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It has become very clear that the climate will (continue to) change dramatically if
humans continue to live as they do now. To have any chance of stopping the global temperature
rise, new technologies must be developed and brought to market - and quickly. At the heart of
mitigating climate change is the challenge of providing and using energy much more efficiently,
as three-quarters of the world's greenhouse gas emissions can be attributed to these sectors.

Patents applications are known to be an early indicator of future technology trends.
The changing dynamics of energy innovation can therefore be seen early on in patent data. Many
relevant studies have been published in recent years by various institutions, including WIPO and
the EPO. Some insights will be summarized in this article.

Since 2000, more than 420,000 patents have been globally filed in the area of low-
carbon energy (LCE). Analysis of worldwide LCE patent applications has shown that up to ten
years ago there was a significant increase. Alarmingly, these numbers went down in the middle of
the last decade — a trend that has only reversed in recent years. However, the number of patent
applications is still much lower than before the mid-decade slump.

Of all LCE international patent families (IPFs), 60% of the respective patent
applications filed from 2015 to 2019 relate to end-use technologies such as transport, buildings,
industrial production, and information and communication technologies (ICT). The transport
sector shows the highest level of patenting activity in the end-use LCE field, with road transport
accounting for the majority. Patent activity in aviation, rail, marine and inland waterway
transportation trail well behind, however steadily growing at an annual rate of 9% on average.
The second major block in LCE end-use technologies is industrial production, where the metal
and minerals processing has seen a significant increase in patent filings in recent years, while
filings in the chemicals and petroleum sectors have declined sharply.

In contrast to patent activity in the area of end-use technologies, the number of

applications in the area of energy supply technologies, such as electricity generation from
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renewable energy sources, has declined over the past decade, which may indicate that these
technologies have reached a mature state. Among LCE supply technologies, technologies related
to solar energy (especially photovoltaics) have generated by far the largest volume of patent
activity, followed by technologies related to wind energy and alternative fuels.

The strongest growth in the LCE sector since 2017 has been in enabling technologies
such as batteries, hydrogen, smart grids, and carbon capture. Enabling technologies are the link
between energy supply technologies and end-use technologies, and therefore play a critical role in
mitigating climate change. Innovations in battery technologies alone accounted for over 55% of
IPFs in this sector from 2010 to 2019, with an annual increase of 13%. Filings in clean hydrogen
generation and storage have also increased, albeit at a much lower level, while IPFs in fuel cells
have declined in recent years.

Looking at the world map, patent filings in Europe outnumber other regions with 28%
of all LCE IPFs between 2010 and 2019, with almost half of it originating from Germany alone.
Japan (25% of all LCE IPFs since 2010) and the USA (20%) are second and third. Whereas
Europe is leader in wind technologies and strong in the railway sector, Japan is top player in
batteries and hydrogen, which gives it an advantage in the automobile sector. The USA is strong
in low-carbon combustion such as alternative fuels, efficient combustion, nuclear as well as
CCUS (carbon capture, utilization and storage) as well as in related end-use sectors such as
aviation. R. Korea (10% of all LCE IPFs) and P.R. China (8%) are important, albeit relatively
small, players, too, showing a sustained increase in LCE patenting activities over the last years.
Korea's main strengths lie in batteries, solar PV technology, energy efficiency in production and
ICT.

U.S. companies remain very active in the fossil energy sector, as evidenced by the fact
that the corresponding IPFs from 2015 to 2019 are almost three times higher than in the LCE
sector. This is in stark contrast to all other major filing regions, where the LCE IPFs have been
(much) higher than those for the fossil sector. For example, Japan and R. Korea filed three and
five times the IPFs, respectively, in the LCE sector compared to the fossil energy sector.

The main LCE applicants are Toyota Motors (JP), Samsung (KR), Panasonic (JP),
General Electric (US), LG (KR), Robert Bosch (DE), Siemens (DE), Hitachi (JP), General Motors
(US) and Ford Motors (US). The ranking of the top 15 applicants include six automotive
companies and six of their main battery suppliers. This highlights the strong competition in the
field of electric vehicles (EV). Interestingly, the Japanese car manufacturers Honda Motor,
Nissan, and Hitachi are the only three of the top 10 applicants in LCE road transport technologies
with a (much) higher percentage of LCE IPFs than IPFs in the sector of internal combustion
engine (ICE).
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In summary : The development of new methods to reduce the carbon footprint is
going in the right direction, but big leaps are needed for the future. The new drivers tend not to be
in energy supply technologies, but in the end-use technologies and in fundamental cross-cutting
technologies such as batteries and hydrogen.



