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Executive Summary

As we move towards a decarbonised, smart electricity sector, 

all eyes are on the role that storage, especially batteries, can 

play in the GB electricity system as a source of flexibility to 

complement a low carbon generation mix. 

Smarter Network Storage (SNS) project a pioneer demonstration 

project, testing the deployment of grid scale battery storage 

and its utilisation for a range of services. It explored the 

capabilities and suitability of a 6MW/10MWh advanced Li-ion 

storage device for deferring traditional network reinforcement, 

while also accessing multiple ‘stacked’ benefits, thereby 

maximising value from alternative revenue streams across the 

services provided.

The project began in 2013 and has moved through planning, 

construction and operation phases to its conclusion as a 

demonstration project at the end of 2016. The project has 

given unique insights into the development of a grid scale 

battery storage device and its operation in the GB commercial 

and regulatory arrangements. This report is the final SDRC 

publication for the project and highlights the insights gained 

from the final stages of the project.
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Design, planning and construction experience provides 

a roadmap for development of distribution connected 

storage projects

The project highlighted important factors to consider in the 

design and planning of large-scale distribution-connected 

storage. The main learning points centred around approaches 

for procurement and the selection of a storage technology 

provider. Additionally, the project has outlined the need to take 

due regard in all aspects of local authority planning, including 

the need to be vigilant on reviewing local plans and ensuring 

that a planning application is robust on submission. 

 

Software solutions have allowed for optimisation of the 

battery operation and integration into network operation

One key part of the project was to develop a novel IT platform to 

enable the shared use of energy storage capacity which can 

optimise the value of an installation by scheduling a range of 

commercial services, whilst also managing network constraints 

effectively. 

Using a range of available data, including historical customer 

electricity demand and weather forecast information, the 

Forecasting, Optimisation and Scheduling System (FOSS) was 

developed to forecast local electricity demand at the site and 

consider when network support is likely to be required and 

what other available services can be performed. FOSS then 

generates an optimised schedule for the storage device, which 

dictates how it should operate, and seeks to maximise the value 

of the storage capacity within the constraints of the network.

The ability for the battery to provide peak load 

management and act as an alternative to reinforcement 

has been proven

The capability of the battery to support the distribution network 

and defer reinforcement by providing peak shaving when 

required has been demonstrated. It was shown that the battery is 

effective in providing the peak shaving service and it is suitably 

sized, both in terms of power/energy but also in terms of 

building capacity for potential upgrade, to ensure that future 

load growth can be accommodated.

Trials confirmed that storage is also able to provide services 

to the market

Commercial trials have proven that the battery is also fully 

capable and reliable in providing reserve and response services to 

the Transmission System Operator (TSO) as well tolling services to 

electricity suppliers. The trials also demonstrated that storage is a 

multi-purpose technology, capable of doing different things at 

the same time. This delivers technical benefits in terms of 

synergies between the applications and services that storage 

can provide and commercial benefits given the ability to stack 

revenues from multiple applications.

Both DNO-led and third party business models can work 

Assessment of DNO-led and third party business models for 

the deployment of distribution connected storage provided 

insights into requirements needed to make different business 

models work. 

In all cases, battery costs, while falling, are still the most 

significant driver of business case viability. The amount of capex 

incurred is affected by battery sizing conditions, specifically 

the MW:MWh ratio of the battery. SNS is sized at 6MW:10MWh 

to give a discharge duration in excess of 1.5 hours in order to 

cover the peak on a typical winter business day. This allows 

SNS to provide a peak shaving service for the DNO. However, 

this flexibility results in a higher battery cost compared to an 

asset with a shorter discharge duration requirement. At present, 

frequency response is the key market for storage and, therefore, 

the market is responding to these requirements by developing 

shorter duration projects. This offers a significant cost saving 

in terms of capex incurred. 

Targeting and capturing value from the current balancing 

services is essential for project economics in all the cases 

services is essential for project economics in all the cases 

considered. The rationale for this is understandable. However, 

it makes a project founded on the provision of a specific service 

sensitive to the future evolution of that service. If multiple 

Lessons learned
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providers follow the same strategy and chase value in the same 

service or if the requirement for that service decreases, then 

value associated with that service could drop below expectations, 

compromising project economics. If an asset’s specifications 

are such that it lacks flexibility to respond to evolving market 

conditions, then the potential downside risk may adversely 

affect the business case.

There is a balance to be struck between pursuing short-term 

value and catering for longer-term uncertainties. This balance 

can be helped by improving access to value from DNO services. If 

third parties are able to offer DNO services and realise value 

from them, this offers an additional revenue stream to enhance 

project economics.

Regulatory issues can have an impact on the uptake of 

storage solutions for network management 

Electricity storage is not explicitly recognised as a discrete activity 

or asset class in the GB and EU legal frameworks. In the absence 

of an alternative option, storage is treated as a type of generation 

asset. This is a feature of history through the liberalisation process 

rather than a deliberate design choice. Nevertheless, treatment of 

storage as generation is a pervasive issue which has a ripple 

effect on ownership and operation options.

There is consensus across recent statements and documents 

that the current treatment of storage within the legal and 

regulatory framework is unsatisfactory and acts as a barrier to 

more widespread deployment of storage in GB.1 In response, 

there is a coalescence of views that something must be done 

to clarify the treatment of storage and to create an appropriate 

framework for it, as evidenced by the recent Department for 

Business, Energy and Industrial and Strategy (BEIS)/Ofgem call 

for evidence2.

1 ‘Smart Power’, National Infrastructure Commission, March 2016.
2 BEIS/Ofgem Call for evidence for a smart flexible energy system, November 2016
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Looking forward

Storage delivers value to the system

Whole-system economic benefits of energy storage originate 

from a variety of sources: 

a)  operating cost savings due to increased utilisation of   

  Renewable Energy Sources (RES) and other low-carbon   

  technologies and reduced use of conventional generators  

  for system balancing; 

b)  generation cost savings due to avoided investment in   

  backup and peaking capacity; and 

c)  distribution investment cost savings due to avoided   

  reinforcement of the grid to accommodate demand increase  

  and deployment of distributed photovoltaic (PV) generation.

Flexible investment options such as energy storage also 

possess a significant option value due to their ability to defer 

and/or avoid premature commitment to capital projects, such 

as upgrades of distribution grid in the face of uncertain future 

evolution of demand and distributed generation capacity. 

In addition to cost savings, the availability of energy storage 

also enables system carbon intensity to be substantially reduced.

Significant quantities of cost efficient distributed energy 

storage possible by 2030

In 2030, in a setting characterised by a high share of renewables 

based on National Grid’s ‘Gone Green’ scenario3, the cost 

efficient market volume for distributed energy storage is in the 

range 8GW to 19GW depending upon the cost of storage, as 

shown in Figure 1.

  

Figure 1: Changes in generation mix and annual output when distributed storage can be added to the system (source: Imperial College)

3 ‘Gone Green is one of National Grid’s Future Energy Scenarios. Details can be found at http://fes nationalgrid.com/
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The diversity of storage interests and its uses influences its 

future role 

Storage can be put to a wide range of uses, as previously 

mentioned. This diversity means that all types of participants 

within the sector can have an interest in storage, either as an 

owner/operator or a user. Differing scales of storage also exist, 

ranging from domestic installations through to grid-scale projects. 

The multi-application, multi-stakeholder and multi-scale nature of 

potential storage projects creates an interlinked environment, in 

which there are interdependencies between the deployment of 

different types of storage for different purposes.

Future pattern of deployment will be split across user-led, 

DNO-initiated and market driven projects 

Storage deployment is expected across three types of drivers:

• user-led projects, which allow for ‘behind the meter’   

 applications that offer the user flexible benefits, such as   

 managing energy costs and complementing on-site   

 generation capabilities;

• DNO-initiated projects, for which the primary application is  

 provision of services to a distribution business such as peak  

 load management (to avoid conventional reinforcement)   

 and voltage services; and

• market-driven projects, which target provision of balancing  

 services or bulk energy flows.

Expectations are that growth in the short-term will focus on 

market-driven and user-led projects. The current trend for projects 

to be developed in response to requirements for TSO services, 

as has been seen with Enhanced Frequency Response (EFR), 

appear set to continue, with further projects developing in 

response to balancing service requirements and signals from 

the TSO. Similarly, deployment of behind the meter, user led 

projects is also expected to increase in response to commercial 

incentives for end-users. Growth in these areas is expected to 

come at the expense of DNO-initiated projects, given the absence 

of framework to facilitate such projects.

In the short-term, despite the potential system benefits that 

DNO-initiated projects offer, they are not expected to be 

forthcoming. This is linked to the signals already emerging 

from the market for other types of project and the regulatory 

arrangements that surround DNO-initiated projects. DNOs are 

restricted in terms of their ability to own or operate storage 

and, unlike with TSO services, there are not currently adequate 

mechanisms in place to signal the potential value to a DNO of 

a storage service or established routes by which to procure such 

services. However, as the DNO model evolves into a framework 

that supports the Distribution System Operator (DSO) model, 

then DNO-initiated projects are expected to be more forthcoming.

Challenges to future deployment growth exist

To date, there has been limited coordination between TSO and 

DSOs in respect of the adoption of storage technologies and 

the integration of storage into the system. TSO requirements are 

driving developments at the moment, with limited consideration 

of the effects of meeting these requirements on the distribution 

systems or opportunities for synergies. Improved coordination 

between the network businesses in respect of storage will help to 

avoid conflicts and unintended consequences. 

Building on this, given the potential role that storage can play 

in developing a more flexible grid, the absence of a coordinated 

strategy for future deployment risks delivering a mix that does 

not fully capitalise on the benefits that storage can offer the system.
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Policy recommendations

To help promote the deployment of batteries in the best interest 

of GB consumers, the System Operator and DNOs, both today 

and in the long term, the following recommendations are made:

Whole system approach to service and product design to 

integrate battery storage effectively

The whole system analysis clearly demonstrates that energy 

storage can bring benefits to several sectors in the electricity 

industry, including generation, transmission and distribution. 

However, the present market and regulatory barriers may prevent 

the realisation of the quantified system value. Development of 

a fully cost reflective market and effective regulatory frameworks 

are needed to ensure that the commercial incentives in investing 

and operating energy storage are aligned with the societal 

benefits that energy storage may deliver.

In order to better optimise the value of storage to the range of 

parties and the system as a whole, it is important for the 

commercial and regulatory frameworks to take these conflicts 

into consideration. 

The first issue to focus upon in this context is coordination 

between the potential users of storage. Coordination between 

relevant stakeholders can be delivered through a form of 

shared services framework, which defines call-off rights and 

priorities between the relevant stakeholders. 

The second issue to consider is pricing signals emerging from 

the range of products. It is important to ensure that there are 

appropriate price signals to make sure that storage can be 

optimised and provide its services into markets where its 

capability is most valued. This includes appropriate recognition 

of the value of services delivered to the DNO.

This framework will improve the potential for the suite of market 

signals across the range of services to give a more robust basis 

upon which to make decisions regarding asset sizing, location 

and technical specifications. That is, such decisions can be taken 

recognising the possible value across the range of stakeholders 

and services.

Improve visibility of opportunities for batteries to provide 

services to DNOs and promote contestability

Where distribution businesses identify the potential for storage 

(or other non-conventional solutions) to deliver network services 

and/or offset conventional reinforcement as the least cost option 

for consumers, then these opportunities should be highlighted 

and opened up to third party providers through a competitive 

process. This will allow third party providers to lock in a revenue 

stream via a contract with the DNO, which supports its project 

economics, as well as avoiding the costs of reinforcement, 

which delivers benefits to consumers. The value of such a 

contract needs to be set such that it recognises the value of the 

peak load services that it is able to provide.

Explore the possibility to provide access to longer-term 

contracts to improve revenue certainty and mitigate risk

If battery projects are able to access longer-term contracts for 

the provision of services, this will help to improve future revenue 

certainty and so mitigate project risk. This should help to lower 

third party capital costs, improving project economics. Access 

to longer-term certainty could be provided through balancing 

services contracts, arrangements with DNOs for service provision 

(as discussed above) or the accessibility of storage to the capacity 

market, where the duration of the load following obligation is 

unclear, exposing storage to the risk of non-delivery penalties.

Define storage as a distinct activity to enable the market 

In the absence of a definition within legal, regulatory and 

commercial frameworks, the treatment of storage is unclear. 

Formalising storage as a distinct activity within the frameworks 

allows storage to be accommodated appropriately in policy 

and product design documents as an activity in its own right. 

Defining storage as a distinct classification will allow existing 

shortcomings within the regulatory arrangements to be 

addressed. For example, the exposure of non-licence holding 

storage assets to environmental levies through their retail 

tariffs when charging.
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Develop a strategy for the introduction of electricity storage

The government and the regulator are working jointly in defining 

how best to address the future of storage in GB. A strategy for 

the development of electricity storage should be based on a 

holistic approach. For GB, national energy policy is set by BEIS, 

and regulated by Ofgem and it is encouraging to see a  

co-ordinated approach underway, with several initiatives, including 

the call for evidence for smart flexible energy system4.The 

DNOs should consider how to support a strategy that ensures: 

a)  that the networks are assessed holistically to take account  

  of the range of benefits from electricity storage; and

b)  co-ordination of distribution/transmission connected   

  storage assets to maximise benefit.

 

4 BEIS/Ofgem Call for evidence for a smart flexible energy system, November 2016
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Introduction
1



1.1 The rise of storage

The evolution of the GB electricity sector into a low-carbon 

power system in the coming decades is associated with 

significant challenges. Meeting the ambitious carbon emission 

reduction targets will require an increased deployment of 

low-carbon power generation technologies. The UK’s electricity 

sector is expected to deliver significant reductions in its carbon 

emissions already by 2030, which will require a rapid 

expansion of renewable generation technologies as well as 

nuclear and potentially carbon capture and storage generation, 

whilst at the same time enabling the electrification of 

segments of heat and transport sectors. Technology options 

such as energy storage, demand-side response (DSR), flexible 

power generation and electricity interconnectors could provide 

the flexibility required by the future lower carbon energy 

system. In this context, all eyes are on the role that storage, 

especially batteries, can play in the GB electricity system. 

