Investing in
UK Electricity
Storage

January 2016

About Eunomia
Eunomia has significant experience in the provision of due diligence services in
electricity storage and smart metering infrastructure.
Our ongoing work on behalf of developers and the investment community enables us
to provide critical insight into market and regulatory developments relating to
electricity storage. It has also given us a comprehensive understanding of different
electricity storage technologies and the attractiveness of a range of business models
to support infrastructure development.
This is supported by our ongoing development of our in-house techno-economic
model, which is used to test the viability of different applications. Building upon our
wider work for Government, we have also developed a comprehensive database of
UK-based storage installations.

Eunomia Research & Consulting Ltd
37 Queen Square
Bristol
BS1 4QS

Tel: +44 (0)117 9172250
Fax: +44 (0)8717 142942
Web: www.eunomia.co.uk

United Kingdom

Disclaimer
Eunomia Research & Consulting has taken due care in the preparation of this report to
ensure that all facts and analysis presented are as accurate as possible within the
scope of the project. However no guarantee is provided in respect of the information
presented, and Eunomia Research & Consulting is not responsible for decisions or
actions taken on the basis of the content of this report.
Cover photo: Razor 232 (CC BY 2.0), via Flickr

Contents
1.0

Scope and Purpose of this Report ................................................................... 1

2.0

The Right Time for Electricity Storage? ............................................................ 1

2.1

A New Technology? ................................................................................................ 1

2.2

Regulatory Drivers .................................................................................................. 2

2.3

The Challenges of Distributed Generation ............................................................. 2

2.4

Changes to the Way we Consume Energy .............................................................. 3

2.5

Is Storage the Answer? ........................................................................................... 3

3.0

What Applications are Investable? .................................................................. 3

3.1

Co-location with Solar and Wind Farms ................................................................. 4

3.2

Integration into Distribution Networks .................................................................. 5

3.3

‘Behind the Meter’ in Industry................................................................................ 6

4.0

What is the Current Level of Deployment? ...................................................... 7

4.1

At a Global Scale ..................................................................................................... 7

4.2

In the UK.................................................................................................................. 8

5.0

Where Will Deployment be in 2020? .............................................................. 13

6.0

What will Unlock UK Investment? .................................................................. 14

APPENDICES .............................................................................................................. 16

ii

A.1.0

Appendix 1 – Data Sources ................................................................................ 17

A.2.0

Appendix 2 – Potential Revenue Streams ......................................................... 18

A.3.0

Appendix 3 – Historic Growth of Solar PV in the UK ......................................... 20

A.4.0

Appendix 4 - UK Electricity Storage Projects ..................................................... 21

18/01/2016

1.0

Scope and Purpose of this Report

This report provides analysis of a range of electricity storage applications as investment
propositions, together with details of their level of deployment to date in the UK and a
forecast of how this is expected to grow to 2020. It focuses on battery storage in the
non-domestic sector, as the associated technologies are:



Already of a scale and level of commercialisation as to be attractive to
investors; and
Easier to deploy than alternative storage technologies, such as pumped
storage or flywheels.

Whilst the domestic sector is also an important potential market for battery storage, and
deployment is growing quickly, it is not considered in any detail here.
This report is intended to be accessible to a generalist audience, but may be of most
interest to investors, developers and policy makers in the energy sector.

2.0

The Right Time for Electricity Storage?

2.1

A New Technology?

Electricity storage is far from being a new idea. Small-scale batteries have been
household items for decades and increasingly powerful, yet relatively diminutive units
are now a common part of our everyday, technology-rich lives. Our phones, our laptops
and even some of our cars rely on high tech, readily rechargeable Lithium-based
batteries that have only recently been commercialised.
Whilst batteries have become ubiquitous at the consumer end of the electricity market,
the role of storage in the electricity grid has been limited to a handful of large-scale
pumped storage facilities, such as Dinorwig in Gwynedd. However, as we place greater
reliance on dispersed, intermittent sources of electricity that can’t simply be switched on
when required, as patterns of consumption change, as electricity bills rise and as more
pressure is put on electricity distribution networks, there is a growing, critical need for
more flexibility within our electricity network.
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2.2

Regulatory Drivers

The opportunity for grid-level electricity storage to play an increasing role is driven both
by the targets set under the EU ‘Renewable Energy’ Directive (RED)1 and the carbon
reduction targets within the UK Climate Change Act.2 Achieving these ambitious targets
requires a substantial decarbonisation of the energy system to move the UK away from
carbon-emitting fossil fuels and towards sustainable forms of low carbon energy
generation.
The recent mass deployment of intermittent renewables increases the long-standing
challenge of matching supply and demand, with its knock-on effects on the frequency of
the grid. This is creating additional incentives for storage, driven by the system operator
(SO), National Grid, as discussed further in Sections 3.2 and 3.3.

