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Background

Smarter Network Storage Project

Smarter Network Storage (SNS) is a pioneer demonstration 

project, testing the deployment of grid scale battery storage and 

its utilisation for a range of services in a selection of different 

business models. It is exploring the capabilities and suitability 

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

accessing multiple ‘stacked’ benefits, maximising value from 

alternative revenue streams across the services provided, while 

also deferring traditional network reinforcement.

Experience from SNS trials provides greater understanding of 

the opportunities and challenges for different storage business 

models, which can be used to shape future project 

developments, as well as the commercial and regulatory 

arrangements within which they operate.

SNS is funded through Ofgem’s Low Carbon Network Fund.

Purpose

The experience gained from the SNS trials offers unique insight 

in relation to the commercial operation and potential revenue 

streams of battery storage in Great Britain (GB). The focus of 

this 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 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. 

The report considers the business case for Distribution Network 

Operator (DNO) led storage and for third party led storage 

projects, while also considering sensitivities to variations in key 

drivers including the:

• Cost of storage;

• Cost of network reinforcement that could be offset by   

 deployment of storage; and

• Value available from commercial service provision.

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.

The performance of the business models is of interest to a 

range of stakeholders, which means that the target audience 

for the report is broad, including all those who have interests 

in developing or using storage and, importantly, those who 

can influence the regulatory and commercial landscape 

within which storage can be developed:

• Policy makers and regulators: who have the ability to   

 address regulatory barriers within the current framework  

 and create an appropriate environment within which   

 storage projects can develop and operate;

• Finance community: who need to invest in projects to   

 support development;

• Developers and technology providers: who can add   

 their voices to push for an appropriate market and   

 regulatory framework for storage; 

• Market participants: who have an interest in including   

 storage within their trading activities and realising its   

 value within the market; and 

• Network owners and operators: who can harness the   

 benefits of storage as an alternative to network   

 reinforcement and as a provider of services that can   

 support network operation.

This report comes at a time when third party interest in 

potential grid scale storage projects in GB is booming.  

Technology cost reductions, growing requirements for 

flexibility and, in response, development of new services 

which suit the technical capabilities of storage are all 

contributory factors behind the surge in interest. Project 
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developers sense opportunities but battery storage is still a 

relatively new technology and expectations convening future 

revenue streams remain uncertain. This is likely to mean that 

the pipeline of projects will, as with a generation project pipeline, 

diminish as some projects are withdrawn or delayed. The huge 

interest linked to storage projects may make the extent of 

pipeline reduction higher than more established technologies, 

but this remains to be seen. This report offers further insight 

that may help to inform the progression of third party projects 

and to highlight the drivers that affect their viability.
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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 UK electricity system.  

Policy makers already acknowledge the importance of storage 

in the future energy mix to manage the unpredictability and 

variability of intermittent generation and deliver system 

stability. In this vein, the National Infrastructure Commission 

has highlighted the importance of storage in delivering a 

more flexible, efficient and cost-effective electricity system1, 

while the DECC2/Ofgem chaired Smart Grid Forum3, confirms 

the status of storage as one of the key smart interventions 

likely to be required in the future smart grid4.  

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 Enhanced Frequency 

Response (EFR) service5, 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. 

This report examines the drivers that affect business cases 

and seeks to highlight important tipping points that can 

make the difference between a viable and a non-viable 

business proposition. The objective is to provide insight that 

can then be used to create commercial and regulatory 

arrangements that can support the security and efficiency of 

the system and delivery of low carbon objectives.

To gain insight in relation to business cases, the report tests 

three different scenarios:

• 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 recently observed cost 

reductions over 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).

Table 1 provides an overview of the intended focus of each 

scenario and Table 2 provides a summary of the underlying 

revenue streams.

1 ‘Smart Power’, National Infrastructure Commission, March 2016.
2  DECC has now been replaced by BEIS (Department for Business, Energy and Industry Strategy)
3  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.
4  ‘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.
5   www2.nationalgrid.com/Enhanced-Frequecy-Response.aspx   
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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 1: Summary of modelled scenarios: focus of analysis

6 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.  
7 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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DNO peak shaving

Firm Frequency Response

Enhanced Frequency 
Response6

Triads7 

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 2: 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
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Findings

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 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. 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. But 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 
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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 

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 

total revenues for third parties from the whole system. 

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 3 provides a summary overview of the outcome of the 

business case assessment for the scenarios that have been 

tested, based on the set of underpinning assumptions upon 

which the scenarios are founded. This considers the perspective 

of the different actors involved as relevant in the different 

scenarios, namely:

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

 of a battery project net of the costs of conventional   

 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. 

The final case, as assessed, is not viable overall as it is not 

workable for the third party developer.

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.



The sensitivty analysis revealss 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.

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 3: 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
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Key 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:

R1. 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 includes appropriate recognition of the value of 

services delivered to the DNO, which is considered further below.

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.

R2. Improve visibility of opportunities for batteries to 

provide services to DNOs and the framework within which 

this operates

Where distribution businesses identify the potential for storage 

(or other non-conventional solutions) to deliver network 

services and/or offset conventional reinforcement, then these 

opportunities should be highlighted and opened up to third 

party providers through a competitive process to deliver at 

least cost for consumers. 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. This 

development is one that UK Power Networks is considering further. 

R3. 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.

R4. 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 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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Introduction
1



1.1 The rise of storage

As we move towards a decarbonised, smart electricity sector, 

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

play in the UK electricity system.  

Policy makers acknowledge the importance of storage in the 

future energy mix.  

