DEVELOPMENT OF
ELECTRICITY STORAGE
IN THE NATIONAL INTEREST

HM Government should:
• Establish an office with responsibility for
electricity storage
• Set a target for electricity storage
• Develop a national strategy for electricity storage
• Allow electricity storage to receive the same support as
other sustainable energy technologies
• Simplify regulations and licenses to encourage
deployment of electricity storage
• Ensure market reform supports the deployment
of electricity storage
• Continue support for demonstration and
innovation projects
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Development of electricity storage in the national interest
Introduction
Power systems include electricity storage in order to balance supply and demand: over short time periods
to maintain a stable supply, and over longer time periods to make best use of generation capability and
transmission and distribution capacity. The United Kingdom’s power systems already include electricity
storage in a number of forms, but there is an insufficient amount to meet the requirements for the
medium to long term.
Although power system planning involves a complex
linking of forecasting growth in demand with the need to
meet targets for economy, efficiency and sustainability,
many recent reports have set out the benefits of including
substantial proportions of electricity storage in the power
industry infrastructure, at the national, and international
level. Building upon the information and analysis
contained in these reports, this framework document
looks at the role of network-connected electricity storage
in the UK’s power system as follows:

1 The UK Power System and Government’s Role
2 The Current State of Electricity Storage
3 An Overview of Benefits
4 The International Perspective
5 The UK Vision and Economic Benefits
6 Summary Action Plan
7 Appendix: Other Recent Reports on Storage

1 The UK Power System and Government’s Role
The power systems of the UK are based on networks owned
and operated by commercial companies under the terms of
licence agreements and oversight by regulators. Electricity is
produced by generating companies, which are also privately
owned. Generally larger generating assets are licensed,
but many smaller generating assets are exempt from the
requirement to hold a licence. The electricity produced is
either for self consumption, or is traded through the power
markets, at a national or international level. Consumers
purchase electricity from supply companies, which are also
licensed and subject to regulation.
Within this framework, the Government in the UK does
not invest directly in assets in the power systems, having

deregulated the industry sector and privatised the
nationalised industries in the period from 1989 to the late
1990’s. However the government does provide signals to
the market for companies to act in a preferred manner – for
example Renewable Obligation Certificates have encouraged
investment in wind power, by rewarding companies that invest
in renewable generation, and obliging supply companies
to purchase a proportion of renewable generation. More
recently, plans for a Capacity Market have been published to
incentivise investment in generating plants that would be able
to provide generating capacity at critical times of the day (peak
times). Successful bidders in auctions to provide capacity will
receive a regular income. Such certainty of income is a key
factor in the investment decision for large projects.

2 The Current State of Electricity Storage
Just as electricity can be generated using a wide range of
technologies (from nuclear, coal, gas or renewable sources)
and across a broad size range from fractions of a watt to MW
and even GW, electricity storage covers an equally broad
canvas. This can complicate development of the business
case, and also can cloud the vision for storage. Against this
backdrop, recent statements on energy storage in general
and electricity storage in particular have often focused on
technology and the promise of cost reduction, instead of
formulating plans that would see the early adoption and
widespread deployment of electricity storage.
Electricity storage technologies are available on commercial
terms now. Many suppliers of equipment such as batteries,
flywheels, compressed air and liquid air systems, as well as
pumped hydro are able to provide competitive quotations
for the manufacture and delivery of electricity storage

equipment and plants. However, under the present market
arrangements in the power markets of the UK, it is not
always possible to produce a financially robust business
case. This does not mean that electricity storage is not yet
ready for the market, or is too expensive, but does highlight
the inconsistencies in the market environment that inhibit
commercial development. For example, consider the
mantra of technical neutrality, often quoted by Government
Departments and agencies when selecting themes for
government investment. Paradoxically, it is actually the
breadth of services offered by electricity storage – from
similarities to generation plants to characteristics of new
transmission and distribution equipment – that has led to
a reluctance to support storage through a market subsidy
or special contracts, yet other technologies have been and
continue to be subsidised.

