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Objectives of the study

Use the combined expertise of EPO and IEA  Cartography of hydrogen-related technologies
to map patent data to hydrogen technologies. !

End-use applications
of hydrogen

Storage, distribution
and transformation

Hydrogen production

Use international patent families (IPFs) as a
key metric to track innovation in those
technologies Improvements

to established
technologies

Natural gas reforming Storage by compression

Chemical production
(methanol and ammonia)

From other fossil fuels Storage by liquefaction

As a by-product Pipelines, ships, trucks

Key queStlonS Auxiliary equipment
(pumps, valves etc.)

§ How advanced are new hydrogen
technologies in different parts of the value
chain, and how fast are they advancing?

of which, integrate CCUS
or avoid CO,

of which, for vehicle
refuelling

Transport
(road, air, waterborne, rail)

Transformation to a liquid Buildings (heat and power)

§ Is innovation in low-emissions hydrogen emerging hydrocarbon fuel
OutpaC|ng that |egacy hydrogen prOdUCtlon :;:i::lt:gdi‘;; Electrolysis of water Reconvgs;;grt;fgil:monia Electricity generation
methOdS') climate concerns

Reversible storage in

From biomass or waste a liquid (LOHC)

Iron and steel production

§ Which are the leading countries and key
players in critical hydrogen technologies?

Other water splitting
technologies

Reversible storage in Upgrading of biofuels

asolid

. . . Notes: Refining is not analysed in the report due to the difficulty of reliably assessing the relevance of hydrogen in inventions for which a
§ Where ShOUld |nnovat|0n Efforts be dlrectedr) patent application has been filed in this field. Due to indistinguishability of technologies, methods for the production of ammonia from
hydrogen are included only under chemical production applications and are omitted from hydrogen transformation, despite recent inventive
effort to find new means of integrating ammonia and low-emission hydrogen production. Other end-use applications may be directly based
on hydrogen, as well as on ammonia and methanol derived from hydrogen.
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Global patenting in hydrogen is led by Europe and Japan, with
the US losing ground in the period 2011-2020.

Share of international patenting and revealed technology advantage by main world regions
and value chain segments (IPFs, 2011-2020)
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Innovation in established technologies is dominated by the
chemical industry, but new heavyweights are from the

automotive sector

Top international applicants in established
technologies and technologies motivated
by climate (IPFs, 2011-2020)

Top 4 — Motivated by cl

Top 4 — Established

Air Liquide (FR)

Linde (DE)

Air Products (US)

BASF (DE)

Toyota (JP)

Hyundai (KR)

Honda (IP)

Panasonic (JP)
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More than 80% of later-stage investment in hydrogen start-ups
going to companies which had already filed a patent application.

Amount raised (USD) Number of deals /companies
~ 6.00bn i 6.09bn ] 600
Share o_f funding accruing to start-ups, __ -
by funding stage, 2000-2020 0.01by 23500
5.00bn 505 . 500
Note: Funding deals are only included for companies that were founded between
2000 and 2020. The reference date with respect to the patent filing is the earliest 4.50bn 450
priority date calculated for the set of patent families assigned to the specific
company. Cleantech Group, Crunchbase and Dealroom have been used as data 4.00bn 400
sources for funding rounds. Early-stage funding contains the following investment
types: Seed, Series A, Series B. Later-stage funding contains the following
investment types: Series C-F. IPO/post-IPO stage: non-equity type transactions are #50kn 3440n 350
not included in this stage. Reported funding at the post-IPO stage is limited to private
investments in public equity types of investments, thus excluding additional public 3.00bn 300
shares issues.
2.50bn 250
O 247
2.00bn 21 200
150bn 150
1.00bn 2 100
2.03bn &8
0.50bn 56 50
0.00bn &0 0
Early stage ) Later stage ' IPO/post-IPO stage

[ | After filing application M Before filing application B Mo patent Number of deals 4 Number of companies
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Patenting has already seen a major shift towards alternative,
low-emission methods, anticipating a boom for electrolysers.

Alkaline PEM SOEC

Origins of inventions related to electrolysers
and manufacturing capacity

Current

manufacturing capacity ‘.5 0
(total: 7 GW)

Planned capacity

for 2025

(total: 47 GW)

International
patent families
(2011-2020)
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Thank you for your attention!

Yann Méniere
Chief Economist
ymeniere@epo.org
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