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Abstract. A great technological advent is the use of renewable energies with the objective of promoting the migration of
the world energy matrix. For this, alternatives to generate and store energy are sought. Among them, the use of
hydrogen stands out - the most abundant chemical element in our universe - produced from various sources, such as
natural gas, biomass and water electrolysis, making it a viable option as a renewable fuel, in addition to being
considered a source of clean energy, as its burning does not emit gases such as carbon dioxide (CO,), one of the main
responsible for global warming. In addition, hydrogen can be used in a range of applications, including transportation,
power generation, heating and industry, making it versatile with fossil fuels. Its intrinsic properties such as its high
energy density become advantageous from the perspective of the economy based on hydrogen. When used in fuel cells,
it can generate electricity efficiently and without pollutants, after all, the only emission from the fuel cell system is
water. The most common way to produce hydrogen is from natural gas, through a process called steam reforming,
where methane from natural gas is combined with water vapor to produce hydrogen and carbon dioxide as a
by-product. However, this approach still emits CO,, in a smaller amount, when compared to the direct burning of fossil
fuels. Another option is the production of hydrogen from biomass, such as agricultural and forestry waste, through
gasification processes or anaerobic fermentation, which can be neutral in terms of CO, emissions, as the carbon
released during production is offset by the carbon absorbed. by plants during their growth. In addition, water
electrolysis, which uses electricity to split water into hydrogen and oxygen, is another option for producing hydrogen
without CO, emissions when the electricity used comes from renewable sources. With its vast production, hydrogen can
be used as a form of renewable energy storage, after all, one of the main limitations of renewable energies, such as
solar and wind, is their intermittency, that is, energy generation depends on climatic conditions. Hydrogen can be
produced when there is a surplus of renewable energy available, being stored in liquid or gaseous form, in large
spoons, facilitating its transport for later use, and also, meeting the growing world energy demand.
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1. INTRODUCTION

Renewable energy refers to energy sources that are naturally replenished or are virtually inexhaustible. They are
environmentally friendly energies because, even with their continuous use, they do not contribute to the emission of
carbon dioxide (CO,) in the atmosphere that causes global warming (Solarim et al, 2022). Some examples of renewable
energies are: hydro, solar, wind, biomass and geothermal. On the other hand, non-renewable energies have fossil energy
as their main polluting contributor (Feng, Zheng, 2022), derived from the use of fossil fuels (mineral coal, natural gas,
oil) that use resources that are depleted in nature and are the origin of the emission of polluting gases into the
atmosphere (Aratjo R. S et al, 2022).

In this way, with all its negative effects on the climate, it attracts widespread attention in decarbonizing the global
energy sector, because even though renewable energies have resources that may present contingencies, that is,
variability in the availability of wind and sun (Chattopadhyay, 2020), they are energies that serve as a pillar for the
sustainable growth model of clean energy (Feng, Zheng, 2022).

Environmental pollution problems originating from carbon dioxide emissions make many governments implement
renewable energy regulatory policies, including feed tariffs and tradable emissions permits (Feng, Zheng, 2022). These
policies exert significant influence on the behavior and initiatives of industry and private companies, intensifying efforts
for zero carbon emissions in the global energy network. This has been aided by the new wave of Industrial Revolution
4.0, as investors and manufacturers have joined this trend by directing attention to technological innovations that design
clean and smart energy grids for current and future needs (Solarim et al, 2022). This development has resulted in the
implementation of improvements in renewable energy resources, such as robots that are powered by artificial
intelligence to monitor the efficiency of hydroelectric power plants and reduce the cost of maintenance and
hydroelectric power battery hybrids to improve services on the grid (Solarim et al. al, 2022).

Renewable energy is also present in the mitigation of other problems, such as the water crisis, which has been
considered the fourth global risk in terms of impact on society (He et al, 2022). Desalination is a promising technology
to solve the water resources crisis and that is why institutions and programs are investing in order to obtain fresh water
for agricultural irrigation, domestic supply, among other uses, which comes from sea water. However, traditional
desalination technologies consume a lot of fossil energy, causing environmental pollution and limiting their use. Thus,
ways to boost this process using solar energy and wind energy are being developed and applied, for seawater
desalination based on renewable sources in search of a solution to the problem of freshwater availability (He et al,
2022).

