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Abstract: Currently, hydrogen and electric drives used in various means of transport is a leading
topic in many respects. This article discusses the most important aspects of the operation of vehicles
with electric drives (passenger cars) and hydrogen drives. In both cases, the official reason for
using both drives is the possibility of independence from fossil fuel supplies, especially oil. The
desire for independence is mainly dictated by political considerations. This article discusses the
acquisition of basic raw materials for the construction of lithium-ion batteries in electric cars, as well
as methods for obtaining hydrogen as a fuel. The widespread use of electric passenger cars requires
the construction of a network of charging stations. This article shows that, taking into account the
entire production process of electric cars, including lithium-ion batteries, the argument that they
are ecological cannot be used. Additionally, it was indicated that there is no concept for the use
of used accumulator batteries. If hydrogen drives are used in trains, there is no need to build the
traction network infrastructure and then continuously monitor its technical condition and perform
the necessary repairs. Of course, the necessary hydrogen tanks must be built, but there must be
similar tanks to store oil for diesel locomotives. This paper also deals with other possibilities of
hydrogen application for transformational usage, e.g., the use of combustion engines driven with
liquid hydrogen. Unfortunately, an optimistic approach to this issue does not allow for a critical view
of the whole matter. In public discussion, there is no room for scientific arguments and emotions
to dominate.

Keywords: energy transformation; energy consumption; climate policy; energy in transport; energy
savings; climate policy

1. Introduction
Drive Efficiency

Electric drives are used in various means of transport. The most common application is
public transport, i.e., passenger cars [1], trams, trolleybuses [2], and buses, electric multiple
units [3] or cycles [4]. Similarly, the aviation industry is considering the use of electrical
technology and power electronics in cargo aircrafts [5]. Cars for the transport of goods
(trucks) with electric drive did not go beyond the research area. However, passenger cars
have entered the market quite recently. However, hydrogen-powered means of transport
(FC) appeared about two decades ago. This drive is most often used in rail passenger
transport, e.g., Siemens Mireo Plus H and Alstom Coradia iLint, and is currently used for
passenger transport. Passenger cars equipped with fuel cells, although they are already in
production (Toyota Mirai, Honda FCV Concept, Roewe 950 Fuel Cell, Audi Sportback A
7 h-tron Quottra, Hyundai Tucson Fuel Cell), are still not widely used.

Energies 2023, 16, 4400. https://doi.org/10.3390/en16114400 https://www.mdpi.com/journal/energies

https://doi.org/10.3390/en16114400
https://doi.org/10.3390/en16114400
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0002-7318-5187
https://orcid.org/0000-0002-4613-830X
https://orcid.org/0000-0003-2947-7980
https://doi.org/10.3390/en16114400
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en16114400?type=check_update&version=1


Energies 2023, 16, 4400 2 of 22

In an internal combustion engine, the energy contained in the fuel (gasoline, oil, LPG)
is converted into useful work [6]. Unfortunately, conversion of the form of energy into
the engine is associated with a number of losses (Figure 1). First, an insignificant fraction
of the fuel is not converted into ideal combustion products. In turn, the second law of
thermodynamics states that only a small part of this energy can be converted into useful
work. It is related to the thermodynamic efficiency and the change of heat in the work [7].
The energy of combustion is largely lost as a result of heat dissipation in conjunction with
hot combustion gases, as well as thermal radiation and heat transfer [8] through the surfaces
of the combustion chamber [9].
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Figure 1. Overview of energy losses in a typical internal combustion engine [10].

In these devices, the chemical energy of the fuel is converted into electrical energy
with a theoretical efficiency of 83% (Figure 2) [11]. Among the many advantages of fuel
cells, it is worth highlighting the following [12]:

• unlike engines operating on the basis of the Carnot cycle, the maximum efficiency of
energy conversion in fuel cells is at non-zero power;

• pure water is the product of conversion of chemical energy of hydrogen into electricity;
• electricity generation in applications with power ranging from milliwatts [mW] to

megawatts [MW] is continuous, as long as substrates for electrochemical reactions
are supplied.

According to an official of the European Commission, the whole world is in the process
of producing electric cars. Europe has to massively produce batteries in massive amounts
in Europe. In China, there should be 80 new electric car models by the end of 2023. The
United States and India are building new production capacities. We in Europe build the
best cars in the world, but we must not chain ourselves to the past. E-cars will be cheaper
than combustion engines in the long run [13]. This transformation only makes sense if
everyone is involved. Many people who are addicted to cars cannot afford expensive
models. There will soon also be a market for used cars. It is our concern as social democrats
that it becomes affordable for everyone. Change is inevitable, but we must make it socially
just. Then, everything will be more expensive. The European government has to say where
to go. That is the advantage of Europe, that we can provide long-term legislation [14].
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Figure 2. Efficiency of various types of drives (based on [11]).

According to the French Economy Minister Bruno Le Maire recently, all industrialised
nations will return to nuclear power. The member states decide for themselves which
energy sources they use. If the prices of renewables go down, you have to recalculate and
compare the total costs for nuclear power plants. It takes a very, very long time to build
nuclear power plants, and there are still risks related to waste, but also other environmental
risks. This must also be taken into account. I am not at all ideological about this. I am
disappointed that nuclear power is being made an ideological debate in Europe [14].

