


Advanced Energy Storage Technologies

Fig. 7.1 Top 50 Assignees vs Technical categories
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7.2.

Advanced Energy Storage Technologies

Top 50 Assignees vs Priority Years

Fig 7.2. Top 50 Assignees vs Priority Years

e Several players like US Universities, NEC, Corning, Sumitomo Chemical, Daikin, and AVX
Corporation are increasing their patent activities.

e Panasonic activities are relatively steady

e Several companies are clearly reducing their filing efforts. The list includes companies like Fuji

Heavy Industries, Honda, Maxwell Technologies, etc.

© PatAnalyse Ltd

125



126

Advanced Energy Storage Technologies

Fig. 7.2 Top 50 Assignees vs Priority Years- absolute and normalised
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7.3.

Advanced Energy Storage Technologies

Technical categories vs Priority Years

Fig 7.3. Technical categories vs Priority Years
e Technical development in lithium ion capacitors, asymmetric supercapacitors, and
nanotechnology is growing well above the average.
e Lithium ion capacitor was a strong focus to Fuji Heavy Industries and now is supported by the
modest activities at Panasonic, TDK, Sumitomo Chemical, and Zeon
e More commercially focused activities related to the electrodes manufacturing, supercapacitors

mechanical construction and packaging, and to electrolyte chemistry are gradually declining

© PatAnalyse Ltd
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Fig. 7.3  Technical categories vs Priority Years

Fig 7.3a. Absolute Data
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... Countries of origin vs Priority Years

Fig 7.4. Countries of origin vs Priority Years
e US patent activities are quite close to the patent activities of Japan
e FEuropean and Korean activities are growing, however from a relatively low level

e This is the only Patent Map showing patent growth in Korea

© PatAnalyse Ltd
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Fig. 7.4 Countries of origin vs Priority Years

Fig 7.4a. Absolute Data

200+

1001

Japan

USA

Europe
Korea
Rest of World

Fig 7.4b. Normalised Data

200+

1001

Japan
USA
Europe
Korea

Rest of World |

182

91

500

2005

2006
2007
2008

2005

© I~ ©
o O O
o O O
AN AN N

© PatAnalyse Ltd

Source PatAnalyse



7.5.

Advanced Energy Storage Technologies

Technical categories vs Countries of
origin

Fig 7.5. Technical categories vs Countries of origin

e Japanis on a second place (after US] in the nanotechnology related patent filings. However in
comparison to other categories Japan seems to be ignoring opportunities provided by the
nanotechnology.

e Japan has very strong focus in lithium ion capacitors and to a less degree in electrolyte
chemistry and electrode manufacturing

e Apart from nanotechnology Europe has substantial activities in supercapacitors manufacturing

and packaging

© PatAnalyse Ltd
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Fig. 7.5 Technical categories vs Countries of origin

Fig 7.5a. Absolute Data
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Advanced Energy Storage Technologies

Technical categories vs National Patent
Office Country

Fig 7.6. Technical categories vs National Patent Office Country

e Lithium ion capacitors remains as a predominantly Asian activity; Japanese patents are taken
equally to Korea, China, Europe and US

o National patent filings for nanotechnology, asymmetric supercapacitors, mechanical
construction and packaging are more biased towards US and Europe reflecting the origin of man

patents in these areas
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Fig. 7.6 Technical categories vs National Patent Office Country

Fig 7.6a. Absolute Data
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Advanced Energy Storage Technologies

On-board Electric Vehicle
Battery Management
System and external
charging equipment

The Battery Management System on-board of an EV is used to decouple the battery from the
electric motor through electronic control with built-in intelligence. Typically such systems are
employing supercapacitors to buffer large but short power demands and regenerative braking
energy. The development of new Traction Batteries combined with intelligent electronic cell
management improves safety and practicality of development of the plug-in EV. The battery
management involves not only monitoring the health of the battery cells but also a redundant cell
configuration (one more cell than needed). With sophisticated switched wiring it is possible to

condition one cell while the rest are on duty.

