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Mandatory Appendices  

Appendix 2: Maps and network diagrams 

The network technology aspect of the GBFM project will build on the outputs from the 

CLNR project. The CLNR project is: 

 installing monitoring equipment to create a dynamic view of the rating 

(maximum current-carrying capacity) of selected, sensitive assets; 

 creating control loops within the power flow management system named the 

Grand Unified Scheme (GUS) so that when thermal limits are being 

approached, a call is generated for DSR, to reduce power flows so that  

thermal limits are not exceeded; 

 developing interfaces to DSR providers, to propagate the call for DSR; and 

 simulating the credible worst cases against which DSR is our insurance, 

artificially modifying parameters in the monitoring system to make assets 

appear overloaded when they are not. 

The network technology implementation for the GBFM is illustrated in Figure A2.1. There 

will be no change to the business processes developed in CLNR, nor in the GUS user 

interface. There will be a need for another interface from GUS to GBFM and there will be 

additional monitoring and controlling hardware installed at up to a further 15 sites, which 

the modular design of GUS facilitates. 

Figure A2.1: Network diagram 
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Appendix 3: Project plan, risk register, contingency plan and organogram  
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Risk Register 

No Description Prob. Impact Mitigation 

Project management risks 

1 

Key personnel not 

available to deliver the 

project 
Low High 

 Identify resource requirements 

during Q312 and Q412 in 

readiness for the project 

initiation 

 Ensure individuals share and 

document knowledge 

2 

Poor project management 

threatens the learning 

outcomes and/or results 

in cost and time overruns 

Low High 

 Leverage learning from the 

CLNR project to implement 

robust governance frameworks 

 Appoint skilled project 

management resources 

3 

Project partners and/or 

collaboration partners are 

no longer willing or able 

to support the project 

Low High 

 Ensure Memorandum of 

Understanding agreements are 

in place 

 Partner with organisations 

participating in the CLNR 

project or with highly regarded 

organisations 

 Ensure that if Elexon’s vires 

are not extended, the project 

can still go ahead  

Technology and systems risks 

4 

The costs of delivering the 

GBFM platform are higher 

than expected or delivery 

takes longer than 

expected 

Low High 

 Implemented a RFI process 

during summer 2012 to 

minimise delivery uncertainty 

 Select a systems provider 

through a rigorous assessment 

process ensuring the project’s 

requirements are accurately 

specified 

5 

The costs of developing 

this technology 

commissioned as part of 

the CLNR project (e.g. 

GBFM / GUS interface, 

network monitoring and 

the British Gas 

aggregation platform)  are 

higher than expected or 

that delivery will take 

longer than expected 

Low High 

 Leverage the experience 

gained from the CLNR project 

to minimise this risk 

6 

Expected technology for 

providing, managing and 

monitoring demand 

flexibility is not available 

in time for the trial 

Low  Medium 

 We have not fixed on specific 

technologies to deliver the 

DSR resource 

 Holding conversations with a 

range of technology providers 
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No Description Prob. Impact Mitigation 

7 

CLNR fails to deliver 

required network 

technology in time for the 

project  

Low  Medium 

 Include simulation as part of 

the project to ensure specific 

gaps can be filled if required 

 Restructure the project and 

potentially defer some 

activities to the multi-party 

trials 

8 

Market design is not 

compatible with existing 

markets 
Low High 

 Market design workstream led 

by Elexon, experts in existing 

market frameworks 

 Detailed review of all design 

options by partners, including 

National Grid 

Flexibility provider risk 

9 

Not enough participants 

can be encouraged to join 

the trials to allow for a 

robust evaluation of the 

results 

Medium Medium 

 Involve experienced partners 

 Review legal, commercial, 

technical and social barriers to 

participation prior to the trials 

 Use CLNR participants where 

possible, many of whom 

already have required 

technologies 

 Deliver workshops to involve 

participants in design 

 Assist partners in forming their 

resource profiles for each 

time-frame of interest 

 Involve aggregators and Asda 

 Use experience from the CLNR 

project e.g. the experience 

gained from the social science 

customer engagement 

processes 

10 

Not enough participants in 

the right locations can be 

recruited to the trials 
High Low 

 Broaden the geographic search 

for customers 

 Simulate the exact location of 

participants on the network 

11 

Providers of flexibility 

recruited to the trial do 

not respond to market 

signals 

Medium Negligible 

 Signals set to rates that are 

likely to be commercially 

viable in the near term, 2020 

and 2030 

 If participants do not respond 

to economic signals in the 

trial, this will provide learning 

itself  

12 

There is not enough 

flexibility available for a 

liquid market 
Medium Negligible 

 Market will be populated by 

simulated participants up to 

the levels expected in the near 

term, 2020 and 2030 

 Measures of liquidity will be a 

key output of the trial and can 

be studied using the market 

model and simulation 
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No Description Prob. Impact Mitigation 

13 

Storage cannot participate 

effectively in the market – 

for technical or cost 

reasons 

Medium Negligible 

 Use of storage being 

purchased for CLNR to 

minimise the costs of this part 

of the trial 

 Potentially investigate 

opportunities to collaborate 

with UKPN  

14 

Subsidy requirements for 

providers of flexibility are 

higher than expected 
Low High 

 Subsidy requirements have 

been based on current market 

rates for National Grid 

products with a high level 

target applied to the benefits 

associated with sharing this 

resource 

DSR buyer risk 

15 

Little or no flexibility is 

required by market 

participants during the 

trial 

Negligible Low 
 Simulate events requiring 

flexibility  

16 

The DNO need for 

flexibility reduces, so that 

this project is no longer 

required 

Negligible High 

 Update Northern Powergrid 

needs for reinforcement at the 

start of the project 

 Assess DNO needs for 

flexibility as part of setting the 

purchase requirements for the 

timeframes of interest 

Learning & Dissemination 

17 
Results are not 

statistically significant Medium Low 

 Trial design by EA Technology 

and peer review by Durham 

University to ensure statistical 

significance is maximised 

 Use of complementary data 

from other trials to increase 

sample numbers 

 Use of data on reliability from 

other markets (e.g. STOR) 

 Qualitative analysis where  

certain customer types are too 

rare to ensure statistical 

significance (e.g. EV owners)  

18 
Results are not applicable 

to DNOs across GB Low High 

 Undertake upfront analysis on 

the potential for replication 

 Deploy model-based 

simulation to allow the model 

to be re-run under different 

conditions to those actually 

experienced in the trial periods 

 Ongoing engagement with all 

DNOs to ensure GBFM's wider 

relevance 
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No Description Prob. Impact Mitigation 

19 
Project learning is not 

captured by partners 
Medium Medium 

 Include sufficient time in each 

project partner’s plan to 

capture learning  

 Durham University will be 

supporting the project to 

capture learning robustly 

Contingency plan  
Contingency planning is not a stand-alone workstream in the project, but is a central 

feature of the project governance framework described in Section 6 (project readiness). 

The objective of the project governance framework is to clearly communicate the project 

vision to all participants, identify relevant and timely project milestones and deliver 

these through robust planning and timely and effective decision making, resolution of 

issues, control of changes, mitigation of risks and contingency planning. 

The project has the advantage of building on the working relationships developed during 

the CLNR project, which reduces the project management and delivery risks associated 

with multi-partner projects. 

The GBFM project requires the CLNR project to deliver a number of outputs, most 

notably from the delivery of the EES, network monitoring, network control systems and 

customer behaviour and requirements insights. There is overlap between the two 

projects within Northern Powergrid which will ensure that the GBFM project is kept aware 

of developments within the CLNR project. 
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Organogram 

 

Roles  

Project director 

The project director has ultimate responsibility for project direction. 

Project steering group 

The project steering group will be represented by each project partner. The steering 

group will support the project director with the authorisation of key decisions. 

Project advisory group 

The project advisory group will meet twice every year and will provide an independent 

expert sounding board for the project. The board will take representation from industry 

experts (e.g. Sustainability First), other trials (e.g. Twenties) and colleagues from the 

project partners not directly responsible for delivery. 

Executive board 

Executive Board

(representation 
from each partner)

Project Director

Jim Cardwell

Project Steering 

Group
(representation 
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PMO manager)

Project Delivery 

Manager

Market Trials 

Design & 
Implementation Aggregators

Customer 

Engagement 

Market Design & 

Delivery 

Learning & 

Dissemination 
Network 

Technology
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Project Advisory 
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Project Admin 
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The project director will report to the executive board. The executive board will be 

represented by a senior manager in each partner organisation and the President & Chief 

Executive Officer of Northern Powergrid. 

Project management office (PMO) 

The PMO is responsible for delivering the project. Northern Powergrid will provide the 

resource for this role.   

The PMO workstreams are led by the partners with the main responsibility for project 

delivery in that area. Each workstream therefore has two generic responsibilities: 

 project delivery; and 

 project management obligations. 

The PMO team will meet regularly at various locations to discharge their project 

management responsibilities; as specified during the project mobilisation phase.  

Workstreams  

For each of the four workstreams, we now set out the lead, and describe the key 

deliverables, responsibilities and consulted parties.  

Workstream 1: Market design, delivery and trials 

Northern Powergrid has lead accountability and responsibility for this workstream. This 

workstream is divided into two sub-workstreams:  

 Workstream 1a: Market design and delivery; and   

 Workstream 1b: Market trials design and implementation.  

