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ABSTRACT

Many countries have identified hydrogen, in its “green version”, as a key ally in the race to
adopt sustainable, zero-emission energy systems. As a result, national strategies have been
developed for local hydrogen supply chains and markets.
Through the electrolysis process and the use of renewable sources, H2 can be produced
without polluting. The uniqueness of the energy vector, including the possibility of being
transported over long distances without losing energy content, makes it an attractive option.
Given the premisses, Brazil and Italy should not miss this opportunity, especially
considering that they could play important roles in the global market that is being formed
thanks to their geographical peculiarities.
Hence, the purpose of this qualitative study is to advise on a set of guidelines for the
development of the two countries’ national strategies. First, the research focuses on technical
aspects to offer a detailed understanding of the characteristics of hydrogen and its strengths in
the energy field, also presenting the existing challenges that obstacle its diffusion. Next,
national strategies already developed and implemented are analysed, identifying trends that are
defining the global hydrogen market. And finally, also by making use of interviews with local
experts, proposals are drawn up to guide the construction of national hydrogen development
strategies for Brazil and Italy, with a view to maximising the achievable results.

Keywords: energy – alternative sources; hydrogen; technological innovations; sustainable
development.

RESUMO

Muitos países identificaram o hidrogênio, em sua “versão verde”, como um aliado
fundamental na corrida pela adoção de sistemas de energia sustentáveis e com emissão zero.
Como resultado, estratégias nacionais foram desenvolvidas para cadeias e mercados locais de
abastecimento de hidrogênio.
Por meio do processo de eletrólise e do uso de fontes renováveis, o H2 pode ser produzido
sem poluir. A singularidade do vetor de energia, incluindo a possibilidade de ser transportado
por longas distâncias sem perder o conteúdo energético, o torna uma opção atraente.
Dadas as premissas, Brasil e Itália não devem perder esta oportunidade, especialmente
considerando que podem desempenhar papéis importantes no mercado global que está se
formando graças às suas peculiaridades geográficas.
Assim, o objetivo deste estudo qualitativo é aconselhar sobre um conjunto de diretrizes
para o desenvolvimento das estratégias nacionais dos dois países. Em primeiro lugar, a
investigação centra-se nos aspectos técnicos para oferecer uma compreensão detalhada das
características do hidrogénio e dos seus pontos fortes no campo da energia, apresentando
também os desafios existentes que dificultam a sua difusão. Em seguida, são analisadas as
estratégias nacionais já desenvolvidas e implementadas, identificando as tendências que estão
definindo o mercado global de hidrogênio. E, por fim, também por meio de entrevistas com
especialistas locais, elaboram-se propostas que orientam a construção de estratégias nacionais
de desenvolvimento do hidrogênio para o Brasil e a Itália, com vistas a maximizar os resultados
alcançáveis.

Palavras-Chave: energia – fontes alternativas; hidrogênio; inovações tecnológicas;
desenvolvimento sustentável.
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1. INTRODUCTION

“I believe that water will one day be employed as fuel, that hydrogen and oxygen which
constitute it, used singly or together, will furnish an inexhaustible source of heat and light, of
an intensity of which coal is not capable.” – Jules Verne, The Mysterious Island, 1874.

1.1.

Project Objective

Hydrogen has the potential to solve the three-fold energy paradox by reducing emissions
to zero, ensuring energy security, and supplying cheap energy to those who need it but cannot
afford it (World Energy Council, 2021). Hence, it represents a critical component for the longterm viability and operation of future decarbonized energy systems, and it is rapidly garnering
the attention of governments because of its versatility and integration with other sustainable
technologies for energy generation, distribution, and consumption. In particular in developing
countries, the possible applications of hydrogen in the field of energy security have aroused
lots of interest. Energy security refers to the resilience of an energy system against disruptions
of its energy supply. It concerns resource availability and distribution, as well as energy supply
variability and reliability (Edenhofer et al., 2011).
Although there are still several unresolved matters, including technological, economic, and
geopolitical obstacles, many countries and private firms are investing substantial resources in
developing hydrogen technology (Noussan, Raimondi, Scita, & Hafner, 2021). The European
Union has set the goal of becoming the world’s first climate-neutral continent by 2050
(European Commission, 2020). In this regard, one of the research objectives is to shed light
through an in-depth qualitative investigation on why hydrogen is so essential to successfully
operate the so-called “green energy transition”.

RQ1: In which way hydrogen can bring value to the green energy transition?

Green energy is a subcategory of renewable energy that comprises the least environmental
impact energy sources. All green energy resources are renewable, the opposite is not
necessarily true. E.g., while burning wood is renewable since more trees can be grown, it is
neither green nor clean because it pollutes and emits greenhouse gases in the atmosphere.
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Similarly, biomass may cause deforestation, and hydropower systems can have a negative
impact on the habitats of animals (Constellation, 2021).
Taking the opportunities that hydrogen could bring entails translating the present uncertain
historical moment into a springboard for constructing a new social and energy paradigm, a
driver for the whole economic system, via significant investments in infrastructure and
innovation. To accomplish it, daring decisions must be made, betting on and investing in a
more efficient, networked, and integrated energy system that overall can improve the features
and advantages of each carrier. Consequently, a second relevant question arises concerning the
current challenges presented in the development of hydrogen-based energy systems.

RQ2: What are the current challenges in the development of hydrogen-based energy
systems?

When combined with other technologies, hydrogen has the potential to greatly contribute
to cleaner, more sustainable industrial operations, the introduction of zero-emissions transport,
and the decrease of emissions from household heating. Moreover, because of its unique
potential to connect the gas and electricity sectors, hydrogen may add flexibility to the energy
system, promoting the growth of renewable energy (Noussan, Raimondi, Scita, & Hafner,
2021). All of this is possible with a solid national plan that involves both institutions and the
business world. To fully profit from the enormous potential presented by hydrogen, each
country must develop a vision and an ambitious yet consistent action plan.
Therefore, part of the study done for this thesis is an examination of the national hydrogen
plans produced by the most advanced nations in the sector. Even though Brazil and Italy have
enormous potential for building national hydrogen systems, sometimes even more significant
than those of countries that have already developed a national strategy, none of the two has yet
implemented a plan for this promising energy carrier capable of generating both environmental
and industrial advantages. A holistic multiple-case design research is conducted to detect and
highlight similarities and peculiarities of these national plans with the goal to define a ground
on which to build the response to the third research question:

RQ3: Which kind of hydrogen’s development strategies should Brazil and Italy pursue?
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Indeed, the increasing incorporation of hydrogen into the national energy mix necessitates
the development and reinforcement of an industrial supply chain capable of not only meeting
future market needs, but also of ensuring the specific country's worldwide competitiveness. In
this study the entire value chain of technologies, components, and equipment has been
reconstructed to assess the potential impacts on industries associated with hydrogen
development, analysing its role in all its phases: from manufacturing through transportation
and storage to the variety of final uses and related services.
This research could result interesting both to experts and the public opinion of the targeted
countries in research question three since it is meant to advise on valid and effective
development strategies for hydrogen energy production, transportation, storage, and
distribution in these national markets. It aims to support and foster the specific local
governments and professionals in elaborating and implementing national hydrogen plans up to
the current challenges and prospects of the industry. But not only, by answering questions
number one and two through an in-depth qualitative investigation, it also represents a
comprehensive guide on the role played by hydrogen in the global green energy transition, and
it offers a clear outline of the strengths, weaknesses, opportunities, and threats of hydrogenbased energy systems; thus, resulting of interest for quite a bigger audience.

1.2.

Relevance

Energy is an essential component of our daily lives as it is necessary for nearly all human
activity. Fossil fuels such as coal, petroleum, and natural gas account for almost 85 percent of
all energy consumed globally (BP plc, 2020). The global increase in population and the human
desire to better their standard of living and quality of life continue to drive up energy
consumption, which is anticipated to peak in 2035. To a large extent, the world's biggest
economies still rely on fossil fuels (IEA, 2020). However, over-reliance on fossil fuels has
become a major sustainable issue.
The battle against climate change is now widely acknowledged as the most important key
concern confronting modern society. Without substantial CO2 emission reductions, in just 15
years, the world will no longer be able to keep global warming below the 2-degree threshold,
which is considered the point of no return (United Nations, 2015).
The economic crisis induced by the COVID-19 emergency resulted in almost a 6 percent
reduction in carbon dioxide emissions in 2020, still below the yearly 8 percent reduction
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necessary to meet the Paris Climate goals established in 2015. Nonetheless, because this cut
was unavoidable and only expected to be temporary, there is little reason to rejoice (IEA,
Global Energy Review: CO2 Emissions in 2020, 2021).
The pandemic has demonstrated that stopping everything will not solve the climate
problem. Far-reaching, global structural decarbonization is required, with a supranational and
cross-sectoral approach to all energy sectors that can simultaneously boost work and economic
activity while raising living standards.
In this perspective, hydrogen, in combination with renewable power, may be the greatest
contender for ensuring progress and prosperity in a future without emissions. While its costs
were formerly thought to be unsustainable, hydrogen has now widened the technological
horizon of available options: in the year 2000, the cost of hydrogen derived from renewable
sources was forty times that of oil. It is now expected that it will be able to compete with the
price of some fuels within 2030 (Edwardes-Evans, 2020).

1.3.

Structure of the thesis

The thesis starts with the introduction, in chapter two, of the existing literature surrounding
the main topics of the research. From the overview and analysis of the literature, the
background and the conceptual, theoretical framework of the dissertation are set. This section
includes hydrogen’s global market outlook by 2050 and the presentation of the case studies.
The methodology is contained in chapter three. The data gathering techniques, research
sample, variables under examination, and data analysis methodologies are all described in it.
In this part, it is also highlighted the conducting style for the case studies and the interviews.
The case studies’ analysis and the deriving global market trends are included and discussed
in the first half of the fourth chapter. The second half serves the purpose of elaborating and
offering proposals for the national development strategies of Brazil and Italy while also giving
a perspective on their domestic energy markets and the local development status of hydrogen
energy systems.
Lastly, in chapter five, conclusions are drawn, focusing on findings, implications, and
limitations, and further future study possibilities are identified.
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2. LITERATURE REVIEW

An academic and industry literature review on the topics of hydrogen technology, in terms
of production, transportation, and storage, hydrogen infrastructure and usage, hydrogen safety
and social aspects, hydrogen global market outlook by 2050, including a subparagraph on
Europe and one on Latin America, and major hydrogen development strategies in the shape of
case studies is undertaken to establish a firm ground for this paper. The goal of this literature
review is to provide the reader with the full context in which the research takes place. It is
indeed intended to lead from a broad picture of hydrogen’s state of advancement as an energy
carrier to a more scholarly and industrial examination on the specifics of the periodic table’s
first chemical element, such as its current uses and challenges and future developments.
It is helpful to remember that this work deals with a rapidly evolving and transforming
environment, where everyday research and technological advancement allows a continuous
progression of the economic feasibility for mass diffusion of sustainable hydrogen energy
systems. As a result, the academic and industry analysis focus relies on the most recent articles,
reviews, and studies available.

2.1.

Technology and infrastructure

Natural hydrogen is a colourless, odourless gas, and it is the most abundant element in the
Universe. Since it is very light (about 14.4 times lighter than air), it is not found in nature (as
is the case with natural gas, oil, or coal) but must be extracted from its constituent substances
(Jolly, 2020). It is normally gaseous, and it is referred to as hydrogen gas, H2. It is also the
lightest gas known, yet under high pressure, it has a high energy density of 120 megajoules per
kilogram, nearly three times the amount of natural gas (45 MJ per kg). On the other hand,
pressurizing it necessitates spending about 10 percent of the energy (Van der Burg, 2020).
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2.1.1. Production
Hydrogen is not a primary source of energy1, but an energy carrier2, also known as energy
vector (Ueli, 2021). There are several methods and sources to generate it for use as a fuel.
Steam-methane reforming (SMR) and electrolysis are the two most prevalent ways for
hydrogen generation; however, additional methods are being investigated (U.S. Energy
Information Administration, 2021).
Depending on these production characteristics, it can be differentiated in:
•

Green: hydrogen is obtained by the electrolysis process, which consists in splitting water,
H2O, using electricity, with simultaneous production of oxygen, O2. Between 4 to 5 kWh
of electricity is needed to obtain one m3 of hydrogen in gaseous form. To be defined as
carbon-free, electricity must come from renewable sources (Baker McKenzie, 2020).

•

Turquoise: natural gas is fed through a molten metal catalyst, producing both hydrogen gas
and solid carbon. The latter can be used in various applications, such as automobile tyres,
or it can be landfilled. This method is known as molten metal pyrolysis, and it is still in the
laboratory stage. It is estimated that the first pilot plant will take at least ten years to
complete (Van der Burg, 2020).

•

Blue: hydrogen is generated according to the grey hydrogen process, which is associated
with Carbon Capture, Utilisation, and Storage (CCUS) technology that allows carbon
dioxide derived from the hydrogen production process to be captured, transported usually
in liquid form, and injected into suitable geological containment sites where it can be stored
for several years. Geological sites generally used for this purpose include old hydrocarbon
deposits. Furthermore, if carbon dioxide is captured by bioenergy with the carbon capture
and storage (BECCS) process, it can be recombined with green hydrogen to create fully
renewable synthetic fuels (Full, Merseburg, Miehe, & Sauer, 2021). A promising prospect
for blue hydrogen production is using biomethane instead of natural gas, effectively turning
blue hydrogen into fully renewable hydrogen (COAG Energy Council Hydrogen Working
Group, 2019).

1

Energy source: a source from which energy can be obtained to provide heat, light, or power (Fox,

2021).
2

Energy carrier: it is an energy transmitter with an intermediary function in the energy supply chain as

it sits between primary sources and end-use applications (IPCC, 2007).
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•

Grey: as of 2020, it accounts for about 95 percent of worldwide hydrogen production, and
it is extracted from oil or methane through the steam of water at a temperature of 800
degrees centigrade in the presence of a material that makes the process faster (catalyser).
This oxidises the carbon and releases hydrogen from the molecule with carbon dioxide
emission (CO2). To obtain one tonne of hydrogen, approximately ten tonnes of CO2 are
produced (Ueli, 2021).

•

Black/Brown: it is the oldest method of creating hydrogen, and it is a very polluting process
since large amounts of CO2 and carbon monoxide are discharged into the atmosphere.
Gasification turns carbonaceous materials into carbon monoxide, hydrogen, and carbon
dioxide at extremely high temperatures (more than 700 °C) without burning. Hydrogen
may be extracted from the resulting gas, known as syngas, using absorbers or specific
membranes. It is referred to as black (bituminous) or brown (lignite) hydrogen depending
on the type of coal utilized (Giovannini, 2020).

•

Purple/Pink/Red: it employs the same method as that used to generate green hydrogen, but,
in this case, nuclear power is utilized to generate electricity, which is then used to
electrolyze water. A relevant, distinctive element is that it has a capacity factor of 90
percent rather than 20 percent to 40 percent for renewables, reducing costs. The major
adverse effect, however, is radioactive waste (Rapier, 2021).

•

White: naturally occurring hydrogen that is rarely found in underground deposits
(Giovannini, 2020).
Type

Source

Method

CO2 emissions

Renewable electricity

Electrolysis of water

None

Turquoise

Thermal splitting of
methane

Methane pyrolysis

Solid carbon by-product

Blue

Fossil hydrocarbons

Steam reforming of
natural gas

Potentially none, if
biomethane

Grey

Fossil hydrocarbons

Steam reforming of
natural gas

High

Fossil coal

Coal gasification

Highest among all the
options

Nuclear power

Electrolysis of water

None, but radioactive
waste

Natural occurrence

-

-

Green

Black/Brown
Purple/Pink/Red
White

Table 1. Source: Author's elaboration.
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Green hydrogen today accounts for a minimal share of the total global production, and the
installed electrolyser capacity amounts to about 200 MW (Van der Burg, 2020). Thus, it is
understood that if hydrogen is to be included in future energy transition scenarios, only green
production of this gas should be envisaged. However, blue hydrogen will play an important
role in the transition phase in the short-to-medium term when hydrogen will start to be widely
used in end-use sectors. Indeed, the former will gradually be joined and replaced by green
hydrogen to the point where close to 100 percent hydrogen production can be expected to be
green by 2050. This can be imagined and predicted thanks to the falling prices of the
electrolysers and the declining cost of renewable energy (IRENA, 2019).

Figure 1. Source: (IRENA, Green Hydrogen Cost Reduction: Scaling up Electrolysers to Meet the 1.5°C
Climate Goal, 2020).

