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Electrical Energy Storage (EES) is recognised as a key enabling technology in the
realisation of future GB electricity networks. Distribution Network Operators (DNOs) and
others have developed their knowledge of deploying this new technology via various trials.
To date, members of the Energy Storage Operators’ Forum (ESOF) have deployed

12.6 MW / 20.6 MWh of EES, mainly via the Low Carbon Network (LCN) Fund. A further
3 MW / 1.5 MWh is under construction at the time of writing.

These projects are delivering large amounts of learning throughout the whole project
lifecycle. The Good Practice Guide (GPG) was commissioned in order to consolidate this
learning into a reference guide for those deploying EES. Its intended audience is those
involved implementing EES systems (e.g. DNOs, Transmission System Operators, Energy
Suppliers, generators etc.), EES suppliers, manufacturers and developers and standards
bodies.

The Guide disseminates the key lessons learnt from EES deployments in the UK. It covers:

The current ‘State of the Art’ of EES and relevant policy announcements;

A description of the various EES technologies within the scope of the Guide;
Codes, Standards and Legislation which apply to EES systems;

The approach taken and lessons learnt in relation to: procurement, installation and
safety case development;

The applications which can be addressed using EES, how energy storage can be
scheduled and examples of the benefits obtained;

The costs of various EES technologies and potential revenue streams; and

Methodologies for analysing the cost:benefit case for EES technologies and a
number of examples.

The Guide’s development has been informed by the compilation of case studies, drawn from
DNO energy storage deployments and other demonstrations supported by the Department
of Energy and Climate Change (DECC) and the Energy Technologies Institute (ETI). It
covers battery technologies (lead acid, nickel-cadmium, high temperature sodium and
lithium-ion), flow batteries and thermodynamic cycle energy storage. The scope of the
Guide was informed by those technologies which are currently being deployed by members
of ESOF and supported via the DECC Energy Storage Demonstration Competition.

The GPG was produced by EA Technology, working with ESOF. Its development was
funded by the DECC Energy Storage Component Research and Feasibility Study Support
Scheme and ESOF members.

The Guide draws out good practice from existing EES deployments and is designed to be
used as a reference document by those deploying energy storage — using various sections
at different stages of the project. Figure 1.1 of the Guide shows the sections which can be
used at each stage. It is not intended to be treated as a rigid set of guidelines for those
developing or installing EES. The Guide is accompanied by an Executive Summary which
provides an introduction to the Guide and summarises key learning from storage projects in
the UK.
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1.1 Background

Electrical Energy Storage (EES) is increasingly recognised as a key enabling technology, in
the development and realisation of future low carbon networks. Such networks are
necessary in order to support the wider low carbon-agenda, via the decarbonisation of
electricity supply and the electrification of many heating and transport loads. These issues
are likely to become increasingly pertinent in the years ahead.

EES systems and technologies are being deployed by various parties (distribution and
transmission network operators, generators, in homes and businesses etc.) worldwide, both
as pilot demonstrations and trials, and in commercial/‘Business as Usual’ (BaU) applications.

In Great Britain, considerable work in this area has been undertaken by Distribution Network
Operators (DNOs). To date UK Energy Storage operators have committed to
commissioning over 21 grid-connected energy storage projects, with capacity exceeding
16.5 MW and 28 MWh. These demonstrations are often component parts of wider Smart
Grid/low carbon network developments, for example as part of Ofgem supported Low
Carbon Networks (LCN) Fund projects. Battery based EES systems represent a new and
unfamiliar class of technologies to the UK DNO/TO/SO (Transmission Owner/System
Operator) sector and, indeed, to the wider power utilities sector. They present a new range
of challenges, including:

Managing the procurement of systems, in the relative absence of directly applicable
codes, standards and Engineering Recommendations;

Obtaining a complete understanding of system performance, including that under
failure or abuse conditions;

The management of the installation and commissioning process;

The development of appropriate procedures to ensure the safe and efficient
operation of systems including developing appropriate Risk Assessments and
Method Statements underpinned by a firm evidence base; and

Developing a viable business case and realising the maximum potential value (both
technical and financial) from the operation of an EES system.

The deployment of EES on Transmission and Distribution (T&D) networks is also driving a
requirement to review the prevalent safety, regulatory, standards and licensing landscape.
This then needs to inform the development of future documentation, in line with emerging
technological and operational developments. The Guide aims to give ‘good practice’ from
current storage deployments. It may be used to inform the development of Standards, in the
future, but is not intended to form a rigid set of guidelines for those developing or installing
EES.

This Good Practice Guide (GPG) on Electrical Energy Storage was therefore developed by
EA Technology, in collaboration with the Energy Storage Operators’ Forum (ESOF). ESOF
comprises:

Electricity North West (ENW);

National Grid (as the TO/SO);

Northern Powergrid,;

Scottish and Southern Energy Power Distribution (SSEPD);
SP Energy Networks;
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UK Power Networks; and
Western Power Distribution (WPD).

The Energy Networks Association (ENA) is also represented at ESOF meetings.

The development of the GPG was funded via the Department of Energy and Climate
Change’s (DECC’s) Energy Storage Component Research and Feasibility Study innovation
support scheme! and the ESOF members (as set out above).

1.2  Aim, Scope and Objectives
The aim of the GPG is to:

Provide an essential reference tool to those deploying energy storage (primarily
within the GB DNO/TO/SO sector), such as to facilitate the successful
implementation and deployment of EES systems on T&D networks.

Specific objectives of the GPG are to:

Be a readily assimilable reference text, suitable for utilisation by staff involved in
the deployment of energy storage. The potential readership could include
planning engineers, procurement officers, commercial engineers, standards
engineers, project managers, safety managers, commissioning engineers and
operational personnel,

Draw upon and encapsulate the practical learning experiences within the ESOF
membership base and beyond;

Identify, qualify and catalogue relevant Standards;

Identify and highlight examples of best practice, including those in areas not
addressed via Standards;

Demonstrate the technical benefits which can be derived from the operation of
energy storage; and

Show how these technical benefits can form the basis of viable business cases for
the deployment of energy storage.

The scope of the Guide (i.e. the technologies included and parts of the lifecycle covered) has
been determined by the current deployments of utility scale EES in the UK. In particular, it
has been determined by the experience of the ESOF members, obtained via their various
projects and the DECC funded demonstration projects. This experience has been
summarised via a number of case studies (as described in Section 1.5), which have been
used in order to describe the approach taken in deploying EES and the lessons learnt. The
technologies within the scope of this GPG are therefore batteries, flow batteries, and
thermodynamic cycle systems. These technologies are described within Section 4 and
Appendix 3. It is recognised that other energy storage systems are available and have been
deployed within the UK (and elsewhere in the world) in various applications. These include
pumped hydroelectric schemes, compressed air, supercapacitors, flywheels and hydrogen
energy storage. However, these are out of the scope of the present work due to their lower
relative applicability to T&D network applications, and the reduced availability of case study
material.

! https://connect.innovateuk.org/web/decc-energy-storage-scheme Accessed 03/01/2014

2


https://connect.innovateuk.org/web/decc-energy-storage-scheme

EA Technology A Good Practice Guide (GPG) on Electrical Energy Storage

1.3 Structure and Content

This Guide is divided into a number of sections, each addressing a particular aspect of EES,
as follows:

Section 2 sets out the current “state of the art” with respect to energy storage. This
includes the current deployments of utility scale storage, both in the UK and
elsewhere in the world, and complementary activities such as the development of
cells and batteries for electric vehicles (EVS);

Section 3 briefly describes the ways in which EES can be used by various
stakeholders across the electricity sector. It also shows the applications being
addressed by the trials described within the Guide. It is accompanied by Appendix 2
which provides further details of each application.

Section 4 provides a description of the technologies which can be used for utility
scale energy storage and a comparison of their performance metrics. Further details
of each technology are given in Appendix 3

Section 5 summarises the breadth of energy storage activity currently underway in
GB and the key lessons learnt.

Section 6 sets out the codes, standard and licensing requirements which have the
potential to affect energy storage in the UK. This includes codes which are specific
to energy storage and other codes/standards/legislation which are likely to be
relevant to energy storage installations. Further details are given in Appendix 4.
Section 7 describes the procurement process for energy storage and summarises the
lessons learnt in each procurement stage (development of specification, choice of
supplier etc.) by the current deployments of energy storage.

Section 8 addresses the various facets of the installation process, including the
underlying legislative requirements, roles and responsibilities and some of the more
practical considerations, e.g. with respect to site selection, access, protection
settings etc.;

Section 9 describes some of the hazards which are associated with energy storage
installations. The nature of each the hazard, where it arises from and potential
mitigation measures are described.

Section 10 describes the Risk Assessment process. This includes the relevant
statutory obligations, the various processes which can be followed and the lessons
learnt from current deployments of energy storage.

Section 11 shows the applications being addressed by the various trials described
within this Guide and some examples of the network benefits being provided.
Approaches to the scheduling of EES systems are also discussed.

Section 12 discusses the factors affecting the costs of EES systems and provides
some indicative cost data for each technology covered within this Guide. It then
reviews the various revenue streams which can be exploited using EES and their
respective values. The business models which can be used when deploying EES
are also explored.

Section 13 describes four methodologies which can be used to analyse the
cost:benefit case for deploying EES and the advantages and disadvantages of each.
A number of illustrative examples are provided, based on the case studies. This
section is accompanied by Appendix 5 which provides cost:benefit analysis
templates for three of the methods described in Section 13.

Section 14 concludes the document and summarises its purpose and some potential
future developments.

Section 15 provides links to a number of reports, presentations and other material
which provide more detailed information on the subjects and projects within this
Guide.
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The GPG was developed by EA Technology, supported by contributions from the ESOF
membership over a fourteen month period from September 2013 to November 2014.
Various announcements and policy developments are included within the document, along
with the relevant dates. Further developments may have occurred during the latter stages of
the document preparation, which may not be included.

1.4 How to use this Guide

The content within each of the Sections described above has the potential to impact upon a
number of stages of an EES project lifecycle. This is summarised on the flow chart on the
following page (Figure 1.1). Itis intended that this Guide is used as a reference text, with
the relevant sections to be consulted as required throughout a project.
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Scheduling (Saction 1)
Applications (Setton 2)
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1. Identify Potential Requirement for Storage:
Davelop Cutline Busingss Case, Consider suitable business models (owner
operator/contracted service), st Stage Screening Assessment for Suitability

{

2. Develop Procurement Specification for candidate sites and applications

i

3. Initiate Procurement Process: Issue Pre-Qualification Questionnaire, Short List,

Full Submissions, Assessment and Ranking, Identify preferred bidder(s)

1

4. Assessment of Preferred Technologies/bidders:
Commercial, Supply, Warranty, Installation, Performance, Safety, Operations
and Maintenance, Becommissioning and End of Life Dispasal

!

5. Place Order(s)

!

6. Develop Site/System Specific Risk Assessments

i

7. Installation and Commissioning

§

8. Operation and Maintenance:
Realising Value, Continuous Improvement, Monitoring, Maintenance, Metering,
Evaluate ongoing business case

{

9, Decommissioning and End of Life Disposal
Figure 1.1: Project Lifecycle and Reference Sections of the GPG
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Case Studies

The development of the GPG has been informed by the completion of case studies by a
number of the ESOF members and the project consortia involved in the energy storage
demonstrations funded via the DECC Energy Storage Technology Demonstration
Competition. It is recognised this does not represent an exhaustive list of all
owners/operators of EES technology within the UK. However, this approach has allowed the
inclusion of considerable detail on each project, via engagement with ESOF and DECC.

Each case study relates to a particular deployment of energy storage and describes the
technology deployed, the intended application and lessons learnt. A list of the projects
included is given in Table 1.1 below. The case studies are reproduced in full in Appendix 1.

Table 1.1: List of Project Case Studies

DNO Led Innovation Projects

Northern Customer Led Network Revolution Lithium-lon 1 off 2.5 MVA/5 MWh
Powergrid (CLNR) 2 off 100 kVA/200 kWh
(Al1.1to A1.6) 3 off 50 kVA/100 kWh
SSEPD Chalvey- Low Voltage (LV) Lithium-lon 3 off 25 kVA/25 kWh
(AL1.7) Connected Storage (single phase units)
SSEPD Orkney Storage Park Lithium-lon 1 off 2 MVA/500 kWh
(A1.8)
SSEPD Northern Isle New Energy Solutions | Sodium-Sulphur 1 off 1 MVA/6 MWh
(A1.9) (NINES). NaS. Shetland
SSEPD Northern Isles New Energy Pb-Acid 1 off 1 MVA/3 MWh
(A1.10) Solutions (NINES). Lead-Acid (Pb-

Acid) Shetland.
SSEPD Nairn Flow Battery Trial Zinc Bromine 1 off 100 kW/150 kWh
(A1.11) Flow Battery
UK Power Hemsby, Norfolk Lithium-lon 1 off 200 kVA/200 kWh
Networks
(A1.14)
UK Power Smarter Network Storage, Leighton | Lithium-lon 1 off 7.5 MVA (6 MW)/10
Networks Buzzard MWh
(A1.15)
WPD Sola Bristol (Buildings, Renewables | Pb-Acid 26 domestic and 6
(A1.13) and Integrated Storage, with Tariffs commercial installations

to Overcome network Limitations) complete in December

(Sola Bristol) 2014. A total of 100

kW/279 kWh.

