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1. Executive summary

Low carbon sources of energy have significantly reduced storage
characteristics in comparison to petroleum, gas and coal. There is therefore
a pressing need to develop energy storage technologies (EST) and policy
guidance in order to effectively integrate renewable energy sources into
the grid, and to create reliable and resilient energy distribution systems.
This report of a series of workshops jointly held by the Royal Academy

of Engineering and the Chinese Academy of Sciences (CAS) highlights
opportunities for the UK and China to work together to accelerate the
development of important energy storage technologies and related policy,
especially in the area of electrical energy storage relating to transportation
and grid applications.

Participants in the academies’ workshops identified the following actions
as being essential to enable progress in the field of energy storage
technologies in both countries:

* Develop more robust systems analysis and modeling.

» Accelerate the deployment of energy storage technology as a matter of
urgency.

 |dentify funding pathways for EST systems and related infrastructure,
including examples of business and governance models.

» Actively encourage collaborative research in selected areas of frontier
engineering science.

» Stimulate and recognise energy storage technology innovation through
prizes, awards and scholarships.

» Establish a UK-China steering group to develop further collaborative
activity.

1. THE
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UIRERRMERERAK (EST) FHIERXSISBER, UEFTBEERER
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2. Policy context

Two high-level workshops were jointly hosted by the Royal Academy of
Engineering and the Chinese Academy of Sciences in 2011 to highlight
areas where the UK and China might work together to accelerate the
development of energy storage technologies (EST) and tackle key
technical, manufacturing, commercialisation and policy barriers to the
deployment of EST.

The workshops reviewed some of the current drivers for national and
regional policy on the development and deployment of energy storage
technologies in both countries, with a particular focus on areas of
electrical energy storage relating to transportation and grid applications.
Over one hundred UK and Chinese experts from academia and industry
participated in these workshops, as well as several senior UK and Chinese
government stakeholders. Contributions and presentations are available
online at: http://tinyurl.com/bwt5r6r

This report is intended to capture the key messages delivered by
participants at these workshops, and at a follow-up discussion with
senior UK and Chinese stakeholders in London in February 2012. The
views expressed here are those of participants and not of either national
academy. Following the workshops, further initiatives in EST policy
development were taken forward, some of which directly addressed the
policy recommendations made by workshop participants: a selection of
these are listed in section 5 of this report.

L —

The first UK/China Energy Storage  His Excellency Liu Xiaoming,

Workshop, held in Londonin January Ambassador of the People’s

2011, Republic of China, addresses the

. first UK/China Energy Storage

%_;//ijﬁ'ﬁ%ﬁgﬁﬁlﬂ-%, 2011 .’EE 1 Workshop in London.
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Professor Jinghai Li FREng addresses
the 2nd UK/SINO Energy Storage
Workshop in Beijing in May 2011.
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Policy challenges and opportunities

Although different energy portfolios, societal drivers and policy
frameworks existed in the UK and China, workshop participants felt that
both countries shared a common aim of increasing the usage of low carbon
energy sources and addressing the challenges of growing and fluctuating
demand. Similarly, on the supply side, both countries faced the challenge of
changing their mix of energy sources in an economic environment where
the lack of a benchmark or transparent price point for electricity or carbon
gave rise to considerable uncertainty and risk. The development and
deployment of energy storage was seen as a serious option for managing
the intermittency of low carbon generation technologies. It could also
bring enhanced benefits to electricity networks, including alleviation of
transmission and distribution constraints, voltage control optimisation,
provision of fast reserve, and, potentially, tools to improve dynamic
stability. However, key questions remained, including:

* How much storage was needed?
» What technologies should be developed?
» Where should these technologies be deployed (e.g. grid, city, homes)?

A lack of reliable answers to these questions was felt to be hampering
the development of effective low carbon infrastructure, systems and
processes. It was also seen as slowing the creation of potential new
business opportunities in engineering, manufacturing and the service
sector.