3 Overview of Benefits
Electricity storage is a worldwide industry. There is more than
140 GW of pumped hydro storage installed and operating
around the world. Some power systems have proportionally
more storage than others – and in many countries, the use of
advanced storage technologies is increasing rapidly. British
companies are beginning to adopt some of these advanced
technologies, but there is scope for much more development.
Electricity storage is a technology that can be applied across
the power system, at all levels including at the UK consumer
level (domestic, industrial and commercial), and the
distribution and transmission system, and to generation.
In the near future, we see that electricity storage can aid a
greater uptake of renewable generation, including wind
power and photovoltaics. Householders, small industrial and
commercial consumers may use locally connected electricity
storage as part of their local system balancing, reducing
voltage variations on the local network and reducing the need
for local network reinforcement (i.e. more resource intensive
pylons and cabling). Such electricity storage systems would
be relatively low power with mid to longer term energy
storage capacity.
At larger scales, storage is a complement to renewable
generation, by absorbing and releasing energy to balance
production with demand. High power is required, but a
range of storage capacity is possible, depending on whether
the application is to balance short term fluctuations or longer
term energy management. A properly configured electricity
storage plant can provide the balancing services which will
become increasingly necessary as renewable generation
increases variability in supply, and increased electrification
increases the swings in demand.

In the mid-term, we see the increasing role of the smart
grid as a means of using active network management to
balance supply and demand, and thereby to optimise the
use of renewable generation, while minimising additional
infrastructure costs. Electricity storage, along with its
companion, thermal storage, is an integral part of the
smart grid. Electricity storage is necessary to absorb
fluctuations on both small and long term time frames, and
installations will be useful to small, mid-size and even large
scale applications.
In the long-term, electricity storage is one of the
important tools to reduce the overall system operating
cost, by optimising the role of generation, transmission,
distribution and supply. However, while this is the longterm aim, reduction of system operating cost is a pervading
part of the vision where it yields a clear cost benefit at the
same time that it brings integration of renewables and a
more flexible approach to providing security of supply and
balancing services to the network.
Our vision includes examples of storage of all types of
technologies, of all sizes and in different locations. The
technical incorporation is relatively easy – it is a similar
process to designing other infrastructure assets such as
new road or railway. The challenge, as detailed in Section
2, is to design the commercial framework, and this has
been clearly highlighted in numerous reports and strategy
documents, but rarely does the commercial framework
take top position in their list of recommendations1. We
recommend that this is now the priority and we will work
to make this happen.

Benefits of energy storage
Balance short and long term fluctuations
in supply and demand for electricity

Provide energy
management and
reserves

Avoid or defer
reinforcement

Improves power
quality and reliability

Improves
system
control

Reduced system
operating costs
Effective use of most
efficient generation plant

Environmental
benefits

Opportunity to increase
use of renewables

Complements
distributed
or centralised
resources

Relevant to
grid and non
grid connected
generation

See The Appendix for details of some recent reports which include the recommendations that action is taken to reform the regulatory and commercial framework for electricity storage as well as its technical development
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4 The International Perspective

EXAMPLES OF ENERGY STORAGE POLICY
SOuTH
KOREA

CHINA

GERMANY

CALIFORNIA

PuERTO RICO

JAPAN

ITALY
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We believe that the UK is at risk of falling behind the rest of the world in developing a
commercial framework for electricity storage.
Some countries have recognised the value of electricity storage as an enabler towards improving their power networks, or to
increase the penetration of renewable generation, or to support their own manufacturing and engineering industries. Supportive
policies, mandates or direct action by governments or agencies are used to increase the number of storage projects and activities.
Action

Timescale

California

State mandate for utilities to procure 1325 MW of
storage by 2020

Announced October 2013

Puerto Rico

New renewable generation must include 30% of
capacity as storage

Announced December 2013

Japan

Government subsidies for homeowners and
companies to install batteries and solar,
paying for up to 2/3 of the purchase price

Announced in March 2014, aiming for 100 MW to be
installed in 2014, representing $98 million

China

The current Five Year Plan forecasts 25 GW of
storage for windpower

Announced October 2011

South Korea

Revision of electricity rates to encourage storage

Announced September 2013. If necessary energy
storage mandates will be implemented

Germany

Subsidy for 30% cost of storage associated with PV

Announced May 2013, total subsidy €25 million
ENWG removes network usage fees for new storage