2.3

The Challenges of Distributed Generation

Intermittency is not the only challenge posed by renewables. The UK distribution
network was designed for a ‘top down’ flow of electricity, from small numbers of very
large power stations. The increasing deployment of distributed generation is causing
new challenges for the electricity network, with ever-larger areas of the distribution
network reaching their maximum capacity. In these areas, the grid is no longer able to
accept new grid connections.

Many developers are considering the viability of co-locating large scale batteries with solar photovoltaic
(PV) farms. The installed capacity of Solar PV in the UK has grown from near zero in 2010 to nearly 12GW
today (see Appendix A.2.0). Photo by Clean Energy Resource via Flickr.

1

European Commission (2009) Directive 2009/28/EC of the European Parliament and of the Council of 23
April 2009 on the promotion of the use of energy from renewable sources
2
HM Government (2008) Climate Change Act 2008
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Based on our discussions with Distribution Network Operators (DNOs) and industry we
estimate that only around 20% of grid connection applications in the UK are successful.
Increased deployment of distributed generation on the grid not only limits the capacity
for new generation but also increases the risk of voltage fluctuations, overheating and
network faults.

2.4

Changes to the Way we Consume Energy

Alongside changes to the way we generate energy, electricity demand patterns are far
from static. Whilst total annual power consumption is decreasing, peak power demand is
rising. This presents problems – not just for generators, but also for National Grid, which
must keep the system balanced and make sure that sufficient generating capacity is
available during peak times.
Further changes, and possibly still higher peak demand, can be expected if the transition
to a lower carbon energy system translates into greater electrification of heat and
transport. Meanwhile, smart grid and metering technologies are also starting to change
demand patterns.

2.5

Is Storage the Answer?

Electricity storage can provide greater flexibility to the grid network, absorbing or
releasing energy to smooth intermittent generation patterns and demand variability. It
can also help to manage the implications of potentially more variable patterns of
consumption, such as frequency imbalance, and offer an alternative to conventional
network reinforcement to the grid.
Furthermore, as price differentials between peak and off-peak supply increase, and as
the offer and take-up of wider ‘time-of-use’ tariffs grows, opportunities for storage as a
method of reducing electricity bills seems set to become increasingly attractive.

3.0

What Applications are Investable?

The key question for any investor will be the extent to which operation of the battery
will be able to ‘pay back’ the significant associated capital costs. Figure 3.1 shows that
there are several revenue and cost saving streams available to different battery
applications, as described in more detail in Appendix A.2.0. The most attractive
investments will be in batteries that operate in multiple markets, albeit there are a
number of related challenges, as explored in Sections 3.1 to 3.3.
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Figure 3.1: Indicative Revenue and Savings Streams from Battery Storage

Note:
1.

2.

Revenues from Transmission Network Use of System (TNUoS) and Distribution Use of System
(DUoS) avoidance are project-specific and will vary depending on energy consumption and
location.
DNOs are only currently able to access very limited revenues from arbitrage or ancillary services,
but this is likely to change in the near future, as discussed in Section 3.2

Batteries might also provide a means of avoiding curtailment of wind generation by the
SO, whilst at the same time allowing it to align demand and generation, without the
need for compensation payments to generators. This other potential application for
battery storage, however, is not discussed in detail in this report.