A Battery Management System is any electronic device that manages a rechargeable battery pack,

typically monitoring its state, calculating secondary data, reporting that data, protecting the battery,

controlling its environment, and / or balancing it. A battery management may monitor the state of

the battery as represented by various items, such as:

e Voltage: total voltage and voltages of individual cells

e Current: current in or out of the battery or individual cells

e Temperature: average temperature, air intake temperature, air output temperature, or
temperatures of individual cells

e State Of Charge (SOC) or Depth Of Discharge (DODJ: to indicate the charge level of the battery

e State Of Health (SOH), a variously-defined measurement of the overall condition of the battery

© PatAnalyse Ltd
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A battery management may protect its battery by preventing it from operating outside its safe
operating area, such as:

e QOver-current

e Over-voltage (during charging)

e Under-voltage (during discharging), especially important for Li-lon cells

e Qver-temperature

e Under-temperature

The battery management system may actively prevent operation outside the battery's safe

operating area.

It may also actively ensure that all the cells that compose the battery are kept at the same State Of

Charge, through balancing. It may do so by:

e Wasting energy from the most charged cells, such as by connecting them to a load [(such as
through passive regulators)

e Shuffling energy from the most charged cells to the least charged ones (balancers)

e Reducing the charging current to a sufficiently low level that will not damage fully charged cells,

while less charged cells may continue to charge

Another aspect of the current section is related to the charging stations for EV. Although most
rechargeable electric vehicles and equipment can be recharged from a domestic wall socket, there
is a growing need for widely distributed publicly accessible power points, some of which support

faster charging at higher voltages and currents than are available from domestic supplies.

Patents related to the charging stations are mainly concerned with a safety - for instance
interrupting the charging after discovering issues with the Traction Battery such as the increase in
the battery temperature, overcharging, etc. The development of a range of heavy duty or special
connectors is followed by the patents which aimed to break electrical connection in the emergency,
especially if the driver has started moving EV without disengaging the connector. Surprisingly large
number of patents is describing the charging without a physical connection using parking places

equipped with inductive charging mats.

System level patents are describing intelligent charging stations capable to smooth the energy
demand on the electric grid by coordinating charging of large number of EV. Business process
patents are also dealing with the issues of identifying EV and collecting micropayments associated
with a partial charging of the battery. Intelligent system can also take into account the amount of

time available for charging using information regarding parking fees paid by the client.

An alternative to recharging the battery in the vehicle is battery swapping: a battery switching
facility that exchanges the vehicle's discharged battery for a charged battery. Regardless of the
questionable practicality of such approach, patents are increasingly providing more and more

detailed description of such process stations.

© PatAnalyse Ltd



8.1.

Advanced Energy Storage Technologies

Top 50 Assignees vs Technical categories

Fig 8.1. Top 50 Assignees vs Technical categories
e Toyota is the only company at the list of the top players
e Toyota is the most active player in the patenting technologies for charging stations
e Toyota has stronger than average emphasis on the aspects of the battery recharging via
regenerative breaking, battery safety, and battery temperature control
o The list of second-tier players includes Panasonic, Denso Corp., General Motors, Ford, and
Robert Bosch
e The common focus is in managing the process of battery recharging and in controlling the
depth of discharge of the battery pack
e Companies like V2Green, IBM, RWE, and General Electric are developing IP position in

recharging stations and business methods related to using batteries in plug-in EV

© PatAnalyse Ltd
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Fig. 8.1  Top 50 Assignees vs Technical categories
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Advanced Energy Storage Technologies

Top 50 Assignees vs Priority Years

Fig 8.2. Top 50 Assignees vs Priority Years

The overall amount of patents on the Patent Map is growing fast, however not as strongly as the
activities in the Lithium Traction Batteries

Toyota’s strategy in the Battery Management System portfolio is rather dissimilar to the one
shown in Battery technologies. Toyota is a well established player in the Battery Management
and its activities while growing in 2006 and 2007 are actually reducing in 2008. This behavior is
likely consistent with a possible shift of R&D focus from developing systems supporting the
usage of the Traction Batteries to the development of the Traction Batteries per se.