Policy makers acknowledge the importance of storage in the 

future energy system. 

The government has identified energy storage as one of the 

‘Eight Great Technologies’5, linked to its potential use in the 

electricity sector as well as other applications. The National 

Infrastructure Commission highlights the importance of storage 

in delivering a more flexible, efficient and cost-effective 

electricity system6 and the ‘enormous potential to make 

storage technologies an integral part of our networks’. This is 

echoed by Ofgem, which acknowledges that ‘storage could 

potentially play a significant role as a new provider of flexibility 

in the electricity system’.7 In support of this, the work of the 

DECC/Ofgem chaired Smart Grid Forum8 recommends a series 

of regulatory and commercial enablers to help facilitate an 

active role for storage in recognition of its status as one of the 

key smart interventions likely to be required in the future 

smart grid9.

Interest in battery projects is increasing as costs have fallen, 

with expectations of further cost reductions in the coming years. 

This is particularly the case for Lithium-ion (Li-ion) batteries, 

which have widespread applications in electronics and 

automotive sectors, as well as grid scale storage, offering 

economies of scale in production. Tesla’s ‘Gigafactory’ looks 

set to continue this trend, with the promise of producing, 

from 2020, more Li-ion batteries annually than were produced 

worldwide in 201310.

National Grid is also looking to make use of the technical 

capabilities offered by battery storage to balance the system 

now that there are more intermittent sources of generation. 

To match its requirements with the flexibility that storage 

provides, it has introduced the EFR  service. EFR is aimed 

predominantly at storage assets to provide frequency response 

in one second or less. The recent tender to secure 200MW of 

capacity attracted interest from over 70 projects with a 

cumulative capacity in excess of 1.3GW11,11 highlighting the 

interest from storage developers. This is the first signal of a 

specific revenue stream that has triggered such interest.12  

The combination of circumstances surrounding battery storage 

has heightened interest in potential new grid scale projects. 

Across its three distribution networks and over the 11 months 

to November 2016, UK Power Networks has received over 

600 storage connection requests with a cumulative capacity 

of over 11GW.  

5 https://www.gov.uk/government/publications/eight-great-technologies-infographics
6   ‘Smart Power’, National Infrastructure Commission, March 2016.
7  ‘Making the electricity system more flexible and delivering the benefits for consumers’, Ofgem, September 2015.
8   The DECC/Ofgem Smart Grid Forum was created by the Department of Energy and Climate Change (DECC) and Ofgem to support the UK’s transition to a secure, safe, low  
 carbon, affordable energy system.
9   ‘The customer-focused smart grid: Next steps for regulatory policy and commercial issues in GB; Report of Workstream Six of the Smart Grid Forum’, 2015.
10   https://www.teslamotors.com/en_GB/gigafactory
11   www2.nationalgrid.com/Enhanced-Frequency-Response.aspx  
12   The EFR tender process has reached its conclusion since the analysis prepared in this report was undertaken. The price attached to accepted tenders for provision of EFR is  
 £10-15/MW/hour lower than assumed in this analysis. However, the average price across all tenderers (successful and unsuccessful) does align with the assumptions made 
 in this analysis. 
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1.2 How does the Smarter Network Storage project fit in?

The SNS project is a pioneer demonstration project, testing 

the deployment of grid scale battery storage and its utilisation 

for a range of services with viability investigations of different 

business models. It is exploring the capabilities and suitability 

of a 6MW/7.5MVA/10MWh advanced Li-ion storage device 

for a number of system applications, identifying the 

requirements, potential value and benefits to the whole 

electricity system.

1.3 Purpose and structure of this report

This report evaluates the achievements of SNS and is the final 

output from the SNS project. It contains information 

generated through and learning gained from the SNS project 

that seeks to:

• provide a summary overview of the SNS project (see   

 Section 2); 

• validate and assess which future business models for   

 storage are viable (see Section 3);

• inform the ways in which storage can be most economically  

 incorporated into future DNO business plans (see Section 3);

• provide assessment of the value of energy storage in the  

 context of the changing power system (see Section 4);

• inform the design and structure of future products or   

 services that storage may provide (see Section 4); 

• consider the future for storage (see Section 5); and

• collate policy recommendations stemming from the issues  

 covered in this report (see Section 0). 

Each of these topics is summarised in this document, drawing 

on material presented in full in other reports produced as part 

of the SNS project. Cross references to supporting documents 

are provided to allow interested parties to explore these 

documents in their entirety. 

In addition, this report contains two appendices:

• Annex A informs stakeholders on the software platforms  

 deployed as part of SNS;

• Annex B also provides an overview of learning from   

 previous SNS reports.

This report is the final SDRC publication for SNS, highlighting 

the insights gained from the final stages of the project. The 

mapping between SDRC criteria and relevant section of this 

report is provided in Table 1.

SDRC requirements Evidenced in SDRC 9.8

Validate and assess which future business models for storage 
are viable

Inform stakeholders on the commercial arrangements and 
software platforms necessary to enable these business models

Inform the ways in which storage can be most economically 
incorporated into future DNO business plans

Assessment of the impact of different future market scenarios 
on the business cases

Compare the performance and value of storage flexibility to 
other forms of flexibility

Inform the design and structure of future product or services 
that storage may provide to DNOs and TSOs

Section 3 of SDRC 9.8. This section is an extract from the 
Business Case of Storage report

Software platforms can be found in Annex A
Commercial arrangements can be found in Annex B.1.3

Section 5 of SDRC 9.8

Section 4 of SDRC 9.8

Section 4 of SDRC 9.8 

Section 6 of SDRC 9.8
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What is the Smarter 
Network Storage project?

2



2.1 Project concept

Building on the earlier, smaller scale UK Power Networks led 

battery project at Hemsby, the SNS project is a pioneer 

demonstration project, testing the deployment of grid scale 

battery storage on the distribution system. Specifically, SNS 

was developed to trial primarily how energy storage could be 

used as an alternative to traditional network reinforcement 

whilst also being utilised for a range of other system-wide 

services in a variety of business models. 

To do this, SNS sought to consider the suitability of storage for 

providing multiple services to the system, the potential 

revenues available from different uses, the viability of different 

business models and the barriers within the regulatory 

frameworks to deployment of storage in such business models. 

Therefore, SNS was designed to explore the technical, commercial 

and regulatory feasibility of the application of grid scale storage.

2.2 SNS characteristics

The SNS project involves the installation of a grid-scale 

6MW/7.5MVA/10MWh advanced Li-ion storage device on UK 

Power Networks’ network. The facility is connected to the 

11kV side of UK Power Networks’ Leighton Buzzard 33/11kV 

substation.

Experience from the SNS trials provides unique understanding 

of the commercial deployment of such a facility. SNS is 

designed to provide multiple services to the electricity system 

as shown in Figure 2, with the primary applications being 

deferral of distribution network reinforcement (i.e. peak 

shaving) and secondary applications being reactive power 

support, frequency control, reserve, Triad avoidance and tolling.

Figure 2: Services and beneficiaries provided by the Energy Storage System (ESS) of the SNS project

ENERGY
SUPPLIER

- Tolling

TSO
- Frequency 
Response
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DNO
- Peak Shaving
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2.3 SNS software solution

Operation of SNS relies upon a Smart Optimisation and Control 

System (SOCS) software solution to support the day-to-day 

operation of the energy storage device. The complete solution 

performs a variety of tasks including scheduling the services 

on the storage device and controlling in real-time the storage 

device. There are three main different subsystems that 

comprise the SOCS solution:

1.  Forecasting, Optimisation, Scheduling System (FOSS):   

  this system is responsible for forecasting the demand at  

  Leighton Buzzard and produce an optimised schedule for  

  the operation of the energy storage system. The optimised  

  schedule ensures that the storage system is available to  

  support the local network by providing peak shaving   

  when required while providing for the remaining time   

  the most profitable services to maximise the value from  

  its operation.

2.  Battery Energy Storage System Management (BESSM):   

  this system is responsible for the real time monitoring   

  and control of the battery system. It executes in real-time  

  the optimised schedule that it receives from FOSS.

3.  Ancillary Services Provider (ASP): this system/agent is   

  the intermediary between the battery owner and the   

  Transmission System Operator (TSO). It is responsible for  

  declaring the availability of the storage system in ancillary  

  services markets, trigger dispatch of storage in real-time  

  when required and collect data on the delivery of the   

  services declared to the TSO.

These subsystems produce outputs that require inter-

communication to facilitate the ultimate action of dispatching 

the energy storage device. The communication between these 

sub-systems is facilitated via the SOCS messaging system.

Annex A provides insights and lessons learned in relation to 

the FOSS, the BESSM and the SOCS messaging system. 

2.4 SNS learning

Experience from SNS provides learning in respect of the 

following:

• planning, designing and constructing a grid scale battery  

 project in GB;

• developing a new optimisation and control system and   

 trialling the commercial arrangements for shared use of   

 energy storage;

• demonstrating how 6MW/10MWh of Li-ion storage can be  

 deployed on the distribution network to support security  

 of supply;

• trialling the multi-purpose application of storage for a   

 range of different system benefits to help maximise value  

 e.g. investment deferral and ancillary services and   

 associated commercial arrangements; 

• understanding of the opportunities and challenges for   

 different business models; and

• identifying barriers within the regulatory and legal   

 framework to the deployment of distribution connected   

 storage and proposing suggested measures to address   

 these barriers.
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What business models 
are there and how do 

they perform?

3



3.1 Introduction

Market interest in new storage projects is increasing rapidly as 

technology costs fall and the range of applications that storage 

can fulfil, such as the new EFR service13, increases. However, 

the business case for grid scale storage remains complex, 

largely because storage is flexible and can be used for multiple 

purposes. With a range of possible services, the business case 

for distribution connected storage is typically multi-layered, 

with several distinct components in the value stream, typically 

involving multiple parties. This makes the business case 

difficult and complicated to construct and understand. 

The SNS project has considered different business models for 

distribution connected storage at a conceptual level and has 

tested specific business cases drawing on insights from the 

commercial trials of the facility and the revenue streams that 

SNS was able to obtain. 

A report prepared by Pöyry Management Consulting and 

Baringa, alongside UK Power Networks, entitled ‘The Business 

Case of Storage based on evidence from UK Power Network’s 

SNS project’14 contains a detailed write up of business case 

analysis undertaken as part of the SNS project. The focus of 

the report is to assess the potential value of different business 

models for grid scale storage on the distribution networks, 

drawing upon evidence from the trials. The ability to harness 

this actual operational experience makes this report the first 

of its kind. The assessments made in the report are site specific, 

and so not necessarily replicable to other sites, and the report 

in no way makes recommendations on ownership of 

distribution connected storage. 

3.2 Business models for distribution connected storage

Earlier phases of the SNS project identified five potential 

business models for distribution connected storage, as 

summarised in Table 215. Two models in particular are being 

tested through the SNS demonstration; ‘DNO contracted’ and 

‘contracted services’, as they are the most viable options within 

the current commercial, regulatory and legal framework. The 

DNO merchant model was excluded mainly because of the 

requirement for the DNO to build a trading capability and take 

wholesale market risk. The DSO model, while attractive in 

principle was excluded because the underlying regulation 

that would define this model has yet to be developed. The 

Charging Incentives model was excluded because it provides 

no guarantee of the storage being built or, once built, being 

available to provide network security.

These DNO contracted and Contracted services models differ 

in several important regards:

• Ownership:

 - DNO contracted: storage asset owned by the distribution  

  business;

 - Contracted services: storage asset owned a third party;

• Operation:

 - DNO contracted: DNO has full control and realises value  

  from the avoided conventional reinforcement and   

  deployment for security of the system. The DNO can also  

  provide access to the device to third parties for commercial  

  services outside windows when the asset is needed for  

  network system security purposes;

 - Contracted services: third party has operational control,  

  with a contract in place to provide required services    

  to the distribution business for system security and   

  management purposes, while seeking to capture additional  

  revenue streams from provision of commercial services.

To gain insight in relation to business cases, the business case 

analysis tests three different business models:

• Business Model 1 – DNO led asset equivalent to SNS;

• Business Model 2 – Third party led SNS equivalent asset; and

• Business Model 3 – Third party led asset sized for EFR.

Business Model 1 focuses upon a DNO-owned business 

model for deployment of an asset equivalent to SNS based on 

current costs for storage given observed cost reductions over 

13 www2.nationalgrid.com/Enhanced-Frequecy-Response.aspx  
14 http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Smarter-Network-Storage-(SNS)/
15 Full details of the business models considered are given in SNS4.1 (‘Business Model Consultation’) and SNS4.12 (‘Business Model Consultation Responses’), located here: 
 http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Smarter-Network-Storage-(SNS)/
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Business model

DNO merchant

Distribution System 
Operator (DSO)

DNO contracted

Contracted services

Charging incentives

Key points

Full merchant risk, exposed 
to power price and Balancing 
Services

DNO exposed to incentive 
scheme

DNO exposed to construction 
and operational risks

Low commercial risk for DNO

No guarantee of asset 
being build

Description

• DNO builds, owns and operates the asset. Full operational control.
• DNO monetises additional value streams directly on a short term  
 basis (e.g. trading).
• Possible barriers: Costs of accessing the market, DNO skills and   
 capabilities, regulation and shareholder expectations of risk.

• DNO builds, owns and operates the asset. DNO has full operational control.
• DNO has DSO role; coordinating portfolios of flexibility for both distribution  
 and wider system benefit through a centralised control mechanism.
• DNO commercial risk is dependent on design of incentive scheme.

• DNO builds, owns and operates the asset. DNO has full operational control.
• Prior to construction, long term contracts (e.g. 10 years) for the   
 commercial control of the asset outside of specified windows are agreed.
• Dependant on the feasibility of long term contracts.

• DNO offers a long term contract (e.g. 10 years) for services at 
 a specific location with commercial control in certain periods.
• Third party responsible for building owning, and operating the   
 asset and monetising additional revenue streams.

• DNO sets DUoS (Distribution Use of System charges) to create signals 
 for peak shaving that reflect the value of reinforcement.
• Barriers: no operational control for DNO, therefore no guarantee 
 on security.