3.1

Co-location with Solar and Wind Farms

Many commentators seem to regard electricity storage as the panacea to the postsubsidy environment for renewables. Integrating electricity storage with solar PV or wind
appears to offer the opportunity both to raise revenues and potentially overcome grid
constraints. Yet the economics associated with integrating storage technologies with
renewables remain challenging.
In theory, the option to store power when prices are low and sell when prices are high
should substantially increase revenue for renewable electricity generators. In practice,
however, the ‘round-trip’ efficiency of any electricity storage device (typically 80-90% for
batteries) will result in less electricity being exported than was generated. As a result,
the peak price will need to be sufficiently higher than during off-peak periods to offset
both the value of ‘lost’ power and the cost of the storage installation and to provide a
sufficient margin as to be attractive to investors.
In today’s UK electricity market the basic price differential between peak and off-peak
power sold by a wind or solar farm alone is unlikely to provide a sufficient driver. It
would need to widen significantly in order for this opportunity to be realised. For that to

4
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occur, there would need to be changes to the basis on which power purchase
agreements (PPAs) between renewables generators and licensed energy suppliers are
made.
Figure 3.1 also shows that operators are likely to be able to generate revenue by
providing ancillary services to National Grid. These include Firm Frequency Response
(FFR), Frequency Control by Demand Management (FCDM) and Enhanced Frequency
Response (EFR).3 However, the extent to which such income can be realised depends
upon how charging or discharging of the battery would interact with a strategic
approach to arbitrage. For example, the highest revenues from arbitrage are achieved if
the storage system is able to discharge/charge at optimum times. If the provision of
ancillary services compromised this position, then to justify the additional administrative
costs, the associated revenues would need to more than offset the loss in returns from
arbitrage.
If an operator was able to commit to supplying a fixed volume of power at peak times,
this might allow revenues from arbitrage to be guaranteed via a long-term PPA,
providing a basis for raising debt to fund batteries co-located with solar or wind farms.
However, contracts for ancillary services have hitherto run for no more than two years.
National Grid has acknowledged that this may be a barrier to battery storage
deployment and its current tender for EFR services is for four years; but this is still
unlikely to be sufficient to attract debt to related transactions.
Consequently, co-location of electricity storage installations with renewable generation
infrastructure may not live up to the current ‘hype’. It is more likely to be attractive
when also being driven by site-specific requirements; for example, when a battery is
used to smooth power output, such that a viable grid connection can be more easily
obtained.

3.2

Integration into Distribution Networks

The rapid deployment of renewable electricity onto the distribution networks over the
last decade is now running into significant physical constraints. These present major
challenges for the Distribution Network Operators (DNOs) which must carefully manage
their networks to avoid voltage fluctuations, overheating and faults.
A series of battery demonstrations undertaken by the DNOs and funded by Ofgem
through the Low Carbon Networks Fund (LCNF) has shown that batteries integrated into
the network can help overcome some of these issues. Wide-scale deployment of battery
storage by DNOs is at present, however, hindered by licencing rules. Storage is currently
defined as a ‘generation’ asset and DNOs cannot hold generation licenses. This prohibits
them from owning and operating storage assets larger than 10MW; smaller systems
qualify for a licence exemption. Whilst the integration of such small-scale storage is one

3

EFR is defined as being frequency that achieves 100% active power output at 1 second (or less) of
registering a frequency deviation
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route available to DNOs, restrictions also limit the amount of investment they can make
in, or income they can receive from, non-distribution activities to 2.5% of business
revenue.4 With large economies of scale to be gained in electricity storage, this currently
significantly limits the attractiveness of the technology to DNOs.
As a result of these barriers, conventional reinforcement works generally represent a
more practicable approach to network management than does storage. Unless the rules
governing DNOs are changed, integration of storage within networks is only likely to be
feasible if contracted to third parties, which are not subject to such revenue restrictions.
Under this model, we are now beginning to see storage providers consider tendering for
the provision of grid reinforcement services in direct competition with providers of
traditional reinforcements. Unlike DNOs, third party storage providers can increase
revenues (and therefore reduce their tender price) by also providing ancillary services to
National Grid.