Workstream 1a: Market Design & Delivery  

Elexon has lead responsibility and accountability for this workstream and is responsible 

for two principal deliverables: 

 production of the market design document; and 

 delivery of the multi-party trading platform and user training. 

Durham University (social science) will advise on the design of the commercial 

arrangements being trialled, ensuring that lessons learned from the CLNR and from 

international experience are incorporated. 

All project partners and collaborators will be consulted during this workstream. The 

consulted parties are responsible for: 

 supporting the Elexon process to gather information on requirements;  

 providing their GBFM requirements to Elexon; 

 providing input to the market design;  

 reviewing and supporting the Elexon process to finalise the market design 

documentation and Invitation to Tender documentation; 

 participating in the user acceptance testing and training processes 

implemented by Elexon; and 

 providing outputs to the learning and dissemination workstream.  

Workstream 1b: Market trials design and implementation 

Northern Powergrid has lead accountability for this workstream and EA Technology has 

lead responsibility.  

EA Technology is responsible for: 

 designing the network operator trial; 
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 designing the multi-party trial; 

 producing trial plans for both trial types; 

 allocation and rationale of trial plans split between real and simulated events; 

 coordinating the trials; 

 technical analysis of the results of the trials; and 

 providing outputs to the learning & dissemination workstream. 

Durham University is responsible for:  

 peer review of the design of the trials; 

 peer review of the techno-economic market model;  

 leading on the statistical investigation of variability and associated confidence 

levels pertaining to the outputs of the trials; 

 using the existing Smart Grids simulation and emulation laboratory at Durham 

University to test the GBFM where real trials prove impractical;  

 reviewing the technical analysis of the results of the trials; and  

 providing outputs to the learning & dissemination workstream. 

Northern Powergrid and National Grid are responsible for:  

 designing resource sharing procedures for the network operator trials; 

 designing operating frameworks for the network operator trials; 

 producing new commercial frameworks to take to market for the network 

operator trials; 

 acquiring DSR customers that can provide flexibility;  

 participating in the trials; and 

 providing outputs to the learning & dissemination workstream. 

All project partners and collaborators will be consulted during this workstream. The 

consulted parties are responsible for: 

 reviewing and signing off trial plans ensuring the Methods are being fully 

tested, based on each participant’s requirements; 

 development of the scenarios (e.g. covering 2020, 2030, and higher levels of 

participation) that should be run through the simulation; and   

 contributing to the development of resource sharing procedures, operating 

frameworks and new commercial frameworks for the network operator trials.  

Workstream 2: Customer engagement  

Northern Powergrid has lead accountability for this workstream with lead responsibilities 

with British Gas, Asda and the aggregators.  

British Gas is responsible for: 

 developing a VPP-style platform to aggregate and measure DSR from domestic 

and non-domestic customers;  

 employing smart meters to help measure responses to DSR calls; 

 attracting customers to the project within the two target areas that can deliver 

DSR; 
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 installing or leveraging CLNR installed customer technology to facilitate DSR by 

domestic and non-domestic customers; and 

 providing outputs to the learning and dissemination workstream. 

Asda is responsible for offering DSR flexibility from its existing sites located in the two 

target regions.  

The aggregators are responsible for offering DSR flexibility from their existing I&C 

portfolios and/or acquiring new I&C DSR customers capable of participating in the trials. 

British Gas, Asda and the aggregators are responsible for supporting the demand side 

learning from the trial.  

All project partners and collaborators will be consulted in this workstream. The consulted 

parties are responsible for reviewing the GBFM customer resource capabilities to 

benchmark against their flexibility requirements. 

Workstream 3: Network technology  

Northern Powergrid has lead accountability and responsibility for this workstream. 

For EES, Northern Powergrid will be responsible for:  

 assessing the physical flexibility the EES asset can offer; 

 assessing the current market options available to maximise revenues for these 

assets and updating the business case for EES; 

 recommending regulatory and commercial changes to the current market 

frameworks which would improve the business case for deployment of these 

assets; 

 designing operating procedures for the assets relevant for participation in the 

network operator and multi-party trials; 

 engaging in the network operator and multi-party trials; 

 providing outputs to the learning and dissemination workstream; and 

 producing a road map for business as usual operations.  

For network monitoring, Northern Powergrid will be responsible for:   

 installing monitoring and communication devices on 15 primaries; 

 creating an interface from GUS to the market platform;  

 designing operating procedures and implementing the procedures for the 

trials; 

 providing outputs to the learning and dissemination workstream; and 

 producing a road map for business as usual operations.  

National Grid, Elexon, Frontier Economics and EA Technology will be consulted. The 

consulted parties are responsible for supporting Northern Powergrid with the outputs. In 

particular, Frontier Economics will produce the updated business case and EA Technology 

will produce the physical flexibility assessment, operating procedures and BAU road map. 

Workstream 4: Learning and dissemination 

Northern Powergrid has lead accountability and responsibility for this workstream.  The 

key deliverables and responsibilities are as follows:  

 Northern Powergrid is responsible for delivering the learning and dissemination 

plan; 
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 Durham University will support Northern Powergrid by utilising its research 

techniques on the GBFM project team and partner organisations’ personnel to 

capture learning for dissemination; 

 EA Technology and Durham University are responsible for delivering the 

analysis of the results of the trial; 

 Durham University is responsible for delivering the social science evaluation of 

the trial – in particular, for investigating the institutional barriers to new 

commercial arrangements, and how they might be overcome; 

 Frontier Economics is responsible for assessing the economic net benefits of 

the Methods and for formulating the recommendations for a national 

implementation plan, supported by Elexon; and  

 EA Technology is responsible for delivering the technical element of the 

techno-economic model. 

Each partner has a responsibility to support the learning and dissemination workstream. 

While Northern Powergrid will lead this workstream, the outputs will require 

contributions from each project partner and collaborator.
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Appendix 4: Project partners 

Project partners 

Project partner Organisation 

description 

Project role  Funding provided Contractual 

relationship 

Partner benefits 

British Gas Largest energy 

supplier in the UK 

and will leverage the 

expertise developed 

during the CLNR 

project   

Customer 

engagement to 

deliver flexibility 

services to the GBFM 

primarily with 

commercial, SME 

and domestic 

customers  

Yes 

Smart meters, 

customer 

relationships 

developed during 

CLNR, customer 

technology (heat 

pumps) and an 

aggregation platform 

CLNR collaboration 

agreement  

Signed a 

Memorandum of 

Understanding 

Enhanced 

understanding of 

how customers can 

support the 

transition to a low-

carbon economy. 

Development of a 

coordinated and 

transparent flexibility 

market 

Centrica Energy Energy trading and 

optimisation 

expertise 

A purchaser of 

flexibility from the 

GBFM to optimise 

imbalance positions 

None Signed a 

Memorandum of 

Understanding 

Development of a 

coordinated and 

transparent flexibility 

market 

Enhanced 

understanding of 

how to minimise 

costs in a low-carbon 

economy  
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Project partners 

Project partner Organisation 

description 

Project role  Funding provided Contractual 

relationship 

Partner benefits 

National Grid Owns the electricity 

transmission 

network in England 

and Wales and 

operates the entire 

transmission system 

throughout Great 

Britain  

A purchaser of 

flexibility to manage 

the national 

transmission 

network 

Providing expert 

input to the 

development of each 

Method at no charge  

Signed a 

Memorandum of 

Understanding 

Development of a 

coordinated and 

transparent flexibility 

market 

Potential to reduce 

the costs associated 

with managing the 

transmission 

network 

Elexon Implemented and 

developed one of 

Great Britain's 

largest energy 

industry codes, and 

continues to handle 

its day-to-day 

governance 

Market Design, 

market procurement 

and implementation 

process and market 

operator role 

None Signed a 

Memorandum of 

Understanding 

Support with 

assessing existing 

industry code issues 

associated with 

flexibility services 

Leverage core 

capabilities to 

further develop 

industry processes 

that solve industry 

issues 
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Project partners 

Project partner Organisation 

description 

Project role  Funding provided Contractual 

relationship 

Partner benefits 

Durham University Internationally 

recognised leading 

researchers 

providing 

engineering and 

social science 

support to the 

project   

Engineering, 

statistics and social 

science research, 

peer review and 

modelling and 

simulation 

None CLNR collaboration 

agreement  

Signed a 

Memorandum of 

Understanding 

Opportunity to apply 

expertise to solve 

industry issues 

EA Technology Extensive knowledge 

of electricity, 

utilities, 

infrastructure and 

associated sectors 

and will provide 

engineering input to 

the project 

Trial design and 

specialist project 

support across 

workstreams 

EA Technology is 

providing a 

contribution to the 

project through a 

discount in fee rates 

CLNR collaboration 

agreement  

Signed a 

Memorandum of 

Understanding 

Opportunity to apply 

expertise to solve 

industry issues 

Frontier Economics Blends economics 

with innovative 

thinking, hard 

analysis and 

common sense 

Economic modelling 

and evaluation and 

specialist project 

support across 

workstreams 

Frontier is providing 

a contribution to the 

project through a 

discount in fee rates  

Signed a 

Memorandum of 

Understanding 

Opportunity to apply 

expertise to solve 

industry issues 
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Project collaborators 

Project  Organisation 

description 

Project role  Funding provided Contractual 

relationship 

Partner benefits 

Asda Large energy user 

and energy supplier 

in the retail market 

Provision of flexibility 

resources from sites 

located in our two 

regions. 