BURPbEL S W8

BERTEMNEEEFTEFCRANEREN. A2 RERRMBRIESR, B
BRSRRERER. BABRERNKRENERRBE, R,
FEHLGTTE, WEEREIRE T B IHERE SRR E MR IR
KRR, NEREREWASENAREEMNR EARL, EEE
BT R AERE RN SRR SRR B RN —FEREE, HEER
MELGHBENERESZ L, BEEFRMECBHZ. MIBEEH.
RERBEEURMFARSHSREENEELR, R, FEEREH
R EZ

- BEZSKRANRMEEEES?
+ BEIFKPLEA?
o XERARMNIZEEBZWE (WNBEM. HmH. KEMRR)?
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Energy policies in the UK and China

UK and Chinese government energy policies were principally driven,
respectively, by the UK Climate Change Act 2008 www.legislation.
gov.uk/ukpga/2008/27/contents and the 12th Five Year Plan. Both
nations were addressing changes to the mix of energy systems and the
need to control consumer demand. Speakers from the UK emphasised the
importance of security and pricing of energy provision within a mixture of
gas, coal, nuclear and renewable sources. In China, with its much lower use
of petroleum, the dominant energy source continued to be coal, though
this was being supplemented by major new nuclear build, as well as oil
shale, solar, hydroelectric and wind.

Some of the key energy development needs in China arose from the
growing demand for vehicles, and the state was engaging with the
private sector in examining the role to be played in the transport system
by electric technology and batteries. There were likely to be future
challenges in meeting growing power demands, especially during the
summer peaks in larger cities. There was an acknowledged need for

more research and development activity in renewable and sustainable
generation, energy storage and smart infrastructure. Government sources
believed that in the future a diversified market would evolve, with state
and private companies working jointly to develop grid systems and energy
storage technologies; workshop participants presented case studies of
such evolving relationships.

In China the main drivers for energy storage were strategies to cope with
rising industrial and domestic use, especially within fast-growing cities.
Here the imperatives to meet societal needs could result in requirements
being associated only with particular cities and regions. There were
already a number of locations where the electricity supply was not
available for industrial customers on a continuous basis; for example,

in Guangdong Province, where rationing occurred in an unorganized or
reactive manner.

In their presentations, UK speakers focused on the key challenge of
making the UK energy system more sustainable (the Climate Change
Act target was to lower CO, emissions to 80% of their 1990 levels by
2050), without impacting on security or affordability. In the case of
transport, the mainstreaming of electric vehicles with improved storage
characteristics in tandem with the decarbonisation of energy generation
was seen as vital for meeting this target. Speakers attested to the need
for nuclear energy provision, a growing commitment to wind power and
an acknowledgement of the continuing maturation of other renewable
technologies (notably biofuels). The development and deployment at
anindustrial scale of energy storage technologies was seen as key to
managing the intermittency of these and other low carbon generation
technologies and to maintaining the security, flexibility and efficiency of
the electricity grid.

P E 022 E R BE R B SR
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Policy landscape for EST in the UK and China

While both countries were developing ESTs of different types and
recognized the need for storage, the sector had not to date been granted
a high policy profile and was not explicitly embedded in detailed policy
documents or plans. When national research and policy priorities around
electrical energy systems involving the grid or the transport sector were
compared, it was felt that the following key points of difference emerged:

China

* The limited availability of oil was driving the continued utilisation of
coal as the primary electrical power source.

e The development of national and global markets based on electric
vehicles and associated battery/power consumables was a strong
priority. Significant national level financial provision had been made for
electric vehicle development (research, demonstration and enterprise)
linked with 25 substantial city demonstrator sites (linked as part of a
wider eco-agenda).

e There had been a focus on electric vehicles for public transport and
transport for services. There could be a need to review the focus on
electric vehicles compared to other approaches in the future.

e There was no direct policy relating to storage at a national level but
significant activities underway focused on battery technologies and
hybrid systems related to incorporation of renewables (wind, solar)
with limited private sector involvement.

UK

e There were a number of electric vehicle initiatives with an emphasis
on vehicles for private use.

e [egislation around de-carbonising industry and society was a strong
driver for change and exploration of taxing/charging and business
models.

e A special ‘Office of Low Energy Vehicles’ had been established by the
UK government to drive policy and change.

e The role of regional adoption was important, Examples included
‘Transport for London’ (hydrogen buses), ‘Plugged in Places’ (12 towns)
and related grid initiatives (e.g. Low Carbon London’). The scope of
regional projects was, in general, quite modest.

e There was no policy relating specifically to storage.

e The uncertainties of pricing and marketplace posed challenges for an
investor looking for a stable revenue stream.

Policy context
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Participants drew attention to several policy and economic impediments
to the development and deployment of EST (issues are common to both
countries, except where otherwise indicated).

The opaque pricing for electricity gave rise to business uncertainty
which brought additional risk and complexity to the business model.

Determining the accurate pricing of storage was problematic. Some
technologies served a principal purpose of storing energy from
renewables but were also considered as energy storage assets of
strategic national importance.

Business models were complex, and differed depending on the site
within the grid or industrial process where storage was deployed.

