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Our hydrogen customers

e Commonwealth Industrial and Scientific
Research Organisation (CSIRO)
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koS * Office of the Special Advisor on
Low Emissions Technologies

* AusTrade
 Department of Industry, Science and Resources
* The Treasury

* Critical Technologies Hub
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What technologies?

Hydrogen production

Electrolysis

Fossil fuel conversion

Biomass and waste conversion
Thermal water splitting

Biological hydrogen production
Photochemical and photocatalytic

Hydrogen utilisation

* Gas blending

* Hydrogen-powered transport
e Electricity generation

* |ndustrial processes

* Export

* Heat storage

Hydrogen storage and distribution

Compression
Chemical carriers
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What technologies?

Hydrogen production Hydrogen utilisation

* Electrolysis * Gas blending

* Fossil fuel conversion  Hydrogen-powered transport
* Biomass and waste conversion * Electricity generation
 Thermal water splitting * |ndustrial processes

* Biological hydrogen production  Export

 Photochemical and photocatalytic  Heat storage

Hydrogen storage and distribution

* Compression

e Chemical carriers . R .
Possible emissions reduction?
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Patent data extraction and analysis

Develop search strategies™

Data mining using DWPI database

Patent publications extracted from PATSTAI
Data cleaning including name harmonisation

Assignment of country of origin where null (Pasimeni 2019)**
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Data analysis and visualisation using Power Bl

*Details of search strategies are given in the Glossary of each interactive visualisation, available at: https://www.ipaustralia.gov.au/tools-resources/publications-reports/patent-analytics-hydrogen-technology

**Pasimeni, F (2019) SQL query to increase data accuracy and completeness in PATSTAT, World Patent Information, Vol. 57, pp 1-7
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Global patent filings — hydrogen technologies

Patent families, by earliest priority year and patent statues, 2010-20
Source: PATSTAT 2021 Spring edition

674 3730 oo 32,885 patent families
2817 2.867

3195 3.2/
2./44 2719
2422 Dead ® Alive
1422 25462
I 156 ) 77%

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Notes

1. ‘Alive’ patents are in an active state with patent protection being sought or in force for at least one family
member; ‘Dead’ patent families have lapsed, expired or been withdrawn.

2. The dipin patent filings in 2019-20 reflects incomplete data due to a log in the publication of patents.
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Top global applicants

Hydrogen technologies, patent families, by applicant, 2010-20
Source: PATSTAT 2021 Spring edition
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Main technology category

Hydrogen technologies, patent families, 2010-20
Source: PATSTAT 2021 Spring edition

Hydrogen storage
and distribution
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Hydrogen utilisation
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Hydrogen production country of origin

Patent families, by technology subsector, 2010-20
Source: PATSTAT 2021 Spring edition

Country Biological Biomass and Electrolysis Fossil fuel Photochemical Thermal water
waste conversion and splitting
conversion photocatalytic

China 1,543 1,274 4,253 3,666 1,215 402

United States 565 806 1,128 1,744 356 183

Japan 174 332 1,134 300 236 34

Republic of Korea 137 200 829 322 113 32

Taiwan 134 128 607 264 95 45

Germany 78 215 344 282 57 65

France 39 101 146 237 15 5

Netherlands 21 115 55 195 49 26

United Kingdom 61 70 115 169 24 10

Canada 51 76 38 138 21 14
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Interactive visualisations

HOME KEY STATISTICS MARKETS ORIGIN PROFILES HOME KEY STATISTICS MARKETS ORIGIN PROFILES
APPLICANT PROFILES PATENT SEARCH COLLABORATIONS GLOSSARY APPLICANT PROFILES PATENT SEARCH GLOSSARY

b

-Key Landscape Statistics /] ' Applicant Insights

Since 2010, there have been 42,531 applications and 18,611 Technology selection Business sector Technology selection Possible emission reduction identified in patents
unique patent families filed globally relating to hydrogen All "/ Al All All .
production.

Possible emission raduction identified in patents

l]l]ﬂﬂ” KEY STATISTICS All y

TOP APPLICANTS

CHINA PETROCHEMICAL CORPORATION
CHINESE ACADEMY OF SCIENCES

ince 2 r / being
sifice 2010 are- today beng saupi Aragian oit coveany [

10,524 patent families 77% of families registered

originated from Chins, the

number one ranked sought or in force.
CHINA NATIONAL PETROLEUM CORPORATION
country for Hydrogen
PANASONIC CORPORATION

Production.
. ;I‘ ZCZZ;F:izrrITw O 2027 Wsosoll. Jens '
MIOUSR . Comoratitn \
APPLICATIONS @ GEOGRAPHIC FOOTPRINT
FILINGS OVER TIME
" : Portfolio summary:
was the v 2 ili -23 ater jilies w e - el i

2018 was the year with the most patent filings. 2,374 patent families were recorded for the year Country/ies of origin Markat Cuntries
NOTE: Patents filed experience ¢ iag in publication. The dotg is not complete from 2013 due to G lag in patent publicotions.

