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ACTIVITY OF PATENTS IN FUEL CELLS AND
HYDROGEN PRODUCTION IN THE CONTEXT OF
PASSENGER CAR FLEET IN THE V4 COUNTRIES

Abstract. The hydrogen market in the world today is capable ovule and em-
pirical evidence on activity of patents in fuel cells and hydrogen production is
limited so far. Patent applications in zero-emission mobility in the aspect of fuel
cells include: DAFC/DMFC&DMFC, PEMFC, SOFC, AFC, PAFC. As for the
patents relating to the hydrogen production, they concern low carbon, electrol-
ysis and inorganic. The purpose of the study was to investigate certain aspects
of the activity of patents in fuel cells and hydrogen production in the context of
passenger car fleet in the Visegrad group (V4) countries and to explore the rela-
tionship between patent registrations and GDP per capita in V4. The research
area relates to the answer to the question of whether a country’s involvement
in zero-emission patent activity (patents in fuel cells and hydrogen production)
could contribute to the renewal of the country’s passenger car fleet. The theses
were formulated as follows: 1) activity of patents in fuel cells and hydrogen pro-
duction in the V4 countries doesn’t depend on the car fleet in these countries,
2) the level of GDP per capita in the V4 countries is not followed by the number
of patents registrations in hydrogen technology, 3) the highest patent activity
in fuel cells and hydrogen production doesn’t mean that the car fleet in these
country will be zero-emission in coming years. The method used in this article is
a comparative analysis, but also the relationships between patent registrations,
GDP per capita and passenger car fleet in V4 are considered

Keywords: patents; zero-emission mobility, fuel cells, hydrogen production, V4,
passenger car fleet.
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Introduction

Innovation in zero-emission mobility and alternatively-powered passen-
ger cars is of particular importance. Patents, and innovations as a result of
them, in fuel cell and hydrogen technology can develop a zero-emission pub-
lic transportation solution. Hydrogen and fuel cell technologies are crucial
in specifications for the safe and efficient use and production of hydrogen.
Transport exhaust emissions are among the largest single sources of air pol-
lution. Important role, in line with the European Green Deal, the European
Climate Law (Hydrogen Europe..., 2021), is played by zero-emission pas-
senger cars. As hydrogen could be the future of transport fuel, hydrogen
technology patents could be essential.
In the pursuit of low-carbon or zero-emission mobility alternatively-

powered vehicles (APVs) play a significant role (Garrett Motion, 2020).
APVs include electrically-chargeable vehicles (ECVs), fuel cell electric ve-
hicles (FCEVs), gas-electric hybrids (HEVs), plug-in hybrid electric ve-
hicles (PHEV), vehicles battery electric vehicles (BEVs), flexible-fuel ve-
hicles (FFVs) and natural gas vehicles (NGV), that use CNG or LNG
and shouldn’t be confused with LPG as alternative fuel (ACEA, Mak-
ing the transition..., 2021). Patents concerning low-carbon energy tech-
nologies play an important role in forecasting new technology (EPO and
OECD/IEA, 2021), especially when it comes to zero-emission mobility.

1. Literature review

1.1. The role of hydrogen in zero-emission mobility
The global movement towards low-carbon economy and zero-emission

mobility has started. These activities include the deployment of alterna-
tive energy towards zero-emission vehicles and increase in the efficiency of
the transport (European Commission, 2016). The use of low-emission alter-
native energy, such as hydrogen is crucial in this process of energy transfor-
mation. Hydrogen as a kind of clean energy (Pudukudy et al., 2014) could
be used in fuel cells, but this technology is still new and ipso facto expensive
(Castonguay, 2009). At the same time hydrogen is pivotal to achieve zero-
emission mobility. Hydrogen can be used to power cars and is generated
from several renewable sources through different conversion techniques like
electrolysis, biochemical and thermochemical conversion, as it is also given
in the next figure 1.
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Activity of Patents in Fuel Cells and Hydrogen Production...

Figure 1
Hydrogen production

Source: Adolf et al., 2021; Pangsy-Kania, Flouros, 2021.

Hydrogen is renewable, highly efficient and produces no pollution. But
next to the benefits it also has disadvantages. From the economical point
of view, the production is expensive and requires expensive hydrogen infras-
tructure (Wen, He, 2018). The problem is achieving acceptable producing
cost of the hydrogen, and it should be possible by 2030 (Staffell et al., 2019).
Hydrogen energy will certainly be important in the energy transition, espe-
cially in the context of the development of mobility and electricity supply.
To this end, it will be necessary to develop cheap, fast and efficient methods
for the production and the storage (NREL, 2019). As a side note, hydrogen
could be used also in industry and at heat homes. Benefits of hydrogen need
holistic consideration in hydrogen supply chain (The Royal Society, 2018).
The hydrogen market in the world today is capable ovule. To the most

advanced countries on the way to the “hydrogen economy” include, among
others United States, Japan, China, Germany, and Australia. A similar sit-
uation applies to the market for powered cars hydrogen fuel cells (Dorociak,
Tomecki, 2019). Hydrogen-powered transport can be a rescue to reduce gas
emissions and reduce smog. For customers, the barrier to the widespread
introduction of such cars is their price and the lack of charging stations
(U.S. Energy Information Administration, 2021).
Developing a clean hydrogen economy will be instrumental in making