WPD Flexible Approaches for Low Sodium-Metal- 5 off 50 kVA/100 kWh
(Al1.12) Carbon Optimised Networks Halide

(FALCON)

DECC and ETI Funded Projects

Highview Liquid Nitrogen Cryogenic Energy Liquid Air Energy | 1 off 5.5 MW (gross) /15
Power Storage Demonstration Project Storage MWh
Storage
(A1.16)
Renewable Vanadium Redox Flow Battery Vanadium Redox | 1 off 105 kW/1.26 MWh
Energy (DECC Energy Storage Technology | Flow Battery
Dynamics Demonstration Competition)
Technology
UK Ltd.
(A1.17)
Isentropic Isentropic Pumped Heat Energy Pumped Heat 1 off 200 kVA/600 kVAh
(A1.18) Storage Energy Storage 1 off 1.4 MVA/5.6 MVAh
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2.1 The Requirement for Electrical Energy Storage

Global and regional forecasts of the market for energy storage have been prepared by the
International Energy Agency (IEA) in Energy Technology Perspectives (ETP) 2014 (reported
in the Energy Storage Technology Roadmap?) and Prospects for Large-Scale Energy
Storage in Decarbonised Power Grids® (PLS) and are summarised in Table 2.1 below.

Table 2.1: Global and Regional Energy Storage Market Sizes

. Estimated requirement for regulating power and
China, o . s
: load following in a scenario where the electricity
India, the . . L
EU and supply has been deparbonlsed in order to limit
USA - - 310 GW global temperature rise to 2 K (°C). Based on a
(ETP total of pumped hydro, compressed air energy
storage (CAES), flow batteries and ‘other
2014) X
batteries)
Global 189 — 305
(PLs) | 00GW GW
Western
Europe 33 GW - 40-100 GW lectri
(PLS) Electrical energy storage and analogues
United
States - - 25-45 GW
(PLS)

In the GB context the support for energy storage as a technology has increased recently,
particularly during the last 5 years and as a direct result of the low carbon agenda.
However, it should be noted that whilst the low carbon agenda is the current driver for the
deployment of EES, other applications can be pursued and can form the business case for
EES, regardless of the deployment of renewable generation.

Estimates of the potential application for energy storage devices have been provided from
several sources. DECC has published a Technology Innovation Needs Assessment (TINA)
for Electricity Networks and Storage* that estimates the energy storage market size to be 7-
59 GW in 2050. Imperial College London, working for the Carbon Trust, has estimated the
deployment of energy storage, in the presence of competing options, to be between 4 and
25 GW in 2050°, dependent on the relative costs of technologies. Imperial College London,
working for the DECC, has produced additional estimates of between 6 and 22 GW?¢,
depending on the national pathway for energy supply.

The application estimates are summarised in Table 2.2. Estimates for 2020 deployments
are noted to be achievable only if energy storage is available at low costs. The forecast
needs of the 2050 energy system indicate that the cost of energy storage can be much
higher. Higher deployment estimates typically correspond to low capital costs and/or high
shares of intermittent generation and vice-versa.

Table 2.2: GB Energy Storage Market Size Forecasts

TINA - 4-17 GW 7-59 GW

2 http://www.iea.org/publications/freepublications/publication/TechnologyRoadmapEnergystorage.pdf Accessed 08/09/2014

% International Energy Agency, Working Paper, Prospects for Large-Scale Energy Storage in Decarbonised Power Grids, 2009
4 Low Carbon Innovation Co-ordination Group, Electricity Networks & Storage (EN&S) Summary Report, August 2012

5 The Carbon Trust, Strategic Assessment of the Role and Value of Energy Storage Systems in the UK Low Carbon Energy
Future, June 2012

8 DECC, Understanding the Balancing Challenge, August 2012
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Cark_)on Trust i 210 GW 4-25 GW Distributed
(Imperial College) storage case
DECC (Imperial i 2 GW 6-22 GW Over all
College) pathways
211 Provision of Flexibility in Power Distribution Networks

Renewable energy generation is being installed at every level of the power system and
much of that power system has been designed for unidirectional power flows from central
generation, via transmission and distribution and to the end-consumer. The way the
distribution system has been designed means that in its present form there is more capacity
available to supply end-users with energy, than to absorb energy from them. The
distribution network has to become more flexible to be able to provide connections for low-
carbon technologies. Investment is required in flexibility and systems that increase the
utilisation of existing assets.

Power system assets are capital-intensive and must be operated for long service-lives to
facilitate an economically-efficient power system. These investments must be made at low
risk to the asset owner to prevent the deleterious effects of stranded assets. This is more of
a problem for DNOs, which are natural monopoly businesses subject to regulatory control
via defined cycles (presently five yearly, up to March 2015, then eight years to March 2023);
than for renewable energy generators that today have the sale price of electricity guaranteed
for up-to 25 years, facilitating their access to the appropriate capital.

This leads to the capacity available to absorb energy, across many regions, lagging the rate
of installation of renewable energy”8, which creates network constraints and in-turn leads to
high-value applications for “Smart Solutions” to address those constraints. Energy storage is
one of those Smart Solutions that is today being trialled in different ways and at different
locations, to facilitate the absorption of low carbon technologies. These trials are often
aimed merely at understanding the reliability, security and control that these assets can
provide on electricity networks as a precursor to routine deployments. DNO experience is
now such that a few deployments are being made where those assets will join more-
traditional power assets in being integral to normal power system operation.

The three competing flexible technologies (demand-side management, generation-side
response via Active Network Management (ANM) and energy storage) each have
advantages and disadvantages. The unique advantages of energy storage over its
competitors are:

The capability to increase or decrease load on thermally-constrained networks, using
an asset under the direct control of a network operator;

The capability to provide voltage control on voltage-constrained networks, to increase
tolerable power flow;

The capability to control power factor to reduce network losses and release network
capacity;

The capability to be deployed as a single asset at a location chosen to solve a
network constraint and not to be reliant upon wide-area communications systems to
manage the constraint effectively;

Storage offers a guaranteed response (subject to being in the correct state of charge,
which can be monitored), in contrast to the actions of third parties on the demand
side; and

7 At the time of writing, network constraints are limiting renewable generating capacity across many regions of Scotland,
North Wales, East Anglia and Kent.

8 See, for example UK Power Network’s capacity map for renewable generation:
http://www.ukpowernetworks.co.uk/internet/en/connections/electricity-generation/generation-capacity-maps/

Accessed 21/02/2014
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Storage can be both modular and potentially re-locatable, increasing its flexibility.

Energy storage is therefore a flexible tool for the management of electricity networks, and
with flexibility being a key advantage in coping with change, there is the potential for
significant deployment to support an electricity system suitable for low-carbon technologies.

Whilst progress is being made in understanding and using Smart Solutions and Energy
Storage, the capital investment is at present being supplied from innovation funding®.

Energy Storage is not the only new technology that can augment a network’s capacity for
load or generation, but it is one of the most difficult to operate economically and often cannot
compete with other solutions (at present), at least on the basis of solving a single problem on
a network!®. The business case for storage is likely to change over time, particularly in the
light of:

Capital cost reductions due to improvements in technologies and economies of scale
as the market for EES increases in size; and

Any changes in the regulatory regime which combat the present fragmented nature
of the value chain.

The business case for storage is explored in more detail via a number of case study
examples in Section 13 of this Guide.

These distribution networks applications are presently driving the installation of EES in GB,
though they do not provide, at present, the requisite revenue or ownership model necessary
to meet the national need for storage in the GB power system.

2.1.2 The GB Power System Need for Storage

In GB today, the power system need for flexibility to cater for changes in the loading
condition of the system is met by varied sources including thermal generation, pumped-
hydro storage plants and demand-side actions. The GB Transmission System Operator
(TSO) has defined several ‘reserve’ (or ‘ancillary’) services that suit the provision of flexibility
from these sources and the fractional levels of renewable generation connected to the power
system today. These reserve services are described further within Section 12.2.

The provision of capacity in the power system is a different matter as time-shifted demand
needs to be met. The GB Capacity Market auctions running from 2014 are a mechanism to
ensure that the national power requirement can be met!!. A portion of the market has been
reserved for demand-side services with a capacity value; energy-storage is eligible in this
market.

The role of energy storage in meeting low-carbon objectives has been recognised by the
then Chief Scientific Advisor to DECC, Professor McKay noting the need for “an Apollo-
programme’s-worth of storage!?”. In addition, the Chancellor identified grid-scale energy
storage as one the “eight great technologies” which will drive future growth in the UK
economy®® and stated that “greater capability to store electricity is crucial*”. Energy Storage
has also received comment in the Carbon Plan® and other policy documents.

9 See the Energy Networks Association “Smarter Networks Portal”, www.smarternetworks.org, accessed 08/01/2014

19 Energy Networks Association, Assessing the Impact of Low Carbon Technologies on Great Britain’s

Power Distribution Networks, July 2012, pp106

11 DECC, Electricity Market Reform Delivery Plan, December 2013

12 Mackay, Professor D. Chief Scientific Advisor to DECC. “Energy Storage for Electricity Networks”. Institution of Mechanical
Engineers Seminar. London. Tuesday 13" March 2012.

13 http://royalsociety.org/news/2012/osborne-at-royal-society/ Accessed 24/02/2014

14 Quotation reported by various publications, including The Guardian Environment Network:
http://www.theguardian.com/environment/2012/nov/09/george-osborne-uk-energy-storage accessed 16/01/14.

15 HMG, The Carbon Plan: Delivering our low carbon future, December 2011
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Recent public sector investments in storage, to complement the above, include:

£14 million invested by the Energy Technologies Institute (ETI) in project led by
Isentropic Ltd to demonstrate pumped heat energy storage?®;

£30 million of funding announced from the EPSRC for grid-scale energy storage'’;
£15 million funding awarded to four consortia via the Energy Storage Technology
Demonstration Competition (DECC)?;

£2.4 million awarded to seven winning companies via the Energy Storage
Component Research & Feasibility Study Competition (DECC)?S;

The establishment of a Centre for Doctoral Training in relation to Energy Storage and
its Applications at the Universities of Sheffield and Southampton (funded by the
Engineering and Physical Sciences Research Council (EPSRC))?°; and

£4 million fund for the establishment of a SuperGen Hub in Energy Storage, under
the auspices of Professor Bruce, at the University of Oxford. This hub is managed by
the EPSRC?,

2.2 Complementary Drivers

Since 2009 the American Recovery and Reinvestment Act has invested $2 billion in battery
manufacturing technology (cell-level), $390 million in the Electrification of Transport and
$680M in Smart Grid and Energy Storage technologies (whole systems)??. Many automobile
manufacturers are also in the process of launching various models of EVs, accompanied by
the required investment in battery research. In the UK, public funding is also being used to
develop batteries for EVs. For example, a £13 million “UK Energy Storage R&D Centre” was
created in September 2012, for the advancement of electric and hybrid vehicle batteries?2.
The development of batteries for the Electrification of Transport is an area that is expected to
yield cost reductions for EES devices in first or second-use applications.

2.3 Global Electrical Energy Storage Deployment in 2014

Currently operational grid-connected energy facilities are dominated by pumped
hydroelectric energy storage — in terms of both rating and capacity. The IEA Technology
Roadmap estimates that at least 140GW of large-scale energy storage is connected to
electricity networks worldwide and 99% of this capacity is comprised of pumped hydro. The
remainder comprises a mix of batteries, CAES, flywheels and hydrogen storage?. An
indication of the level of deployment of batteries and other technologies is provided in Figure
2.3.

Policy developments in a number of countries are driving the uptake of energy storage by
various stakeholders. These policies and incentive mechanisms include:

An Energy Storage Procurement Framework and Design Program established in
California. This scheme establishes a target of 1.3GW (relative to peak demand of
60GW) of energy storage to be procured by utilities in California by 2020, with

16 http://www.eti.co.uk/eti-invest-14m-in-energy-storage-breakthrough-with-isentropic/ Accessed 18/12/2014

17 http://www.epsrc.ac.uk/newsevents/news/2013/Pages/85million.aspx Accessed 24/02/2014

18 See https://www.gov.uk/government/news/8-million-boost-for-energy-storage-innovation Accessed 17/02/2014

19 DECC Energy Storage Innovation. Electricity Storage Network Symposium. Presentation by Sally Fenton. Wednesday
January 2014. Available from: http://www.electricitystorage.co.uk/index.php/download file/view/49/153/ Accessed 12/11/2014
20 http://www.epsrc.ac.uk/newsevents/news/2014/Pages/19newcdts.aspx Accessed 20/01/2014
2Ihttp://www.epsrc.ac.uk/newsevents/news/newsupergenthub/ Accessed 22/09/2014

22 See recipient database available at http:/energy.gov/downloads/recovery-act-recipient-data accessed 09/01/2014
Znttp://news.bis.gov.uk/Press-Releases/Multi-million-boost-for-UK-electric-vehicle-battery-technology-67f95.aspx Accessed
20/01/2014.
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installations operational no later than 2024. This mandate is partly driven by a need
to support reliability, grid operation and renewables integration against a target of
reducing emissions by 80% by 2050 compared to 1990 levels?*.

The Ontario Government announced plans to procure 50MW of energy storage by
the end of 2014. A number of systems have been procured relative to this target,
based on battery, flywheel, hydrogen and thermal energy storage®.

An incentive scheme has been launched in Germany to subsidise the installation of
energy storage alongside PV generation (ratings of less than 30kW). The funding
takes the form of a small grant (€3,000 relative to an average cost (PV plus storage
system) of €20,000 to €28,000) and a low interest loan?. At the time of writing, it
was estimated that 6,000 solar energy storage systems had been installed under the
scheme?’.

Subsidies are available to individuals and businesses in Japan to install lithium-ion
(Li-lon) battery storage alongside renewable generation. The subsidy will pay up to
two thirds of the cost of the system, capped at $9,846 for individuals and $982,000
for businesses?.