Table 2: SNS business models

the SNS project lifetime, with sensitivity tests in respect of 

the storage cost and also the cost of reinforcement. The 

business case centres upon the value of storage as an 

alternative to conventional network reinforcement, plus the 

provision of a selection of other services, that complements 

the DNO’s role to ensure system reliability and security.

Business Model 2 focuses on a third party owned business 

model again for deployment of an SNS-equivalent storage 

asset at current costs considering the value of commercial 

services that can be derived from more market-oriented 

operation of the storage facility. The business case is based 

on provision of multiple services to a range of counterparts. 

Business Model 3 considers the market-led business case 

that third party developers are currently pursuing, based on 

6MW/6MWh battery (i.e. shorter duration storage than under 

SNS) geared towards provision of EFR. This business case is 

founded upon revenue potential from single service provision 

(in this case, EFR).

The DNO related business case is informed by experience 

from the SNS trials. Third party business cases are formed 

based on assumptions derived through engagement with 

parties in the market and finance community. We acknowledge 

that parties considering their own projects will have specific 

information in relation to their potential business cases and, 

as such, the third party scenarios presented here are in no way 

intended to be definitive, but rather to improve understanding 

of the commercial factors impacting a business case.
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Table 3 provides an overview of the intended focus of each 

business model and Table 4 provides a summary of the 

underlying revenue streams.

3.3 Assessment of viability of different business models 

The business case analysis for the assumed business models 

provides valuable insights into the drivers that affect battery 

projects in GB and their importance for DNO and third party 

projects respectively. The key findings are summarised below.

Battery costs, while falling, are still the most significant 

driver of business case viability

Despite recent reductions in battery cell costs, at today’s costs 

viable projects are reliant upon capturing value from 

Focus of analysis Balance between storage 
costs and alternative 
reinforcement costs 

Value of multiple commercial 
revenue streams alongside 

DNO services

Value of single commercial 
revenue streams from EFR, 

without DNO services 

Storage size  

Ownership  

6MW/10MWh  

DNO Third party

Business Model 1
DNO led asset 

equivalent to SNS

Business Model 2
third party led SNS 
equivalent asset

Business Model 3
third party led asset 

sized for EFR

6MW/6MWh  

Table 3: Summary of modelled scenarios: focus of analysis

DNO peak shaving

Firm Frequency Response

Enhanced Frequency 
Response16

Triads17 

Arbitrage

Capacity Market payments

Terminal value

Storage size  

Ownership  

6MW/10MWh  6MW/6MWh  

DNO Third party

Business Model 1
DNO led asset 

equivalent to SNS

Business Model 2
third party led SNS 
equivalent asset

Business Model 3
third party led asset 

sized for EFR

Table 4: Summary of modelled scenarios: sources of value

3 3

3 3

3

3

3

3 7 7

7

7

7

7

7

7

7

7

(2 triad periods captured)3 (3 triad periods captured)3 (3 triad periods captured)3

16 The EFR tender process has reached its conclusion since the analysis prepared in this report was undertaken. The price attached to accepted tenders for provision of EFR is  
 £10-15/MW/hour lower than assumed in this analysis. 
17 Ofgem has issued a letter in respect of Triads since the analysis prepared in this report was undertaken (https://www.ofgem.gov.uk/system/files/docs/2016/07/ 
 open_letter_-_charging_arrangments_for_embedded_generation.pdf). In it, Ofgem highlights its concerns in respect of the potential distortionary impacts of, in particular,  
 the embedded benefit arising from the residual demand payment element of Transmission Use of System Charges, which, at value of ~£45/kW and rising, is the most  
 significant contributor to embedded benefits. If this embedded benefit is dampened or removed it will reduce the value of Triad for sub-100MW embedded projects.
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avoiding/deferring traditional reinforcement and from high 

value balancing services such as frequency response. Until 

costs reduce significantly, projects will be targeting niche 

applications, focused on site specific or balancing service 

value sources. 

Balance of System costs can also be material and must 

not be overlooked in assessment

While the initial focus understandably tends to be on battery 

cell costs, Balance of System costs can be critical to a storage 

project’s economics. For example, the cost of connection, 

development, control systems, inverters and housing costs 

can be material, and these costs must be understood and 

factored into future business cases.

Project economics are sensitive to terminal value 

expectations 

Based on our engagement with developers and the finance 

community, there is uncertainty concerning expectations of 

the terminal value of the battery at the end of its economic 

life. Again, based on feedback from engagement, given the 

lack of a track record with battery projects, the tendency 

amongst third party developers is to assume zero terminal 

value and an economic lifetime of 10 years. 

However, a positive terminal value assumption can have a 

material positive impact on project economics and the viability 

of business cases, particularly given the short economic lifetimes 

and high capex currently associated with battery projects. With 

experience, it may be possible to adopt a less conservative view 

regarding terminal value and economic lifetime than those of 

today. At current costs, however, viability is still a challenge.

Battery sizing decisions have a major bearing on project 

capex

Costs are dependent upon the MW:MWh ratio of the battery. 

SNS is sized at 6MW:10MWh to give a discharge duration in 

excess of 1.5 hours in order to cover the peak on a typical 

winter business day. This allows SNS to provide a peak shaving 

service for the DNO. But this flexibility results in a higher 

battery cost compared to an asset with a shorter discharge 

duration requirement.

At present, frequency response is the key market for storage 

and, therefore, the market is responding to these requirements 

by developing shorter duration projects. A location and site 

specific estimate is that a battery sized to deliver balancing 

services at 6MW:6MWh would cost 60-65% of the SNS capex, 

if both were procured today. This is a significant cost saving. 

However, the potential to capture revenue from activities 

that require longer discharge duration, such as peak shaving 

services, is constrained by the up-front sizing choice, as 

discussed further below.  

Battery sizing choices will also be influenced by the standard 

sizes of the components needed to deliver the complete 

battery project, such as inverters. Such factors may also affect 

the services that the battery is able to provide.

Targeting and capturing value from the current balancing 

services is essential for project economics, but specialisation 

around today’s products carries risk

In all the cases considered, project economics are reliant on 

revenues from balancing services, particularly variants of 

frequency response. 

The rationale for this is understandable. However, it does make a 

project founded on the provision of a specific service sensitive to 

the future evolution of that service. If multiple providers follow the 

same strategy and chase value in the same service or if the 

requirement for that service decreases, then value associated 

with that service could drop below expectations, compromising 

project economics. If an asset’s specifications are such that it 

lacks flexibility to respond to evolving market conditions, then the 

potential downside risk may adversely affect the business case.

There is a balance to be struck between pursuing short-term 

value and catering for longer-term uncertainties

Linking the points above, battery developers must give careful 

consideration to the desirable trade-off between battery cost 
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Viable for 
third party

Storage size  

Ownership  

6MW/10MWh 6MW/6MWh

DNO Third party

Business Model 1
DNO led asset 

equivalent to SNS

Business Model 2
third party led SNS 
equivalent asset

Business Model 3
third party led 

asset sized for EFR

Table 5: Summary of results

Scenario
assumptions

Scenario
assumptions

Scenario
assumptions

~20% increased 
revenue 

Off-taker

Developer

Viable overall

YES

-

YES

-

YES

YES

-

YES

YES

-

NO

NO

and the ability to respond to possible developments in respect 

of potential future value sources when sizing their battery. 

That is, developers should acknowledge that revenue streams 

and service requirements will most likely change over the 

lifetime of the battery.

This balance can be helped by improving access to value 

from DNO services

The project economics for the DNO, as well as the value that 

DNOs would be willing to pay a third party for the provision 

of services such as peak shaving, are both dependent on the 

DNO’s counterfactual cost – the avoided traditional reinforcement 

cost. If third parties are able to offer DNO services and realise 

value from them, this offers an additional revenue stream to 

enhance project economics.

Sensitivity analysis highlights that there is scope, relative to 

assumptions made in the business case scenarios, to increase 

payments from the DNO to third parties for peak load services 

given the value of avoided capex. There is a balance to be 

struck between the level of tolling charge for peak load 

services and the value that this provides.

The potential for third parties to offer DNO services relies upon 

DNOs identifying service requirements and opening up the 

provision of solutions to market providers, where this can 

offer a lower cost solution versus conventional reinforcement. 

By opening up such opportunities and allowing third party 

providers to provide services to a DNO through contractual 

arrangements, potentially spanning multiple years, benefits 

can be realised by project developers, the relevant DNO and 

the system as a whole. 

Capacity market currently has limited impact on business 

cases considered

In cases where revenue from the capacity market was 

assumed, it had a relatively minor role in overall project 

economics. Nevertheless, as a potential part of a business case 

that relies on multiple revenue streams, it is important that 

batteries have the ability to access capacity market revenue 

streams, as this could tip the balance of project viability.

The business models assessed highlight requirements 

needed to make business cases work for both DNO led 

projects and third party projects

Table 5 provides a summary overview of the outcome of the 

business case assessment for the business models that have 

been tested, based on the set of underpinning assumptions 

upon which the business models are founded. This considers 

the perspective of the different actors involved as relevant in 

the different business models, namely:

• DNO: for whom the assessment is based on the economics  

 of a battery project net of the costs of conventional   
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 reinforcement that are avoided by virtue of the battery.

• Third Party Off-taker: for whom the assessment is based  

 on the economics of providing a route to market only.

• Third Party Developer: for whom the assessment is based on  

 the economics of financing, owning and operating the battery.

This shows that, based on the assumptions made informed 

by the SNS site specific project, the DNO led SNS equivalent 

project and the third party led EFR focused project are viable. 

However, the outcomes can change with different input 

assumptions that alter the balance between cost and value. 

Performing sensitivities around the business cases as tested 

provides insights into what conditions are needed to make 

them viable. This reveals that:

• Business model 1 is viable, leaving other input assumptions  

 unchanged, when either:

 - the cost of storage is below approximately £9.45m   

  (around 5% higher than assumed); or

 - the cost of conventional reinforcement is above £5.4m  

  (around 13% lower than assumed); or

 - the terminal value of the asset at the end of the economic  

  life is above £3m (around 25% lower than assumed);

• Business Model 2 is viable, leaving other input assumptions  

 unchanged, when:

 - the value of revenue streams collectively from the range 

  of services that can be provided is above approximately  

  £2.4m (around 20% higher than assumed);

• Business Model 3 is viable, leaving other input assumptions  

 unchanged, when:

 - the cost of storage is below approximately £5.25m   

  (around 5% higher than assumed).

The sensitivities highlight the importance of the cost of 

storage for all projects as the key driver for viability and, for 

the Third party projects, the range of revenue requirements.

3.4 Incorporating storage into future DNO business plans

The business case assessment indicated that there is potential 

for viable DNO led storage projects. However, analysis of the 

legal and regulatory framework for storage conducted by 

Pöyry Management Consulting, in collaboration with UK Power 

Networks, highlights issues which affect electricity storage 

deployment in general, as well as specific issues of relevance to 

potential DNO involvement.

Electricity storage is not explicitly recognised as a discrete 

activity or asset class in the GB and EU legal frameworks

Electricity storage is not explicitly recognised as a discrete 

activity or asset class in the GB and EU legal frameworks. In 

the absence of an alternative option, storage is treated as a 

type of generation asset. This is a feature of history through 

the liberalisation process rather than a deliberate design 

choice. Nevertheless, treatment of storage as generation is a 

pervasive issue which has a ripple effect on ownership and 

operation options.

There is consensus across recent statements and documents 

that the current treatment of storage within the legal and 

regulatory framework is unsatisfactory and acts as a barrier 

to more widespread deployment of storage in GB. In response, 

there is a coalescence of views that something must be done 

to clarify the treatment of storage and to create an appropriate 

framework for it.

Given default treatment of storage as generation, the 

Third Energy Package blocks direct distribution business 

involvement in storage, but allows for affiliated entities 

to own and operate storage

As part of the liberalisation process, ‘unbundling’ has become 

enshrined in the regulatory frameworks at EU and GB levels 

to separate network and non-network activities. 

The existing framework creates requirements for legal, 

functional and accounting unbundling of distribution businesses 

from generation and supply within a vertically integrated 

undertaking, but not for ownership separation. But as storage 

is not explicitly referred to within the current framework, its 

treatment of in the context of unbundling is unspecified. 
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However, the informal default position is to consider storage 

as generation. 

While the Third Energy Package does not permit a legal entity 

that is active in distribution to also have operational interests 

in storage, it does not block the co-existence of distribution 

and storage activities in different and operationally 

independent legal entities within the same parent company. 

Therefore, there is scope for a parent company to be active in 

distribution and storage provided that each activity is 

operated by a separate legal entity.

The GB framework generally endorses this position, but the 

generation licence exemption route does provide scope for a 

distribution licence holder to own a storage device that fits 

the conditions of the small generator class exemption within 

the limits of de minimis restrictions, within the distribution 

licence, and assuming appropriate treatment within a price 

control.

The Council of European Energy Regulators (CEER) 

framework makes provision for distribution businesses 

to be active in non-core activities such as storage with 

supporting justification and conditions attached

The CEER’s18 logical framework for analysing and determining 

the roles that a DSO might perform in future as the system 

evolves differentiates between core regulated activities, 

competitive non-DSO activities and activities allowed under 

conditions and with justification. The CEER identifies storage 

as a potential non-core activity or ‘grey area’ where the DSO 

may participate in activities but where there are concerns 

with such a situation. This creates the potential for some form 

of distribution business in storage, subject to justification and 

with relevant conditions attached.

3.5 Policy recommendations

To help promote the deployment of batteries in the best 

interest of GB consumers, the System Operator and DNOs, 

both today and in the long term, the following 

recommendations are made:

Define storage as a distinct activity

In the absence of a definition within legal, regulatory and 

commercial frameworks, the treatment of storage is unclear. 

Formalising storage as a distinct activity within the frameworks 

allows storage to be accommodated appropriately in policy and 

product design documents as an activity in its own right.

Defining storage as a distinct asset/activity classification will 

allow existing shortcomings within the regulatory 

arrangements to be addressed. For example, the exposure of 

non-licence holding storage assets to environmental levies 

through their retail tariffs when charging.