2K Total patent families 1412
s
b . Totat patent families Families as percentage of total 4.3%
g
B . Seing soughtorin o
E 1K force otal patent applications 1,689
®
o i (pire:
FApsec, Bpven or Applications as percentage of total 2.2% NORTH Ac
withdrawn t Spas FLUROPE A5
AMERICA SAGRS
0K
2010 2012 2014 2016 2018 2020 Atiantic
@ TECHNICAL CATEGORY DETAILS Orean
AFRICA
KEY PLAYERS The selected applicant had patents listed in 6 technology categories
' and 36 sub-categories. SOUTH =
Companies rank as the highest contributing sector by applicants for technology related to hydrogen production AMERICA »Tv‘;'f
A total of 10,450 patent families have been recorded since 2010. TECHNICAL CATEGORY SUB-CATEGORY :
Companies EElETY
S Chemistry 1,266 Analysis of biological 13
universies RS Electrical B | imatsriats
ravieuss [ engineering Audio-visual 2
CRI D ] | [ 4 1 C
Non-profits :,"" lrstrumgn.- 81 te\hnologv . )
g Mechanical 171 Basic materials 345 ANTARCTICA
Sector not availabie engineering chemistry -
A
Hospitals Cther fields 29 Biotechnology 74 & B0z TaHTam, © 2022 Microsolt Corparation. © OpenStesiMay Terms

Interactive visualisations are available at: https://www.ipaustralia.gov.au/tools-and-research/professional-resources/data-research-and-
reports/publications-and-repoyts/2022/09/30/hydrogen-technology-patent-analytics
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Keeping pace with
technology

OOOOOOOOOOO

The problem

Keeping pace with threats and opportunities to
Australia’s national interests requires the

Australian Government to make more informed
and strategic decisions on critical technologies.

The solution

Develop tailored and broadly accessible
information about critical technologies.
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Technology analytics What are Australia’s
strengths and weaknesses?

News
Bibliometrics
Investments

Intellectual Property

OOOOOOOOOOO
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Bibliometrics

Metric: Research impact
The research impact is intended to indicate the productivity
of a country or institution. It is not necessarily an indication
of the quality of the research, e.g. a publication may be
cited for the purpose of a negative review.

Research impact * = Scholarly output x (0.05 x Views + 0.5 x
Citations)

Data source: Scopus
Scopus is the largest abstract and citation database of peer
reviewed literature and includes over 21,000 titles from
5,000 publishers.

* ResearchGate, How Research Interest scores are calculated,
https://www.researchgate.net/application.researchinterest.ResearchinterestHelp.html|
last accessed August 2021.
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International Ranking

_ 4 United Kingdom

25% international collaboration

1 China

2 United States

3 Republic of Korea

5 India
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18 International Ranking

InveStments B - united states
I - cr-c:
MetriC: Venture Capital _ 3 United Kingdom
Venture capital investment is mainly related to early-stage B e
businesses that may not yet be on profit, but have a B s vusion Federaton

disruptive business offering with the potential of very
strong growth.

10 Australia

Venture Capital (5USD)

Data source: Crunchbase

Crunchbase maintains data of approximately 1.6 million Five Year Trend

companies and approximately 800,000 investment rounds,
with global coverage.

+28% per annum

Venture capital amount (SUSD)

WIPO FOR OFFICIAL USE ONLY



19 International Ranking

Intellectual property

1 China
2 United States

Metric: Patent Families —

3 Japan

_ 4 Republic of Korea

B oy
Data source: PATSTAT 2021 (Spring edition) | 19 Austral
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Critical technologies

Al, computing and
communications

Biotechnology,
gene technology
and vaccines

Energy and

environment E

Sensing, timing
and navigation

Transportation,
robotics and
space

Additive manufacturing
(incl. 3D printing)

Advanced composite
materials

Advanced explosives and
energetic materials

Advanced magnets and
superconductors

Advanced protection

Continuous flow chemical
synthesis

Coatings

Critical minerals extraction
and processing

High-specification machining
processes

Nanoscale materials and
manufacturing

Novel metamaterials

Smart materials

Advanced data analytics

Advanced integrated circuit
design and fabrication

Advanced optical
communications

Advanced radiofrequency

communications
(incl. 5G and 6G)