2. The Principle of Fuel Cell Operation

In hydrogen fuel cells, a chemical reaction of oxygen and hydrogen takes place, the
effect of which is the energy generated during the reaction. Cells are made of an electrolyte
Proton-Exchange Membrane—PEM [15] with a catalyst layer on both sides (Figure 3).
Hydrogen atoms are led to a porous anode, where they are oxidised by giving up electrons,
and hydrogen cations (protons) are formed [16]. However, in the cathode, oxygen reacts
with electrons, reducing to the oxide anions O2−. Then, protons (hydrogen cations) migrate
through the semipermeable membrane to the second layer of the catalyst, the cathode [17].
After reaching the cathode, hydrogen cations react with oxide anions, resulting in water (in
vapour or liquid form). During this time, electrons that cannot pass through the membrane
reach the cathode through the electrical circuit, generating a current that allows the devices
to be powered [18]. The efficiency of hydrogen cells is 94.5%, which is the highest among
known and used drives [19].
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3. Application of Hydrogen Fuel

A chart that ranks the different uses of clean hydrogen according to their cost ef-
fectiveness is presented in Figure 4. The German government aims to make Germany
greenhouse gas neutral by 2045. By 2030, CO2 emissions will already fall by at least 65%
compared to the base year 1990, and by at least 88% by 2040. These goals are laid down
in the recently amended Climate Protection Act and require an acceleration of the energy
transition. The key building blocks for this are the accelerated expansion of renewable
energy and an increase in energy efficiency. In addition, so-called sector coupling is playing
an increasingly important role, i.e., the direct or indirect use of electricity from renewable
energies for previously unelectrified applications in transport, the heating sector and in-
dustry. According to Dr. Wolf-Peter Schill and Martin Kittel, hydrogen is going to become
the saviour in the energy transition. It cannot be electrified directly or comfortably enough
to be powered by hydrogen. Accordingly, the German government attributes an important
role to hydrogen in the decarbonisation of the German economy. Our series of articles aims
to take a closer look at the plans of the federal government and shed light on concrete areas
of application, especially in the automotive sector. What is technically possible should also
be tested for efficiency and scalability [20].

Energies 2023, 16, x FOR PEER REVIEW 5 of 24 
 

 

 

Figure 3. Diagram of a hydrogen fuel cell [18]. 

3. Application of Hydrogen Fuel 

A chart that ranks the different uses of clean hydrogen according to their cost 

effectiveness is presented in Figure 4. The German government aims to make Germany 

greenhouse gas neutral by 2045. By 2030, CO2 emissions will already fall by at least 65% 

compared to the base year 1990, and by at least 88% by 2040. These goals are laid down in 

the recently amended Climate Protection Act and require an acceleration of the energy 

transition. The key building blocks for this are the accelerated expansion of renewable 

energy and an increase in energy efficiency. In addition, so-called sector coupling is 

playing an increasingly important role, i.e., the direct or indirect use of electricity from 

renewable energies for previously unelectrified applications in transport, the heating 

sector and industry. According to Dr. Wolf-Peter Schill and Martin Kittel, hydrogen is 

going to become the saviour in the energy transition. It cannot be electrified directly or 

comfortably enough to be powered by hydrogen. Accordingly, the German government 

attributes an important role to hydrogen in the decarbonisation of the German economy. 

Our series of articles aims to take a closer look at the plans of the federal government and 

shed light on concrete areas of application, especially in the automotive sector. What is 

technically possible should also be tested for efficiency and scalability [20]. 

 

Figure 4. Different uses of clean hydrogen; A-B hydrogen cleanness scale—A-very clean, 

environmental neutral, G-potentially harmful to the environment [21]. 

  

Figure 4. Different uses of clean hydrogen; A-B hydrogen cleanness scale—A-very clean, environ-
mental neutral, G-potentially harmful to the environment; *—Via ammonia or e-fuel rather than H2
gas or liquid [21].

4. The Question, the Answer to Which Is the Foundation of Further Analysis: How Is
Hydrogen Obtained?
4.1. Fundamentals of Hydrogen Technologies

Hydrogen can be produced by a variety of processes. Currently, thermochemical
processes are used most often, in which hydrogen is released from organic materials (fossil
fuels, biomass, water) [22]. Hydrogen gas can be produced from hydrocarbon fuels by
three basic technologies [23]:

• steam reforming (SR);
• partial oxidation (POX);
• auto thermal reforming (ATR).

However, these technologies produce large amounts of carbon monoxide (CO), which
is converted to carbon dioxide (CO2) in the next step. This contradicts today’s dominant
argument about giving up cars equipped with internal combustion engines.
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Currently, the dominant source of hydrogen production is natural gas (Figure 5) [23].
It accounts for around half of the annual global self-consumption hydrogen production of
around 70 million tonnes. This is about 6% of the global consumption of natural gas [24,25].
The main hydrogen producers in the European Union are shown in Figure 6. Hydrogen
can be obtained by decomposing water (H2O) into hydrogen (H2) and oxygen (O2) using
electrolysis or solar energy. Since 70% of electricity in the EU is generated by burning
fossil fuels, converting one form of energy into another, taking into account the inevitable
losses at each stage, defeats the purpose—it is senseless. So, the conviction of various
institutions that currently opt for this solution is a lie (greenwashing again) or a lack of
knowledge resulting from ignorance of basic scientific facts. There is also the possibility of
obtaining hydrogen in biological processes, where it is produced by microorganisms, such
as bacteria and algae. The idea of using microorganisms to produce energy appeared more
than 100 years ago, and work on microbial fuel cells (MFCs) was intensified in the 1960s
and 1970s [26–28].
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Currently, 48% of the produced hydrogen is produced as a result of the reforming of
methane using steam, 30% from crude oil (mainly in refineries), 18% from coal and the
remaining 4% from water electrolysis. The majority of hydrogen produced today is the
so-called “Gray hydrogen”, which currently dominates the market. It is obtained from
fossil fuels, primarily from natural gas and coal. Natural gas is converted into hydrogen
and carbon dioxide under heat in what is known as steam reforming. CO2 escapes unused
into the atmosphere and, thus, increases the greenhouse effect. Depending on the source
and the mix of electricity, the production of one tonne of hydrogen generates around ten
tonnes of CO2—a considerable amount [22,30].