A purchaser of 

flexibility to optimise 

imbalance positions 

Provision of 

mandays to support 

the GBFM design and 

participation 

In process of signing 

Memorandum of 

Understanding 

Supports Asda’s 

existing commitment 

to optimise energy 

consumption 

KiWi Power Commercial 

Aggregator 

Customer 

engagement to 

deliver flexibility 

services primarily 

with I&C customers. 

Provision of 

specialist knowledge 

developed by 

operating in 

flexibility markets 

Provision of 

mandays to support 

the design process 

for each Method 

Signed a 

Memorandum of 

Understanding 

Opportunity to apply 

expertise to shape a 

future flexibility 

market 

ESP Commercial 

Aggregator 

Signed a 

Memorandum of 

Understanding 

Flexitricity Commercial 

Aggregator 

In process of 

agreeing 

Memorandum of 

Understanding  
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EnerNOC Commercial 

Aggregator 

In process of 

agreeing 

Memorandum of 

Understanding 
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Appendix 5: Base Case costs and comparison of 

Method and project costs 

Base Case method 

The Base Case method is the most efficient method currently used to deliver the Solution 

(that is, to release distribution network capacity) on the GB distribution system.  The two 

methods currently available to release distribution network capacity on the GB system 

are network reinforcement and bilateral contracting for flexibility services. To establish 

the Base Case method, we compare the efficiency of these two methods.   

Our analysis suggests that the costs of bilateral contracting for flexibility are higher than 

the avoided network reinforcement cost between now and 2040. This therefore implies 

that the most efficient method for releasing network capacity currently in use on the GB 

distribution network is network reinforcement. We therefore use the cost of network 

reinforcement as our Base Case method.   

We now describe the data and assumptions used to estimate the Base Case costs in 

turn. 

The cost of network reinforcement 

For the Base Case cost of network reinforcement to the DNO, we use an estimate of 

£35/kW/year in 2012. This figure is based on the ongoing development of the EHV 

Distribution Charging Mechanism (EDCM). The EDCM methodology represents the cost of 

releasing additional capacity on EHV networks, taking into account load levels. We use 

an estimate based on the more heavily loaded parts of the EHV distribution network. We 

use a figure that applies to the more heavily loaded parts of the network as these are 

the parts of the network where capacity release is most needed.   

The EDCM estimate of avoided cost cannot be compared directly to the per kW capital 

costs of network reinforcement (such as those used as inputs to the Smart Grid Forum’s 

Workstream 3 analysis). This is because, rather than taking the average cost of releasing 

a kW of capacity through reinforcement, the EDCM methodology takes into account the 

usage levels of the network headroom that is released. Network investments come in 

large increments, and will often release far more headroom than is actually required. It 

is therefore appropriate to use the EDCM methodology, rather than the average 

annualised capital costs.  

We assume that the cost of network investment rises by 1% per annum in line with the 

assumption used in the Smart Grid Forum’s Workstream 2 analysis. 

The cost of bilateral contracting for flexibility 

To estimate the cost of buying flexibility bilaterally we use the current average cost of 

STOR, the most relevant existing flexibility service. We use National Grid’s estimate of 

the cost of STOR in 2012, of £35/kW per annum. This cost encompasses both availability 

and dispatch of flexibility We assume that the cost of flexibility remains constant over 

time as there is a lack of information on which to base any projections.  

We make two further adjustments to this estimate of the cost of flexibility.    



 

 

Page 73  

 First we add the transaction costs for the DNO associated with bilateral trading. We 

estimate that the transaction costs of setting up bilateral contracts for flexibility consist 

of: 

 legal costs, commercial resources and engineering input required to set 

up flexibility contracts; and 

 commercial and administration costs associated with settlement.  

Additional costs of bilateral trading might include higher levels of disputes and 

misunderstanding compared to trading through a market. We do not have an estimate 

for these costs, so they are not included in the quantitative analysis. 

We assume that contracts are for 0.5MW of flexibility on average, and last one year. This 

provides us with an estimate of average transaction costs per MW of flexibility bought 

bilaterally.  

Second, we make an adjustment to reflect the fact that flexibility services may be 

associated with a lower level of certainty than network reinforcement. This means that 

more than one kW of flexibility may need to be purchased for every kW of network 

investment avoided.  The level of confidence that can be attributed to flexibility is being 

investigated as part of this project. For the purposes of the bid, we assume that DNOs 

would be able to attribute 67% confidence to flexibility services, in line with the 

confidence Northern Powergrid currently attributes to steam plant. We scale up the costs 

of avoided kW of reinforcement through flexibility accordingly. The near term (2017) 

estimate of the bilateral cost of flexibility therefore consists of £35/kW for availability 

and use of flexibility, £8/kW of transaction costs, and an additional £21/kW once the cost 

is adjusted to take into account the lower level of confidence in flexibility compared to 

network reinforcement.  

How the Method costs differ from the project costs and why 

The project costs are focussed on trialling the GBFM, to ensure maximum learning on its 

possible effects and appropriate design. The Method costs are the costs of replicating 

each Method at project scale.  As a result, some costs associated with trialling the GBFM 

will not be incurred in the Method costs. It is also important to note that there are 

significant economies of scale associated with roll out of each Method. For example, the 

costs of setting up the commercial frameworks in Method 1 and the costs of the trading 

platform in Method 2 will not increase proportionately with roll out.  

This section summarises the differences in the cost items included in the Method Costs 

and the project costs, with an explanation of each difference. 

 Subsidies for the purchase of flexibility. In the project, parties will be paid a 

subsidy for supplying flexibility. This subsidy is required to cover the cost in the 

trial of the actions of providers of flexibility in response to simulated events in 

each trial. When either Method is rolled out in reality, this subsidy cost will no 

longer be required, since providers of flexibility will be paid by purchasers of 

flexibility for their actions. In addition, the subsidy costs budgeted for use during 

the trials are likely to be higher than the real payments that would be made when 

the trial is rolled out. This is due to factors such as the inconvenience associated 

with contracting flexibility in a short term trial, rather than contracting with well-

established system, such as STOR.  

 Market and trial design costs. Costs will be incurred in the first part of the 

project to develop the design of the sharing frameworks, the markets and the 

trials. These are one-off costs, which would not be incurred again during roll out.  
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  Cost of setting up the multi-party platform in Method 2. The one-off cost of 

the multi-party market platform prototype may be greater than the cost of the 

platform that will be used once the project is being rolled out, due to learning 

gained during the trials. However, there may also be additional costs associated 

with replicating the platform for non-trial use. As a result, in our Business Case 

we have not included the possible savings. 

 Customer participation subsidies. A budget has been included for subsidies to 

incentivise distribution customers to participate in the trial. This will not be 

required during roll out.  

 Costs of collecting and disseminating learning. The costs of analysing the 

trial results and disseminating learning will not be incurred during roll out.  



 

 

Page 75  

 

ELEXON GBFM Design 

Optional Appendices 

Appendix 6: Proposed GBFM market design  

Introduction 

This Appendix describes the market platform which will be developed under Method 2.  

The GBFM will be designed for purchasers and providers to trade ‘availability’ and 

‘dispatch’ of flexibility, through a continuous reverse auction, or similar process. Dispatch 

is defined as the firm commitment to deliver an increase or decrease in MW output at a 

given time or location. Availability is defined as an option to buy physical flexibility at 

any point within defined future windows. Flexibility services include the use of energy 

storage and DSR programmes utilising distributed generation and/or energy curtailment.  

At a macro level the multi-party market design will enable the investigation of the 

project’s Learning Outcomes. Findings from a series of industry workshops held in June 

and July 2012 and the ELEXON GBFM RFI (responded to by eleven service providers 

including global IT companies, demand response aggregators and power exchanges) 

suggest this is one of the most innovative proposals globally at the current time to 

address the challenge of creating a multi-party flexibility market for demand response 

and energy storage trading.  

To realise the benefits, the design needs to address a number of structural market issues 

and some behavioural questions: 

 the Balancing and Settlement Code (BSC) and the Balancing Mechanism may 

need to be modified to enable suppliers to participate in a flexibility market; 

 TSO reserve products for guaranteed availability windows are historically 

structured for generation as opposed to the demand side or storage; 

 supplier and DNO trading post gate closure may be needed for a flexibility 

market; 

 use of storage for energy trading may put suppliers in imbalance and changes to 

the BSC may be necessary;  

 aggregation of purchasers  is currently not available and will require a matching 

process; and 

 I&C customers have multiple potential trading partners (14 DNO regions, TSO, 

supplier, aggregators) which may be holding back participation in DSR, storage 

and self-balancing and so new contracting methods may be needed. 