If significant scale-up occurs over the next decade, green hydrogen is projected to become
competitive with blue hydrogen by 2030 for a broad spectrum of nations (power costs ≤ USD
30/MWh) (IRENA, Green Hydrogen Cost Reduction: Scaling up Electrolysers to Meet the
1.5°C Climate Goal, 2020).
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2.1.2. Transportation and storage

Following the production phase, the hydrogen necessitates being adequately transported
and stored to allow for easy use in possible application areas. The transport is carried out
depending on its intended use and the distance it must travel.
Hydrogen stored in gaseous form can be moved through existing gas transport and
distribution networks. Many countries are already in an advanced testing phase and verification
of compatibility for the introduction of a mixture of hydrogen with natural gas into the pipelines
in a share that can currently vary from 2 percent to 10 percent. This solution would be
advantageous both in terms of costs, as the current infrastructure network of pipelines would
require limited technical and safety measures to be able to accommodate a portion of hydrogen,
and in terms of time. The exploitation of existing gas networks is, in fact, to be understood as
an effective and efficient accelerator of hydrogen penetration into the energy system and of the
decarbonization process (IRENA, 2019). The presence of widespread gas transport and
distribution assets must therefore be exploited as a competitive factor to stimulate the supply
chains connected to hydrogen.
Hydrogen in liquid form can be transported using very low temperatures, especially by sea
in special containers, both in pure form and as part of other liquids used as carriers, such as
ammonia – a hydrogen-based compound that could allow considerable efficiency as its
liquefaction occurs at much higher temperatures –, methanol, and with a transport system of
liquid organic hydrogen in liquid carrier oils (LOHC) (McKinsey & Company, 2020).
In the absence of the possibility of creating a dedicated pipeline infrastructure or adapting
the existing ones, the generally cheaper and safer choice, another way in which hydrogen can
be transported is that with a dedicated logistics system using cylinder trucks, a solution
however only feasible for distribution at a local level (a few hundred kilometres) and in small
volumes (COAG Energy Council Hydrogen Working Group, 2019).
One of the main properties of hydrogen is that it can be stored in large volumes without
excessive repercussions in terms of efficiency and for long periods. There are four options for
the storage of hydrogen, of which the first two are more common and the second two can be
adopted, but less widespread:
•

In gaseous form, stored in pressure cylinders by means of suitable compressors. This mode
is the traditional and commonly used way to store and subsequently transport hydrogen.
The great advantage of hydrogen, compared to battery technologies, for example, is that it
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can also provide large-scale and long-term storage options, such as salt caves, depleted
natural gas or oil reserves, and aquifers.
•

In liquid form, stored in low temperature (-253 °C) thermally insulated tanks, considered a
very interesting solution for transport over long distances both in pure form and as part of
other liquid fuels such as ammonia, methanol, LOHC, and as a fuel for aircraft and rockets.

•

In solid solution together with other compounds (atomic form), generally in the form of
composite metal hydrides.

•

Adsorbed in molecular form on solid nano porous matrices held at low temperature and
moderate pressure (Willige, 2020).
Furthermore, because of the nature of the hydrogen molecule, storage solutions are a critical

component of hydrogen energy systems, particularly in large-scale projects. They are typically
divided between those that are better suitable for mobile applications and those that are better
suited for permanent facilities. On a second level, a further classification is carried out
depending on the method of storage that has been created in response to variables such as user
demands, determent circumstances, and operation time. Hence, it can follow either physicalbased or material-based designs (Moradi & Groth, 2019).

Figure 2. Source: (Moradi & Groth, 2019).

The changes in phases of development for different instances can be examined using metal
hydrides as an example. Metal hydrides range from established systems in specialized designs,
such as submarines, where they have been utilized for a long time, to devices with
experimentally acquired results that are just a few years old and have not yet hit the market
(Bellosta von Colbe et al., 2019). Consistent consumption estimations and the determination
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of the optimal characteristics are essential for correctly selecting the most suitable storage
medium (Moradi & Groth, 2019).

2.2.

Usage

Hydrogen can be used for two purposes: as a feedstock in particular industrial production
processes and as an energy carrier. While the applicability of hydrogen in industries such as
refining, chemicals, and iron and steel has been established for years, the real challenge for the
future development of a hydrogen value chain lies in the gradual growth of hydrogen
applications as an energy carrier to be transformed into electricity or thermal energy in the
residential, industrial and, above all, transport sectors (IRENA, 2018).
Today, about three-quarters of the hydrogen produced globally is used as a raw material in
industrial processes. The three main industrial applications using hydrogen as a feedstock are
refining, in hydrotreatment and hydrocracking processes within desulphurisation plants, the
chemical industry, as a synthesis gas to produce ammonia and methanol, and the steel industry,
as a reducing agent in the specific production process of Direct Reduced Iron (DRI) steel (IEA,
2019).
Hydrogen can be used to produce electricity through thermal technologies such as turbines
and endothermic engines, suitably adapted, where it (or mixtures of methane gas and hydrogen)
is used as a fuel, or through electrochemical technologies such as fuel cells, consisting of
electrochemical cells that convert the chemical energy of hydrogen and an oxidizing agent,
usually oxygen, into electricity through redox reactions without any thermal combustion
process taking place (Airbus, 2020). In this sense, fuel cells are the primary option for
converting hydrogen into electricity or heat. These technologies can achieve high electrical
efficiency (over 60 percent), especially at part load, making them particularly attractive in load
balancing operations due to their flexibility and making them suitable for both stationary and
mobile applications, such as heat and power cogeneration (CHP) devices, which are capable of
producing electricity and heat simultaneously, and fuel cell electric cars (FCEVs) (United
States Department of Energy, 2015).
The main types of fuel cells are:
•

Molten carbonate fuel cell (MCFC), operating at temperatures above 600 °C, can be fuelled
by a blending of hydrogen and biogas.
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•

Solid oxide fuel cell (SOFC) uses a solid oxide electrolyte operating at very high
temperatures. Again, the cell can be operated with a blending of hydrogen and biogas.

•

Proton-exchange membrane fuel cell (PEM). This stationary cell can use pure hydrogen
and generates no GHG emissions, producing only water vapour. The production of these
fuel cells is growing steadily around the world and will see maturity in the coming years:
in 2018, more than 350,000 units were produced with an installed capacity of around 1,600
MW. In this context, fuel cells can act as an energy backup and an off-grid power supply
tool, applications dominated to date by diesel generators (University of Cambridge's
Department of Chemical Engineering and Biotechnology, 2021).
Fuel cell is also the main technology applied in the transport sector in hydrogen vehicles

with the function of powering the electric engine. It works as a generator that converts the
chemical energy of hydrogen into electricity through a reaction with oxygen. In vehicles,
depending on requirements, the power generated is fed into the electric motor and/or a battery,
which in any case is considerably smaller than in battery electric vehicles (BEVs). From a
technological point of view, the fuel cell is the most advantageous solution in heavy transport,
especially when considering the total vehicle mass due to the size of the batteries, but also in
trains, a mature and commercially robust technology for those stretches not yet electrified, and
in the future further extendable to ships and aviation vehicles (Bethoux, 2020).
FCEVs are arguably the most visible implementation of hydrogen technology. According
to Acar & Dincer (2020), FCEVs outperform vehicles with hydrogen-fuelled internal
combustion engines (H2ICE), conventional, hybrid, classical electric, and biofuel in terms of
CO2 and SO2 emissions, social cost of carbon, energy and exergy efficiencies, fuel
consumption, fuel price, and driving range. Even when utilized as a fuel for internal
combustion engine cars, it shows to be a quality solution due to its high heating value. In
particular, fuel cells are considered to be ideally suited for usage in local public transportation
systems such as city buses, especially in the current early stage of hydrogen expansion when
the network of hydrogen refuelling stations (HRS) is not yet sufficiently spread (Teng, Zhang,
Dong, & Xue, 2020).
Moreover, this technology enhances CHP efficiency, which is one of the primary
advantages over the lithium-ion battery. Heat energy may be used in many different sectors,
reducing greenhouse gas emissions from both homes and businesses (Dodds et al., 2015). In
the manufacturing and residential sectors, hydrogen can be used as a thermal fuel for hightemperature industrial uses, such as melting, drying, and chemical reaction processes, and for
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heating buildings. However, the characteristics of hydrogen in these uses require a
technological adaptation of plants and equipment that is more or less important in terms of
conversion costs and applied research. For example, hydrogen causes corrosion and increased
brittleness when it meets particular metals, requiring the installation of new coatings and other
protective measures (Trautmann et al., 2020).

2.3.

Safety and social concerns

Financial support is one of the obstacles to the development of hydrogen energy systems.
As governments recognize the potential and necessity of these systems in order to reach netzero emissions, more and more money is being committed in, among others, R&D, education,
product manufacture. Despite considerable efforts from private businesses, the government's
funds remain public property. Hence, societal willingness to fund such large investments must
be considered. On this subject, a study pushed forward by the South Korean government was
undertaken to evaluate the readiness of households to pay for the development of marine biohydrogen technology (Kim, Lee, Huh, & Yoo, 2019). Simultaneously, these initiatives must be
explicit about the ultimate goal of a carbon-neutral society, straightforward about the feasibility
of achieving it, and persuasive enough to garner support.
A new issue that people are concerned about is how hydrogen installation will influence
their life. The global adoption of new technologies will significantly impact energy equality
and social behaviours (Scott & Powells, 2020). Consequently, further research will
undoubtedly be performed on socio-technical scenario models (McDowall, 2014). Moreover,
decisions are sometimes implemented in a standardised way, while other times, development
draws distinct methods since different communities may not share the same opinion on the
deployment of breakthrough innovations (Lieu et al., 2020). Most scientists and engineers
concentrate their efforts solely on the development of hydrogen technology and continue to
ignore all these aspects. However, the transition of the global energy system cannot be regarded
as only a technology-efficient shift but also as a societal one.
Hydrogen is frequently seen as a hazardous explosive gas, and its reputation reflects on its
global development and use, particularly in places that have not yet built any industrial
infrastructure or expertise with this chemical element. The bad reputation began in 1937 when
the hydrogen-filled Hindenburg Zeppelin burst in a tragic accident. Although it was officially
proven that the material coating caused the explosion, blame was placed on the highly
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flammable gas (Webster, 2017). Today, several studies are devoted to security problems with
hydrogen production, transportation, and consumption, with the goal of demonstrating that the
probability of an accident using hydrogen is no greater than that of any other fuel routinely
used. For instance, issues with hydrogen equipment loss of integrity are studied to improve
safety (Ustolin, Paltrinieri, & Berto, 2020), and previous hydrogen-related incidents have been
extensively investigated and ended with remedies to prevent future disasters (Sakamoto et al.,
2016). Furthermore, simulations of possible leakage accidents have been carried out to
determine the magnitude of damage that would occur in an unanticipated event so that
appropriate safety measures can be implemented to limit its adverse effects (Liang et al., 2019).
As a result, fear of a catastrophic explosion will not impede the social acceptance of
hydrogen energy systems, as demonstrated by a recent occurrence: at the beginning of June
2019, an explosion occurred at the Santa Clara hydrogen chemical plant, resulting in the
disruption of the hydrogen supply to the Northern Californian hydrogen station network for
three months (Genovese, Blekhman, Dray, & Fragiacomo, 2020). By continuing to invest in
hydrogen, it is possible to improve inadequate infrastructure, advance in the technology, and
consolidate its social position, thus preventing further problems from generating dissatisfied
users and lowering its reputation of reliability.

Hydrogen has a low density, which implies storage at very high pressures, and it is highly
flammable. It presents an explosion range between the lower and upper flammability limits3.
Hence, safety procedures usually include detection systems set at 20 percent and 40 percent
lower flammability limits (Najjar, 2013). If combined with other gases, its characteristics
change under the same external conditions. A hydrogen/methane combination, for example,
has a lower flame speed, a lower explosive detonation level with air, a lower upper
flammability limit, a higher lower flammability limit, and a greater ignition temperature than
pure hydrogen (Abdel-Aal, Sadik, Bassyouni, & Shalabi, 2005). Depending on the hydrogen
volume percentage, the power of the initiator, the confinement of the reaction, and the presence
of turbulences in the flame front, combustion can occur either as detonation or deflagration that
can turn into a detonation after some distance has been travelled by the flame. The composition
range in which a detonation can take place is from 18.3 to 59 volume percent of hydrogen,

3

Flammability limits: when an ignition source is available, the concentration range in which a chemical

might cause a fire or explosion (ILPI, 2020).
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while that for deflagration is wider (Tretsiakova-McNally, 2014). Detonations are more
destructive than deflagrations as the shock wave generated moves at supersonic speed. It is
relevant to mitigate this risk by defining in advance the explosion limits, especially in the cases
in which the gas is subject to significant pressure and temperature increase (Di Benedetto et
al., 2014).
Because of the additional difficulty posed by extremely low temperatures (the boiling point
at 1 ATM is -253 °C), liquid hydrogen necessitates being handled with caution. When it comes
into touch with the skin, it can induce frostbite or hypothermia, while breathing can cause
respiratory difficulties and asphyxiation. In terms of equipment damage, ice produced by
moisture in the air can obstruct flow-through vents, valves, and storage containers, resulting in
material breakage if excessive pressure is applied and in hydrogen release (Pritchard &
Rattigan, 2010).
Although in almost all situations a combination of the mentioned occurs, hydrogen hazards
can be classified as chemical (ignition and burning), physical (embrittlement, component
failures, and phase shifts), and physiological (frostbite, respiratory illness, asphyxiation).
Furthermore, there are three kinds of hydrogen embrittlement: interior embrittlement causes
internal fractures; environmental embrittlement in metal generates deformations, loss of
ductility, surface cracks, and fracture stress reductions; lastly, reaction embrittlement is a side
effect of the chemical interaction between hydrogen and a metal, resulting in a brittle hydride.
For instance, hydrogen could form methane with carbon in the steel. A variety of preventive
strategies exist, including techniques such as graphene and niobium coating and zinc and nickel
plating. In addition, titanium and aluminium alloys could be incorporated into the base
material, amorphous structure materials could be opted for, and/or a diffusion layer made of
carbon, oxide, or nitrogen could be added to create a barrier for hydrogen penetration (Dwivedi
& Vishwakarma, 2018).
Hydrogen leaks may cause catastrophic explosions in indoor places, unventilated areas
from where gas cannot leave quickly, resulting in considerably higher overpressure, but to
decrease their effects, explosion venting can be utilized. Several organizations, such as the
European Hydrogen Safety Panel (EHSP), and programmes, like the Hydrogen Safety for
Energy Applications (HySEA), are producing suggestions to enhance worldwide standards for
hydrogen safety procedures, also focusing on the design of explosive venting devices as in the
case of pressure relief panels (Skjold et al., 2017). Besides, safety sensors are utilized to
guarantee safe operation and to identify leaks in a timely manner. In this regard, the National
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Fire Protection Association (NFPA) requires the use of hydrogen detectors for fuelling
activities in contained spaces (Buttner, Post, Burgess, & Rivkin, 2011).
Finally, the combined use of different analysis techniques is strongly suggested for general
hazard prevention. The Failure mode and effects analysis (FMEA) reduces the likelihood of
flaws as it detects the regions more likely to fail and, in the event of a failure, it helps to
minimize its consequences by suggesting the necessary remedial actions. The Hazard and
operability study (HAZOP) aids in the identification of occurrences and possible scenarios,
whereas the Fault tree analysis (FTA) assesses their likelihood (Casamirra, Castiglia, Giardina,
& Lombardo, 2009). The use of these methods and the in-depth staff training and education in
hydrogen safety are quickly becoming adopted all around hydrogen safety engineering.

2.4.

Global market outlook by 2050

In view of the role of hydrogen in the energy transition and international policies to support
it, demand for this energy carrier is expected to grow strongly worldwide in the coming years.
According to the scenario developed by Bloomberg New Energy Finance (BNEF) (2020),
hydrogen will account for 24 percent of final energy demand, equal to about 27,000 TWh. In
this scenario, which considers a policy context supporting hydrogen penetration, the sector that
will benefit most, with a 43 percent share of total hydrogen use, is the transport sector, and the
most extensive use in this sector will be in heavy-duty vehicles. The energy sector is the second
largest contributor to hydrogen deployment by 2050, accounting for 31 percent of final
hydrogen demand. In the industrial sector (18 percent), hydrogen will play an important role
mainly in steel and cement production. The research conducted by BloombergNEF (2020)
shows that to meet 24 percent of energy demand by 2050, hydrogen production will require a
massive increase in renewable energy: some 31,320 TWh of electricity would be needed to
power electrolysers for hydrogen production (more than current electricity production
worldwide).
Instead, Hydrogen Council’s development scenario (2020) shows that hydrogen will
account for 18 percent of the world’s final energy demand and 12 percent of primary energy
demand in 2050 for a total consumption of 21,389 TWh, which is the sum of the present energy
consumption of Russia, India, and Vietnam. Per these estimates, annual world hydrogen
demand will increase tenfold from the current 2,700 TWh. The request is concentrated in the
industrial sector, where it is used not so much as an energy carrier but as an indispensable raw
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material for applications in the chemical, petrochemical, and metallurgical sectors. As per the
global scenarios considered, these productive uses will gradually be flanked by uses of
hydrogen for energy purposes, especially in areas where the processing methods and
temperatures required do not presently allow for sustainable use of the electric vector. These
hydrogen volumes will be able to meet 12 percent of global demand in the sector, leading to a
reduction of one billion tonnes of CO2 per year. Specifically, hydrogen will find its way into
high-temperature production, providing up to 23 percent of the energy needed, and into the
decarbonisation of industrial production, such as steel, methanol and ammonia, and refining.
The transport industry is the second largest contributor to hydrogen development in the coming
years, accounting for about 28 percent of final hydrogen energy demand by 2050. The
hydrogen demand scenarios envisaged for the transport sector are declined to 2050 with 400
million cars (25 percent of the total circulation), 5 million trucks (30 percent of the total
circulation), and 15 million buses (25 percent of the total circulation). With these predictions,
the transport sector will contribute to the reduction of 3.2 billion tonnes of CO2 per year.