The United States Department of Energy (US DOE) maintains a global database of energy
storage projects?® that shows 800 MW of battery, flow battery and thermodynamic energy
storage EES projects underway, as of September 2014. The majority of these projects are
based in the United States, which has 343 MW either commissioned or planned.

Figure 2.1 presents the cumulative capacity of these projects, from 2004 onwards, for
European countries, the United States and Canada.

24 As described at the “From Megawatts to Gigawatts” California’s Energy Storage Procurement under the California Public
Utilities Commission (CPUC) Framework. 7" November 2013.

% http://storage.pv-tech.org/news/ontario-selects-technologies-for-34mw-grid-storage-trial Accessed 28/08/2014

26 http://die-sonne-speichern.de/faqg/ Accessed 24/01/2014 (website in German)

27 http://cleantechnica.com/2014/06/09/solar-energy-storage-system-market-germany-approaching-boom/ Accessed
28/08/2014.

28 http://www.pv-tech.org/news/japan_launches_subsidies_for_lithium_ion_battery storage Accessed 04/06/2014

2 See http://www.energystorageexchange.org/projects, accessed 13/11/2013
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Figure 2.1: Electrical Energy Storage Projects

(N.B. This graph includes storage projects based on batteries, flow batteries and thermodynamic
cycles with a status of ‘Contracted’, ‘Decommissioned’, ‘Offline/Under Repair’, ‘Operational’ and
‘Under Construction’)

Figure 2.2 below shows the status of the projects included in the graph above (i.e. battery,
flow batteries and thermodynamic cycle energy storage in the USA, Canada, and the EU).
This shows that whilst 294MW of storage is registered as ‘operational’, there is also a
significant amount ‘under construction’. Figure 2.1 and Figure 2.2 exclude those projects
which have been ‘announced’ but are not yet under construction — inclusion of these projects
would increase the total amount by a further 138MW (from 16 projects).

Contracted, 25

De Commissionad, 29

_ Offiine/Jnder Repair,
, 35

Figure 2.2: Status of EES Projects in US, Canada and the EU (September 2014)
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Figure 2.3 shows the different technologies which are being deployed worldwide. This may
be affected by the period of time over which EES has been installed in a given country, and
the applications required. For example, early demonstrations of utility scale EES were
primarily in the USA. At this early stage, Pb-Acid and NiCd were closest to market readiness
and this may have influenced the dominance of these technologies.

Technologies Used in EES Installations Worldwide (2014)
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Figure 2.3: Technologies Used in EES Installations Worldwide (2014)

(N.B. This graph includes storage projects based on batteries, flow batteries and thermodynamic

cycles with a status of ‘Contracted’, ‘Decommissioned’, ‘Offline/Under Repair’, ‘Operational’ and

‘Under Construction’). Details of the specific electrochemistries included under each technology
grouping are given in%0,

2.4  Deployments of Electrical Energy Storage in GB

In GB, ESOF has been established to facilitate collaboration and progress in energy storage
matters, amongst network operating companies. ESOF has produced details of the various
installations that make up the GB portfolio of DNO Electrical Energy Storage devices.
Summary details and locations are provided in Figure 2.4. It should be noted that this
diagram shows those installations which have been completed by DNOs. Other
demonstrations and commercial installations are not included. Details on the functional roles
of these devices are presented in Section 11.

30 Batteries — Lead Based: Lead Acid, Advanced Lead Acid, Lead Carbon, Valve Regulated Lead Acid, Sealed Lead Acid,
UltraBattery.

Batteries — Lithium Based: Lithium Ferrous Phosphate, Lithium-lon, Lithium-lon Titanate, Lithium-lon Phosphate, Lithium-
Manganese Oxide, Lithium Polymer, Lithium Cobalt Aluminium.

Batteries — Nickel Based: Nickel Cadmium, Nickel Iron, Nickel Cobalt Manganese

Batteries — Sodium Based: Sodium Sulphur, Sodium Nickel Chloride

Other Batteries: Electrochemical, Hybrid Batteries, Aqueous Hybrid lon

Capacitors: Electrochemical Capacitors, Ultracapacitors

Zinc Based Flow Batteries: Zinc Bromine Redox Flow Batteries, Zinc Bromide, Zinc Nickel Oxide Flow Battery, Zinc Iron Flow
Battery
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Figure 2.4: GB DNO Deployment of Electrical Energy Storage (at 15t December 2014)

There are further energy storage installations that are not owned/operated by DNOs. A
number of these are being funded via DECC’s Energy Storage Technology Demonstration
Competition. The projects being funded via this mechanism are:

A distributed system totalling 0.525MWh of capacity across more than 300 sites. The
consortium running this project is led by Moixa Technology Ltd. and also includes
KiwWi Power, Good Energy, AVC NextGen and Northern Powergrid. The principal
application is to reduce peak energy demand. A number of different battery
electrochemistries will be used in the project, which will involve householders across
the UK3!,

A 105kW/1.25MWh Vanadium:Vanadium flow battery project on the Isle of Gigha, off
the West Coast of Scotland. The principal application in this project is to remove
constraints relating to the connection of a fourth wind turbine on the island. This
consortium is being led by REDT and also involves SSEPD, EA Technology,
Community Energy Scotland and Gigha Green Power Ltd®*2. A case study giving
further details of this project is contained in Section A1.17, Appendix 1.

A project integrating both ‘new’ and ‘2" life’ EV batteries to facilitate rapid charging of
EVs and their integration with solar and wind generation. This project is being
undertaken in Norfolk by the EVEREST (Electric Vehicle Embedded Renewable
Energy Storage &Transmission) consortium, led by EValu8 Transport Innovations
Ltd3.

A 5SMW/15MWh “liquid air” energy storage system developed by Highview Power
Storage. This system is being deployed at a Viridor landfill gas generation plant in
the UK. In addition to providing energy storage, the plant will convert low grade
waste heat from the landfill gas plant to power®*. A case study giving further details
of this project is contained in Section A1.16, Appendix 1.

31 http://www.moixatechnology.com/press-release/moixa-wins-share-of-decc-5m-contracts-for-energy-storage.php Accessed
07/09/2014

32 hitp://www.redtenergy.com/news/redt-wins-%C2%A336m-decc-award-energy-storage Accessed 07/09/2014

33 DECC Energy Storage Technology Demonstration Competition. Phase 1 Report (Authorised Content Version, Suitable for
Public Release).

34 http://www.highview-power.com/portfolio-items/pre-commercial-demonstrator-online-2015/?portfoliolD=48 Accessed
07/09/2014
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A number of other energy storage deployments are underway in the UK, as follows:

A 236kW/126kWh lithium-lon system is to be installed at the University of
Manchester and connected to the local distribution network. The complete system is
being supplied by Siemens (two 118kVA power converters, four 45kWh battery
racks, a transformer and a control and management system). The University of
Manchester is undertaking research (funded by the EPSRC) using the energy
storage unit as part of a high-powered grid interface in-loop test bed. It is also
investigating the use of graphene in energy storage devices to improve performance
and lifetime®.

A 2 MW/1 MWh Lithium-Titanate battery system (supplied by Toshiba) is being
installed at Willenhall primary substation (near Wolverhampton, West Midlands) in
order to explore the advantages of grid connected energy storage. This project is
being led by the University of Sheffield and is being funded by the EPSRC?®*.

The ETI have invested £14 million in Isentropic (a developer of thermodynamic
energy storage)®. Two systems will be installed as part of this project — a scaled
validation system (200 kVA/600 kwWh) and a field test article (1.4 MVA/5.6 MWh). A
case study giving further details of this project is contained in Section A1.18,
Appendix 1.

A selection of photographs of GB DNO installations are presented in Figure 2.5 to Figure
2.16.

35 http://www.siemens.com/press/en/pressrelease/2014/infrastructure-cities/low-medium-
voltage/icimv20140502.htm?content[]=ICLMV Accessed 07/09/2014

36 http://www.sheffield.ac.uk/faculty/engineering/news/2014/giant-battery Accessed 07/09/2014

37 http://www. eti.co.uk/eti-invest-14m-in-energy-storage-breakthrough-with-isentropic/ Accessed 07/09/2014
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Figure 2.9: 2.5 MW, 5 MWh ESS at Darlington, Co. Durham (Source: Northern Figure 2.10: 50 kW, 100 kWh ESS in Sheffield (Source: Northern Powergrid)
Powergrid)
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Figure 2.11: 100 kW, 200 kWh ESS at Darlington (Source: Northern Powergrid) Figure 2.12: 6 MW, 10 MWh ESS at Leighton Buzzard, Bedfordshire (Source:
UK Power Networks)
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Figure 2.14: 2 kW, 4 kWh Domestic EES Installation as part of SolaBristol
(Source: WPD)

N

Figure 2.13: 1 MW, 3 MWh EES at Lerwick, Shetland (Souce: SSEPD)
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This section briefly describes the various ways in which EES can be used on electrical
power systems, in practice. It also describes the applications which are being investigated
by current trials.

As an asset that can control its power and be built at various scales, EES finds itself
applicable in all the auspices of an electrical power system. Hence there is a plethora of
applications that are associated with the essence of charge and discharge, but applied under
various names according to the assets, users and type of operation in the relevant electrical
system.

Table 3.1 maps a range of high-level applications to actors in the electricity system.

3.1 Description of Applications

Converter-connected energy storage gives the operator freedom over both real and reactive
power and therefore can theoretically be applied to mitigate almost any power flow problem
on electricity networks. Thus the range of possible applications for energy storage is wide.
These applications are briefly described within this section and further details are given for
each in Appendix 2.

Arbitrage: EES can be discharged at times of high generation prices and re-charged
at times of lower prices. The use of EES to increase self-consumption, for example
in domestic grid-connected solar-photovoltaic (PV) storage, is a form of arbitrage
made possible by the difference in value between exporting electricity to the network
(at 5 p/kWh)3. and buying electricity for consumption (at 14 p/kWh)*

Portfolio balancing services: Generators and Suppliers that are parties in the
Balancing and Settlement Code can use flexible generation, demand or EES to
reduce the imbalance of their positions and their exposure to imbalance charges.
The same sources of flexibility can also be used to reduce their proportion of the cost
of using the transmission system.

Deferral and avoidance of network asset reinforcement: EES systems can defer
or avoid load-related investment in networks by reducing power flow through assets
S0 as to reduce the effective peak load and therefore the need for replacement. It
can either provide a long-term solution to the asset replacement problem, i.e. until
the end of the original asset’s service-life, a short-term solution while preparations
are being made for a long-term solution, or a short-term solution for a short-term
increase in power flow.

3% Ofgem, Feed-in Tariff Payment Rate Table for Photovoltaic Eligible Installations for FIT (1 April 2014 — 31 December 2014),
Higher Rate.

3% DECC Statistics. Annual domestic energy bills. Average variable unit costs and fixed costs for electricity for selected towns
and cities in the UK. Available from: https://www.gov.uk/government/statistical-data-sets/annual-domestic-energy-price-
statistics Accessed 12/11/2014
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Renewable energy constraint management: Network assets are defined as
constrained when the addition of any further generation or load would cause them to
operate outside of their ratings. It is common for constraints to arise due to the
connection of variable generation (e.g. wind power) to the distribution network. They
form a ‘bottle neck’ and limit the amount of renewable generation that can be
accepted onto the network. EES systems can be applied to reduce power flow at the
constrained asset, thus allowing the constraint to be managed. Systems operating in
this way can be linked into a wider ANM scheme to maximise connection of
renewable generation. Two examples of this are contained within the project case
studies — Orkney Energy Storage Park (see Al1.8) and the REDT Flow Battery
Demonstration Project (see A1.17).
Power system optimisation: Power system optimisation comprises the fine-tuning
of power flow that allows additional capacity for load or generation to be released on
existing networks.
Control of power flow, power factor and voltage: The Power Conversion
System (PCS) necessary within EES systems to convert from DC energy
sources to AC can also enable the device to dynamically despatch reactive
power in order to influence voltage and power factor. Real power (from the
battery storage) can also be used to effect voltage control.
Matching supply and demand on an operational (i.e. real-time)
timescale: Delivery of balancing mechanisms (i.e. to balance the second-by-
second variations in supply and demand) is managed by the TSO. They are
currently delivered by both the generation and demand side. EES systems
can operate on either side, either charging or discharging (subject to the
required rating and state-of-charge).
Phase-balancing: The best utilisation of network assets and minimisation of
network losses occurs at unity power factor and an equal magnitude of
current in each phase. Unbalanced current mainly originates from single-
phase loads, which are a greater fraction of demand on residential and light
commercial networks. The greater the single-phase current relative to power
flow over all three phases, the greater the imbalance factor. EES systems
with the requisite power electronics, control and common DC bus are capable
of transferring power between phases, to achieve balanced phase current.
Power system stability: The design of synchronous generators on the power
system facilitates a natural return to a stable condition following typical disturbances.
Energy storage devices with fast response can contribute by implementing a
synthetic inertial response.
Power quality:
Mitigation of harmonic emissions: Modern electrical appliances and heat
pumps are increasingly being connected through power electronics control
systems. These systems rely on digital switching which create current
harmonics ‘emissions’ on power network, which in turn induce voltage
harmonics. These emissions cause increased heating of network assets and
use capacity. Power conversion equipment in EES systems (if equipped with
appropriate filters and capacitive energy storage on the DC-link) can be used
to implement “active filtering” for harmonics, whereby the device synthesises
the harmonic currents necessary to repair the voltage waveform.
Flicker reduction: Flicker is the phenomenon of human sensitivity to the
change in luminance of a source of illumination. It is carried on power
networks by fluctuations in voltage magnitude that occur with periods from
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sub-to multiple seconds. These changes occur due to step-changes in load
or changes in network configuration (e.g. electric showers on LV networks,
large industrial motors on LV and High Voltage (HV) networks). The levels of
flicker which may occur in the future (e.g. due to increased use of power
electronics conversion equipment and new loads such as heat pumps and
EVs) is not yet clear. However, it may be possible to specify energy storage
devices such that they can offer sub-cycle response to voltage fluctuations
and so reduce the severity of flicker.
Flexible networks for low carbon technologies: The low carbon agenda submits
electricity networks to a pace of change that is much greater than historical. There
are also uncertainties around the generation and technology mixes, location and
magnitude. The traditional planning process is orientated towards new connections
and steady growth in demand by the population. This is unsuitable for the more
unpredictable changes as a result of the low carbon agenda. If new assets are
installed to create additional capacity, and the expected changes do not materialise,
then the new capacity would not be utilised efficiently. Newer, more flexible solutions
offer a method of providing capacity where necessary via deploying solutions
incrementally and at a rate appropriate to the pace of change that is being
experienced. EES systems are one such solution, alongside demand-side response
and generation side response via ANM schemes.
Mitigating the impacts of new demand and generation technologies: Energy
storage offers a solution for mitigating the potential impacts of various new demand
and generation technologies (e.g. EVs, heat pumps, PV generation). For example,
export from PV systems may become an issue during the summer months. Local
installations of EES would allow this surplus daytime energy to be stored (thus
preventing reverse power flow) and then discharged to support evening demand.
This evening demand may include EV charging load.