Include storage within the licensing framework 

Alongside creation of a distinct classification for storage, we 

recommend that it should be included within the licensing 

framework as a distinct licensed activity. Maintaining the 

status quo, with storage implicitly captured in the generation 

licence regime, does not improve the clarity of the arrangements 

in respect of storage and is inconsistent with the desire to 

define storage as a distinct activity.

Modifying the generation licence to explicitly cater for storage 

may not allow for different features of storage to be adequately 

reflected, risking unsatisfactory treatment. It also requires 

extensive review and modification of existing documents 

within the legal framework and so may be no simpler than 

creating a specific storage licence. 

Our view is that an all-encompassing storage licence approach is 

likely to provide a more enduring solution. This allows an 

appropriate framework to be put in place that spans the 

newly defined storage activity. It is consistent with a future in 

which there is greater deployment of storage on the system, 

necessitating its integration into the regulatory and market 

frameworks in an appropriate manner.

Improve visibility of opportunities for batteries to provide 

services to DNOs and promote contestability

Where distribution businesses identify the potential for storage 

(or other non-conventional solutions) to deliver network 

18 The Council of European Energy Regulators (CEER) has set out a ‘logical framework’ for use by policy makers and regulators when analysing and determining the roles that a 
DSO might perform in future as the system evolves. See: ‘The Future Role of DSOs: A CEER Conclusions Paper’, CEER, July 2015.
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services and/or offset conventional reinforcement as the least 

cost option for consumers, then these opportunities should 

be highlighted and opened up to third party providers through a 

competitive process. This will allow third party providers to 

lock in a revenue stream via a contract with the DNO, which 

supports its project economics, as well as avoiding the costs 

of reinforcement, which delivers benefits to consumers. This 

development is one that UK Power Networks is considering 

further.

A key focus should be to create a framework that enables 

third party development of storage projects, including by 

distinct legal entities that are under the same corporate 

umbrella as a distribution business.

Allow distribution business storage ownership as fall 

back option

If a suitable third party project is not forthcoming and storage is 

considered to be the least cost option for consumers, then the 

distribution business should be able to progress the storage 

project as a fall back option, instead of investing in conventional 

reinforcement. This can be made consistent with the CEER’s 

framework, as the possibility of DNO ownership will only be 

available in the absence of a suitable third party project, 

thereby providing justification for this approach. This facilitates 

the modernisation of the distribution system and potentially 

delivers wider system benefits.

Ensure non-distortion of competition by distribution 

owned storage 

If a distribution business does progress a storage project in 

such cases, then it should be operated by a third party under 

contract such that it can deliver the services required by the 

distribution business while avoiding in the potential for 

distortion of competition in wholesale markets by virtue of 

the third party providing the market interface.

Holistic approach to service and product design to integrate 

battery storage effectively

Battery storage can provide multiple services to a range of 

participants, including the TSO and DNOs. As levels of 

intermittent generation on the system grow, demand for the 

type of services that batteries can offer will increase, creating 

potential for conflict between different possible battery 

applications. In order to better optimise the value of storage 

to the range of parties and the system as a whole, it is 

important for the commercial and regulatory frameworks to 

take these conflicts into consideration. 

The first issue to focus upon in this context is coordination 

between the potential users of storage. Coordination between 

relevant stakeholders can be delivered through a form of 

shared services framework, which defines call-off rights and 

priorities between the relevant stakeholders. 

The second issue to consider is pricing signals emerging from 

the range of products. It is important to ensure that there are 

appropriate price signals to ensure that storage can be 

optimised and provide its services into markets where its 

capability is most valued..

This framework will improve the potential for the suite of 

market signals across the range of services to give a more 

robust basis upon which to take decisions regarding asset 

sizing, location and technical specifications. That is, such 

decisions can be taken recognising the possible value across 

the range of stakeholders and services.

Explore the possibility to provide access to longer-term 

contracts to improve revenue certainty and mitigate risk

If battery projects are able to access longer-term contracts for 

the provision of services, this will help to improve future 

revenue certainty and so mitigate project risk. This should 

help to lower third party capital costs, improving project 

economics. Access to longer-term certainty could be provided 

through balancing services contracts, arrangements with DNOs 

for service provision (as discussed above) or the accessibility 

to storage of the capacity market, where the duration of the 

load following obligation is unclear, exposing storage to the 

risk of non-delivery penalties.
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What are the system benefits 
and opportunities for distributed 
storage in future?

4



4.1 Introduction

Earlier studies suggest that energy storage technologies may 

have a potentially significant role to play in facilitating the 

cost-efficient transition to a low-carbon power system.19 Energy 

storage may deliver cost savings across the electricity system 

due to the ability to offset the need for generation, transmission 

and distribution investment while at the same time contribute 

to operating cost savings through reducing wind curtailment 

and delivery of reserve and advanced frequency regulation 

services.20  

Energy storage will clearly be capable of providing multiple 

services simultaneously, and there are likely to be synergies 

and conflicts between providing different services. This suggests 

that for an adequate valuation of the role of storage in future 

decarbonised electricity systems it is necessary to evaluate 

the capability of storage to provide a range of services, 

knowing that considering only certain services in isolation 

could underestimate the economic value of storage.

A report21 prepared by Imperial College, alongside UK Power 

Networks, focuses on quantifying the economic value of storage 

for the electricity system as a whole, as well its value from the 

owner’s perspective, with particular emphasis on MW-scale 

distributed battery storage technologies similar to SNS. The 

overall aims of the report are to:

(a) establish and quantify the value of energy storage in   

  the context of the changing UK power system landscape  

  over the coming decades under different future market  

  development scenarios; and

(b) inform the design of future services that energy storage  

  may provide to facilitate cost effective infrastructure   

  operation and development, at both distribution and   

  transmission level.

The study took a forward-looking view by analysing the 

opportunities for using energy storage to also provide services 

that are not commoditised in today’s system, but will be highly 

compatible with the policy objective to decarbonise electricity 

supply in the 2030 horizon.

The main findings and messages from this report are 

summarised below.

4.2 Assessment of the value of energy storage under 

different future market development scenarios

The assessment undertaken by Imperial College London as 

part of the SNS project provides important analysis regarding 

the potential value of storage in the GB system. The key 

findings are summarised below.

Significant quantities of cost efficient distributed energy 

storage possible by 2030

In 2030, in a setting characterised by a high share of renewables 

based on National Grid’s ‘Gone Green’ scenario22, the cost 

efficient market volume for distributed energy storage is in 

the range 8GW to 19GW depending on the cost of storage, as 

shown in Figure 3.

19 A comprehensive analysis of opportunities for energy storage applications in the future UK system is presented in our studies conducted with for the Carbon Trust: “Strategic  
 Assessment of the Role and Value of Energy Storage Systems in the UK Low Carbon Energy Future” (July 2012) and “Can storage help reduce the cost of a future UK electricity  
 system?” (March 2016).
20 R. Moreno, R. Moreira, G. Strbac, “A MILP model for optimising multi-service portfolios of distributed energy storage”, Applied Energy, Volume 137, January 2015, Pages 554-566. 
21 ‘System benefits and market opportunities for distributed storage in the future UK electricity system’, Imperial College, November 2016.
22 ‘Gone Green is one of National Grid’s Future Energy Scenarios. Details can be found at http://fes.nationalgrid.com/
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The graph on the left-hand side of Figure 3 presents the 

displacement of open cycle gas turbine (OCGT) generation 

capacity with energy storage. It shows that energy storage 

will displace about 8 GW of OCGT generation at high storage 

cost of £1,160/kW and about 19GW of OCGT generation at 

low storage cost of £360/kW. The right-hand side graph of 

Figure 3 shows the annual change in the output of different 

generation technologies due to the deployment of storage. It 

shows carbon intensive Combined Cycle Gas Turbine (CCGT) 

and OCGT generation being replaced with increased output 

from renewable generation, gas and coal carbon capture and 

storage (CCS). 

Value of storage stems from a variety of sources

Whole-system economic benefits of energy storage originate 

from a variety of sources: 

i)  operating cost savings due to increased utilisation of RES  

  and other low-carbon technologies and reduced use of  

  conventional generators for system balancing; 

ii)  generation cost savings due to avoided investment in   

  backup and peaking capacity; and 

iii) distribution investment cost savings due to avoided   

  reinforcement of the grid to accommodate demand   

  increase and deployment of distributed PV generation.

Storage enables substantial carbon intensity reductions

In addition to cost savings, the availability of energy storage 

also enables system carbon intensity to be substantially 

reduced, suggesting further savings if the system was allowed 

to remain at the same level of carbon emissions but with 

lower volume of low-carbon generation capacity. This proves 

that additional flexibility offered by storage could significantly 

reduce the requirement for low-carbon capacity. For instance, 14 

GW less nuclear capacity may be required by 2050 to reach the 

decarbonisation target if energy storage is integrated into 

system evolution.

Figure 3:  Changes in generation mix and annual output when distributed storage can be added to the system   
 (source: Imperial College London)

25

-25

20

15

10

5

0

-5

-10

-15

-20

Ch
an

ge
s 

in
 g

en
er

at
io

n 
ca

pa
ci

ty
 (

GW
)

High Low

Storage cost

40

-40

30

20

10

0

-10

-20

-30Ch
an

ge
s 

in
 e

le
ct

ric
ity

 o
ut

pu
t (

TW
h)

High Low

Storage cost

Storage

OCGT

PV

Wind

Nuclear

Gas CCS

CCGT

Total

OCGT

Storage losses

Hydro

Other RES

Biomas

PV

Wind

Nuclear

Gas CCS

Coal CCS

CCGT

Total

4.0
2.4

9.5

8.5

8.6

-27.8

-5.7

4.1
2.5

10.4

9.8

9.0

-29.8

-5.7

8.5

-7.9

19.3

-19.3

28 |  Smarter Network Storage - Final evaluation of the Smarter Network Storage solution

lagun1a
Sticky Note
change to 7.9 (not 8.5!!)



From other sources of flexibility, the availability of DSR 

has the largest impact on storage potential

Other flexible options, including demand side response (DSR), 

flexible generation and interconnection, will represent varying 

degrees of competition to energy storage in the future system. 

The analysis carried out demonstrated that DSR is the flexible 

option with potentially largest impact on the volume of 

storage deployed, given that it could deliver cost savings in 

virtually all segments of the system (from local to national 

level infrastructure, operation and investment).  This is shown 

in Figure 4.

It is important to emphasise that no cost was allocated to 

DSR in the studies carried out. This analysis hence produced 

extreme impact of DSR on the deployment of energy storage. 

Nevertheless, the results show that even with highest DSR 

uptake, assuming no cost of DSR, there will still be significant 

scope for deploying energy storage provided that its cost 

continues to decrease. Flexible generation and interconnection 

Figure 4:  Changes in generation and storage capacity when distributed storage is exposed to competition from other flexible options  
 (source: Imperial College London)

have much lower impact on the energy storage market 

volume.
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upgrades of distribution grid in the face of uncertain future 
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4.3 Assessment of the design of future services that 

energy storage may provide

Coordination of active and reactive power outputs is 

important

Coordination between active and reactive power outputs has 

been shown to be fundamental for an effective delivery of 

congestion management service and is more significant 

during the periods that the capacity of the storage plant is 

reaching its limits with respect to the capacity need to cover 

the energy required for peak shaving. Moreover, it has been 

shown that using reactive power for local network constraint 

management can help in reducing the active power required 

for this service and thus, increase the amount and availability of 

active power to be used for energy trading and or provision of 

balancing services. This will increase storage revenues. 

Imperial College London conducted an analysis on this increase 

in storage revenue by comparing energy storage operating in 

(a) coordinated active and reactive power mode and (b) 

active power mode only. The result of this analysis is shown in 

Figure 5 below. It suggests that the value of specifically 

coordinating operation of active and reactive power may 

represent up to 10% increment in the storage annual revenue.

A profitable business case for energy storage deployment 

relies on provision of multiple system services

Case studies looking at the commercial value of energy storage 

from layered service provision, assuming an asset-centric, 

price-taker perspective, revealed that the gross annual revenues of 

energy storage in the 2030 horizon may vary from £46/kW/year if 

only energy arbitrage is performed, to £554/kW/year if a full 

range of services is provided simultaneously. Net revenues from 

any single service would be insufficient to justify investment 

in storage. The results are shown in Figure 6 below. 

Therefore, the key route for developing profitable business 

case for energy storage deployment, is optimised provision 

of multiple system services. There is considerable added value 

of energy storage being co-located and operated together 

with a PV farm, particularly when there is an active network 

constraint. In addition, frequency response provision from 

Figure 5:  Value of energy storage with layered service provision (source: Imperial College London)
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energy storage would significantly enhance its value proposition, 

although this would greatly depend on the frequency 

response market arrangements. Finally, participation in the 

capacity market could secure substantial upfront payment for 

energy storage while only slightly reducing its profit from 

other markets.

4.4 Policy recommendations 

The value assessment provided evidence to support the 

following messages in terms of policy recommendations.

Storage brings value to multiple segments in the 

electricity supply chain

The whole system analysis demonstrates that energy storage 

can bring benefits to several sectors in the electricity industry, 

including generation, transmission and distribution. However, 

the present market and regulatory barriers may prevent the 

realisation of the quantified system value. Development of a 

fully cost reflective market and effective regulatory frameworks 

is needed to ensure that the commercial incentives in investing 

and operating energy storage are aligned with the societal 

benefits that energy storage may deliver.

Value of storage for carbon intensity reduction should be 

recognised

The value of energy storage in enabling the system to meet a 

given carbon intensity target while minimising the investment in 

low-carbon generation has not been fully recognised. The ability 

to access appropriate revenue streams reflecting these benefits 

would further enhance the business case for energy storage. 

Option value of storage should be recognised in planning 

framework

Although energy storage possesses significant option value 

as it can provide flexibility to deal with uncertainty in future 

system development, the present market and regulatory 

frameworks, in line with the deterministic planning framework, 

do not fully recognise this23. Therefore, the development of 

appropriate stochastic/strategic planning frameworks supported 

by a corresponding regulatory approach would provide the 

basis for recognising the corresponding benefits, which will 

further contribute to the energy storage business case.