2.4.1. Europe

As regards the outlook for the development of hydrogen by 2050 in Europe, several
simulations have been drawn up by various reference bodies, ranging from the most cautious
to the most ambitious. Three development scenarios are presented and discussed in detail: that
of the Fuel Cell and Hydrogen Joint Undertaking (FCH JU) (2019), that of the European
Commission (2018), and that of Gas for Climate (2020).
The FCH JU scenario (2019) is divided into two forecasts, one ambitious and one businessas-usual. The ambitious forecast assumes that the target of reducing emissions and limiting the
temperature increase to no more than 2 °C will be reached. To achieve this target, the Fuel Cell
and Hydrogen Joint Undertaking estimates that a hydrogen penetration in the final consumption
of 24 percent in 2050 is necessary, corresponding to 2,251 TWh, a volume 7 times higher than
the production in 2015, considered as the base year for the elaboration of the estimates. In the
business-as-usual scenario, hydrogen will account for 8 percent of final energy demand, or 780
TWh. The distribution of sectors also changes between the two scenarios to 2050, with the
transport sector leading the growth with an expected weight of 11 percent in the business-asusual scenario and 30 percent in the ambitious one. In the residential sector, about 20 percent
of the hydrogen expected by 2050 will be used for heating and electricity demand, enough to
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provide heating for more than 52 million households (about 24 percent of European
households) and supply up to 10 percent of electricity demand. In industry, on the other hand,
it is estimated that about 160 TWh of hydrogen could be used for high-temperature heat
production and a further 140 TWh to replace coal in DRI steel production processes. Lastly,
120 TWh of hydrogen, combined with captured carbon (i.e., from CO2 from the atmosphere)
or renewable carbon from biomass, is expected to be used to produce synthetic feedstocks for
40 million tonnes of chemicals in 2050.
The European Commission’s scenario (2018) estimates a less ambitious hydrogen
penetration in final energy consumption of 19.8 percent in 2050 for a total of 1,847 TWh. As
in the previous case, this penetration scenario has been calculated with the aim of limiting CO2
emissions to levels that will keep the global average temperature increase below 2 °C, in
accordance with the Paris Climate Agreement. In the final demand for hydrogen, the weight is
distributed almost equally between the transport sector (32 percent), the industrial sector (32
percent), and the residential sector (27 percent). The baseline scenario, built on the assumption
that there are no strong policy decisions in favour of hydrogen, instead predicts the
development of hydrogen consumption of 0.6 percent (62 TWh) of final energy consumption
and foresees deployment in the transport sector only due to the diffusion of FCEVs.
Finally, the scenario developed by Gas for Climate (2020) provides a more conservative
estimate with a hydrogen penetration of 18.3 percent in 2050, equal to 1,711 TWh, in which it
is seen more as a storage and transport solution to support the electricity system rather than a
vector directly available to end-users. Of these, the transport sector accounts for 15 percent of
final hydrogen demand, the lowest estimate of those presented so far, while the largest weight
is represented by the energy sector (hydrogen-to-power), which counts for 45 percent of final
hydrogen demand. Fuel cell vehicles will not reach their true potential in 2050 (representing
only 1 percent of cars on the road and 5 percent of buses and trucks on the road) as, while
electric will continue to dominate in small-scale vehicles, biomethane and bio-LPG are also
expected to play a decisive role in larger-scale vehicles.
2.4.2. Latin America

Unfortunately for Latin America, no detailed development scenario by 2050 has been
drafted by any institutional body. Nonetheless, a report from the International Energy Agency
(Hydrogen in Latin America, 2021) elaborates two development scenarios by 2030. It expects
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the total hydrogen consumption to grow significatively, primarily due to the additional demand
from the current oil refining and industry uses. Indeed, despite the potential to decarbonise
various sectors, new hydrogen applications are projected to remain limited, with existing uses
continuing to dominate consumption. Economic growth is the most important driver in both
cases, whereas environmental policies have a modest influence on demand for new usage. In
the Accelerated scenario, a signal that this decade might be pivotal for the adoption of hydrogen
as an energy carrier is the shift in the total demand distribution by 2030.
In the Baseline case, total demand reaches 6.2 million tonnes, increasing by 52 percent
from the 2019 level. The growth originates from already established usage and the production
rise of ammonia, the demand for which will increase by 50 percent exploiting the full potential
of existing plants in Brazil and Mexico. At the same time, new applications in the industrial
sector and for transport will be limited.
Consumption rises by 67 percent in the Accelerated scenario to 6.8 million tonnes. To
fulfil more aggressive energy and climate objectives, new applications in industry and
transportation will increase dramatically and will account for almost 18 percent of the total
demand in 2030, whereas hydrogen in oil refining will grow less than in the base case. Demand
for mixed hydrogen will develop faster than the one for pure hydrogen in both Baseline and
Accelerated cases. In the latter, it is mainly due to innovative usage of hydrogen in blast
furnaces, which, particularly in Brazil, are used for steel production. It also assumes the rapid
deployment of necessary supporting infrastructure, such as hydrogen refuelling stations, which
are essential to facilitate the spread of hydrogen in transport.
Moreover, some important considerations regarding the possible development of hydrogen
in this macro-region are reported in several sectoral studies. In Latin America, more than a
quarter of the energy comes from renewable sources. This situation derives from the fact that
it has some of the world’s most plentiful and cost-competitive renewable energy resources,
including hydroelectricity, solar, and wind. Brazil, Chile, and Mexico are among the top ten
renewables markets in the entire globe. Building on this dynamism, Latin American countries
may seize major possibilities to employ green hydrogen to address local energy market issues,
such as its decarbonisation, its security, and the transformation of the national transportation
industry, while also expanding worldwide market prospects. To encourage investments, policy
and market incentive schemes must support and increase economies of scale (Fabricio
Longhin, 2020).
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Though hydrogen from renewable sources looks to be an appealing possibility for the area,
in the long run, low-carbon hydrogen demand and infrastructure may be built in the medium
term through blue hydrogen generation. Existing hydrogen production plants, particularly in
Argentina and Brazil, might be converted with CCUS technology. Synergies in infrastructure
utilization can be exploited in industrial clusters with numerous co-located CO2 generating
activities requiring carbon capture, while carbon pricing could encourage the transition from
current pollutant technologies to a low-carbon route (Berkenwald & Bermudez, 2020).
Chile announced its green hydrogen plan in November 2020, making it the region’s first.
With 40 hydrogen projects currently in different stages of development, of which at least 5 GW
electrolyser capacity in the works by 2025 (Lenton, 2021), it will be utilized mostly in the
transportation and mining industries, and it is anticipated to cut greenhouse gas emissions by
27 percent. The country intends to become a relevant renewable energy exporter, with a
revenue target of USD 33 billion by 2050. For the purpose, it aims to produce the cheapest
green hydrogen available in the global market by 2030 at a price goal of USD 1.3/kg. Similarly,
other nations, including Argentina, Brazil, Colombia, Costa Rica, Mexico, Paraguay, Peru, and
Uruguay, are considering the adoption of hydrogen strategies in their national energy plans.
Hence, they are building the regulatory framework and devising incentives to help the
hydrogen market take-off (Deetken Impact, 2021). This momentum is being bolstered by
private efforts such as Argentina’s H2ar and Chile’s H2Chile, which bring together key
corporate and public entities to explore possibilities and promote the creation of appropriate
partnerships and value chains (Berkenwald & Bermudez, 2020).

2.5.

Case studies

In recent years, the promotion of low-carbon hydrogen has quickened. Many large
economies have announced and established specific hydrogen programmes. Clean hydrogen
development projects already exist in Australia, Chile, China, Japan, numerous European
nations, Morocco, and New Zealand. There are now more than 30 hydrogen roadmaps in place
throughout the world, most of which were authorized and published between 2019 and 2021
(McKinsey & Company, 2021).
The following are the most common strategic aims mentioned in these:
•

Reduce greenhouse gas emissions and decarbonize energy, industrial, and transportation
sectors.
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•

Promote the integration of renewable energies into power grids and sector coupling
(interlinking the electricity and gas industries).

•

Foster economic development and industrial competitiveness.
Challenges, goals, and enablers vary from one national strategy to another, primarily to be

adapted to each country’s industrial, economic, political, and social contexts. In any case,
besides blue hydrogen being universally recognised as a bridging technology, green hydrogen
is seen by all as a crucial and essential element in the quest for a truly carbon-neutral society
(Lambert & Schulte, 2021).

2.5.1. Australia

Australia published its national hydrogen strategy in November 2019. Its most immediate
economic potential is to position itself as the preferred hydrogen supplier to Japan and other
countries in the region, such as South Korea, that are looking for hydrogen as a low-cost way
to cut emissions and boost industrial development. The country aims to gain significant
worldwide participation in the global market by 2030. It aspires to be one of the top three
hydrogen exporters to Asian markets, gain the trust of global investors, and possess a hydrogen
capacity that has been proved and recognized worldwide. Moreover, it would want to see the
new industry benefit all Australians in terms of jobs opportunity, wealth creation, community
support where hydrogen companies are situated, reduced air pollution, and increased home
hydrogen usage. Another strategic goal is to create a low-carbon emission, cost-competitive
industry that continually improves processes and presents a good safety record. According to
the plan, firms in the transportation, industrial, energy, and export sectors will be the most
affected.
The supporting measures touch on four main areas: investments, regulations, and building
the internal market and international relations. The Australian government seeks to create an
environment that encourages investment and early-stage technological development. To do
this, it will evaluate the present legal framework to determine whether it can successfully
support the sector’s growth. Furthermore, it wishes to involve bodies regulating the energy
market in their planning and future reforms to account for the potential effects of hydrogen
industry growth while also assisting in the establishment of international relationships with
future country markets and building community confidence (COAG Energy Council Hydrogen
Working Group, 2019). Regarding hydrogen production, in 2020, it consists of 0.5 million
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tonnes entirely fossil-based, while by 2030, it is estimated that it will reach 1.0 million tonnes
almost entirely green; for this purpose, 19 TWh of renewable electricity will be needed. By
2050, there will be an exponential production growth to reach 18 million tonnes yearly
supported by 912 TWh of renewable electricity necessary in the electrolysis process (Deloitte
Touche Tohmatsu Limited, 2019).

2.5.2. Chile

Chile’s hydrogen roadmap was released in November 2020 as, by taking advantage of
favourable geographical conditions (solar energy in the North and Centre, and wind energy in
the South), it intends to become one of the world’s leading clean energy providers by producing
cost-competitive renewable electricity and zero-emission hydrogen. On a strategic level, it
plans to have an electrolysis capacity either operating or under development of 5 GW by the
year 2025 and of 25 GW by 2030, to promote innovation, local employment, competition, and
investments, and to execute proactive public-private cooperation to decrease entry barriers to
the industry. Due to plentiful renewable energy, the Chilean government wants to attain a
renewable hydrogen price of around USD 1.3/kg by 2030 to become the world’s cheapest
hydrogen producer. By 2040, it hopes to be one of the top three exporters of green hydrogen
and clean synthetic fuels, among which ammonia, and build long-lasting relationships with
importing nations. The industries affected are the same as those in the Australian plan, i.e.,
transportation, industry, energy, and export.
Support measures focus on promoting research and development, creative solutions, and
industrialization (for example, a financing round to support green hydrogen projects with up to
USD 50 million is being launched), collaboration with stakeholders, and public-private
roundtables. Moreover, it seeks to encourage the establishment of a global carbon footprint
certification system as well as a green hydrogen Guarantee of Origin (GO)4 certification system
and stimulate global collaboration to eventually build an international market. To ultimately
foster the expansion of hydrogen technology in Chile, the plan also accounts for the
implementation of certain regulatory actions, specifically to regulate security issues, remove
regulatory barriers, implement quota mechanisms in the gas network, and discuss carbon prices

4

Guarantee of Origin (GO): it is a tracking tool that certifies the renewable origin of the electricity

supplied to the consumer (European Parliament and Council, 2009).
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and taxation that best fit with the externalities. Public awareness and local growth are other
elements that are taken into account in the plan. Indeed, it targets to educate the population,
build essential infrastructure, generate new employment, and promote balanced use of land and
resources. Looking at the projections for the Chilean green hydrogen production and its
underlying turnover, by 2025, it is expected to generate USD 1 billion from domestic
applications with an associated capacity between 5 to 8 GW; by 2030, it is forecasted to be
USD 2 billion coming from the domestic market and USD 3 billion from exports with a total
capacity of 40 GW; by 2040, it is USD 7 billion from the local market and USD 16 billion from
the international one with a cumulative capacity of 200 GW; while by 2050, the national
applications are estimated to generate USD 9 billion and exports USD 24 billion with a total
associated renewable capacity of 300 GW (Chilean Ministry of Energy, 2020).

2.5.3. The European Union

In July 2020, the European Commission produced a document called “A hydrogen strategy
for a climate-neutral Europe”, which presents a strategy to encourage member states and
private investments in the hydrogen sector by loosening some regulatory and financial
constraints. It wants to organize European cooperation by creating a common regulatory
framework and shared standards, developing infrastructures, coordinating research projects,
and forming a European market. In addition, it has three other strategic goals: the first one
focuses on boosting investments to support R&D, develop critical technology, and promote
applications and industrialization of hydrogen as a means of strengthening the European
Union’s strategic position. The second one seeks to ease the EU’s energy transition. Indeed, by
2050, hydrogen is projected to account for 13 to 14 percent of the entire European energy mix,
with 25 percent of renewable power generation utilized to make hydrogen. The last one is
developing international trades and a transnational market, establishing partnerships for
imports (particularly in the East European and the North African regions), and exporting
hydrogen technology. The spread of this new energy ecosystem will have the greatest impact
on industry, transportation, and power systems.
The paper emphasizes the importance of implementing a robust investment agenda to
support and develop hydrogen production, applications, and projects. Several funding
initiatives and organizations, like the European Clean Hydrogen Alliance, the InvestEU
programme, and the EU Innovation Fund, are being created or refinanced in this respect. Green
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hydrogen is expected to require investments ranging from EUR 180 to 470 billion, whereas
blue hydrogen from EUR 3 to 18 billion by 2050. It will take between EUR 24 and 42 billion
to attain an electrolyser capacity of 6 GW by 2024 and 80 GW by 2030, with 40 GW in Europe
and 40 GW in neighbouring partner nations, for a total output of up to 10 million tonnes; EUR
220-340 billion for renewable energy capacity connected to green hydrogen generation; EUR
11 billion for CCUS systems; and, finally, EUR 65 billion for hydrogen transportation,
distribution, and storage. Further enabling measures that are stressed out in the roadmap
include developing transport networks within the EU and partner countries, as well as building
a regulatory system that accounts for quotas and minimum percentage of green hydrogen in
industrial and mobility uses, a low-carbon threshold, renewable hydrogen certifications, GOs,
and Carbon Contracts for Differences (CCfDs)5 (European Commission, 2020).