the Fit for 55 Package (Hydrogen Europe, 2021). The use of hydrogen in

477

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


S. Pangsy-Kania, A. Romanowska, K. Wierzbicka, K. Kania

energy systems is very complex (Hanley et al., 2018). In ambitious roadmap
aims, to achieve carbon neutrality by 2050, hydrogen has to be taken into
account. Renewable “green” hydrogen could be a future transport fuel to-
ward a low-carbon economy (Pangsy-Kania, Flouros, 2021). In the initiatory
stage of new technology, the results of research are visible in the activity of
patents (Wen, He, 2018). It can be concluded, that patents in fuel cells and
hydrogen production set directions in innovation passenger car fleet.

1.2. Patents by technology – fuel cells and hydrogen production
Patents are path for studying technology developments. However

sometimes innovations may occur outside of the patent’s system (Co-
hen et al., 2000). Patent applications concerning transition to zero-emission
mobility (figure 2) provide new trends in economy. Technological develop-
ment in hydrogen economy are reflected in patents (Sinigaglia et al., 2019).
Patent applications in zero-emission mobility can be divided into technology
concerning fuel cells and hydrogen production.

Figure 2
Patent applications is zero-emission mobility

Source: own elaboration based on FCHO Fuel Cells & Hydrogen Observatory, 2020.

Fuel cells for vehicles remain one of the most high-profile applications of
fuel cells (Moore et al., 2021). Hydrogen fuel and an oxidant, by a chemical
reaction at the electrodes, are converted into electricity and this way they
are generating electric power for vehicles and also for other electric devices
(Busby, Nguyen, 2010; Garrison, 2012). Vehicles with hydrogen fuel cells
emit steam while they are running, and this way zero or near-zero-emission
of harmful exhaust gas (JHFC..., 2015).
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Three groups of technologies play a significant role in hydrogen produc-
tion in the context of zero-emission mobility: low carbon, electrolysis and
inorganic. Patent applications in zero-emission mobility in the aspect of fuel
cells include: DAFC/DMFC&DMFC (Zhao, Chen, 2009; Scott, Xing, 2012),
PEMFC (Weber et al., 2012), SOFC (Sanson, Gondolini, 2021), AFC (Gul-
zow, Schulze, 2008; Murahashi, 2009), PAFC (Weber et al., 2012; Sudhakar
et al., 2018). As the article concerns the patent activity in the V4 countries
a short description of the Visegrad Group was presented below.

2. Passenger car fleet in the V4 countries

2.1. Brief characteristics of V4 countries
All the activities of the Visegrad Group (Visegrad Four or simply V4),

which includes Poland, the Czech Republic, Hungary, and the Slovak Re-
public are aimed at strengthening stability in the Central European region
(Visegrad Group, 2018). The Visegrad countries’ entranced into the EU
in 2004. The population of the Visegrad Group countries is almost 64 mil-
lion citizens, and the total area is 533,613 square kilometers. Almost 38 m.
citizens live in Poland, almost 11 m. in the Czech Republic, almost 10 m.
in Hungary, and 5.5 m. in the Slovak Republic. Czech Republic has the
highest GDP per capita. In Poland, Hungary, and the Slovak Republic it is
about USD 34,000 PPP (table 1).

Table 1

Main indicators of the V4 countries, 2019

Total
popula-
tion
(m.)

Total
area
(km2)

GDP
(current
USD,
billions)

GDP
per
capita
(PPP
USD)

GDP
growth
2019

(annual %)

Unemploy-
ment
(%)

Inflation
(%)

Public
debt

(% GDP)

Poland 37.97 312,683 595.9 34,431.2 4.5 2.3 2.9 46.0

Czech Republic 10.63 78,867 250.7 43,299.6 2.3 2.0 2.9 30.2

Hungary 9.78 93,028 163.5 34,507.1 4.6 3.4 3.4 66.3

Slovak Republic 5.45 49,035 105.1 34,066.9 2.3 5.8 2.8 48.0

Source: own elaboration based on The World Bank, 2020; International Monetary Fund,
2020.

The highest share of GDP occurs in the Slovak Republic, and the lowest
in the case of Poland. The same is true with merchandise trade as a share
of GDP (Slovak Republic 176%, Poland 91%). In all analyzed countries,
GDP growth in 2019 was lower than in 2018. This was a sign of the be-
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ginning of the crisis connected with the economic cycle, which in 2020
was aggravated by the announcement of the coronavirus pandemic [Blake,
Wadhwa, 2020].
Among the Visegrad Group countries, the highest unemployment rate

is in the Slovak Republic (5.8%), and the lowest is in the Czech Repub-
lic (2.0%). Inflation in all the V4 countries reaches around 2%. The highest
public debt is observed in Hungary (66.3%) and the lowest in the Czech
Republic (30.2%) (Pangsy-Kania, 2021). Only the Slovak Republic has the
euro, the rest of the V4 countries have national currencies.
In all V4 countries there are 36.5 m. passenger cars (table 2). Number of

cars per capita is the highest in Hungary – one car is for 2.6 inhabitants (it
means 0.39 cars per capita), and the lowest rate is in Poland (1.6 inhabitants
per one car, that is 0.64 cars per capita).