Italy

75 MW of batteries for use in transmission and
distribution by 2015

TSO and DSO authorised to use batteries under certain
conditions

5 The UK Vision and Economic Benefits
In 2013 we proposed a target of 2000 MW of new electricity storage – comprising units of varying sizes and with varying energy
storage capacity. Our target to reach 2000 MW of new storage by 2020 is achievable – in potential increments as shown in the
following table:

Energy storage pathways to 2020 – showing the additional installed power rating in MW
Distributed Centralised annual
total

cumulative Comments
total

Year

User led

2013

2

5

7

7

LCNF projects

2014

8

10

18

25

2015

20

25

10

55

80

2016

30

60

50

140

220

LCNF projects. ETI, DECC demonstrators
Follow on projects at the distribution level and centralised
storage installed by independent developers
Includes larger projects associated with increased wind resources

2017

60

90

50

200

420

2018

100

150

100

350

770

2019

150

250

150

550

1320

2020

180

300

200

660

2000

We can look in our rear view mirror and see many examples of electricity storage on previous systems – that is useful as a starting
point, but to move forwards we need headlights to show the way and a purpose to get there. Our aim is to use electricity storage
to deliver the power the UK needs, economically, sustainably and reliably.
Our target of 2000 MW of new storage by 2020 would provide annual savings of approx £120 million/year, rising to £10 billion/year
by 2050 if total installed storage was increased to 10,000 MW2.
Additionally, installing 2000 MW of new storage by 2020 would provide new employment opportunities for up to 10,000 people3.
The home base for showcasing technology would support exports, enabling British companies to address a worldwide market of
up to £280 billion representing 330 GW of storage in various combinations of power rating and size4.
While we have considered the role of network attached electricity storage, some technologies which are already being deployed
have a number of applications outside the large scale market, and the technologies may be deployed in other configurations, for
example in smaller installations on the customer side of the domestic meter, or in mobile or transportable projects.

UK ENERGY STORAGE DEPLOYMENT
Current UK
energy storage
deployment
PUMPED HYDRO
Storage: 700MW
Sites: 2 Scotland

2020

2000MW

2013 - 2020
UK energy storage
projected deployment
2019

1320MW

2018

770MW

2017

420MW

2016

220MW

2015

80MW

2014

25MW

BATTERIES
Storage: 10MW
Sites: 6 UK

PUMPED HYDRO
Storage: 2,300MW
Sites: 2 Wales

LIQUID AIR
Storage: 0.3MW
Sites: 1 England

2013

7MW

Photography courtesy of Chris James, Neal Wade and Highview Power Storage

At the time of publication, other electricity storage projects under development in the UK include 1.4 MW pumped heat, a 6 MW battery and
a 1 MW flow battery and many distributed energy storage projects. Other projects including compressed air are in the planning pipeline.
2
3
4
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Strategic Assessment of the Role and Value of Energy Storage Systems in the UK Low Carbon Energy Future, 2012
This is based on an assumption that £200,000 creates one direct or indirect employee. See Assessment of Jobs Benefits from Storage Legislation, Prepared by KEMA Inc for the Electricity Storage Association, 2010
Revisiting Energy Storage, Boston Consulting Group, 2011

6 Summary of Action Plan
HM Government should establish a specific office with responsibility for electricity storage
There is no focal point within Government departments for electricity storage. As a cross sector technology, there needs
to be an office or representative that co-ordinates electricity storage activities between the Department for Energy and
Climate Change and the Department of Business Innovation and Skills. Support for technology development from BIS can
and should be linked with work to develop the market for electricity storage in the UK, as well as seeking opportunities for
international business in this important area. The DECC Innovation Programme supports technology development and
demonstration, but needs to be linked to reform of the electricity market. There are currently programmes across DECC
to develop solar power, wind power, electric vehicles, as well as development of the future network and an integrated
approach to the role that electricity storage can take would be beneficial.

The Government should publish its strategy for energy storage, which should include targets for the
adoption of electricity storage, in a similar way to the strategies and targets set for the deployment
of other technologies such as solar, wind, electric vehicles and smart metering
The Electricity Storage Network calls on HM Government to adopt a target of 2000 MW of new electricity storage by 2020.
Investment in storage will bring system wide benefits, reducing or deferring the cost of other network infrastructure
reinforcements, as well as optimising the performance of existing and planned conventional and renewable generation.
Action is needed now, to ensure that sufficient storage capacity is available to meet the increased requirements for
flexibility expected as the proportion of renewable generation also increases. The lead time for project development and
increasing manufacturing capability must be anticipated. A home base for demonstration of electricity storage provides
a showcase for British companies to develop their interests abroad. Strong and sustained orders for electricity storage
add to the skill base and employment opportunities within the UK. By setting a target a strong signal is sent to developers
to engage in this market opportunity.