Several companies are showing high level of growth of their patent portfolio. The list includes

General Motors, Peugeot Citroen, BMW, Robert Bosch, Daimler AG, Chery Automobile, Chrysler,

and Aisin Seiki
Patent activities are down at Ford, Denso Corp., Hyundai, Nissan, Samsung SDI, LG chemical,
Primearth EV Energy, Continental AG, and SB LiMotive
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Fig. 8.2
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8.3.

Advanced Energy Storage Technologies

Comparison of Profiles for top companies
In Battery Management

Fig 8.3 Comparison of Profiles for top companies in Battery Management:

e Toyota has substantially reduced its focus in temperature control and regenerative braking
aspects of battery management

e Toyota has increased its focus in charging stations, battery recharging, and battery safety
systems

e General Motors shows very strong jump in the patenting activities which might have some
artificial component in it with possible political gains in mind. GM has special focus in the battery

depth of discharge control.
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Fig.8.3  Comparison of Profiles for top companies in Battery Management
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Advanced Energy Storage Technologies

Technical categories vs Priority Years

Fig 8.4. Technical categories vs Priority Years

e Commercial aspects of using batteries in EV and development of IP for charging stations are the
fastest growing areas of the patent portfolio. They are representing the least developed aspects
of EV story and can be still classified as emerging stage technologies.

e The reduction in the patenting activities related to the regenerative braking technology is a
recognition that it is already a quite mature technology with little potential for strong IP

protection

© PatAnalyse Ltd
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Fig. 8.4  Technical categories vs Priority Years

Fig 8.4a. Absolute Data
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. Countries of origin vs. Priority Years

Fig 8.5. Countries of origin vs. Priority Years

US is on a par with Japan. If not for Toyota, US will be shown as a much stronger player
compared to Japan

Europe positions are relatively strong. - much stronger if compared to the Battery technologies
US and Europe are growing much faster if compared to average

Koreans activities are on a down (due to LG Chemical and Samsung SDI policies)
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Fig. 8.5  Countries of origin vs Priority Years
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Advanced Energy Storage Technologies

Technical categories vs. Countries of
origin

Fig 8.6. Technical categories vs. Countries of origin

e Patenting activities related to the regenerative braking technologies are strong mainly in US

e Business method patents related to commercial aspects of using batteries in EV are patented
mainly by US companies

o Patents related to the recharging stations are patented by companies from US, Europe, and
Japan. European activities in this category are on a par with the Japanese one.

o Battery safety and temperature control of the battery pack are relatively more important for

Japanese and Korean companies
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Fig. 8.6 Technical categories vs Countries of origin

Fig 8.6a. Absolute Data
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Advanced Energy Storage Technologies

Technical categories vs National Patent
Office Country

Fig 8.7. Technical categories vs National Patent Office Country

o Battery safety and temperature control of the battery pack remains an Asian activity due to the
origin of substantial number of patents from Japan and Korea

e Korea is substantially underrepresented on this Patent Map. It seems that Japanese companies
are taking their patents to US, China, and Europe mainly ignoring the opportunity to file Korean
patents. Due to the lack of patent activities originated from Korea itself, the overall number of

Korean patents in this particular sub-portfolio is quite small
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Fig.8.7  Technical categories vs National Patent Office Country
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Advanced Energy Storage Technologies

Most offensive granted

patents with priorities from
1993 to 2000

The nearly exponential growth of the patent applications related to the lithium battery technologies
has started since 2000 and is still continues right now however at a much slow pace. Most patents
filed these days are incremental one and it is more difficult to access their offensive power due to
the significant overlap between patents from various companies. The rather low quality of the prior
art search performed at National Patent offices is leading to the situation when a lot of granted
patents will not stand out a more thorough invalidity search request. Thus it is more
straightforward to analyse the offensive power of much older granted patents as there is much less
prior art which can be used to invalidate their claims in the case of the litigation scenario. Specific
research has been carried out by PatAnalyse to evaluate the offensive strength of granted patents

with priority predating the patenting boom started since 2001.

