure that | am providing via this e-mail support for your bids in L

and NIC.

Shell recognises that the Clean Energy Balance projects are timely and innovative and have the potential
10 demonstrate solutions which will deliver customer benefits and accelerate the adoption of hydrogen
inthe UK. The projects will serve to reduce the carbon content of not only the electricity
network but also the gas network and help to de-carbonise the UK heat load in line with the targets set
by DECC target

The learning to be gained from the Clean Energy Balance projects has the potential to advance
knowlesge across both the power and gas sectors in the UK and will provide valuable learning to assist
in furthering the move towards a low-carbon conomy” -

Best regards/Met viiendelijke groeten

Joep Huijsmans
Technology Cpportunity Manager - GameChanger team

Shell Global Solutions Intemational B.V_
P.0. Box 35000, 1030 BN Amsterdam, The Netheriands

Tel: +31 20 630 2090 Fal 3554
Email: joep hui
Internet; waw shell mrn/gluba\mllmms

Lternational B.V. has it

7 seat in The Higue and ifs cegistered office at Carsl van
Bylandtiaan 30, 2596 FIR, The Hague, the Netherlands. It is segistered with the Chumber of Commerce ia the
Netherinds under pmber 27155370,

“This e-mail, 2nd 2ny atachment and response string are canfidential If you are not the intended recipient, please
telephone or e-mmil the sender and delete this message and any arachment immediztely.

Tnternet commumications are not secure and therefore Shell ds iliy for £ this
ik overap If you suspect 17 Lve been

amended pleass call he sender.
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EUROPE & SCOTLAND
Ofgem European Regiona Developrent Fund
5 Millbank reesing i your AUt
London, SW1P 3GE
19 July 2013 Ofgem
3 Millbank
London
swip 3ce
To whom it may concern S
Re. Clean Energy Balance
Gas NIC: Cle (CEB) - Hyds i ‘Carbon Dis
As the chair of the Smart Cornwall programme I am writing to confirm the
support of the Clean Energy Balance proposal. Dearsis,
The Smart Cornwall programme has been set up to; I am writing to confirm that the Scottish Hydrogen and Fuel Cell Association (SHFCA) is keen to
support the proposal Clean Energy Balsnce (CEB) — Hydrogen Injection for Carbon Displacement the
"develop the U.K’s first fully integrated smart energy network, providing new Gas Network Innouation Competition for support.
high value jobs, creating wealth and opportunities for future generations and e Fuel Clean En
leading the way into a prosperous, resource efficient future.” particuiariy timely. There i a need for innovative thinking and solutions which will help 1o deliver
practical benefits, and specifically those which can deliver energy across sectors, for instance
At the heart of the Smart Cornwall programme s the ambition to be a global betueen power snd gas networks, and thereby enabie the wider uptake of low carbon heat and
leader in the development and delivery of Smart Energy technologies. We aim to power within the UK_

achieve this through working in partnership with local, national and international
stakeholders, to deliver a strategic programme with the economic and social
benefits of this paradigm shift in our energy economy at its heart.

Electrolysers can convert electricity to hydrogen in gaseous form for ase of transportation and//or
storage. The learning to be gained from the Clezn Energy Balance projects has the potential to

the power and in the UK and will pr
The learning to be gained from the Clean Energy Balance project has the learning to assist in furthering the move towards 2 low-carben economy.
potential to advance knowledge across both the power and gas sectors in the UK SHE nd ise i hydrogen the
and will provide valuable learning to assist in furthering the move towards a low- markets, bringing togzther of
carbon economy. As the first major project to be delivered within the umbrella of p call companie: [ power i and energy
the Smart Cornwall programme and within the Smart Cornwall guiding principles consultants to identify key market opportunities.
as set out in the bid appendices, this project will be a key milestone and will he } . 3 UK the rig
become a catalyst for delivery for many years to come. ssainigeniet PR,

) hycrogen and fuel cel bodiss to work togsthar to deveiop 3 giobsl hydrogen and fusi call marksts.
Yours Sincerely Much of this work underpins and nesded to deploy

: our technologies in appropriate markets with safety, reliability, and performance.

i A - The rd ‘our energy supph ofthe ims for
i7"\ our society, and this wi at different i ifweareto

¢ achieve the i our by 2050.