2. HYDROGEN

Hydrogen is an important element for the global energy sector. Although it is not widely used because it is an energy
vector, i.e. produced from other naturally occurring species having a significant energy cost, it is an element that
provides considerable storage capacity and amount of energy (Lutz et al, 2003). The applications of hydrogen in
addition to energy, currently, are concentrated in the production of ammonia, methanol and use in refineries, steel mills,
food industry and semiconductors (Oliveira, 2022).

Global conventional hydrogen production is dominated by the use of fossil fuels. According to the United States
Department of Energy, commonly used methods are steam reforming and gasification. The first consists of reacting gas
or other sources of hydrocarbons with water vapor at high temperatures (700-1000°C) and moderate pressures, in the
presence of a catalyst. The process produces hydrogen, carbon monoxide (CO) and carbon dioxide (CO2). The
hydrogen is then separated from the other gases through purification processes, such as CO removal. The second, the
production takes place from coal where the material is heated to high temperatures (800-1500°C) in an environment
with little or no oxygen, resulting in the breakdown of molecules and in the production of a synthesis gas containing
hydrogen, carbon monoxide, carbon dioxide and other gases.

Thus, because conventional hydrogen is produced from resources that emit carbon dioxide into the atmosphere,
contributing negatively to the environment, it is characterized as gray hydrogen (Oliveira, 2022). Therefore, from this
scenario arises the need to develop the production of hydrogen from renewable sources, due to the importance of the
characteristics and properties that this element has and collaborates to solve the problem of global scarcity of energy
sources (Capitanescu, 2021) together with the mitigation of the emission of polluting gases that strengthen global
warming.
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2.1  Green Hydrogen

For the purpose of the requirements of sustainable production, many advances have been achieved in the last 20
years (Burgos-Martinez et al, 2021), because while the pressure for new energy alternatives to replace fossil fuels is
increasing, the urgency of an economy for the low-carbon hydrogen (Oliveira, 2022). According to the report presented
by the International Energy Agency, hydrogen was identified as a promising source for the decarbonization of the
energy sector due to the development of production processes for this element without generating carbon dioxide
emissions during combustion.

Hydrogen generation is distinguished by various forms of primary energy sources, which can be distinguished by
different colors. Depending on the hydrogen production technology, they are classified in green, gray, blue, brown,
yellow, purple and turquoise, as follows: green hydrogen - obtained through the electrolysis of water using renewable
sources; gray hydrogen - obtained from fossil fuels without capturing CO,; blue hydrogen - obtained from fossil fuels
but captures and stores CO, from a process called Steam Methane Reforming (SMR); brown hydrogen - produced from
coal gasification; yellow hydrogen - obtained by electrolysis of water using electricity generated from different energy
sources; purple hydrogen - obtained by nuclear energy, and turquoise hydrogen - obtained by methane pyrolysis
(Figueiredo et al, 2023).

Green hydrogen, since it is obtained from renewable sources, is considered a clean energy source without CO,
emissions, known as “renewable hydrogen”, “clean hydrogen” or “clean carbon hydrogen” (Figueiredo et al, 2023).
Voltaic electrolysis is the most common technique used to obtain green hydrogen, which uses solar panels to generate
electricity and feed an electrolysis system that separates water into hydrogen and oxygen. Another method is to use
concentrated solar energy, which is characterized by the use of mirrors or lenses in order to concentrate sunlight in a
small area, generating heat and feeding the electrolysis system (Figueiredo et al, 2023).

The International Renewable Energy Agency (IRENA) and the World Economic Forum have launched a Green
Hydrogen Action Roadmap. Thus, the aim is to replace the definitions of hydrogen by color with low-carbon hydrogen
production certifications, aiming to encourage the creation of greater market opportunities, encouraging future
innovations and being compatible with import markets. With decreasing costs for renewable energy, interest is growing
in the electrolysis of water to produce hydrogen and its conversion to hydrogen-based fuels. In addition, the production
and increasing use of green hydrogen may have geopolitical implications worldwide, with the potential to redraw the
maps of energy, economic, social and security relations (Oliveira, 2022). Thus, the global demand for green hydrogen
and its applications is expected to increase exponentially in the next decade (Kumar et al, 2022).