Within the market operation design there are also a number of detailed micro-level 

design options and challenges which the GBFM will investigate: 

 industry rules and algorithms will be needed to create transparency for TSO and 

DNO network actions prior to supplier actions; 

 optimum product parameters (MWh, response time) for liquidity need to be 

defined (if these are too prescriptive, too few providers will be able to offer DSR, 

if they are too loose, aggregation may prove difficult);  

 methods for aggregation of purchasers and providers will be required;  

 the benefits of trading anonymity compared to naming sites will need to be 

assessed;  

 optimum cost and operational requirements for metering and data collection as 

well as settlement will need to be developed; and  

 a process for matching purchasers and providers will be designed.  
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Summary of proposed GBFM design 

The market platform is summarised in Figure A6.1. It will have the following 

functionalities: 

 ability for purchasers to set product parameters such as kWhs, response times, 

location and duration;   

 ability for providers to respond to purchaser parameters or to unilaterally post 

availability;   

 functionality to match the purchaser’s and provider’s requirements or to match 

purchaser and purchaser requirements;   

 functionality to allow confirmation and dispatch through sending instructions for 

dispatch to the provider and sending confirmation for purchaser;   

 functionality to allow metering and data collection so that the amount of energy 

dispatched can be registered; and  

 settlement and reconciliation functionality, to allow reconciliation of data and 

monies from purchaser and provider accounts to be deducted.  

Figure A6.1: Proposed GBFM design  

 

An illustrative ‘user story’ 

The following ‘user story’ is intended to illustrate how these functionalities could work 

together to allow multiple purchasers and providers to trade flexibility through the 

platform.  The detailed design of the processes will be refined upon commencement of 

the project. 

An illustrative ‘user story’ – auctioning availability through the platform 

Northern Powergrid carries out modelling of how its network will perform over the 

coming winter, and concludes that peak demand on its Fictional Ridge substation will be 

sufficiently high that a single circuit fault could leave it unable to satisfy customer 

demand.  To protect against this, Northern Powergrid wants an option to instruct  
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customers supplied through that substation to reduce demand during predicted peak 

periods over the coming winter. 

Northern Powergrid therefore submits a requirement for availability to the platform.  This 

request specifies that they require 40MW of response, delivered at 15 minutes’ notice, 

available between 15:00 and 18:00 GMT over winter weekdays.  They need to be able to 

call on this service once per day.  The request also specifies their deadline for concluding 

the auction (which is in a week’s time), the average number of times they expect to call 

on the service, and a ‘reserve price’ i.e. the maximum total amount (of availability and 

utilisation fees) that they would be prepared to pay for calling upon the service that 

many times.  The reserve price is not disclosed to the market. 

The platform then publishes anonymous details of this requirement to the market 

(through email notifications to registered providers, and also through a public website).  

A number of providers have already offered availability that could help deliver this 

requirement, but some of these don’t cover the full 15:00-18:00 window, and the total 

volume is in any case less than 40MW.  The platform website lists anonymous details of 

those offers that could contribute towards meeting the purchaser requirement, but 

indicates that the requirement has not yet been met.  

In response to the notification, additional providers submit offers of availability.  This is a 

form of reverse auction process, where all the providers (and potential providers) in the 

marketplace can see anonymous details of other providers’ offerings, and compete with 

each other to deliver the requirement. 

The following day, an aggregator puts in an offer of 30MW of availability.  There are now 

enough offers to meet the total requirement.  The platform displays total availability and 

the utilisation price (which are still above the reserve price at this point). 

At this point another purchaser enters the market, as National Grid puts a requirement 

for short term operating reserve (STOR) into the market.  Their total requirement is 

100MW, but they break this into four separate 25MW blocks to indicate to the platform 

that they would be willing to purchase less than the full 100MW. 

The platform assesses whether there would be benefit in combining the Northern 

Powergrid and National Grid requirements into a single auction, but concludes that there 

would not.  The main reason for this is that the STOR requirement is seven days per 

week, and most of the providers who have been matched against the Northern 

Powergrid requirement only want to deliver during the week. 

The aggregator sees the National Grid requirement and decides to split his 30MW offer 

into two: a 10MW portion that can only be delivered five days per week, and a (higher 

priced) 20MW portion that can be delivered seven days per week. 

Upon receipt of the new data, the platform reassesses whether there would be benefit in 

combining purchaser requirements.  The platform identifies a package of 35MW of 

providers that can deliver 30MW for Northern Powergrid and 25MW for National Grid 

more cheaply than delivering the two separately.  It therefore combines the two 

purchaser requirements into a single reverse auction (and aligns their end dates). 

The single reverse auction then continues, with the total price driven further down as 

providers compete with each other to deliver. 

Eventually the auction reaches its predetermined end time, and finishes.  The total cost 

of the package of providers (once apportioned between the two purchasers) is less than 

the reserve price, so the auction has ended successfully.  Purchasers and providers are 

notified.  The providers are now committed to being available in the time windows they 

specified, and the platform therefore automatically creates offers of flexibility 

(corresponding to the options they have sold). 
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Establishing participant requirements for availability 

Once a purchaser has identified its own requirement for availability it will come to the 

platform front-end interface and specify the following: 

 the amount of response (MW) - in some cases the requirement may be for 

reductions in demand (or increases in generation) only and in other cases the 

requirement may be for either reductions or increases in demand; 

 the notice for delivery to call upon the service; 

 the date and time window during which they require availability; 

 the maximum length of time (in hours) for which they would require the service, 

and the minimum amount of time before a subsequent request can be made; 

 the expected (i.e. mean) number of times the purchaser expects to call upon the 

service.  This is key information that the platform will use when matching 

providers to purchasers  (e.g. a provider with a low availability price but high 

utilisation price will be more attractive to a purchaser who expects to call upon 

the service rarely); 

 a ‘reserve price’ i.e. the maximum amount that the purchaser is willing to pay in 

availability and utilisation fees, assuming the flexibility is called upon the 

expected number of times (this remains confidential i.e. it is used by the platform 

to decide whether an auction has completed successfully, but is not revealed to 

providers); 

 an indication of the required level of confidence in delivery.  A purchaser who is 

able to tolerate more uncertainty is likely to find their requirement matched at a 

lower price; and   

 the duration of auction. 

A transaction reference number will be generated once the purchaser submits their 

product parameters. This will then be published anonymously to the market. 

Notifications will then be sent to registered providers via email and/or published on a 

portal.  

In the same way that purchasers can submit their requirements, providers of Flexibility 

will be able to provide offers of availability.  These can be submitted either before or 

after a relevant purchaser has provided details of their requirement.  The required data 

items are similar to those submitted by purchasers, and will include: 

 the amount of available response (MW), which may be positive or negative; 

 the required notice for delivery to call the service; 

 the date and time windows during which the provider has availability, in terms of 

the range of dates, times of day and/or days of the week; 

 the maximum length of time (in hours) for which they can deliver the service, and 

the minimum amount of time before a subsequent request can be made; and 

 the availability price (£/MW), utilisation price (£/MWh) and startup price (£ per 

usage incident) associated with the availability.  

Matching process for availability 

Once the platform has received requirement details from a purchaser, it attempts to 

match these details with availability submitted by providers (either single providers or 

via an aggregation of providers). If it cannot match the exact requirements, it will 

publish further offers to meet requirements. Providers can make offers via a reverse 

action process. The platform will consider aggregating other purchasers if it assesses the 

combination to be more cost effective for the purchasers.  
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The reverse auction format allows providers who can meet the purchaser requirement (in 

whole or in part) to continue competing until the agreed end time for the auction.  Once 

the end time is reached, the platform will assess whether the providers can deliver the 

purchaser’s requirements at the specified reserve price (or lower). If so the auction has 

completed successfully, and the platform will send the details to the purchaser and 

provider. The providers are now committed to provide flexibility during the period. If an 

aggregation of providers was performed to match the purchaser requirement, each 

provider will receive the amount they require to deliver. For example, the purchaser 

requirement could be 100MW to be delivered between 4pm and 6pm and the platform 

may have aggregated providers to achieve this match: 

 provider 1 committing to 100MW between 4pm and 5pm; and 

 provider 2 & 3 committing to 50MW each between 5pm and 6pm. 

If the auction ends and the platform was unable to match the exact requirements of the 

purchaser, it will offer the purchaser the opportunity to accept any offers or re-run the 

matching process.  When the purchaser decides to accept an offer it will be assigned a 

transaction reference number. The transaction reference number may comprise of an 

aggregation of providers. The availability of each provider will be identified by an 

availability reference number.   

Buying dispatch  

The process for buying dispatch of flexibility is similar to that for availability. There are 

two key differences.  

 In certain respects, the data provided by purchasers and providers is simpler, as 

the product being traded is a firm commitment to change output (without the 

uncertainty as to how many times the service can be called off). 

 Because flexibility may be needed post-fault, it can be traded much closer to real 

time than availability, up to 15 minutes before the event occurs.  Where the 

platform is provided with sufficient notice of flexibility requirements it will hold a 

reverse auction.  When the notification is given so close to real time that a 

reverse auction is not feasible, the purchaser requirement will be matched only 

against those providers who have already notified offers to the system1.   

When a provider has sold availability to one or more purchasers, they cannot offer the 

same resource as dispatch to other purchasers within that given time window. However, 

other participants may buy dispatch that has not yet been committed. The platform will 

flag the committed flexibility by the availability reference number. 

Confirmation and dispatch 

The platform will issue a notification to both purchaser and provider when availability has 

been bought. If the purchaser has not yet bought the dispatch for that availability 

window, the platform will issue another notification to purchaser and provider prior to 

the availability window taking into consideration the provider’s response time. For 

example if the availability window starts at 4pm and the provider has a response time of 

15 minutes, then the platform will issue the notification 20 minutes before; i.e. 3:40pm. 

Once the purchaser purchases the dispatch, the platform will issue a dispatch instruction 

to the provider(s).   