Artificial intelligence (Al)
algorithms and hardware
accelerators

Distributed ledgers

High performance computing

Machine learning

Natural language processing

Protective cyber security
technologies

Biological manufacturing

Biomaterials

Genetic engineering

Genome and genetic
sequencing and analysis
(Next Gen Sequencing)

Nanobiotechnology

Nanoscale robotics

Neural engineering

Novel antibiotics and
antivirals

Nuclear medicine and
radiotherapy

Synthetic biology

Vaccines and medical
countermeasures

Biofuels

Directed energy technologies

Electric batteries

Hydrogen and ammonia for
power

Nuclear energy

Nuclear waste management

and recycling

Photovoltaics

Supercapacitors
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Post-quantum cryptography

Quantum communications

(incl. quantum key
distribution)

Quantum computing

Quantum sensors

Atomic clocks

Gravitational-force sensors

Inertial navigation systems

Magnetic field sensors

Miniature sensors

Multispectral and
hyperspectral imaging
sensors

Photonic sensors

Radar

Satellite positioning and
navigation

Scalable and sustainable
sensor networks

Sonar and acoustic sensors

Advanced imaging systems

Advanced aircraft engines
(incl. hypersonics)

Advanced robotics

Autonomous systems
operation technology

Drones, swarming and
collaborative robots

Small satellites

Space launch systems (incl.
launch vehicles and
supporting infrastructure)
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Australian Government

CRITICAL TECHNSLOGIES
FOLICY COORDINATION OF FICE

Key Ausiralian
Govemment Actlions

Hydrogen and
ammonia for power

Example Applications

Underpinning Science

Example Oulcomes

Initiatives * Reduced corbon cnd methane emizzions ANI Siandard Research Classification Cotegory Readiness Level - Now

from increazed utiizafion of alfemafive fuels . 2 - ‘ : SR e e
* Anclytical chemistry * JSome slechic vehicle:, including cor, buzes

fork liffs, construction vehicles, through the
wse of hydrogen fuel cells

* HNofional Hydrogen Strategy
°9 g * Improved :tabilty of the eleciicity gnd : e
» MNofional Hydrogen Roacdmap i N SNy
» Diversified and stoblized energy supply

* Auziralion Rerewable Energy Agency : _ 3 SR * Macromolecular and matenclz chemizhry * Dugkpowered |hydrogen/desel)
|ARENA| - projects '"“p@-ed PP chain I-'e.hgrce o h..se . Rl Chcsniies farming equipment
supply from increased local production )
* Modem Manrufochuring Strategy - of gliemafive fuels « Aviomotive snginesring » Diezelelecinic submannes, such cs the
clean energy priordy . 07 German Type 212
- Qed»\:ec f-’cn:FO"'OhOﬂ ana og‘:f’c: cost: - Chemccl erg"y—“rjng

* Cleon Hydrogen Induszinal Hubz Program from localy producec fuel ) : * Indusinol chemical feedsiock
= -~ . * Bectrical engineering ’
* Clean Energy finence Corporation (CEFC| » Diversified export resources * Hydrogen-fuelled gos turbines
o , e * Bectronics, senzorz and digitol hardware for power production
* Low emissions porinerships with Gemany,

Singapore, Jopon ard the United Kingdom * Fiuid mechanics ond themal engineerng » Hydrogen rocket fue! for space irovel
1 . _ . * Guad clean energy porinership * Motencls engineenng Readiness Level — 2-5 years
Sustainable produchon. sioroge. distnbution R lations * Mechaonical engineenng * Blerding hydrogen in the gas nefwork
and use of hydrogen [H’Z) and ammonia SHURIaTA * Reszource: engineenng ond * Hydrogen infemol combaustion engines

(NH.) for heat and electricity generation. * Auztralicn Energy Market Act 2004 (Cth) axtractive matalurgy

= Ammonic as a camer for hycrogen

r moni tent * Renswoble Energy (Becinciy) = Atomic, molecuicr and opfical physics
HYd ngen Oﬂd aEERersa mepten °| low Act 2000 (Cth) : v e * Ammonic-fuel blend: for
or zero emission, zero-carbon alternatives to : S a3 i « Clasicol physics combusfon engine:
: - 5 : ; : * Rood Vehicle Standards Act 2018 (Cth)
fossil fuels and electric battenes. Apphcohons , » Concenzed mactier physics * Large-:cale hydrogen fuel cels for foctones
> * Ausziralicn Energy Market Agreement
for hydrogen and ammeonia as a fuel source + (Green emmoric production
include aviation and manne fransport, long Reudiness Level - Beyond § years
distance road transport and heating. Ausfralia’s place in the world Opportunities and Risks 3 i":‘.’:"i:';f ”;i G et
“ y !