The current efficiency of hydrogen production in the electrolysis process is approxi-
mately 75%, but it is expected to reach 90% in the future [31]. To produce 1 kg of hydrogen
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at a temperature of 25 ◦C and a pressure of 1 atmosphere, 39 kWh of electricity and 8.9 litres
of water are needed [32].

A promising method for hydrogen production in the future may be the electrolysis of
water. Electrolysis is a process in which a direct current flowing through two electrodes
immersed in an electrolyte causes the disintegration of the chemical bonds of a water
particle, resulting in its disintegration into oxygen and hydrogen atoms, and then their
emission in the form of gases. Currently, this process produces about 4% of the hydrogen
in the world [33]. The electrolysis of water, or its breakdown into hydrogen and oxygen, is
a well-known method that began to be used commercially as early as 1890. It should be
noted that the factor necessary to carry out electrolysis is the electric current. If we take
into account the fact that in the EU, 80% of electricity is produced as a result of burning
fossil fuels, in the current situation, the production of hydrogen as an ecological fuel,
a substitute for, for example, petroleum products, is a lie, or it results from someone’s
ignorance—tertium non-datur.

4.2. Direct Solar Water Splitting Processes

Among the processes that remain in the stage of laboratory research and have not yet
been implemented in industry is the splitting of a water molecule into hydrogen and oxygen
atoms using solar energy. The advantage of this method is its very low environmental
impact, as well as the long-term potential for sustainable hydrogen production.

4.3. Biological Processes

A method of low-emission hydrogen production may be the production of this gas as a
result of biological reactions of bacteria and microalgae (Figure 7). Currently, these methods
are in the research stage; however, they have the potential for sustainable hydrogen produc-
tion with a low environmental impact. One of them is the photobiological decomposition
of water, which takes place in a photobioreactor. Some algae produce hydrogen using
sunlight [34,35]. The condition for this process is the removal of sulphur; then, the alga
produces hydrogen in the photosynthesis process [36]. At the present time, methods of
obtaining hydrogen in biochemical reactions are burdened with many problems, among
which the most important are the achievement of economic competitiveness in relation
to other methods of obtaining hydrogen and the achievement of high efficiency in the
conversion of solar energy into chemical energy stored in hydrogen molecules.
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Some of the hydrogen is produced from salty water by evaporation. Most often, such
reservoirs with large water surfaces are created artificially, and salt water is obtained from
mines. However, the raw brine produced during the operation of lithium mines in salt
lakes can change the physicochemical properties of the soil, leading to its salinisation. This
time again there is interference in the natural environment.

It is worth looking at the methods of hydrogen production in light of ecology and econ-
omy combined. These two aspects cannot be considered separately. Currently, the production
of green hydrogen is very expensive. If it is expensive, it means that in a market economy, the
costs of this production are borne by the last link in the chain—that is, the consumer. Green
hydrogen is produced from water using regenerative energies in an electrolysis process. The
water molecule is divided into two elements: oxygen and hydrogen. If only electricity from
renewable sources is used, hydrogen is considered CO2-free—even if the production of a
wind turbine, for example, is not completely climate-neutral [30].

Grey hydrogen does not make ecological sense (Figure 8). Blue hydrogen is produced
mainly in the technology of steam reforming of natural gas, i.e., methane. The products of
such a process are hydrogen, carbon monoxide or carbon dioxide (again, failure). With this
technology, the energy consumption to produce a hydrogen unit is much lower than in the
electrolysis process.
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Decarbonizing the global economy is currently the goal of environmentalists and
politicians. Unfortunately, neither the former nor the latter seem to be aware of the con-
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sequences of acting within the framework of modern possibilities. Scientific facts do not
appeal to politicians.

According to the analysis of Robert W. Howarth and Mark Z. Jacobson, blue hydrogen
means only a few percentage reductions in emissions compared to grey hydrogen [38].
Although its combustion is cleaner than burning coal or oil, it should be remembered that it
is a greenhouse gas. A ton of methane released into the atmosphere warms the atmosphere
twenty times more than a ton of carbon dioxide. Further, the carbon footprint caused by
blue hydrogen is larger than that of burning methane, diesel or coal.

Blue hydrogen is actually grey hydrogen, so it is produced by fossil fuels (Figure 9).
The key difference is the CO2 produced is separated, collected and injected into suitable
geological formations deep underground; therefore, it does not escape into the atmosphere.
In English, one speaks of carbon capture and storage, or CCS for short. In balance, blue
hydrogen is considered CO2-neutral. Possible deposits are, for example, former oil or gas
deposits and rock layers containing salt water. In Germany, the process has so far been
used in pilot and test projects. Norway announced at the end of 2020 that it would invest
1.5 billion euros in the construction of a large CCS storage facility [30].
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It turns out that the reason for this is mainly methane leaks from mining and pro-
duction installations (about 3.5%). Taking this factor into account, the carbon footprint of
burning methane or hard coal for heating purposes is 20% less than the carbon footprint
of blue hydrogen. On the other hand, diesel fuel consumption is up to 60% lower [38]. In
summary, after thorough research and analysis, it turns out that new ecological solutions
of hydrogen drives can be more harmful than those currently used [39].