However, a number of components of an EES have the potential to place limitations on the
range of applications that can be addressed by a particular system, as follows:

The particular energy storage device: e.g. due to the fundamental characteristics of
the storage media such as the continuous and short-term rated power, hourly
duration of storage or cycle-life;

The power converter: e.g. due to its continuous and short-term ratings, whether the
topology allows for inter-phase power transfer or the characteristics and ratings of the
filters;

The advantage of servicing multiple applications will be reduced if the applications
are exclusive; and

The control methods: e.g. due to ability to despatch real power in relation to thermal
constraints or reactive power in relation to voltage constraints.

In practice, consideration of the application must take place prior to the specification of EES
so that the chosen design and technology is suitable (see Section 7 for further details on
procurement). Application considerations can drive the specification of converter
components as well as the energy storage media. Harmonic filtering and phase-balancing
are two applications that can be specified, that have profound implications for the design of
the converter.

Section 11 (and Table 11.1 and Table 11.2 in particular) provides key details of all the
network-operator-owned or contracted EES deployed in GB and the functional capability of
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each. It also shows the applications addressed by each trial, and an example of the benefits
which can be obtained.

3.2 Ownership Models

In GB, funding for EES pilot applications in the DNO sector has been provided
predominantly from the LCN Fund. This fund was established with the express intent to
stimulate distribution network innovation, such as to evaluate new methods to overcome the
network challenges as GB moves to a low carbon economy.

Such EES trials have typically sought to evaluate EES in a technical sense, that is, network
operators have purchased the devices in order to understand and optimise their applications,
costs and benefits. These trials have purchased EES assets.

As technical learning has progressed, trials have also sought to understand and optimise
commercial arrangements. One method has been to explore third-party service provision
(e.g. the approach taken for the Orkney Storage Park project, see Appendix 1, Section
A1.8). Another method has been to explore the provision of services for third parties from
DNO-owned assets.

The “Smarter Network Storage” project*® (SNS) is specifically investigating how to reduce
the cost of EES for DNOs and has investigated different sorts of business models within the
constraints of the regulatory framework. It has identified the two methods identified above
as being most suitable for this purpose. It should be noted that the prevalent regulatory
framework applying to a potential owner/operator of EES can strongly affect the revenue
streams which can be captured, and thus the business case for deploying storage. This is
explored in greater detail in Sections 12 and 13.

As can be seen from Table 3.1, third parties acting as private operators or, as identified in
SNS, capacity-off take by third-parties is necessary to unlock the greatest range of possible
applications and service revenues.

Further details of the various business/ownership models which can be used when deploying
EES are given in Section 12.3.

40 See https://www.ukpowernetworks.co.uk/internet/en/community/smarter-network-storage/, accessed 6/8/2014
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4  EES Systems and Technologies

Electrical Energy Storage can be provided by a range of systems and technologies, such as:

¢ Electrochemical energy storage systems - principally batteries and flow batteries;

¢ Kinetic energy storage systems - such as flywheels;

e Thermodynamic energy storage systems - based on the Brayton cycle or cryogenic
systems; and

« Potential energy storage systems - such as compressed air and pumped
hydroelectric installations (e.g. Dinorwig)

These various technologies have differing capabilities in terms of their discharge time at the
rated power (capacity) and system power (rating). A number of technologies are shown in
the Ragone plot below, with some potential applications. It should be noted that the figures
shown are intended for use as a general comparison, for conceptual purposes only. They
are based on published data** and information from the case studies provided in Appendix 1.

Bulk Power
Management

Power Quality T&D Netwark Applications

Hours

‘Flow Batteries:

Minutes

Discharge Time at Rated Power

Seconds

1kw 10kW 100 kW 1MW 10 MW 100 MW 1GW

System Power Ratings, Module Size

Figure 4.1: Ragone Plot of Different EES Technologies

This Guide is principally concerned with systems applicable to power distribution networks
on a short/medium term time horizon. Hence, the technologies of most interest to the GPG
comprise — battery energy storage, flow batteries and thermodynamic cycle systems. Each
of these technology areas is described in the sub-sections below. This is complemented by
further information for electrochemical systems in Appendix 3.

41 For example, that included within the DOE/EPRI 2013 Electricity Storage Handbook in Collaboration with NRECA. Available
online: http://www.sandia.gov/ess/publications/SAND2013-5131.pdf Accessed 18/12/2014.
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4.1 Battery Energy Storage Technologies

A battery is a device consisting of one or more electrochemical cells that converts stored
chemical energy into electrical energy. Each cell comprises a positive (cathode) and
negative (anode) electrode and an electrolyte that allows ions to flow between the
electrodes. During discharge, electrical current is generated from the two electrodes and is
fed into an external circuit. The electrochemical process is reversed during the charging
process, where an external current is supplied back into the cell.

Batteries can be classified into two types: primary batteries (non-rechargeable) and
secondary batteries (rechargeable). Only secondary batteries are considered in the context
of utility scale energy storage. This section summarises the following characteristics of
different battery electrochemistries:

Technical characteristics (e.g. energy density, cycle lifetime);
Maturity of the technology; and
Current applications of the technology, both in the UK and elsewhere.

Short summaries are provided within this section, with further information being provided in
Appendix 3. The principal electrochemistries of interest to the DNO/TO/SO sector comprise:

Lead Acid (Pb-Acid): The most mature technology option, which has been used in
a number of deployments worldwide. Two Pb-Acid systems have been deployed by
DNOs within the UK. Pb-Acid systems are cost competitive and reliable, but suffer
from limited energy density and relatively poor cycle life.

Nickel Cadmium (NiCd): A further mature technology option, although with fewer
deployments worldwide than for Pb-Acid systems. It has not been deployed within
the UK context at a utility scale to date and its future deployment at a utility scale
appears likely to be limited, e.g. due to the toxicity issues outlined below. Its
advantages include a high energy density, robustness and the capability to discharge
at a relatively fast rate. However, it is known to suffer from “memory effects”
(decaying capacity over time when the system is not fully discharged before being
recharged). There are also stringent rules outlining the use and recycling of
cadmium, due to its toxicity.

High Temperature Sodium Based Systems: There are a limited number of
commercially available high temperature sodium based systems. Sodium based
systems offer a higher energy density, an extended cycle life and high
charge/discharge efficiencies. However, they can require precise thermal
management.

Li-lon: Li-lon based systems at a utility scale are one of the more recent
developments in the energy storage field. There a number of varieties of Li-lon
based electrochemistries and further details are provided in A3.1.4.1, along with the
features, advantages and disadvantages of each. In general, Li-lon offers a higher
energy density (when compared to other technologies), good cycle life, low
maintenance requirements and relatively low self-discharge. However, costs remain
relatively high and the systems must be maintained within well-defined operating
limits (e.g. via a Battery Management System (BMS)) to prevent permanent cell
damage or failure). There are a growing number of utility scale Li-lon energy storage
deployments worldwide. It is also being used by GB DNOs, for example by SSEPD
as part of the Orkney Energy Storage Park and Chalvey projects, Northern Powergrid
in their Customer Led Network Revolution project and by UK Power Networks at
Hemsby and Leighton Buzzard (Smarter Network Storage).
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The table on the following page summarises the indicative characteristics of each of these
technologies, their advantages and disadvantages. It should be noted that these represent
typical values and are intended as a general guide only. Further information and references
are provided within Appendix 3. The Technology Readiness Level (TRL) is provided based
on the current status of deployments within Great Britain. A definition of the TRL scale is
provided in Appendix 3.
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Table 4.1: lllustrative Comparison of Different Battery EES Technologies (Further information and full references are provided in Appendix 3)

Energy Density (Wh/kg)
Power Density (W/kg)*
Typical Power Rating (MW)
Cycle Life (cycles)
Chronological Life (yr)
Round- Trip Efficiency (%)
Technology Readiness
Level (TRL)

GB DNO/TO/SO
Deployments (Operational
or Planned)

Advantages

Disadvantages

High Temperature Sodium Based

Pb-Acid NiCd Li-lon
Systems
30-50 40 - 60 75-250 75— 250
75 —300 150 — 300 90-230 150 - 315
0.005 - 100 0.001 - 40 0.2-100 0.003 - 100
200 — 1,000 1,500 — 3,000 2,500-4,500 4,000 — 10,000
5-20 10-20 5-15 5-15
63 —90 60 - 90 89-92 75-90
9 9 9 8-9
CLNR
Chalvey LV Connected Storage
NINES (Sh'etland) None FALCON O?f/kney Storage Park ’
Sola Bristol
Hemsby
Smarter Network Storage
o Cost-competitive High energy density * High energy density ¢ High energy density

o Highly reliable

* Well established
service and support
network

o Multiple vendors

¢ Established recycling
route

o Applicable British
Standard

Higher robustness

High rate discharge capacity

High reliability

High power at low State-of-

Charge characteristics

o Well established service and
support network

e Multiple vendors

e Applicable British Standard

» High charge/discharge efficiency

e Long cycle life

¢ Good low ambient temperature
performance

¢ Good cycle life

e Low maintenance

¢ Relatively low self-discharge

¢ Extensive worldwide research
and development
programmes, increasing
performance and driving down
costs

e Multiple vendors

e Low energy density

¢ Limited cycle life

e Poor low
temperature
performance

¢ Susceptibility to “memory effect

e Cadmium toxicity poses a
hazard to the environment and
human health

o Absence of directly applicable
standards for GB stationary
applications

o Limited number of vendors

» Very little experience in GB context

¢ Parasitic heating loads particularly at
low utilisations

¢ Possible restrictions on
transportation

¢ Has to be maintained within
well-defined operating limits to
prevent permanent cell
damage or failure

e Potential concerns regarding
failure modes

¢ Potential competition for raw
materials with other
applications

* These represent a typical value. For many technologies, short term ratings can be obtained, often at several multiples of the nominal rating.
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4.2 Flow Batteries

Electrochemical flow battery systems, also known as redox flow cells, or flow cells, convert
chemical energy into electrical energy (and vice versa) via a reversible electrochemical
reaction between two liquid electrolyte solutions. In contrast with secondary batteries, as set
out in Section 4.1, it is the electrolyte solutions themselves, which provide the energy
storage medium in a flow battery. The power and energy ratings represent independent
variables in a flow battery system, with the power rating determined by the active area of the
cell stack and with storage capacity determined by the electrolyte quantity. It is this de-
coupling of power and energy ratings that provides one of the advantages of flow battery
systems, in that more storage capacity can be provided for a given charge/discharge rating,
by simply increasing the electrolyte volume. Flow battery systems are therefore often
considered more suitable for extended storage durations of circa 10 to 15 hours duration, i.e.
outside of the normal operating envelope of many battery systems, although they can
equally be designed for higher power/shorter capacity operating regimes, as may be
required.

This and other principal advantages for flow cell/flow battery systems include*?43;

De-coupling of power rating and energy storage capacity, allowing systems to be
optimised for specific power/energy requirements;

Potential for upward scalability, particularly in terms of energy storage capacity, via
the provision of increased amount of electrolyte tankage;

Suitability for deep discharge applications;

Low (minimal) self-discharge characteristics;

Potential for competitive cost bases (E/kW; £/kWh), particularly as systems are
scaled up;

Long cycle life, typically extending up to 10,000 cycles duration (projected lifetime);
Recyclability/re-usability of electrolyte solutions, upon de-commissioning; and
Suitability for a range of applications.

Equally however, flow cell/flow battery systems also possess some less advantageous
features, including:

Their relatively modest energy/power densities;

The distributed nature of the systems in themselves, comprising the cell stack
assemblies, electrolyte storage, pumps, valves, pipework and associated Balance-of-
Plant (B-o-P); and

Associated with the consideration above, flow cell/flow battery systems are generally
less suitable for smaller scale applications.

421 Make-up, Construction and Operating Principle

A redox flow battery system is made up of a number of electrochemical cells. Each cell has
two compartments, one for each electrolyte, usually physically separated by a membrane
(although some systems do not require this). The electrolytes are stored in two tanks and
are pumped through the cell stack across a membrane where one form of the electrolyte is
electrochemically oxidised and the other is electrochemically reduced.