Table 2

Total number of passenger cars in the V4 countries

Total number
of cars

Number of cars
per capita

Number of inhabitants
per one car

Poland 24,360,166 0.64 1.56

Czech Republic 5,924,995 0.56 1.79

Hungary 3,812,013 0.39 2.57

Slovak Republic 2,393,577 0.44 2.28

Source: own elaboration based on Eurostat, 2021.

The largest car fleet is therefore in Poland, then in the Czech Republic,
the Slovak Republic and Hungary. It should be emphasized that the role
of the automotive industry in the V4 countries is much greater than in the
other EU countries and is of key importance for the development of these
countries’ economies (Frelichowski, 2019). Simultaneously, the presence of
low-emission vehicles in all V4 countries is low, which may be surprising
given the extent to which the economies of all four countries are dependent
on the automotive industry. Poland is distinguished by a large share of
the automotive component production sector, while in the Czech Republic,
the Slovak Republic and Hungary the most important role is played by
vehicle and main component factories (engines) (Forum Energii..., 2021).
The countries of Visegrad Group also share some structural problems, such
as low purchasing power and low R&D expenditure. Moreover, Poland and
the Czech Republic have ambitious plans to produce their own electric cars
(Zgut et al., 2019) Now, let’s analyze the passenger car fleet in the Visegrad
Group countries.
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2.2. Passenger car fleet
The European Union counts 569 passenger cars per 1.000 inhabitants

(Gourtsilidou, 2021). In reference to the data contained in the table 2, the
highest car density among the V4 countries is in Poland – 642 passenger
cars per 1,000 inhabitants, and Hungary, where half of all households don’t
have an own car, has the lowest – 390 passenger cars per 1,000 inhabitants.
In the Slovak Republic the passenger car density counts 439 cars per 1,000
people and in the Czech Republic it is 557 cars.
In the aspect of new registered passenger cars in V4 (table 3), as in all

countries in 2020 compared to 2019, declines were recorded – as a result of
the announcement of the Covid pandemic. The largest decrease was recorded
in Croatia (– 42.8%), and the smallest was recorded in Norway (– 0.7%).

Table 3

New registered cars in the V4

2020 2019 Change (%)

Poland 428,347 555,598 – 22.9

Czech Republic 202,971 249,915 – 18.8

Hungary 128,021 157,900 – 18.9

Slovak Republic 76,305 101,568 – 24.9

Source: own elaboration based on Finnish Information Centre of Automobile Sector, New
registered cars..., 2021.

The oldest passenger car fleet is in Lithuania, Estonia and Romania
(more than 16 years), while Luxembourg, United Kingdom, Austria, Ireland,
Switzerland and Denmark have the youngest (less than 9 years). Passenger
cars are now on average 11.5 years old in the European Union. The newest
cars are in Luxembourg (6.5 years) (ACEA, Average age of..., 2021).
Average age of passenger cars in the V4 countries are as follows (from

the youngest to the oldest): Hungary – 13.5 years, the Slovak Republic
– 14.0 years, Poland – 14.1 years, the Czech Republic – 14.9 years. If we
analyze the passenger car fleet according to the age of cars (table 4), it turns
out that the oldest fleet is in Poland and Hungary. However, data for the
Slovak Republic are lacking. 77.97% of total passenger cars in Poland counts
more than 10 years. In Hungary it is 72.62%. At the same time the smallest
share of the newest cars can be found in Poland – only 6% of total passenger
car fleet have less than 2 years. Cars by age between 2 and 5 years represent
10% of total passenger vehicles in the Czech Republic, in Hungary 7.19%,
and in Poland 5.43%. The share of cars aged 5–10 is similar in Poland and
Hungary (about 11%), while in the Czech Republic it is 16.78%.
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Figure 3
Average age (in years) of passenger cars in the V4 countries compared

to some European countries, 2019

Source: own elaboration based on ACEA, Average age of..., 2021; Finnish Information
Centre of Automobile Sector, Average age of..., 2021.

Table 4

Passenger car fleet in the V4 countries by age of cars, % share, 2019

Number of cars by age

0–2 years 2–5 years 5–10 years 10–20 years over 20 years

Hungary 8.60 7.19 11.59 57.67 14.95

Slovak Republic data not available

Poland 5.80 5.43 10.80 40.08 37.89

Czech Republic 11.84 10.00 16.78 61.38 0.00

Source: own elaboration based on Eurostat, 2021.

The dominant fuels are still petroleum and diesel. Hungary has the
largest share of gasoline – 66.4% of the total and the Slovak Republic has
the largest share of diesel (44.3%). At the same time the Slovak Republic has
the lowest share of petroleum among other V4 countries (51.7%). The share
of hybrid electric (HEV) and electrically chargeable (ECV), which include
battery electric and plug-in hybrid, is negligible in all analyzed countries
(ACEA, Vehicles in use..., 2021).
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Data concerning vehicle passenger car fleet in the V4 countries from
the point of view of fuel type was presented in figure 4. Alternatively-
powered cars exceed just 4.6% of the total EU car fleet (ACEA, Passenger
car fleet..., 2021). In Poland it is 15.2%, in the Slovak Republic 3.9%, in
Hungary 2.2%, in the Czech Republic 1.3%. Surprising is the high share of
alternatively fueled cars in Poland. It must be underlined that 13.6% of pas-
senger car fleet are LPG fueled. No country in the EU has such a high share
of LPG in vehicles in use, by fuel type. The average of the EU is 0.1%. In the
Czech Republic LPG as fuel of passenger cars counts 0.1%, in Hungary 0.7%
and in the Slovak Republic 2.0%.