2.5.4. The United Kingdom

Having been launched in August 2021, the British national hydrogen roadmap is one of the
most recent. The relative delay is to some extent compensated for by the depth of the work
undertaken, which is reflected in the breadth of the strategic goals set to pursue. The
government intends to meet the Sixth Carbon Budget6 objective of decreasing emissions 78
percent on 1990 levels by 2035 and reaching net-zero by 2050, all while capitalizing on the
potential that hydrogen has to offer to the country. The United Kingdom looks to have a lowcarbon hydrogen production capacity of 1 GW by 2025 and 5 GW by 2030, which would avoid
about 41 million tonnes of CO2 emissions between 2023 and 2032, with suggestions indicating
that 7-20 GW capacity may be required by 2035. It also encourages the creation of a national
hydrogen value chain, which will result in over 9 thousand new jobs and GBP 900 million in
gross value added by 2030, and up to 100 thousand new jobs and GBP 13 billion in gross value
added by 2050. Furthermore, it intends to have hydrogen account for 20-35 percent, or between
250 and 460 TWh, of final energy consumption, and become a worldwide exporter of
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Carbon Contracts for Differences (CCfDs): contracts in which one agency, public or private, agrees

with another agent on a predetermined carbon price for a specific period. They are structured as a strike
price above the carbon market price (Linares, 2020).
6

Sixth Carbon Budget: it is a report mandated by the Climate Change Act that recommends the amount

of GHGs the UK can release between 2033 and 2037 (Committee on Climate Change, 2020).
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knowledge and technology, as well as a physical exporter of hydrogen to neighbouring
countries. Consequently, hydrogen development will have repercussions on many sectors,
among which export, industry, transportation, and power systems.
Local hydrogen production is projected to reach 10 to 27 TWh per year, solely from natural
gas. Significant investments are thus required in this field: the public administration intends to
launch the Net Zero Hydrogen Fund (NZHF) in 2022, with a GBP 240 million budget for the
realization of at-scale projects concerning both green and blue hydrogen. The governmental
financial endeavour to de-risk early projects may help release more than GBP 4 billion in
private sector co-investment until 2030. In addition, work is underway to investigate required
legislative modifications to address issues such as uncertainty around permission procedures
for new hydrogen infrastructure and experimentations and around end-use applications
involving industrial and domestic consumers. Attention is also put on R&D, particularly in
developing storage options, for which the GBP 60 million Low Carbon Hydrogen Supply 2
competition is being launched. Further efforts are placed on assisting small trials and projects
regarding fuel cell mobility solutions, such as buses, trains, and vessels, and building market
demand. The roadmap recognizes the need to stimulate internal demand. In this context, a
series of funds are offered to switch to technologies, like hydrogen, that enhance efficiencies
and reduce emissions connected with industrial processes (for instance, the GBP 315 million
Industrial Energy Transformation Fund). Lastly, the potential of employing a hydrogen mixture
of up to 20 percent in the gas network for residential heating is being investigated (British
Department for Business, Energy & Industrial Strategy, 2021).

2.5.5. France

Among the actions it is undertaking to reach carbon neutrality by 2050, the French
government unveiled its national hydrogen strategy in September 2020, intending to promote
research, development, and innovation (RD&I), as well as develop a French hydrogen value
chain. The purple and green hydrogen generation deployment will be aided by extensive
infrastructure and a low-carbon electric mix. The French approach has a national focus as no
partnerships outside of the European Union are explored, and no steps are taken to encourage
the establishment of a global market. The aim is on strengthening the French industrial,
economic, and energy position: becoming a relevant player in the international sector,
encouraging industrialisation, and creating employment (from 50 000 to 150 000 new jobs by
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2030). Furthermore, the plan wishes to push French industrial decarbonization and foster clean
mobility. It pledges to cut CO2 emissions by 6 million tonnes by 2030 and help French firms
across the entire hydrogen value chain by boosting education and training and supporting
industrial electrolysers production and mobility applications. Industry, transportation, and
power systems are the sectors that will be influenced the most by hydrogen technology.
Moving on to the supporting measures, EUR 7.2 billion in public financial incentives and
subsidies are planned for 2020-2030 to fund projects and establish support mechanisms for
hydrogen production and usage. European collaboration is regarded as critical to the local
roadmap’s success, which is why the French vision is entirely aligned with the European
strategy, and the French government is specifically interested in creating a strong FrancoGerman collaboration for project development. Similar to the previously presented strategic
plans, the French one aims to create a stimulating environment. As such, it desires to implement
an efficient regulatory framework, which includes, among other things, carbon traceability,
GOs, and security norms, and it wishes to promote research in disruptive technologies through
initiatives such as hydrogen campuses. On the production side, French law sets a target of 40
percent renewable energy in electricity production by 2030. Major progress in the electricity
mix must be pushed to achieve this objective as the percentage in 2019 was 21.5 percent. For
the purpose, the multiannual energy programme strives for a renewable electricity generation
capacity of 71-78 GW by 2023 and an electrolyser capacity of 6.5 GW by 2030 (French
Government, 2020) (French Ministry of the Ecological Transition, 2020).

2.5.6. Germany
Unveiled in June 2020, the German national hydrogen plan outlines the shape the
government wants to give to the German hydrogen environment. It intends to form
international partnerships (e.g., with Morocco) with the goal of exporting technology while
importing renewable electricity, hydrogen, and methane, as well as to promote international
trade and the creation of a global market, for which it advocates for an efficient regulatory
system in Europe and around the world and the construction of global infrastructures. Only
green hydrogen is considered sustainable in the long term. Water electrolysis is the primary
manufacturing technology under consideration, although additional possibilities, such as biobased processes and artificial photosynthesis, may be investigated in the future. Germany
aspires to be a leader in hydrogen generation. To this end, it pledges to promote and finance
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R&D efforts and, at the same time, to develop critical technologies across the whole hydrogen
production chain. Besides, via hydrogen development, it hopes to both meet worldwide
sustainable development goals (SDGs) and the 2050 carbon neutrality objective in line with
the Paris Agreement. Indeed, green hydrogen is a critical component of a successful German
energy transition, with the government aiming to cover 20 percent of total domestic hydrogen
use with low-carbon hydrogen by 2030. In accordance with the roadmap, hydrogen will have
the greatest impact on the local energy systems, industry, and transport.
In terms of enabling and supporting measures, steps are being taken to accelerate
Germany’s commercial implementation of hydrogen technology. EUR 7 billion is allocated for
this purpose, primarily to financially assist R&D projects, industrialization, and infrastructure
via grants, loans, and/or CCfDs. Another EUR 2 billion will be used to strengthen and expand
international collaboration. As with other national programs, the federal government’s scope
is to create an efficient regulatory environment by fostering systematization through defined
sustainable criteria and environmental classification of energy, hydrogen, and synthetic
downstream products. To cover part of the energy demand, by 2030, Germany wishes to build
up to 5 GW of electrolyser capacity, which corresponds to 14 TWh of zero-emission hydrogen
production and requires 20 TWh of renewables-based electricity. While between 2035 and
2040, it seeks to reach 10 GW of electrolyser capacity (German Federal Ministry for Economic
Affairs and Energy, 2020).
2.5.7. Japan

Japan is one of the most mature economies in terms of hydrogen development, as evidenced
by the fact that it was the first to publish a national roadmap, going back to December 2017,
and by the level of detail attained. The government’s hydrogen strategy is largely aimed at the
transportation sector, but it also has implications for other industries, including the building
and the power generation ones. The updated 2019 version of the program contains
comprehensive costs and performance objectives for several technologies. The country’s
objective is to develop a global “hydrogen society” by 2050; thus, it is aggressively preparing
for hydrogen imports (for instance, from Australia and Brunei) by constructing the necessary
supply chain and infrastructures. To further enhance international cooperation, it also hosts
annual International Hydrogen Energy Ministerial Meetings since 2018. Other aspects of the
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Japanese strategy include promoting technology development, particularly for Power-to-Gas7
and fuel cell applications for marine, transportation, and stationary purposes, and enhancing
the industrial competitiveness through continuous support for research and development. After
having struggled in the past because of the energy crisis caused by the Great East Japan
earthquake and subsequent nuclear power accident, the local government now sees hydrogen
as one of the viable options for diversifying energy imports with the goals of energy security,
economic efficiency, and environmental suitability.
Supporting efforts concentrate especially on funding technology’s applications and
research, design, and development of solutions for long-distance transport, loading, and storage
of liquid hydrogen. For the fiscal year 2018, the Ministry of Economy’s total budget for the
energy vector is JPY 28.4 billion, while the New Energy and Industrial Technology
Development Organization’s is JPY 15.1 billion. Unlike the other plans described thus far, the
Japanese roadmap emphasizes consumption forecasts rather than production targets. In 2017,
the country’s hydrogen consumption was 200 tonnes per year, completely from fossil fuels. It
plans to use 4 thousand tonnes of hydrogen per year by 2020, split between fossil-based and
renewable hydrogen. By 2030, the amount is projected to increase to 300 thousand tonnes per
year between hydrogen generated by renewable energy and blue hydrogen. Finally, by 2050,
the total consumption of blue and green hydrogen is expected to range between 5 and 10 million
tonnes per year (Japanese Ministerial Council on Renewable Energy, Hydrogen and Related
Issues, 2017) (Japanese Hydrogen and Fuel Cell Strategy Council, 2019).

2.5.8. The Netherlands
The Dutch strategy was made public in March 2020. By that time, several demonstration
projects had already begun, including the development of solutions for blue hydrogen
production, with the intention to support national technology R&D to later export the
knowledge and skills acquired. The plan emphasizes the significance of building hydrogen
infrastructure by either converting existing gas grids or constructing new international
interconnections and import/export hubs at the country’s ports. The Netherlands, according to
the government, should serve as Europe’s hydrogen transportation hub. The Dutch intend to

7

Power-to-Gas (PtG or P2G): the process of renewable energy conversion via water electrolysis to

gaseous energy carriers like hydrogen or methane (Patel, 2019).
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use their strategic position to connect gas networks and, in the future, hydrogen pipelines across
the European region. Furthermore, the port of Rotterdam is viewed as a possible centre for
importing and exporting hydrogen between worldwide supply and demand regions. Another
important objective of the roadmap is to continue decarbonising the local energy system
through the integration of renewable energy sources with hydrogen. In this regard, given that
the country’s offshore wind potential is estimated at 11.5 GW by 2030 and that up to 40 GW
is considered achievable, projects combining hydrogen production and offshore wind power
are being evaluated via integrated tenders. According to this overview, the areas most affected
by the advent of hydrogen will be industrial, energy systems, and transportation.
Looking at the enabling and supporting measures, the strategy acts on three distinct
directions: regulations, subsidies, and sector-specific efforts. It is advocating for a mandatory
hydrogen mix in gas networks at the European level, and it has developed supporting schemes
for research, scaling up, and rolling out. More than EUR 70 million are dedicated to the Energy
Innovation Demonstration Scheme (DEI+), and blue and green hydrogen are included in the
Scheme for cost-effective carbon emissions reduction (SDE++), for which firms can qualify
for up to EUR 300 per tonne produced. Special emphasis is devoted to the transportation and
aviation sectors, as evidenced by the National Climate Agreement, which sets targets of at least
50 refuelling stations, 15 thousand fuel cell vehicles, 3 thousand heavy-duty vehicles by 2025,
and 300 thousand FCEVs by 2030. The Netherlands has firmly commitment to a European
requirement on fuel blending to make aviation more sustainable. The draft of the Sustainable
Aviation Agreement promises to achieve a blending of 14 percent of sustainable fuels, mostly
of synthetic origin, which needs a sufficient supply of hydrogen by 2030 and 100 percent by
2050. The production outlook starts in 2019 with 1.5 thousand tonnes of fossil-origin hydrogen
per year. It progresses to about 500 MW of electrolysis installed capacity for green hydrogen
production by 2025 and 3 to 4 GW of installed capacity by 2030. Without going into specifics,
it is also mentioned that blue hydrogen will continue to play a relevant part in the national plan
(Government of the Netherlands, 2020).

2.5.9. Norway

The Norwegian strategy is oriented explicitly on the maritime industry to preserve the
country’s international pioneering role in green shipping. For this purpose, the country intends
to assist the sector in becoming a key supplier in the global maritime energy transition. The
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government shines a focus on blue hydrogen to strengthen the local gas economy and its
prospects across Europe. Moreover, it aspires to provide cost-effective solutions for Carbon
Capture, Utilisation, and Storage plants, as this will result in international technical
development. The state enterprise Enova, Innovation Norway, and the Research Council of
Norway will also play important roles in the R&D of innovative technologies and applications
via financing schemes like PILOT-E and in improving industrial competitiveness. Because the
May 2020 plan lacked depth, a more thorough roadmap was released in June 2021 detailing
timelines more clearly: by 2025, 5 hydrogen hubs for marine transport will be built, and both
1 to 2 industrial projects with associated manufacturing facilities and 5 to 10 pilot initiatives
for more energy- and cost-efficient alternatives will be encouraged; by 2030, the government’s
goals for hydrogen are to become a fully viable option in the marine industry and a competitive
alternative to fossil energy, with opportunities for the emergence of a European hydrogen
market (Royal Norwegian Ministry of Petroleum and Energy, 2021). As per the strategy, the
hydrogen transition will have the greatest impact on businesses in the transportation, industrial,
and export sectors.
Financial assistance figures are not accessible, but it is known that NOK 100 million has
been earmarked in the state budget for a strengthened hydrogen investment in 2021. Electricity
used to create hydrogen by electrolysis is presently free from the electricity consumer tax.
Furthermore, in the climate plan for 2021-2030 appears that the tax on greenhouse gas
emissions will be increased, making it more lucrative to opt for climate-friendly options. The
CO2 tax, which is currently at NOK 590 per tonne, is set to increase to NOK 2 thousand per
tonne by 2030. There are no accurate national projections for hydrogen production or
consumption. At least in the medium term, Norway will continue to develop blue hydrogen to
fully take advantage of the well-established gas expertise deriving from its natural gas
infrastructure (Royal Norwegian Ministry of Petroleum and Energy & Ministry of Climate and
Environment, 2020).

2.5.10. Portugal

In Portugal’s national hydrogen strategy, which was made available in July 2020, it is
emphasized how the country is committed to accomplishing the objective of carbon neutrality
by 2050. In this sense, it offers highly favourable conditions for the development of a hydrogen
economy, such as the availability of a modern natural gas infrastructure, very competitive
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renewable power generation prices, and a geographical location that allows for exports. By
embracing hydrogen production, the country can further leverage its renewable energy export
potential and competitiveness. In addition, the increasing generation and consumption of
hydrogen provide an opportunity for sectoral coupling by capitalizing on the complementarity
between the electricity and gas sectors to make the local natural gas infrastructure more
sustainable. Finally, Portugal seeks to demonstrate via the current roadmap that ambitious
decarbonization and energy transition policies can lead to economic development and
employment creation. Together with the particular focus on exports, the plan has clear goals
for hydrogen by 2030, i.e., to represent 5 percent of the energy consumption of the industrial
sector, the transport sector, and the final energy consumption, as well as to constitute 15 percent
of the volume in the natural gas networks.
Financials data are also considered: it is foreseen that EUR 7 billion in investments will be
made by 2030, resulting in a reduction in natural gas imports of EUR 300 to 600 million and
in need of EUR 900 million in financing that can be allocated through either Portugal’s
Operational Programme for Sustainability and Efficient Use of Resources (PO SEUR), or a
production support mechanism designed to cover the difference between the cost of green
hydrogen and the national market price of natural gas. Another enabling action to build a
Portuguese hydrogen ecosystem will be to regulate hydrogen injection into gas networks to
lower costs and obstacles to include the energy vector in the national energy system. Demandside backing is equally important, which is why the government is looking to establish
hydrogen incorporation targets (Government of Portugal, 2020). The production forecasts are
elaborated in a separate report, and it appears that in 2025, the production of hydrogen will be
equivalent to 100 thousand tonnes, 45 of which will be exported, entirely obtained from
electrolysis process. In 2030, the output will increase to 320 thousand tonnes, with 145
exported, primarily from electrolysis production and in minor part from biomass gasification.
It will further grow to 578 thousand tonnes by 2035, with 250 exported, generated via
electrolysis and, to a lesser degree, biomass gasification. Finally, in 2050, 920 thousand tonnes
of hydrogen will be generated (400 exported), with electrolysis accounting for the bulk of
production and biomass gasification for the remainder (Direção-Geral de Energia e Geologia,
2020).
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2.5.11. Spain