The ownership of storage technology and storage assets was also
complex.

There was a lack of robust modeling of energy storage systems and
economics at all scales of applications. Any such model needed to take
economic and human factors into account.

Resilience of storage in a technical sense and the impact on national
security in the UK and China were important elements in the overall
modeling and system design.

In the UK, modest shifts in planned targets for CO, emissions would
significantly change the optimal energy supply mix (coal, gas, oil,
nuclear, renewable) for the country or major region. This meant that
there was a high risk that non-optimal solutions may be achieved, with
significant fiscal and societal consequences.

Currently there was a need for stronger alignment between research,
development and applications of EST, involving academia, government
and the private sector. Market development and strategic direction to
address key barriers were both needed.

Better pathways were needed to develop an analysis that could
incorporate different policy assumptions or scenarios and EST
deployment strategies.

In the European context a market of competing energy storage
technologies was emerging, e.g. batteries and flywheels, driven by
externally created incentives or conditions that did not take the full
cost of operation into account.
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Participants felt that the current policy frameworks in both the UK and
China actively deterred energy storage solutions. Answers to the above
policy, structural and commercial/economic questions could help clarify
stakeholders' understanding of the economic and environmental benefits
played by storage, which in turn would enable firm revenue streams to be
defined for potential investors.

Highview Cryogenic energy storage
Demonstrator Plant in Slough, UK

AL FZEESlough®Highview k:RE&R
SE|EEREI

Policy context
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BYD and the State Grid Corporation of China launch the largest grid battery
storage facility in the world. Located in Zhangbei, Hebei Province, China,
the 36 Megawatt-hour LiFePO4 battery array covers an area larger than a
football field t. Four companies which supply battery arrays for this project
are: BYD 36MWh; ATL 16MWh; CALB SMWh; WX 2ZMWwh.

ERBEMAERIRHFRAR B EMIEREIRE, ZBISA T TitE
skIEE, HBE36 MWhESEREXSE LiFePO4 BBFES, SvEARBI—1
BIRZ, HURAERMEM, HFBYD 36MWh, ATL 16MWh, FRTHEE
OMWh, HEzMwh

Lhttp://tinyurl.com/cwsnbeh
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3. Technology opportunities

Broadly speaking, workshop discussion of opportunities for UK-China
collaboration on EST for grid applications focused on the area of
demonstration projects, while there was felt to be broader scope for
collaboration in EST for transport in research and development activities.

EST for vehicles collaboration opportunities

Both the UK and China were carrying out R&D into energy storage
technologies for vehicles. Broadly speaking, innovation in China was
driven by a need to make personal transport affordable for citizens who
could not otherwise afford it, whereas in the UK it was driven by a need to
match the performance of existing well-established technologies. In China
there already existed a large and growing market for small scale vehicles,
ranging from electric bicycles through very light vehicles up to the classic
international small car. In the UK the main driver was academic research
and the need to develop cost-effective alternatives to fossil fuels that
would support greenhouse gas emissions targets. In both countries the
uptake of the small car segment was supported by up-front government
capital subsidies.

In China, companies were supported by applied R&D Institutes, which
developed product engineering and manufacturing systems. Many of
these Institutes were represented at the workshops (full list of attendees
available in Appendix 2). The Institutes worked with the many companies
which were supplying batteries to the Chinese market for vehicles in

all three market segments, and had a significant prototype product
development and manufacturing scale-up capability. In the UK, more of
the product development was carried out in industry and basic and applied
R&D was carried out in universities, though this was often linked to R&D
in companies or was itself commercialised through spin-out companies.

The research agendas of both countries were similar, with a greater focus
in China on exploiting its access to raw materials (including coal and rare
earths) and in the UK a broader range of high quality low-carbon transport
research that included hydrogen storage as well as battery technology.
The need in China for rapid economic development in areas away from the
larger cities meant that the focus was mainly on exploiting a previously
existing electricity distribution system, rather than technologies that
would require additional distribution systems. Electricity distribution often
preceded the delivery of petroleum products, giving light electric vehicles
an advantage not seen in the UK,

Closer to market, major product development was taking place in China
on battery cost and performance, and motor technology, where the focus
was on developing integral motors per wheel and associated traction
control and regenerative braking control systems. In the UK, a wide range
of applied research activities were being funded, including composite
magnet technology for mechanical storage in flywheels, battery and
vehicle management systems and lower cost systems for compressed
hydrogen storage.
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Market opportunities

The current market for electric vehicles in China was substantial: around
two million electric bicycles were sold each year. There was a growing
market of around 100,000 units per year for very light two-seater vehicles
that had a top speed of 60km/h and a range of up to 80km; these vehicles
used NiMH batteries, with a strong emphasis on cost. There was a small
market for vehicles with a range of up to 200km and a performance more
typical of a small car; these used Li-ion batteries and cost £20-30,000,
after government subsidies were applied; and typical battery weight was
300kg. There was also a luxury or research market for high performing
vehicles, as well as various demonstration niche opportunities for city
buses, police vehicles etc.