Figure 6:  Value of energy storage with layered service provision (source: Imperial College London)

23 Ofgem has recently stated its intentions to start incorporating formal option valuation techniques in its investment appraisal process for gas distribution networks in
  recognition of the flexibility provided by interruptible demand contracts towards deferring large-scale capital expenditure. A similar concept may be applied to flexibility   
 provided by energy storage. 
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The current market framework may prevent energy 

storage from optimising value across multiple services

The commercial analysis demonstrates synergies and conflicts 

between TSO and DNO services supplied by energy storage, 

which need to be considered when allocating energy storage 

resource to different markets and services. In this context, 

the following two cases were carried out to illustrate the case 

of synergies and conflicts – co-location of storage with 

renewables and storage provision of network services:

• Renewables co-location: Co-located energy storage with  

 renewables may be beneficial. Based on Imperial College  

 London analysis of a 5MW energy storage installed with a  

 20MW PV farm in a network with 20/10MW capacity limit  

 on the network, the storage asset can access benefits   

 from substituting distribution network reinforcement,   

 whilst not significantly compromising access to revenues  

 associated with energy arbitrage and balancing services.  

 This shows that there would be significant benefits from  

 managing synergies and conflicts between DNO and TSO  

 services, which would require a whole system approach  

 to designing services.

• Provision of network services: The present market   

 framework may frustrate optimisation of provision of   

 multiple services to both DNO and TSO, particularly in the  

 case of employing storage to manage network congestion  

 during peak demand conditions while accessing the   

 frequency regulation market. The study carried out shows  

 that the system value and need for frequency response   

 varies significantly over time. When off-peak demand   

 coincides with high renewable production, the value of   

 frequency response is very high, while there would be   

 less need to provide distribution network services (so there  

 are no conflicts) in substations whose load is dominated  

 by residential properties that peak in demand typically   

 during winter weekday evenings. During peak load   

 conditions, the value of frequency response provision is   

 relatively low, while the need for DNO service is high (so  

 there should be no conflicts). However, present long-term  

 contract based ancillary service provision that favours   

 continuous delivery of frequency response services, would  

 prevent energy storage from accessing the revenues   

 associated with providing frequency response (TSO service)  

 and distribution network management (DNO service).
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What is the future 
role for storage?

5



5.1 Introduction

The preceding sections of this report have highlighted the 

rising prominence of electricity storage and the role that it 

could play on the system in the future. A report24 prepared by 

Swanbarton Limited, alongside UK Power Networks, provides 

an informed view of the trends in the electricity and energy 

storage sectors. The overall aim of the report is to reprise the 

history of storage development in GB, before moving on to 

apply a lens to the drivers shaping the future deployment of 

storage and possible paths for evolution. It also provides 

recommendations which aim to support increased deployment 

of storage in a manner that delivers benefits to the system 

and to society as a whole.

The main findings and messages from this report are 

summarised below.

5.2 Future role of storage

Storage activity has historically focused on large scale 

pumped hydro and more recently innovation projects

Over the past 40 years, most network storage capability has 

taken the form of large-scale pumped hydro plants. For the past 

10 years, storage development has centred on the involvement 

of the distribution network operators, under the aegis of the 

Low Carbon Network Fund. Outside these spheres, grid scale 

storage applications have traditionally been limited.

Activity has ramped up markedly more recently in 

response to technical and commercial drivers

The major technical change has been the rapid decrease in 

cost and increase in supply of Li-ion batteries. This has changed 

the supply side of the electricity storage industry. At the same 

time, a market-pull for the flexibility that storage offers has 

come from an increasing need to integrate renewable 

technologies into the power system. To date, this has triggered 

interest, in particular, in storage projects targeting revenue 

streams that are available from the provision of services to 

the TSO.

The diversity of storage interests and its uses influences 

its future role

Storage can be put to a wide range of uses such as network 

reinforcement avoidance, provision of services to network 

operators and participation in wholesale markets. This diversity 

means that all types of participants within the sector can 

genuinely have an interest in storage, either as an owner/

operator or a user. Differing scales of storage also exist, ranging 

from domestic installations through to grid-scale projects. The 

multi-application, multi-stakeholder and multi-scale nature of 

potential storage projects creates an interlinked environment, 

in which there are interdependencies between the deployment 

of different types of storage for different purposes. 

Future pattern of deployment will be split across user-

led, DNO-initiated and market driven projects, with the 

split dependent on drivers in play

Applying a simplistic categorisation, storage deployment is 

expected across three types of projects:

• user-led projects, which allow for ‘behind the meter’   

 applications that offer the user flexible benefits, such as  

 managing energy costs and complementing on-site   

 generation capabilities;

• DNO-initiated projects, for which the primary application  

 is provision of services to a distribution business such as peak  

 load management (to avoid conventional reinforcement)  

 and voltage services; and

• market-driven projects, which target provision of balancing  

 services or bulk energy flows.

The penetration in each category has dependence on progress 

in the others, as well as the feasibility of each type within the 

market framework. For example, large-scale penetration of 

user-led projects which are capable of aggregation to provide 

balancing services may reduce the need for market-driven 

projects. Equally, significant quantities of domestic installations, 

potentially twinned with small scale renewable generation, 

may increase the need for DNO-led projects to support system 

management in a more dynamic environment. The cause 

and effect relationships are not clear at this stage. However, 

24  ‘The future for electricity storage’, Swanbarton Ltd, draft November 2016.
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that penetration of different types of projects will have 

interdependencies is already apparent. 

Expectations are that growth in the short-term will focus 

on market-driven and user-led projects

Growth in storage deployment is anticipated, with battery 

storage technologies, particularly based on lithium technologies, 

prevalent. Expectations are that the current trend for projects to 

be developed in response to requirements for TSO services, 

as has been seen with EFR, will continue. Further projects are 

expected to develop in response to balancing service 

requirements and signals from the TSO. Similarly, deployment 

of behind the meter, user led projects is also expected to 

increase in response to commercial incentives for end-users. 

Growth in these areas is expected to come at the expense of 

DNO-initiated projects, given the absence of a framework 

that facilitates delivery of such projects.

Progression of DNO-led projects will follow in the medium 

term 

In the short-term, despite the potential system benefits that 

DNO-initiated projects offer, DNO-initiated projects are not 

expected to be forthcoming. This is linked to the signals already 

emerging from the market for other types of project and the 

regulatory arrangements that surround DNO-initiated 

projects. DNOs are restricted in terms of their ability to own 

or operate storage and, unlike with TSO services, there are 

not adequate mechanisms in place to signal the potential 

value to a DNO of a storage service and nor routes by which 

to procure such services. However, as the DNO model evolves 

into a framework that supports the DSO model, then DNO-

initiated projects are expected to be more forthcoming.

Challenges to future deployment growth exist

To date, there has been limited coordination between TSO 

and DSOs in respect of the adoption of storage technologies 

and the integration of storage into the system. TSO requirements 

are driving developments at the moment, with limited 

consideration of the effects of meeting these requirements 

on the distribution systems or opportunities for synergies. 

Improved coordination between the network businesses in 

respect of storage will help to avoid conflicts and unintended 

consequences, 

Building on this, given the potential role that storage can play 

in developing a more flexible grid, the absence of a 

coordinated strategy for future deployment risks delivering a 

mix that does not fully capitalise on the benefits that storage 

can offer the system.

5.3 Policy recommendations

Increase dissemination of knowledge between DNOs 

Sharing insights gained from both innovation projects and 

experience to date in respect of distribution connected storage 

will help DNOs (and others) to develop understanding of the 

following and their implications for distribution businesses:

a)  Business case

  i. Project development

  ii. Operation and maintenance

  iii. Reinforcement deferral and replacement 

   timescales/costs

b)  Technical understanding

  i. Storage technology operation

  ii. Network applications and implications

c)  Contractual agreements

  i. Technology providers

  ii. Merchant developers

d)  Future policy and legislation development

e)  Network assessment of domestic and EV applications   

  and implications

Increase the efficiency of procurement, installation and 

operation of electricity storage by improving the 

standardisation of commercial agreements and operating 

procedures 

Distribution business practices have not had to cater for 

storage projects in the past. This applies to planning and 

network assessments, as well as procurement activities and 
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connections. Given the tide of storage connection requests 

received by distribution businesses in the last 12 months, this 

needs to change. Therefore, there is a clear requirement to 

update business practices in recognition of storage projects, 

including measures such as:

a)  standardisation of contractual agreements and other   

  related documentation;

b)  DNO price signals and merchant developer market   

  tender; and

c)  network assessment of determining where storage   

  solution is cost effective.

Ensure safe and reliable procurement, installation, 

operation and acceptance of electricity storage by 

developing Codes and technical standards

In a similar vein, distribution business practices have not 

traditionally had to consider how to work with storage from 

a technical perspective to ensure safety in terms of installation 

and operation. Again, this is an area for development to ensure 

that systems can accommodate different types of storage 

and continue to operate in a safe and reliable manner. 

Measures to support this include:

a)  introduction of codes and appropriate light-touch   

  monitoring and control parameters for domestic storage  

  systems/EV; and

b)  development of standards for residential and EV   

  aggregation for DNO service provision. 
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Conclusions and overall policy 
recommendations

6



At the outset of the SNS project, storage was a niche interest 

at the periphery of the sector, but now it is very much at the 

heart of market and policy evolution, and SNS has contributed 

much to this. SNS has been fundamental to advancing learning 

in respect of storage in GB, through its in-depth exploration 

of the feasibility of grid-scale storage from technical, commercial 

and regulatory perspectives. Importantly, SNS has

• validated and assessed future business models for storage  

 applications;

• informed stakeholders in relation to the commercial   

 arrangements and software platforms necessary to enable   

 these business model;

• informed how storage can be most economically   

 incorporated into future DNO business plans;

• assessed the impact of different future market scenarios;

• compared storage to other forms of flexibility; and

• informed the design and structure of future product   

 services where storage could provide support to both DNO  

 and TSO.

Stemming from the learning gained via SNS, the following 

policy recommendations are made to help promote the 

deployment of storage in the best interest of GB consumers, 

the TSO and DNOs, both today and in the long term:

Whole system approach to service and product design to 

integrate battery storage effectively

The whole system analysis demonstrates that energy storage 

can bring benefits to several sectors in the electricity industry, 

including generation, transmission and distribution. However, 

the present market and regulatory barriers may prevent the 

realisation of the quantified system value. The development 

of fully cost reflective market and effective regulatory 

frameworks is needed to ensure that the commercial incentives 

in investing and operating energy storage are aligned with 

the societal benefits that energy storage may deliver.

In order to better optimise the value of storage to the range 

of parties and the system as a whole, it is important for the 

commercial and regulatory frameworks to take these conflicts 

into consideration. 

The first issue to focus upon in this context is coordination 

between the potential users of storage. Coordination between 

relevant stakeholders can be delivered through a form of 

shared services framework, which defines call-off rights and 

priorities between the relevant stakeholders. 

The second issue to consider is pricing signals emerging from 

the range of products. It is important to make sure that there 

are appropriate price signals to ensure that storage can be 

optimised and provide its services into markets where its 

capability is most valued. This includes appropriate recognition 

of the value of services delivered to the DNO.

This framework will improve the potential for the suite of 

market signals across the range of services to give a more 

robust basis upon which to take decisions regarding asset 

sizing, location and technical specifications. That is, such 

decisions can be taken recognising the possible value across 

the range of stakeholders and services.

Improve visibility of opportunities for batteries to provide 

services to DNOs and promote contestability

Where distribution businesses identify the potential for storage 

(or other non-conventional solutions) to deliver network 

services and/or offset conventional reinforcement as the least 

cost option for consumers, then these opportunities should 

be highlighted and opened up to third party providers through a 

competitive process. This will allow third party providers to 

lock in a revenue stream via a contract with the DNO, which 

supports its project economics, as well as avoiding the costs 

of reinforcement, which delivers benefits to consumers. The 

value of such a contract needs to be set such that it recognises 

the value of the peak load services that it is able to provide.

A key focus should be to create a framework that enables 

third party development of storage projects, including by 

distinct legal entities that are under the same corporate 
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umbrella as a distribution business.

Explore the possibility to provide access to longer-term 

contracts to improve revenue certainty and mitigate risk

If battery projects are able to access longer-term contracts for 

the provision of services, this will help to improve future 

revenue certainty and so mitigate project risk. This should help 

to lower third party capital costs, improving project economics.

Access to longer-term certainty could be provided through 

balancing services contracts, arrangements with DNOs for 

service provision (as discussed above) or the accessibility to 

storage of the capacity market, where the duration of the 

load following obligation is unclear, exposing storage to the 

risk of non-delivery penalties.

Define storage as a distinct activity to enable the market 

In the absence of a definition within legal, regulatory and 

commercial frameworks, the treatment of storage is unclear. 

Formalising storage as a distinct activity within the frameworks 

allows storage to be accommodated appropriately in policy 

and product design documents as an activity in its own right.

Defining storage as a distinct classification will allow existing 

shortcomings within the regulatory arrangements to be 

addressed. For example, the exposure of non-licence holding 

storage assets to environmental levies through their retail 

tariffs when charging.

Alongside creation of a distinct classification for storage, 

including it within the licensing framework as a distinct 

licensed activity is recommended here. This is on the basis 

that an all-encompassing storage licence approach is likely to 

provide a more enduring solution. This allows an appropriate 

framework to be put in place that spans the newly defined 

storage activity. It is consistent with a future in which there is 

greater deployment of storage on the system, necessitating its 

integration into the regulatory and market frameworks in an 

appropriate manner.

Develop a strategy for the introduction of electricity storage

The government and the regulator are working jointly in defining 

how best to address the future of storage in GB. A strategy for the 

development of electricity storage should be based on a 

holistic approach. For GB, national energy policy is set by BEIS, 

and regulated by Ofgem and it is encouraging to see 

a co-ordinated approach underway, with several initiatives, 

including the call for evidence for smart flexible energy 

system25.The DNOs should consider how to support a strategy 

that ensures: 

 

a)  that the networks are assessed holistically to take account  

  of the range of benefits from electricity storage; and

b)  co-ordination of distribution/transmission connected   

  storage assets to maximise benefit.