This creates a current that is collected by electrodes and made available to the external
circuit, most usually to a PCS. The reaction is reversible, allowing the system to be charged,

42 Redox Flow Cells for Energy Conversion. Ponce de Leon C., Frias-Ferrer A., Gonzalez-Garcia J., Szanto D.A., and Walsh
F.C. Journal of Power Sources 160 (2006) 716-732.

4 DOE/EPRI 2013 Electricity Storage Handbook in Collaboration with NRECA. SAND2013-5131. July 2013. Available online:
http://www.sandia.gov/ess/publications/SAND2013-5131.pdf Accessed 18/12/2014.
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discharged and recharged. A simplified schematic of a redox flow battery energy storage
system is shown in Figure 4.2.
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Figure 4.2: Schematic of a Redox Flow Battery Energy Storage System
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The basic operating principle of all flow battery systems is therefore that of a reversible
reduction/oxidation (redox) reaction between two electrochemical species. Oxidation
reactions are defined as those that involve the removal of electrons from a species, whilst
reduction reactions are those that involve the addition of electrons. The chemical species
concerned can therefore switch between different states of charge during a reversible redox
reaction, known as their oxidation states. A reversible pair of oxidation states for any
particular element is known as a redox couple or half-cell, with oxidation reactions increasing
the oxidation states to more positive values, whilst reduction reactions reduce the oxidation
state to more negative values.

Redox flow battery systems all involve an important class of elements, known as the
transition metals, for their operation. At least seven electrochemical couples are at various
stages of research and development for application in flow battery energy storage systems.
These combinations, and their TRL at the time of writing, (based on a global, rather than UK
perspective) are shown in Table 4.2 below.

Table 4.2: Technology Readiness Levels of Flow Battery Systems

(on aglobal perspective)

Vanadium:Vanadium
Zinc Bromine

Iron Chromium
Bromide Polysulphide
Zinc Cerium
Vanadium Bromine
Soluble Lead

Ww(h|jo|N|©|©

To date, the main thrust of developmental and demonstration activities have centred on the
first five principal electrochemistries listed above. To date, only Vanadium:Vanadium and
Zinc Bromine systems have been developed and deployed as complete integrated EES
systems at any significant scale and to any significant extent (although also noting also the
first network application of the iron chromium system).

At the time of writing, the US DOE International Energy Storage Database includes 66.3MW
of utility flow battery storage, either installed, committed or de-commissioned in 54 projects,
worldwide**, with all but 0.4MW of this capacity being attributable to vanadium redox and

4 DOE International Energy Storage Data Base; http://www.energystorageexchange.ora/projects (accessed 23rd July 2014).
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zinc bromine systems. Table 4.3 summarises the deployment status of such systems, as
abstracted from the DOE reference data.

Table 4.3: Utility Flow Battery Installations

(installed, committed or de-commissioned and subject to full verification)
(as abstracted from US DOE International Energy Storage Database, July 2014)

Vanadium Redox 32.1 25
Zinc Bromine 33.8 26
Other 0.4 3
Totals:- 66.3 54

The polysulphide bromide and zinc cerium systems were each developed for utility scale
applications, prior to their respective developmental programmes being curtailed. Active
R&D programmes do however continue in relation to the other electrochemistries.

4.2.2 Technology Characteristics

A brief summary of the two former electrochemistries (Vanadium:Vanadium and Zinc
Bromine) is presented below. Further details of these two electrochemistries and
supplementary content in relation to the others is provided in Appendix 3, Section A3.2.

Vanadium:Vanadium: this system employs the V2/V3 and V4/V5 redox couples in
sulphuric acid as the negative and positive electrodes respectively. The technology
has been developed by a number of companies, both inside and outside the UK.
One developer of the technology in the UK has received a grant from DECC to
demonstrate a 105kW/1.26MWh system to be deployed on the Isle of Gigha, off the
West coast of Scotland*®. Further details of this project are given within the case
study (see Section A1.17, Appendix 1).

Zinc Bromine: The zinc bromine flow battery consists of a zinc negative electrode
and a bromine positive electrode separated by a microporous separator. Solutions of
zinc and a complex bromine compound are circulated through the two compartments
of the cell from two separate reservoirs. This technology has been developed by
various companies since the early 1970s, with a number of multi-kWh units being
trialled in demonstration projects. A 100kW/150kWh zinc bromine flow battery was
installed for initial testing by SSEPD at Nairn. Further details of this project are given
in the project case study (see Section Al.11, Appendix 1). Table 4.4 (abstracted
from the Electric Power Research Institute (EPRI) Energy Storage Technology
Options White Paper*®), provides an indicative overview of their performance, in
three reference applications scenarios (based on 2010 data). The data presented
are based upon EPRI estimates, derived from technology assessments, discussions
with vendors and utilities and feedback from operational experience.

4 £5M boost for Energy Storage Innovation. Department of Energy and Climate Change Press Release, 4™ November 2013.
https://www.gov.uk/government/news/5-million-boost-for-energy-storage-innovation (accessed 23 July 2014).

46 Electrical Energy Storage Technology Options. A White Paper on Applications, Costs and Benefits. EPRI 1020676,
December 2010.
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Table 4.4: Summary Performance Data, for Vanadium Redox and
Zinc Bromine Flow Battery Systems

(abstracted from EPRI 1020676)

Utility T&D 4,000 to 1,000 to 10,000 4 65-70%;
Grid Support 40,000 (>10,000)
Energy 600 to 200 to 1,200 3.3t03.5 65-70%;
Management | 4,000 (>10,000)
Utility T&D 5,000 to 1,000 to 10,000 5 60-65%;
Grid Support 50,000 (>10,000)
Energy 625 to 125 to 500 5 60-63%;
Management | 2,500 (>10,000)
Distributed 100 50 2 60%:;

Storage (>10,000)

4.3 Thermodynamic Cycle Systems

This method of storing energy relies on the use of heating and cooling of materials via
particular thermodynamic cycles. Two types of thermodynamic cycle energy storage
systems are being deployed within the current round of demonstration activity in the UK, as
follows:

Liquid Air Energy Storage (LAES): this technology is being developed by Highview
Power Storage and is based on the principle of ‘charging’ the store via liquefying air
which is then stored. The store is ‘discharged’ by pumping and heating the liquid to
produce high pressure gas which drives a turbine to generate electricity.

Pumped Heat Electricity Storage (PHES): Energy is stored thermally in two stores
of material (a hot store and a cold store) via the use of reciprocating positive
displacement machinery.

CAES systems also technically fall under the definition of ‘thermodynamic energy storage’
above, but are out of scope of this Guide.

The operating principle of each of these technologies, their advantages and disadvantages
and current developmental status are described in the two sub-sections below.

4.3.1 Liquid Air Energy Storage
LAES is currently being developed in the UK by Highview Power Storage. This technology

stores energy in the form of liquefied air. Figure 4.3 shows a representation of the Highview
plant, including the sub-systems used for each stage of the process.
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T Thermal store Stage 2. Energy store

Stage 1. Charging the system

Stage 3. Power recovery

Cold recycle
Figure 4.3: LAES Plant (Copyright: Highview Power Storage)

The operating (charge/store/discharge) cycle can be described as follows*’:

1. Charging: Electricity is used to power an air liquefier. During this process air is
drawn from the surrounding environment, cleaned, compressed and cooled to sub-
zero temperatures (-196°C), such that it liquefies. This decreases the volume of the
air substantially, such that 700 litres of ambient air becomes 1 litre of liquid air.

2. Store: The liquefied air is stored at low pressures in bulk storage tanks. Standard
tanks (e.g. used for bulk storage of liquid nitrogen and oxygen or liquefied natural gas
(LNG)) can be used.

3. Discharging/Power Recovery: To discharge the store, liquid air from the tanks is
pumped to high pressure. Ambient heat or stored heat from the air liquefier (or other
co-located industrial processes which produce waste heat) is applied to the liquid air
via heat exchangers and an intermediate heat transfer fluid evaporating and
superheating the air to form a high pressure gas. The high pressure gas is used to
drive a turbine and generate electricity. During this stage, very cold air is exhausted
and the cold energy contained in the exhaust air is captured in a high-grade cold
store, to be used to enhance the efficiency of the liquefaction process (Stage 1).
Depending on the location of the plant, waste cold could also be supplied from
another industrial process.

This system is based on existing industrial processes and equipment, integrated to form an
EES system. This use of existing equipment offers advantages due to the maturity and
reliability of the components used. LAES has the potential to offer multi-MW storage for
multiple hours. It is also possible to scale capacity and rating independently. Rating is
governed by the sizing of the liquefier and turbines, whereas extra capacity can be added by
increasing the size of the storage tanks. Where a particular site allows, this could also allow
extra capacity to be added incrementally.

A LAES system operated on the principles described above (points 1-3) provides a round-
trip efficiency of around 60%. Where the plant can be integrated with other processes for
waste heat/cold recovery then the efficiency is around 70%*.

47 Based on text from Liquid Air Energy Storage. Highview Power Storage. 2014. Available from: http://www.highview-
power.com/wp-content/uploads/Highview-Brochure-2014.pdf Accessed 24/09/2014
48 http://www.highview-power.com/company/process/ Accessed 24/09/2014
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The relatively high rating and duration has the potential to support a number of the
applications identified in Table 3.1 for different stakeholders within the energy system
(DNOs, TSO, energy suppliers and private network operators). LAES offers a slower
response time when compared to other technologies such as batteries, but also provides a
degree of inertia, which is an attractive feature from a SO perspective.

The process has been successfully tested and demonstrated via a 350kW/2.5MWh pilot
plant, co-located at SSE Slough Heat and Power. This plant has been operational since
2011 and is due to be moved to the new Cryogenic Energy Storage Centre based at the
University of Birmingham“®. A pre-commercial demonstration unit is being constructed as
part of the DECC Energy Storage Technology Demonstration. This 4.5MW/15MWh system
will be co-located with a Viridor landfill gas power generation plant at Pilsworth, Greater
Manchester. The system will demonstrate the provision of ancillary services (see Section
12.2.2.3) and is expected to be operational in early 2015. Further details of this project are
given within the project case study in Section A1.16, Appendix 1.

4.3.2 Pumped Heat Electricity Storage

PHES is being developed in the UK by Isentropic Ltd. In a PHES system energy is stored
thermally (i.e. as a temperature difference between two thermal energy stores). The gravel
within the hot store and cold store is respectively heated and cooled by circulating a gaseous
working fluid.

A schematic showing the configuration of the system is shown below.

Cold Store Hot Store
L-ar 12 bar
1607 C +500 ° C

Figure 4.4: Schematic Diagram of a PHES System (Source: Isentropic Ltd.)

The operating (charge/store/discharge) cycle can be described as follows®’:

1. Charging: Electricity is used to power the power machinery, which operates in a
similar manner to a heat pump. Gas at the top of the ‘cold’ store is at ambient
temperature and pressure. The power machinery is used to adiabatically compress
and heat the gas before it flows to the top of the ‘hot’ side. The heat from the gas is
transferred to the gravel in the ‘hot’” store, increasing its temperature. It then leaves
the tank at ambient temperature, but still at high pressure (12 bar). The working fluid
is then expanded and cooled through the power machinery and returns to the base of

49 http://www.birmingham.ac.uk/news/latest/2014/07/liquid-air-energy-storage-01-07-14.aspx Accessed 24/09/2014
0 Based on process description in video accessed via: http://www.isentropic.co.uk/our-phes-technology Isentropic. Accessed
24/09/2014
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the ‘cold’ tank, cooling the gravel in the store. As the state of charge increases (i.e.
more energy is stored) a ‘hot’ front moves down the ‘hot’ store, and ‘cold’ front moves
up the ‘cold’ store.

2. Store: The heat and cold is held in the insulated ‘hot’ and ‘cold’ stores before the
energy is recovered.

3. Discharging/Power Recovery: In this mode of operation, the working fluid circulates
through the power machinery and stores in reverse, discharging the respective stores
and driving a generator connected to the power machinery.

Isentropic Ltd. claim that the system can operate with a round trip efficiency (electricity in to
electricity out) in the range of 72 to 80%°!. PHES is being developed in order to be
competitive with other multi-MW, multiple hour storage technologies such as pumped hydro.
Advantages of the system are claimed by Isentropic Ltd. as®?:

Low cost;

High round trip efficiency;

Safety and environmentally inert, due to the materials used (steel, argon and gravel);
No geographical constraints in locating the system (e.g. compared to pumped hydro);
and

Long chronological and cycle life.

The development of a 1.5MW/6MWh demonstration unit is being funded by the Energy
Technologies Institute (ETI). The system will be deployed in the Midlands, within a WPD
licence area. Further details of this project are given within the project case study in Section
A1.18, Appendix 1.

51 http://www.isentropic.co.uk/our-phes-technology Accessed 24/09/2014
52 hitp://www.isentropic.co.uk/ Accessed 24/09/2014
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5 UK Learning Experiences to Date

To date UK Energy Storage operators have committed to commissioning over 21 grid-
connected energy storage projects, with capacity exceeding 16.5 MW and 28 MWh. In
addition to the energy storage installations procured by DNOs as part of LCN Fund projects,
EES has been procured by a number of other parties through both private and governmental
funding. These projects have facilitated the development of significant learning and
expertise.