There are, of course, many other productions ways, e.g., turquoise hydrogen is hydro-
gen that has been produced via the thermal cracking of methane—the so-called methane
pyrolysis. Solid carbon is produced instead of CO2. This process is CO2-neutral if the
high-temperature reactor is operated with renewable energy sources. Of course, the carbon
produced must be permanently bound. One advantage of this process is that carbon is
easier to store than CO2 and could be used, for example, in the chemical and electronics
industries or in road construction. Compared with the production of green hydrogen using
electrolysis, methane pyrolysis is said to require only a fifth of the energy. However, so
far, the process has only been tested on a laboratory scale. With funding from the Federal
Ministry of Research, BASF has built a test facility in Ludwigshafen, which is scheduled to
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go into operation in the coming months after the test has been completed. Politically, green
hydrogen is the focus of interest [30].

5. The Concept of a Modern Hydrogen Drive

Nowadays, the hydrogen drive in trains is implemented according to the scheme
hydrogen cells—accumulator battery—electric motors (Figure 10).
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Already today, such a solution brings about the desired effects of reducing CO2
emissions to the atmosphere (Figure 11). However, a calculation that does not take into
account the overall impact of a product on the environment is selective and, therefore,
mendacious and erroneous (again, greenwashing).
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6. Lithium Production

An important element of the propulsion system, e.g., in electric trains and electric cars,
is the batteries from which the current is drawn to drive electric motors. Currently, almost
exclusively lithium-ion batteries are used. Lithium, as a rare earth element, is obtained in
opencast mining (80%). For this reason, the use of these batteries has a very serious impact
on the environment. Opencast mining causes devastation to the natural environment. The
growing demand for lithium contributes to an increase in demand and, thus, to an increase
in production.

Currently, the demand for lithium in the European Union is about 6000 t of lithium
per year, but by 2030, it is expected to increase by 108,000 t (18 times), while in 2050, the
demand for this element is expected to be 360,000 t, that is, 60 times the consumption
in 2020 [42].
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The processing of the lithium-rich ore that is mined generates pollution, which also
has a very negative impact on the surrounding environment. Off-gases can be generated
during the crushing, screening and unloading of the ore. On the wastewater other hand,
that generated is the result of dewatering after flotation, sedimentation of waste and solid
waste, such as processing slag.

Lithium is obtained through open-pit mining (spodumenes) and by evaporating brine
from salty water reservoirs [43]. These are currently two main industrial ways of obtaining
lithium [44]. From the mined ores, lithium is obtained by limestone calcination, the sulfuric
acid method, the chloride method and the pressure brewing method.

The dominant method of lithium extraction is open-pit mining, but underground
mines also occur. The extracted ore is subjected to traditional enrichment, which consists
of grinding, the separation of lithium minerals and their concentration by the flotation of
heavy liquids. The products are concentrates (spodumene or lepidolith) containing 6–7%
Li2O (75–87% spodumene) and are used for the production of lithium carbonate. Higher
purity concentrates (7.6% Li2O) are used in the ceramic industry [44].

The limestone calcination method has serious disadvantages, such as having a too low
lithium content in the leach solution, very high energy consumption and a low lithium
recovery rate. For this reason, and due to severe environmental pollution, the Chinese
company CITIC Guoan stopped using this method. In turn, the sulfuric acid method
requires the use of a large amount of sulphuric acid, forcing manufacturers to use expensive
equipment with high anticorrosion properties. Of course, the sulfuric acid must be disposed
of/neutralised after the lithium extraction process.

Another method of obtaining lithium from mined ore, chlorinated roasting, also has a
number of disadvantages. These include, in the environmental aspect, the need to protect
the equipment against corrosion in the roasting process and the use of sodium carbonate
to precipitate lithium in one of the production stages. Sodium carbonate is a highly toxic
agent and must also be disposed of. Another pressure cooking method is similar to the
sulfuric acid method. It has shorter process times and lower costs, but it has more stringent
requirements for process conditions.

The lithium extraction process uses a lot of fresh water, up to 1890 L per metric ton [45].
The lithium refining methods presented above result in the generation of impurities.

The consequence of using the calcination and leaching method will be environmental
pollution, because the spray drying process generates a large amount of acid mist and
fluorine-containing gas [46].

Are there alternative methods of obtaining lithium? Such technologies are, for example,
lithium extraction from salty waters, especially from natural brines, which have been
developed very intensively in recent years. The basic method for obtaining lithium from
brines is the ion exchange method, which is environmentally friendly. It is used to extract
lithium from low-concentration brines and seawater [47]. Unfortunately, the process of
producing adsorbents is complicated.

The cost of obtaining 1 t of lithium carbonate in the rock extraction process and
subsequent extraction is approximately PLN 2.54 thousand, while the cost of obtaining 1 t
of lithium carbonate from brines is on average PLN 5.58 thousand. USD [42].

And lithium prices are breaking records; currently (13 September 2022), the price of
lithium carbonate in China has reached the level of 495.5 thousand yuan per tonne (PLN
325.85 per tonne). Just five years ago, a ton of lithium carbonate cost five times less than
it does now (Figure 12). This is due to the fact that the supply has not been able to keep
up with the growing demand for a long time, despite the economic slowdown. It is a
nightmare for automotive companies. The need to build their own lithium production
plants is being considered. Yet, it will not come from this deposit [48].
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According to a tweet from the World of Statistics, lithium prices per ton were as follows:
The occurrence of lithium deposits is shown in Figure 13. The largest lithium producers

in the world are Chemetall (USA/Chile), SQM (Chile), Admiralty Resources (Australia and
South America) and CITIC Guoan Lithium (China).
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According to Goldman Sachs, the battery used in the Tesla Model S car uses enough
lithium to produce batteries for more than 10,000 smartphones [51].