The Spanish hydrogen program was approved in October 2020, and it shares consistency
with the shared vision set by the European Union. The public administration sees hydrogen as
a critical element to integrate Spain’s renewable energy output, which consists of solar and
onshore/offshore wind power. As it wants the country to have a primary position in Europe’s
hydrogen market by exporting green hydrogen to European countries, it intends to expand on
EU collaboration and build partnerships with Portugal and Morocco. The local hydrogen
market relies mostly on private investments as, for the moment, there are no dedicated public
hydrogen funds. The government’s actions revolve around supporting research and
development of new technologies and solutions to foster both economic and hydrogen value
chain growth, producing renewable hydrogen and assisting in the deployment and integration
of renewable electricity, especially through sector coupling, while strengthening energy
sovereignty and encouraging sustainable mobility and decarbonization. According to the
national strategy, businesses in the export, industrial, power system, and transportation sectors
will be the most impacted. Indeed, it clearly sets targets to be pursued in these areas by 2030,
such as 25 percent of hydrogen consumption in industry, between 150 and 200 FCEV public
buses, at least 2 commercial lines H2-powered trains, 5 thousand to 7.5 thousand FCEV freight
vehicles, and from 100 to 150 hydropower stations.
The enabling actions include measures designed to financially incentivize green hydrogen
uses and industrial initiatives. It is estimated that funding will cost EUR 8.9 billion over the
next 10 years, with the private sector expected to promote most of the investments. Measures
are also aimed at creating an efficient regulatory framework to simplify administration,
removing regulatory barriers, encouraging competition, and setting standards, such as GOs.
Other initiatives include the creation of territorial ecosystems known as “hydrogen valleys”,
which are production places with generation capacities of more than 100 MW in noninterconnected areas, as well as raising public awareness by assisting Spaniards in
understanding the potential of technology and fostering education on it. As far as production
is concerned, only the electrolyser capacity forecasts are detailed. It is intended to attain a
capacity of 300 to 600 MW by 2024 and a capacity of 4 GW by 2030, resulting in a reduction
of 4.6 million tonnes of CO2 emissions in the 2020-2030 period (Spanish Ministry for the
Ecological Transition and the Demographic Challenge, 2020).
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2.5.12. South Korea

South Korea presents one of the most peculiar hydrogen roadmaps since it is focused on
gaining a leading role in fuel cell technology, especially FCEVs, to maintain its position as a
pioneer in the automotive industry. Unlike other nations’ hydrogen plans, decarbonisation is
not a fundamental driving factor but rather its economic attractiveness. The hydrogen economy
is perceived as a strategic investment area of utmost importance to ensure the country’s
economic growth and to promote local technology development and industrial excellence. The
transportation, power system, and building industries are the main sectors involved in the
strategy. Specific production objectives are defined that touch on these points: for FCEVs, by
2040, 2.9 million units for the domestic market and 3.3 million units for export; for fuel cell
power production, 15 GW by 2040, with 7 GW for export; and for stationary fuel cell use in
buildings, 2.1 GW by 2040.
Regulatory efforts, such as the Renewable Portfolio Standard (RPS), aid fuel cell power
generation by requiring large energy producers to meet a minimum amount of their power
output from innovative and renewable technologies, including fuel cells. The South Korean
government has not set aside a specific budget, but subsidies are available for FCEV purchases,
electrolysis capacity expansion, hydrogen storage building, Power-to-Hydrogen, methanation,
liquid hydrogen carriers and technologies, marine transport uses, and product safety in the
industrial sector. When it comes to hydrogen consumption, the scenario offered starts in 2018
with an estimated 130 thousand tonnes per year met fully by fossil-based hydrogen. By 2022,
the demand is expected to rise to 470 thousand tonnes per year, which will be supplied entirely
with polluting hydrogen, and by 2030, it is forecasted to rise to 1.94 million tonnes, satisfied
with a mix of fossil-derived hydrogen, blue hydrogen, and green hydrogen. Finally,
consumption will reach 5.26 million tonnes, with eco-friendly hydrogen, either imported or
produced locally, accounting for 70 percent of the total. The programme strives to cover 5
percent of the annual energy demand with hydrogen and reduce CO2 and fine dust emissions
by, respectively, 27.28 million tonnes and 23.73 million tonnes by 2040 (South Korean
Ministry of Trade, Industry, and Energy, 2019).
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3. METHODOLOGY

The methodology at the base of this research is described in this chapter, and it involves
selecting a study approach that can comprehensively answer the research questions. The first
section presents the research design and setting; the second covers the case studies structuring;
the third focuses on the interviews and their coding; finally, the fourth section details the
research framework.

3.1.

Research design and setting

As it is noticeable from the previous chapter, the subject of large-scale use of hydrogen in
the energy sector is an extremely topical field of study, particularly in Latin American, and
therefore it cannot yet rely on a consolidated methodological foundation. Hence, this research
focuses primarily on two purposes: the first is descriptive and exploratory in character,
considering the features of hydrogen technology, its stage of development, and its worldwide
diffusion prospects; the second seeks to advise on a national hydrogen development strategy
for Brazil and Italy, grounded on already published hydrogen national plans from other
countries supplemented with interviews with local experts from the selected national markets.
Nonetheless, one should not be distracted from the study’s scope and relevance because of
the two distinct goals. In fact, this is regarded as a suitable beginning point in the standard
research cycle since once the phenomenon has been completely explained in all its dimensions,
it will serve to back the research logic in a satisfactory manner. Following the explanatory
backbone, models on the matter may be proposed, comparable patterns across various countries
can be identified, and future pathways can be envisaged. Afterwards, those need to be verified,
first via a series of qualitative investigations and subsequently through more quantitative ones,
intending to establish a theory (Meredith, Raturi, Amoako-Gyampah, & Kaplan, 1989).
For the reasons just mentioned, this dissertation is a detailed qualitative study that follows
a Case Study Design. A case study, as opposed to a broad statistical survey or thorough
comparative investigation, is an in-depth examination of a specific research topic, and it is
frequently used to condense a vast field of study into one or a few readily researched instances
(Gerring, 2004). It is also helpful for determining if a certain theory or model relates to real
events and when little is known about a particular occurrence (Gomm, Hammersley, & Foster,
2000). Such an approach helps to develop a multifaceted knowledge of a complex issue in its
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real-world setting. It is a well-established research design that is widely utilized across a wide
range of fields, notably in the social sciences. A case study can be characterized in various
ways, with the core premise being the necessity to investigate an event or phenomenon
thoroughly and in its natural environment. As a result, it is frequently referred to as a
“naturalistic” design, that is the opposite of an “experimental” design in which the investigator
tries to exercise control over and alter the variables of interest (Rashid et al., 2019).
Furthermore, a quantitative analysis is unfeasible since the study subject is a rising worldwide
trend in the energy sector, and only a few countries have already established a national strategy
in this respect, which is insufficient to build a statistically representative sample.
Shortly, the operational part of this work is made up of a compendium of case studies
followed by some semi-structured interviews meant to corroborate the proposed development
strategies. The methodology for both stages of the research is outlined in detail in the following
paragraphs.

3.2.

Case studies

According to Yin (2018), theory development is a crucial part of the design phase as it
helps shape the case study regardless the research purpose is either descriptive, explanatory,
and/or exploratory. The theory should seek to provide a suitable blueprint for the researchers
while also serving as a beneficial backdrop for readers (Creswell & Creswell, 2018). The
extensive literature review in this research offers a design corresponding to the purpose,
enhancing the researcher’s ability to evaluate the results. Moreover, a correctly constructed
theory plays a critical role in the analytic generalization of the case study (Yin, 2018). When
conducting case study research, it is important to remember that the objective is to develop and
generalize theories (analytic generalizations), not to extrapolate probabilities (statistical
generalizations) (Mills, Durepos, & Wiebe, 2010). This is because the cases are not “sampling
units” since they are too few to serve as an adequately sized sample to represent any broader
population, and thus they should be picked in a completely different manner than statistical
samples (Yin, 2018).
Traditionally, case study research has not always presented formal designs. However, four
types of designs are academically acknowledged, based on a 2×2 matrix. A holistic multiplecase design is being used for this research. The holistic technique conforms to the global
character of the subject under investigation. In other words, this approach is adopted since the
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entities analysed are examined as a whole, with no sub-units to be investigated (Mills, Durepos,
& Wiebe, 2010). Even though a multiple-case research approach is more time- and resourceintensive, it is preferred to a single-case study strategy because it is less susceptible, and the
findings are stronger (Herriott & Firestone, 1983).
When it comes to multiple-case design, a typical blunder to avoid is viewing numerous
instances as many respondents in a poll rather than repeatable experiments. In this situation, a
replication logic, not a sample logic, must be used as the research’s guide (Barlow, Nock, &
Hersen, 2009). Each case should be chosen to either anticipate comparable outcomes (literal
replication); or forecast opposing results but for predictably different causes (theoretical
replication). If all the individual cases (typically between six and twelve) turn out to be fitting
the theoretical framework, analytic generalization can be made (Yin, 2018).
Predominantly, a literal replication style is chosen for this study, and twelve case studies
are covered using an iterative technique and secondary data, i.e., mainly official documents
and websites. Although the iterative method is more expensive both in terms of time and
resources, it ensures more rigorous research. Indeed, this kind of process necessitates the
creation of a summary with highlighted results, which are thoroughly reported in the next
chapter, based on predetermined criteria (specific characteristics, primary strategic objectives,
support measures, most impacted sectors, production/consumption targets, and/or electrolyser
capacity generation goal) for each case. When significant findings that are not in line with what
predicted arise, a rethink of the entire theoretical design must be considered. Otherwise, the
study could appear weak, and its author might be accused of data manipulation for keeping to
the original theoretical framework (Herriott & Firestone, 1983). Aside from some small
modifications to the interview approach that do not involve the case studies, thanks to the
iterative method, no major discoveries emerged in this research that required a theoretical
redesign.
In practical terms, the choice of national plans to be studied is on countries with similar
internal conditions to those of Brazil and Italy and/or which could directly influence the best
strategy to be suggested. The main criteria used to select the case study nations are geographical
(Chile), economic (European Union), production potential (France, Germany, the Netherlands,
and the United Kingdom), export potential (Portugal and Spain), and renewable energy
resources potential (Australia), which do not exclude that they may also be included in the
other criteria. They do not exclude that the selected countries may also meet the other criteria,
but simply the categorisation is done according to the most appropriate one in the study setting.
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Not only, but a minor section also covers nations whose roadmaps are remarkably different
from the others, such as the Japanese, the Norwegian, and the South Korean ones, as they
present unique development prospects that should be kept in mind when drawing a strategy up
because they can offer uncommon perspectives. All together they provide a detailed picture of
the central themes affecting the global hydrogen market, from which the Brazilian and Italian
strategies can be elaborated.

3.3.

Interviews

A set of semi-structured interviews, which enables the researcher to collect detailed
information then analysed and compared through thematic analysis against the conceptual
framework derived from the literature and the case studies, are performed with experts from
the countries designated to be the focus of the national hydrogen development strategies.
According to Leavy (2017), the interview is a frequent research tool utilized across disciplines.
In-depth, semi-structured, oral history or life history, biographic minimalist, and focus groups
interviews are among the many interview methods accessible for qualitative researchers. Each
type of interview requires an ad hoc structure. Usually, interviews utilize dialogue as a learning
method and, once the data are collected, it is common to transcribe them.
Semi-structured interviews are the ideal approach for this study since they are inductive
and open-ended, which means that questions do not have a pre-set of answers, such as true or
false. Respondents can instead use their terminology, offer extensive and comprehensive
replies, and respond to the question in any way they see fit (Creswell & Creswell, 2018). In
this way, they are guided by the circumstances of the question, but at the same time, they are
totally free to answer it, contributing essentially to the development of the research by
generating high-quality data. In semi-structured interviews, the researcher usually follows a
pre-fixed framework throughout the conversation, intended to function more as a guide than a
formal set of questions to be answered (Flick, 2018). The interview structure (see Appendix 1)
is designed primarily to include all the arguments necessary for the inquiry itself. To
accommodate the degree of freedom and flexibility typical of this kind of interview, certain
questions were sometimes omitted, whereas others were added depending on the conversation.
Three interviews were performed (Table 2) either in English or Italian. All sessions were
recorded in both audio and video formats, which the researcher saved and stored for purely
academic purposes relating to this thesis. The significant effort of literature study and thorough
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analysis completed for the case studies was a point of reference for better interviewing the
respondents. As a result, all questions were intended to collect primary information about the
following topics: overview of the current local hydrogen development situation (infrastructure,
technologies, government support, PESTLE), players in the local market, current and future
projects, country’s market outlook, opinions on the future of both the global and regional
markets and their possible evolutions. On a purely conceptual level, interview responses were
grouped according to the type of research questions they concern, with contributions regarding
the hydrogen development strategies Brazil and Italy should pursue further sub-categorised per
the themes just indicated.
Interviewee

Date

Role

Company

Country

Fernanda
Quiroga

31/08/21

Lawyer focused on infrastructure
and project finance

Machado Meyer
Advogados

Brazil

Edoardo
Somenzi

25/08/21

Junior researcher focused on
technologies for energy transition

Fondazione Eni
Enrico Mattei

Italy

Matteo Testi

17/09/21

Senior researcher focused on
applied research on energy storage

Fondazione Bruno
Kessler

Italy

Table 2. Source: Author's elaboration.
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3.4.

Research framework

After having gone through the literature review and having outlined the research
methodology, to offer an immediate understanding of its conduct, a research framework is
showcased. A research framework is defined by Miles, Huberman, and Saldana (2019) as a
visual or written product that “explains, either visually or narratively, the factors, ideas, and/or
variables to be researched and the hypothesized connections among them.”

Figure 3. Source: Author's elaboration.

As shown in the scheme, each segment of the study performs a distinct duty that contributes
to the overall advancement of the research. The relationship between the three presented
sections allows to move from the generic to the specific: the literature review gives the
technical status of the technology and the global market outlook; already available national
hydrogen development strategies are analysed in the case studies, and market trends are
obtained; ultimately, semi-structured interviews offer detailed specificity to narrow down the
findings in the Brazilian and Italian contexts on which proposals can be elaborated. Thanks to
the strong interconnection of the dissertation components, the three research questions can be
extensively and appropriately addressed.
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4. FINDINGS

Chapter four has the task of presenting the results of the research. In the first part of the
next paragraphs, a section is set aside to discuss the takeaways that can be obtained from the
analysis, conducted via a case study approach, of the strategies implemented by some relevant
economic powers, and that can be recognised as the elements defining the hydrogen markets
worldwide and their future, both at local and international levels. To simplify the comparison
of the national plans and to easier extrapolate the trends, the main elements of each roadmap
are grouped into macro-themes.
The present chapter then continues with a structure that comprises, for both Brazil and Italy,
a section designed to offer a comprehensive overview of the two national energy sectors and
one aimed at presenting specifics on the local status of hydrogen, initiatives already underway,
and its current promotion, that act as a preface to the respective paragraphs devoted to the
definition of the hydrogen roadmap proposals.
4.1.

Trends in the hydrogen markets

Based on the national hydrogen strategies detailed in the literature review, it is possible to
identify trends that are shaping the hydrogen markets, both globally and nationally:
•

Between 2030 and 2040, most nations want to begin a period of steady market expansion.
A watershed moment between 2030 and 2050 is projected to happen for green hydrogen,
necessitating substantial expansion to sustain a decarbonised society. Until then, several
countries are considering various low-carbon hydrogen generation technologies (for
instance, CCUS technology) to ramp up production and jump-start markets.

•

Only a few are working on the sole hydrogen production, while many are focusing on
improving its usage to aid in the transition to a carbon-neutral economy. A balanced
approach that stimulates both production (technology push) and consumption (market pull)
is required to continue hydrogen adoption.

•

Access to low-cost, low-carbon energy sources is critical for countries seeking to build an
economy based on worldwide hydrogen exports.

•

Australia, Chile, Portugal, and Spain, among others, are attempting to establish themselves
as global hydrogen exporters by focusing first on the expansion of local production and
then on the marketing in overseas markets.
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•

All the plans include R&D assistance, regulatory measures, and financial support, but the
amount of detail varies greatly, indicating varying maturity levels.

•

Low-carbon hydrogen will be used chiefly in heavy-duty transportation and the industrial
sector, with the latter notably prevalent in industrialised countries that have committed to
drastic emissions reductions by 2050.

•

Not many countries (among the ones analysed, only Japan appears to do it) specify precise
sector objectives for hydrogen utilization.

•

In contrast to their European counterparts, Japan and South Korea are particularly
interested in the passenger vehicles sector, and they want to employ hydrogen in buildings.

•

To support the establishment of a global hydrogen value chain, hydrogen’s producing and
consuming nations will need to coordinate on certification protocols, standards, and
technologies.

•

A dynamic and expanding hydrogen market will soon emerge, costs will fall rapidly, and
the technology will become more efficient. Regulatory frameworks, subsidies for operating
expenses, and other variables such as carbon pricing will all play an important role.

These trends serve as guiding principles in formulating the set of suggested actions to be
undertaken by the countries targeted in the research.

4.2.

Development strategies proposals

Thanks to the literature review, the findings from the case studies, and the interviews with
national hydrogen experts, the paper can set specific guidelines for the creation of national
strategies suitable for Brazil and Italy, characterised by ambitious yet achievable targets, and
provide useful advice on the most appropriate path to follow considering the environmental
constraints and the various interests at stake. However, before delving into the plans, it is
essential to place each of them in the correct perspective in respect to the countries of interest
in this study and their corresponding power sectors.