Figure 4
Passenger cars in use, by fuel type, % share, 2019

Source: own elaboration based on ACEA, Passenger car fleet..., 2021.

On Europe’s roads only 0.8% of all cars are hybrid electric, while in
Hungary it is 1.0%, in the Slovak Republic 0.4%, and both in Poland and
the Czech Republic each account for only 0.3% of the total. Battery electric
cars count 0.2% of all passenger car fleet in Hungary, in the Slovak Repub-
lic 0.1%, in Poland 0.0% and in the Czech Republic 0.0%. When it comes
to plug-in hybrid powered cars – in Hungary it is 0.2% of all passenger car
fleet, in Poland, the Czech Republic and the Slovak Republic it is 0.0%.
But 0.0% does not mean that there are no battery electric or plug-in hybrid
cars in these countries at all. Although the share of electric cars in the fleet
is growing month by month, but in general statistics it is still a small per-
centage. For example, by the end of April 2021, 25,438 electric cars were
registered in Poland, of which 11,761 were battery electric (46.2% of ECV),
and 13,677 were plug-in hybrids (53.8% of ECV). Although the pace of
growth of the electric car segment is very dynamic, but the figures them-
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selves are not particularly impressive – they are still small (below 1% of new
car registrations).
It should be assumed that because the majority of the passenger car

fleet are over 10 years old, in the coming years they will not be replaced so
quickly with battery electric or plug-in hybrid cars, and even more so with
hydrogen-powered ones, because the main problem is the low income of
inhabitants in the V4 countries vs. high price of innovative cars and poorly
developed charging infrastructure.
For comparison, almost 48% of all new cars registered in the EU run

on petrol. Diesel accounts 28%. Hybrids account for 11.9%, while 5.4% bat-
tery electric and 5.1% plug-in hybrids, of total car sales. There is a visible
growing trend in the use of “new fuels” [ACEA, Passenger car fleet..., 2021;
ACEA, Fuel types of new passenger cars..., 2021; ACEA, Fuel types of new
cars..., 2021; OICA, 2021]. Sweden represents a market share of 32.2% of all
electric car in the EU, Netherlands: 25%, Finland: 18.1%, Denmark: 16.4%,
Germany: 13.5% [ACEA, Interactive map..., 2021]. In Poland, the Czech
Republic, the Slovak Republic and Hungary, electromobility is at an early
stage of development. In the last three years, however, the Visegrad Group
countries have recorded a stable and dynamic growth in both the number
of electric vehicles used and their charging points [Mizak, 2021], although,
as it was mentioned before, in the statistics it is still not much.

3. Materials and Methods

Patents are monopoly rights granted by Patent Offices in respect of
inventions which are new, inventive and industrially applicable. For many
inventions patents are the only source of published technical information re-
lating to the underlying principles upon which an invention is founded. The
universally accepted patent classification system is the International Patent
Classification (IPC). During the process of seeking granted patent rights,
the disclosed invention is assessed by patent examiners (Moore et al., 2021).
Patent data used in this article was obtained from Fuel Cell and Hydro-

gen Observatory (FCHO, 2021). Raw data was extracted from the PatBase
database on 15–17 February 2021 by project partner HGF. Global patent
activity data was obtained from the World Intellectual Property Organi-
zation (WIPO). The global data on patents for the period 2014–2020 pro-
vides an indication of the evolution of research and development activities
in the fuel cells sector, as well as of hydrogen deployment and comparable
technology patent applications. Patent applications for mobile fuel cells out-
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pace those for stationary and portable fuel cells. Also data for comparable
technologies are included (batteries, battery accumulators, alternative fuel
sources) (FCHO, 2021).
The number of published PCT applications concerning renewable en-

ergy is divided into four sectors: solar power, wind energy, geothermal and
fuel cells (Nurton, 2020). This article examines the state of recent patent ac-
tivity in zero-emission mobility in Poland, the Czech Republic, Hungary and
the Slovak Republic. Patents were divided into two main groups: fuel cells
and hydrogen production. The method used in the work is a comparative
analysis, but also the relationships between patent registrations, GDP per
capita and passenger car fleet in V4 are considered.

4. Results

4.1. Activity of patent registrations in technology of fuel cells
and hydrogen production in the V4 countries
It’s worth starting with the fact that China is consistently the leading

filer of overall patent applications in recent years, with the number of filings
increasing annually (figure 5). In terms of the rankings of the top 5 offices,
the United States Patent and Trademark Office had the largest number of
published fuel cell patent applications between 2014 and 2017, and China
recorded the greatest number of filings in 2018 and 2019 (Moore et al., 2021).