25  BEIS/Ofgem Call for evidence for a smart flexible energy system, November 2016
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Software Platforms
Annex A



A.1 Introduction

Operation of SNS relies upon a Smart Optimisation and Control 

System (SOCS) software solution to support the day-to-day 

operation of the energy storage device. The complete solution 

performs a variety of tasks including scheduling the services 

on the storage device and controlling in real-time the storage 

device. There are three main different subsystems that 

comprise the SOCS solution:

1.  Forecasting, Optimisation, Scheduling System (FOSS):   

  this system is responsible for forecasting the demand at  

  Leighton Buzzard and produce an optimised schedule for  

  the operation of the energy storage system. The optimised  

 schedule ensures that the storage system is available to  

 support the local network by providing peak shaving when  

 required while providing for the remaining time the most  

 profitable services to maximise the value from its operation.

2. Battery Energy Storage System Management (BESSM):   

 this system is responsible for the real time monitoring   

 and control of the battery system. It executes in real-time  

 the optimised schedule that it receives from FOSS.

3. Ancillary Services Provider (ASP): this system/agent is the  

 intermediary between the battery owner and the   

 Transmission System Operator (TSO). It is responsible for  

 declaring the availability of the storage system in ancillary  

 services markets, trigger dispatch of storage in real-time  

 when required and collect data on the delivery of the   

 services declared to the TSO.

These subsystems produce outputs that require inter-

communication to facilitate the ultimate action of dispatching 

the energy storage device. The communication between 

these sub-systems is facilitated via the SOCS messaging 

system.

This section provides insights and lessons learned in relation 

to the FOSS, the BESSM and the SOCS messaging system. 

The report prepared by Newcastle University entitled ‘Recent 

work contributed by Newcastle University for the Smarter 

Network Storage Project’ contains more details concerning the 

FOSS.

A report prepared by UK Power Networks entitled ‘Smarter 

Network Storage Low Carbon Network Fund: SOCS Messaging 

System’ contains more details concerning the SOCS Messaging 

System.

A.2 Forecasting, Optimisation, Scheduling System 

A.2.1 Overview

SNS sought to show that an Energy Storage System (ESS) can be 

used to provide security of supply within a distribution network 

in place of conventional assets. To make this a cost competitive 

option, participation in ancillary service markets is required at 

times when the network is not at risk. This provision of multiple 

services, in combination with a need to provide reliable network 

security of supply, necessitated the development of a FOSS. 

This system was designed to fulfil the following goals:

•  to ensure that the ESS could supply sufficient power to   

 provide security of supply at a 33/11kV substation;

•  to select the most profitable suite of ancillary services to  

 participate in with the remaining power and energy   

 resources of the ESS; and

•  to ensure that the service schedule is robust to the delivery  

 or non-delivery of all other scheduled services.

A.2.2 Experience

Forecasting 

The demand forecast implemented within FOSS is based on 

Multiple Linear Regression (MLR). In an MLR, the term to be 

predicted, Y¸ is calculated as the sum of a number of explanatory 

variables, Xi, each weighted by pre-calculated factor, βi, and 

an error term e. Hence an MLR model is of the form:

Y= β0+β1 X1+β2X2 +β3 X3 + ⋯+βn Xn+e

In other words, the model estimates the relationship between 

the demand and various explanatory variables. The 
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explanatory variables are identified and quantified through 

offline analysis of historical data.

Two models were required for SNS: a long-term model to 

give an indication of which days are likely to have high 

demand, and a short-term model to finalise schedules and 

reserve power and energy resources. Both models account 

for long-term trends, but the short-term model also has an 

auto-regressive element and accounts for the relationship 

between the forecast temperature and the demand.

With the selected MLR method, the long-term forecast error 

is small, but in order to successfully capture the peak shaving 

requirement, a substantial error term is required. This is 

because the MLR model captures the average trend, while 

the peak shaving is needed only on days with high demand. 

This suggests that, if the current approach is not sufficient, 

either a fundamental change in approach, or a change in 

expectations, is required.

The short-term forecast has been less successful; over very 

short timescales, the short-term forecast gave very accurate 

results; however, once the advance period was increased to a 

few hours or more, the short-term forecast actually gave less 

accurate results than the long-term forecast. This observation 

led to the consideration that a possible improvement to the 

prediction accuracy could be achieved by changing which 

autoregressive terms are used; the existing model uses the 

Figure 7:  Illustrations of the state of charge range allocation for (a) Power-to-Grid, (b) Power-from-Grid, and (c) Bi-Directional network  
 services (source: Newcastle University)
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demand from the last 24 hours (48 time periods). Adopting 

this alternative approach showed an improvement in the 

mean absolute error.

Scheduling 

The scheduling approach used within FOSS was designed to 

be robust against the delivery, non-delivery, or partial delivery of 

each service added to the schedule. To achieve this, a state of 

charge range is determined through the use of four different 

state of charge ‘pathways’, which follow the best- and worst-

case behaviour for two operating paradigms – “Up” operation, 

which aims to keep the state of charge as high as possible, 

and “Down” operation, which aims to keep the state of 

charge as low as possible – an example of these pathways is 

shown in Figure 7. 

Figure 7 shows how energy is allocated to each type of service, 

and the resulting permissible state of charge range in each 

case. For the SNS project, the services were scheduled 

hierarchically, with the local demand Peak Shaving (PS) taking 

priority over other, purely commercial, services. However, the 

system is designed such that this requirement could be 

removed, and PS could compete with the commercial services, 

or be ignored altogether – this makes the system flexible for 

other ESS applications.

The system can deal with efficiency in both directions, can 

impose artificial power limits on individual services, and can 

impose forced rounding if a service can only be offered in 

certain unit sizes (for example n×1 MW). Service delivery is 

specified in terms of a power, time, and maximum number of 

deliveries within a given window.

The way services are hierarchically added to the schedule 

provides a rigorous means of allocating energy to essential 

services. The pathways carry out their required function, but 

could be considered to do so over conservatively as analysis 

of prior service delivery shows that the full capability is highly 

unlikely to be required.

Services parameters must be specified manually by an operator; 

this is adequate for services such as STOR (Short Term Operating 

Reserve), which have fixed operational windows, but makes 

scheduling services such as frequency response, where any 

time periods can be tendered for, difficult. This can be mitigated 

through analysis of historical data to determine at which 

times frequency response is most valuable, but still makes 

scheduling these services an open loop problem. 

The model of service delivery is adequate for a service like 

static frequency response; where the output is set in advance, 

but STOR or dynamic frequency response require a variable 

delivery time, or variable power and delivery time. This makes 

scheduling challenging, since offline analysis of historical 

data is needed to determine how much power and energy to 

allocate to ensure the ESS is being run profitably without risk 

of under delivering.

The most impactful improvement would be to enable the use 

of a more rigorous service specification. By giving FOSS access 

to a database showing past delivery of each given service, it 

should be possible to optimise the risk/reward of over or 

under allocating energy. This becomes a risk management 

exercise and requires a shift in thinking for DNOs to move 

away from always being covered to deliver the full service to 

reacting more actively to real network requirements. Given 

that other contingencies can come into play, there is no real 

guarantee of being able to deliver a contracted service, so 

this risk should be weighed as part of a holistic view.

Cost based optimisation

Once feasible combinations of services have been identified, 

it is necessary to determine which set of services will provide 

the greatest financial return. A cost based optimisation was 

designed to ensure that the services with the highest long-

term expected value were selected for delivery by the ESS. 

This comprised two activities: evaluating the value of each 

set of services, and selecting the most valuable combination.

In order to calculate the expected value of each combination 

of services, it is necessary to consider the value of each service if 
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it is called, and if it is not. Additionally, the value is dependent on 

exactly which point in the service window the service is 

called, the state of charge prior to the service, whether any 

adjustment is required and, the state of charge after the service. 

Additional complications arise when there are combinations 

of Up (Power to Grid), Down (Power from Grid) and Up-Down 

(Power could flow to or from Grid) services.

The expected value is dependent on the probability of a 

given scenario taking place (i.e. delivery vs non-delivery). 

The value of each scenario is multiplied by the probability of 

that scenario taking place, and the expected value is the sum 

of this calculation for all possible scenarios.

In order to select the optimal combination of services, FOSS 

must search the possible combinations of services and identify 

the combination with the greatest expected value. The 

implemented approach uses an exhaustive search heuristic, 

where it systematically evaluates every combination of 

available services, in every available order, and selects the 

most valuable. Given the relatively small number of combinations 

available in the current implementation, the computational 

burden of doing this is manageable. However, if some of the 

suggestions related to the scheduling were implemented, the 

number of combinations (the problem’s ‘state-space’) would 

increase and a more sophisticated algorithm could be required.

The calculations to determine the value of the services rely 

on several parameters which are uncertain; the probability of 

delivery, cost of energy, and exact service fees are generally not 

known in advance, so any values used here are an estimate. 

This implies that uncertainty should be considered in this 

evaluation. An imprecise probability approach, where a range of 

probability values are used for service delivery, could allow for 

more rigorous evaluations of the expected value. In addition, 

using probability distributions or probability mass functions to 

represent the energy and fee values would allow this 

uncertainty to be represented in the calculations. A Bayesian 

Statistics approach could be used, with prior values of the costs 

and probabilities obtained using the battery operator’s 

judgement, and posterior values produced after some services 

have been delivered.

The existing optimisation algorithm is likely to difficult to 

implement if many of the suggested improvements are 

implemented. A non-exhaustive alternative tree search 

algorithm could be implemented to overcome this issues as 

the service scheduling represents a tree structure.

A.2.3 Lessons learned

Short-term forecasting approach can be enhanced to 

improve accuracy 

The forecasting algorithms were implemented using multiple 

linear regression. Long-term and short-term forecasts were 

evaluated. The long-term forecast was accurate, but the accuracy 

deteriorated during the peak period. The short-term forecast 

model, which included an autoregressive component, was more 

accurate over very short time periods, but less accurate 

overall. Suggestions were made on changing the design of 

the short-term model to make use of more historical data and 

take better advantage of the autocorrelation structure of the 

data. Tests have shown that improvement in the short-term 

forecast can be realised.

Scheduling can be improved by more rigorous service 

specification 

The scheduling algorithms allow energy and power to be 

robustly allocated to grid services in a hierarchical schedule. 

The schedule is designed such that all services can be delivered, 

regardless of the delivery or non-delivery of any previous or 

subsequent service. The main shortcoming is in the specification 

of services, and the selection of service windows. Suggestions 

were made to create a database of service data to improve 

both of these functions, and provide suggestions to the user.

Cost based optimisation could be improved by greater 

inclusion of a range of probability values to reflect 

uncertainty

The cost-based optimisation was implemented using an 
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expected value calculation and an exhaustive search heuristic. 

The method is sufficient for the existing implementations, 

but changes in the scheduling could result in too large a 

state-space, rendering the exhaustive search impractical. A 

more sophisticated tree-search could be implemented if this 

was the case. Many of the parameters in the value calculation 

are estimates, and therefore have associated uncertainties 

which are difficult to quantify. By employing imprecise 

probabilities, and potentially taking a Bayesian Statistics 

approach to uncertainty, these calculations could be made 

more robust, and could automatically take operational data 

into account.

A.3 Smart Optimisation and Control System messaging 

system

 

A.3.1 Overview

SOCS messaging system is the backbone of SNS which helps 

to communicate between the various systems involved in 

SNS. The messaging system is built on IBM Integration Bus 

(IIB) powered by IBM MQ. The participant systems connect to 

SOCS through MQ Server Connection channels. The messages 

are communicated in XML format through message queues 

in IBM WMQ. The message flows deployed in the integration 

servers in IIB have the intelligence to detect the incoming 

messages and will route to appropriate destinations based on 

the incoming type of message. As mentioned earlier, various 

systems involved in SOCS messaging system are FOSS, BESSM 

and ASP’s. 

A.3.2 Experience

Analysis of data quality

The quality of data is an essential determinant of the 

effectiveness of the system. Data quality can be measured 

based on the total number of defects experienced within the 

software, with the expectation being for the number of defects 

to drop as software progresses across stages of development. 

This was the case for SOCS, with defects experienced dropping 

from four in the development environment to zero in the 

production environment, as shown in Figure 8.

Each defect can be classified based on the severity of the 

issue. Severity of the defect basically explains how much 

impact the defect causes to the system. For example, if the 

SOCS system is not able to deliver a message to a destination 

system, the defect will be classified as a Severity 1 since the 

basic functionality of the system is not working. Figure 9 

shows the defects that occurred in the SOCS system classified 

based on the severity of the issue.

Figure 8:  – Data quality in SOCS during System Integration Testing (SIT), User Acceptance Testing (UAT) and production stages
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Queue manager down

Queue manager is part of the messaging software solution 

that manages the links to the different external platforms, 

i.e. KOMP, BESSM and FOSS. The queue manager went down 

twice in the development environment.

Root Cause: The queue manager log files and the trace files 

generated by the broker filled up the log directory to 100%. 

Queue manager was not able to write any more log information 

and hence went down in the development environment. In 

Quality environment , the log and data directory of queue 

manager shares a total of 4 GB. Once the project goes BAU, the 

queue log files needs to be cleared once a month.

Remedy: Removed the unwanted files from log directory 

and restarted the queue manager.

Preventive Actions: Proactive monitoring and clearance of 

log file directory. Also automatic email alerts on disk space 

after crossing a threshold, say 90%, should be configured.

Consumer applications went down

Interacting systems with SOCS such as FOSS, Kiwi Operational 

Management Platform (KOMP) and BESSM went down 

multiple times.

Root Cause: Network issues or queue manager down.

Remedy: Restarted the application.

FOSS messages not reaching SOCS

The messages from FOSS were not reaching SOCS messaging 

system. Business users were able to push the message from 

FOSS front end but the messages didn’t reach the destination 

system, BESSM. This issue occurred once the SOCS migrated 

from development to quality environment.

Root Cause: The SOCS quality environment details were not 

loaded in the FOSS application. It took the configuration from 

the Websphere Application Server (WAS) cache and was sending 

messages to the queue in SOCS development environment.

Remedy: Restarted FOSS.