4.2.1. Brazilian energy market

This section looks at the Brazilian energy market, with a predominant focus on its electrical
part. It examines the national power mix, production and consumption levels, ownership and
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market structures, market players, import and export levels, energy regulations, and sectoral
developments and trends.
Relevant figures (as of 2020)
Total population: 212.56 million
GDP: R$ 7.348 trillion
Average per capita electricity demand: 3.0 MWh/year
Gross electricity consumption: 529 TWh
Installed capacity: 174.41 GW (74% hydro + bioenergy, 11% wind + solar, 10% gas + oil, 4% coal,
1% nuclear)
Peak demand: 86.96 GW
Table 3. Sources: (Yang & Tunbridge, 2021), (Enerdata, Brazil Energy Information, 2021), (ONS,
2021).

The energy industry in Brazil was a national monopoly until almost the end of the 90s. The
first attempt at liberalizing and restructuring the market was made in 1998. The new approach
failed to encourage adequate private investments, which, in 2000 and 2001, resulted in a severe
energy crisis. In 2004, therefore, the government launched a second reform. Despite the efforts
made to privatize the sector since the 1990s, the private businesses’ involvement has varied
significantly over the period. Following the 2017 CP33 public consultation, a third major sector
reform is on the political agenda (Griebenow & Ohara, 2019). Finally, the Law Project for the
Modernization and Expansion of the Electric Power Free Market (Projeto de Lei de
Modernização e Expansão do Mercado Livre de Energia Elétrica) was released in March 2020
and it is awaiting approval. It aims to attract investments and improve the efficiency of the free
market in order to decrease electric power prices and increase competitiveness (Schmidt et al.,
2021).
Brazil’s energy system is the largest in Latin America and ninth in the world in primary
energy consumption (Statista, 2021). By the end of 2020, Brazilian installed capacity for
generation amounted to more than 174 GW. Around 85 percent of the electricity in the nation
is obtained from renewable sources, especially from big hydroelectric facilities, placing it
second after France among the G20 economies for fossil-free electricity. The system is backed
up by thermal fossil fuel plants, which contributed significantly to the total electricity
generation during the recent droughts. Biomass (mainly sugarcane bagasse) and wind power
facilities make an ever-increasing contribution to production, whereas solar photovoltaics
represented less than 2 percent of the capacity installed in 2020 (Yang & Tunbridge, 2021).
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The resulting energy mix produced a total of 568 TWh, a Total Energy Supply (TES) of 287.6
Mtoe, and CO2 emissions of 398.3 million tonnes in 2020 (EPE, Brazilian Energy Balance
2021, 2021).
The distribution of electricity in the country follows a centralized model, with the National
System Operator (Operador Nacional do Sistema Elétrico, ONS) in charge of determining the
required generation levels of power plants to optimise resources and minimize costs, as well as
managing and supervising transmission facilities such as lines, stations, and other equipment
(Metron, 2021). Concessions are used to assign both transmission and distribution of electricity
to public and private enterprises. The National Interconnected System (Sistema Interconectado
Nacional, SIN), which is administered by the ONS and controlled by the National Electric
Energy Agency (Agência Nacional de Energia Elétrica, ANEEL), serves 99 percent of total
electricity consumption in Brazil (Griebenow & Ohara, 2019).
Between 2000 and 2014, local power usage rose by an average of 3.5 percent per year,
stabilising in subsequent years and declining by 2 percent in 2020 due to the COVID-19
pandemic to 254.6 Mtoe, and it is predicted to triple by 2050 (Enerdata, Brazil Energy
Information, 2021). As part of its Paris Agreement commitments, the country intends to double
its non-hydro renewable power capacity from 34.2 GW to 60.8 GW by 2030, with the goal of
reaching between 28 and 33 percent of the total power mix (GlobalData Energy, 2019).
Furthermore, it seeks to improve energy efficiency by 10 percent within 2030 compared to the
projected consumption (Government of the Federative Republic of Brazil, 2016).
The graph below depicts the sectors’ proportion of power consumption in 2020:
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Figure 4. Source: (EPE, Brazilian Energy Balance 2021, 2021).
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In 2020, Brazil imported electricity equivalent to 4.7 percent of installed capacity from
Argentina, Venezuela, Uruguay, and Paraguay. Roughly 70 percent of it originated in
Paraguay, co-owner of one of the world’s largest energy plants, Itaipú Binacional. The nation
is a signatory to several international agreements on Latin American energy exports, and it is
partially interconnected with Argentina, Uruguay, and Venezuela. However, there is still only
a Memorandum of Understanding (MoU) with Argentina and Uruguay to define the basis of
import and export. Thus, energy is very rarely exported to such countries (Schmidt et al., 2021).
In addition, because the state of Roraima is the only one not linked to the SIN, it imports
approximately 60 percent of its power from Venezuela. Hence, the ANEEL has held public
auctions to build new plants in the region with a total generating capacity of 263.5 MW, which
are anticipated to be operational around mid-2021 (Arteiro de Oliveira, 2019).
Commercialization in the national electricity ecosystem includes the regulated electricity
market (Ambiente de Contratação Regulada, ACR) in which generators and distributors
conclude bilateral agreements through government auctions and the free electricity market
(Ambiente de Contratação Livre, ACL) in which qualified customers directly purchase power
from generators or traders (Esfera Energia, 2020). The latter is open only to larger consumers
(at least 500 KW per year), as evidenced by the fact that it had just around 21 thousand users
in 2020, most of whom were big industrial and business clients. While the customer group in
the ACR was 86.6 million, mostly made up of households, small industrial consumers, and
public sector users (EPE, Anuário Estatístico de Energia Elétrica 2021, 2021). The ACR
accounted for 65 percent of the total consumption of electricity, and the ACL for 85 percent of
the industrial use of energy in 2020 (Bianchetti, 2021). Among the reform options for the sector
is one that calls for the ACL to be gradually expanded to all customers by 2028 (Griebenow &
Ohara, 2019).
Centrais Elétricas Brasileiras S.A. (Eletrobras), formerly a vertically integrated state
monopoly, is now a federal government-controlled mixed capital company and the market's
largest. Together with its subsidiaries, it holds 29 percent of Brazil’s installed generation
capacity, including a 50 percent stake in Itaipú Binacional, and about 44 percent of its
transmission lines (76,128 kilometres) (Eletrobras, 2021). Its privatization and that of its
subsidiaries are currently being discussed, and the former is scheduled to take place by
December 2021 (Yanasse, 2020).
ENGIE Brasil Energia S.A. (68.7 percent owned by French firm ENGIE S.A.) is the major
private electricity generator, with a capacity of 10.4 GW, 83 percent of which comes from
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hydropower, 12 percent from thermal plants, and 5 percent from non-conventional renewables.
It sells approximately half of its electricity on the ACR and the remaining on the ACL (ENGIE
Brasil Energia S.A., 2021).
Enel Brasil S.A., a subsidiary of the Italian corporation Enel S.p.A., is the leading energy
distribution operator in the local market, with over 17 million customers in 2020 (Freitas de
Alcantara Nunes & Barroso de Alcantara, 2021). It is followed by Neoenergia S.A., which is
indirectly administrated by the Spanish Iberdrola S.A. and operates in 18 Brazilian states, with
14.3 million consumer units (Neoenergia S.A., 2021). On the last step of the podium is CPFL
Energia S.A., controlled by the Chinese conglomerate State Grid Corporation of China, which
has a 14 percent market share serving some 10 million clients. It is also the third biggest private
generator and a forerunner in renewable generation (CPFL Energia S.A., 2021).
ISA CTEEP, part of the Colombian group ISA S.A. E.S.P., is the largest private energy
transmission utility, responsible for 33 percent and 94 percent of total transmission in Brazil
and the State of São Paulo, respectively (ISA CTEEP, 2021).
Lastly, Energisa S.A. and Companhia Energética de Minas Gerais S.A. (CEMIG) also play
primary roles in the South American giant’s energy scene.
In Brazil’s energy context, Programa de Incentivo às Fontes Alternativas de Energia
Elétrica (PROINFA) deserves a particular mention because it is a programme created in 2002
(Law 10,438/2002) with the explicit objective of further diversifying the energy matrix.
Renewable energy sources such as PCHs, wind power plants, and biomass thermal power
plants are encouraged to have a greater presence across the nation thanks to it. Large
hydropower plants are renewable energy sources and presently the country’s primary energy
source, but PROINFA’s purpose is to foster those that need to gain more space in Brazil to
decentralize production, pollute less, and have a lower environmental impact (Esfera, 2021).
Phase one sought to put 3,300 MW of renewable energy from these three sources online and
was completed by the end of 2007. Within 20 years, the programme’s second step intends to
boost the percentage of power generated from the aforementioned sources to 10 percent of
yearly demand (IEA, 2015). The cost of the programme, whose energy is contracted by
Eletrobras, is paid by the final consumers of the SIN, and the calculation of the quotas to be
attributed monthly to the various players in the supply chain, is based on the PAP prepared by
Eletrobras and transmitted to ANEEL (ANEEL, 2017). The government decided in September
2021, through Law 10,798/2021, to enable current programme contractors to renew their
contracts for another 20 years (Federative Republic of Brazil, 2021).
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On an industrial policy reflection, three different national industrial strategies have been
put in place since 2004. The most recent, Plano Brasil Maior (2011-14), centres on value
aggregation via innovation, with activities designed to improve local enterprises’ competitive
position and the systemic conditions for competitiveness. It is used to direct governmental
agencies’ work and arrange stakeholder debate to reach a consensus on priorities (Ferraz,
Kupfer, & Marques, 2014). PBM’s mission is to “Innovate and invest to increase
competitiveness, support growth, and improve the quality of life”, and it sets ten objectives for
that purpose, which are divided into three focus areas: competences; structural change and
efficiency; and market expansion. The first dimension is about adding capacity. Increased fixed
investment, as well as corporate R&D and worker skills, are crucial components of this domain.
The second element entails improving value-added, growing knowledge-intensive industries,
fortifying small and medium-sized businesses, and promoting clean manufacturing. The sum
of the above actions should result in market expansion. Both domestic expansion, improving
access to quality goods, and export diversification and companies’ internationalization.
Particular stress is put on energy-related industries (Schapiro, 2013).
Long-term public funding also plays a strategic role in Brazil due to its direct connection
to the industrial policy. The Brazilian Development Bank is the country’s leading long-term
lender, holding two-thirds of the credit with a maturity of more than five years. It is a fully
state-owned firm under private law, with institutional funding, and it is among the largest
development banks in the world in terms of assets and loan portfolios. It is an essential tool for
fostering sustainability, investment, and skill development. Development banks can act
regardless of financial cycles and can be more patient on returns than private investors (Ferraz,
Kupfer, & Marques, 2014).
4.2.2. Hydrogen’s status in Brazil

The Ministry of Mines and Energy released the 2050 National Energy Plan (NEP 2050)
towards the end of 2020, describing the long-term plan for the energy sector. Hydrogen is
mentioned as a disruptive technology capable of significantly reshaping the energy market due
to its ability to solve challenges as CO2 emissions reduction, renewable energy storage, sector
coupling, and energy supply security thanks to the multiple sources from which it can be
generated and to the different types of application (ex. heating, electricity production, and in
transportation via FCEVs) (Brazilian Ministry of Mines and Energy & EPE, 2020).
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Moreover, the NEP 2050 proposes addressing the regulatory framework for hydrogen
storage, especially on safety, and for hydrogen blending with natural gas as part of the new
sectorial regulation that will be implemented after adopting the new natural gas legislation.
Petróleo Brasileiro S.A. (Petrobras), the state-controlled oil corporation, used to own most of
the gas infrastructure, but, due to a cease-and-desist agreement with the Administrative Council
for Economic Defence (Conselho Administrativo de Defesa Econômica, CADE) reached in
2019, it is progressively divesting from such assets, allowing private entities to enter the market
(CADE, 2021). Consequently, the country is going through a reform of its natural gas sector.
The new legislation went into effect in April 2021, and the National Oil, Gas, and Biofuels
Agency (Agência Nacional do Petróleo, Gás Natural e Biocombustíveis, ANP) is working on
new regulations to secure price and access transparency (Pierry, 2021).
Last February, the Energy Research Office (Empresa de Pesquisa Energética, EPE)
published a technical paper called “Baseline to support the Brazilian Hydrogen Strategy”
(2021), which suggests that Brazil adopts a rainbow strategy, i.e., employ all available
hydrogen generation methods, to ensure its strategic position in the global hydrogen market,
with green hydrogen envisioned to play the leading role in the long-term energy transition once
it is cost-competitive.
Resolution 6/2021, published on May 17, 2021, by the National Energy Policy Council
(Conselho Nacional de Politica Energética, CNPE), assigned to the Ministry of Mines and
Energy, the Ministry of Regional Development, and the Ministry of Science, Technology and
Innovations the task of drawing up guidelines for a national hydrogen plan that provides safety
standards and a regulatory structure to form and allow a hydrogen market in Brazil within 60
days (to date not yet released) (CNPE, 2021).
Another major facilitator for the diffusion and adoption of hydrogen technology is financial
incentives for RD&I investments. In connection to this, the CNPE resolution 2/2021 instructs
the ANP and ANEEL to prioritize investments in RD&I in areas such as hydrogen. Since
electric energy and oil firms operating in the country’s energy sector are required to invest in
RD&I initiatives, it effectively steers such funds towards fields deemed critical to the energy
transition, including hydrogen (Triani Belchior & Eiroa Leite, 2021).
Several pilot projects for hydrogen are being explored and started: an MoU worth USD 5.4
billion was recently announced by the state government of Ceará to realize, in collaboration
with Australian Enegix Energy, a green hydrogen hub in Pecém Industrial and Port Complex,
which thanks to its position permits for direct access to all major international markets. The
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initiative, named Base One, is expected to take 3 to 4 years to be built and once completed, to
be able to generate over 600 million kilograms of green hydrogen per year from 3.4 GW
contracted via a partnership with Enerwind (Enegix Energy, 2021). EDP Brasil’s pilot plant,
located in Pecém port and planned to be operational by the end of 2022, is a first step that could
provide insights on the way forward for the local energy system to net zero (Port of Rotterdam,
2021). The state of Ceará, in the northeast of Brazil, is a frontrunner in renewable energy,
notably, wind power, and it has formed a working committee for green hydrogen development
(Nascimento, 2021).
Superporto do Açu, in the state of Rio de Janeiro, is another possible site under
consideration for emissions-free hydrogen. In late February 2021, the Australian company
Fortescue Future Industries (FFI) and Porto do Açu Operações signed a Memorandum of
Understanding to jointly investigate the whole green hydrogen technology cycle, from
production to consumption. Depending on the outcome of the feasibility study, they envisage
the construction of a 300 MW capacity plant, with the potential to produce 250 thousand metric
tonnes of green ammonia per year (Porto do Açu, 2021).
According to the main domestic energy players, renewable hydrogen has the potential to
be used in four areas: petroleum hydrorefining to transform heavier oil into products with
higher added value, such as gasoline and diesel; production of hydrogenated fertilisers
(ammonia and urea); generation of green diesel from the hydrogenation of vegetable oils; and
energy storage. In addition, the German Siemens Energy is negotiating with Brazilian players
to carry out research and development projects related to the use of green hydrogen in fields
concerning thermal generation, steel, pulp, and paper production, and transportation (Faro,
Souza, Baract, & Quiroga, 2021).
4.2.3. Italian energy market

The following paragraph examines Italy’s energy market, with an emphasis on its electrical
part. It investigates the power mix, production and consumption levels, ownership and market
structures, market players, import and export levels, energy regulations, and sectoral
developments and trends.

63

Relevant figures (as of 2020)
Total population: 60.2 million
GDP: € 1.651 trillion
Average per capita electricity demand: 4.75 MWh/year
Gross electricity consumption: 301.2 TWh
Installed capacity: 120.4 GW (27% hydro + bioenergy, 17% wind + solar, 51% gas + oil, 5% coal)
Peak demand: 34.97 GW
Table 4. Sources: (Brown, 2021), (Enerdata, Italy Energy Information, 2021), (Terna S.p.A.,
Transparency Report, 2021), (Terna S.p.A., Pubblicazioni Statistiche, 2021).