Figure 5
Published fuel cell patent applications vs total patent applications

in years 2014–2019 at Top 5 Patent Offices

Source: Moore et al., 2021.
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In years 2014–2020 the highest total number of patents in fuel cell and
hydrogen production technology was in China – 11,231, then in USA –
9,817, Canada – 1,543, Germany – 951 and Australia – 880 (FCHO, 2021).
The number of patent registrations in technology of fuel cells and hydrogen
production in the V4 countries in terms of other European countries was
presented on figure 6.

Figure 6
The number of patent registrations in technology of fuel cells

and hydrogen production in European countries

Source: own elaboration based on FCHO, 2021.

Among the V4 countries, most of patent registrations in technology of
fuel cells and hydrogen production are in Poland. In the Slovak Republic
they are negligible. Detailed data on this subject are included in the ta-
bles 5, 6, 7 and 8. Based on the figure 2 patent applications in zero-emission
mobility were divided into technology concerning fuel cells and hydrogen
production.
Patent activity understood as the sum of patents in fuel cell technology

and hydrogen production in years 2014–2020 is presented in the figure 7a.
In addition, the activity per 1 million inhabitants in individual V4 countries
was presented in figure 7b.
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Table 5

Patent registrations in technology of fuel cells and hydrogen production
in Poland

Sector Technology 2014 2015 2016 2017 2018 2019 2020

Fuel cells DAFC/DMFC & DMFC 1

PEMFC 1 1 2

SOFC 2 3 4 1 4 2 4

AFC 1 1

PAFC 1 1

Hydrogen production Low Carbon 4 1 5 5 20

Electrolysis 3 1 6 7 10 14

Inorganic 2 1 4 6 3

Source: own elaboration based on FCHO, 2021.

Table 6

Patent registrations in technology of fuel cells and hydrogen production
in the Czech Republic

Sector Technology 2014 2015 2016 2017 2018 2019 2020

Hydrogen production Low Carbon 2 3 2 4

Electrolysis 1 4

Source: own elaboration based on FCHO, 2021.

Table 7

Patent registrations in technology of fuel cells and hydrogen production
in Hungary

Sector Technology 2014 2015 2016 2017 2018 2019 2020

Fuel cells DAFC/DMFC & DMFC 1

PEMFC 1

SOFC 1 3 2

Hydrogen production Low Carbon 1 1 2 2 2

Electrolysis 1 1 1 2 3 2

Inorganic 1 1

Source: own elaboration based on FCHO, 2021.

Table 8

Patent registrations in technology of fuel cells and hydrogen production
in Slovak Republic

Sector Technology 2014 2015 2016 2017 2018 2019 2020

Hydrogen production Low Carbon 1

Electrolysis 1

Source: own elaboration based on FCHO, 2021.
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Figure 7
Patents in fuel cell technology and hydrogen production

in years 2014–2020 in the V4 countries:
(a) sum of patents; (b) number of patents per 1 million inhabitants

Source: own elaboration based on FCHO, 2021.

The leader among the V4 countries is Poland. The number of all
patents in fuel cell technology and hydrogen production in years 2014–2020
counted 121 in Poland and 76% of them were concentrated in hydrogen
production, what means 92 patent applications. In the V4 countries, there
is dominance of patents in the field of hydrogen production over fuel cell
technology (figure 8). And in the case of the Czech Republic and the Slovak
Republic there is no patent activity in fuel cell technology.

Figure 8
Activity of patents in technology of fuel cells and hydrogen production

in the V4 countries

Source: own elaboration based on FCHO, 2021.
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In the case of Poland most of patents in hydrogen technology were
in 2020 (Finnish Information Centre..., New registered cars..., 2021), and
in the case of Hungary in 2019 (Wen, He, 2018). In the Czech Republic 8
were in 2020 and it was the most from the point of view of the activity
analysis in 2014–2020. There is practically no activity concerning hydrogen
technology in the Slovak Republic. Activity of patent in hydrogen technology
in the V4 countries in years 2014–2020 was presented in figure 9.

Figure 9
Activity of patent in hydrogen technology in the V4 countries

in years 2014–2020

Source: own elaboration based on FCHO, 2021.

To sum up, Poland stands out from the background of the V4 countries
when analyzing patent activity in technology of fuel cells and hydrogen pro-
duction. In fuel cells sector, there is activity in the field of patents related to
SOFC, and in the aspect of hydrogen production prevails technology of elec-
trolysis. In the Czech Republic, where in years 2014–2020 were 16 patents,
the most of them refers to technology in low carbon. In Hungary, as in
the case of Poland, the most patents in refers to SOFC and technology of
electrolysis. The Slovak Republic’s low activity relates only to technology
of low carbon and electrolysis. It should be emphasized that the activity of
the V4 countries in the field of patents in hydrogen technology is low and
only the activity of Poland is increased year by year. At the same time, it
should be added that in the world this activity is high only in the case of
a few countries.
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4.2. Relationship between patent registrations and GDP
per capita in V4
Figure 10 describes the relationship between GDP per capita and the

sum of patents registrations between 2014 and 2020 in V4 countries. Despite
that the Czech Republic had the highest GDP per capita among V4 group
in 2020, the number of patents registered by the country is relatively low.
Other members of V4 have a comparable level of GDP per capita, but
the number of patent registrations differs among these countries. Poland
significantly outstands from the others with the highest number of patents
registered in 2014–2020.