                                                 

1  In cases where the purchaser has not already bought an availability product 

covering the time period in question, this may mean the purchaser’s requirement 

cannot be met.  But if the purchaser has already bought an availability product 

they are guaranteed that adequate providers will be available to them in the 

marketplace  (except where providers have become unavailable for technical 

reasons, or have already been called upon by another purchaser of the 

availability). 
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Users will remain anonymous on the market but each transaction between purchasers 

and providers will be identified via a transaction ID. Alternatively, the participants can 

each have a unique GBFM reference number when they join the market. 

Metering and Data Collection 

The use of settlement meters is not feasible for the trial due to the frequency of data 

being produced on a half hourly basis. Therefore providers will need to have relevant 

equipment that can produce minute by minute metering. Due to high level accuracy 

required on the consumption data, it is preferable for an independent party to perform 

the consumption metered data collection and aggregation. There are two possible 

options available: 

 additional set up for the platform to enable data collection; or 

 the DNO can collect the data and pass it on to the platform. 

The unit of energy dispatch by the providers will be passed on to the data collector. The 

platform will use the data to initiate the settlement process.  

Note: The RFI provided more information on the feasibility of the two options which will 

be fully evaluated during the detailed design phase of the project.  

Settlement & Reconciliation 

Once the data has been aggregated, the system will undertake a settlement process 

whereby the volumetric profile of energy the provider committed to deliver will be 

checked against the actual amount delivered within the agreed time frame. The platform 

will undertake the following: 

 determine whether there was aggregation of purchasers, providers or both; 

 establish the amount dispatched by each provider against their commitment to 

the purchasers; and  

 where there is aggregation of providers for a purchaser, calculate the amount 

delivered by the providers and send the purchaser an invoice for their transaction 

to pay the utilisation fee. 

The provider will be paid for the watts of energy delivered at the agreed price from the 

platform less any charge incurred for non-delivery. 

Service delivery assurance 

To manage risk to participants, a number of assurance functions will need to be built into 

the live platform.  These will aim to minimise the risk to participants, ensuring 

compliance with wider industry obligations and regulations. The following functions will 

be included:  

 market entry requirements (to ensure that new participants understand and can 

comply with the requirements of the market); and 

 credit cover requirements (to ensure that providers are paid even if purchasers 

enter into financial difficulty).  The requirements will depend on what types of 

participant are allowed to purchase flexibility in the market. 

A process for measuring the reliability of each provider and feeding the information into 

the matching process for future auctions may potentially be useful (so that providers 

with a high probability of non-delivery are not matched with purchasers who require a 

higher level of certainty). 

Trial versus live design 

We anticipate that the ‘live’ design will need to be varied in certain respects to meet the 

requirements of the trial (because of the need to simulate future market conditions, and 

the smaller number of market participants potentially involved).  Table A6.1 highlights 

the key differences. 
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Table A6.1: Comparison of trial and live design 

Function  Trial Market Platform Live Market Platform 

Market entry and 

participation in the GBFM 

Decided by project team. Pre-qualification 

assessment required to 

ensure participants have 

the systems, equipment 

and can sell energy in the 

UK. 

Product design Dispatch and availability 

limited to MW of active 

energy. 

Dispatch and availability 

with possibility of scope 

being extended to include 

other services e.g. Reactive 

Power.  

Number of participants  Restricted to those chosen 

to be in the trial.  Certain 

market participants will be 

simulated (particularly 

where required to reflect 

market circumstances in 

2020 or 2030). 

Unrestricted – any entity 

that meets the pre-

qualification.  No simulation 

of market participants.  

Purchaser decisions on how 

much availability and/or 

flexibility to purchase 

Participating purchasers 

may choose to use an 

element of simulation e.g. 

using the platform to 

manage a simulated 

constraint on their real 

network. 

Participating purchasers will 

be making real decisions on 

what to purchase. 

Response required from 

providers when notified by 

GBFM that flexibility is 

required 

Real providers will 

physically respond as they 

would in the live system 

(except where otherwise 

agreed with the project 

team).  Simulated providers 

will not. 

All providers must respond 

within agreed parameters 

or face non-delivery 

charges. 

Collateral  No mechanism required.  A similar mechanism to 

credit cover will need to be 

implemented to protect 

participants.  
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Function  Trial Market Platform Live Market Platform 

Termination of participation Participants will not be 

removed from the trial, 

participants behaviours will 

be captured as the GBFM 

project learning. 

Breaching the terms of the 

platform may result in the 

participant being prevented 

from future trading on the 

platform; this could be 

based on a participant’s 

performance and its risk to 

other participants. 

 

Summary of RFI responses 

Eleven responses were received to the ELEXON RFI document (which was based on a 

more detailed version of the design described in this Appendix).  A number of these 

responses identified existing market management and demand response management 

systems that could be configured to deliver the functionality required for the multi-party 

trial. This gives us confidence that many aspects of the project can be delivered without 

requiring development of complex bespoke IT systems. 

While many aspects of the platform (such as the focus on DNOs) are innovative, some of 

the providers have experience in similar initiatives in other countries. Respondents 

provided helpful comments in a number of areas, and we will investigate these further as 

part of the detailed design of the multi-party trial: 

 setting up availability auction gates on different time horizon following a public 

timeline; 

 using a historical rating system for providers to predict unavailability; 

 provision of metered data to the platform via a standard specification; 

 using optimisation engines to predict probabilities and establish risks to 

purchasers; and 

 additional software for participants that will allow planning, monitoring and 

control of their energy. 

Consideration for the trial 

Some responses in the RFI highlighted the opportunities to simplify the trial to save cost. 

Areas to be investigated during the detailed design for the trial are as follows: 

 the use of virtual (cloud) or physical servers and databases; 

 starting the trial with limited availability windows focussing on peak hours; 

 simplifying the Profile Modelling; 

 use of manual processes based on the smaller volume of transactions; and 

 accounting for changes to the processes during the trial. 

Role of the Operator 

During the trial, the main function of the operator will be to facilitate the effective 

operation of the platform and act as the key interface between the participants and the 

platform. The role will include:  

 informing participants – framework agreement, qualification requirements, 

services of the platform; 

 administering standing data, registrations, quality assurance on transactions; 
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 supporting participants regarding auction rules and products; 

 communicating updates to the trials or functionality of the platform; 

 providing assessment and reporting to Ofgem on aspects of the trial; and 

 resolving queries and facilitating disputes. 
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Appendix 7: Trial design 

This Appendix presents the Experimental Design methodology which has been used to 

set the parameters for the trials at this stage.  Many of the design choices will be 

reviewed during the project itself. 

To ensure that the approach is robust and that outputs can be evaluated under a range 

of circumstances, we have:  

 carried out an initial Experimental Design process ahead of the trials;   

 estimated  confidence intervals (CInts) according to conservative assumptions; 

 ensured that there are enough substations monitored to ensure the best 

applicability across GB; and  

 planned to build a model of the effects of the Methods before the trials are 

carried out.   

The trial design and likely margins of error have been assessed following advice from 

Durham University's Statistics & Mathematics Consultancy Unit. This unit will lead on 

statistical analysis and methodology for the project. 

The trials tests the hypothesis that commercial arrangements which allow the sharing of 

flexibility can create a cost-saving for GB DNOs relative to the current approaches of 

network reinforcement or bilateral contracting of flexibility.  The trials must address the 

project’s six learning outcomes, in particular, Learning Outcomes 4 and 5. 

Criteria for GB DNO suitability 

The trials must provide outputs that are directly relevant to GB DNOs.  Conditions for the 

trials have thus been assigned that ensure that the flexibility purchased conform to the 

criteria set out in Table A7.1. 

Table A7.1: Criteria for DNO suitability  

Criteria Settings Notes 

Useful A 10% general target for peak-

reduction at each substation is 

adopted, locations are chosen 

according to asset-headroom 

forecasts 

Northern Powergrid has undertaken 

a study showing that 5% and 10% 

reductions are typical maxima for 

substations (mixed and domestic 

load respectively) 

Observable The peak-load reduction should 

be greater than 2% 

A study carried out for this bid has 

shown that it is possible to create 

load profiles for the trial with 

Confidence-Intervals (CInts) of 1-

2% around the time of peak-load 

Reliable The reliability of providers 

should be determined so that 

their use for system security 

can be assessed 

40 calls per resource would give a 

2.5% resolution on reliability for 

subsequent use in ER P2/6 
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Criteria Settings Notes 

Timely A specification for flexibility is 

adopted from CLNR (shift from 

DUoS “red-zone” to “green-

zone”   

This entails deferring load from 

16:00-19:30 till after 22:00 

 

The location of flexibility services is very important to DNOs.  To reduce risk to 

distribution customers the trials will select primary substations that are forecast to go 

over firm-capacity within a decade but do not require addressing immediately.   

Quantities of flexibility involved 

The GBFM trials will involve a range of parties.  A design process has been followed for 

the bid that has assessed the approximate capacity of flexibility that each party could 

buy and sell during the trials (see Table A7.2 below). 

Table A7.2: Approximate quantity of flexibility  

MVA DNO  TSO Direct 

I&C 

British 

Gas 

Centrica Aggregators 

Purchase 202 <20 - - <20 - 

Sale 2.8 - <12 <5 - <19 

  

Addressing Variability 

The GBFM trials have been designed to estimate the ability of the Methods to meet GB 

DNO needs both now and in the future.  We have recognised the trade-off between the 

accuracy of the trials in estimating the desired outputs against the cost and complexity 

of the trials.  We have also recognised that the desired outputs will be impacted by 

conditions (e.g. economic and weather); scenarios (e.g. near-term, 2020 and 2030); 

and the Methods being trialled.   