UK Power Networks 6MW/10MWh lithium-ion battery installation is currently the largest operational
battery storage facility in the UK funded by the Low Carbon Networks Fund. The installation is being used
as an alternative to traditional network reinforcement and a means to add flexibility to the network. Photo
courtesy of UK Power Networks. Photo courtesy of UK Power Networks

3.3

‘Behind the Meter’ in Industry

Electricity storage technologies offer the potential for businesses to reduce power costs
via arbitrage (or ‘peak shaving’) and avoidance of both Transmission Use of System
(TNUoS) and Distribution Use of System (DUoS) charges. By storing excess renewable
energy generated onsite (for example, by rooftop solar PV), or by simply drawing down
more off-peak power into a battery, industry can effectively go ‘off-grid’ during peak
periods and thus avoid paying high power prices. In constrast to the prices paid to
generators selling power (discussed in Section 3.1), the increasing differential between
peak and off peak power in the retail market is already helping to make investment in

4

UK Power Networks (2015) Smarter Network Storage Electricity Storage in GB: SNS 4.7
Recommendations for regulatory and legal framework (SDRC 9.5), September 2015
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battery storage attractive for intensive electricity users, such as manufacturing sites,
distribution centres and data centres.
Figure 3.1 shows that, in addition to delivering savings by reducing peak power
consumption and avoiding DUoS and TNUoS charges, a battery installation can generate
revenues by providing ancillary services to National Grid. These include FFR, FCDM and
EFR and new potential services, such as Demand Turn Up (DTU), which will incentivise
organisations to charge from the grid at certain times. 5 6 In effect, similar revenue
streams already appear to be available to storage operators via services provided to
National Grid by aggregators, such as Flexitricity’s ‘Footroom’.7
The differential between peak and off-peak retail power prices is likely to increase faster
in the short to medium-term and National Grid is seeking to contract more flexible
demand. This makes behind the meter applications currently the most attractive area for
investment in electricity storage. As part of this application, we are beginning to see
energy suppliers offering to install storage at the sites of energy intensive customers,
such that the battery functions as a sales tool for its core services. We envisage that this
business model will contribute signficantly to behind the meter deployment.

4.0

What is the Current Level of
Deployment?

4.1

At a Global Scale

Current US dominance of the global deployment of battery storage is illustrated in Figure
4.1. Japan’s deployment is a distant second. Deployment in these countries has been
driven, in part, by progressive policy measures designed to stimulate roll-out. Such
measures include:



Targets – the level of installed electricity storage capacity has grown
significantly in the US since California set targets for each of the utilities in the
state, which total over 1.3 GW of operational capacity by 2024;
Subsidies – growth in Japan is attributable both to the country’s pioneering
work on certain storage technologies, and to the introduction of a support
mechanism for installation of lithium-ion batteries in both domestic and nondomestic buildings; and

5

National Grid is currently tendering for EFR services and contracts are due to be awarded in February
2016 with service delivery scheduled for 2017
6
DTU is another new service being contracted by National Grid whereby contracted parties are asked to
increase their demand during periods of high generation (from wind and solar, for example). The service is
due to begin in May 2016 and is currently being contracted via bilateral agreements
7
See https://www.flexitricity.com/en-gb/solutions/footroom/
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Tax exemptions – these have played a key role in stimulating deployment in
Germany, which has the highest level of installed battery capacity in Europe.

Figure 4.1: Global Deployment of Battery Storage (2015)

Source: U.S. Department of Energy, Global Energy Storage Database

4.2

In the UK

Alongside wider work for Government in the management of data on renewable energy
installations, Eunomia also maintains a database of all electricity storage projects in the
UK, including details of their stage of development. A list of all non-domestic UK battery
installations, which are either operational or under construction, is presented in Table
4.1.8 Our database also holds information on further projects which are currently being
planned, some of which are part of wider applications for planning consent, for example,
linked to solar farms. These projects have been deliberately excluded from this analysis,
but may be included as part of a subsequent update to this report.
The current level of deployment of battery storage capacity in the UK is relatively low
with only 24 operational sites, ranging from 0.005 to 10 MW in power output. Six of
these have been built by a DNO, Northern Powergrid, as part of a single project. As
shown in Table 4.1, the vast majority of installed capacity is based on the lithium-ion
technology, with most of this having been commissioned during the last two years. Most