2.2  Hydrogen as fuel

The quest to find a sustainable and clean alternative fuel is ongoing, as the worldwide demand for internal
combustion engines, especially diesel engines, continues to increase even in this era of emerging technologies such as
electric, hybrid and fuel cell vehicles, due to their superior energy efficiency and significant durability. Vehicles
powered by internal combustion engines are very polluting and responsible for 60% of carbon dioxide emissions in the
world, harming both the environment and human health (Nag et al, 2019).

Hydrogen's clean-burning characteristics and ease of renewability add to its numerous advantages (Nag et al, 2019).
When hydrogen is burned or combined with oxygen in a fuel cell, for example, it produces energy and only emits water
vapour, making it a clean, renewable source of energy. However, the use of hydrogen as a fuel still presents challenges
due to production, storage, transportation and supply difficulties (Figueiredo, 2023), even though it has several
applications as a fuel, including transportation, power generation and industrial processes. In transportation, hydrogen
can be used in fuel cells to power vehicles, in power generation hydrogen can be used in stationary fuel cells to generate
electricity and heat, in industrial processes, hydrogen can be used in oil refineries, production of ammonia and methanol
(Figueiredo, 2023).

Studies point out that a practical alternative to the use of hydrogen as a fuel is to use it as an additive in fossil fuels,
because in controlled amounts hydrogen can be a secondary fuel with diesel aiding in combustion, ambiguously
affecting engine performance (Nag et al, 2019). Research indicates that adding small amounts of hydrogen to a diesel
engine reduces the heterogeneity of fuel spraying inside the combustion chamber due to high diffusivity allowing the
mixture to become homogeneous, i.e. pre-mixed with air more uniformly, thus providing improved performance,
reduced consumption and greenhouse gas emission rates (Figueiredo, 2023).

The use of hydrogen as fuel has been allied in island economies that depend on tourism. Islands that depend on
mass tourism have significant emissions generated by car rentals especially in places where public transport is poor
(Rensburg, 2023). In this context, islands with large renewable resources, not connected to mainland energy networks
and vulnerable to the effects of climate change are well suited to sustainable transport that continues to boost tourism
and the local economy.

3. FUEL CELLS



K. A. Santos, B. Jacob-Furlan, P. A. S. Silva, L. S. Martins, M. B. R. Sapucaia, R. S. R. Gongalves, D. M. Taher, W. Balmant and J. V.
C. Vargas.
An Economy Based on Hydrogen and its Utilization in Renewable Energies

The fuel cell is an electrochemical device that directly converts the chemical energy of a fuel and an oxidant (such
as hydrogen and oxygen) into electrical energy, heat, and by-products (such as water) - see Eq. 3 below - without the
need for combustion. In essence, it produces electricity through a controlled chemical reaction.

Anode reaction: Hy, +20H" ) — 2H,0y + 2¢€ Eq. (1)
Cathode reaction 72 Oy +2H,04 + 2 —20H" ,,+ H,Oy Eq. (2)
Overall Cell reaction: Hyoy + 72 Oy — H,Op) + electrical energy + heat Eq. 3)

A fuel cell is composed of a set of essential components, namely: bipolar plates, electrodes and electrolyte, as
shown in Fig. 1 reveals. The crucial role of bipolar plates is to ensure the perfect mechanical integration of these
components. They play a crucial role in achieving an even distribution of fuel and oxidant gases over the electrode,
while also facilitating electron communication (Vargas et. al., 2004). On the other hand, the electrode takes on the
responsibility of facilitating the dissociation reactions, while the electrolyte performs the vital function of conducting
ions and, in some cases, molecules (Breeze, 2017; Godula-Jopek et. al., 2023).
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Figure 1. The Fuel Cell System.
Source: Adapted from Vargas and Bejan, 2004

The main advantage of fuel cells is that they are more efficient in terms of converting energy into electricity
compared to conventional internal combustion engines, as they have no moving parts and therefore reduce mechanical
losses. Additionally, fuel cells generally have low pollutant emissions and do not directly release carbon dioxide,
making them a more environmentally friendly option compared to traditional combustion engines.