Two of the most important outputs of the trials are the amount of the DNO requirement 

for flexibility that is met at each substation and the cost of meeting that requirement.  It 

is these that will be extrapolated across GB and will influence the decision to progress to 

the Method 2 trial and, ultimately, whether either of the Methods is deemed fit for GB 

DNO use.  The confidence that can be placed in these outputs must be sufficient to 

provide robust decision making. 

To ensure the trial design is robust to this challenge, Durham University's Statistics & 

Mathematics Consultancy Unit has estimated CInts extrapolated from resources 

according to a hypergeometric distribution. This gives us an estimate of CInts that may 

be applied to the outputs of the trials.  Mean values of costs and reliability are estimated 

to have maximum CInts of ±30%. These may improve as we understand more about 

variation during the Project.  This would apply also to capacity-released by the Methods 

in a similar manner to that of ENA ETR1313.   

                                                 
2 Based on 10 substations and a 10% general target for purchase of flexibility at each 

3 ENA, Engineering Technical Report 131, “Analysis Package for Assessing Generation 

Security Capability – Users’ Guide”, July 2006. 



 

 

Page 86  

 Setting aside night storage load that will be the subject of a specific assessment, there 

are three predominant load types (domestic, I&C, general mix).  The minimum number 

of substations necessary to assess within-type variation is three in each type. Therefore, 

a minimum of nine plus one (i.e. ten) substations will be chosen. 

During the early stages of the project the choice of ten substations will be confirmed 

using the latest information from the CLNR project and interim figures for the 

substations in the trials.  To achieve this we will carry out a detailed study of the 

resources and variability at a few of the chosen substations early in the project.   

We will monitor at a further ten substations and use the information collected about each 

type of resource in a range of different combinations, thus obtaining a spread of results 

across 20 substations.  A study carried out for this bid showed that increasing the 

numbers above 20 would not significantly increase the coverage of different types of 

substations or network types. 

Selecting Substations 

The substations for the trials need to cover a range of predominant load-types 

(domestic, I&C, night storage, general mix) so that the results of the trials can be 

applied to GB substations.  To make the sample representative the substations also need 

to cover different geographies (urban, suburban, rural), constructions (underground, 

overhead, mixed) and other classifications of network and feeder types, such as length.  

The selection of substations will be undertaken to best cover these (within the 

constraints of the trials being in NEDL and YEDL), using those substations that are 

forecast to go over firm-capacity but that do not require addressing immediately. 

EES devices purchased by Northern Powergrid for CLNR will be used in the trials as 

providers of flexibility and equipped with metering equipment to do so. If these are at 

substations that are not within the selection they will be virtually connected to selected 

substations, on the condition that they could be sited at that location.  This same 

principle will also be applied to other sparse resources used in the trials.  Night storage 

load is treated differently as it could offer significant flexibility in the near term (it is 

estimated that British Gas alone supplies 200 MW in NEDL and YEDL). The night storage 

assessment will either physically (there are enough British Gas customers in an area) or 

virtually (they are too dispersed) connect night storage customers to a predominantly 

night storage substation.  For example, on Denwick primary (peak load 20 MVA) 

approximately 200 night storage-customers could receive a load-control device, plus 

supplementary monitoring of comfort.  Only one substation will be chosen for physical 

purchase of flexibility as the sample of 200 is reasonably large; CInts associated with 

this would be of the order of ±5%.  

Obtaining results for all time-frames of interest 

The project needs to obtain results for future uses of GB DNOs, hence the need for the 

2020 and 2030 time-frames of interest.  It also needs to test the technologies that can 

be deployed today, hence the need to consider the near term.  For each Method, the 

approach will be first to create a parameterised techno-economic model for DNOs use of 

flexibility resources.   One advantage of this is that sensitivities can be examined ahead 

of trials so that increased attention can be paid to these areas during the trials.  The 

model will then be run (in conjunction with parameter-settings chosen to reflect future 

scenarios) to predict outputs for 2020 and 2030 time-frames.  Where these time-frames 

require resources to be despatched (or called) in a different manner to that of the near 

term and the resources are available, the resources will be called in this manner and the 

outputs used in the modelling process. Further information on the model is given in 

Appendix 8.  
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Appendix 8: Market modelling for the GBFM 

This Appendix briefly describes the techno-economic modelling we propose to carry out 

in the GBFM project.  

A range of issues will affect the extent to which the trading and sharing of flexibility can 

reduce costs for DNOs. We propose to use modelling to assess the materiality of each 

issue before the trials. It is better to identify system risks in a model than to discover 

them in a physical trial as the trials are limited in terms of the numbers of resources and 

networks that will be monitored. It is better to approach a risk position with knowledge 

informed by a model. 

To develop a model which is suitable for the purposes of the GBFM project and to 

exercise the model to create useful insights for the GBFM project, it is proposed to build 

on the model that was produced by EA Technology to deliver the Smart Grid Forum 

Workstream 3 report (EA Technology et al, July 2012, Assessing the Impact of Low 

Carbon Technologies on Great Britain’s Power Distribution Networks). 

Using the model to help with the design of physical trials 

During the GBFM trials, it is intended to enable a modification of the power flow through 

the substation, by calling on one or more flexible resources, such that the total power 

through the substation or the circuits associated with the substation, does not exceed 

firm capacity, without having to reinforce the substation. It is not intended to use 

flexibility resources to enable a primary substation to operate outside of firm capacity4. 

It will be possible in the physical trials to place an arbitrary limit on the power that can 

be carried by the substation, hence to trigger a requirement for a flexibility resource, or 

to switch out a circuit and cause an N-1 state on a substation that is over firm capacity. 

It is unlikely that a fault situation will occur naturally on a substation during the trial. A 

simulation of a fault situation is by definition a contrived condition, hence the behaviour 

during that situation is unlikely to be completely reflective of the behaviour during a true 

fault condition. 

It will be impossible in the physical trials to run through every combination of 

circumstance and therefore to explore every requirement for calling on a flexible 

resource by each party. It will therefore be difficult to understand every circumstance 

under which a conflict for use of the resource between different parties will occur.   

A model of the market can be used to determine which circumstances should be 

investigated in the physical trials.  This model will require the following capabilities:  

                                                 
4 Security of supply is key to assessing the suitability of demand side resource. The 

current security standard for electricity distribution networks is ER P2/6. The core 

concept of ER P2/6 is the minimum demand that a network must be able to meet after 

an “N-1” outage. This standard applies where there is redundancy in the capability of the 

network. “N” represents the number of circuits and “N-1” is a fault situation where one 

circuit is unable to supply.  

This concept is easy to visualise when observing overhead power lines, which typically 

have three phase conductors (together constituting a 3 phase circuit) on each side of the 

tower. This is a dual circuit and provides redundancy. This concept is also carried 

through to transformers in substations. Typically a substation has two transformers, 

each sized to carry as a maximum, 50% of the load on the substation. Therefore in an 

“N-1” state, each transformer will be able to carry all the load on the substation. Broadly 

speaking, “Firm Capacity” is reaches when the maximum power flow through the 

substation is equal to the rating of one of the transformers. 
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  knowledge of the probability with which non-DNO parties require flexibility 

resource, how these requirements are likely to change over time (years), across 

GB;  

 ability to model typical network constraints and the growth of demands on the 

network due to low carbon technologies;  

 knowledge of the time-varying nature of demands on the network (half-hourly) 

and the time varying nature of requirements for flexibility from non-DNO parties 

(half-hourly); and  

 ability to model the likely incidence of network faults, using industry statistics.  

Given these characteristics, the model will step through all combinations of 

circumstances for calls on flexibility resources from the various parties and identify under 

which circumstances there is contention and how frequently these occur. This will inform 

the design of the physical trials which are to be explored in the project, make the trials 

much more valuable, by concentrating on the most material situations, and inform the 

market design activities.  

 

This techno-economic model of the market differs from, and will be informed by, the 

simulation and emulation work which will be carried out by Durham University. The 

simulation and emulation facilities at Durham University enable a detailed exploration of 

combinations of feeders which cannot, for reasons of cost, be realised in physical trials. 

The model that is proposed here is complementary. The outputs from the Durham 

University simulations would provide better estimates of network constraints on specific 

network elements under various circumstances, and the techno-economic model would 

extrapolate the effect of these constraints in combination with the requirements of the 

TSO and suppliers over wider areas (initially the Northern Powergrid network, ultimately 

GB) and time periods (e.g. STOR tender round periods). 

Aims of simulations using the techno-economic market model 

The simulations will have the following four aims:  

 to produce a rational, auditable estimate of the probabilities that the actions 

which flexible resources are called upon to make, are positive, negative or 

neutral from the perspective of each of the DNO, the TSO and suppliers or 

energy traders (for example, a call might be positive for TSO and supplier, but 

negative for a DNO, or positive for DNO and TSO, but negative for a supplier);  

 to estimate the probability that a flexible resource could be called on a 

network which is operating in an N-1 state;  

 to determine a likely market value of a DNO procurement of an alternative 

resource by a DNO, in the event that a flexible resource on a network in an N-

1 state is about to be (or has been) purchased by another party; and 

 to determine the financial value to a DNO of the flexibility market against the 

counterfactual of other approaches. 