The government has identified energy storage as one of the 

‘Eight Great Technologies’8, 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 system9 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’.10 In support of this, the work of the DECC11/

Ofgem chaired Smart Grid Forum12 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 grid13.

It is clear, therefore, that the policy and regulatory mind-set places 

a strong emphasis on the importance of storage and there are 

positive signals that the barriers14 that currently restrict storage 

deployment will be addressed.

The market is also responding.

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 201315.

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 Enhanced Frequency Response 

(EFR)16 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 1.3GW16, 

highlighting the interest from storage developers. This is the 

first signal of a specific revenue stream that has triggered such 

interest.17  

The combination of circumstances surrounding battery storage 

has heightened interest in potential new grid scale projects. 

Across its three distribution networks, by November 2016, 

UK Power Networks has received over 600 storage connection 

requests with a cumulative capacity of over 11GW.  

However, the business case for storage remains uncertain. 

Project developers sense opportunities but battery storage is 

still a relatively new technology and expectations convening 

future revenue streams remain uncertain. This is likely to mean 

that the pipeline of projects will, as with a generation project 

pipeline, diminish as some projects are withdrawn or delayed. 

The huge interest linked to storage projects may make the 

extent of pipeline reduction higher than more established 

technologies, but this remains to be seen.  

8 https://www.gov.uk/government/publications/eight-great-technologies-infographics
9   ‘Smart Power’, National Infrastructure Commission, March 2016.
10  ‘Making the electricity system more flexible and delivering the benefits for consumers’, Ofgem, September 2015.
11  DECC has now been replaced by BEIS (Department for Business, Energy and Industry Strategy)
12  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.
13  ‘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.
14  As highlighted in SNS report for SDRC 9.5 ‘Electricity Storage in GB: SNS 4.7 - Recommendations for regulatory and legal framework’, 2015.
15  https://www.teslamotors.com/en_GB/gigafactory
16  www2.nationalgrid.com/Enhanced-Frequency-Response.aspx   
17  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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One of the virtues of storage is that it is flexible, extremely fast 

responding and can be used for multiple purposes. However, 

this can make the business case complicated. Different services 

must be provided through different routes, given the current 

regulatory framework in place, and can involve a range of 

intermediaries with whom contractual interfaces must be 

established. These factors can hamper the progression of projects.

This report examines the drivers that affect electricity storage 

business cases and seeks to highlight important tipping points 

that can make the difference between a viable and non-viable 

project. The objective is to provide insight that can then be 

used to create commercial and regulatory arrangements that 

better enable the deployment of distribution connected 

storage that the system needs and the policymakers’ desire.

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 in a selection of different business models. 

It is exploring the capabilities and suitability of a 6MW/7.5MVA/

10MWh advanced Li-ion storage device, which has been 

connected to the 11kV side of the 33/11kV substation of UK 

Power Networks at Leighton Buzzard, for a number of system 

applications, identifying the requirements, potential value and 

benefits to the whole electricity system.

Experience from 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 1, with the primary applications being: deferral of 

distribution network reinforcement (i.e. peak shaving), reactive 

power support, frequency control, reserve, Triad avoidance and 

tolling. The outcomes from the trials are explained in detail in SDRC 

9.7 report ‘Successful Demonstrations of Storage Value Streams’18.

The business case for the SNS is, therefore, linked to the 

economic value of the avoided network reinforcement costs 

and the ability for storage to capture revenue from providing 

ancillary services and/or bulk energy trading. The SNS project 

18 P. Papadopoulos, A Laguna-Estopier and I. Cooper, Successful demonstrations of storage value streams, available at: 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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Figure 1: Services and beneficiaries provided by the ESS of the SNS project

ENERGY
SUPPLIER

- Tolling

TSO
- Frequency 
Response
- Reserve
- Triads

DNO
- Peak Shaving

- Reactive 
Power Support



explores several possible business models for distribution 

connected storage. 

To test different business models and trial the provision of 

different services shown in Figure 1, SNS was set up with the 

commercial interfaces shown in Figure 2. There are two key 

commercial relationships necessary in order to allow the storage 

device to operate:

• an energy purchase and a potential tolling agreement   

 (with Smartest Energy for the trials), providing the interface  

 with the wholesale market; and 

• an aggregator services agreement (with KiWi Power for  

 the trials) which provides access to National Grid’s   

 Balancing Services.  

The agreement with Smartest Energy provides the interface 

with the wholesale electricity market to enable charging and 

discharging when required and also provides an opportunity to 

test an additional ‘Tolling’ service, which enables a supplier to 

take commercial control of the device for a period of time to 

manage their imbalance risk or arbitrage, in return for a fixed 

fee. Through the aggregator agreement, KiWi Power acts as 

the interface to National Grid for the provision by SNS of the 

range of Balancing Services under trial.

The arrangements also allow for provision of distribution services 

to the local network.
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Figure 2: SNS commercial arrangements
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1.3 Purpose of this report

The experience gained from the SNS trials offers unique insight 

in relation to the commercial operation and potential revenue 

streams of battery storage in GB. The focus of this 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 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.

The business case assessment within the report focuses on 

the operation of ‘DNO Contracted’ and ‘Contracted Services’ 

business models in different scenarios. The intent is to 

highlight important drivers that affect the performance of 

business models and the effects of different assumptions in 

relation to these drivers.  

The report considers the business case for Distribution Network 

Operator (DNO) led storage and for third party led storage 

projects, while also considering sensitivities to variations in 

key drivers including the:

• Cost of storage;

• Cost of network reinforcement that could be offset by   

 deployment of storage; and

• Value available from commercial service provision.