This chapter highlights UK storage installations, both planned and commissioned, and notes
key learning points with linkage to later chapters in this Good Practice Guide. Figure 5.1 and
Figure 5.2 summarise the geographic and network location of these installations, while Table
5.1 lists Energy Storage installations with key differentiators and lessons learnt for each.

i Shetianc 1MW / 3 MWh
Commissioned P " cheHand 1MW 725 MWH
Under construction ,g{'""
Decommissioned _— Qrkney 2 MW Ok
¥
4 1n 15
Wooler 100 kW / 200 kWh
7 5O KW / 100 kWh
» Maltby B0 kW / 100 k\WWh
- Milton Keynes 2580 kW / 500 xWh
¥ * Hermsby 2 kW /200 kWh
Thames Valley 972 kW / 513 kWh __— \ :
{25 unts) Lerghton Buzzard 6 MW /10 MWh

Figure 5.1: Deployment of Storage in the UK (at 15t December 2014)
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TTITI T

Figure 5.2: Network Connection of Proposed and Deployed Storage in the UK (DNO projects
and DECC demonstrators) (at 1 December 2014)

5.1 Key Lessons Learnt

Network connected EES projects undertaken in the UK to date have allowed a number of
key lessons to be learnt and these are described within the suite of project case studies.
These have often been noted across several projects, this section highlights the key lessons
and signposts the sections of this Good Practice Guide which are relevant to the lessons.

5.1.1 Successful Operation of EES Systems

The various deployments of EES, of different sizes and at different points on the distribution
network (as shown in Figure 5.1 and Figure 5.2) have shown that the technology can be
deployed as an operational network asset. These deployments have serviced various
applications and the resulting network benefits are explored in greater detail in Section 11.

51.2 Commercial Case

Significant learning has been generated around the commercial case for energy storage,
and a number of different ownership/operator models have been trialled. Within the project
case studies, this includes the owner/operator model (e.g. a DNO who purchases a storage
asset and then operates this solely for network applications), 3" party ownership (e.g.
whereby a DNO procures a service to fulfil the need for energy storage on their network) and
DNO ownership, with operation by a 3™ party. The full evaluation of the business case for
energy storage in a number of projects is ongoing and this is an area which is likely to
develop further in the future. Outputs from individual projects (e.g. LCN Fund close-down
reports, available via the ENA Smarter Networks Portal®®) will publicise these results in due
course. However, interim publications from a number of LCN Fund projects are available,

53 http://www.smarternetworks.org/ProjectList.aspx?TechnologylD=7 Accessed 22/09/2014
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including UK Power Networks’ Smarter Network Storage®. Links to additional sources of
information are also provided within Section 15.

5.1.3 Legislation, Codes and Standards

The majority of EES installations surveyed noted a lack of applicable Legislation, Codes and
Standards, with the exception of those applying to Pb-Acid battery storage systems. Safety
standards which do exist are often focussed at the cell level (e.g. abuse testing of single Li-
lon cells). Compliance of cells with such standards gives some assurance over the safety
features of a system. However, these standards fail to consider cell to cell propagation, or
larger events which may affect multiple cells or modules

This absence of guidance forms part of the rationale for the development of this GPG. The
majority of installations utilised a range of Codes and Standards in conjunction with detailed
Safety Case assessments. This approach required significant effort both during project
delivery and during procurement, as tender returns could not be compared against a single
Standard. Section 6 of this Good Practice Guide summarises those Codes, Standards and
legislative requirements which have been found to apply.

5.1.4 Maturity of the Supply Base for Network Connected Electrical Energy
Storage

The supply base for network connected EES (particularly supplying to GB) has been noted
to be relatively immature. This becomes apparent in a number of areas, most particularly
around procurement (Section 7) where a number of projects noted difficulties with
identification and assessment of suppliers of network connected EES. In addition, the
relatively small number of EES installations in the UK have meant that storage operators
have been required to develop Operational Procedures, Codes of Practice and Safety
Procedures; often via engagement with external stakeholders and experts. Sections 9 and
10 cover relevant Hazards and the Risk Assessment process, respectively.

5.1.5 Protection

All the projects reported utilising connections compliant with ENA Engineering
Recommendation G59/- or G83/-, depending on the rating of the installation. However,
concerns have been raised that this approach restricts the ability of EES to contribute to the
network where voltage or frequency are outside normal ranges. In addition, protection of DC
circuits is relatively unusual in the GB DNO environment and learning has been noted
around this issue. Learning around protection is captured within Section 8.

.16 Site Selection

Despite the variation in both technology and scale of the EES installations reviewed, there is
noticeable similarity in the learning reported around site selection, considered in Section 8.
Primarily, this learning is around the energy density and mass of the present range of
Electrical Energy Storage technologies. This can make the use of EES within existing
substation or customer sites challenging in terms of footprint and ground loading. Further
learning was raised around the need to note planning and safety considerations during site
selection, which can ease later stages of an installation.

5.2 Summary of Energy Storage Installations

As part of the production of this Good Practice Guide, members of ESOF and other energy
storage operators were invited to submit case studies summarising their experience of

54 Smarter Network Storage Low Carbon Network Fund Progress Report June 2014, UK Power Networks, June 2014,
Available: http://www.smarternetworks.org/Files/Smarter Network Storage (SNS) 140818161518.pdf
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procuring and operating EES. The case study responses are included as Appendix 1. Table
5.1 summarises those projects which have provided input to this guide, with key
differentiators and notable lessons learnt. Many of the projects included are still ongoing at
the time of writing and further ‘lessons learnt’ may be reported at a later date, via the
channels listed in Section 15.
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Table 5.1: Storage Installations and Key Lessons Learnt

LCN Fund Projects

Customer-Led

Multiple storage
devices of different

There are very few standards for battery and PCS devices that can be quoted in the
specification.

Existing installation base of large scale batteries is not yet global and testing, legislation,

Northern Lithium lon Iron | sizes interacting with . . 0 . !
Network . ; , operational practice and distribution and transmission codes of practice and safety rules
; Powergrid Nanophosphate | multiple technologies ) :
Revolution are not well defined to the manufacturers and designers.
as part of a large
Smart Grid trial Build the relationship with those who will operate the device as early as possible. Involve
them in the safety procedure discussions.
Taking a product specifically built for the US market and modifying it for the UK is likely to
result in issues with integration etc. The main difficulties in this installation were with the
Part of Zero Carbon communications side e.g. the link to the SCADA system / remote access.
Lithium lon Homes Project
. Remote access is key to supporting the project and should be arranged prior to installation
LV Connected (Nickel . e
Batteries SSEPD Manganese Constraint mitigation
9 for both demand and | Completing a full safety case for a new project is costly and takes a great deal of time /
Cobalt) - ; : o
embedded resource. This is not feasible going forward for every new project; there needs to be more
generation responsibility on the system supplier to provide an adequate assurance the system is safe.
This may involve input from the suppliers of the various sub-systems within the
installation, where the supplier is a system integrator.
First MW scale grid
supporting battery in
the UK
Few overarching codes and standards apply to Li-lon systems. This means that a far more
- First service contract | in-depth safety case is required to demonstrate compliance.
Lithium lon . .
Orkney (Nickel trialled for constraint
Energy SSEPD Manaanese management G59/- has implications for non-stable networks
Storage Park g
Cobalt)

First load to be
controlled by an
Active Network
Management (ANM)
scheme in the UK

Engage with the local emergency services early and consistently. Ensure that people
attending meetings are suitably senior to understand the overall application
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1MW Battery,

First MW scale grid

Majority of regulations covering battery systems are aimed at specific technologies, but do
not exclude others.

No codes and standards which are directly applicable/relevant to this technology.

Shetland SSEPD Sodium Sulphur | supporting battery Importance of stakeholder engagement, when using permitted development (not a full
procurement UK . .
consultation planning process)
How isolation will be achieved and safety locks applied, is an important design
consideration.
Codes and standards for Pb-Acid battery systems are mature and robust; this is a
significant advantage in building a safety case and proving compliance. These codes and
First VRLA grid standards are described within Section 6 of this Guide.
supporting battery in
1MW Battery, SSEPD Valve Regulated | the UK In comparison to the NasS battery, installation time was significantly longer. However, as
Shetland Lead Acid the method utilised off-site construction and was highly repetitive, the process was
Largest VRLA simpler.
battery in Europe
It was concluded that the Pb-Acid batteries used are “articles” under REACH regulations
and do not constitute “dangerous substances” under COMAH.
Batteries installed in
customer properties Refresher training courses required due to time delays between installs and the innovative
. : nature of the installations i.e. not your usual every day work.
Storage installed in
ESI_QTOL WPD Iéf;i?rgﬁi)(gel ;ﬁgjlé)nétgrrémgh PV Boarding of lofts and lifting of batteries needs to be completed as a separate task in case

Batteries “shared”
between DNO and
customer

of delays.

Customers have bespoke lighting that cannot be converted to DC.
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Most codes are US-based and few manufacturers offer certification to UK specific codes.
Density of energy in current battery energy storage technologies is not compatible with the
available space in many existing distribution substations.
. : First UK installation : . N
EALCON WPD gﬁtljc:lrji?ewckel of this battery Site selection can significantly help to reduce hazards
technology Protection of the equipment via G59/- is essential and overlooked by US suppliers.
Using BAU procedures to disconnect the equipment allows any authorised staff member
to remove the device from the network and leave any fault-finding to more suitably
qualified staff.
There are very few standards for battery and PCS devices that can be quoted in the
specification.
As the technology is still immature careful coordination with Procurement has to be
maintained.
First Electrical
Energy Storage Still unclear whether it is better to choose a battery supplier who subcontracts a PCS
Hemsby UKPN Lithium-lon device connected to | supplier or vice versa or an integrator who subcontracts both major components.

a distribution
network>s

Protection co-ordination of the DC side can be challenging. DC rated fuses were required
to protect the DC cables.

Only connect the installation to the network when the contractor has completed all cold
commissioning. Once connected it becomes part of the network and bound by DSR and
DNO safety procedures.

55 Under prevalent Ofgem regulatory regime. The former Manweb company deployed a 40 kVA/80 kwWh Pb-Acid system for load levelling purposes in Wrexham, in the late 1980s.
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First battery to be
incorporated in the
TSO portfolio of

An Achilles search was substituted with intensive internal market search as it was deemed
that Achilles did not have a robust or up to date view of the relevant market for grid-scale
energy storage systems and lacks many appropriate categories for such a solution.

Securing planning consents required a significant amount of additional time, engagement
and cost than anticipated. Pre-application guidance from the council was invaluable in
early identification of the key areas to address.

ﬁr(;z\?vré?li UKPN Lithium-lon balancing plant The _public_ consultation exercise h.ighlighted that the nature of the technology was of
relatively little concern to local residents.
Storage .
Focus on commercial
and regulatory Additional site safety inductions were needed once batteries were present on site due to
considerations the residual stored energy, despite not being connected to the network.
The application of some standard charges as part of The Electricity Supplier Obligations
could lead to disadvantages for storage operators, and double counting of industry
charges — in particular the Climate Change Levy (CCL) and Contracts for Difference and
Feed in Tariffs.
DECC Funded Demonstrator Projects
Essential to consult all relevant parties at the earliest opportunity. The need to implement
. changes after the commencement of a project costs time and money.
Grid-scale flow
battery . . _ . . .
REDT — Gigha vanadium demonstration ﬂg:gﬁ;ﬁ\g&\]s&g ;%—gzi;actﬁr;grgfv;ﬂgdp:]oe}zckieen of considerable assistance in the
Flow Battery REDT Redox Flow N '
Battery De-constraining of

renewable
generation capacity

VRFB energy storage technology is relatively unknown so it has been necessary to inform
and educate all organisations consulted before relevant risks could be properly assessed.
Again, such consultations very early in the project programme have proven to be

invaluable.
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Thermodynamic
Storage technology

Integration with
waste to energy

Highview eneration to
Liquid Air Highview N 9 0
Liquid Air increase efficiency .
Energy Power To be released as project progresses
Energy Storage
Storage Storage i .
Bidding into capacity
System
markets and
simulation of
“firming” of variable
renewable
generation
ETI Assisted Projects
Pressure vessels are a well-established technology with a number of associated relevant
o - Pumped Heat codes and standards. However it is not an area often encountered by a DNO.
Distribution Isentropic Eneray Storage
Scale Energy | WPD Pumped Heat Tech??cl)lo 9 The relevant codes and standards from the chemical industry are probably the most
Storage Energy Storage Demonstrga);ion appropriate to PHES.

It is possible for a custom design to be under-written by a number of bodies to reduce risk.
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6 Codes, Standards and Legislative
Requirements

6.1 Introduction

This section outlines the codes, standards and legislative requirements which impact on the
installation and operation of EES systems. It reflects the position of the relevant codes,
standards and legislation at the time of writing. This sub-section outlines the codes,
standards and legislation which may be relevant to different technologies/sub-systems. The
remaining sub-sections provide detailed information in relation to a number of codes,
standards etc.

The majority of this section is also relevant for stakeholders installing EES systems within
their own site/premises or private networks. An inventory of safety related Codes and
Standards for EES systems has also been produced for the USA and published by Pacific
Northwest National Laboratory®®. Although not directly relevant to the UK context it
describes a number of codes and standards which are relevant to both individual
components/sub-systems within an EES unit and installations as a whole. This publication is
also accompanied by a companion document which provides an overview of Codes,
Standards and Regulations developments and deployments in the USA®’. A summary of the
Codes, Standards and Regulations and their applicability to the different EES technologies is
given in Table 6.1. Note that Table 6.1 provides an overview based on the case studies in
Appendix 1 and should not be used as a substitute for full consideration of all relevant
codes, standards and regulations.

