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Patent filing trends

2022 WIPO Report Covering: Hydrogen fuel cells
IN transportation

- Key technologies
- Application of these to transportation
« Qutlook for the future
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Comparison of filings in the EV and HFC spaces

Electric vehicles 247,122
Electric road vehicles,
not hybrids 218,878

Fuel cell 206,891

Fuel cells in transportation

o )

Source: WIPO, based on patent data Lexis Nexis PatentSight up to March 2022.

« Roughly 25% of all patent filings in the HFC field are in transport

- BEV patent filings are much higher (ex hybrid)

- Will we see an increase as HFC technology is commercialised more
widely?



Technology breakdown by application field

Rail & Track
Special Vehicles
Aviation

Road

Shipping
Transport Generic

Trucks and Commercial

¥ Alkaline membrane

Distribution by application and fuel cell type Bl DMFC, DAFC, direct of reforming
[ Molten carbonate
PEM technology is clearly dominant, with SOFCs " Phosphoric acid

~———> | Proton exchange membrane

and DMFCs and related technologies also popular B Solid oxide

Source: WIPO, based on patent data Lexis Nexis PatentSight up to March 2022.
Note: DMFC is direct methanol fuel cell; DAFC is direct ammonia fuel cell.



Global patent filings by field of transportation
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Road related patents (cars, tricks, motorcycles) dominate



Filing distribution by patent office

Japan 22,687
China 19,485 —
us. 18,151

Germany [ 12958
Republic of Korea _ 10,050 +  Although the highest total number of patent
filings have been made at the Japanese Patent
wio [ 10046
Office, we expect China to be the most popular
epo [ 8 218 place to patent soon

Source: WIPO, based on patent data Lexis Nexis PatentSight up to March 2022.

Note: EPO is the European Patent Office; WIPO is the World Intellectual Property Organization. WIPO represents PCT filings
and the EPO EP filings. There is an average 18-month delay between patent filing and publication. 2019 is the last year for
which complete data are available.



Key players and the number of HFC road patents

Company
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Active patent portfolios 2000 2005 2010
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Source: WIPQ, based on patent data Lexis Nexis PatentSight up to March 2022.
Note: To analyze the activity of companies we measure the number of active patents in the respective year (cumulative
active patent portfolio, left) as well as the filing activity of these players by counting how many patents were first filed in the

respective years (counting all patents, inactive and active, right).
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Key players in the truck and commercial vehicles sector

Hyundai I e
Toyota I 510
Kia [ a2
oM I 209
W Group N 112
Bosch [N 80
Volvo [ 43
Dongfeng Motor [ 36
Daimler Truck [ 32

Michelin [l 30
Source: WIPQ, based on patent data from Lexis Nexis PatentSight up to March 2022.

- Sector dominated by vehicle manufacturers

« Hyundai leads the patent filings, although Toyota follow closely, in
line with their very broad interest in alternative energy sources



Key players in the automotive sector

Toyota I 2,567
Hyundai I, 1,284
GM [, 664
VW Group [ 565
BMW N 235

Ford [ 207
Vlercedes-Benz Group [l 41

Source: WIPO, based on patent data from Lexis Nexis PatentSight up to March 2022.

- Given their wide-ranging interest in alternative fuels, it is not
surprising that Toyota lead the way in patent filings in the
automotive space

- As with commercial vehicles, Hyundai are also filing heavily to
applications in the automotive sector



Key players in the shipping and marine vehicles sector

Daewoo Shipbuilding &

Marine Engineering 189

KSOE Korea 90

| |
~

Thyssenkrupp

China Shipbuilding
Group

w
[e°]

GE 28

Wartsila - 9

MAN (in: VW Group) [ 6

Maersk I2

Source: WIPO, based on patent data from Lexis Nexis PatentSight up to March 2022.

« This sector is dominated by manufacturers from the Republic of Korea, the
Chinese dominance isn’t evident here



o
Key players in the aviation sector “'

Airbus Group [ 1e2
Safran I 75
Boeing [ es
GE [ 30
Raytheon Technologies [ 38
Rolls-Royce [N 17

ZEROAVIA [l 4

Source: WIPO, based on patent data from Lexis Nexis PatentSight up to March 2022.

- The leader, Airbus, has almost twice as many filings as the second
largest player, Safran

- Airbus have outlined a plan to develop novel hydrogen concepts and
are committed to this technology



Key players in the rail sector

CRRC Group 71

Siemens _ 19
Alstom _ 15
Korea Railroad Res. Inst. _ 13

SNCF 6

JR-East - 3

Source: WIPO, based on patent data from Lexis Nexis PatentSight up to March 2022.

- Chinese players are growing their portfolios, lead by CRRC group

- Alstom are growing their portfolio rapidly, with other filers largely
stable in terms of filing numbers



Conclusions

Dominated by SE Asian players in Japan, South Korea and now China

 PEM technology is the leading technology
« Most filings are to road applications
- Dominated by the car manufacturers

- Patent filings for HFC are significantly below BEV patent filings - at
the moment?



Any questions?
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