Companies with a few offensive granted patents with priorities before 2001 are more vulnerable in
the case of patent litigation regardless of how many incremental patents they are hold in their
portfolios. Our results presented below suggest that major players don’t put enough attention to
the possible litigations leaving themselves vulnerable to the exposure of the sudden attacks of the

patent aggregators and other non-practicing entities.

Lithium Battery Technologies

Fig 9.1. Top Assignees vs Technical categories

The list of major players is changed. LG Chem, Toyota and Nissan have disappeared from the
patent map. They are replaced by Canon, Mitsubishi, Bathium. Valence Technology and PolyPlus
Battery

© PatAnalyse Ltd
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Fig. 9.1 Top Assignees vs Technical categories
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9.2.

Advanced Energy Storage Technologies

On-board Electric Vehicle Battery
Management System and external
charging equipment

Fig 9.2. Top Assignees vs Technical categories

Ford and General Motors have disappeared from the top list. They are replaced by Nissan and

Honda. Toyota remains at the top. Patent trolls are not yet players on this patent map, however this

will surely change in a very near future.
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Fig. 9.2

Top Assignees vs Technical categories
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Appendix 1:

About PatAnalyse

Access to the Report Patent Database and to on-line interactive Patent Maps can be made available
via an on-line service to the subscribers. Interested party should contact PatAnalyse for pricing as
well as for further details of the on-line patent knowledge management system provided for
receiving updates of the current study. The “software-as-a-service” Web 2.0 user environment to
the Report Patent Database is fully supporting a multi-user collaboration for the users from the
same client company and provides the client company a true confidentiality regarding their

activities in the patent database system.

Current analysis of the patent portfolio for the report “Advanced Energy Storage Technologies:
Patent Trends and Company Positioning” is provided at the top level. Further detailed patent
studies referencing individual patents can be provided under the request. Such projects can
address specific questions of importance to our clients. If necessary, the patent projects can be
provided under attorney-client privilege. Our clients can receive an unrestricted access to the on-

line patent portfolio developed for the specific projects.

For further details please contact PatAnalyse at info(dpatanalyse.com and visit web-site at

www.patanalyse.com
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“Completeness of search results and thorough generation of Patent Landscapes is followed with
insightful interpretation, the workflow is supported with the best in class on-line portal patent

knowledge management system”

PatAnalyse is an integrated technology consultancy specialising in high quality exhaustive patent

searching and comprehensive analysis of the trends presented in the patent portfolio.

The PatAnalyse’s core team of software developers, technology and business consultants is based
in Cambridge, UK. The main members of the team have been working together for over a decade

on a wide variety of patent landscape assignments.

We have developed innovative on-line tools for organising the workflow of patent projects to
support dispersed collaborative teams and to provide close integration between the artificial
intelligence and the real judgement of subject area experts. The software is focused on improving
the efficiency and quality of patent searching, and in assisting our clients with mining patent data in

the post-project phase.

Using our advanced tools, and breadth of technical expertise, the PatAnalyse team works together
with clients on patent studies which map the competitive IP landscape to deliver unique insights
into competitive intelligence. Patent Mapping tools provided by PatAnalyse ensure the accuracy and
completeness of the results, but it's our business consultants who make the real difference. Our
experience in technology consultancy allows us not just to map the Patent Landscape, but also to

provide an interpretation closely aligned to the client’s business strategy.