The ongoing work on Electricity Market Reform in GB, and the work on developing the Single
Electricity Market in Northern Ireland should include actions to ensure that the adoption of
electricity storage is treated as least as favourably as other sustainable energy techniques.
Electricity storage offers a lower carbon route to providing peak capacity and flexibility than increasing the role of
conventional generation. However the cost profile of an electricity storage plant differs from the cost profile of
conventional generation and a business model is required that rewards storage adequately over its lifetime. Although it
is theoretically possible that electricity storage projects may participate in the planned capacity market, this is not likely
to provide sufficient incentive to meet our target of 2000 MW by 2020.

The regulatory and licensing arrangements for electricity storage should be examined and
simplified to remove ambiguity and encourage deployment of storage.
The Electricity Act 1989 and the subsequent amendments and supporting legislation do not recognise the specific
characteristics of electricity storage. Some existing electricity storage units are licensed as generators for historical
reasons, where in reality storage sits across all categories and therefore needs to have a distinct category in its own right.
This means that the licensing arrangements for future storage projects are not clear, leading to distortions in the market,
depending on size, ownership and applications with corresponding increases in cost and uncertainty.

Support for large scale demonstrations of electricity storage should be maintained in the
interim, until market reform has been satisfactorily enacted and deployment on a widespread
commercial basis is possible.
There should be support for large scale electricity storage projects, to continue the demonstrations which have been
financed under the Low Carbon Network Fund, the DECC Innovation Fund and through other agencies. This is needed in
the short term, in order to provide continuity of projects and to overcome the challenges of financing project investment
when there are only uncertain forecasts for the income streams accessible to electricity storage projects under present
market conditions.

Support for technology development of electricity storage needs to continue, with support for technologies
at all stages of development, in order to maintain the national position in this key technology.
The Department of Business Innovation and Skills has declared energy storage to be one of the eight great technologies.
BIS is supporting research into energy storage, including electricity storage, and this will lead to technology improvements
and new developments with the potential to lower future costs and improve performance. It is good to enhance the
national skill base, and research is a critical part of technology development. However research into electricity storage
technologies will be of low impact if there is not work undertaken to open up and develop the power market so that these
new technologies have a purpose to their development.

7 Appendix: Recent Reports on Storage
There is a continuing flow of reports on energy storage, and
electricity storage in particular. The majority indicate a societal
need for electricity storage and attempt to quantify the benefits
that would accrue from increased or enhanced deployment of
storage technologies.
The value of electricity storage is dependent on the characteristics
of the power system where it would be installed. For the UK, this
means that the value of storage would change between Great
Britain and Northern Ireland, and indeed within each power grid,
there would be different values depending on location and size.
For example in Great Britain, there would be different values
depending on whether storage was installed in a widely distributed
pattern, or whether storage was centralised and sited to overcome
weaknesses in the transmission network.
This is discussed extensively in the report by Imperial College
prepared for the Carbon Trust in 2012 “Strategic Assessment of
the Role and Value of Energy Storage Systems in the UK Low
Carbon Energy Future” which explores many scenarios for storage
between 2020 and 2050. The report indicates that increases in
renewable generation, or increases in nuclear generation increases
the value of storage, and in the year 2050, 10 GW of storage could
generate total system savings of £10 billion/ year. Installing 2 GW
of new storage by 2020 would bring annual savings of between
£100 - £300 million per year.
The Low Carbon Innovation Co-ordination Group published a
Strategic Framework in February 2014, which contains estimates
for the potential value of storage, and in the period up to 2050, a
potential for deployment of between 7 GW to 59 GW of storage
leading to cost reductions of between £1.9 billion to £10.1 billion
and a value creation of £3.4 billion to £25.7 billion.
Similar studies are available for other countries, including the USA,
and Germany and a summary is available in the paper “Assessing
Storage Value in Electricity Markets” published by the European
Commission’s Joint Research Centre in 20135
The International Energy Agency reports that to support
electricity sector decarbonisation in the ETP 2014 2DS, an
estimated 310 GW of additional grid-connected electricity
storage capacity would be needed in the United States,
Europe, China and India 6.
Many organisations have published reports in the form of a “road
map” for the development of energy storage. These share several
common themes, with a call for technology development to lower
costs and statements on the need for electricity market reform in
order to appreciate the true value of storage and thus facilitate its
commercial introduction. Some recent reports include observations
and recommendations on the need to accept market change in a
power market if electricity storage is to become widely adopted:
The Institution of Mechanical Engineers, 2014, “Government
must recognise that energy storage cannot be incentivised by
conventional market mechanisms” 7