Figure 10
Relation between GDP per capita in 2019 and the sum of patents

registered in 2014–2020

Source: own elaboration based on table 1 and tables 5–8.

The activity of V4 in patents registrations was compared to the GDP
per capita in 2014–2020 taking into account yearly data. Figure 11 demon-
strates the pace of increase in new patents registrations in each country.
While in Poland and Hungary GDP per capita increase was almost identical
through the analyzed period, the pace of increase in new patents registra-
tions in Poland which was 17.3 new patents a year on average was much
faster than in Hungary where, on average, 4 new patents were registered
annually.
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Figure 11
Relation between GDP per capita and the cumulated number

of patents in 2014–2020

Source: own elaboration based on The World Bank, 2020 and tables 5–8.

4.3. Relationship between patent registrations and
passenger car fleet in V4
Since the activity in patents registrations is not to be related to the level

of welfare in V4 countries, we decided to look at the relationship between
the patents registrations and passenger car fleet characteristics. Figures 12a
and 12b demonstrate the share of new cars (aged 0–2 years) and the share of
the oldest cars (aged over 20 years) in relation to the activity in patents reg-
istrations. Pearson correlation coefficient was calculated showing that there
is no significant relation between the data. The share of new cars is nega-
tively correlated to the sum of patents (r = – .90, p= .29), while the share
of old cars is positively correlated to the sum of patents (r = .96, p= .19).
We also looked at the relationship between the sum of patents and the

share of cars powered by alternative fuels (which means other than diesel
and petroleum powered cars). Figure 13 demonstrates that Poland stands
out from other V4 in terms of both the number of patents and share of al-
ternatively powered cars, which are significantly higher. There seems to be
a positive relationship between both, however, not proved to be significant
(r = .94, p= .06).
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Figure 12
Relation between the sum of patents registered in 2014–2020

and % share of cars by age in 2020:
(a) cars aged 0–2 years old, (b) cars aged over 20 years old

Source: own elaboration based on tables 4–8.

Figure 13
Relation between the sum of patents registered in 2014–2020

and % share of cars powered by alternative fuels

Source: own elaboration based on figure 4 and tables 5–8.
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Conclusions

The results of our analyses show that the level of GDP per capita in
V4 countries is not followed by the number of patents registrations in hydro-
gen technology. Poland significantly stands out from other V4 with the high-
est number of patents registered between 2014 and 2020 (121 patents) and
the highest pace of increase in patents registrations (on average 17.3 patents
a year), while in the much wealthier Czech Republic the number of patents
was 16 only with average increase of 2.3 patents a year. This shows that
there must be other factors behind patent activity in V4 than economic
welfare.
In similar, the activity in patents registration was not proved to be

related to the passenger car fleet in terms of cars age distribution. Both the
highest share of new cars and the lowest share of old cars were observed
in the Czech Republic where the activity in patents registrations was much
lower than in Poland or Hungary. In Poland, where the number of patents is
the highest, a large proportion of cars (almost 40%) is aged above 20 years
old. Moreover, it can be predicted that if electric cars become dominant
in Western Europe, Poland will receive old gasoline and diesel cars, which
will be imported, for example, from Germany, France, Italy or Spain.
However, V4 is composed of four countries, and thus, statistical analyses

are based on limited number of data points. Therefore, we must be careful
with drawing conclusions on the relationships between activity in patents
registrations and countries’ characteristics.
To sum up, activity of patents in fuel cells and hydrogen production

in V4 countries doesn’t depend on the car fleet in these countries. The level
of GDP per capita in V4 countries is not followed by the number of patents
registrations in hydrogen technology. Patent activity in fuel cells and hydro-
gen production is the highest in Poland. Based on the analysis, the theses
were confirmed. But the subject of patent activity in the field of hydrogen
technologies requires constant observation and research, because it is a new
topic and future-oriented problem. The challenges that will be faced in the
coming years by car manufacturers and their suppliers, as well as customers,
will be related to megatrends that change mobility (electro-mobility) and
may bring tangible benefits to the economies of the V4 countries.

R E F E R E N C E S

ACEA European Automobile Manufacturers’ Association (2021), Average age of
the EU vehicle fleet, by country. https://www.acea.auto/figure/average-age-
of-eu-vehicle-fleet-by-country/ (accessed October 20, 2021).

493

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


S. Pangsy-Kania, A. Romanowska, K. Wierzbicka, K. Kania

ACEA European Automobile Manufacturers’ Association (2021), Fuel types of new
passenger cars in the EU. https://www.acea.auto/figure/fuel-types-of-new-
passenger-cars-in-eu/ (accessed October 10, 2021).

ACEA European Automobile Manufacturers’ Association (2021), Fuel types of
new cars: battery electric 7.5%, hybrid 19.3%, petrol 41.8% market share
in Q2 2021. https://www.acea.auto/fuel-pc/fuel-types-of-new-cars-battery-
electric-7-5-hybrid-19-3-petrol-41-8-market-share-in-q2-2021/ (accessed Oc-
tober 10, 2021).