There are several types of fuel cells, such as hydrogen oxygen fuel cell (proton exchange membrane fuel cell,
PEMFC), hydrogen air fuel cell (solid oxide fuel cell, SOFC), direct methanol fuel cell (DMFC) and others, each with
its specific characteristics and applications. Fuel cells have been extensively researched for use in zero-emission
vehicles, stationary power generation, portable applications, and even as power sources for spacecraft and submarines (
Godula-Jopek et. al., 2023).

Fuel cells have significant potential to transform the automotive industry, especially with regard to electric vehicles,
presenting themselves as a promising alternative to conventional batteries. They function as electrochemical devices
that directly convert the chemical energy of a fuel into energy readily usable by the vehicle. Hydrogen is the most
commonly used fuel in these cells, but other options, such as methanol and ethanol, are also viable (FRAGIACOMO et
al., 2022).

The 5 main advantages of fuel cells in electric vehicles are shown in Table 1 below:
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Table 1. Top 5 Advantages of Fuel Cells in Electric Vehicles

Number Advantage Description References
Fuel cells provide significantly longer
1 Greater autonomy range compared to conventional (AMINUDIN et al., 2022)
batteries.
Refueling with hydrogen in fuel cells is
2 Faster recharge times carried out in a few minutes, making (SHAH et al., 2022)

recharging faster.
Fuel cells generate electricity without
emitting greenhouse gases or air

3 Low environmental impact . . (YU; GUO; MA, 2023)
pollutants, reducing environmental
impact.
Fuel cells maintain constant
4 Constant performance performance throughout their lifetime, (YANG et al., 2023)

unlike batteries which can deteriorate.

Fuel cells can be used in many types of

vehicles, from passenger cars to buses (JENG et al., 2007)
and marine vessels.

Application versatility

However, despite its advantages, the widespread adoption of fuel cells in electric vehicles still faces some
challenges. One of the main obstacles is the hydrogen fueling infrastructure, which is still limited in many regions of the
world. Furthermore, the cost of producing and storing hydrogen is still relatively high compared to fossil fuels and
electric batteries (ASSADI et al., 2023).

Despite this, several automakers and technology companies have invested in research and development of fuel cells
for electric vehicles, seeking to make this technology more accessible and commercially viable. With the continued
advancement of technology and increased awareness of the importance of environmental sustainability, it is possible
that fuel cells will play a significant role in future electric mobility (MEDA; RAJYAGURU; PANDEY, 2023).

4. ELECTRIC CARS AND FUTURE PERSPECTIVES AROUND THE WORLD

The growth in demand for electric vehicles has been increasingly expressive around the world, driven by factors
such as the search for greater sustainability, concern about global climate change and technological advances in the field
of electric mobility. According to the Global Transport Report of the International Energy Agency (IEA), sales of
electric vehicles in the world, in the base year of 2021, surpassed the mark of 5 million units, representing an increase
of more than 40% compared to the year previous.

Also, according to the IEA, the number of electric vehicles in circulation in the world reached the 10 million mark
in the base year of 2020, a significant increase of 43% compared to 2019. This growth has stood out even more in
countries like China, where the sale of electric vehicles increased by more than 200% in 2020, justified by the impulses
of government policies to encourage electric mobility.

In Brazil, although there is still a small share of electric vehicles in the market, the growth trend has been observed
in recent years. Data from the Brazilian Electric Vehicle Association (ABVE) show that, in 2020, 9012 electric vehicles
were sold in the country, an increase of 66.4% compared to 2019. The Brazilian automotive sector has been following
this trend and more and more automakers are betting on electric models for the national market. This growing demand
for electric vehicles on Brazilian soil can be explained by several factors, such as the fact that the country has a
predominantly clean electrical matrix, with more than 80% of its electricity generation coming from renewable sources,
that is, the hydroelectric. In addition, government policies, such as tax exemption for electric vehicles and the
installation of charging points on highways and urban areas, have encouraged the adoption of electric vehicles in the
country (ABVE, 2020).