International Energy Agency, 20148, Market design is key
to accelerating deployment. Current policy environments
and market conditions often cloud the cost of energy
services, creating significant price distortions and resulting in
markets that are ill-equipped to compensate energy storage
technologies for the suite of services that they can provide.
HM Government, 2013 in its statement on 8 great technologies
says that innovation in energy storage could create £12 billion
of new business revenue in the UK 9.
The joint EASE / EERA roadmap for European energy storage
technology, 2013 reiterates the common view that the value of
energy storage can only be grasped if one considers its systemic
nature. Therefore market design is a crucial part of the road map10.
This document includes analysis of the EU’s SETIS roadmap11 for
materials for energy storage, but comments that further actions
beyond technology development are required.
The Centre for Low Carbon Futures, 2012 recommended
“examining reforms to the current regulatory and market
structures that can address market failures and investigating
whether any more targeted forms of support would be justified
to remove barriers to the deployment of both electricity and heat
storage.” 12
The French Environment and Energy Management Agency,
201213 produced a Strategic Roadmap for Energy Storage
Systems setting out the national and international context and
challenges. As well as indicating technology concerns, the
report addresses social and economic obstacles including the
need for adequate business models. The regulatory framework
is assessed as hindering the emergence of new operators and
services connected to storage.
The International Electrotechnical Commission, 201114 in its
white paper on electrical energy storage comments that “The IEC
is convinced that electrical energy storage will be indispensable
to reaching these public policy goals. It is therefore essential
that deployment of storage should receive long-term and
robust support from policy-makers and regulators.” It makes
recommendations that policy makers should consider the
further development of conventional storage, to work actively
on the public aspects and to create the incentives to encourage
private actors to play their part. “Policy makers should make
the encouragement of storage deployment a public policy goal.
However the storage necessary for future grids will only become
available if private actors see an advantage in acquiring and
operating it and for this regulations including financial incentives
will frequently be needed.“
The UK’s Energy Research Partnership, 201115 recommended
that “Electricity Market Reform and regulatory approaches must
recognise the potential benefits of increased energy storage
explicitly.
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ECONOMIC BENEFITS FOR THE UK
2000MW
could power
1 million
ke les

2000MW
could save
£120 million
each year *

2000 MW
by 2020 would
If we go
create jobs for
further and
up to 10,000
develop 10GW
people
by 2050 we could
save £10 billion
per year

2000MW
is 3% of the
UK’s peak
electricity
demand

2000MW
will stabilise
the output of
up to 1000
new wind
turbines

A home base
for energy storage
will allow British
companies to tap
into a £280 billion
global market

Electricity storage is now commercially viable
The UK needs an electricity storage strategy
which sets out the market and frees the
potential of the technology

The UK must take a global lead in
developing low carbon technologies,
including Electricity Storage
George Osborne

Chancellor of the Exchequer, 2012
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01666 840948 www.electricitystorage.co.uk
info@electricitystorage.co.uk twitter@ESN_UK
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*The system savings from 2000 MW storage are £0.12 billion / year in 2020 rising
to over £10 billion / year in 2050 for 25 GW of deployed storage as shown in the
high renewables scenario taken from the report "Role and Value of Energy Storage
Systems in the UK" by Imperial College, published in 2012

The Electricity Storage Network is the special interest group for companies and organisations that are active in the deployment, design and research of electricity storage for network connected applications. The inclusion or omission of
any technology or project is not an endorsement or criticism of any technology, company or business. Published by the Electricity Storage Network May 2014.