The current market for electric vehicles in the UK was limited but
expected to grow within a five year horizon to many thousands of units
per year. Thiswould include both all-battery vehicles and plug-in hybrids.
Electric vehicles were an important part of the UK long-term strategy

for adaptation of the energy system to be resilient to changing energy
markets and deliver reductions in greenhouse gas emissions, reducing

to levels less than 20% of 1990 energy usage by 2050. UK government
policy was focused on vehicles with range and performance, with the goal
that a high proportion of UK journeys would be completed using electricity
(there was a parallel goal that the carbon dioxide intensity of electricity
generation will be reduced by an order of magnitude by early in the
decade after 2030). In practice this meant creating a market for electric
vehicles through up-front subsidies and so-called ‘Plugged-In Places),
investments in public recharging infrastructure.

EST for storage collaboration opportunities

The workshops examined energy storage demonstration projects in the
UK and China. These were found to be exploring pioneering models for
linking research and industry, sometimes in an ad hoc fashion.

China had a growing and very significant portfolio of energy storage
projects, beyond the Shanghai Expo 2010 demonstrations, which had
now developed into a range of regional EST provision options using
different types of batteries (as summarised in Appendix 1). The focus
was on technical demonstration rather than on economic models. Some
high density storage technologies currently at demonstration stage
could give rise to workplace and public safety issues, which would require
development of appropriate standards and protocols. Most of the key
issues were felt to revolve around the three major questions elucidated
earlierin this report: How much storage is needed? What technologies
should be used? Where on the system should storage be sited? It was
felt that trade associations and industry interest groups could be better
deployed in this area to link science and technology with commercial
factors.

In the UK there were also a number of demonstration projects (listed in
Appendix 1), often smaller in scale and covering a range of areas relating
to grid and transport activities.

Heat systems were an important focus of research work in both China and
the UK. This was not a primary focus of the workshops but its importance
should not be under-emphasised - indeed, subsequent to the workshops
anumber of activities have been stimulated that take forward this aspect
(see Section 5).
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Opportunities for UK-China collaboration

Despite structural differences in the ways in which EST research was
carried out, the specific development targets across both countries
were nevertheless seen as quite similar. This combination of different
approaches and similar targets meant that there were a number of
potential opportunities for collaboration, some of which are described
below.

Opportunities for collaboration on EST on the grid included:

» whole systems analysis of the economic and environmental
assessment of storage

» technology maps that accounted for lifetime and whole systems
approaches

* bottom-up transformational research to break through the high costs
of current solutions

» enhanced lifetime of some energy storage systems
» demonstration projects research
» underpinning frontier engineering science.

In the area of transport, research on battery technologies was seen as
mostimportant. Areas where collaboration could take place included:

* integrated energy-transportation systems analysis
» safety and design of high energy density storage devices

« alternative materials with different cost and supply chain
characteristics

» progress in fast and deep charging

» battery chemistry and materials recycling

» cell and battery pack manufacturing development
» motors and hybrid technologies.

Demonstration sites and demonstrator cities also provided opportunities
for collaboration. Participants pointed to a good deal of uncertainty and

risk in the system specification and implementation of demonstrator sites.

Potential areas for collaboration to address this uncertainty included:

» whole systems analyses (where the UK has particular strengths)

+ frontier science to solve efficiency, lifetime and costissues in a range
of energy storage devices

» business and process modeling for the different infrastructures in
China and the UK

* evaluation of options for systems analysis and servicing of integrated
energy storage devices

» exploration of governance and ownership models.
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4. Recommendations

Participants in these workshops concluded that the operation of EST and
the economic, strategic and environmental value of EST embedded in
the supply grid have not been sufficiently well understood. This situation
could resultin the risk of uneconomic and inappropriate supply and
management systems being created. Participants recommended two
broad types of activity be undertaken to address these uncertainties.