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 the 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.

The performance of the business models is of interest to a 

range of stakeholders, which means that the target audience 

for the report is broad, including all those who have interests 

in developing or using storage and, importantly, those who 

can influence the regulatory and commercial landscape 

within which storage can be developed:

• Policy makers and regulators: who have the ability to  

 address regulatory barriers within the current framework  

 and create an appropriate environment within which   

 storage projects can develop and operate;

• Finance community: who need to invest in projects to   

 support development;

• Developers and technology providers: who can add their  

 voices to push for an appropriate market and regulatory  

 framework for storage; 

• Market participants: who have an interest in including  

 storage within their trading activities and realising its   

 value within the market; and 

• Network owners and operators: who can harness the  

 benefits of storage as an alternative to network   

 reinforcement and as a provider of services that can   

 support network operation.

1.4 Structure of this report

The report is structured as follows: 

Section 2 focuses on drivers that influence business cases.

Section 3 outlines the business case scenarios for deployment 

of grid scale storage on distribution networks that are being 

assessed in this report.

Section 4 reports on the results from this business case 

assessment.

Section 5 compiles the findings from the business case 

assessment to highlight the key messages identified and their 

implications for future deployment of storage. This culminates in 

key recommendations that could enhance the viability of 

future storage business models.  
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This Section considers the context and drivers for different 

business cases for investing in storage, drawing upon evidence 

from the SNS trials and its application to business models in 

selected scenarios.  

2.1 Business models for storage identified in SNS

Earlier phases of the SNS project identified five potential 

business models for distribution connected storage, as 

summarised in Table 419. 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.

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 4: SNS business models

19 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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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.

These differences in ownership and operation mean that these 

business models need separate consideration20. Before outlining 

the rationale for the scenarios selected and their mapping to the 

DNO contracted and contracted services models, the key drivers 

that influence business model viability are considered below. 

2.2 Key drivers for storage business models

There are multiple drivers that can affect the performance of 

different storage business models, whether via the costs faced by 

a project or the revenues that it is able to access. The drivers that 

we focus upon here are introduced in Table 5 and discussed in the 

sections below.

2.2.1 Cost of storage

The underlying cost of storage is clearly a critical factor in the 

viability of storage projects. It drives the capital expenditure 

associated with deploying storage and so affects the revenue 

requirements needed to make the project profitable. Reductions 

in storage costs improve the cost/revenue balance for the 

developer. If costs have a downward trajectory, in time, more 

potential storage projects should become viable, other things 

being equal. Cost reductions also help to improve the 

attractiveness of a storage based solution relative to other 

technologies and reinforcement.

Driver

Cost of storage

Network 
reinforcement cost

Commercial services

Policy developments

Impact on business model

Lower storage technology costs reduce the capital outlay for a project, improving project economics 
(and vice versa). The terminal value at the end of the project’s economic lifetime also has a bearing, 
with a higher terminal value improving project economics (and vice versa).

Higher conventional network reinforcement costs increase the value of deploying storage as an 
alternative, improving project economics (and vice versa) for DNOs directly and for third party projects 
if they have a contract for peak shaving with a DNO.

Increased access to and higher value from provision of commercial services (for example, ancillary 
services markets, the wholesale market, the capacity market) increase the revenue stream for a project, 
improving project economics (and vice versa).

Removing barriers to storage or creating a more favourable environment for investment enhances the 
realisable value of a project, improving project economics (and vice versa).

Table 5: Drivers overview

20 The arrangements in place for SNS (as introduced in Section 1.2) allow for consideration of both DNO Contracted and Contracted Services models. The contracts in place with  
 Smartest Energy and KiWi Power allow for the trials to, at different points in time, explore both models of operation.
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A range of studies highlight pronounced reductions in costs 

over recent years and anticipate further decreases over the 

coming years. For example, Energy Storage Update anticipate 

a cost reduction of around 33% between 2011 and 2017 for 

Li-ion batteries21. In the case of Li-ion batteries, this is linked to 

increased interest in storage to integrate variable renewable 

generation in the energy sector and also their complementary 

application in electric vehicles. Cost reductions have also been 

stimulated by government incentives or initiatives to promote/

require storage deployment, such as the Californian mandate 

for retailers to collectively hold 1.3GW of storage by the early 

2020s. In this context, it is important to note, however, there 

the overall capex for a project extends beyond the battery costs 

and incudes civil engineering, transformers and switchgear, for 

example, the costs of which have not fallen.  

Nevertheless, the shift in battery costs since the initiation of the 

SNS project means that costs of delivering SNS today are 

estimated at £9 million. For other projects, the expectation is 

that this recent trend of cost reductions will continue, in the 

short term at least.  

Business models considering deployment of new storage in 

the near-term need to take into account the lower storage 

technology costs that are available to developers now. The 

impact of differing levels of storage cost reduction will provide 

insight into the tipping point of storage costs in terms of project 

viability. Similarly, estimates of the terminal value of the asset 

at the end of its economic life will have an important bearing on 

project economics.

2.2.2 Value of distribution network reinforcement deferral

The ability to invest in storage as an alternative to conventional 

reinforcement of a distribution network represents an important 

feature in the business model for distribution connected storage. 

The balance between conventional network reinforcement and 

storage is influenced by the specifics of the site in question. The case 

for storage is increased if the costs of conventional reinforcement 

are high due to, for example, the scale of engineering required 

or the physical characteristics of the site.  The feasibility and 

attractiveness of investment in storage as an alternative to 

conventional reinforcement will, therefore, vary from site to site.

