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SCOPE OF THE REPORT

A Thisreport providesa detailedpicture of the 2017 patenting activity for Battery technologies

A Thisreport coversworldwide patents published,grantedor expiredin 2017.
AWe have selectedand analyzedmore than 65,000 patent families relevantto the scopeof this report. In 2017, more
than 30,400 new patent families have been published,>30,900 patents have been granted and >6,400 patents have

expired
Included in the report

APatentswith an earliestpublicationdatein 2017,
APatentsgrantedin 2017,
APatentsexpiredor revokedin 2017,

APatentsrelatedto batteries

-All battery technologies(L+ion, Leadacid, Ni-MH, Redox
flow, Naion, Mg-ion, L+AIr, LiSetc.).

-Battery components (materials, electrodes, electrolytes,
Separatorsetc.).

- Batterycells

- Batterypacksandsystems

- Thermalmanagemensystemsn batteries

- BatteryManagementSystems

Not included in the report

APatentswithout an earliestpublicationdate in 2017 or a grant
datein 2017or anexpiration/revocationdatein 2017.

APatentsrelatedto:

-Devices comprising a battery without battery detailed
description

-Batteryrecycling

-Raw materials mining / production (i.e. Lithium, Cobalt,
Nickeletc.).

- Manufacturingequipment

- Testingequipment
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SCOPE OF THE REPORT
General supply chain for batteries

- Included in the report

- Included but not detailed in the repor

- Not included in the report

—+

Battery cell component Battery cell Battery pack/module/system
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SCOPE OF THE REPORT
Battery technologies

- Included in the report

- Included but not detailed in the report

BATTERIES

!

Commercialized batteries

}

Emerging batteries
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KEY FEATURES OF THE REPORT (1/2)

AThereport providesessentialpatent data for Battery-related patents newly published grantedor expiredin 2017

A Thereport includes

x Categorizatiorof patents
ABysupply chainsegment
(electrolyte ,separator,electrode cell, pack/system
ABybattery technology
(LFion, Ni-MH, RedoxFlow, Li-Air, LES,Na-ion and Mg-ion).
x 1997-2017worldwide IP dynamicsby supplychainsegmentand
battery technology
x Qverview of the 2017 worldwide patenting activity for each
supplychainsegmentandeachbattery technology
ANew patent applications
ANewgranted patents
AExpiredor revoked patents
x Rankingof main patent applicantsby supplychainsegmentand
battery technology
AFor1997-2017period
AForpatentspublishedin 2017
AForpatentsgrantedin 2017
AForpatentexpiredin 2017

x Noticeablepatents newly published,grantedor expiredin 2017
AForbattery cellsmorphology
(microbatteriesflexiblebatteries,solid-state batterieg
AForbattery technologies
(LFion, Ni-MH, Redoxlow, L-Air, LFS,Na-ion, Mg-ion)
AForelectrode materialsof Liion battery
(lithium, silicon,LTOgraphene NMC,LCOLFPNCALMO

x Main developmenttrends by battery technology

x Noteworthy 2017newson patent litigation
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KEY FEATURES OF THE REPORT (2/2)

A Thereport also providesan extensive Exceldatabase containing >40,900 patent families of the main patent assigneesand related to the key batter
technologies

- Patentassigneesncludedin the Excelfile: LGChem SamsungJToyota,Panasonic/Sanyd;SYuasaShenzherOptimum Battery, ToshibaNissan Hitachi,
Sumitomo,Bosch,Zeon, TDK Umicore,BASFSekisuChemicalHyundai, TiannengBattery, Soulbrain AsahiKaseiAmperex Torayindustries,BAIC Sinoev
TechnologiesBYDFord,Denso,Honda,BMW, Damiler Porsche GeneralMotors, Renault,Ube Industries,SKInnovation,Murata Manufacturing,Applied
Materials,ShinEtsuChemical ShowaDenko,Mitsubishi, CEASemiconductoEnergylLaboratoryNEC

- Batterytechnologiesncludedin the Excefile: Lithiumbattery, Ni-MH, Redoxflow, LFAIr, LiS,Naion, Mg-ion.

A Thisusefulpatent databaseallowsmulti-criteriasearches
- Patentpublicationnumber
- Hyperlinkgto the originaldocuments
- Priority date
- Title
- Abstract
- PatentAssignees
- Segmentation
- Legalstatusfor eachmemberof the patent family

A Disclaimer Thisreport does not provide any insight analysesor counselregardinglegal aspectsor the validity of any individual patent. Knowmadeis a
researchfirm that providestechnicalanalysisand technicalopinions Knowmadeis not a law firm. Theresearchtechnicalanalysisand/or work proposedor
providedby Knowmadeand containedhereinis not a legalopinionand shouldnot be construedassuch
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MAIN PATENT ASSIGNEES MENTIONED IN THIS REPORT

INDUSTRIALS
3M, A123 System#&GCSeimiChemicalAmogreentechAmperexTechnology, Asahi Glass,
Automotive Energy SupplBakinternational, BASF, BMW, Boston PoviBrynpRecycling
TechnologyBYD Chery Automobile, ChirlgAWAutomobile,CiticDamengHolding, Daikin
Industries, Denki Kogyo/Denka, DenBonguarKaixinBattery Material, Du Pont De Nemours,
EaspringMaterial Technology:coprg EnerceramicEnvia Fuijifilm, General Motors, GS Yuasa,
Hitachi Chemical, Hitachi Maxell, Hitachi Metals, Hitachi Vehicle Energy, Honda Motor, Huawei
Technologies)inheNew Materials, Johnson Controls Technoldg@ippon Mining Metalskokam
L&F LenengBattery, Leyden Energy, IGhem LiTec Battery, Medtronic, Mitsubishi Chemical,
Mitsubishi Materials, Mitsui Mining & Smelting, Murata Manufacturing, Nano One Matdxats,
Ningxia Orient Tantalum Industry, Nippon Chemical Industrial, Nippon Shokubai, Nissan Motor,
PanasonicPosco PPG Industries, RenauReshindNew Material, Robert BoscBAFTSamsung
Electronics, Samsung SDI, Sanyo Ele8@eq SEL.SK Innovation, Solvay, Sony, Sumitomo Chemical,
Sumitomo Metal Mining, Tanaka Chemidachelios Toda Kogyo, Toray Industries, Toshiba, Toyota
Industries, Toyota MotoktJmicore WanxiangX