In addition, the Taliban’s takeover of Afghanistan, and thus the largest lithium deposit
in the world, also means an increase in the cost of lithium-ion batteries. Analysts estimate
that by 2040, the demand for lithium will increase 40 times, which means an increase in
lithium prices and, consequently, an increase in the prices of electric vehicles (EVs) [45].

However, providing lithium for the production of lithium-ion batteries is not every-
thing. Another element that is necessary for battery production is cobalt. For example, an
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85 KWh battery is built using 8 kg of cobalt. The Bloomberg Intelligence report indicated
that the current level of growth in sales of electric cars will increase the demand for this
element by 9300% by 2040. According to preliminary data published by the US Geological
Survey, in 2021, global cobalt production reached an all-time high thanks to electric car
manufacturers. It is worth noting that about half of the cobalt used in the world comes
from Katanga, where minors, among others, are employed to extract it—minors, including
even seven-year-old children. In turn, in the Congo, about 35–40 thousand children work
in its extraction. In the Democratic Republic of the Congo (DRC), which extracts almost
70% of the world’s cobalt production used in lithium-ion batteries used in mobile phones,
laptops and electric cars, adults and children mine cobalt with their bare hands, earning a
dollar a day [52].

It is not widely known that in addition to lithium, rare earth metals, such as dys-
prosium, lanthanum, neodymium and praseodymium, are needed for the production of
electric cars. The world leader in the extraction and production of these metals is the
People’s Republic of China [53]. Do European Union officials want to make us dependent
on the Chinese economy?

Electric cars have been successfully sold for 10 years, and their life cycle is defined as
a maximum of 20 years. These simple calculations show that even before 2030, electric cars
will appear at scrapping points. However, there is currently no market for recycling lithium-
ion batteries. Although there are no reliable calculations of scraping costs, processing
techniques have not been developed so far, and it is not known what damage it will entail
to the environment [53].

Although manufacturers of cars with combustion engines can guarantee buyers that
these cars can reach a mileage of 300–400,000 km, producers of electric cars cannot guarantee
the long-term operation of cars without a complete replacement of all batteries. What is
more, current users of electric cars report that the range of their car depends very much
on the temperature outside. The lower the temperature, the shorter the range of the
car. If someone else would like to connect a trailer to their electricity car to transport
something, then the range drops drastically. In addition, it is well known that the capacity
of rechargeable batteries decreases with time.

The media is increasingly reporting on electric car fires. This is due to several reasons.
First of all, these are new cars, so interest in them is very high. Second, there are more and
more electric cars and hybrids every year, and each of these accidents causes a sensation,
so there are more and more statistically similar accidents. At the same time, the risk of fire
is much higher in the case of internal combustion engines than in electric cars. However,
extinguishing a fire in an electric car involves much greater involvement of extinguishing
agents and a much longer time of extinguishing operations. Most importantly, in an
extinguished electric car, self-ignition can occur, which is initiated by the battery, in which
the cells are still smouldering [54].

The factor that causes ignition is lithium or, more precisely, a gas that is released when
the liquid (battery electrolyte) reacts with lithium. The problem with extinguishing it is that
the batteries are sealed in housings so that no external medium enters the battery or flows
out from inside the battery. For this reason, during an electric car firefighting operation,
the main goal is to cool it down, which requires huge amounts of water. In some countries,
special extinguishing containers are used during the firefighting operation of electric or
hybrid vehicles (Figure 14) [55].

Of course, there is always a solution to this. So, Renault has patented a solution called
Fireman Access: a special cover is built into the top cover of the battery, which melts under
the influence of heat (e.g., flames) and reveals the inside of the battery. Due to this, during
the firefighting operation, firefighters direct a stream of water through the side window
directly to the cells. This action lasts five minutes [55].
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Figure 14. A container for extinguishing electric vehicles, manufactured by Ekombud, belonging to
JRG-5 Kraków [55].

There is also a new solution from Rosenbauer Polska Sp. z o.o. (Palmiry, Poland),
in which a special nozzle is hammered into the accumulator (Figure 15). Then, through
the nozzle, water is supplied to the accumulator, which fills its entire interior, cooling the
accumulator [56].
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Figure 15. Li-ion battery extinguishing system in Rosenbauer electric cars [56].

There is no getting away from the question of what to do with used lithium-ion batter-
ies. Since the demand for them will increase in the near future in an almost exponential
progress, the number of batteries used will also increase. One of the methods of managing
this waste is the possibility of recovering the lithium and cobalt contained in the electrode
powder of used lithium-ion batteries [57]. Unfortunately, this method is acid leaching with
nitric, hydrochloric, phosphoric or sulphuric acids, which, depending on the reducer used,
allows the recovery of 100–95% Li and 99–54% Co. Again, it has little to do with ecology.
Of course, all the problems that arise from the use of these inorganic acids have prompted
scientists to replace them in the leaching process with organic acids. However, work on the
broad implementation of these changes is still ongoing.
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It is also the question of the job market. The challenge will be to retrain the employees.
The new automotive industry does not need fewer people, but new skills. We need people
who can no longer handle cylinders, but can handle batteries and IT. The battery industry
alone needs 800,000 people in Europe. Yes, we need all employees. We already have a skills
shortage. I cannot accept that we only want to solve this with immigration. First of all,
our people in Europe should get a new education, including those who are already 50 or
55 years old. I come from a coal region. When the pits where my grandfathers worked
were closed, no thought was given to what people can do now. It was humiliating not
to have any alternatives. Today, we have the ability to keep people in the industry. We
must never repeat the mistake we made with solar cells. They were invented in Germany
and adopted by the Chinese. We must shape and develop our industry with values and
knowledge. We thought too long that we could do it only with combustion engines. We are
now seeing e-mobility switching across the world. If we miss this development, then we
lose our leadership role [14].