8

A list of all other non-battery electricity storage projects is presented in Appendix A.4.0
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are ‘proof of concept’ projects, largely funded by the LCNF, and either provide
standalone grid services or are co-located with renewable generation. As shown in
Figure 4.2, although deployment levels are low, distribution of battery storage is fairly
evenly spread across the UK. This again is largely due to the LCNF, with each DNO taking
up the opportunity to run a broadly similar demonstration project. All of these have now
been built out, and at present, we are not aware of any other schemes which are
actually under construction.
Very few installations have either recently reached financial close or are under
construction. The most notable is the planned 100 MW lithium-ion facility located at
Kilroot Coal-fired Power Station being developed by the US firm AES, potentially to store
excess wind power.9 Due to be installed in phases, the first 10MW of power output is
now operational and will be officially opened in February 2016, with plans to expand to
100 MW by 2017.10 It is currently unclear, however, what the overall electricity storage
capacity will be at either output level. Whilst it appears that the full (100 MW) project
has not yet reached financial close, it is a project worth highlighting, as it would
potentially be one of the largest such installations in the world. It is understood that the
first 10 MW phase was partially funded by a grant of £736,000 from Innovate UK’s
Energy Catalyst initiative.

9

See www.belfasttelegraph.co.uk/news/northern-ireland/europes-biggest-wind-battery-to-slash-cost-ofnorthern-ireland-electricity-bills-30971106.html
10
See www.businessgreen.com/bg/news/2440978/uks-largest-battery-energy-storage-array-comes-online
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Figure 4.2: Location of Battery Storage Projects in the UK
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Table 4.1: UK Battery Storage Projects Operational or Under Construction
Project

Owner/ Operator

ABB & UK Power Networks
Energy Storage Installation

ABB

Limberlost Solar Farm

Anesco

Isle of Eigg Electrification Project

Eigg Electric

Slepe Farm

Capacity
(MW)

Status

Technology

Year of
Operation

Location

Project Nature

Grant
Supported

0.2

Operational

Lithium-ion

2011

East of
England

Stand-alone grid
services

No

0.25

Operational

Lithium-ion

2015

South East

Co-located with RE

No

0.060

Operational

Lead-acid

2008

Scotland

Co-located with RE

No

Farm Power Apollo/ Anesco

0.50

Operational

Lithium-ion

2014

South
West

Co-located with RE

No

Foula Community Electricity
Scheme

Foula Community Electricity
Trust

0.016

Operational

Lead-acid

2008

Scotland

Co-located with RE

Yes

Gigha Wind Farm Battery Project

Gigha Island Community

0.1

Operational

Flow

2015

Scotland

Behind the meter

Yes

Northern Powergrid CLNR EES1

Northern Powergrid

2.5

Operational

Lithium-ion

2014

North East

Stand-alone grid
services

Yes

Northern Powergrid CLNR ESS2-1

Northern Powergrid

0.1

Operational

Lithium-ion

2014

North East

Stand-alone grid
services

Yes

Northern Powergrid CLNR ESS2-2

Northern Powergrid

0.1

Operational

Lithium-ion

2014

North East

Stand-alone grid
services

Yes

Northern Powergrid CLNR ESS3-1

Northern Powergrid

0.05

Operational

Lithium-ion

2014

North East

Stand-alone grid
services

Yes

Northern Powergrid CLNR EES3-2

Northern Powergrid

0.05

Operational

Lithium-ion

2014

North East

Stand-alone grid
services

Yes

Northern Powergrid CLNR ESS3-3

Northern Powergrid

0.05

Operational

Lithium-ion

2014

North East

Stand-alone grid
services

Yes

Orkney Storage Park Project

Scottish Hydroelectric
Power Distribution

2

Operational

Lithium-ion

2013

Scotland

Stand-alone grid
services

Yes
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Project

Owner/ Operator

Northern Isles New Energy
Solution (NINES)

Scottish Hydroelectric
Power Distribution

Slough Zero-Carbon Homes
Community Energy Storage

SSE

The Hemsby ESS

Capacity
(MW)