In cases where storage investment is progressed, it means that 

the DNO is able to avoid the capital expenditure associated with 

conventional reinforcement. If the storage investment is delivered 

by the DNO, then it incurs the capital expenditure linked to the 

storage device instead but derives the value from the network 

services that it can provide (plus value from other commercial 

applications of the device). If the storage investment is delivered 

by a third party, then it faces the capital expenditure but could 

count on an additional secure revenue stream making the business 

case more attractive, adding it to revenue from other applications. 

Under either route, the expectation is that investing in storage 

offers a lower cost/higher value alternative to conventional 

reinforcement, which should deliver benefits to consumers.

For DNO led storage projects, the value of avoided or delayed 

expenditure on conventional assets can be captured directly by 

the DNO. For third party led projects, the third party provider can 

access value through a contract, if available, with the DNO for 

network support services.

If storage can be deployed to solve network management 

issues in locations where the costs of conventional reinforcement 

are high, then this should increase the value available to the 

project and enhance its viability. However, if costs of conventional 

reinforcement are low, the value available through avoided 

reinforcement may not be enough to make a project viable.

There is, therefore, a tipping point between the value of 

reinforcement deferral at different locations and the cost of a 

given storage project, that will make investment more likely to 

be viable. 

2.2.3 Value of additional services provided

A storage project can gain additional value through its ability 

to provide commercial services, such as Balancing Services to 

21 ‘Energy Storage Cost and Performance Report’, Energy Storage Update, 2015
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the TSO or bulk energy trading. It has the potential to access a 

range of different revenue streams such as:

• TSO services22:

 - Reserve products: Short Term Operating Reserve (STOR)  

  and fast reserve; and

 - Response products: Firm Frequency Response (FFR) and,  

  going forward Enhanced Frequency Response (EFR);

• Wholesale market trading, to allow arbitrage between   

 peak and off-peak prices;

• Capacity Market participation, to provide access to a   

 capacity market agreement and associated payment; and

• Embedded benefits, such as Triad avoidance.

These services or revenue streams are all in addition to the 

provision of peak shaving services to the DNO and assume 

technical compatibility between the multiple services provided.

The value that can be realised through a particular service and 

the relativity of realisable value between different services will 

evolve over time as the relevant supply/demand fundamentals 

change. For example, the average utilisation payment for STOR 

has fallen over recent years (taking prices for January as an 

indicator, the average price in January 2011 was £258.69/MWh 

compared to £119.76/MWh in January 2016, altering the value that 

can be realised through STOR23). New services will also develop in 

response to changing requirements, such as the new EFR service24 

aimed predominantly at storage assets to provide frequency 

response in 1 second or less. Uptake of storage is influenced by 

the ability of operators to flexibly optimise between different 

possible services and to respond to new service opportunities.

Provision of commercial services can be conducted via a third 

party under contractual arrangements under DNO led projects 

or directly by the operator in the case of third party led projects.  If 

storage has good access to such opportunities and there is 

value to be captured through them, this is an important cash 

flow within a project’s business model. With several possible 

services available, the storage operator has options and can 

seek to maximise sources of value across the possible range of 

services. In this context, the ability to stack different sources of 

value is essential for a business case.

The range of potential value available through provision of 

additional services is capable, therefore, of tipping the balance 

of a project’s profitability.

2.2.4 Policy developments

Developments to the regulatory and policy landscape within 

which storage operates have the potential to alter the viability 

of business models. Developments could take several forms, 

with examples considered below.

2.2.4.1 Treatment in charging/cost recovery arrangements

The SNS report for SDRC 9.525 highlighted the issue of double 

counting relating to recovery of costs linked to climate change 

initiatives (e.g. the Renewables Obligation and Feed-in Tariffs). 

This issue arises because flows into storage are counted as 

end-user consumption for the purpose of recovering these costs. 

The trials indicated that this created a cost of £17/MWh. If the 

double counting issue is removed, then the economics of 

storage business models will be improved.

2.2.4.2 Financing 

The potential for storage investments to access to finance from 

sources such as the Green Investment Bank or the European 

Investment Bank could offer benefits. While such institutions 

do not seek to offer preferential rates relative to those on offer 

from commercial banks, the ability to access finance from 

these sources may offer a marginal improvement in terms of 

the costs of finance overall.

Access to longer-term contracts can also help to improve access 

to finance, offering potential reductions in the cost of debt. In 

this context, four-year long contracts are being considered as 

part of the new EFR service. If services can be provided through 

longer-term contracts that are considered to be bankable, then 

the economics of storage investment can be improved. 

22   http://www2.nationalgrid.com/uk/services/balancing-services/
23   ‘Monthly Balancing Services Summary 2015/16’. National Grid, January 2016.
24   www2.nationalgrid.com/Enhanced-Frequecy-Response.aspx   
25   ‘Electricity Storage in GB: SNS 4.7 - Recommendations for regulatory and legal framework’, 2015.
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2.2.4.3 Government directives

The government could take specific additional steps to support 

the development of storage. For example, it could reduce or 

remove VAT associated with energy flows associated with 

storage or  create specific incentives or obligations for market 

participants to progress storage projects (with the Californian 

mandate an example of an obligation). This report does not 

endorse any specific measure or any of these examples.  Any 

such measure would require thorough policy development to 

consider its appropriateness for GB. 