Ente nazionale per l'energia elettrica (today, Enel S.p.A.), an entity born in 1962 to control
a monopoly on energy generation, transmission, and distribution, became a joint-stock
corporation in 1992, wholly controlled by the Ministry of Economy and Finance (Italian
Republic, 1992). Following the European Union directive 96/92/CE (1997), the electricity
sector was unbundled: production and trade should have been liberalised and let private
enterprises operate in them, whereas transmission and distribution, considered natural
monopolies, should have been remained centralized. The Italian legislative decree 79/1999
(known as Decreto Bersani) put the EU regulation into effect by laying out a plan for gradual
market liberalization. Some of Enel's key activities were transferred to other firms, such as
Terna S.p.A., a new listed entity controlled by the Italian state and in charge of system
administration, to which the network was granted control. In addition, Enel was obliged to sell
15 thousand MW of capacity before 2003 to increase competition in the production segment
(Italian Republic, 1999). A later European directive, 2003/54/CE (2003), called for free
electricity trading for all corporate clients in July 2004 and for private users from July 2007.
Today customers can still choose between a free market and a protected market. Those in the
protected one are subject to rates set by the Regulatory Authority for Energy, Networks, and
Environment (Autorità di Regolazione per Energia Reti e Ambiente, ARERA). Because of the
legislative decree 183/2020 (known as Decreto Milleproroghe), the Major Protection Service
(Servizio di Maggior Tutela) will be shut down in 2023, and all the protected clients will be
forced to move to the open market (Italian Republic, 2020).
In 2020, Italy's installed capacity for production was 120.4 GW (Terna S.p.A.,
Pubblicazioni Statistiche, 2021). Almost 44 percent of the country's electricity comes from
renewable sources, primarily from hydroelectric plants. However, wind and solar PV
penetration has stalled since 2015, and more than half of local energy generation is still reliant
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on fossil fuels. The reduction of coal was somewhat offset by the increase in gas. Indeed, Italy
has the fourth-largest percentage share of fossil fuel energy production among G20 nations
(Brown, 2021). The resulting mix produced a total of 280.5 TWh (Terna S.p.A., Pubblicazioni
Statistiche, 2021), CO2 emissions of 306 million tonnes (Gracceva, 2021) and a TES of 144.3
Mtoe in 2020 (Euromonitor International, 2021).
The transmission of electricity in Italy is 99.7 percent run by Terna S.p.A., which is the
biggest independent grid operator in Europe and among the main ones in the world for
kilometres of lines managed (74,723 km) (Terna S.p.A., Rapporto integrato relazione
finanziaria annuale 2020, 2021), while ARERA is the responsible agency for regulating and
monitoring the energy market and its electricity sub-segment (ARERA, 2020).
The national energy consumption rose sharply until 2005 to peak at 186.7 Mtoe. After that,
a steady decline in energy use began, which was greatly accelerated by the COVID-19
pandemic in 2020, with a fall by 8 percent over the previous year to 137 Mtoe. The trend is
anticipated to continue, albeit at pre-crisis rates of decrease and after a recovery in 2021
(Enerdata, Italy Energy Information, 2021). The Italian government, following the Paris
Agreement, developed a national energy strategy that focuses on reducing final energy
consumption by 10 Mtoe by 2030 versus the 2015 level (goal already widely accomplished),
on achieving a 28 percent share of renewables in total energy use and a 55 percent share in
electricity by 2030, and on completely phasing out coal by 2025 (Italian Ministry of Economic
Development, 2021).
The chart beneath displays the proportion of power consumed by each sector in 2020:
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In 2020, mainly due to the pandemic, the proportion of imports in gross energy availability,
an indicator of Italy’s energy dependence on foreign countries, decreased from 77.9 percent to
73.4 percent. Natural gas accounted for 40 percent of the total energy supply, oil for 33 percent,
and renewable sources for 20 percent (Italian Ministry of Ecological Transition, 2021).
Electricity consumption, on the other hand, was satisfied for 89.3 percent by internal
production, valued at 269.0 TWh, and the rest covered by imports from neighbouring countries
such as France and Switzerland (Terna S.p.A., Pubblicazioni Statistiche, 2021).
According to the latest ARERA report (ARERA, Monitoraggio sull’evoluzione dei mercati
di vendita al dettaglio dell'energia elettrica e del gas - Rapporto 327/2021/I/COM, 2021), 57.3
percent of domestic customers (private consumers and micro-businesses) have chosen the free
market as of March 2021. Of the approximately 29.6 million users, 17 million are in fact in the
free market, while 12.6 million are served via the Major Protection Service. In addition, the
rate of switching, that is, the proportion of clients who decide to change to a different type of
market, is rapidly increasing. The 7.2 million corporate customers have all already moved to
the open market; as for this type of user, the transition period for the mandatory passage began
in January 2021 and culminated in July 2021.
Enel S.p.A., the utility company controlled and 23.6 percent owned by the Ministry of
Economy and Finance (Enel S.p.A., 2019), has the largest gross electricity generating capacity
within the Italian market, amounting to 27.2 GW, composed of 48.3 percent thermal, 45.6
percent hydro and 6.1 percent other renewables. In 2020, it contributed 15.8 percent of the
electricity produced nationwide, making it the leading domestic producer. With an 8 percent
share, Eni S.p.A, a former state-owned oil and gas multinational and now a listed corporation
over which the Italian Ministry of Economy and Finance has de facto control, follows as the
second-largest national electricity generator. Edison S.p.A., part of the French group Électricité
de France S.A., closes the top 3 at a 7 percent stake in the country’s electricity production
(ARERA, Relazione annuale - Stato dei servizi 2020, 2021).
Distribution companies operate and maintain the final low voltage electricity networks
under concessions. Overall, the top 10 distributors (with more than 100 thousand users) serve
98.1 percent of total customers and supply 98 percent of the electricity drawn from the
distribution networks. They are classified according to the number of withdrawal points, i.e.,
users, they have. The operators belonging to the “first class” category have more than 500
thousand withdrawal points, and they are, in descending order, e-distribuzione S.p.A., formerly
Enel Distribuzione; Unareti S.p.A., previously A2A Reti Elettriche; Areti, ex-Acea
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Distribuzione and originally the provider for the city of Rome’s; and Ireti, part of Iren S.p.A.
(ARERA, Relazione annuale - Stato dei servizi 2020, 2021). All operators had to change their
names in 2016 to comply with the provisions on functional unbundling, which obliged
distribution firms belonging to a vertically integrated group engaged in commercialisation
activities to distinguish themselves from the other companies in their respective groups
(ARERA, 2015).
The Enel group also leads the ranking for total electricity sales to the end market in 2020,
but with a little lower proportion than the previous year, down to 35.6 percent (85.7 TWh).
Edison S.p.A. remains in second place with 5.9 percent (14.2 TWh). A2A S.p.A., formed by
the union of the multi-utility municipalised companies from Milan and Brescia (A2A S.p.A.,
2011), and Hera S.p.A., the result of the merger of multi-utility municipalised entities from
Emilia-Romagna’s major cities (Hera S.p.A., 2021), swapped third and fourth place on the list.
In 2020, A2A’s sales increased to 13.2 TWh. Instead, Hera sales were 12.3 TWh, a 2 percent
decrease (ARERA, Relazione annuale - Stato dei servizi 2020, 2021).

4.2.4. Hydrogen’s status in Italy

In the preliminary guidelines for the development of an Italian hydrogen supply chain, the
government has foreseen the construction of roughly 5 GW of electrolysis capacity, which is
estimated to require investments equal to EUR 10 billion, by 2030 to partially fulfil the internal
demand (Italian Ministry of Economic Development, 2020). The recently signed Memorandum
of Understanding by Edison, Snam, Saipem, and Alboran Hydrogen for the cooperation on the
Puglia Green Hydrogen Valley project to build three production plants, with a combined
capacity of 220 MW, is one of the first private ventures that embraces this challenge (Edison
S.p.A., 2021). Furthermore, to favour the rapid growth and expansion of a local hydrogen
market, national production of green hydrogen can be integrated with imports, which are
facilitated by the country’s strategic geographical position, and with other forms of hydrogen
with low carbon emissions, such as blue hydrogen (Italian Ministry of Economic Development,
2020).
Hydrogen is already in use for industrial applications in Italy: the present consumption is
over 0.5 million tonnes per year, and it is mainly utilized in the synthetic chemical and oil
refining sectors. In both cases, it is usually generated on-site in its grey form, i.e., from natural
gas via the steam-methane reforming process. In the synthetic chemistry industry, it is
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employed as a raw material in manufacturing basic chemicals, particularly ammonia and
nitrogen fertilisers, as well as methanol (around 200 million cubic meters of gas are consumed
to generate hydrogen). In refining, it is mostly utilized to desulfurize crude oil to minimize
sulphur levels and produce fuels that meet emission requirements. Furthermore, it is presently
consumed in biorefineries in the processing of various types of biological raw materials to
create hydrotreated vegetable oils (HVOs) (Mazzei, 2021).
The demand for natural gas for SMR has steadily grown in recent years, more than doubling
in the last decade, from around 650 million cubic meters in 2010 to the present 1.35 billion
cubic meters. Both the chemical industry and the refining and biorefining sectors are the most
promising in which to begin using low-carbon hydrogen and develop the market, allowing
progressive expansion to those industrial production segments defined “hard-to-abate”,
characterized by high-temperature processes such as steel, glass, ceramic, brick, and paper
(Italian Ministry of Economic Development, 2020). In this context, a collaboration between
Eni and Enel Green Power was formed in 2020 to examine the technical and economic viability
of two green hydrogen projects linked to the Taranto refinery and the Gela biorefinery (Bottino,
Idrogeno verde nelle raffinerie: i dettagli sulla collaborazione tra Eni ed Enel per Taranto e
Gela, 2021).
Hydrogen is also an important ally in the decarbonization of the transportation sector.
Presently, in the Italian territory, three hydrogen refuelling stations are operational: in Bolzano,
there is the only one that is public, and that has a 700-bar car refuelling system characterized
by H2 produced by electrolysis with renewable electricity; in Milan and Catania, the stations
are suitable for refuelling public transportation with 350-bar systems (Italian Ministry of
Economic Development, 2020). Eni intends to build a hydrogen refuelling station in San
Donato Milanese (Eni S.p.A., 2019) and one in Venice (HydroNews, 2021) adequate for light
cars and buses. Several initiatives are in advanced stages to promote the development of
hydrogen mobility for both passenger and freight transport, especially for heavy transport and
rail transport, where hydrogen trains can replace existing diesel trains on specific routes. In this
context, within the portion of the Complementary Fund to the National Recovery and
Resilience Plan (Fondo complementare al Piano Nazionale di Ripresa e Resilienza) that aims
at strengthening regional railways, the Ministry of Sustainable Infrastructures and Mobility has
decided to carry out three distinct projects in Abruzzo, Sardinia, and Sicily, totalling financing
of over EUR 220 million (Bottino, Treni a idrogeno: il MIMS finanzia con 220 milioni di euro
3 progetti in Abruzzo, Sardegna e Sicilia, 2021). Besides, in July 2021, MSC Cruises, Snam,
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and Fincantieri signed a collaboration agreement to assess together the design and construction
of the world’s first hydrogen-powered cruise ship (Snam S.p.A., Msc, Fincantieri e Snam
insieme per la prima nave da crociera al mondo alimentata ad idrogeno, 2021).
Several trials, both for renewable hydrogen generation and the adaptation of gas
infrastructure for transportation, have begun. Snam S.p.A., Italy’s biggest natural gas
transmission and dispatch company, with around 94 percent of the country’s pipes, claims that
more than 70 percent of its pipelines are ready to carry hydrogen. It has also adopted a new
internal procurement policy to ensure that all materials used in the new sections of the network
can transport not only natural gas and biomethane but also growing percentages of hydrogen,
in accordance with the regulatory framework’s evolution. At the start of 2019, a first
experiment with injecting hydrogen into the network was carried out, which consisted in
infusing a mix of 5 percent hydrogen by volume and natural gas (H2NG) into the Italian highpressure gas transport system with the redelivery of the mixture to two industrial users
interconnected to it. It was repeated in December 2019, increasing the percentage to 10 percent
in volume. The two trials were the first of their kind in Europe, and if applied to the current
yearly gas consumption, about 7 billion cubic meters of hydrogen could be injected, resulting
in a 5 million tonnes decrease in CO2 emissions. In addition, in 2020, Snam tested the world’s
first hybrid hydrogen turbine designed for natural gas transportation infrastructure. The turbine,
built by Baker Hughes and powered by up to 10 percent hydrogen, will be installed by the end
of 2021 at Snam’s Istrana thrust plant (Snam S.p.A., Snam e l’idrogeno, 2021).
The interest in Power-to-Gas technology is growing strongly throughout Europe, where the
decarbonization objectives attribute an increasing role to generation from non-programmable
renewable sources, as it allows for the creation of a strong synergy between electric power and
gas systems. Recent studies on the subject show that it is the most effective form for the
seasonal storage of excess production from wind and solar photovoltaic (Van Nuffell, 2018).
As part of the EU Horizon 2020, the STORE&GO consortium, comprised of 27 partners from
six European countries, has been formed to enhance expertise in this area. The primary goal of
this R&D initiative is to incorporate P2G technology into the European power grid. The main
idea is to use the excess energy from renewable sources to produce and store natural gas. So
far, three demonstration plants are in operation, one of which is in Troia, Italy. This plant
generates hydrogen from solar energy, then methaned with carbon dioxide collected from the
environment to create green methane. The gas produced is subsequently liquefied and marketed
(STORE&GO, 2019).
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4.2.5. Overview

The differences and similarities between the two countries’ situations are schematically
reported in the following table for a matter of simplicity and more evident and immediate
comparison:
Brazil

Italy

Current energy
mix

Almost 85% from renewable sources,
mostly hydroelectric

About 51% from oil and gas and ~45%
renewable, hydroelectric predominantly

Main power
consumption
sectors

Industry (32.1%) and transport (31.2%)

Transport (29.3%), households (27.1%),
and industry (20.1%)

Petrobras and Eletrobras

Enel and Snam

Largest
players

Legal
framework

It adopts EU ADR regulation for H2
It lacks, among others, clarity on
road transportation and the same
legislative competences ownership and
regulatory structure for natural gas
safety standards. First steps have been
handling and trade (Ciminelli, 2020).
taken to push RD&I (CNPE’s resolution
Laws addressing hydrogen in all forms
2/21 and resolution 6/21)
and its supply chain are required

Pilot projects

FDI-driven initiatives that aim to build
conveniently located hydrogen
generation complexes for export (ex. at
Açu and Ceará ports)

In particular, Puglia Green Hydrogen
Valley project to build 3 production
plants, Snam’s infrastructure
experiments with H2NG, and
STORE&GO demonstration plant

Sector coupling

No studies appear to have been
performed. The NEP 2050 advises to
address hydrogen blending regulation

70% of Snam’s pipelines are ready to
transport a mix of H2NG, and few trials
have already been performed

There does not seem to be any
3 refuelling stations in operation, others
significant initiatives underway, apart to come. Several mobility initiatives are
Transportation
from Siemens’ interest and some minor
under development, notably rail (3
sector
projects still at early stage (IEA,
projects financed with EUR 220
Hydrogen in Latin America, 2021)
million), freight, and maritime solutions
Potential
evolution

Improve energy security by storing
excess renewable energy as hydrogen
while also facilitating the ecological
transition. Establish a strong export-

Act as a European hub for hydrogen
distribution between producer and
consumer countries. Produce locally for
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oriented H2 industry characterised by
competitive prices, thanks to the
renewable resources abundance
Other possible
fields of
application

domestic consumption while improving
environmental impact

Hydrorefining of petroleum; fertiliser hydrogenation (ammonia and urea);
hydrogenation of vegetable oils for green diesel generation; and use in “hard-toabate” industries

Table 5. Source: Author’s elaboration.