Table 6.1: Applicability of Legislation, Codes and Standards to Different EES Technologies

EES Technology

Legislation/ Code/ Standard

High Temperature
Sodium
Flow Batteries
Thermo-dynamic
Systems

Applicability to EES Site
Health and Safety at Work etc. Act 1974 V|V VY VY VY vV
IgggPlannlng (Control of Major Accident Hazards) Regulations v v v v v v

Construction (Design and Management) Regulations 2007 VY I YWV VY Y VY
Management of Health and Safety at Work Regulations 1999 vwwlvrlvelvvl vel v
and amendments

(\

Local Authority Planning Permission VYV VY VY v
Hazardous Substances Consent v v
Integrated Pollution Prevention and Control 4 v v v v v

Key: v'v: Directly Applicable, v': Indirectly Applicable (i.e. a non-EU/UK standard, or a related
standard with some overlap), v': May apply, subject to the details of the installation

EES Technology

56Available from: http://www.pnnl.gov/main/publications/external/technical_reports/PNNL-23618.pdf Accessed 22/09/2014
57 Available from: http://www.pnnl.gov/main/publications/external/technical_reports/PNNL-23578.pdf Accessed 24/09/2014
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Legislation/ Code/ Standard

Systems

0
@
=
3]
=
[
a1]
2
=
L

High Temperature
Sodium
Thermo-dynamic

Applicability to EES System
ENA Engineering Recommendation G5/- Managing Harmonics | vv' | vV | vV | vV | VV | vV

EN 50272-2 Safety Requirements for Secondary Batteriesand | , | , | ,, | v v
Battery Installations

Electrical Equipment (Safety) Regulations 1994 V|V VY VY VY VY
\Wiring Regulations (BS 7671:2008(2011)) VIV VY VY VY VY
Electricity at Work Regulations 1989 VIV VY VY Y VY
Dangerous Substances and Explosive Atmospheres v v v v

Regulations 2002
Low Voltage Equipment Directive (EU Directive 2006/95/EC) VIV VIV VY

Simple Pressure Vessels Directive (EU Directive 2009/105/EC) v v
Pressure Equipment Directive (EU Directive 97/23/EC) v v
EMC Directive (EU Directive 2004/108/EC) VV VYV VYV VY VY VY
Machinery Directive (EU Directive 2006/42/EC) ol v
IEC 61000-4-2; Electrostatic Discharge Immunity Tests VI VY Y VY VY VY

IANSI C57.12.28. Pad Mounted Equipment Enclosure Integrity | v v v v v
IEEE P2030.3- Standard for Test Procedures for Electric

Energy Storage Equipment and Systems for Electric Power v v v v v v

Systems Applications

IANSI/IEEE C2-1997 National Electrical Safety Code v v v v 4 4
Applicability to Storage Medium

Control of Substances Hazardous to Health Regulations 2002 4 vV

Chemicals (Hazard Information and Packaging for Supply) v v

Regulations 2009

Cl_assification, La_belling and Packaging of Substances and v v

Mixtures Regulations 2009

Registration, Evaluation, Authorisation and Restriction of v

Chemicals Regulations 2008

Batteries and Accumulators Directive (SI 2008 No. 2164) VIV VY VY VY

\Waste Batteries and Accumulators Directive (S 2009 No. 890) | vV | vV | vV | vV | vV
The Carriage of Dangerous Goods and Use of Transportable vl v v vy
Pressure Equipment Regulations 2009 (SI 2009 No. 1348)
British Standard BS EN 62281:2013 - Safety of Primary and v
Secondary Lithium Cells and Batteries during Transport
P1679.2 - Guide for the Characterization and Evaluation of v
Sodium-Based Batteries in Stationary Applications
IEC 60896-22- Stationary lead acid batteries- Part 22: Valve v
regulated types- requirements
UL1642- Standard for Safety. Lithium Batteries v

Key: v'v: Directly Applicable, v': Indirectly Applicable (i.e. a non-EU/UK standard, or a related
standard with some overlap), v': May apply, subject to the details of the installation
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Legislation/ Code/ Standard

High Temperature
Sodium
Flow Batteries
Thermo-dynamic
Systems

Applicability to Network Integration

ENA ER G59/-: Recommendations for the Connection of v v v v v v
Generating Plant to Distribution Systems
ENA ER G83/-: Recommendations for the Connection of v v v v v v

Generating Plant to Distribution Systems
UL 1741: Inverters, Converters, Controllers and Interconnection| v v v v v
System Equipment for Use with Distributed Energy Resources
IEEE 1547-2003. Standard for Interconnecting Distributed v v v v v v
Resources with Electric Power Systems

IEEE P1547.1. Standard test procedures for equipment

interconnecting distributed resources with electric power v v v 4 4 4
systems

Applicability to Balance of Plant
International Convention for Safe Containers v v 4 v v v
gtg)ndards in relation to fire suppression systems (See Table v v v v v v

Key: v'v: Directly Applicable, v': Indirectly Applicable (i.e. a non-EU/UK standard, or a related
standard with some overlap), v': May apply, subject to the details of the installation

The Codes, Standards and Legislative requirements landscape which has the potential to
impact on storage systems’ implementation and operations embraces a wide range of facets
and responsible organisations, including, but not limited to:

« Key enabling and overriding legislation, specifically the Health and Safety at Work
etc. Act, 19748 (Statute/Health and Safety Executive (HSE));

e Specific Statutory Instruments (SIs), e.g. Batteries & Accumulators/Waste Batteries
and Accumulators Regulations 2008%° (Statute);

e Specific Standards, e.g. BS50272-2 for Stationary Lead Acid and NiCd Battery
Systems (BSI);

o European “Essential Requirements” Directives, as enshrined into UK Legislation
(Statute/HSE & Local Authorities));

+ Regulations specific to the DNO/TO/SO sector, e.g. Electricity Safety, Quality and
Continuity Regulations 2002 (ESQCR)® (Statute/HSE);

« Guidance Notes (HSE and other);

+ Engineering Recommendations (ENA);

+ Planning and Consenting (Environment Agency/Scottish Environment Protection
Agency (SEPA));

* Planning Regulations (Local Authority); and

%8 http://www.legislation.gov.uk/ukpga/1974/37 Accessed 17/02/2014

% The Batteries and Accumulators (Placing on the Market) Regulations 2008. Statutory Instrument 2008 No. 2164. Available
from: http://www.legislation.gov.uk/uksi/2008/2164/pdfs/uksi_20082164 en.pdf Accessed 17/02/2014

8 Statutory Instrument 2002 No. 2665. Available from:
http://www.legislation.gov.uk/uksi/2002/2665/pdfs/uksi_20022665_en.pdf Accessed 17/02/2014
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Overseas Codes, Standards and Test Regimes (numerous background and
supporting material, e.g. from UN, IEEE, Underwriters Laboratories, Sandia National
Laboratories, Japanese Electric Vehicle Association (JEVA) etc.)

The key piece of legislation for the management of Health and Safety in the UK is the Health
and Safety at Work, etc. Act, of 1974, (“the Health and Safety at Work Act”) which serves as
the key “enabling” legislation for the creation of specific further pieces of legislation. In
general terms, the underlying rationale as contained within the Health and Safety at Work
Act is that those who are responsible for creating a risk must also control that risk. The
Health and Safety at Work Act sets out, in its Section 2, the general duties of Employers to
their Employees. These include, as far as is reasonably practicable, ensuring the health,
safety and welfare at work of employees and the provision and maintenance of plant and
systems that are safe and without risks to health.

The Management of Health and Safety at Work Regulations 1999 (and as amended 2006)
(the Management Regulations) generally make more explicit what employers are required to
do to manage health and safety under the Health and Safety at Work Act. Like the Health
and Safety at Work Act, the Management Regulations apply to every work activity.

The main requirement on employers is to carry out Risk Assessments, as appropriate.
Employers with five or more employees need to record the significant findings of such Risk
Assessments.

In the context of employers operating EES they will be responsible for the preparation of
such Risk Assessments, as required to cover the operation of the system(s) including their
commissioning, normal operation and any other associated circumstances, including their
de-commissioning and removal from service. The issue of Risk Assessments for EES
systems is covered in more detail in Section 10.

Codes and standards can apply to various parts of the installation (e.g. the whole site, only
specific sub-systems such as the PCS or only specific types of system). They can also be
related to purely technical matters, the safe operation of the system, or mitigating potential
environmental hazards. A summary of the codes, standards and legislative requirements
which are described here and those which are relevant to the case studies in Appendix 1 is
provided in Table 6.2 and Table 6.3. Table 6.2 lists those standards which are directly
applicable in the GB context, while Table 6.3 relates to relevant standards from overseas,
which although not a legal requirement can provide guidance in the absence of coverage
from a UK or European context.

The use of Standards by a system manufacturer or designer is voluntary. However, if
followed in full it can confer presumption of conformity with one or more essential health and
safety requirements, provided that the system is within scope of the standard and that the
standard supports the relevant product safety Directive without qualification. In some
circumstances the designer/manufacturer can show compliance with the ‘essential
requirements’ (of the Directives) in the Technical File (see Section 6.4) by another equally
effective method, so the level of risk reduction is at least as good as if the standard had been
used.
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Table 6.2: Summary of Codes, Standards and Legislative Requirements (Directly Applicable in the UK Context)

Applies to: Purpose:
Site Technical

Safety

Other (e.g.
Environmental)

Whole EES Technical
System

Other (e.g.
Environmental)

Technical

Relevant Codes/Standards/Legislative Requirements
N/A

Construction (Design and Management) Regulations 2007 (Section 6.3.4)

The Planning (Control of Major Accident Hazards) Regulations 1999 (Section 6.5.2)%!

Hazardous Substances Consent (Section 6.5.3)

OHSAS 18001 Workplace Health and Safety

Health and Safety at Work etc. Act 1974 and Management of Health and Safety at Work Regulations 1999 and amendments. (see
Section 6.1)

Local Authority Planning Permission (permitted development or full planning) (Section 6.5.1)
Integrated Pollution Prevention and Control (EU Directive 2008/1/EC) (Environmental) (Section 6.5.4)

Electromagnetic Compatibility Regulations 20062 (Sections 6.3 and 6.4)
ENA Engineering Recommendation G5/4-1 (October 2005). Managing Harmonics

BS EN 50272-2:2001: Safety Requirements for Secondary Batteries and Battery Installations- Stationary Batteries (Pb-Acid and
Nickel Cadmium systems) (Section 6.2.2)
Electrical Design and Safety (Section 6.3.2) via:
e Electrical Equipment (Safety) Regulations 1994
e The Low Voltage Directive (EU Directive 2006/95/EC)
e  Wiring Regulations (BS 7671:2008(2011))
Electricity at Work Regulations 1989 (Section 6.3.2)
Dangerous Substances and Explosive Atmospheres Regulations 2002 (Section 6.3.3 and Appendix 4, Section A4.5.5)
CE Marking and Relevant Directives (Section 6.4):
e Low Voltage Equipment Directive (EU Directive 2006/95/EC)
Simple Pressure Vessels Directive (EU Directive 2009/105/EC)
Pressure Equipment Directive (EU Directive 97/23/EC)
EMC (EU Directive 2004/108/EC)
Machinery Directive (EU Directive 2006/42/EC)

Engineering Recommendation G59/-: Recommendations for the Connection of Generating Plant to the Distribution Systems of
Licensed Distribution Network Operators. (Section 6.6)

61 Equivalent Scottish regulations apply as The Planning (Control of Major—Accident Hazards) (Scotland) Regulations 2009
52 Guidance notes available from: http://www.berr.gov.uk/files/file47539.pdf Accessed 17/02/2014
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Applies to:
Storage
Medium

Grid

Integration

(PCS and
Control
System)

Balance of

Plant

Purpose:
Safety

Other (e.g.
Environmental
and Transport)

Technical

Safety

Other (e.g.
Environmental)
Technical
SEEWY

Other (e.g.
Environmental)
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Relevant Codes/Standards/Legislative Requirements

Using Electric Storage Batteries Safely (HSE Guidance) (Section 6.2.3)

Control of Substances Hazardous to Health Regulations 2002 (Section 6.3.3 and Appendix 4, Section A4.5.1)

Chemicals (Hazard Information and Packaging for Supply) Regulations 2009 (Section 6.3.3 and Appendix 4, Section A4.5.2)
Classification, Labelling and Packaging of Substances and Mixtures Regulations 2009(Section 6.3.3 and Appendix 4, Section
A4.5.1)

Registration, Evaluation, Authorisation and Restriction of Chemicals Regulations 2008. (Section 6.3.3 and Appendix 4, Section
A4.5.3)

The Batteries and Accumulators and Waste Batteries and Accumulators Directives (Section 6.2.1)

The UN Recommendation on the Transport of Dangerous Goods, Manual of Tests and Criteria. 5™ Revised Edition. Section 38.3.
(Applies to transport of Li-lon systems, as Class 9 dangerous goods.)