The SNS report for SDRC 9.5 also highlighted that a storage 

facility owned by a DNO or used primarily by a DNO to provide 

network support services would be exempt from a business 

rates assessment. However, if neither of these conditions 

holds, then the facility may face a ratings assessment and be 

subject to business rates. This disparity could be addressed if 

the government decided to make all storage facilities exempt 

from a business rates assessment.

Developments in relation to any of these areas are expected to 

be advantageous for DNO led and third party projects alike, as 

they can help to reduce costs of developing or operating 

storage projects. Therefore, the impact of such policy 

developments could have an effect on project economics for 

projects under any business model.

2.3 Understanding the effects of these drivers

This report examines the drivers that affect business cases and 

seeks to highlight important tipping points that can make the 

difference between a viable and a non-viable business 

proposition. The objective is to provide insight that can then be 

used to create commercial and regulatory arrangements that 

better enable the deployment of distribution connected 

storage that the system needs and the policymakers’ desire.

To gain insight in relation to business cases, the report tests 

three different scenarios:

• 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.

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 recently observed cost reductions, over 

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).

Through these scenarios, we seek to understand what is 

important to support the business cases under consideration 

from which we can identify actions or steps to be taken to 

facilitate uptake. These scenarios are described in the next 

Section. In each case, we have made assumptions that we 

consider are reasonable, reflecting potential DNO-led and 

market-led projects as appropriate. Developers may have 

different views in relation to assumptions linked to the specifics 

of their projects, but this analysis is intended to show the 

sensitivity of business models to our set of assumptions, noting 

that these assumptions may not apply to all parties.
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3.1 Scenario descriptions

This Section begins by providing an overview of the modelled 

scenarios introduced above, along with a high-level description 

of the main input assumptions. The Section closes with a 

summary of the assumptions made for the scenarios being 

considered.

3.1.1 Business Model 1 – DNO led asset equivalent to SNS

Context

The key input into this scenario is the assumed reduction in 

storage project costs, with the cost of building/installing storage 

set at £9 million in line with estimates of the cost of building 

an equivalent today (excluding some of the site specific costs, 

such as flooding pillars).    

The reductions in storage technology costs alter the balance 

between traditional reinforcement and deployment of storage 

assets as an alternative. From the DNO perspective, the key 

question is at what level do storage costs need to be in order to 

make investment in storage as an alternative to conventional 

reinforcement viable?

Focus of analysis

The focus of this scenario is upon a DNO-contracted business 

model. The aim is to assess the feasibility of investment in storage 

as an alternative to conventional reinforcement, assuming a 

reduced cost for the storage asset. The tipping point for the cost 

of storage from the DNO’s point of view is of particular interest, 

as it indicates the cost level that would enable large scale 

adoption of the technology for peak shaving at the local level.  

Approach

As outlined above, with the cost of building/installing 

storage assumed to be £9 million. The asset is assumed to 

have a terminal value at the end of its 10-year economic 

life. The value of offset reinforcement costs is based on the 

conventional reinforcement costs required at Leighton 

Buzzard at £6.2m.

In addition to deployment for peak shaving purposes, the 

battery is assumed to provide a limited number of other 

services, namely FFR and Triad avoidance, through an 

aggregator or supplier respectively (as under SNS). This is a 

conservative assumption reflecting the value that can already 

be captured from the asset. This way, the focus of the analysis 

remains on the relativity of the cost of storage and the cost of 

conventional reinforcement, taking a constant and modest 

view of the value of the additional services that can 

realistically be captured in current market conditions. The 

assumed arrangements for these services are as follows:

• FFR: availability payment of £17/MW/hr (which reflects  

 current market prices), with 50:50 split between provision  

 of static and dynamic FFR, aggregator margin of 10%; and

• Triad: two Triad periods captured.

As in this scenario the storage asset is DNO-owned, financing 

input assumptions such as the cost of equity and cost of debt 

are based on those of a DNO business:

3.1.2 Business Model 2 – Third party led SNS equivalent asset

Context

In a world with a sustained requirement for storage services 

and improved regulatory certainty for developers, prospects 

for third party owned storage projects may be enhanced by 

access to multiple revenue streams from a range of sources.  

In addition, new services could be developed which specifically 

suit the technical characteristics of storage projects (with the 

recent development of EFR, which is aimed predominantly at 

storage assets to provide frequency response in 1 second or 

less26, there is evidence of this happening already). Revenues 

could be stacked across multiple sources to provide high 

cumulative revenue streams with conflicts between different 

services mitigated. This is a market boom case, in which the 

storage facility has access to a range of commercially attractive 

revenue streams. These market services are available in 

addition to possible contracts with a DNO for peak shaving 

and local network services. However, unlike in the previous 

26 www2.nationalgrid.com/Enhanced-Frequecy-Response.aspx   
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scenarios, DNO services are not necessarily the primary 

application for a storage device and a DNO contract is in the 

mix to be optimised alongside provision of market services.  

From a developer’s perspective, the key objective would be 

to identify the level of revenues from the different service 

offerings that would make investing in storage viable.   

Focus of analysis

Scenario 2 examines a third party owned, Contracted Services 

business model that uses multiple service offerings to maximise 

revenues in a favourable market and regulatory environment. 

The focus is on value that can be derived from more market-

oriented operation of the storage facility. In this context, the 

facility is assumed to offer EFR, to capture Triads, to conduct 

wholesale arbitrage where possible and to secure a Capacity 

Market agreement. These revenue sources are in addition to 

provision of a peak shaving service to a DNO.

Approach

As in Scenario 1, storage costs and reinforcement costs are set 

at £9 million and £6.2 million respectively. Based on discussions 

with a number of market participants in the storage industry, 

the asset is assumed to have zero terminal value at the end 

of its 10-year economic life.