Yours sincerely,

Chris Ingram Chisf Exscutive, Scottish Hydrogen and Fusl Call Assodistion

Smart Cornwall Programme Chair

Scottish Hydrogen & Fuel Cel Assocision Limited
Energy Tchnology Centrs

Rankine Avenue Tek: 01355 593570
Scottish Enterprise Technology Park Fax: 01355 593580
Eas Kilbride G75 0QF Website: wwwishfca.crg.uk
A company limited by guarantse Incorporated in Scotlend No, SC265209
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rapidly growing area, thus enhanemg the UK sc
ect will serve to reduce the carbon content of not only the electricity network but

in the

hydrogen in the natural

storage and

cepted that hydrogen could become an important energy camier in the energy
these b

mix i the quest for sustainzbility, becanse it offers several benefits related particularly to the potential for

(subumitted by Wales & West Utilities Limited)
energy storage (Power to Gas.) If

o)

Ip de-carbomse the UK heat load m lne with the targets set by DECC. In addition,

the lsarming to be gzined from the Claan Enargy Balancs projects has the potential fo advance knowledze across
both the power and gas sectors in the UK and will provide vahiable experience tn 25

projects are
project

faasible,

I¢'s clear that the natwral zas pipeline network potentially offers such a solution and there have been several
studies, meludmg the EC-supported NATURALHY' pn_:jen which have exanuned the fea:

d hvdre

NIC: Clean Energy Balance (CEB) - H;

2 means of

of

work and

+ 44 1664 481528

However 2 mumber of crucial aspects have not been sufficiently addressed mnd the more recent GERG’ study,

known as "HIPS™, has

The UK is fortunate to have such support and encowagement available to mdustry and, from my UK -based

European perspective, I add my strong suppert to this application.

X

be demonstrated which will deliver customer benefits and accelerate the adoption of kydrogen technologies in
Dave Pinchbeck

the UK. Crucially this will also provide opportunities for UK

gained to those countries with similar mterests in this

towards a low-carban econcmy in the UK, whilst also opening up potential export opportunities.

develop confidence in the preferred technolagical approaches
It's clear that the Clean Energy Balance projects are both

Member, NATURALHY Project Executrve Committes

gas network. If the technology s to become ac

10 Brockiehurst Raad

Meltan Mowbray

M: 07798 561535

£ : davepinchbeck@hotmail com

London, SW1P 3GE

It 15 becoming more widely ac

Thete is no doubt that this pry

also the gas network and he!

Manager, GERG "HIPS”

Secretary General GERG (retired)

! hp:/ fwww.naturalhy net

* European Gas Ressarch Group [waw.gerg.cu)
*"Hydragen in Pipeline Systems” Not yet published.

Ofgem
9 Millbank

Leicestershire

LE13 1RX.

England

T:+ 44 1664 458207
F:

Dear Sirs,




PLEASE NOTE: This plan ONLY shows assets owned by Western Power Distribution.
Electricity assets owned by IDNO's (Independent Network Operators)

MAY be present in this area.

Information is given as a quide only

and it's accuracy cannot be quaranteed.

Based upon the Ordnance Surveys map with the permission of the Control

Western Power Distribution, Avonbank, Feeder Road, Bristol. BS2 0TB. Licence Nos. 100022488, 100024877 & 100021807.

CARE SHOULD BE EXERCISED TO ENSURE THE PRECISE POSITION OF THE WPD APPARATUS
I In doubt, contact your local WPD office.

IF WORK 1S TO BE EXECUTED IN ITS VICINITY.

ler of Her Majesty’s Stationery Office. Crown Copyright Reserved.

WPD Copyright: This copy has been made by or with the authority of
Western Power Distribution (WPD) pursuant to Section 47 of the Copyright Designs

and Patents Act

1988 unless that Act provides a relevant exception to copyright

the copy must nmot be copied without prior permission of the copyright owner.

SO T -

% ADVICE SHOULD BE SOUGHT FROM THE WESTERN POWER DISTRIBUTION

CONTACT CENTRE S.WEST (0845 601

2989) FOR ANY WORK THAT IS TO TAKE PLACE IN PROXIMITY TO

132kV UNDERGROUND CABLES AND

132kV OVERHEAD LINES

N AN /// J.. S /\
L = A\
OVERHEAD LINE UNDERGROUND CABLE ‘ T I TL E -
SURF TELECOMS APPARATUS ) O SE:vL[CE 77777777777777777777 ‘ H\ PME Earth ?‘:fm“ﬁ“jmt:f DRAWN BY. "~
W T DATE: 02/08/2013 WESTERN POWERA
PILOT CABLES :;/ ((sz:\\//; : : : : : : —F H“‘ Underground |:| Ground Mounted SCALE 1:16000 @ A3 DIsTRIBUTIoN
P P P % —54 5 W seey) Eartn Tronsformer PLOT CENTRE: 198249.165.071039.229

Serving the Midlands, South West and Wales
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