The first two of these aims will help design the trials. The second two will ensure the 

Methods can be evaluated.  

Modelling and simulation milestones 

There are seven milestones to this work:  

1) the list of flexibility resources to be included in the model and the costs 

associated with their use will be defined; 

2) the probability that each flexibility resource will be used or reserved for use by a 

party in each season will be modelled; 
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 3) the Smart Grid Forum Workstream 3 model will be extended to provide the 

required functionality for the GBFM simulations; 

4) the probability of N-1 state within each season will be modelled for each 

representative network type; 

5) the probability that a flexibility resource called upon to operate by one party 

creates a negative impact on another party will be assessed; 

6) the cost of negative impacts identified in (4) (identified from the counterfactual 

alternative method(s) for dealing with the issue) will be assessed; and. 

7) the net benefits of the flexibility market will be estimated.  
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Appendix 9: Transfer into business as usual 

A move to a market approach to obtaining flexibility resources as an alternative to 

network reinforcement for DNOs would have significant implications for DNO businesses.  

An important output of the GBFM project will be a road map for the delivery of each of 

the Methods being trialled.  This will include definitions of the activities that would be 

required to prepare DNO businesses for a move to network operator sharing or to a 

market based approach. Cost estimates for these activities, which will inform the cost 

benefit analysis of the project, will also be produced.  

The CLNR project includes a set of activities which focus on transferring the learning that 

is being developed in the CLNR project into business as usual. This will include learning 

on DNOs’ use of DSR. A set of activities are required in the GBFM project to define what 

is additionally needed to build on the activities in the CLNR project and to ensure DNO 

businesses are ready to effectively and safely use flexibility resources which are 

contracted and dispatched via a market mechanism. 

This Appendix first introduces the asset life-cycle as a framework for considering the 

likely impact of the GBFM on business as usual for a DNO, and judges whether the 

impacts are high, medium or low for each phase of the asset life cycle. It then explores 

the likely impacts in more detail for the high and medium impact phases. Finally it 

proposes activities within the project to produce a roadmap to be followed in the event 

that the GBFM project recommends that a DNO engages with a market to access 

flexibility resources.  

Impact of GBFM on activities within a DNO business 

The activities which would be required to prepare the business are determined by 

consideration of PAS55 and the asset life cycle. Table A9.1 lists phases of the life-cycle 

and the level of impact of the GBFM outcomes on each of them. 
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 Table A9.1 Asset life-cycle phases 

Impact Asset life-cycle 

phase 

Comment 

L Investment 

Planning 

The impact will be relatively low when factored into the other 

investment drivers made by a DNO including Non-Load 

Related Investment, and other types of Load-Related 

Investment. Investment planning is a high level process and 

assumptions can be made without detailed knowledge of the 

solution and how it could be deployed – just that it exists and 

can be deployed X% of the time.   

M System 

Planning 

Fundamental change in one solution which can be applied, 

however it is only one of a suite of solutions. It will probably 

require a change to the Security Standard P2. It is recognised 

that there are other drivers for an update to P2, which is likely 

to happen within the lifetime of the project.  

M / H System Design It is likely to require a change in “mindset” of the system 

designers. 

H Procurement There will be an additional role for the Commercial team. 

Issues will include how flexibility would be treated for the 

purposes of regulatory income, how the DNO would interface 

with the market, and whether there will be an impact on 

DCUSA. 

L Construction Possible reduction in requirement for new build, no other 

change. 

L Commissioning  Possible reduction in number of assets being commissioned 

H Operation Significant impact on Control Room. Big “Trust” issue. 

Limited or no direct impact on fault teams and field staff. 

M Maintenance (Of Contracts). The GBFM solution will have a shorter 

timescale than reinforcement. 

L End-of-Life Covered within Procurement and Maintenance 

 

The phases which have been rated Medium or High impact are now considered further: 

System Planning 

It is likely that a change in the security standard (currently P2/6) would be required to 

enable DNOs to include flexibility resources that are accessed through a market or 

through sharing when assessing the ability of a network to provide continuity of supply 

in the event of a network fault. A review of P2 is planned and will happen regardless of 

the GBFM project. The extent to which the commercial arrangements which are being 

explored in the project require a change in P2 will need to feed into this process. 

Whether or not a change is required in the security standard, there will be required 

changes in System Planning activities to accommodate the potential use of flexibility 

resources which are accessed through a market in addition to, or in place of, network 

assets. System Planning is likely to become more probabilistic in nature.  
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 System Design 

System designers are not used to including flexibility resources when considering a new 

design or amending a network in response to a connection request. The use of storage 

and DSR is being considered in the transfer of aspects of the CLNR project to business as 

usual. However, an additional and complicating feature of the GBFM is the implication of 

accessing these resources through a market. 

Procurement  

There are likely to be significant changes in the entities with which a DNO would 

contract. So the commercial function of the DNO business will have an additional role. 

The treatment of “Totex” in DPCR5 allows commercial contracts for the use of resources 

in place of network capital expenditure to be included in the regulatory asset base.  

 How will storage resources be owned and operated? If the resources are DNO 

owned and operated, then how will conflicts between network engineering drivers 

and commercial drivers of the DNO be resolved?  If the resources are owned and 

operated by third parties, how will the network engineering requirements pass 

efficiently and effectively through the commercial interface? 

 In addition, will the interface with the market be through the DNO Procurement 

function and subject to more the general procurement rules and processes of the 

DNO, or will the interface with the market be with the Commercial and Regulatory 

Income function of the DNO? 

 It is possible that changes to regulatory structures may be required to implement 

the GBFM into Business as Usual. On the commercial side this might include 

changes to The Distribution Connection and Use of System Agreement (DCUSA). 

Operation  

The control room function would probably be significantly impacted by the GBFM. The 

control room would have to deal with the reality of calling on flexibility resources via the 

market when managing outages, and will be exposed to the impact of failure of 

contracted resources to respond. The GBFM will inform operation of the network in an N-

1 faulted state and it is anticipated that a revised planning standard would (presumably) 

accommodate a non-unitary probability of response of flexibility resources whilst 

providing an acceptable probability of continuity of supply in an N-1 state. The GBFM 

should also provide learning on the use of flexibility resources for managing outages. A 

probability of response of less than one means that from time to time a resource will not 

deliver as expected, which might still be seen as a failure by the control room and could 

colour the level of confidence which is held in this (new) resource.  There is likely to be a 

strong requirement for visibility within the control room of the resources which can be 

called upon and the likely / previous performance of those resources. There might also 

be an impact on the Call Centres’ activities. 

Maintenance (of contract) 

There is a material issue around the confidence that can be placed on the use of a 

number of resources that are accessed through a market and shared with other parties 

(assuming that these are in an appropriate location) compared with a single dedicated 

resource which is directly contracted. The timescales of “market” contracts are likely to 

be much shorter than asset lifetimes (e.g. National Grid run a number of tender rounds 

for STOR every year). Assuming that these confidence issues can be resolved, there 

could be a significant contract maintenance issue, when compared with the “fit and 

forget” of reinforcement. This would impact Commercial and / or Procurement 

departments.  

Regulatory issues  



 

 

Page 93  

 In addition to the internal business changes, there will be a need to interact with Ofgem 

to ensure that any regulatory changes that are required to implement the proposed 

changes can take place. These will be initially discussed on a bilateral basis and they 

could potentially be addressed through the Innovation Roll-out Mechanism, which is 

proposed as part of the Innovation stimulus package in RIIO-ED1. Any learning 

implemented during RIIO-ED1 will of course be built into planning assumptions and 

solutions for RIIO-ED2. 

Activities proposed for the GBFM project 

The GBFM project will not directly address the issues described in outline above. Rather 

the project will investigate the materiality of the issues that have been identified, flush 

out any additional issues and produce a roadmap for implementing the recommendations 

of the project. It will also produce cost estimates for implementing the roadmap, which 

will inform the cost benefit analysis to be carried out within the GBFM project. 

The proposed activities are now described for each of the asset life-cycle phases which 

have been rated Medium or High impact. For each stage, estimation of activities, 

resource requirements and timescales would also be included. 

The following activities are proposed for System Planning:   

 understanding of the extent to which a change in the security standard (currently 

P2/6) would be required to enable DNOs to include flexibility resources that are 

accessed through a market when assessing the ability of a network to provide 

continuity of supply in the event of a network fault; 

 identification of the  changes to Northern Powergrid policy and procedure 

documents that would require changes to implement the outcomes of the GBFM 

within BAU System Planning activities;  

 production of a document describing how the GBFM could impact on system 

planning; 

 identification of enhancements to the planning processes and to the tools which 

support these processes which would be required; and 

 identification of education and training requirements for System Planners and 

production of an education and training plan. 

Three activities are proposed for System Design:  

 identification of the changes to Northern Powergrid policy and procedure 

documents that would require changes to implement the outcomes of the GBFM 

within BAU System Design activities;  

 identification of enhancements to the system design processes and to the tools 

which support these processes which would be required. Estimation of activities, 

resource requirements and timescales for implementing the enhancements; and 

 identification of education and training requirements for System Planners and 

production of an education and training plan.  

The following activities are required for Procurement:  

 planning, carrying out and documenting engagement with relevant staff within 

the Customer Operations Directorate, Regulation Directorate and Procurement. 