A typical projects aims to:

e inform the strategic decision makers in the client organisation;

e align research budgets according to the gained intelligence;

e help to focus patent filing efforts in areas more likely to produce broad patents;

e benchmark the clients’ existing patent portfolio against competitors;

e clearly understand the strengths and weaknesses of the patent portfolio of major competitors;
e improve efficiency of internal portfolio management;

o facilitate smart decisions by including a relatively accurate risk assessment in FTO analysis;
e help to avoid wilful infringement and treble damages;

e assist with technology scouting;

e identify and evaluate the most appropriate acquisition targets;

e determine if any potential blocking patents will affect the right for the in-licensing technology;

e support required defensive activities with key evidence.
By identifying the strongest and most appropriate patent set from the client’s patent portfolio, such

projects can also assist in cost reduction and revenue generation through the abandonment or sale

of non-core IP.

© PatAnalyse Ltd
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To cope with the increased volume of patent data PatAnalyse Ltd has developed revolutionary
techniques for patent searching. Our tools allow the search to evolve into a self-learning iteration
process, improving the completeness of the final results. In the past our techniques have routinely
demonstrated the ability to find several times more relevant patents than even the most

experienced information specialists in client organisations.

PatAnalyse delivers investigative consultancy projects to answer specific IP related questions which
address the strategic business needs of our clients. PatAnalyse is mainly focused on providing
premium services which are critically dependent on the completeness of the patent searching
results:

e high profile Validity searches to provide key evidence for preparing opposition cases or obtaining
an opinion of counsel as to the invalidity of a patent;

e comprehensive Freedom to Operate (FTO) analysis for achieving relatively accurate risk
assessments; a special focus is provided to help avoid wilful infringement claims and
subsequent treble damages;

e due-diligence studies before in-licensing or acquisition;

e tailored 'Patent Landscape’ studies for detailed reviews of international R&D trends, technology

scouting, or for achieving strategic portfolio alignment.

In order to deliver comprehensive Patent Landscape studies PatAnalyse has developed innovative
methods using modern ‘Software as a Service' technologies. Within our tools the power of artificial
intelligence algorithms is closely integrated with the judgement of subject area experts. Special
emphasis is also given to the efficiency of task distribution, organising collaboration between the

experts, and in assisting our clients with mining patent data in the post-project phase.

The involvement of the client team in the study will vary between different assignments according
to client requirements. But it is important for PatAnalyse to establish close working relationships
with the client team at the project start-up meeting in order to understand the set of questions
which should be addressed in the study. At the end of the project, clients receive a report including
strategic recommendations based on the analysis of Patent Maps and individual patents; the patent
portfolio with classified documents is provided via an interactive on-line portal and also as a

backup-file.

On the current market, the consultancy offering from PatAnalyse delivers the highest accuracy of
result with the most efficiency. In any case PatAnalyse is able to deliver Patent Mapping studies at

levels of complexity way beyond the capabilities of most patent consultancy firms.
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ADVANCED ENERGY STORAGE TECHNOLOGIES
PATENT TRENDS AND COMPANY POSITIONING

Electric vehicle & other lithium-ion batteries, supercapacitors,
ultracapacitors, battery management systems, chargers.

Other PatAnalyse Publications:

Patenting in the UK
UK Patent Attorneys

To download visit www.patanalyse.com/casestudy.html

White Paper:

New Frontiers in the Strategic Use of Patent Information
www.patanalyse.com/whitepaper

Presentations:

www.patanalyse.com/brochure
www.patanalyse.com/presentation

Consulting:

For over ten years PatAnalyse has delivered IP intelligence to its clients. We
provide custom consultancy, research and advisory services delivering: patent
landscaping - competitor intelligence studies, due-diligence studies before
in-licensing or acquisition, strategic portfolio alignment, freedom to operate (FTO)
analysis, litigation support for nullifying claims of asserted patents.
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