However, there are still challenges to be overcome so that the demand for electric vehicles in Brazil reaches a
higher level. The main one that stands out is the lack of charging infrastructure across the country, which may limit the
expansion of the electric vehicle market. In addition, the high cost of electric vehicles compared to conventional models
can be a barrier to the mass adoption of these vehicles. For the demand for electric vehicles in Brazil to grow more
significantly, it is necessary to implement public policies to encourage the production and sale of electric vehicles, in
addition to investments in charging infrastructure in urban areas and on highways. The adoption of electric vehicles in
Brazil can contribute significantly to the reduction of greenhouse gas emissions in the transport sector and to the
promotion of a more sustainable mobility (FRAGIACOMO et al., 2022; MEDA et. al, 2023).
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4.1  Worldwide vehicular supply for electric vehicles

The global supply for electric vehicles has been an area of growing interest and investment in recent years.
According to the IEA report (2022), called “Global EV Outlook 20227, the charging infrastructure for electric vehicles
has been growing dramatically around the world, with a significant increase of 60% in the number of charging stations
through the base year of 2021, when compared to the previous year. While leading electric vehicle countries such as
China, the United States and Europe have invested heavily in charging infrastructure, there are still significant
challenges to implementing a comprehensive network of charging stations worldwide. The lack of standardization of
connectors, the costly installation of fast charging stations and uncertainty about the profitability of these stations are
some of the main obstacles that countries face in terms of engineering.

In order to overcome these challenges, governments and companies are working together to develop effective
charging station deployment strategies, increasing standardization and providing incentives for the installation of
charging stations in strategic locations, such as urban areas and highways. In short, the world's supply for electric
vehicles is a complex challenge, yet there is vital investment in such a transition to a sustainable transport future.

Under the overview of the top 10 countries that have a supply network for electric vehicles worldwide, Brazil is in
39th place, as shown in Table 2 below:

Table 2. Supply Network for Electric Vehicles: Top 10 Countries Worldwide and Brazil's Ranking
Source: Adapted from Global EV Outlook 2022, IEA.

Position Country Number of public electric vehicle filling stations
1 China 1,641,216
2 United States (US) 114,831
3 Japan 50,381
4 Germany 45,400
5 France 43,853

United Kingdom
6 (UK) 35,017
7 Canada 24,084
8 Norway 11,800
9 Netherlands 10,491
10 Switzerland 6,474
39 | Brazil | 584

From Table 2, it can be seen that Brazil does not appear among the top 10 countries with the highest number of
electrical service stations. However, it is important to emphasize that Brazil has been advancing in the expansion of its
electric supply network for vehicles, and that there are already several charging points for electric vehicles in the
country, including public and private stations. Data from the Brazilian Electric Vehicle Association (ABVE) indicate
that there are around 700 charging points in Brazil — when private and public points are added — however, most are
located in the Southeast region, with the state of S&o Paulo leading in number of charging stations.

According to the Global EV Outlook 2022 report by the International Energy Agency (IEA), Brazil had 584 public
charging points for electric vehicles in 2021, a number that is expected to grow in the coming years. In addition, the
country has seen an increase in sales of electric vehicles in recent years, which indicates a growing demand for a
broader and more accessible electricity supply infrastructure. Another very interesting analysis to be highlighted is the
number of cars competing per public unit of available electric charging points, which the IEA carried out in 2022, as
Figure 2 below demonstrates this relationship between the countries cited in the ranking in Table 2.
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Figure 2. Number of cars per unit of electric charging point.
Source: Adapted from IEA, 2022

What can be seen in Fig. 2 above is that, the lower the demand ratio, the better the quality of service to be provided
to the customer as a whole, since the high adhesion of the electrical network, linked to the high adhesion of the charging
stations in the region, conveys superior quality of service provided. And again, when Brazil's position in this ranking is
observed, it is in penultimate place, losing to Norway, however, its low ranking still prevails when taking into account
the territorial size of Brazil and Norway, and public policies adopted, also emphasizing the precariousness of the
technology.

5.  ENVIRONMENTAL IMPACTS: EMISSIONS, ECONOMY AND SUSTAINABILITY

The Earth's temperature has been steadily rising and it is a problem that should not be taken for granted. In 1988,
scientist James Hansen presented evidence that ongoing global warming is largely caused by human emissions of
greenhouse gases and warned of irreversible impacts if immediate and serious action is not taken. Thus, the issue of
global warming and its causes has been the agenda of congresses and development research for decades and since then
numerous scientific studies have been conducted and the Intergovernmental Panel on Climate Change (IPCC) was
established (Wang, 2023).