A.3.3 Lessons learned

Scripts for monitoring of queues, channels and listeners 

should be developed

The monitoring scripts should be developed and deployed 

once the project goes BAU. These scripts will ensure that all 

the essential objects of the Message Queue (MQ) are up and 

running. Email alerts with details will be sent to the technical 

support team if any of the above mentioned MQ objects goes 

Figure 9:  – Defect Deverity in SOCS
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down. Technical team can do an analysis and can do the 

relevant action to make sure the system is up again. 

Automatic alert email to technical team once the log or 

data directory space crosses a threshold space should be 

implemented

This can be implemented with the help of the server 

management team. The MQ log file directory will be 

monitored and automatic warning emails will be sent to 

technical support team once the occupied space in the MQ 

log directory crosses a particular threshold. Technical support 

team can do the relevant action and make sure that it is 

highly unlikely that the system goes down.

Proactive clearance or reimaging the MQ logs should be done

A linear logging option is followed for MQ in SOCS. The logs 

should be monitored and cleared once a month. This proactive 

monitoring and clearance of logs will ensure the log directory 

disk space occupied never crosses the threshold.

Adding resilience features to the messaging system

The MQ platform itself offers higher resilience to the Enterprise 

Service Bus (ESB) since it decouples the sender from the 

receiver. Apart from this, MQ clusters have been created with 

a gateway queue manager and two independent queue 

managers. This increases the resilience of the SOCS system as 

the load will be distributed and the processing of messages 

depends on the load processed by each queue manager. A 

multiple processor sever adds to the resilience of the SOCS 

system. Moreover, linear logging is followed for MQ which 

improves the total resilience of the SOCS messaging system.

Implementation of high available QMs and Brokers

SOCS system built on IIB runs in multiple servers in multiple 

data centres. The servers in one data centre acts in passive 

mode and the other in active mode. The active mode servers 

contain multi instance queue managers running on multiple 

servers with one queue manager running in active mode and 

the other in passive mode. 

Multi instance brokers associated with multi instance queue 

managers running on multiple servers again increases the 

availability of the SOCS system. Apart from all these, IBM 

PowerHA has been configured to hold the brokers as resource 

groups which makes sure that the system is 99.99% available.
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Summary of outcomes and 
learning from previous SDRCs

Annex B



B.1 Introduction

The sections below outline the focus of and outcomes or 

learning points identified in the SDRC’s produced to date 

within the SNS project.

B.1.1 SDRC 9.1: Design & Planning Considerations for 

large-scale energy storage27 

Focus

Successful early capture and dissemination of learning related 

to the practical issues and consideration in the design and 

planning of large-scale distribution-connected storage.

Outcomes and lessons learned

The main learning points from SDRC 9.1 centred around 

procurement and the selection of a storage technology provider 

as well as the need to take due regard in all aspects of local 

authority planning, including the need to be vigilant on 

reviewing local plans and ensuring that a planning application is 

robust on submission. The learning points are summarised in 

Table 6.

Ref Impact

1

2

3

4

5

Learning Possible solution

The energy storage system supply 
chain is immature and evolving - 
existing procurement databases, such as 
Achilles do not provide the best view 
of potential suppliers (this also applies 
to other innovative technologies).

There are several different ‘types’ 
of organisation that can supply 
energy storage systems, but each has 
expertise in different areas. It is not 
yet clear who will evolve to be the 
best type of lead supplier.

High capital investments for 
storage technology manufacturers, 
in combination with weak market 
conditions can cause weaknesses 
in financial stability.

Commercially available credit reports 
are not adequate financial due diligence. 

The planning consents process takes 
more effort, cost and time than 
expected. This turned out to be longer 
than statutory timescales.

Suppliers with relevant solutions may 
be missed

Suppliers with relevant solutions may 
be missed

Risks to financial stability of supplier 
partners

Risks to financial stability of supplier 
partners

Increased spend on planning process, 
and an extension of the time required 
to secure planning consents

Ensure a review and market research 
of the current market and alternative 
potential supply-chain partners to 
ensure new players are incorporated, 
as the marketplace is changing rapidly

Ensure market research is carried 
out. Consider the advantages and 
disadvantages of supply from different 
types of organisations

Ensure financial due diligence of 
technology partners, including sub-
contractors

DNOs and TNOs need to seek, and 
suppliers need to be willing to provide, 
information about financial stability 
throughout the entire supply chain

Consult with LPA early in the process. 
Ensure additional time and budget 
is factored in for alternative storage 
installation investigations

Table 6: – Summary of Leanring points from SDRC 9.1

27 http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Smarter-Network-Storage-(SNS)/Project-Documents/SNS1.2_SDRC+9.1+-+Design+%26+  
 Planning+Considerations+Report_v1.0.pdf
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Ref Impact

6

7

8

9

10

11

12

13

14

Learning Possible solution

LPA policies can differ widely between 
areas; and policies can be set for land 
that is not within their ownership

There is a need to be mindful of time 
constraints when in discussions with 
LPA over any section 106 agreement 
provision

Stakeholder concerns in the planning 
process from storage were more 
focussed on local issues, such as cycle 
ways, than specifics of the storage. 
Main themes were local issues, visuals 
and house prices

A tight-timescale can put pressure 
on negotiations relating to planning 
obligations

Operational sites can potentially be 
retained ‘operational’ if boundaries 
are established early/historically, 
avoiding the requirement for planning 
permission for DNOs

Footprints for similar battery 
technologies can differ between 
manufacturers. Hence, estimates of 
footprints for a certain energy capacity 
are only valid for a single supplier

Having obtained planning consents for 
a site will lock down the external size 
and design of the building

Development control within local plan, 
may designate intended operational 
land for non-electricity undertaking 
purposes

Fundamental components, in 
particular the battery and the power 
converter, are likely to be inherited 
designs from other sectors

Inconsistencies between requirements 
for storage deployments

Increase in time and cost of storage 
deployments

Higher costs of planning permission 
obligations

Improved timescales for storage 
deployments

Opportunity to increase the battery 
size in the future may be limited

This will limit making any changes to the 
external appearance of the structure, 
unless approval is obtained from the LPA

May make obtaining planning 
approval harder

Limited ability for purchasers to 
dictate DC-bus bar voltages; which in 
turn impact the height and footprint 
required for an installation

Support the dissemination of learning 
and education around storage to local 
authorities

Appropriate budget should be 
considered where necessary

Explore and understand the local 
issues before developments and 
look for previous applications/press 
comments

Ensure engagement of planning 
process begins early. If at all possible 
build in time on the expectation of 
needing to appeal.

If operational sites are required for 
long-term development they should 
be utilised where possible; although 
this will not be practical for third-party 
developers

Allow for some margin in housing 
dimensions to allow for future 
expansion

If unavoidable seek approval from 
the LPA

Monitor and comment on local plans 
when published

Ensure early understanding of the 
DC voltages and rack configurations
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B.1.2 SDRC 9.2: Confirmation of the Smart Optimisation & 

Control System design28 

Focus

Successful completion and sign off of the overall design of the 

SOCS. The functional design was developed with operational 

partners and Newcastle University, and incorporated the 

description of business processes to be implemented across 

participants to facilitate the SNS Solution.

Outcomes and lessons learned

Development of a novel IT platform to optimise value of 

energy storage

One key part of the project was to develop a novel IT platform to 

enable the shared use of energy storage capacity which can 

optimise the value of an installation by scheduling a range of 

commercial services, whilst also maintaining network 

constraints effectively. This is the SOCS.

Development of Forecasting, Optimisation and 

Scheduling System to optimise operation

Using a range of available data, including historical customer 

electricity demand and weather forecast information, the 

(Forecasting, Optimisation and Scheduling System) FOSS has 

been developed to forecast local electricity demand at the 

site and consider when network support is likely to be required 

and what other available services can be performed. FOSS 

then generates an optimised schedule for the Energy Storage 

System (ESS), which dictates how the storage device should 

operate, and seeks to maximise the value of the storage 

capacity within the constraints of the network.

Development of integrated Energy Storage System to 

control battery based on FOSS schedules

The ESS is receives and validates finalised schedule(s) 

generated by FOSS and controls the battery operations 

accordingly. The different modes of operation that the battery 

can undertake reflect the different behaviours required from 

the storage device and vary over time depending on the 

modes scheduled. The low-level battery controller is 

instructed directly via the ESS; which tells the battery how to 

operate, i.e. to either charge/discharge from/into the local 

electricity network, in real time. 

B.1.3 SDRC 9.3: Commercial arrangements for integrated 

use of flexibility29  

Focus

The commercial arrangements for the independent service 

trials and optimised period of operation will be developed 

and translated into skeleton contract templates. These will 

provide the basis of commercial arrangements that could be 

tailored for other forms of flexibility and leveraged system 

wide by other DNOs

Outcomes and lessons learned

New ‘Aggregator Services Agreement’ was developed to 

allow for provision of TSO balancing services 

Under the commercial operating model implemented in the 

project, a new storage ‘Aggregator Services Agreement’ has 

been developed to allow delivery of these services and was 

implemented with KiwiPower. KiwiPower are the third party 

intermediary selected to provide the interface to National 

Grid for the range of balancing services under trial, and also 

put in place back-to-back commercial arrangements with 

National Grid for the provision of ancillary services using the 

storage capacity.

Need for access to wholesale market via an energy supplier 

To operate storage in a multi-purpose way, the need to access 

the balancing markets also leads to the requirement for 

access to the wholesale electricity market to enable charging 

and discharging when required. In the SNS model, this is 

enabled through an energy supplier, SmartestEnergy. This 

also provided an opportunity for an additional ‘Tolling’ 

service, which enables a supplier to take commercial control 

28 http://innovation.ukpowernetworks.co.uk/innovation/asset/ce5078a5-0874-48e8-80a1-afdab4920d9N/SNS2.15-Logical-Architecture-Design-Dec+2013.pdf
28 http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Smarter-Network-Storage-(SNS)/Project-Documents/SNS4.6_SDRC+9.3+-   
 +CA+for+IU+of+Flexibility_v1.0.pdf
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of the device for a period of time to manage their imbalance risk 

or arbitrage, in return for a fixed fee.

Learning provided through the creation of these contracts 

informed business case for storage

Implementation of these first-of-a-kind contracts has 

generated a comprehensive understanding of the structure, 

costs and benefits of all non-energy related charges and 

levies that helps to further inform the business case for storage, in 

addition to key market-related learning around issues that could 

pose further barriers to the adoption of energy storage. 

B.1.4 SDRC 9.4: Energy Storage as an Asset30

 

Focus

Successfully commissioned energy storage device, with 

knowledge developed, captured and disseminated relating 

to the commissioning and operation.

The knowledge generated through the early operational 

experience and training materials will be incorporated, along 

with methodologies for the asset management and 

maintenance of storage. A visit to the storage facility has been 

organised and hosted for interested DNOs and other stakeholders 

to provide an additional opportunity for dissemination.

Outcomes and lessons learned

Logistical learning points for construction and installation 

process

In going through the construction and installation process, 

the project learned the importance of robust logistical 

planning, site facility and storage arrangements and ensuring 

good building access for the large volume of batteries and 

other equipment that needed to be loaded into the building 

from a different level for maintaining progress on plan. 

Choice between housing storage in a building or using 

containerised solution influenced by site specifics

While the project has housed the storage system in a purpose-

built building, for which there are some advantages such as 

visual amenity, savings on auxiliary equipment and ease of 

maintenance, not all future deployments would necessarily 

need to follow this same approach. Assessment has shown 

there to be no clear “best option” for housing storage in a 

building or using a containerised solution, and so it is likely to 

be down to the specific requirements of individual future 

sites that are likely to have a greater influence over the 

decision for a containerised or building housed solution. 

Rapid construction and commissioning timescales 

compared to traditional solutions

Despite a significant amount of civil and electrical works to 

house the storage in a purpose-built building, the end to end 

construction and commissioning of the facility was relatively 

rapid, highlighting one of the advantages of such solutions 

over traditional network reinforcement. The storage facility was 

installed and ready to support the network within approximately 

12 months of first breaking ground on site. 

Increased risk of commissioning and operational risks 

given complexity of solution

There are different challenges however, when compared to 

traditional assets, the most significant of which the project 

experienced was the increased risk of commissioning and 

operational issues due to the more complex nature of a 

storage system, and multiple sub-systems and control layers 

involved. During the project’s commissioning and testing 

process, several system defects arose that have turned out to 

be relatively persistent throughout the testing phases, and 

challenging to mitigate and identify root causes. Whilst issues 

such as these can often be expected in first-of-a-kind scale 

demonstrations, in this particular case what has contributed 

to the risk of these materialising was:

• The scale of the system and hence challenges in carrying  

 out off-site factory testing in a representative way that   

 could determine whether the combined electromagnetic  

 emissions of the complete installation would be an issue,  

 or whether there may be any coupling effects; 

30 http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Smarter-Network-Storage-(SNS)/Project-Documents/    
 SNS1.12+EnergyStorageAsAnAsset+Learning+Report+v1.0.pdf
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• The lack of any prior experience in integrating the particular  

 sub-systems by S&C Electric, due to unexpected supplier  

 changes during the project; and 

• Installing such a system in a building raised above a flood  

 plain, particularly the implications on earthing design. 

Key issues have involved the presence of high frequency 

circulating currents, errors in the communications between 

inverters and battery controllers, and errors between the 

batteries and battery management system units themselves 

as a result of electromagnetic interference (EMI) interference 

and susceptibility across the different systems. These have 

had a significant impact in terms of delays to realising the full 

power capability of the system. However, they have not 

prevented the project from progressing testing and initial trials 

for supporting the network through the winter peak demand 

period of 2014/5, and early provision of commercial services. 

These main issues have generated significant learning for both 

UK Power Networks and S&C Electric, that will aid future 

project deployments in the UK and internationally. For example, 

for future building-based installations it is worthwhile ensuring 

that the provision of earthing for high frequency currents is 

included in the design from the beginning. EMI testing should 

also be thoroughly carried out using representative layouts, 

connections and scales of equipment as close as possible to 

the ‘as-installed’ system. 

Formal testing of capability to perform wider system 

services

The storage system has undergone an extensive period of 

testing, including formal testing to prove that it is capable of 

performing beneficial wider system services, such as STOR. 