A thorough, multifactorial systems analysis of the economic and
environmental impact of storage needed to be undertaken. In order to
attract continued financial and political investment and support, it was
essential that a technology and engineering road map be produced in
each country, taking a whole systems approach across the lifespan of the
technologies, bearing in mind the differing scale of need in each country
and the differing levels of maturity of the energy systems, as well as
differences in the legal and regulatory frameworks.

Complementary to this high level top-down approach, a bottom-up
development of transformational research programmes should be
undertaken to break through the high costs of current solutions, if
necessary invoking innovative business models for whole life value
assessment and revenue collection. This should address the longevity
and effectiveness of energy storage systems and include demonstration
projects, and production and manufacturing research as well as
underpinning frontier science and engineering research.

Key needs for the development of energy storage technologies in both
countries were felt to include:

* rigorous systems and services analysis to allow exploration of business
models that illustrated options and value for adoption of energy
storage devices for personal, regional and industrial scales of use

» regional (city) based demonstration projects of electric vehicles and,
for example, battery technologies

 integrated economic and technical modelling of smart networks and
how they may evolve

» encouragement of alternative storage materials, technologies and
advanced or innovative manufacturing methods that could yield
transformational cost reductions

» governance in the regulatory and operational management of energy
systems

» public safety and the safe and effective recycling of energy storage
materials.
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Specific recommendations were made to governments, city regions,
funding bodies and industrial partners:

Develop more robust systems analysis and modeling that examine

the total system operation. It is necessary to accommodate multi-
dimensional spatial and temporal scale and levels (techno-societal-
economic) in order to understand the options for utilisation of EST and
the total market opportunity. This is a prerequisite in the development
of policies for future deployment of EST.

Accelerate the deployment of energy storage technology. This can be
achieved through enhancing the visibility of demonstration projects,
their design and their outcomes, including overall economic costs and
benefits. It is proposed that a geographical directory showing details
of EST demonstrations could be collated and promoted (e.g. battery
parks, super capacitors, compressed air storage, underground thermal,
heat storage, cryogenic/phase change processes, fuel cells, flywheels,
pumped hydroelectric etc).

Identify funding pathways for EST systems and related infrastructure,
including examples of business and governance models. It is to be
noted that there are likely to be significant economic benefits for

new businesses in this sector relating to engineering technology and
service sectors.

Actively encourage collaborative research in selected areas of frontier
engineering science noting the current relevance of specialist areas
that embrace: new materials for thermal storage; redox flow battery
design, manufacturing and operational testing; methods for storage
of low grade heat/cold; improved Li-ion and other advanced battery
materials; liquid gas cryogenic storage; energy storage management
and power electronics; hybrid technologies in vehicles. There should
be a focus on research that could provide breakthrough outcomes to
reduce cost, enhance reliability or improve safety of EST.

Recognise and promote innovation in EST through prizes, awards and
scholarships. There should be particular thought given to opportunities
to encourage and support trans-national teams working in this area.
The national academies and institutions could contribute through
facilitating lectures, debates and communications, and/or annual
workshops to share good practice and results of demonstration
projects.

Establish a senior UK-China steering group to develop further
collaborative activity arising from these recommendations. This small
group would include business leaders in recognition of the emerging
and significant business opportunities for small and large enterprises.
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5. Activities following the workshops

Following the workshop, many energy storage stakeholders in the UK and
China have taken forward specific activities and reports that address some
of the key recommendations made above. Examples of these activities
carried out to date are listed below. Readers interested in more detail on
the performance and development of energy storage technologies are
referred to the reports below (figure 3.1 of the Centre for Low Carbon
Futures report, Pathways for Energy Storage in the UK, gives a particularly
good overview of the performance of basic EST devices).

» Energy Storage Funders Round Table - to discuss implementation and
financing of EST systems in UK (Energy Research Partnership)?.

» Pathways for Energy Storage in the UK - a report highlighting current
status and barriers to implementation of EST in the UK (Centre for Low
Carbon Futures)?.

» Strategic Assessment of the Role and Value of Energy Storage Systems
in the UK Low Carbon Energy Future report (Carbon Trust study led by
Professor Goran Strbac of Imperial College London published by the
Energy Futures Lab at Imperial College London)*.

» Grand Challenge Competition Funding on Systems Analysis and
Technology Development for Grid Storage - for UK researchers and
a new road-mapping fellowship (Engineering and Physical Sciences
Research Council)>.

» Challenges for Future Energy Storage report (Energy Research
Partnership)®.

* Energy Storage Technology - new journal launched in China (Chinese
Academy of Sciences).

» Energy Storage International Conference (June 2012) - focusing on
developments and needs in China around materials and leadership
(Chinese Academy of Science).