ACEA European Automobile Manufacturers’ Association (2021), Interactive map –
Affordability of electric cars, correlation market uptake and national income.
https://www.acea.auto/figure/interactive-map-affordability-of-electric-cars-
correlation-market-uptake-and-national-income-2021-update/ (accessed Oc-
tober 10, 2021).

ACEA European Automobile Manufacturers’ Association (2021), Making the tran-
sition to zero-emission mobility. Enabling factors for alternatively-powered
cars and vans in the European Union, ACEA, https://www.acea.auto/files/
ACEA progress report 2021.pdf.

ACEA European Automobile Manufacturers’ Association (2021), Passenger car
fleet by fuel type, European Union. https://www.acea.auto/figure/passenger-
car-fleet-by-fuel-type/ (accessed October 20, 2021).

ACEA European Automobile Manufacturers’ Association (2021), Vehicles in use
Europe. https://www.acea.auto/files/report-vehicles-in-use-europe-january-
2021-1.pdf#page=14.

Adolf J., Balzer C.H., Louis J., Schabla U., Fischedick M., Arnold K., Pastowski A.,
Schuwer D. (2017), Shell Hydrogen Study: Energy of the Future? Sustain-
able Mobility through Fuel Cells and H2, Shell. https://www.shell.com/
energy-and-innovation/new-energies/hydrogen/ jcr content/par/keybenefits/
link.stream/1496312627865/6a3564d61b9aff43e087972db5212be68d1fb2e8/
shell-h2-study-new.pdf.

Blake P., Wadhwa D. (2020), Year in Review: The impact of COVID-19 in 12 charts,
(2020). https://blogs.worldbank.org/voices/2020-year-review-impact-covid-
19-12-charts (accessed October 10, 2021).

Busby J.R., Nguyen L. (2010), Hydrogen Fuel Cells: Part of the Solution, Technol.
Eng. Teach. 70, 22–27. https://eric.ed.gov/?id=EJ907351 (accessed Octo-
ber 18, 2021).

Castonguay S. (2009), Green Technologies: Electric Cars with Hydrogen Fuel Cells,
WIPO Mag. 2. https://www.wipo.int/wipo magazine/en/2009/02/article 00
09.html.

Cohen W.M., Nelson R.R., Walsh J.P. (2000), Protecting Their Intellectual Assets:
Appropriability Conditions and Why U.S. Manufacturing Firms Patent (or
Not). Working paper 7552. https://doi.org/10.3386/W7552.

494

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Activity of Patents in Fuel Cells and Hydrogen Production...

Dorociak M., Tomecki M. (2019), Wodorowa alternatywa. Raport 2019, 300 Gospo-
darka, 2019. https://static.300gospodarka.pl/media/2019/04/alternatywa
wodorowa raport.pdf.

EPO and OECD/IEA (2021), Patents and the energy transition. Global trends in
clean energy technology innovation.

European Commission (2016), A European Strategy for Low-Emission Mobility
COM(2016) 501 final.

Eurostat (2021), (n.d.). https://ec.europa.eu/eurostat (accessed October 20, 2021).

FCHO Fuel Cells & Hydrogen Observatory (2021), Total patent registrations,
(n.d.). https://www.fchobservatory.eu/observatory/patents (accessed Octo-
ber 20, 2021).

Finnish Information Centre of Automobile Sector (2021), Average age of passenger
cars in European countries, https://www.aut.fi/en/statistics/international
statistics/average age of passenger cars in european countries (accessed
October 20, 2021).

Finnish Information Centre of Automobile Sector (2021), New registered cars
in Europe, (n.d.). https://www.aut.fi/en/statistics/international statistics/
new registered cars in europe?sort column=0&sort direction=0 (accessed
October 20, 2021).

Forum Energii: Elektromobilność może być szansą Grupy Wyszehradzkiej (2021).
https://biznesalert.pl/forum-energii-mizak-grupa-wyszehradzka-elektro
mobilnosc/ (accessed October 20, 2021).

Frelichowski W. (2019), Motoryzacja w Europie. Polska i kraje Grupy Wyszehradz-
kiej napędzają rynek. https://www.motofakty.pl/artykul/motoryzacja-w-
europie-polska-i-kraje-grupy-wyszehradzkiej-napedzaja-rynek.html (accessed
October 20, 2021).

Garrett Motion (2020), Garrett Fuel Cell Electric Vehicles Whitepaper, Hydrogen
Fuel Cell Vehicles to Accelerate Electrification in the Global Auto Industry,
www.garrettmotion.com.

Garrison E. (2012), Solid Oxide Fuel Cells, (n.d.). https://mypages.iit.edu/∼smart/
garrear/fuelcells.htm.

Gourtsilidou M. (2021), Which European countries have the oldest and newest cars
(the average age of passenger cars). https://ceoworld.biz/2021/02/15/which
-european-countries-have-the-oldest-and-newest-cars-the-average-age-of-
passenger-cars-2021/ (accessed October 20, 2021).

Gulzow E., Schulze M. (2008), Alkaline fuel cells, in: Mater. Fuel Cells, Elsevier.
https://doi.org/10.1533/9781845694838.64.