The last aspect related to the use of batteries in electric cars much larger than in cars
with a classic drive is the increase in the weight of “electric cars” by about 300 ÷ 700 kg (in
the electric SUV, Audi e-tron Sportback, the battery pack is up to 700 kg, while the battery
of the Tesla Roadster 2 is about 0.8 ÷ 1.2 tons, depending on the source of information [58]).
Scientists have detected particles of polymers and other materials, including metals and
other materials derived from car tires, in the bodies of fish [59,60]. In cars with increased
weight, the phenomenon of tire wear as a result of friction with the road surface will be
even more intense. This will result in an increase in the emission of particles into the natural
environment. These particles that enter the bodies of fish will be consumed by humans.

Considering the benefits of using hydrogen propulsion in trains, in addition to eco-
logical factors, the possibility of reducing engine operating noise or its almost complete
elimination by resigning from a noisy internal combustion engine should also be considered.
In general, three different sources of railway noise have been identified [61]:

• engine noise;
• rolling noise;
• aerodynamic noise.

Engine noise is most significant at lower speeds of up to about 30 km/h, eye noise at
speeds greater than 30 km/h and aerodynamic noise at speeds greater than 200 km/h.

Analysis of methods to minimise rail noise emission in an urban agglomeration in [62]
showed that there is no method that would guarantee a 100% effect. Each method has
certain advantages and disadvantages and limited effectiveness.

As can be seen from the quoted facts, for large population centres, e.g., in cities or large
agglomerations, the benefits of using hybrid trains are almost imperceptible in this respect.

Perhaps the solution to some of the above-mentioned problems is the common use of
FCVs (fuel cell vehicles), such as passenger cars and buses [15,16,63].

7. Economical Aspects

The financial world seems to confirm the future immense role of hydrogen; it is
expected that it is the technology of the 21st century, and there is no way around it if
the energy supply is to become climate neutral by 2050, one of the driving forces could
be hydrogen.

The market has been awash with hydrogen stocks for the past time. Meanwhile, the
hype surrounding many stocks has died down, and the wheat has been separated from the
chaff. As a result, many hydrogen stocks have recently fallen sharply. That is exactly what
now offers to the investors “THE” opportunity to invest in this lucrative sector. Because
right now (2023), the courses offer interesting entry levels, and even more profit can be
achieved. Despite the natural corrections on the share markets, the information for the
entire hydrogen sector is excellent, because it is to be expected that ahead of us lies a
historical megatrend that is just in its infancy. The potential is enormous because the entire
industry will continue to grow strongly in the coming years and decades.
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The sector is also receiving a powerful boost from politics. The national hydrogen
strategy was already adopted under Angela Merkel’s government. The current government
is also massively investing in green energy sources and investing billions with the aim of
establishing Germany as the global market leader in the field of hydrogen in the long term.

Further, according to politicians, it seems to be very clear: „Für uns ist klarer denn je:
Die Zukunft gehört Windkraft, Solarenergie, und grünem Wasserstoff.” (For us it is clearer
than ever: the future belongs to wind power, solar energy, and green hydrogen)—Federal
Chancellor Olaf Scholz [64].

If you can trust the forecasts of various experts, hydrogen is one of the next big boom
sections in this world. According to the market research company QYResearch, the global
sales volume in the industry is expected to increase eightfold over the next four years. The
industry currently has sales of around USD 5 billion. According to market researchers,
by 2026, sales should be around USD 40 billion. There is support from the Association
of German Machine and Plant Builders. This assumes that in Europe alone in the field
of car fuel cell components, sales of eleven billion euros could be possible by 2040. Not
entirely unimportant: according to the VDMA, almost 70,000 new jobs could be created in
Germany alone.

If investing directly in hydrogen shares is too risky for you, so-called ETFs are available.
With these, investors can benefit from the performance of specially created hydrogen
indices. The L&G Hydrogen Economy UCITS ETF has been a pure hydrogen share ETF
since February 2021. This replicates the performance of the Solactive Hydrogen Economy
Index. This hydrogen share ETF includes securities from Ballard Power, Daimler, Linde,
Plug Power, Powercell Sweden and Weichai, among others. As an alternative to a pure
hydrogen share ETF, there are also some alternative ETFs. These include, for example,
ETFs for the Hydrogen Strategy Index, the World Hydrogen Index or the E-Mobility
Hydrogen Index [65].

Finally, it is worth dealing with the crowning argument of part of the human popula-
tion that human activity affects climate change in the world, especially those changes that
we have observed over the last half century all over the world, e.g., the increase in average
temperatures in Europe. A hundred years ago, the Serbian scientist Milutin Milankovitch
hypothesised and then proved that the Earth’s climate is influenced by the three most
important cyclical factors [66]:

• the shape of the Earth’s orbit, especially its eccentricity, because the Earth’s orbit
around the Sun does not follow a perfect circle;

• angle of inclination of the Earth’s axis relative to the plane of the Earth’s orbit around
the sun;

• the change in the angle of inclination of the axis of rotation in which the Earth’s axis is
pointing is known as precession.