» Foreign and Commonwealth Office China Prosperity SPF Programme
- bids made under the low carbon climate change theme relating to
energy storage in China’.

* SUPERGEN meeting and new development programme relating to
hydrogen technology®.

* Low Carbon Innovation and Coordination Group - recent formation and
call for development projects (Energy Technologies Institute).

* Ajoint research centre established by The Centre for Low Carbon
Futures, the University of Leeds and the Institute of Process
Engineering of the Chinese Academy of Sciences to develop next
generation energy storage systems®,

Activities following the workshops
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the UK

Table 1: Examples of energy storage projects and demonstrations
currently active in the UK.
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Serial | Owner/ Date of Technical details Location Projectlead Serial | Owner/ Date of Technical details Location Projectlead
operator |installation operator |installation
Fs BASH TEHER BERA Fs BRASH e BERA
FiE&E/ EHBEA FrE&/ EABEA
EE EE
1 SSE?0 2010 Zinc bromine flow battery Nairn David MacLeman 5 UK Power |2010 200 kWh Lithium lon battery (600 kVAr | Hemsby, Peter Lang
Substation Networks® peak) supplier ABB/ SAFT Norfolk
150 kWh (manufacturer Premium
Power) NP, EERER 200 kWh $2E-FHitl (600 kVArl&{E) | HiftEHrtL,
LK 133 THfR5e
PR HERI: ABB/SAFT
150 kWh (#3&m™: Premium Power) Demonstration project for distribution
voltage support
Comparison of ZnBr technology
against existing lead acid systems ECEE B EXFRCIE
. . L N 6 EFDA/ Flywheels Culham Alan Parkin
EREASIARRASNLR ET d
2 SSEY! 2011 1MW, 6 MWh Sodium sulphur battery | Lerwick David MacLeman 2 * 400 MW peak, 3750 M|
(supplier S&C Electric, manufacturer Power
NGK) Station YECEEE
Shetland
1MW, 6 MWhEARRER M (BERZRE: S&C Islands 2* 400 MW IE{E, 3750 M]
Electric, lx&m: NGK)
WS =EERE
Frequency support and daily peak BT FB L
shaving
MEX R B REE
3 SSE 2011 4 MW /135 MWH thermal storage tank | Shetland David MacLeman
Islands
4 MW /135 MWhEFEE
BEZHD
Storage of excess wind generation
EERIRNE
4 Highview [ 2010 300 kW, 4 MWh cryogenic energy Slough Toby Peters
Power storage (supplier Highview Power
Storagelz Systems) oS5 10 wwwi.sse.com/PressReleases2008/PremiumPowerCorporationinvestment/
300 kW, 4 MWh{E R fiERE 1 ywww.sse.com/Lerwick/Projectinformation/
(HERZ7: Highview Power Systems) 12 www.highview-power.com/wordpress/?page_id=1320
Demonstration project for peak www.ukpowernetworks.co.uk/
shaving / reserve duties “www.jet.efda.org/focus-on/jets-flywheels/flywheel-generators/
I/ fERE S EIE




Table 2: Examples of planned electricity storage projects and
demonstrations in the UK: excludes large scale pumped hydro and
systems intended solely for uninterruptible power supplies. Some
projects which are commercially sensitive have been excluded.
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Table 3: Examples of currently operational energy storage projects

or demonstrations in China

F3IFEEHENEHE

Technology
BARBIR

IRATELES)
Serial |Owner/ [ Technical details Location Project lead
operator
Fs BRARS¥ TEHR BRA
FhE#&/
EEH
1 CE Electric | Range of technologies for low carbon network fund | North East Jim Cardwell
comparison project with sizes ranging from 2.5 MVA | England
5MWwh to 50 kVA 100 kwWh
T = IRILER
RIRMEEEXNETE, MEESEE®E2.5MVAS5MWh
FJ50 kVA 100 kWhZ&]
2 SSE Northern Islands storage park, low carbon network | Shetland Islands | Stewart Reid
fund project
BEZHD
R RISHEEREX, KRMEESTE
3 ETI® 500 kW up to 1500 kW energy storage Midlands info@eti.co.uk
demonstration
500 kW-1500 kWf#RER BT B
4 WPD Energy storage to be included in a smart grid Bristol Roger Hey
application for low carbon network fund project
mEBHTHER
REMEELTE, &EBMNATRMEETE
5 SSE Lithium battery development project application Thames Valley | Stewart Reid

under the low carbon network fund

RS EE T E PRITE R IFT R TE

RELAA

5 www.eti.co.uk/news/article/eti_invest_14m_in_energy_storage_breakthrough_with_isentropic
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Vanadium redox
flow battery (VRB)