The aims of this engagement would be: 

 communication of the possible outcome of the GBFM and what this could 

mean for the operation of a DNO, including the impact of short-term 

contracts agreed via a market; 
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  identification of requirements and barriers to engaging with a flexibility 

market, from the perspective of each Directorate (or section within each 

Directorate); and  

 exploration of the materiality of issues raised;  

 organisation of a workshop to present the findings, debate and agree 

responsibilities of different areas of the business when interacting with a flexibility 

market; 

 identification of any changes to commercial /regulatory / procurement procedures 

and systems that would be required to facilitate engagement with the flexibility 

market; 

 identification of timescales for revising descriptions of responsibilities, any 

organisational structure changes and implementing the changes, including any 

formal consultation that is required; and  

 identification of education and training requirements for commercial engineers / 

contracts managers / procurement specialists and production of an education and 

training plan.  

For operation, the following activities would be required: 

 production and circulation within Northern Powergrid, of a document describing 

how the GBFM could impact on control and operation of the network; 

 one or more workshops with staff to communicate the possible outcome of the 

GBFM and what this could mean for the operation of a DNO. These workshops 

would aim to paint potential scenarios, identify the concerns of staff, that are 

associated with the control function, over any perceived change of risk which is 

associated with the GBFM; and understand which issues are most important; 

 assessment of how to address the identified material risks and enable practical 

roll-out; 

 identification of education and training requirements for staff associated with the 

control function and produce an education and training plan. This should include 

“learning by doing in a safe environment”; and 

 identification of any changes that control engineers require to provide them with 

a timely view of the status of available flexibility resources and how these could 

affect network status and planning for changes to ENMAC and / or GUS. 

In addition the following regulatory activities would be required:  

 contribution to industry group in drafting of revision to the security standard P2 

(if required); 

 contribution to industry group advising and interacting with DCUSA ltd (if 

required); and  

 interactions with Ofgem to discuss regulatory impacts. 

Overall this would allow the consolidation of the outcomes of the activities into a 

coherent plan, recognising synergies which could be used to make the transfer into BAU 

more efficient and effective than a piecemeal approach. A timeline and phased cost 

estimate for transfer into business as usual could then be produced. 
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Appendix 10: International review 

We have carried out a review of international experience of flexibility markets which 

include DSR. This review aims to ensure we can build upon lessons learnt from the most 

important existing flexibility markets, and that we are not duplicating work in this area. 

The review looks at experience from the following markets and trials:  

 Existing markets: PJM, California ISO and ERCOT in the USA; AESO in Canada; 

Nord Pool in Europe; France’s market; and the National Electricity Market in 

Australia.  

 Trials: the Twenties virtual power plant (VPP) project in Denmark;  National 

Grid’s Demand Turndown trial;  ISO New England’s Pilot Programme; and  the 

ADDRESS project in Europe.  

While the review aims to cover the main existing flexibility markets, we intend to 

investigate international experience further once the main project begins.  

The following main messages were found in the review.  

While there is some international experience of running or trialling flexibility 

markets which include DSR, new learning will be provided by the GBFM due to 

its core focus on reducing distribution network costs. Most other markets have 

focussed on the provision of balancing services. 

 Flexibility services such as DSR have been included in a range of electricity 

markets. For example, PJM in the USA includes DSR in its real-time and day-

ahead energy and reserve markets. However, this market is not focussed on 

reducing distribution network costs.  

 The Twenties project set up and is running a virtual power plant (VPP) in 

Denmark, which provides ancillary services to the Danish transmission system 

operator. This market differs from the GBFM in that it does not focus on reducing 

distribution network costs.  

 The Australian Energy Market Commission (AEMC) reviewed participation of DSR 

in the National Electricity Market (NEM).  The aim was to improve efficiency of 

investment in electricity services including the distribution network (Crossley, 

2011).  

Existing flexibility markets have included a broad range of flexibility providers 

from the demand side. However, we did not find any evidence of electricity 

energy storage (EES) participating in these markets. For example, the VPP set up 

in the Twenties project includes (amongst others) heat pumps, drain pumps, diesel 

generators and hydro power units. 

DSR may be best suited to providing ancillary services that do not require a 

very fast response. Some markets, for example AESO, exclude DSR from providing 

services which required a response within seconds of the resource being notified, such as 

frequency response. PJM allows DSR to provide services requiring a rapid response, but 

current participation by DSR resources in this part of the market is low. For example, no 

DSR cleared in the day-ahead scheduling reserve (DASR) market in January – March 

2012. 

Reliability requirements may be a barrier to flexibility providers competing with 

traditional providers of these services. PJM limits participation by demand resources 

in some of its markets to 25% of the total procurement in each region. Demand 

resources in PJM’s synchronised reserve market are all allocated a lower priority, and are 

only used in periods where higher priority resources (such as generation) are insufficient 

to meet the reserve requirement. National Grid’s Demand Turndown trial found that the 
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 DSR delivered when units were called upon was 47 – 83% of the amount declared 

available. ISO New England’s trial found low reliability of small demand resources when 

they were called upon frequently to provide ancillary services in emergency conditions. 

There was limited information on the reliability of DSR in other markets.  

Arrangements for providing DSR need to be carefully designed, as there may be 

logistical or information barriers. National Grid found that, despite high initial 

interest from aggregators, actual participation in its Demand Turndown trial was lower 

than designed for, due amongst other reasons to resourcing difficulties over the relevant 

timescale. Participation by DSR in PJM’s electricity markets has increased over time since 

their initial inclusion, and in the Nordic and Texas electricity markets, demand resources 

represented around half the total requirement for contingency ancillary services (Heffner 

et al, 2007).  

Most markets have defined DSR participation relatively narrowly. There was 

typically one purchaser of flexibility in the markets we found, and relatively narrow 

product definitions. For example, DSR resources in PJM’s markets are required to be 

enrolled in their Economic Load Response programme to qualify for participation, with 

further restrictions in individual markets.  

The preferred remuneration arrangements for supplying flexibility may differ 

between types of provider. The Twenties project found that production units in the 

VPP knew the structure of the electricity markets well, and expected payment for their 

services to correspond closely to market prices at the time of delivery. In contrast, 

consumption units knew the structure of the electricity markets less well, and valued 

predictability of payments. As a result, the settlement arrangements differed between 

production and consumption units. Similarly, a review by Heffner et al (2007) found that 

demand resources providing ancillary services preferred a steady revenue stream. This 

difference in the expectation of parties suggests that outcomes could benefit if an 

intermediary such as the GBFM platform was introduced.  
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Appendix 11: Potential collaboration with UK 

Power Networks  

In this Appendix, we discuss the potential for collaboration with UK Power Network’s 

Smarter Network Storage (SNS) project, which is also bidding for Tier 2 LCNF funding 

this year. UK Power Networks and Northern Powergrid have jointly identified potential 

synergies between the SNS and the GBFM projects.  

Specifically, Northern Powergrid and UK Power Networks (UKPN) offer the opportunity 

for some work activities to be undertaken jointly during the detailed design phases of 

systems. The benefits of this are that it will ensure common interfaces and data 

exchange requirements are considered and developed in a way that supports future 

integration. Any costs of future integration towards an end-to-end efficient market 

system for flexibility could therefore be minimised. 

Both projects aim to address current challenges in unlocking the full value of electrical 

energy storage (EES) capacity. They will assess how EES capacity can support the needs 

of distribution networks while maximising the potential value for other parts of the 

electricity system. The projects will help to understand the feasibility of future business 

models and technical solutions which could allow energy storage to play its part as a 

source of cost effective flexibility on the electricity system. The collaboration could 

potentially unlock significant benefits, providing both projects with the opportunity to 

develop, challenge and agree concepts and conclusions using the resources and 

experience of both companies. 

The Northern Powergrid CLNR project is developing control systems that will support the 

use of storage capacity for DNO requirements. In the GBFM project, technical and 

commercial systems which allow services from this storage to be shared and traded with 

other parties will be trialled. The smart control and optimisation system proposed within 

the SNS project will also support the use of storage capacity for DNO requirements, 

while also allowing automated optimisation and scheduling of this flexibility for other 

system participants. The SNS system aims to improve the efficiency and increase the 

value that can be delivered by the storage by allowing it to be used by other parties 

when unused by the DNO.  The systems being trialled in both projects, underpinned by 

new control room functions, will be important at the distribution-network layer in the 

future, when more active DSO’s or third-party providers may have portfolios of flexibility 

sources including storage and DSR. The opportunity for the projects to collaborate, 

sharing previous CLNR experience and combining SNS & GBFM resources, could benefit 

both projects. In addition, the dissemination process would be enhanced if jointly 

produced and presented by UK Power Networks and Northern Powergrid. 

Initial discussions between UK Power Networks and Northern Powergrid on the potential 

for collaboration have taken place at a conceptual level. The option of fully integrating 

the two projects to deliver cost reductions has not been considered on the basis that the 

GBFM project already has significant delivery complexity with seven strategic partners 

and five collaborators, and the SNS project will resolve specific network constraints 

which requires the installation of localised assets. However, at this stage, we expect that 

considering interfaces and integration during the design phases and delivering joint 

dissemination sessions would not result in an increase in cost across the two projects. 

Our view is that this collaboration would help increase overall benefits and contribute to 

a more rapid transition to a low carbon economy. 