The assumed arrangements in respect of commercial services or 

activities are as follows:

• EFR: availability payment of £25/MW/hr for the first four  

 years (this is a 67% increase relative to the FFR price27),   

 falling to £20/MW/hr thereafter;28

• Arbitrage: wholesale arbitrage revenue captured when   

 available when the asset is operating within the EFR   

 deadband, which is expected to be approximately 50% of  

 the time;

• Capacity Market: capacity agreement secured at £20/kW; 

• Triad: all three Triad periods captured; and

• Peak shaving service: payments from DNO of £30/  

 MW/h for a 200 hours service.

In this scenario the storage asset is third party-owned and 

therefore prevailing financing input assumptions such as the 

cost of debt and cost of equity are based on the cost of capital 

of developers (and the assumptions have been developed 

following discussions with developers and the finance 

community).

3.1.3 Business Model 3 – Third party led asset sized for EFR

Context

The level of interest in third party developed, grid scale storage 

projects has increased significantly over the last year or two, 

with potential revenues from EFR a key driver of this. This is 

evidenced by the sharp increase in connection requests being 

received by network operators in relation to possible storage 

projects. UK Power Networks alone had, in the nine months 

up to September 2016, received 600 storage connection requests 

with a cumulative capacity of over 10GW. This is being driven 

by the potential returns from storage that developers and 

investors are forecasting.

Focus of analysis

The focus of this scenario is to assess the NPV of the type of 

third party led project that developers are considering in the 

current environment. The aim is to understand how these 

business cases stack up.

Approach

The assumptions that feed into this scenario have been informed 

by discussions with developers and the finance community.  

Developers have indicated that their focus is upon storage 

with a one-to-one relationship between power rating and 

energy delivery. So while the SNS battery is sized to give 

6MW of capacity and 10MWh energy delivery capability, the 

assumption in this scenario is that the battery is sized to give 

6MW of capacity and 6MWh energy delivery capability (i.e. 

shorter duration storage than under SNS). This sizing decision, 

combined with recently observed reductions in storage costs over 

27 NGET analysis indicates that enhanced frequency response has a value ratio of 2:1 with existing response at some periods of the day.  
 ‘Enhanced Frequency Response Webinar’, National Grid, October 2015.
28 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.  
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the SNS project lifetime, results in an assumed storage cost of 

£5 million.  The asset is assumed to have zero terminal value 

at the end of its 10-year economic life, meaning that no 

value is attached to possible future cash flows from the 

project after 10 years.

The cost of conventional reinforcement, in the absence of 

storage is assumed to be £6.2 million, as in a number of the 

other scenarios. However, third party developers are making 

the assumption that they do not receive a revenue stream from 

DNOs for the provision of a peak shaving service, meaning 

that any benefit from offset conventional reinforcement costs 

this does not have a bearing on the business case for the 

third party.

Without a peak shaving service revenue, the project is assumed to 

have access to the following two revenue sources:

• EFR: 100% available for EFR, availability payment of £22/ 

 MW/hr (this is a 30% increase relative to the FFR price28); and

• Triad: three Triad periods captured.

As in the other third party led scenarios, financing input 

assumptions such as the cost of debt and cost of equity are 

based on the cost of capital of developers (again, informed 

by discussions with developers and the finance community):

3.2 Summary of assumptions

To summarise the scenarios outlined above:

• Table 6 provides an overview of the intended focus of the  

 different scenarios;

• Table 7 summarises the sources of value for the different  

 scenarios;

• Table 8 captures in more detail the technical assumptions  

 made (potential revenues contained in Table 8 are assumed  

 to be constant over the 10 year economic lifetime of the  

 projects in each of the Scenarios).

Focus of analysis Influence of storage costs 
and reinforcement costs 

Value of commercial 
revenue streams alongside 

DNO services

Value of commercial 
revenue streams with no 

DNO services

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 6: Summary of modelled scenarios: focus of analysis
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29 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.  
30 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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DNO peak shaving

Firm Frequency Response29

Enhanced Frequency Response 

Triads30 

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 7: Summary of modelled scenarios: sources of value

3 73

3 77

7 33

7 73

7 73

3 77

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

Table 8: Technical input parameters in modelled scenarios

Storage cost

Reinforcement cost

FFR1 (h/day @ £/MW/h)

EFR1 (h/day @ £/MW/h)

Triads

Capacity Market payments 
(£/kW)

Arbitrage (% EFR time)

Aggregator margin

DNO to third party (£/MW/h)2

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

1 – Numbers in brackets indicate hours during the months of November – February
2 – 200 hours/year @ 6MW

£9m £9m £5m

£6.2m £6.2m £6.2m

23 (21) @ £17 n/a n/a

n/a 23 (21) @ £25 22 @ £22

n/a 50% n/a

10% n/a n/a

n/a 30 0

£4m £0 £0

2 3 3

n/a 20 0



Business case 
assessment

4



4.1 Introduction

To illustrate the relative attractiveness of the project to the 

DNO and third party, such as an aggregator, we show the 

cumulative discounted cash flows and reinforcement costs for 

the DNO and third party for each of the scenarios (with the 

third party acting as either the route to market off-taker or 

battery developer, depending on the scenario). We then 

explore the sensitivities of project returns for the DNO and 

third party to key variables such as storage cost, offset 

reinforcement costs and National Grid’s Balancing Service 

revenues (EFR and FFR availability prices).