British Standard BS EN 62281:2013 - Safety of Primary and Secondary Lithium Cells and Batteries during Transport. August 2013.
(Section 6.2.4.1)

The Carriage of Dangerous Goods and Use of Transportable Pressure Equipment Regulations 2009

International Convention for Safe Containers
Standards in relation to fire suppression systems:
e BS EN 15004-1:2008- Fixed fire fighting systems. Gas extinguishing systems. Design, installation and maintenance
e BS 6266:2011: Fire Protection for Electronic Equipment Installations. Code of Practice.
e BS 7273: Code of practice for the operation of fire protection measures. Actuation of release mechanisms for doors.
e BS 5839-1:2002+A2:2008: Fire detection and fire alarm systems for buildings. Code of practice for design, installation,
commissioning and maintenance of systems in non-domestic premises.
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Table 6.3: Overseas Codes and Standards Providing Guidance for GB EES Deployments — identified in project case studies

Applies to:
Site

Whole EES
System

Storage
Medium

Grid
Integration
(PCS and
Control
System)

ST ESIVSGCINE

Balance of
Plant

Purpose:
Technical
Safety

Other (e.g.
Environmental)
Technical

Safety

Other (e.g.
Environmental)

Technical

Safety

Other (e.g.
Environmental)

Technical

Safety

Other (e.g.
Environmental)
Technical
Safety

Other (e.g.
Environmental)

Relevant Codes/Standards/Legislative Requirements
N/A

IEC 61000-4-2; Electrostatic Discharge Immunity Tests

ANSI C57.12.28. Pad Mounted Equipment Enclosure Integrity

IEEE P2030.3- Standard for Test Procedures for Electric Energy Storage Equipment and Systems for Electric Power Systems
Applications (draft under development in the USA).%3 (Section 6.6)

ANSI/IEEE C2-1997 National Electrical Safety Code

P1679.2 - Guide for the Characterization and Evaluation of Sodium-Based Batteries in Stationary Applications (Section 6.6)
IEC 60896-22- Stationary lead acid batteries- Part 22: Valve regulated types- requirements (Section 6.6)
UL1642- Standard for Safety. Lithium Batteries. (Section 6.6)

UL 1741: Inverters, Converters, Controllers and Interconnection System Equipment for Use with Distributed Energy Resources
IEEE 1547-2003. Standard for Interconnecting Distributed Resources with Electric Power Systems®4.
IEEE P1547.1. Standard test procedures for equipment interconnecting distributed resources with electric power systems

N.B. An empty row in the table above indicates that no relevant standards were outlined within the project case studies, rather than an absence of standards.

83 http://standards.ieee.org/develop/project/2030.3.html

64 httg:llstandards.ieee.org/ﬁndstds/standard/1547—2003.htmI
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6.2 Battery Energy Storage System Specific Codes, Standards
and Guidance

There is a relative absence of codes, standards, codes-of-practice and guidance relating
specifically to stationary EES systems for power utility applications, particularly those for the
EU or UK. Those which do exist and which are directly applicable are described in this
section. There are a greater number of codes and standards which apply more generally to
made-up systems and products (including EES). These are described in Sections 6.3, 6.4,
6.5 and 6.6, with further details contained in Appendix 4.

6.2.1 The Batteries and Accumulators and Waste Batteries and
Accumulators Directives

The Batteries and Accumulators and Waste Batteries and Accumulators Directive
(2006/66/EC) aims to improve the environmental performance of batteries and accumulators
and minimise the impact waste batteries and accumulators have on the environment®®,
Further details of the legislation are provided in Appendix A4.1. The main requirements of
the Directives, of relevance to the providers of EES systems, are to:

Formally register as a producer of batteries/accumulators (on the National Packaging
Waste Database via the Department for Business, Innovation and Skills (BIS));
Appropriately label their batteries/accumulators, e.g. via application of the
crossed-out “wheeled bin” symbol;

Figure 6.1: Labelling Requirements of Batteries and Accumulators and Waste Batteries and
Accumulators Directive®

Comply with take back obligations; and
Ensure waste batteries/accumulators are responsibly treated.

6.2.2 BSEN50272-2:2001 Safety Requirements for Secondary Batteries and
Battery Installations — Part 2: Stationary Batteries

BS EN 50272-2:2001° represents the official English Language Version of the European
Standard EN 50272-2 and addresses the safety requirements to protect from hazards
generated by the electricity, the electrolyte and the explosive gases when using secondary
batteries. It also covers additional measures to maintain the functional safety of batteries
and battery installations.

The Standard applies to stationary secondary battery and battery installations with a
maximum voltage of 1,500 V DC (nominal) and states “It covers Lead Acid and NiCd

% In UK legislation as: Statutory Instrument 2008 No.2164: The Batteries and Accumulators (Placing on the Market)
Regulations 2008 and Statutory Instrument 2009 No.890: The Waste Batteries and Accumulators Regulations 2009.

5 Annex Il of DIRECTIVE 2006/66/EC. Available from:

http://imww.bmu.de/files/pdfs/allgemein/application/pdf/richtlinie batterien eng.pdf Accessed 24/03/12.

57 Further guidance in relation to the legal status of Standards is available via the HSE: http://www.hse.gov.uk/work-equipment-
machinery/standard.htm Accessed 20/01/2014
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batteries”. However, it does not explicitly exclude other electrochemistries. It can
nevertheless provide useful guidance which can be applied to systems based on other
electrochemistries (e.g. Li-lon). The standard addresses the following aspects in relation to
battery safety:

Protection against electric shock;

Disconnection and separation;

Prevention of short circuits and protection from other effects of electric current;
Provisions against explosion hazards;

Provision against electrolyte hazard;

Accommodation and housing;

Charge current requirements;

Identification labels, warning notices and instructions for use, installation and
maintenance;

Transportation, storage, disposal and environmental aspects; and
Inspection and monitoring.

It should be noted that some of these sections are written for hazards specific to Pb-Acid
and NiCd systems alone (e.g. provision against explosion hazards from hydrogen).
However, other sections provide useful guidance for other electrochemistries.

6.2.3 Using Electric Storage Batteries Safely, HSE, INDG139(rev1), 05/06

The Health and Safety Executive (HSE) Publication HSE, INDG139(rev1)® is written as a
general “good practice” document, principally for the benefit of supervisors, technicians and
safety personnel working with batteries in applications such as motor vehicle repair, IT and
telecommunications, stand-by generation and electric vehicles. It is written principally
around the hazards associated with Pb-Acid and alkaline batteries but nevertheless does
highlight some generic safety issues, applicable to utility scale EES systems of other
electrochemistries.

6.2.4 Transport of Batteries and Energy Storage Systems

6.2.4.1 Overview

The construction and commissioning of an EES system may involve the transport of
“dangerous goods” to site, with such “dangerous goods” being defined as chemicals,
mixtures of substances, manufactured products or articles which can pose a risk to people,
animals or the environment if not properly handled in use or in transport®®. In many cases,
this responsibility may be vested in the prime contractor/system vendor and, as such, would
fall outside the responsibility of the end user, who has ordered such equipment.

An emerging scenario, is that of an end user having to routinely transport various EES
components, sub-assemblies and materials, to support the operation of multiple EES
systems, in service. At least some of these components, sub-assemblies and materials may
invoke the dangerous goods classification, for example:

Li-lon battery monoblocs and/or cells;
Battery acid (e.g. H>SOa4); and
Redox flow battery electrolyte solutions.

58 Available from: http://www.hse.gov.uk/pubns/indg139.pdf Accessed 21/10/2013
8 What are dangerous goods? DfT web-site: http://www.dft.gov.uk/vca/dangerousgoods/what-are-dangerous-g.asp (accessed
25th July 2014).
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Within the UK, the Dangerous Goods Office of the Department for Transport’s Vehicle
Certification Agency (VCA) is the relevant UK authority for the certification of packaging and
intermediate bulk containers used for the transport of dangerous goods, in accordance with
national and international regulations. The VCA'’s remit applies to considerations in relation
to “dangerous in transit”, as opposed to “dangerous in use”. The latter category is
addressed via the design and construction of the equipment itself and the classification,
labelling and packaging of the chemicals concerned.

The regulations in relation to the transport of dangerous goods are harmonized with the
Model Regulations, published by United Nations Economic and Social Council's Committee
of Experts on the Transport of Dangerous Goods™. Here, each Dangerous Substance is
assigned a unique number and is assigned to a ‘Class’, depending on the nature of the
danger it presents. There are nine Classes, some of which also contain sub-divisions, as
follows:

Class 1: Explosives;

Class 2: Gases;

Class 3: Flammable liquids;

Class 4: Flammable solids; substances liable to spontaneous combustion;
substances which, on contact with water, emit flammable gases;

Class 5: Oxidizing substances and organic peroxides;

Class 6: Toxic and infectious substances;

Class 7: Radioactive material;

Class 8: Corrosive substances; and

Class 9: Miscellaneous dangerous substances and articles, including environmentally
hazardous substances.

Class 9 (Miscellaneous dangerous substances and articles) includes lithium and Li-lon cells
and batteries.

The relevant testing requirements in relation to the transport of Li-lon batteries are described
in the “UN38.3” document “Recommendations on the Transport of Dangerous Goods
Manual of Tests and Criteria’”. British Standard BS EN 62281:2013, (Safety of Primary and
Secondary Lithium Cells and Batteries during Transport”) applies to batteries containing
lithium in any chemical form (lithium metal, lithium alloy or Li-lon). It also applies to lithium
polymer cells and batteries. Its scope is to specify test methods and requirements for
primary and secondary lithium cells and batteries to ensure their safety during transport
(other than for recycling and disposal). Abuse tests are specified which mirror those
contained within the UN38.3 Regulations, described above. The British Standard also
provides guidance in relation to the packaging and labelling which should be applied to
lithium batteries during transport.

6.2.4.2 Implications for Operators

The overall regulations, which cover the full nine classes of dangerous goods are complex;
see, for example, the detailed guidance available from the HSE web-site’?. The relevant
Statutory Instrument which covers the Transport of Dangerous Goods is SI 2009 No0.1348

® UN Model Regulations. UN Recommendations on the Transport of Dangerous Goods - Model Regulations

Nature, Purpose and Significance of the Recommendations. Available from:- http:/www.unece.org/?id=3598 (accessed 25"
July 2014).

L UN Manual of Tests and Criteria. Fifth revised edition. Section 38.3. Lithium Metal and Lithium lon Batteries.
http://www.unece.org/trans/danger/publi/manual/revs/manrev5-files _e.html (accessed 1st August 2014)

2 Carriage of Dangerous Goods. HSE. Available from http://www.hse.gov.uk/cda/ (accessed 25" July 2014).
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“The Carriage of Dangerous Goods and Use of Transportable Pressure Equipment
Regulations 20097 ("CDG 2009"). These implement the "Accord européen relatif au
transport international des marchandises dangereuses par route" (ADR), with the main
duties covered by Regulation 5. Further details of the specific implications of CDG
Regulations on the transport of Li-lon batteries are given in Appendix 4, Section A4.2.

In the short to medium term, one scenario likely to be encountered by GB EES operators,
deploying multiple EES systems, is that of their holding a stock of (battery) cells/monoblocs
and these being subject to road transport, in the context of field personnel replacing
unserviceable cells/monoblocs in network connected EES installations. However, it should
be noted that a number of exemptions exist which may be applicable for transport of
replacement cells, including those for cells of rating less than 20 Wh and batteries of less
than 100 Wh™4,

6.3 Design and Construction Codes and Standards

A number of codes and standards apply more generally to the design and construction of a
wide range of made-up products (i.e. not specific to EES systems). These govern various
facets of the design and specific hazards, such as mechanical or electrical aspects.
Designers/manufacturers of products have a responsibility to ensure their products meet
minimum European requirements for safety and health when first placed on the market™.
The relevant pieces of legislation are outlined in the sections below.

6.3.1 Mechanical Design and Safety

Within the context of the present GPG, the regulations in relation to mechanical design and
safety are likely to be applicable to:

Those EES systems which include various assemblies and moving patrts, e.g.
thermodynamic and kinetic energy storage systems; and

Specific jigs and tools, which may comprise one or more inter-linked moving parts,
e.g. battery handling equipment.

The design and construction of machinery is primarily covered by "The Supply of Machinery
(Safety) Regulations 2008"7%, as amended by the “Supply of Machinery (Safety)
(Amendment) Regulations 2011”. These regulations (otherwise known as the Machinery
Regulations) implement the Machinery Directive (2006/42/EC) in the UK.

The definition of “machinery” under the regulations is broad and covers:

An assembly, fitted with or intended to be fitted with a drive system other than directly
applied human or animal effort, consisting of linked parts or components, at least one
of which moves, and which are joined together for a specific application;

An assembly referred to in the first indent (above), missing only the components to
connect it on site or to sources of energy and motion;

73 S11348 2009. The Carriage of Dangerous Goods and Use of Transportable Pressure Equipment Regulations 2009. Available
from http://www.legislation.gov.uk/uksi/2009/1348/contents/made (accessed 1st August 2014).

74 European Agreement concerning the International Carriage of Dangerous Goods by Road (ADR)
http://www.unece.org/trans/danger/publi/adr/adr2013/13contentse.html (accessed 13 November 2014)

S http://www.hse.gov.uk/work-equipment-machinery/manufacturer.htm Accessed 16/01/2014

8 The Supply of Machinery (Safety) Regulations 2008. SI 2008 No.1597, available from:-
http://www.leqgislation.gov.uk/uksi/2008/1597/made (accessed 31st July 2014).
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An assembly referred to in the first and second indents (above), ready to be installed
and able to function as it stands only if mounted on a means of transport, or installed
in a building or a structure;

Assemblies of machinery referred to in the first, second and third indents (above) or
partly completed machinery (also a defined term, see below) which, in order to
achieve the same end, are arranged and controlled so that they function as an
integral whole; and

An assembly of linked parts or components, at least one of which moves and which
are joined together, intended for lifting loads and whose only power source is directly
applied human effort.

Furthermore, the Regulations also apply to certain interchangeable equipment, safety
components (described as components), lifting accessories, chains, ropes and webbing,
removable mechanical transmission devices and partly completed machinery. A number of
specific exceptions also apply, including those for various electrical and electronic products,
insofar as these are covered by the (European) Directive 2006/95/EC (i.e. the Low Voltage
Directive (LVD)). The Machinery Directive is mutually exclusive with the LVD (as described
in Sections 6.3.2 and 6.4), so that either one or the other will apply, but never both. Annex 1
of the Machinery Directive contains requirements for electrical safety which mirrors those of
the Low Voltage Directive, with the net effect that the electrical safety requirements of the
two directives are identical.

The broad requirements of the regulations are that all machinery:

Is designed and constructed to be safe, meeting the essential health and safety
requirements listed in the regulations;

Is CE marked;

Is supplied with instructions in English