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property.
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CONTEXT OF THE REPORT
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Nowadaysthe globaltransportationsectorrepresentsabout one quarter of all direct carbondioxideemissions Toremedythis, durm\;ﬁ;’@
pastfew years,severalnationaland supranationalgovernmentsaroundthe world haveinstigatedpolicy regulationsand financialincentings
regardingresearchand developmentprogramsin order to help greenhydrogenproduction, hydrogeninfrastructuresandfuel cellpowered
electricvehiclesthrive in the future. Moreover,numerousR&Dprograms strategicalliancesand partnershipsamongvehiclemanufacturers,
equipmentsuppliers(OEM)and hydrogen and fuel celtrelated companieshaveblossomedgivinga stronginsightinto the structuringand
strengtheningof this specificmarket

Thelast 10 yearswe witnesseda shift in technologicalinterest in the automotive sector, with companiesconcentratingtheir R&D efforts
and patenting activitieson battery technologies But with someasyet unresolvedissuesfor electric vehicles(mileageautonomy,charging
speedand safetyto namea few), there wasa revivalin interest in fuel cell technologypatent filingsin the mid-2010s, with a CAGRf 18%
between2015and2021

In this context, Knowmadeis releasinga new report which aimsto provide a comprehensiveview of the patent landscaperelated to
hydrogenbasedfuel cellsfor terrestrial electric vehicles(cars,trucks and buses) from electrolyte and electrode materialsto the fuel cell
systemandvehicleintegration,segmentednto fuel celltechnologies; suchasproton exchanganembrane(PEMFCXolid oxide (SOFCand
molten carbonate(MCFQC)

Patent landscapeanalysisis a powerful tool to understand global hydrogen fuel cell electric vehicles competitive and technological
environment Overall, patenting activity (patent filings) reflects the level of R&D investmentmade by a country or playerin a specific
technology, while providing clues as to the technologyreadinesslevel reachedby the main IP players 2 K | {m@r&, the technology
coveragealongthe value chainand the geographicakoverageof the patent portfolios are closelyrelated to the businessstrategyof IP
players
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METHODOLOGY

Methodology for patent search, selection and analysis
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Worldwide patent database(QuestelOC\ O
Providesl00+ million patent documentSTaaa
100 offices (USA, Japan, Europe, Chincy§
Korea,Taiwan,HongKong,Singaporeegtc.)

IP analysts with PhD degree combining
technical and patent expertise Manual
screening of patent pools with patent
classification between relevant & non
relevant patent families based on their
technical content & scope of the claims
Categorizationof relevant patent familiesby
technologyapplicationor supplychain

Analytics tools and proprietary
methodologies dedicated to [P business
intelligence including quantitative and
gualitativeanalysis
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METHODOLOGY o

. . N
Methodology for patent search, selection and analysis '\/////
o
7
A Thedata were extractedfrom the FamPatworldwide patent database(QuestelORBITwhich provides100+ million patent docurré,@e
from 100 patent offices(USA JapanEurope,ChinaKorea,TaiwvanHongKong,Singaporeetc.) N

A Thesearchfor patentswascompletedin January2022 hencepatentspublishedafter this date are not availablein this report.

A Both the selection of relevant patents and their categorizationin technical segmentsare manually performed using keywords and
patent classes(IPC,CPC),combined with manual analysis of each patent title, abstract, descriptions,illustrations and claims in
conjunctionwith expertreview of the subjectmatter of the inventions

A Somepatentsheld by different entities are groupedconsideringhe M&A history:

A Thepatentsare groupedin patent families. A patent family is a set of patent applicationsfiled in multiple countriesto protect a single
inventionby a commoninventor(s) Afirst patent applicationis filed in one country ¢ the priority country ¢ andis then extendedto other
countries

A Data analysiss performed using th€uestelOrbit IP Business Intelligence analytics platform
combined withExcelbased data processingnd will be supplemented bgxpert analysis

We have selected and analyzed more t&h000 patents and

patent applicationsgrouped in more thar30,000 patent families
relevant to the scope of this report.
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Patent landscape overview

General trends, Key patent assignees, Newcomers, IP collaborations

PATENT LANDSCAPE OVERVIEW

Time evolution of patent publications
Time evolution of patent publications
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PATENT LANDSCAPE OVERVIEW

Main IP newcomers (first hydrogen fuel cell related patents published in 2016 or after)
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Patent landscape overview

IP strategy, IP strength, Geographical coverage of portfolios,

PATENT LANDSCAPE OVERVIEW

Current legal status of patents

Main patent assignees
with pending patent licati
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Patent segmentation

By segment: IP dynamics, Key patent assignees, Newcomers, Key patents V’\’

P

Thepatent familieshavebeencategorizednto 20+ segmentsaccordingto the fuel cell technologies(PEMFCSOFCOMCFCPAFCAFCetc.), cell materl"aic,a(n;‘\
components(electrodes membranescatalysts gasdiffusionlayer, bipolar plates,electrolytes etc.), managementand control (thermalmanagementpressfe

managementgtc.), stackingof fuel cells fuel cell system hydrogenstorage etc.

PATENT SEGMENTATION OVERVIEW
Distribution and time evolution of patent publications (2/2)
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Focus on Proton Exchange
Membrane Fuel Cells (PEMFC)

Proton Exchange Membrane Fuel Cells (PEMFC)

Key patents

Proton Exchange Membrane Fuel Cells (PEMFC)
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Proton Exchange Membrane Fuel Cells (PEMFC) :

Main patent assignees

Time evolution of patent publications by country of filings

Ranking of patent assignees according
to the number of their patent families
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IP profile of key players S
IP portfolio summary, IP strategy, IP collaborations and recent IP activity “\/////
o
A focuson the 15 key IP playersis providedin a dedicatedsection Foreachplayer,the hydrogenfuel cell patent portfolio is analyzedo providean 0\'//;&(9'»;
of its strengths its potential for reinforcement, the levelof IP activity, IPcollaborationsandrecentpatenting activity. S
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