In all cases we show the adjusted NPV (the ‘NPV’) of the 

project for the DNO and third party. The adjusted NPV is simply 

the NPV of the battery project, net of the NPV of the traditional 

reinforcement. This allows us to explore if the battery project 

is preferable to the traditional reinforcement option (i.e. a 

positive adjusted NPV), which may be the case even if the 

unadjusted NPV of the battery project is negative.

In the first set of charts (Section 4.2), the results for the DNO 

are shown on the left hand side, and the results for the third 

party on the right hand side. The DNO charts shows the DNOs 

counterfactual cost – the present value of what the DNO would 

pay if they opt for the traditional reinforcement option – and 

the cumulative discounted cash flows accrued to the DNO for 

the battery project. If at the end of the project’s economic life 

the DNO’s cumulative discounted cash flow is greater (or less 

negative) than the counterfactual traditional reinforcement cost, 

then the battery project option is more cost effective than the 

traditional reinforcement option. If the cumulative discounted 

cash flow is lower (more negative) than the offset traditional 

reinforcement cost at the end of the project life, then the 

traditional reinforcement option is more cost effective. 

The drop in the DNO’s cumulative cash flow in the final year 

accounts for the capital cost that is accrued to the DNO so as 

to build the traditional reinforcement in the final year of the 

battery – it is assumed that the traditional reinforcement 

cannot be avoided, but is simply offset by the battery until 

the end of the battery’s operational life. The option value to the 

DNO of potentially avoiding this future traditional reinforcement 

cost (if future demand decreases, or reinforcement costs 

decrease for example) is not considered, though could 

reasonably be expected to be an additional extrinsic value to 

the battery project.

Similarly, for the third party, the cumulative discounted cash 

flows are shown on the right hand side charts. The third party 

case is more intuitive than that of the DNO (where we compare 

DNO cash flow against the present value of the DNO’s 

counterfactual traditional reinforcement cost). For the 

thirdparty, the project is viable if the cumulative discounted 

cash flow at the end of the project life is greater than 0, and 

not viable if less than 0.  

These scenarios have been modelled using the “Investment 

Decision Model” developed for the SNS project in July 2014 

(as available on the SNS website, “SNS4.11 Investment Model 

Template”), updating the placeholder technical, cost and 

revenue assumptions in the original model for those empirically 

observed through the operation of the SNS battery thus far.
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4.2 Business Model 1 – DNO led asset equivalent to SNS

4.2.1 Assumed business model

Table 9 provides a summary of the results for Scenario 1, in 

which the DNO builds and owns the battery with the third party 

acting as the battery’s route to market off-taker for power, 

embedded benefits and Balancing Services31. The assumed 

reduced battery cell costs and Balancing Services revenues set 

out in Section 3 make the project marginally viable for both 

the DNO and the third party off-taker.

DNO

The battery project is marginally more cost effective than the 

counterfactual traditional reinforcement, owing to the 

reduced CAPEX of the battery system and sustained Commercial 

FFR revenues. (Sensitivities are considered in Section 4.2.2).

Third Party 

In this scenario the third party is simply acting as a route to market 

off-taker for the DNO, taking a 10% off-taker share on all 

revenues they monetise. The third party has little up front CAPEX 

and little on-going OPEX requirements. As such, the initial capital 

outlay (principally software integration costs) for the third party is 

paid back in under 3 years, though the absolute NPV to the third 

party is small relative to that of the DNO.

31 Avoided Capacity Market Supplier Charge (CMSC) benefits are not included in any of the scenarios  
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Figure 3: Business Model 1, cumulative discounted cash flows (DNO on left-hand side (LHS), third party off-taker on right-hand side (RHS)) 
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Table 9: Summary of Business Model 1 results

Ownership DNO



4.2.2 Sensitivity analysis

4.2.2.1 Cost of storage 

In Scenario 1, we can see that the battery CAPEX could 

increase by nearly 5% (approximately £400,000) from the 

£9m assumed and the project would still be viable for the 

DNO (noting that the costs for a storage project will vary by 

site given the specifics of the location).
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Figure 4: Business Model 1 – Cost of storage 
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4.2.2.2 Cost of conventional reinforcement 

In Business Model 1, the traditional reinforcement cost could 

decrease from £6.2m to a little under £5.4m and the project 

would still be viable for the DNO.

32 |  Smarter Network Storage - The business case of battery energy storage in GB

Figure 5: Business Model 1 – Cost of conventional reinforcement
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4.2.2.3 Terminal value of battery 

In Business Model 1, the terminal value of the battery could 

decrease by almost £1m (from £4m) and the project would 

still be viable for the DNO.
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Figure 6: Business Model 1 – Terminal Value of storage 
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4.3 Business Model 2 – third party SNS equivalent asset 

4.3.1 Assumed business model

In Business Model 2, the third party builds and owns the battery, 

providing the DNO with a peak shaving service as well as other 

commercial services, as outlined in Section 3.  

In this scenario the project is viable for the DNO, which still 

offsets the traditional reinforcement through the third party 

tolling agreement, but not for the third party developer. Table 

10 provides a summary of the results.

DNO

The DNO pays the third party a tolling fee for the provision of 

peak shaving in set contract windows. This tolling fee paid by 

the DNO is less than the counterfactual traditional reinforcement 

cost, which the DNO can now avoid, making the project viable 

for the DNO.