Milanković analysed and studied how variations in these three types of Earth’s orbital
motions affect the amount of solar radiation that reaches Earth’s upper atmosphere. It
turned out that cyclical orbital movements cause fluctuations of up to 25% of the amount
of insolation on the Earth between 30 ÷ 60◦ south and north latitude [67].

In addition, it is a scientific fact that the sun has the greatest impact on changes in
the Earth’s climate and, specifically, its activity in the so-called sun’s corona. In the article
“Climate and man”, Professor Wolański states that even the complete cessation of CO2
emissions into the atmosphere generated by humans will not affect the climate change on
Earth. Of course, Professor Wolański states what most people agree with, namely, that care
should be taken to protect the natural environment.

Many of the arguments used by uncritical supporters of electric cars are the so-called
greenwashing. Let us remind you that greenwashing is “the act or practise of making a
product, policy, activity, etc. appear to be more environmentally friendly or less environ-
mentally damaging than it really is” [67] or “behavior or activities that make people believe
that a company is doing more to protect the environment than it really is” [68]. In the case
of electric cars, we deal with it when:
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◦ companies provide incorrect information about the features relating to its environmen-
tal impact [69]—lithium-ion batteries (acquisition of lithium related to environmental
degradation—open-cast mining);

◦ companies distort the actual impact of the product on the environment [70]—the
ecological aspect is emphasised (electric cars do not emit exhaust fumes), but they do
not mention that 80% of electricity in the EU is generated from burning fossil fuels,
and no one can answer what will be done with used batteries in a few years;

◦ companies omit certain information, the disclosure of which could undermine the
“ecological” nature of the product (nonecological aspects of the production of lithium-
ion batteries, excessive wear of car tyres and releases into the natural environment).

8. Conclusions

The use of electric or hydrogen drives (fuel cell, hydrogen, batteries, electric motor)
seems to be an ecological solution only at first glance. However, the results of a detailed and
reliable analysis of the system’s operation and its production, as well as the entire product
life cycle, show that it is not an ecological solution, the operation of which would have a
positive impact on the natural environment. According to the authors of this publication,
the proposed solutions of alternative (to internal combustion engines) drives are at the stage
of “infancy diseases”, which automatically excludes them from being used on a mass scale.

The main factors that adversely affect the natural environment include:

1. Huge water consumption for the extraction of lithium from the ore, estimated at about
1890 litres per metric ton.

2. Danger of toxic chemicals entering post-mining excavations and groundwater (lithium
mining and extraction).

3. Lithium mining (open-pit mining) can impact the environment, including fish that
are human food up to 150 miles downstream.

4. Possible contamination of crops in the lithium mining area.
5. If hydrogen-based transportation should be applied globally, then it should be in

the form of hydrogen internal combustion engine vehicles or using fuel cells. Pure
hydrogen does not contain carbon; there are no carbon-based pollutants, such as
carbon monoxide (CO), carbon dioxide (CO2) and hydrocarbons (HC), in the exhaust,
as well as no problems with batteries.

9. Advantages and Disadvantages of Hydrogen Trains
9.1. Benefits

Hydrogen-powered trains have many features that make them ideal for reducing
carbon emissions:

• No emission of substances other than water vapour;
• Hydrogen is plentiful and can be produced from renewable energy;
• Short refuelling times;
• Their potential as a two-mode train, which means that they can run on both electrified

and conventional lines;
• Better fuel consumption, more efficient? It is probably about engine efficiency;
• No engine noise or visual pollution;
• There are no disturbances in the entire network due to the lack of infrastructure for

electricity transmission.

9.2. Disadvantages

The use of hydrogen fuel cells presents a number of challenges:

• The technology is currently expensive (investments required);
• Most of the energy used in the hydrogen extraction process currently comes from

non-renewable sources;
• It requires storage of hydrogen under very high pressure on board (danger?);
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• There are few places for refuelling, the need to expand the network;
• The hydrogen installation, which is currently located, for example, in the EMU, limits

the number of people who can board the car;
• Currently, hydrogen trains are still dependent on virgin hydrogen and infrastructure.

To replace the current energy carriers with hydrogen, it is necessary to develop a
cheap, fast and efficient method of its production [22].

Currently, research and development work on trains powered by hydrogen fuel cells is
focused primarily on increasing the capacity (storage capacity) of hydrogen and developing
new LTO (lithium-titanium-oxide) batteries with high energy density, the working time of
which will be about 15 years. In addition, scientists are focusing on increasing the power
density of fuel cells, extending their lifetime and lowering LCCs. An important aspect
of the operation of hydrogen-powered trains is the DC/DC converters for fuel cells built
using SiC technology. The use of this technology already allows reducing the weight and
dimensions of the device and finally reducing energy consumption by 30%, also due to the
use of supercapacitors [71].

The very beginning is already done; we will see how this development will be going on.
The politician says that we do not need new highways. We need to expand the electricity
grid and railway lines to have the right infrastructure for future mobility. There are major
challenges with permits. I want to work with the federal government to speed up this. Yet,
I do not think it is necessary to expand road networks. Mobility will change massively in
the coming years. We will transport more through rivers and railways. We should rather
invest massively in the railways. The hit of the Trako 2021. Pesa presented a hydrogen
locomotive based on SM42 Figure 16.
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The common use of electric cars and the replacement of cars with combustion engines
with them would have to be preceded by the preparation, i.e., the construction of a very dense
current infrastructure necessary to charge the batteries. Of course, in addition to the charging
station, this would require connecting each station to the power line and building new power
plants that would continuously generate the electricity needed to power electric cars.