This has also provided valuable learning for the Transmission 

System Operator about the nature of storage devices, and the 

SNS facility now represents the first known battery storage 

facility to have been qualified and performing balancing 

services in the GB market. 

Revised testing approach for frequency response needed 

for batteries

This process also highlighted important shortcomings in 

translating the ‘regular’ approach for testing the frequency 

response of traditional spinning forms of generation to storage 

systems. The standard test approach that National Grid expected 

to use involved the injection of an analogue frequency signal 

to force a response from the plant. The storage system had 

no analogue ‘input’ into the frequency control loop as a result 

of the software-driven nature and digital SCADA system that 

provides this control behaviour. Alternative test approaches 

were therefore needed, which have been developed in the 

project and will be of value for future installations of this 

nature that wish to provide similar system services. 

Successful inclusion of storage facility in asset 

management database

Reflecting the fact that the storage is providing real network 

support at the Leighton Buzzard area, the asset has been 

successfully incorporated into UK Power Networks’ asset 

management database. This has involved defining new 

templates and data structures that adequately describe the 

storage and the key nameplate data, which are suitable for 

re-use for any future ESS. In addition, suitable methodologies 

for the inspection and maintenance of the storage system 

have been defined with the support of the manufacturers, 

and incorporated into Maintenance Scheduled Tasks (MSTs) in 

the asset management database which set the frequency 

and nature of key activities to be carried out. 

B.1.5 SDRC 9.5: Evolution of Regulatory and Legal 

Arrangements for energy storage31

Focus

This SDRC describes potential solutions to legal and regulatory 

barriers that affect the deployment and utilisation of electricity 

storage on distribution networks within the GB market. These 

recommendations are intended to form the basis of 

enhancements to the regulatory arrangements for storage 

that can apply for DNO and third party storage projects alike.

30 http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Smarter-Network-Storage-(SNS)/Project-Documents/Report+9.5+19Oct_   
 v2.1_%28Final+Photos%29.pdf
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Outcomes and lessons learned

The default treatment of storage as a subset of generation 

creates uncertainty

Electricity storage is not explicitly recognised as a discrete 

activity or asset class in the GB and EU legal frameworks. In 

the absence of an alternative option, storage is treated as a 

type of generation asset. This is a feature of history through 

the liberalisation process rather than a deliberate design 

choice. Nevertheless, treatment of storage as generation is a 

pervasive issue which has a ripple effect on ownership and 

operation options.

Unbundling requirements add uncertainty, and needs 

separation of licensed network and non-network 

activities for energy storage under DNO-led models

As part of the liberalisation process, ‘unbundling’ has become 

enshrined in the regulatory frameworks at EU and GB levels 

to separate network and non-network activities. For GB 

DNOs, the requirement is for legal, functional and accounting 

unbundling to ensure operational independence of the 

distribution business from other activities within the vertically 

integrated business. Therefore, in GB, distribution licence 

holders are prohibited from also holding generation or supply 

licences, which appears to block GB DNO involvement in 

storage ownership and operation. 

However, smaller-scale, distribution connected storage 

facilities qualify for a class exemption that means small 

generators do not need a generation licence. This exemption 

route does, consequently, provide an avenue for potential 

deployment of smaller scale energy storage assets by DNOs, 

subject to de minimis business restrictions32. 

Application and operation of storage assets is affected by 

the need to ensure that competition in generation and 

supply is not distorted

More critically, though, the distribution licence imposes 

restrictions upon activities of the distribution business in order to 

avoid distortion of competition in generation or supply 

activities. DNO operation of a storage asset would have an 

impact on the traded market and it will be necessary to 

demonstrate that this does not distort the market. This 

requires a contractual interface with a third party to handle 

the energy flows which necessitates the involvement of an 

additional player in the business case. 

Treatment of import as end consumption under climate 

change, renewable and low carbon supplier charges 

increase operating costs for storage operators

Measures, such as the Climate Change Levy (CCL), the 

Renewables Obligation (RO), the Contract for Difference 

Feed-in Tariff (CfD FIT) and Small Scale Feed-in Tariff (ss-FIT), 

are intended to support the deployment of low carbon 

generation technologies in the UK. The mechanics of the 

instruments have relevance for storage projects and apply 

equally to DNO owned/operated and third party storage 

projects alike and so is not just an issue of relevance for 

distribution businesses.

At present, flows into storage get treated as end-user 

consumption which manifests as a transaction cost of, or 

disincentive for, trading with storage. Commercial trials with 

an energy supplier, Smartest Energy under the SNS project 

highlight that, based on commercial operations in June 2015, 

RO/FIT costs account for around 80% of all non-energy related 

supply costs linked to importing flows into the storage device. 

This makes a tolling agreement for the storage device, where 

commercial control of the storage is transferred to the energy 

supplier for a fixed fee, unprofitable outside the peak 

November to February period. Therefore, the trials indicate 

the significance of these costs for the commercial viability of 

storage projects.

Distribution charging methodologies could be 

inconsistent and impact the charges for storage owners

Current distribution charging methodologies consider primarily 

the voltage level at which the connection is made, which 

drives implementation under either the Common Distribution 

charging Methodology (CDCM) or Extra High Voltage 

32 Non-distribution business activities, such as income generation from storage projects, are limited by de minimis restrictions specified in the distribution licence. These   
 restrictions mean that turnover from and investment in non-distribution activities must not exceed 2.5% of DNO business revenue or licensee’s share capital respectively.
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Distribution charging Methodology (EDCM) regime. These 

methodologies have significantly different impacts on resulting 

operational costs for storage operators, with our analysis 

showing that EDCM is more favourable in most operational 

scenarios which would tend to favour storage operations at 

the higher voltage levels.

Optimised connections and distribution charging 

agreements for storage (and other flexibility) are needed 

to support wide adoption

Storage is currently perceived as a generator and load in 

terms of its connection to the network and attracts capacity 

charges and headroom assessment for both the import and 

export capability. Firm connection agreements would typically 

use the maximum import and export capacity of the storage 

system in terms of MVA which would entail a range of fixed 

and capacity costs for the storage operator which form a 

reasonably significant part of the operational costs for storage 

operators. Trial results indicate these are challenging to offset 

from export benefits, for example super-red rate credits, and 

to optimise under most common operational regimes.

Categorisation of storage installations into intermittent 

or non-intermittent tariffs under CDCM connections 

impact the network charges for operators

Under the current CDCM regime, the categorisation of storage 

systems into non-intermittent or intermittent tariffs has a 

clear impact on the charges and benefits the storage operator 

receives from the assignment and application of the respective 

tariff. It is however unclear how storage, when performing 

different applications, should correctly be classified which 

could lead to inconsistent treatment across the industry for 

storage operators.

Reactive power capability of energy storage systems and 

other power electronics grid interfaced energy resources 

is not recognised

The reactive capability of storage systems and other distributed 

energy resources that are interfaced via power electronics 

with the network is currently un-utilised and not remunerated. 

This leaves no incentive for storage providers, particularly 

under the Contracted Services model, to provide reactive 

power exchange that may be beneficial for the network.

However, reactive power exchange between resources and 

the network may also negatively impact the technical operation 

of the network (i.e. voltage, thermal loading and losses), the 

lifecycle of assets (i.e. tap changers utilisation) but also 

impact the customer charges from impact to line loss factors.

A standard process for assessing the contribution of reactive 

power support to network operation is therefore required 

with the aim to identify whether reduction of reactive power 

charges to assets that offer reactive power support services is 

desired, or whether the development of a commercial 

mechanism for procuring more dynamic reactive power 

support services from power electronics interfaced resources 

is beneficial.

B.1.6 SDRC 9.6: Analysis of integrated energy storage 

contribution to security of supply33 

Focus

This criterion relates to the studies undertaken on the 

contribution of energy storage to security of supply over 

various time scales. An emphasis was placed on quantifying 

the risks to supply when the network is supported by energy 

storage with a limited amount of energy, taking also into 

account that storage may be used to provide other services.

Outcomes and lessons learned

The contribution of storage to security needs specific 

assessment

Energy storage plants are fundamentally different to other 

conventional assets due to the presence of both power and 

energy constraints and their dependence on the state-of-

charge. As such, sequential simulation is required to quantify 

the impact of storage on security of supply. Beyond the 

plant’s technical characteristics, such as energy capacity and 

33 http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Smarter-Network-Storage-(SNS)/Project-Documents/SNS_P2_6_SDRC9.6v1.pdf
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power rate, demand shape is a major determinant of the 

scope for energy storage’s contribution to security. 

Important to consider forecasting errors

In cases where the storage plant is not exclusively dedicated 

to the provision of security (but also provides other services 

not necessarily aligned with security provision) it is important 

to consider the forecasting errors related to power and energy 

allocation. The project demonstrated that it is possible to 

adopt a risk-averse commitment strategy to mitigate this 

effect to a large degree, at the expense of potential resource 

over-commitment. 

The extent of power shortfalls affects the ability of a 

storage plant to provide security

The analysis undertaken demonstrates that the current 

security contribution of the Leighton Buzzard storage plant is 

100% in terms of the observed power shortfall. 

In general, the report shows that in cases of networks with 

low power shortfalls (e.g. 10% of the maximum demand 

level), the reduced peak shaving requirements can be fully 

met by a suitably-sized storage plant with as low energy 

capacity as two hours (Equivalent Firm Capacity (EFC) = 100% 

of shortfall being served). 

As the power shortfall increases, increased energy capacity is 

required to carry out peak shaving successfully. In cases of 

flatter demand profiles, there is a pronounced saturation effect 

since the amount of available import capacity for charging 

the storage plant may be critically limited (e.g. EFC = 37% for 

a plant with 4-hour capacity and 30% power shortfall). In 

cases of peaky demand profiles, the contribution of storage 

can be more substantial (e.g. EFC = 71% for a plant with 

4-hour capacity and 30% power shortfall) as long as the 

required power rating is available. 

Distributed generation penetration increases the security 

contribution of storage

The contribution of storage to security of supply in the case of 

flat demand profiles can be increased substantially in the 

presence of DG in case that the generation operates during 

peak demand conditions. We show that at 50% DG penetration, 

security contribution of an 8-hour storage plant can increase 

from 37% to 100%. However, under lower DG penetration 

levels the effect may not be material. 

B.1.7 SDRC 9.7: Successful demonstrations of storage 

value streams34 

Focus

This SDRC describes the end to end learning from the planning 

to the operational performance of the SNS trials. In particular, 

it contains:

1. Detailed trial plans for each storage service trialled in the  

 SNS project, including key requirements and processes used;

2. Financial performance data captured throughout the SNS  

 project;

3. The assessment of the capabilities of the storage device in  

 providing the range of services and shared through the   

 project website, incorporating an assessment of the   

 relative value of services provided.

Outcomes and lessons learned

The SNS trials give hard evidence of the role that batteries can 

play and the commercial opportunities linked to multi-

purpose application. As a result, there is now evidence that 

helps to support the expectations that are being placed on 

battery storage, answering questions that the industry has, to 

date, been grappling with.

Can storage provide peak shaving services and offset the 

need for conventional reinforcement?

The trials have demonstrated that battery storage is able to 

support the distribution network and defer reinforcement by 

providing peak shaving. SNS is suitably sized for this purpose, 

both in terms of power/energy but also in terms of building 

capacity for potential upgrade, to ensure that future load 

growth can be accommodated.

34 http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Smarter-Network-Storage-(SNS)/Project-Documents/    
 SDRC+9.7+Successful+Demonstrations+of+Storage+Value+Streams+LoRes+v1.pdf
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Can distribution connected storage provide services to 

the TSO?

The trials have proven that battery storage is fully capable and 

reliable in providing reserve and response services to the TSO 

as well tolling services to electricity suppliers.

Can storage technically fulfil multiple functions without issue?

SNS has proven that storage is a multi-purpose technology, 

capable of doing different things at the same time. For 

example, when providing active power through peak shaving 

to relieve congestion on the local network, triad avoidance 

services are simultaneously provided by reducing peak load 

at the national level. Similarly, when reactive power is used 

for peak shaving, it reduces losses and improves efficiency on 

the distribution network. 

Additionally, the SNS project satisfied all the criteria to pre-

qualify for relevant commercial services provision to the TSO 

i.e. provide quick response to facilitate frequency response 

provision and sustain the response for a minimum of two 

hours to provide STOR services to the TSO. 

Commercially, can revenues from multiple applications 

be stacked to improve the business case for storage?

As peak shaving is only needed for a fraction of the year, it is 

important that storage can be used to provide other services at 

other times in order to make the business case work. The 

trials have shown that other services can be provided at other 

times, providing additional revenue streams. Outside the 

peak shaving requirement windows, storage can be used to 

provide services to the TSO, such as frequency response and 

reserve, and to the electricity supplier (via tolling or arbitrage 

services) to maximise the revenue from its operation. As 

future or new services to the TSO (including reactive power, 

EFR and demand turn-up) and/or the DNO (flexibility 

products) are developed, these offer additional or substitute 

revenues in the stack.

What is the most profitable application at present?

The trials highlighted that frequency response is currently the 

most profitable commercial service that storage can provide, 

compared to reserve services or tolling. This is driven by the 

relative market prices seen during the trials.

Battery storage is able to provide both static and dynamic 

frequency response. It is clear that the dynamic form of 

frequency response is more beneficial to the TSO as the storage 

system responds continuously to frequency changes as 

opposed to a wide threshold trigger in the static frequency 

response variant. However, the costs associated with the 

provision of the dynamic service are higher, as the energy 

use is increased. In addition, the higher utilisation of the ESS 

the higher its degradation, which is currently not remunerated 

in either of the two variants.

How should a storage asset be used?

Not only can battery storage be used in multiple applications 

but commercially it should be. Due to high fixed operating 

costs (such as auxiliary consumption costs and fixed capacity 

costs), the storage asset should not be idle. Contracts for 

storage services should allow deployment for multiple 

applications to support business cases.

In conclusion, the SNS project has provided evidence on the 

potential of grid scale storage and the revenues associated 

with it. These results will be critical for the industry as the 

uptake of storage increases and policy makers understand 

the opportunities it presents.
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