YRR ERE R

Technical details Location Photo Projectlead
BRASH TR PSS E R [ BXRA
2kwW/10kwh: lifetime testing system Dalian Fig.1 Dr Xiaoli Wang
FamliR A58 Liaoning =1

Province

T TRE
100kW/200kWh: supplied to national Beijing Fig.2
grid for grid connection testing

=R &2
BN FERBMB AN ARSE
5kW/50kWh: off grid PV-VRB joint power | Tibet Fig.3
supply system

FaTE &3
B R-RAE BB S HEB R
60kW/300kWh: a building integrated Dalian Fig.4
PV with VRB in Dalian Rongke Power
Company Liaoning &4

Province
IR A BIER-BROR i RE R SR B R IR

0T RE
3.5kW/54kwWh: PV-VRB joint power Dalian Fig.5
supply systems for telecom stations of
China Mobile and China Unicom Liaoning &5

Province
FEBSABMBEARRERELLA
HAR-BRERE B B S B RS TTKRE
80kW/160kwWh: supplied to national grid | Beijing Fig.6
for grid connection testing

=R &6
BN FER B MBI EENR RS
500kw/1000kwh: grid connection Dalian Fig.7
testing

Liaoning &7
BEENR RS Province

T RE
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Table 3 continued

&SR3

FERUAYIRI2013F 128

(2) Shanghai Jiading green energy
building energy storage system,
100KW/800KWh, completion date;
6-2014

EERESFETREARTE
RE, 100KW/800KWh; #AiAtal20144F
6H

(3) Shanghai Chongming Island wind/
photovoltaic energy storage system,
2MW/16MWh, completion date: 10-2014

EBRABNLMERSL, 2MW/16MWh;
FERCAYIEI2014F10R

(4) Shanghai Honggiao central business
district substation storage system,
ZMW/16MWh, completion date: 6-2014

EIBHIHE S X R BIERE RS,
2MW/16MWh; Z2RHTE]2014F6 A

Technology Technical details Location Photo Project lead
BARBIR BARS# NEtR MitHE R | BRRA
Large capacity NAS | (1) Shanghai electricity/wind/ Shanghai Fig8 Prof Zhaoyin Wen
battery energy photovoltaic energy storage system, B
storage system 100KW/800KWh, completion date:12- | £¥& E3IS] mIBEREIR

2013
AKBEEPEBBE
BERAR EEBANERS, 100KW/800KWh;

Technology Technical details Location Photo Project lead
BARBIR BARSH NEtR Mt E R | BERA
Advanced large Power: 1.5 MW Langfang, Prof Haisheng
scale compressed Hebei Province Chen
airenergy storage | Pressure: 70-200bar
system SEILERYS PRBAEBIR
Energy density: 50-200 kwh/m3
FEHRANEEES
SEERS Efficiency: 50-65%
Ih=: 1.5 MW
[£43: 70-200bar
filEBEZ & 50-200 kWh/m3
B 50-65%
Superconducting The 1MJ/0.5MVA superconducting Baiyin, Gansu | Fig9 Dr Wenyong Guo
magnetic energy magnetic energy storage system (SMES) | province N
storage system is the first high temperature SMES &9 X EEL
(SMES) energized in the power system. HikEHED
BEEERS IMJ/O.SMVABBSfERER I BRIt R £

HREITHE—ESDBSHEERS
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Table 4: Examples of planned energy storage projects or

demonstrations in China

HRIREHE

Technology Technical details Location Completion |Projectlead
date
BARBIR RARSH TCHR BXARA
ST HEA
Vanadium redox 10kW/100kWh, an off-grid PV-VRB Dalian, 2011.8 Dr Xiaoli Wang
flow battery (VRB) | system power Liaoning
Province FRRANTEL

PR ERE 10kW/100kWh, 79337 b B LB AES W

FR-BOREREEB MRS T RE

60kW/600kWh, a VRB systeminstalled | Dalian, 2011.8

in electrical vehicle station for load Liaoning

leveling Province

60kW/600kWh, FEIREBHETRE (ITKRE

IR ERE BBt R ST

200kW/800kWh, supplied to Gold Wind | Beijing 2011.10

Science &Technology company for smart

grid study bR

60kW/600kWh, iRz T2 REHR A B &

Hb%ﬂﬁﬁh%»u

5MW/10MWh, will be installed in a 50MW | Fuxin, 2012

wind farm for output smoothness Liaoning

Province
R 223 T50MWAIZ AT 5 XU B
tHo T B
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Fig.1 A 2kW/10kWh VRB system for lifetime
evaluation