It is also important to answer the question of where and how electric cars will be
charged by city dwellers who live in multistorey blocks of flats.

The currently functioning multi-storey car parks in city centres (but also in the vicinity
of shopping centres located on the outskirts of cities) are not designed to carry such a mass
of cars. The weight of the battery in an electric car is min. 700 kg (and, for example, that in a
Tesla Roadster 2 is about 0.8–1.2 tons); then, parking the same number of cars in previously
built car parks will result in a construction disaster.
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The price of electric cars is so high that most people will not be able to afford a new
electric car. Unlike cars with a combustion engine, electric cars that are already 5–6 years old
are not interested in buyers, because every potential customer is aware that in a moment,
the entire battery pack will have to be replaced, the cost of which is more than half the
price of a new car. For example, Tesla Model 3 battery replacement in 2020 was USD 15,800.
However, older electrics, such as the 2017–2018 VW e-Golf, will cost USD 23,443 (2021) to
replace the battery pack and USD 20,000 for the 2014 Tesla Model S (December 2020) [72].

As reported by the media around the world, electric cars tend to self-ignite, although
electric car fires are quite rare; according to statistics, they are only 0.03% of all car fires
(1.5% of gas cars or 3.4% of hybrid cars) [73]. However, a car is difficult to extinguish, and
the firefighting action may even last several hours (sometimes even more than 20 hours).
Furthermore, even these extinguished cars have a tendency to self-ignite again. What will
happen when one of them starts to burn in an underground parking lot full of electric cars?
The result will probably be a disaster. The garage will be demolished after such a fire, but
with luck, no people will be killed or injured.

Recently, the Norwegian ferry line Havila Kystruten announced that it will not allow
electric, hybrid and hydrogen cars on board, although the Havila Capella ferry is equipped
with a low-emission hybrid drive consisting of engines powered by LNG (liquefied natural
gas), coupled with an electric drive powered by giant batteries weighing 86 tons and with
a capacity of 6.1 megawatt hours, which allows for several hours of emission-free cruises.
Perhaps concern for the safety of passengers is the reason for this decision [74].

The ban on the entry of electric cars into underground parking is related to the danger
and risk of fire. This ban was issued by the administration of the Warszawianka swimming
pool and applies not only to electric-powered cars, but also hybrid and gas-powered ones.
The decision is conditional on the fact that “the underground garage is located directly
under the sports swimming pool basin, and any potential fire caused by self-ignition of
the traction battery in an electric or gas-powered vehicle will completely destroy the water
supply and treatment system of the swimming pool made of PVC suspended from the
ceiling of the garage. Additionally, the high combustion temperature can permanently
damage the poles supporting the swimming pool basin and, as a result, suspend the activity
of the swimming pool” [75].

Hydrogen-powered cars have the advantage that they do not need a battery, as electric
cars do. The problems with obtaining lithium and cobalt (in such an increased amount)
mentioned in this publication automatically disappear.

Certainly, replacing cars with internal combustion engines with cars with an electric
or hydrogen engine will make the state independent from the supply of crude oil or its
derivatives. The electricity needed for electric cars or electrolysis to obtain hydrogen will
not come from the combustion of fossil fuels because dependence on fossil fuel suppliers
will still remain, and thus, the argument about environmental protection by electric or
hydrogen cars loses its raison d’etre.

Another possibility exists in the form of a hydrogen internal combustion engine
vehicle (HICEV), which is a type of hydrogen vehicle that uses an internal combustion
engine. Hydrogen internal combustion engine vehicles are different from hydrogen fuel
cell vehicles (which use electrochemical use of hydrogen rather than combustion). Instead,
the hydrogen internal combustion engine is simply a modified version of the traditional
gasoline-powered internal combustion engine [11,12]. The absence of carbon means that
no CO2 is produced, eliminating the main greenhouse gas emission of a conventional
petroleum engine.

Currently, the efficiency of FCS (Fuel Cell System) hydrogen cars in terms of usable
electrical energy is lower (about 50%) than that of the lithium-ion battery (about 90%),
although the range of the Hyundai Nexo equipped with 3 hydrogen fuel tanks is 666 km
(in the WLTP cycle—Worldwide Harmonised Light vehicles Test Procedure). In addition,
hydrogen is simple and much faster than charging electric vehicles. At the same time, FCVs
are very safe, even in the event of a car accident—the Hyundai NEXO scored five stars in
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the Euro NCAP safety test. Of course, replacing cars with combustion engines with FCS
cars also requires the construction of infrastructure, but in this case, it is enough to build
the appropriate tanks for safe hydrogen storage in existing petrol stations [68].

Thanks to an appropriate economic strategy, the fuel cell (FC) can become a more
advantageous alternative for use in cars, trucks and buses (electric cars). The hydrogen fuel
cells will play an important role in the transport industry in the near future. In the near
future, fuel cell prices should record a downward trend in terms of mass production and
their widespread commercialisation [16].

The analysis of available literature data, taking into account all aspects and stages
of production of electric cars and their most important components, such as lithium-ion
batteries, shows that electric cars are not ecological. Obtaining lithium is associated with the
degradation of the natural environment, the use of toxic chemicals that must be disposed
of and the very high consumption of drinking water. The extraction of cobalt is often
associated with the use of child labour. Finally, people currently do not have any idea how
to manage used batteries. Therefore, the most important argument for their use, which is
the protection of the natural environment, is a lie. Very often, it results from the ignorance
of those who use this argument. Further, the hydrogen drive will be truly ecological if the
hydrogen used is not a product of burning fossil fuels.
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