Status

Technology

Year of
Operation

Location

Project Nature

Grant
Supported

1

Operational

Lead-acid

2014

Scotland

Stand-alone grid
services

Yes

0.075

Operational

Lithium-ion

2012

South East

Stand-alone grid
services

Yes

UK Power Networks

0.6

Operational

Lithium-ion

2011

South East

Stand-alone grid
services

Yes

Smarter Network Storage

UK Power Networks

6

Operational

Lithium-ion

2014

South East

Stand-alone grid
services

Yes

EPSRC Grid Connected Energy
Storage Research Demonstrator

University of Sheffield,
Western Power Distribution
& Toshiba

2

Operational

Lithium-ion

2014

West
Midlands

Stand-alone grid
services

Yes

WPD Falcon Project, GE Durathon

Western Power Distribution

0.25

Operational

Sodiumbased

2013

South East

Behind the meter

Yes

Flat Holm Microgrid Project

Wind & Sun Ltd

0.005

Operational

Lead-acid

2006

Wales

Co-located with RE

Yes

Horse Island Microgrid Project

Wind & Sun Ltd

0.012

Operational

Lead-acid

2009

Scotland

Co-located with RE

No

Isle of Muck Microgrid System

Wind & Sun Ltd

0.045

Operational

Lead-acid

2013

Scotland

Co-located with RE

No

Isle of Rum Microgrid Project

Wind & Sun Ltd

0.045

Operational

Lead-acid

2013

Scotland

Co-located with RE

No

AES Kilroot Station Battery
Storage Array

AES Kilroot Power Limited
(AES KPL)

10

Operational

Lithium-ion

2016

Northern
Ireland

Co-located with fossil
fuel plant

Yes
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5.0

Where Will Deployment be in 2020?

Whilst the consensus amongst industry analysts is that the global electricity storage
market will grow substantially in coming years and decades, there are few publicly
available deployment forecasts. Those that do exist are somewhat opaque regarding
their underlying assumptions. An example is the International Renewable Energy Agency
(IRENA) estimate that by 2030, global installed capacity will be around 150 GW.11
No similar forecast has been produced for the UK specifically, despite lobbying from UK
Electricity Storage Network (ESN) for a Government target of 2GW by 2020.12 Figure 5.1
therefore represents the first UK forecast for deployment of battery storage to 2020,
split across the three core applications described in Section 3.0. Our approach to this
forecast is based upon:



The current level of battery storage deployment in the UK, drawn from our
live database, as presented in Section 4.2; and
Analysis of the historic growth in solar PV capacity in the UK.13

We expect to see significant growth in the sector in the next five years, with deployment
taking a major step forward in 2017 as National Grid EFR contracts come on line.
Subsequently, as technology and installation costs fall in response to greater
deployment, we foresee exponential year-on-year growth to over 1.6 GW in 2020, not
too far from the 2 GW target proposed by the ESN. Due to the potential attractions of
behind the meter storage for investors (see Section 3.3) we expect this to be the largest
growth in the short to medium term.

11

IRENA (2015) Battery Storage for Renewables: Market Status and Technology Outlook, January 2015
Electricity Storage Network (2014) Development of Electricity Storage in the National Interest, 2014
13
Whilst battery storage is unlikely to benefit from the stimulus that the solar industry received from the
Feed-in Tariff (FiT), which we have factored into our model, it is a technology with similar potential for cost
reduction, and therefore a similar, albeit lower growth curve is likely to be observed
12
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Figure 5.1: Known and Forecast Installed Capacity of Battery Storage (UK)

6.0

What will Unlock UK Investment?

Until wider deployment of electricity storage takes place in the UK, developers are
unlikely to be able to secure debt to finance such installations. As a result, innovative
business models are required to make projects attractive. For behind the meter
applications, such models might involve mechanisms whereby the developer, or perhaps
even the technology provider, retains ownership and maintains the battery, while
sharing revenues from electricity sales and ancillary services with the host organisation –
which in turn shares the benefit of lower electricity costs.
To enable long term investment and wider deployment of electricity storage in the UK,
we propose that Government (and the Regulator) need to address the following barriers:




14

Contract length
o At present, services to National Grid, such as Frequency Response
(FR), are contracted for relatively short time periods (two to four
years). Extending the length of these contracts would provide greater
certainty for investors and help bring in debt to new transactions;
Clarity of Government policy
o It appears very unlikely that electricity storage will benefit from direct
Government support in the form of a feed-in tariff (or similar).
However, clear government policy around the technology and its role
in UK energy strategy is needed to give the investment community
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confidence that this is an industry worthy of investing time in
developing replicable financial models and contracts;
o Towards this end, the Department for Energy and Climate Change
(DECC) has recently published a paper setting out how, over coming
years, it will develop a clearer policy environment for smart energy,
including storage.14 Meanwhile, the National Infrastructure
Commission has issued a Call for Evidence, which includes questions
regarding barriers to the deployment of energy storage;15
Formation of a new asset class and/or class exemptions
o As discussed in Section 3.2, electricity storage installations are
currently classed as ‘generation’ assets, which restricts their
deployment and use by DNOs. DECC is exploring a range of solutions,
including both short-term options (such as class exemption, which has
been adopted in Germany) and longer term alternatives (such as
creating a new class for electricity storage); and
Encouragement of collaborative working
o Ofgem has recently launched a work programme to understand how
system flexibility could be improved. In a recent position paper, it set
out plans to encourage DNOs to take a more active role in network
management and to encourage commercial and industrial customers
to participate in the provision of flexible services.16
Provision of support for enabling technologies
o Intelligent control systems and related algorithms, which are able to
respond instantly to instructions to charge or discharge, and even
make decisions when faced with competing price signals, are required
to maximise revenues and cost savings from the wide range of
services that a battery can provide. Innovation in this area will
represent a potentially compelling opportunity for private equity
investment that could be accelerated by further Government support
in the form of early stage development funding.

This analysis suggests that many of the barriers to wider-scale deployment are currently
being addressed. Rapid action could make our forecast level of deployment presented in
Section 5.0 appear somewhat conservative. However, in the event that regulatory
changes take longer than expected to deliver, there is a risk that this may adversely
affect the forecast rate of deployment.

14

DECC (2015) Towards a Smart Energy Future, December 2015
National Infrastructure Commission (2015) Call for Evidence, November 2015.
https://www.gov.uk/government/consultations/national-infrastructure-commission-call-forevidence/national-infrastructure-commission-call-for-evidence
16
Ofgem (2015) Making the electricity system more flexible and delivering the benefits for consumers,
September 2015
15
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A.1.0 Appendix 1 – Data Sources
The information on electricity storage infrastructure presented in this report has been
obtained from a variety of sources including:
1) U.S. Department of Energy, Global Energy Storage Database
www.energystorageexchange.org/
2) DECC, Digest of UK Energy Statistics, July 2015
www.gov.uk/government/collections/digest-of-uk-energy-statistics-dukes
3) DECC, Energy Storage Technology Demonstration Competition, February 2014
www.gov.uk/government/news/8-million-boost-for-energy-storage-innovation
4) Ofgem, Low Carbon Network Fund
www.ofgem.gov.uk/electricity/distribution-networks/network-innovation/lowcarbon-networks-fund
5) REA, Energy Storage in the UK An Overview, Winter 2015/16
www.r-e-a.net/upload/rea_uk_energy_storage_report_november_2015__final.pdf
6) Electricity Storage Network, Development of Electricity Storage in the National
Interest, date unknown
www.electricitystorage.co.uk/files/7814/1641/4529/140509_ESN_Elec_Storage_i
n_the_National_Interest_Report_final_web.pdf
7) National Grid, Balancing Services and Market Reports
www2.nationalgrid.com/uk/services/balancing-services/
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A.2.0 Appendix 2 – Potential Revenue
Streams
A.2.1

Arbitrage and Peak Shaving

Arbitrage exploits the power price differential within the electricity market. By utilising
battery storage, a generator or operator can store power when the price is low and sell
when the price is high to maximise revenue from electricity sales.
Peak shaving is similar to arbitrage, but applies to energy consumers. By utilising battery
storage, energy consumers can avoid peak prices by charging the battery from the grid
(or from an onsite form of renewable generation) during off-peak periods and
discharging the battery for their own supply during peak pricing periods.

A.2.2

Ancillary services

The physical electricity system needs to be balanced in real time to avoid damage to
physical assets and ensure security of supply. National Grid, in its role as the SO,
balances the system using a number of mechanisms. In effect, these are commercial
agreements between parties that can offer the SO ‘flexibility’ by increasing or decreasing
electricity demand or generation to maintain overall system balance.
Ancillary services allow storage operators to enter into some balancing service contracts
without being a direct signatory of the Balancing and Settlement Code (BSC), compliance
with which is hugely complex and relatively costly. Due to minimum scale requirements,
some such opportunities require ‘aggregation’ where battery installations are
consolidated into a ‘bundle’ to bid for services to the SO. The most relevant service in
the context of battery storage is Frequency Response (FR). Frequency Response services
include Firm Frequency Response (FFR), Enhanced Frequency Response (EFR) and
Frequency Control by Demand Management (FCDM).