Hanley E.S., Deane, J. Gallachóir B.Ó. (2018), The role of hydrogen in low carbon
energy futures – A review of existing perspectives, Renew. Sustain. Energy
Rev. 82 3027–3045. https://doi.org/10.1016/j.rser.2017.10.034.

Hydrogen Europe (2021), Position paper on the “Fit for 55 Package”. https://www.
hydrogeneurope.eu/publications/.

495

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


S. Pangsy-Kania, A. Romanowska, K. Wierzbicka, K. Kania

Hydrogen Europe, H2ero Net, Hydrogen Europe Position Paper (2021), Unlocking
the potential of clean mobility: the revision of CO2 emission standards for
cars and vans. https://www.hydrogeneurope.eu/.

International Monetary Fund, (2020) IMF Data. https://www.imf.org/en/Data (ac-
cessed October 20, 2021).

JHFC Japan Hydrogen & Fuel Cell Demonstration Project (2015), Mechanism
of FCV, (n.d.). http://www.jari.or.jp/portals/0/jhfc/e/beginner/about fcv/
index.html (accessed October 18, 2021).

Mizak J. (2021), Elektromobilny Wyszehrad – stan, perspektywy i wyzwania, War-
saw. https://fppe.pl/elektromobilny-wyszehrad-stan-perspektywy-i-wyzwania/.

Moore C., Slope L., Thrippleton S., Chapter 5 2021 Patent Report, 2021. https://
www.fchobservatory.eu/ (accessed October 18, 2021).

Murahashi T. (2009), FUEL CELLS – PHOSPHORIC ACID FUEL CELLS /
Electrolytes, in: Encycl. Electrochem. Power Sources, Elsevier, https://doi.
org/10.1016/B978-044452745-5.00278-1.

NREL (2019), Systems Analysis, (2021). https://www.nrel.gov/hydrogen.

Nurton J. (2020), Patenting trends in renewable energy, WIPO Mag. https://www.
wipo.int/wipo magazine/en/2020/01/article 0008.html.

OICA International Organization of Motor Vehicle Manufacturers (2021), Alterna-
tive Fuels, (n.d.). https://www.oica.net/category/auto-and-fuels/alternative-
fuels/ (accessed October 20, 2021).

Pangsy-Kania S. (2021), Bilateral trade by products between the V4 countries and
China in years 2009–2019, “Studies in Logic, Studies in Logic, Grammar and
Rhetoric” 2021, vol. 66, DOI: 10.2478/slgr-2021-0026.

Pangsy-Kania S., Flouros F. (2021), Toward a low-carbon future – the role of re-
newable “green” hydrogen in EU countries in the context of transport, in:
K.S. Soliman (Ed.), Proc. 37th Int. Bus. Inf. Manag. Assoc. Conf., Interna-
tional Business Information Management Association.

Pudukudy M., Yaakob Z., Mohammad M., Narayanan B., Sopian K. (2014), Renew-
able hydrogen economy in Asia – Opportunities and challenges: An overview,
Renew. Sustain. Energy Rev. 30 (2014) 743–757. https://doi.org/10.1016/
J.RSER.2013.11.015.

Sanson A., Gondolini A. (2021), Solid Oxide Fuel Cells, in: Encycl. Mater. Tech.
Ceram. Glas., Elsevier, https://doi.org/10.1016/B978-0-12-818542-1.00007-2.

Scott K., Xing L. (2012), Direct Methanol Fuel Cells, in: 2012: pp. 145–196. https://
doi.org/10.1016/B978-0-12-386874-9.00005-1.

Sinigaglia T., Freitag T.E., Kreimeier F., Martins M.E.S. (2019), Use of patents as
a tool to map the technological development involving the hydrogen economy,
World Pat. Inf. 56, 1–8. https://doi.org/10.1016/j.wpi.2018.09.002.

496

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Activity of Patents in Fuel Cells and Hydrogen Production...

Staffell I., Scamman D., Velazquez Abad A., Balcombe P., Dodds P.E., Ekins P.,
Shah N., Ward K.R. (2019), The role of hydrogen and fuel cells in the global
energy system, Energy Environ. Sci. 12, 463–491. https://doi.org/10.1039/
C8EE01157E.

Sudhakar Y.N., Selvakumar M., Bhat D.K. (2018), Biopolymer Electrolytes for
Fuel Cell Applications, in: Biopolym. Electrolytes, Elsevier, https://doi.org/
10.1016/B978-0-12-813447-4.00005-4.

The Royal Society (2018), Options for producing low-carbon hydrogen at scale,
London.

The World Bank (2020), DataBank. https://databank.worldbank.org/home.aspx
(accessed October 20, 2021).

U.S. Energy Information Administration (2021), Use of hydrogen. https://www.eia.
gov/energyexplained/hydrogen/use-of-hydrogen.php.

Visegrad Group (2018), (n.d.). https://www.visegradgroup.eu/ (accessed Octo-
ber 10, 2021).

Weber A.Z, Balasubramanian S., Das P.K. (2012), Proton Exchange Membrane
Fuel Cells. https://doi.org/10.1016/B978-0-12-386874-9.00003-8.

Wen C., He G. (2018), Hydrogen station technology development review through
patent analysis, Clean Energy. https://doi.org/10.1093/ce/zky006.
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