China ha: the highest research impact in this Sela, The growth of technologies to extract hydrogen and ammonia oz power sources: peesents not only o

sgrificantiy chead of the second-ranked Unifed opportunities for expors o exisiing and emerging markets, but for promoting Australia oz o refable * Fuel for mining vehicles,

Stotes. Ausiralia rarks $™ for research impoct, led source of hydrogen. Hydrogen iz increasingly being considered in other countries’ enengy mixes as long distance fnucic, frain

by the University of New South Wale: ana Curdin a clean source of energy that can coninbute to green energy fargets. For example, Japan has et - Fuel for cargo and container ship
K e S e C 10 rS University which both feghure in the fop on ambitious farget of 300,000 hydrogen fuel cel vehicle: by 2020, with South Korea commitfing fo R : Y
S0 infernctional insfikudes. 430,000 hydrogen fuel cel vehicles by 2030, Australia curently has 14 hydrogen projeci: underway, * Ammonic infernal combusfion engines

with a further 10 projecis of an advanced stoge of development plonning. Theze invesimenis could

¥ : X ; " * Al-ammonia fuel cels
generate more than 8000 jobz, many in regional Ausiralia, and contribute $11 bilion to GDP by 2050.

Vernture copdal |VC| invesiment has incregsed

* Agriculture at around 23% p.a. from 2014-2020, with the

e Energy & Environment

e Construction

* Defence & Defence Industry
* Manufacturng

* Mining & Resources

* Transport & Logistics

Eshmaled impoct on

nahional inferest

Economic Prosperity

X

National Security

United Stctez having the highesf omounts of VC
investment. Canoda, the United Kingdom, Zsael
and the Russian Federnofion make up the fop 5
counkies for VC invesiment. Australic has the 10th
highe:t amount of VC invesiment giobaly.

Patent: in thiz area have been ncreasing by
around 3% p.a. snce 2015. China dominates the
rumber of pabents in this area, with aimost 2 times
the amount of the second-ploced United States,
Australia ranis 19%.

Az arficuicted in the 2019 Nationa! Hydrogen
Shrolegy, the Ausirolion Government recognizes
the imporonce of hydrogen in the country's
ensargy mix O an emenging POWer towce.
Awrsiralia hos the opporfunity fo be wodd leading
in itz uze of hydrogen and ammonia for power,
both in ferms of it res=arch and potenticl export
to overneas markets. Confirual resecrch and
investment o more effectively axtract and siore
hydrogen, s well oz s safe export, could ploce
Ausirafia a: o key export pariner for countres with
energy needs,

Diversfying our export mix to include hydrogen and ammonic oz o sowrce of fuel and power for
curent and emerging markat: may help recduce Ausiraiia’s refionce on fradifionol nofurol resources,
such oz coal. This could budd Australio’s economic resifence to price fuctuofions and geopolifica
octions which may not be in Auztralia’™s economic inferests. Produchon of hydrogen and ammonia
a: clean, alternafive zource: of power may advenely offect other Ausziralia exports, mozt nobtably
codl. f moy ako affect other exporis zuch oz iguefied nohural gos, which = o curent zource of (non-
ciean) hydrogen fuel.

Dome:fic commerciaization of hydrogen ond ammonia & dependert on the compefifvenes:

of energy pricing, especialy oz non-renewable power zource: curentiy provide lower elecincity
generation codis. Furthermore, Ausirdlia's elecinicity grd has nof yet been odopted to genercie
power from hydrogen or ammonia. Further invesiment in our capabilifies, oz weld a: adopfion of
the elecincity gnd, = required o lower cozfs, encowoge domesfic consumption and increaze

the compefifiveness of Ausiralian-zourced hydrogen. There i olzo further oppaortunity fo alievicte
national securnty ond energy nzks through the deceniralza®on of power production ond increozed
source diversity.

Az aliemafive fuel are increasingly adopted as zources for heat and eleciricity, counire: may uze
hydrogen, for exomple, as a sirafegic, geopoliical axzet. Atfempis jo undermine the use or export
of hydrogen may crecte both an economic and siralegic risk for Australia - parficulorly i Australia
seeks to posifion #ze¥f az g key regional supplier of hydrogen. However, fhiz rizk can be mifigafed
through the reinforcement ond fociitofion of free frode, o well a3 export o a voriety of frading
partner: and markels.




Australian Government
IP Australia

Thank you

Q&A

Contact

Dr Catriona Bruce, Head, Patent Analytics Hub, IP Australia
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