A.2.3

DUoS Avoidance

Distribution Use of System (DUoS) charges are levied by the UK’s DNOs and contribute to
the operation, maintenance and development of the UK’s electricity distribution
networks. DUoS charges are made up of numerous elements including available
capacity, standing charge and units (typically split into red, amber and green). DUoS
charges are paid by the consumer to the supplier, which then passes them on to the
relevant DNO.
Under the current charging arrangements, the majority of these charges fall within the
‘red rate’, which typically coincides with peak pricing periods. Using a battery to shift
demand away from peak times allows organisations to avoid these charges and thereby
reduce their electricity costs.
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A.2.4

TNUoS Avoidance

Alongside DUoS charges, all electricity consumers are subject to TraNsmission Use of
System (TNUoS) charges, which can result in substantial costs. These charges occur
during what are known as ‘TRIAD’ periods, which are the three half-hour periods in the
year when electricity demand is at its highest. These periods typically fall between the
beginning of November and the end of February. The scale of the TNUoS charges
depends on both the level of demand and the location of the demand site.
Through TRIAD management, businesses can reduce their energy demand or use storage
solutions when a peak half-hour period is expected to occur. The majority of battery
technologies should be suited to functioning a part of a TRIAD management strategy.
The main requirement is that they can provide a steady source of electrical power for
the full half hour TRIAD period.

A.2.5

Reinforcement Avoidance

The increased deployment of distributed generation has placed strain on the distribution
network, which has limited design capacity for accepting sources of generation. In areas
where network capacity has already been reached, new connections are only available
once reinforcement works – often costly and/or time-consuming – have been carried out
to enable the reverse flow of electricity through the system. The cost of transmission
works undertaken by National Grid is typically low, as the fees can often be ‘socialised’
across many developers, yet the timescale is often long: some currently scheduled works
are only due to be completed in 2023. Reinforcement works on the distributed network
are typically quicker but are significantly more expensive as the costs usually apply to the
single developer.
Such timescales and costs have led to generation capacity being connected faster than
the grid network can adapt. Large areas of distributed grid networks are now ‘saturated’
with distributed generation to the point where new connections are being placed in
waiting lists and developers are competing for any remaining capacity. Integrating
electricity storage within the distribution network could therefore provide a more costeffective alternative to reinforcement works and allow for the fast tracking of
connections for renewable energy generators.
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A.3.0 Appendix 3 – Historic Growth of Solar
PV in the UK
Figure A.1 shows the historic growth of solar PV in the UK. The data for >1MW
installations was obtained from DECC’s Renewable Energy Planning Database (REPD),
whilst data on <1MW installations was drawn from data published by Ofgem on FiT
installations.17 18
Figure A.1: Deployment of Solar PV in the UK (2010 – 2015)

17
18

DECC (2015), Renewable Energy Planning Database, accessed December 2015
Ofgem (2015), Feed-in Tariff Installation Report, October 2015
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A.4.0 Appendix 4 - UK Electricity Storage
Projects
Table A.1: Non-battery Electricity Storage Projects in Operation or Under
Construction in the UK
Project

Operator

Capacity
(MW)

Status

Technology

Year of
Operation

Grant
Funded
No

Foyers

SSE

300

Operational

Pumped
Storage

1974

Ffestiniog

First Hydro
Company

360

Operational

Pumped
Storage

1961

Cruachan

Scottish Power

440

Operational

Pumped
Storage

1966

Dinorwig

First Hydro
Company

1,728

Operational

Pumped
Storage

1983

EFDA JJET Fusion
Flywheel

EFDA JET

400

Operational

Flywheels

2006

Unknown

Pilsworth
Landfill Site

Viridor and
Highview Power
Storage

5

Under
construction

Liquid Air
Energy
Storage

TBC

Yes
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No
No
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