Third Party 

Unlike in Business Model 1, the third party now builds, owns 

and operates the battery, contracting with the DNO to make 

the battery available during set periods when peak shaving 

is required. The third party contracts the battery in all other 

periods across the same Balancing Services, wholesale power, 

Capacity Market and avoided use of system charges as in 

Scenario 1, though with a higher project WACC. This higher 

expected hurdle rate and cost of debt for the third party 

(based on our assumptions informed by market engagement), 

as well as the level of the tolling charge offered for peak shaving 

make the project unviable for the third party.
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Figure 7: Business Model 2, cumulative discounted cash flows (DNO on LHS, third party developer on RHS)
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4.3.2 Sensitivity analysis

4.3.2.1 Terminal value of battery 

In Business Model 2, which is one of the third party owned 

scenarios, the project economics for the third party developer 

cannot be made viable for differing terminal value 

assumptions (i.e. the terminal value of the battery would 

need to exceed the initial CAEPX of the battery for the project 

to be viable, which is nonsensical).
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Figure 8: Business Model 2 – Terminal Value
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4.3.2.2 Revenue streams  

In Business Model 2, with revenue streams of approximately 

£2.4m across the range of potential services the project is 

viable for the third party.

4.4 Business Model 3 – third party led asset sized for EFR 

4.4.1 Assumed business model

In Business Model 3, we consider a greenfield battery sized for 

1 hour of discharge (a 1:1 MW to MWh ratio) developed by a third 

party for the provision of Frequency Response, in particular the new 

Enhanced Frequency Response product. The asset also monetises 

the embedded benefit value of being connected on the 

distribution network. The DNO has no involvement in this Scenario. 

The project is viable for the third party, as shown in Table 11

DNO

The DNO is not considered in the Business Model, though it 

should be noted that short discharge time batteries developed 

for the provision of Balancing Services (as signalled by the 

short discharge requirements of these services) are not suitable 

for the longer discharge time requirements (possibly multiple 

hours) of most DNO applications.

Third Party 

In this Scenario, the distribution connected 1-hour discharge 

time battery is viable for the third party.  As battery costs and 

the cost of financing battery assets decrease, the economics 

of third party batteries will correspondingly improve relative 

to what is shown in this Scenario. Similarly, as the multiple 
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Figure 9: Business Model 2 – Value of revenue streams
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overlapping revenues available to battery developers are 

better understood, and operators optimally contract and 

discharge their battery assets, the economics will again improve 

further. The sensitivity to Balancing Services revenues is 

critical, and while flat availability prices at historical levels are 

assumed in this Scenario, it could reasonably be expected 

that prices in these markets will decrease as competition in 

these markets increases, from batteries as well as other new 

entrant technologies.
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Figure 10: Scenario 3, cumulative discounted cash flows
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4.4.2 Sensitivity analysis

4.4.2.1 Cost of storage

In Scenario 3, we can see that the battery CAPEX could 

increase by around 5% (approximately £240,000) from the 

£5m assumed and the project would still be viable for the 

third party.  If battery CAPEX dropped by 10% to £4.5m, the 

third Party NPV increases to around £620,000.
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Figure 11: Scenario 3, cumulative discounted cash flows
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4.5 Project economics results summary

Exploring the DNO and third party’s project economics for a 

range of scenarios and sensitivities, gives us valuable insight 

into the key value drivers and uncertainties of battery projects 

in GB. The different scenarios consider DNO or third party 

ownership, be it for the provision of DNO specific purposes, 

such as avoiding traditional reinforcement, or third party 

developer led greenfield battery projects for the provision of 

Balancing Services. The analysis has also included sensitivity of 

project economics in all scenarios for the key project variables 

including storage cost, conventional reinforcement cost and 

Balancing Services revenues.

This shows that, based on the assumptions made, the DNO 

led SNS equivalent project and the third party led EFR focused 

project are viable. The final case, as assessed, is not viable 

overall as it is not workable for the third party developer.

But the outcomes can change with different input assumptions 

that alter the balance between cost and value. 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.

The sensitivities highlight the importance of the cost of storage 

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

thirdparty projects, the range of revenue requirements.

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 12: 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
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Conclusions
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5.1 Findings from business model assessment 

The business case analysis 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 

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 (BOS) 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 for third party projects.

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. But it does make a 

project founded on the provision of a specific service sensitive 

to the future evolution of that service. If multiple providers 
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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 

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 

total revenues for third parties from the whole system. 

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 scenarios assessed highlight requirements needed to 

make business cases work for both DNO led projects and 

third party projects

Based on the assumptions made, the DNO led SNS equivalent 

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

The final case, as assessed, is not viable overall as it is not 

workable for the third party developer. But the outcomes can 

change with different input assumptions that alter the 

balance between cost and value. For example, business 

model 2 is viable, leaving all other assumptions unchanged, 

if the value of revenue streams collectively from the range of 

services that can be provided is around 20% higher than 

assumed in the analysis. Across the board, anything that 

reduces cost and/or increases value will clearly improve 

business case viability and the sensitivity analysis provides 

indication of the range over which project viability is affected.

5.2 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:

R1. 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 

42 |  Smarter Network Storage - The business case of battery energy storage in GB



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 includes appropriate recognition 

of the value of services delivered to the DNO, which is 

considered further below.

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.

R2. Improve visibility of opportunities for batteries to 

provide services to DNOs and the framework within 

which this operates

Where distribution businesses identify the potential for storage 

(or other non-conventional solutions) to deliver network 

services and/or offset conventional reinforcement, then 

these opportunities should be highlighted and opened up to 

third party providers through a competitive process to deliver 

at least cost for consumers. 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. This development is one that UK Power Networks is 

considering further. 

R3. 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.

R4. 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 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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