R&D LABORATORIES
CEA, Central South University, CNRS, Fujian Normal University, Harbin Institute of TedkiE®logy,
KERI, Osaka City UniversRISTUNIST ! Yy AGSNEAGEe 2F [/ KAOFK3IA2X ! yADSNEAGES
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BENEFITS OF THE REPORT

Follow technology trends

and anticipate the changes
P J Compare market and IP trends

Aldentify key and new technological trends
ADynamics

ADetect emerging technologies
e < AGeographic coverage

Aldentify noticeable new patent publications, new granted ACompanies

expired patents ATechnologies

Follow technology
trends and competitive
environment from
technology and patent

ASpeed your R&D and IP costs

Detect business opportunities

Keep a watch on your competitors i . .

P y P perspective and mitigate the risk
Aldentify the major current IP players and new comers ADiscover new markets & technology directions
ATrack their IP activity, strategy and future intents Aldentify pure play companies
ACompare their IP and market position AOverview of current litigation




METHODOLOGY FOR PATENT SEARCH AND SELECTION

A Thedatawere extractedfrom the FamPatworldwide database(QuestelORBITyvhich provides100+ million patent documentsfrom
95 offices

A The search for patents was performed in January 2018 This report is focused on patents newly published, granted or
expired/revokedin 2017

A Thepatentswere groupedby patent family. A patent family is a set of patentsfiled in multiple countriesto protect a singleinvention
by a commoninventor(s) Afirst applicationis madein one country ¢ the priority country ¢ andisthen extendedto other countries

A Theselectionof the patentshasbeendone both automaticallyand manually. The patentswere manually categorizedin technical
segmentsusing keyword analysisof patent title, abstractand claims,in conjunctionwith expert review of the subjectmatter of
inventions

A Dataanalysiswill be performedusingthe QuestelOrbit IP Businessntelligenceanalyticsplatform combinedwith Excelbaseddata
processingandwill be supplementedoy expert analysis

A Forlegalstatusof EuropeanEP)and PCT{WO)patent applications EPORegistePlushasbeenused Forlegalstatusof USpatents,
USPT®AIRhasbeenused Forlegalstatusof other patents,information havebeengotten from their respectivenationalregisters
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METHODOLOGY FOR PATENT SEARCH AND SELECTION

MJ Keywords and term-set definition

Search equations / Search strategy

5,

Phase I

Manual screening of the results T _
+ Refine search using

IPC classes and

e . citations analysis
Patent classification

Knowmade © 2018 *
Patent categorization

) ‘ Non relevant

(technology/application/supply chain)

Phase Il

Patent

---------------------------------------------- Analysis
Segmentation improved

during patent analysis

v

[Elsrioere Ranking of IP players In-depth analysis of key
(globally & b S: ment) and identification of players and their key
¢ Y ROV key patents patented technologies
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WORLDWIDE PATENTING ACTIVITY

WORLDWIDE PATENTING ACTIVITY
1997-2017 patenting activity
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BATTERSUPPLCHAIN
Overview of Patenting Activity by Supply Chain segments

BATTERY SUPPLY CHAIN BATTERY SUPPLY CHAIN
Market vs IP - Battery Supply Chain
Battery Cell Materials Battery cell - —
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BATTERY SUPPLY CHAIN
IP Dynamics (2/2)

Overview of last 20 years patenting

------

| BATTERY SUPPLY CHAIN
W Main patent assignees (2/2) act|v|ty
. : Ui IP Dynamics
BATTERY SUPPLY CHAIN .. . .
: - Main patent assignees (1/2) U Maln patent a.SSIgneeS
4 BATTERY SUPPLY CHAIN U Comparison with market trends
] IP Dynamics (1/2)
; Batt_eries IP Dynamics
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Overview of 2017 patenting activity

BATTERY SUPPLY CHAIN
Main patent applicants for new pati

Overview of 2017 patenting activity

U Patenting activity by supply chain segmet
U Main patent assignees
U Main technology trends

U Comparison with market trends
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BATTERY SUPPLY CHAIN
Overview of 2017 patenting activity

I - o ropeosent the number of patent familes sty pablished In 2017,
SR - o cepresent the number of patents granted in 2017,
SR 1o romber represent the number of patents expired/revoled in 2017.
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BATTERY CELLS
Overview of Patenting Activity by Supply Chain segments

SOLID-STATE BATTERIES

Noticeable patent families having patents granted in 2017
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Noticeable patent families comprising patents that have expired in 2017
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Main patent assignees of patents expired or revoked in 2017 SRR IR
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« | Main patent applicants for new patents publishe§in 2017

BATTERY CELLS

Main patent assignees for patents grant&\ in 2017

2017,

The numbes rep
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| BATTERY CELLS

Overview otentlng actiNty “mw,mm,m,,m Noticeab|e
- i S new patent applications,
| 3 Overview of 2017 patenting activity new granted patents and
= 1B Focus on microbatteries, thin film batteries, new expired patents in 2017
= flexible batteries and solidtate batteries
— Main patent assignees
- Main technology trends
Comparison with market trends
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