E1l AT HEEIENI2KW/I0kWhiERE R %

%1 FRMEEERECIE
= 554 b P

il -,'

Fig.2 A 100kw/200kWh VRB system for grid
connection system

B2 AT B MFRENIHAI100kW/200kWhig
MRS

Fig.3 A 5kW/50kWh VRB system for off-grid
PV-VRB joint power supply system in Tibet

&3 A SkW/50kWhE L R- B BB &
HERGRM

Fig.4 A 60kW/300kWh VRB system in
Rongke Power Company R&D building

B4 BRA BT A AHEE0kW/300kWhigH
BEtRS

Fig.5 A 3.5kW/54kWh VRB system for
telecom station

E5 BEEMA3.5kW/54kWhiR AT Bt R 4%

Fig.6 A 80kwW/160kWh VRB system for grid
connection testing in National Grid of China

E6 EZR B MAT B MEZENHR
80kW/160kWhiR Bt Z 45
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Appendix 2: Participants in workshops and
review group

B2 iSRG RAER G

Name Company/institution
"2 FRIEHA3
Fig.7 A 520kw/1000kWh VRB testing Fig.8 A 100KW/800KWh energy storage , , )
i i Dr Shafig Ahmed The Royal Academy of Engineering
system system REEXRTER
B7 520kW/1000kWhi& At ikt & 45 El8 100KW/800KWh AT RE R St MrJeremy Barnett St Pauls Chambers
Dr Fabrice Bidault Imperial College

Fig.9 1MJ/0.5MVA , the whole system of
SMES

E9 1MJ/0.5MVA, BEiERERGTRAINL
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Prof Nigel Brandon OBE FRENng
Prof Peter Bruce
Prof Haisheng Chen

BE R

Prof Liquan Chen
SR BR

Prof Brian Collins CB FRENg

Mr Timothy Cooper

Ms Gemma Cope

Mr Cuong Dang

Mr Keith Davis

Mr Fabian Davola

Mr Jason Dean

Prof Yulong Ding
EFrT

CHFEEETF

Imperial College
CHFEETFR

University of St Andrews
ELZEEHKRE

Institute of Engineering Thermophysics, Chinese Academy of Sciences
R E R BT T2 PRI 5T

Institute of Physics, Chinese Academy of Sciences, China
RERI SR A

Department of Business, Innovation and Skills and
Department for Transport

(Now at University College London)
EEBR., BIFSRKAER, REREEL

UKERC - The Meeting Place
EEHBERIAF A D-The Meeting Place

University of Nottingham
HETIXKE

The Royal Academy of Engineering
KEERTIER

The Royal Academy of Engineering
REESXKTER

GSF Capital

National Nuclear Laboratory
EEERZERRE

Leeds University
FZEKRE
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Name

#
Prof Jianping Fan
Mrs Helen Farr

Prof Yongling Fu
K At

Dr Ajay Gambhir

Dr Graeme Gardiner
Dr Tim Green

Mr Philip Greenish CBE
Prof Clare Grey

Mr Philipp Grinewald
Mr Wenyong Guo

X5 B

Mr Guodong Fan
Eitk 52

Dr. Jingdong He
=R A
Prof Peter Hall

Dr Laurence Hardwick

Dr Simon Harrison

Mr Andrew Haslett FREng

Dr David Hodgson

Mr Graham Howes
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Company/institution
7=k

Shenzhen Institute of Advanced Technology,
Chinese Academy of Sciences
FRERZEBFORIYI T HE AT

ThelET

Beihang University
FERMEAARKE

Imperial College
RERHFHEE T F B

University of Bath
REBHKE

Imperial College
RERCHFEEIZM

The Royal Academy of Engineering
EEEXRITIER

Cambridge University
EEUFRE

Imperial College London
RECHFERREIZM

Institute of Electrical Engineering, CAS
PERZEBEB TR

Dongda Energy Storage Materials
AEARKESRETREMEERAR

Chinese Academy of Sciences
FERIZB

University of Strathclyde
HTF AL E e SR K F

University of St Andrews
EREEHKRE

Mott MacDonald

ETI
RERRBEAMTA

UK Trade & Investment
REAGERLE

BP Alternative Energy
BP AR B EETRER

Name

2

Mr Yong Liu
& X

Ms Chun Ann Huang

Prof Weiguang Huang
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