The increase in global energy demand resulting from population growth and developing economies has led to a
steady and rapid increase in CO, emissions. Intercurrences such as the COVID-19 pandemic, caused a decrease in
emissions in 2020, due to the need for social isolation of the world's population, adhering to the home office model in
work activities and studies in order not to transmit or run health risks until vaccines are available. developed, however,
in the following year there was a rapid increase to previous levels from the moment that activities were normalized,
albeit with restrictions, as the global demand for energy increased even more due to the delays that occurred in several
processes that were consequence of the pandemic period (Hjeij et al, 2023).

In this context of the COVID-19 pandemic, together with the various consequences that were present in families, in
the health and political system, the negative economic impact was very significant, affecting the global economy and
reducing the availability and economic viability of sources of income. traditional energy around the world. The
Russia-Ukraine conflict brought concerns about energy security as well, as searches for new energy sources generally
intensify when geopolitical risk increases (He et al, 2022).

This interdependence between economy, energy availability and emissions that mainly affect sustainability is
structured every time globalization advances. This is because, although there are renewable sources for energy
generation that are found in nature, they are not present everywhere in the world according to the demand of each
region. There are countries with less water resources, with less exposure to sunlight due to the type of climate or that are
located in reliefs that are not favorable for the winds to move the wind turbines. Unplanned events such as the
worldwide spread of a new disease and geopolitical conflicts between countries balance the economy with new needs,
demanding that energy matrices are favorable to the context (He et al, 2022). It is worth mentioning that even in small
territories, there are regions that depend primarily on tourism and receive a large volume of conventional cars from
tourists that emit high levels of carbon in the atmosphere, but that do not have easy access to renewable energy due to
the lack of available natural resources. in their localities (Rensburg, 2022). Consequently, the importance of developing
and studying alternative renewable energy sources with great storage potential, such as green hydrogen, for example, is
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fundamental, as well as investment in this sector, even if it is a high cost, to balance the economy together with
environmental preservation.

Costs associated with the adoption of renewable energy sources affect international trade in terms of its exports and
imports (Ilechukwu, Lahiri, 2022). In countries where the demand for energy is high, such as China, roadmaps for the
large-scale commercialization of hydrogen have been developed through a very detailed methodology that includes
SWOT and Delphi techniques. Extensive research on the economics of renewable hydrogen has also been carried out
assessing the economic viability under Pakistani conditions, where researchers have estimated the commercially
beneficial price of hydrogen at USD 3.92. Some perspectives suggest that hydrogen production costs can be reduced to
less than two euros per kilogram by 2050 (Uchman et al, 2022).

6. CONCLUSION

The use of renewable energy and the hydrogen economy is fundamental to face the global challenges related to
climate change and sustainability. The importance of developing energy generation alternatives to meet global demand
is increasingly evident, since statistics show the significant amount of CO, emissions into the atmosphere, including in
geopolitical contexts where demand increases even more and consequently emissions as well. Governments are
implementing regulatory policies which are directly impacting the activities of industries that, as a result, are
undergoing internal changes and formulating new manufacturing and production strategies for products that have the
lowest possible environmental impact. Today, investing in environment-friendly policies is getting more financial
support, stimulus and growth prospects.

Hydrogen, in turn, plays a key role in the transition to a more sustainable energy system. The hydrogen economy
involves the production, storage, distribution and use of this gas as a clean and versatile energy source, presenting itself
as a promising technology, and in this article, it is demonstrated the advantages of its use and the advances that are still
needed, mainly in cost reduction, as it is still a very expensive technology.

Evidence of the potential of green hydrogen produced from water and its applications are highlighted. There is a
relevant difference compared to Brazil in the use of hydrogen in fuel cells and electric cars, which makes it possible to
make a political and economic analysis of each country and identify the reasons why in some countries there is not so
much growth in the use of these technologies.

It is assumed that hydrogen plays a key role in the global decarbonization process, mainly in the transport, industry
and electricity generation sectors, and that green hydrogen has been disseminated as a reality to achieve zero carbon
dioxide emissions. In addition, the use of hydrogen presents an opportunity for economic development by boosting
innovative and sustainable sectors, stimulating investments in research, development and infrastructure.
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