Looking at the table showing the similarities and differences between the hydrogen
ecosystem situation of the two countries, both Brazil and Italy are basically in a similar status,
i.e., at an early stage of development of the respective sectors, which is characterised by
feasibility studies, pilot projects, and lack of a legislative system and financial schemes able to
adequately support it. It is also evident that the external and unique factors of the two nations
under review present similarities in some respects (e.g., favourable geographic location to
market hydrogen), but at the same time also wide divergences as, for example, regarding the
actors that are carrying out pilot projects, which for Italy they are national while for Brazil they
are of foreign origins. Therefore, when defining national development strategies, it is necessary
to consider the domestic peculiarities, whether they are strengths or weaknesses, and on this
basis to graft the dynamics that are being defined at a global level.
4.2.6. Vision, actions, and priorities for Brazil

The findings of the case studies and the contributions from the expert interviews can be
leveraged to define priority targets for the development of a national hydrogen supply chain,
as well as recommendations to guide the design of the Brazilian hydrogen sector.
Brazil possesses all the prerequisites for becoming a large-scale global producer of
hydrogen. In addition to having a predominantly renewable energy matrix, which is essential
in green hydrogen generation, it has enormous potential to enhance it, as preliminary EPE
projections demonstrate. Indeed, the 2050 National Energy Plan estimates a wind energy
potential of 700 GW offshore and 353 GW onshore, with a total installed capacity of 16 GW
in December 2020, and a solar energy potential of 307 GW, with slightly more than 3 GW
already deployed (Brazilian Ministry of Mines and Energy & EPE, 2020).
The unique development opportunity it has, however, is as great as the challenges that
present themselves, ranging from basic regulatory aspects, such as the risk of overlapping
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regulatory agencies, notably ANEEL and ANP, that may dispute normative ownership of the
local hydrogen market, to more practical issues, as with safety measures for storage and
transportation. To clarify these aspects, the government needs to further strengthen and detail
the regulatory framework, but the legislative efforts in this field should not stop there. Indeed,
as described in one of IRENA’s publications (Green Hydrogen: A guide to policy making,
2020), when formulating national hydrogen policy priorities, policymakers should thoroughly
examine the country’s energy sector maturity, its renewable resources size, its economic
competitiveness level, and the potential socio-economic effects. Additionally, as hydrogen will
move from a marginal to an increasingly common stance, it is critical to address not just its
deployment but also its integration into the energy system with appropriate and up-to-date
legislation.
Thanks to its natural advantage deriving from the abundance of renewables, together with
its relatively low labour costs, if compared to developed countries, and its convenient
geographical location with easy access to North America and Europe by ship, especially when
considering the states in the northeast, Brazil could be among the first to succeed in offering
hydrogen from renewable sources at competitive prices. This can only be accomplished if the
nation is able to rapidly scale up production by providing itself with large green hydrogen
production plants optimally located in clusters where the entire supply chain (from the
renewable energy source procurement site to the distribution infrastructure, including also the
electrolysis hydrogen generation plant) is present, thereby making zero-emission hydrogen a
viable alternative to both traditional fossil fuels and polluting forms of hydrogen through
economies of scale. To maximise its chance to set the benchmark in the sector and gain global
credibility, it should promote the adoption of an international GO certification for hydrogen
from renewable sources, lobbying internationally for the adoption of a common criterion.
Furthermore, as long as other sources of energy supply are more economically
advantageous, Brazilian public bodies should foster financial stimulus and incentive schemes,
such as, for instance, integrating hydrogen projects to the PROINFA programme and
facilitating loans by the BNDES inserting hydrogen in one of PBM’s thematic objectives, that
would gradually diminish as the industry is formed and defined for sustainable hydrogen
production solutions to be financially feasible and appealing from both the producer and
consumer perspectives. The public effort should initially be particularly attentive to the
implementation of hydrogen in blending with natural gas, as it is an immediately applicable
driving measure to kick-start the local market that does not require excessive efforts to retrofit
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the existing infrastructure to carry H2NG and that could make hydrogen relatively
economically attractive while making for its diffusion and driving down GHG emissions.
As well as making a significant contribution to the international hydrogen market, which
in the next few years will see first an increasing demand for blue hydrogen and then for green
hydrogen, Brazil has the potential to create a domestic market to power industrial sectors that
consume vast amounts of energy, substantially improve national energy security, which will
be increasingly challenged by climate change in the future, by building extensive hydrogen
storage facilities, and make transport less polluting with initial applications, for example, in
the local public transport network of large metropolitan areas and last-mile logistics fleets,
where hydrogen refuelling stations could be installed at fleet depots, while overcoming the
problems of branching out the charging network for BEVs.
Besides, the Brazilian agribusiness industry, the fourth largest globally and a significant
contributor to the local GHG emissions, could greatly benefit from green hydrogen, making it
more sustainable and responding positively to climate challenges. Between 1990 and 2018,
land use emissions accounted for 80 percent of the nation's total (Hepburn et al., 2020). In this
perspective, ammonia is today a crucial component of fertilisers, providing to half of the
world's food supply. Due to fossil energy as feedstock, the global fertiliser sector accounts for
around 1.1 percent of yearly carbon emissions. Carbon-neutral ammonia, i.e., NH3 generated
with hydrogen from green power and electrolysis, can contribute profoundly to decarbonise
food production while also taking a huge step toward a hydrogen economy (Hoxha, 2021).
Brazil is the second-largest iron ore producer and exporter worldwide (Hepburn et al.,
2020). Instead of just exporting it, it could process it into DRI in furnaces powered with a fossil
fuel and hydrogen blending. DRI can then be either exported or be directly processed further
into steel, again with a mix of a fossil fuel and hydrogen. Steelmaking via H2 blending in blast
furnaces, with methane instead of coal, and DRI will be commercially viable by the late 2020
(IEA, Hydrogen in Latin America, 2021). Although the former has technical limitations that
do not allow to use pure hydrogen (Kashiwaya, Yamada, & Nogami, 2012), it is a valid
transitory option to the 100 percent hydrogen DRI expected after 2030. These solutions would
not only cut emissions but would also increase value-added and significantly reduce
transported weight.
The point is to exploit as efficiently as possible and to the fullest the potential of the window
that is opening on hydrogen. Thus, it is reasonable to believe that, with the proper coordination
of private interests and public incentives, this is an environment in which Brazil has all the
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conditions to play a leading role internationally, with the possibility of being the protagonist,
and that measures in this direction can also contribute to tackling the existing domestic energy
deficits.

4.2.7. Vision, actions, and priorities for Italy

Based on the analysis conducted, supplemented by interviews with experts, it is possible to
establish priorities for the creation of a national hydrogen supply chain, as well as associated
actions and recommendations to assist the growth of an Italian hydrogen industry.
In the first stage of development, public support is critical to fill existing economic gaps,
and it is, therefore, necessary to implement long-term dedicated support schemes with a view
to technological neutrality for the hydrogen sector, ensuring reliable return on investment
plans, and encouraging the production of green hydrogen through incentives aimed at lowering
costs linked to renewable sources. This action requires speed and promptness to fit into the
framework of objectives established in the European Commission’s hydrogen strategy,
assisting the Italian industrial sector in achieving a strong market position.
The traceability of origin is a critical requirement for the development of hydrogen
solutions to meet ambitious decarbonisation goals. On the legislative front, much effort is being
made at the European level to establish quality standards and GOs for renewable hydrogen.
Italy will be required to adopt this legislation, which will provide the foundation for future
hydrogen projects.
Many of the present challenges are related to the absence of specific technical laws and
changes to existing regulations that consider innovation across the hydrogen supply chain,
particularly transport, distribution, and storage. Creating a clear and globally harmonised
regulatory framework and simplifying administrative processes would enable businesses
engaged in the entire supply chain to operate in a European context with favourable investment
conditions. In this context, in order to integrate P2G technologies into grids and let those to
participate in grid service supply, it is essential to include hydrogen plants in the legislative
framework with a view to sector coupling.
To incentivize the generation of green hydrogen at competitive prices, the analysis shows
the necessity to strengthen the national production chain of large-scale electrolysers by
planning regulatory and fiscal incentive actions for industrialization and promoting programs
and initiatives to encourage the construction of sizeable renewable hydrogen production plants.
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These efforts would also lead to the creation of new jobs and ancillary activities, with the
opportunity to contribute to European leadership in the sector.
Another industry enabler is the development of a network of hydrogen refuelling stations,
which would allow the deployment of FCEVs for both light and heavy road transport, as well
as for rail transport and logistics vehicles in hubs such as ports and airports. Particular attention
should be paid to maritime transportation, where the upgrading and adaptation of port
infrastructure should go hand in hand with the advancement of fuel cell technology in ships.
When considering hydrogen generated from solar or wind power, presently, there are
capacity issues in terms of quantity and continuity of production for businesses that use
significant amounts of hydrogen. In truth, there is no infrastructure in Italy capable of meeting
this demand (Mazzei, 2021). During the current transition phase, the large industrial consumers
should opt for a blue hydrogen-based system as it is cheaper than green hydrogen, offers a
higher assurance of mass flow output, and, albeit limited, allows on-site production.
Simultaneously, in the medium to long term, the building and implementation of a national
hydrogen transport network are fundamental to ensuring universal access to a reliable and
continuous supply of zero-emission H2.
An element of possible further evaluations by the government is nuclear energy as a source
to produce hydrogen in abundance, at competitive costs, and sustainably and safely because it
is a technology whose risks are widely known and which does not produce GHG emissions,
but radioactive waste for which international safety protocols and standards for storage are
already in place. Recent advances in the industrialization of magnetic confinement nuclear
fusion, with the first early commercial deployments expected to start at the beginning of the
next decade (Eni S.p.A., 2021), indicate that this is a path not to be underestimated. This
technique has the potential to generate nearly unlimited amounts of energy while emitting a
small quantity of radioactive waste with a half-life of tens of years.
Any use of hydrogen for end purposes cannot disregard the resolution of the technical and
economic difficulties of the upstream processes (production, transportation/distribution,
storage): the supply chain must thus be examined in its entirety, identifying optimal clusters
for each final use. The identification of the first use fields is essential, as these will serve as the
initial nucleus around which the architecture of local hubs linked to the hydrogen transport and
distribution network would grow. The development of hydrogen ecosystems, in which different
end uses coexist in synergy, will aid in cost reduction and the generation of new opportunities.
In this initial stage of growth, the function of research centres is critical. An essential activity
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in this area is to assist research and innovation through easier access to financing for
demonstration projects and dedicated research expenditures. The expansion of the hydrogen
industry would also necessitate professionals trained in a wide variety of technical and
scientific knowledge, which may be developed by investing in education and training. In this
case, similar reasoning can also be applied to Brazil.
Furthermore, Italy’s location in the centre of the Mediterranean makes it a natural
crossroads between North African and Middle Eastern countries, which could be large
exporters of green hydrogen given the abundance of exploitable solar and, partly, wind energy,
and northern and central European countries, possible large consumers. Consequently, its
geographical position permits it to act as a hub for hydrogen trade. The Italian government
should work actively and quickly to form strategic and economic alliances with both parties to
conclude privileged supply and sales contracts, thus obtaining significant competitive
advantages over future competitors.
Soon, hydrogen will be a part of the daily lives of all Italian citizens. Therefore, it will be
important to follow the sector’s evolution with the implementation of public information
campaigns and initiatives aimed at enlightening the population through the activation of
information programs on hydrogen technologies and the associated safety procedures.
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5. CONCLUSION

The final chapter is entirely dedicated to presenting the thesis’s conclusions. Firstly, it
provides a recapitulation of the research objectives and the methodology used to address them.
Secondly, it concentrates on the key findings and their implications. Finally, emphasis is placed
on noting the study’s limitations and suggesting potential future research areas in the study
field.

The research was carried out using a hybrid methodology consisting of three components;
the literature review part was used to cover the topic from a technical and theoretical point of
view, offering a detailed observation of hydrogen technology and infrastructure, from
production, transportation, and storage perspectives, of its uses, of its safety and social aspects,
and of its global market prospects by 2050. The result of this part was to give a broad and
comprehensive answer to the question of how hydrogen can bring value to the transition
towards sustainable and zero-emission energy solutions. It was also possible to understand how
hydrogen has the potential to solve the so-called three-fold energy paradox.
The case study analysis of already published national hydrogen development strategies
served the purpose of highlighting common trends in the markets to derive guidelines on which
to base proposals, whose elaborations were facilitated after obtaining a clear overview of the
current status of actions taken to promote the formation of hydrogen markets and of the national
views on the best directions to pursue. This section, together with the previous one,
substantially helped identify the challenges in developing hydrogen-based energy systems,
while interviews with local experts were used to spot those specific to Brazil and Italy.
The interviews also largely contributed to the realisation of the proposals concerning the
kind of hydrogen development strategies that the two targeted countries should follow by
providing useful information about their ecosystem dynamics and the state of their domestic
markets.

As widely emphasised, hydrogen is an energy carrier, which can store and transport energy
from the production point to the place of final consumption without any relevant capacity
losses. Its contribution towards a green and sustainable energy transition is dependent on the
source via which it is produced. Currently, the demand for hydrogen is matched through steammethane reforming, a highly polluting process that does not go in the direction of net-zero
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emissions. However, the present costs of generating green hydrogen are very high due to the
high price of electrolysers, high energy expenditure and low efficiency in the electrolysis
process, and the need to divert part of the energy supply from renewables for this purpose, as
well as the lack of scale production facilities that in terms of absolute output could help lower
costs.
Therefore, it is concluded that, regardless of specific national strategies, the best approach
that can support the need to grow the global hydrogen market while also increasing awareness
of the benefits that hydrogen can bring and that can exploit the CO2 emission-reducing potential
of the technology is to adopt a transitional strategy whereby, in the medium term (up to 10
years), there is a greater focus on the commercialisation of blue hydrogen systems with CCUS,
which are already a step towards greater eco-sustainability while being more economically
viable. At the same time, the various local governments should take legislative and financial
“push” actions to incentivise the adaptation of their infrastructures to accommodate both H2NG
mixes and, later, pure hydrogen, and the creation of plants for clean hydrogen generation,
which will become increasingly competitive as a market emerges and the technology matures
and gains recognition.

Starting from the above considerations and through the observation of the particular
Brazilian and Italian situations, proposals were drafted to address national strategies for the
development of hydrogen systems in the directions considered to maximise opportunities and
best suited to the countries’ contexts.
As far as Italy is concerned, a high potential was identified in exploiting its geographical
position, ideally located between possible low-cost green hydrogen producing countries (North
Africa) and primary consuming nations (rest of Europe). Hence, it was strongly recommended
to concentrate efforts on building hydrogen storage and transport capacities such as port
complexes and pipelines, to establish strong diplomatic and commercial ties with the interested
countries (for instance, Germany from the consumer side and Tunisia and Libya from the
producer one), but also to build an internal supply chain to ensure the country will be at the
forefront of a sector that will be increasingly strategic in the future and to be able to meet the
domestic needs.
As for Brazil, a more balanced approach is suggested between building generation capacity
for internal consumption and dedicating the industry solely to exports. In fact, it was noted that
hydrogen could allow the country to tackle and solve the existing problem of ensuring a
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constant energy supply dictated by the strong hydroelectric component in energy production,
which is subject to the seasonality of the water basins flow and that will be increasingly
unpredictable due to climate change. Simultaneously, the South American “giant” can make a
strong effort on exporting the first element of the periodic table, thanks to the possibility of
exploiting its abundance of renewable resources and the fact that the demand for this fuel is set
to grow dramatically in the coming years, especially in advanced economies that are moving
decisively towards GHG free options, which for the most part (i.e., North America and Europe)
are easily reachable by ship from Brazil.

It is worth pointing out that the research was approached from a fundamentally qualitative
and managerial-strategic point of view, discerning the attractiveness of hydrogen, in particular
of green hydrogen, and of its strengths to be leveraged in the context of sustainable energy,
which is also reflected in the type of observations extrapolated from the case studies, the
questions asked to the interviewers, and in the formulation of suggestions concerning the
optimal strategies to be pursued by the two countries covered in this thesis.
Apart from a brief technical digression, particularly technical and quantitative aspects of
hydrogen applications in the energy area were not investigated in detail because they were not
the primary focus of this study. Thus, they can be the subject of future research. In this regard,
experts could carry out investigations to quantify the real potential of hydrogen production in
Brazil and Italy, identify ideal sites for production and the location of facilities for storage and
transport, carry out feasibility studies, determine the best conditions to optimise synergies
between renewable sources and hydrogen, and elaborate a detailed roadmap by setting timebased targets. Among the many possible studies, one of the most interesting because of its
immediate benefit is undoubtedly an assessment study that has as its object the Brazilian and
Italian energy infrastructure situations and that seeks to detect inefficiencies such as, for
example, a state of underproduction of an energy plant due to technical deficiencies, the gap of
which can be filled by devising remedial plans through the implementation of hydrogen
solutions.
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APPENDIX

Appendix 1. Interview structure

Job roles: researchers and experts in the field of hydrogen and energy transition.
Length: about 60 minutes.

Before we begin, I would want to express my appreciation for your availability. Furthermore,
I need to inform you that the interview will be recorded. All information shared during the
meeting will be used solely for academic reasons connected to this dissertation, and it will be
handled in accordance with the existing regulations in this regard. Finally, I would like to
remind you that this semi-structured interview aims to contribute to the drafting of a national
green hydrogen development strategy for Brazil/Italy. Thus, any interactions or inquiries from
your end are more than welcome. Thank you for being here today and for your attention.

1. Could you please begin by introducing yourself, your academic background, your work,
and personal experiences that have led you to become an expert in the subject of green
hydrogen?

2. Can you explain why green hydrogen is considered by many to be the future of the energy
sector and how it will shape it globally? – RQ1

3. What are the major challenges for the massive adoption of green hydrogen (technology,
resources, distribution lines, security, regulations)? – RQ2

4. Where do you see Brazil/Italy in this context? – RQ3

5. What are the characteristics of the Brazilian/Italian energy market (geographical location
and resources, energy mix, infrastructure)? – RQ3

6. Could you offer an overview of the current hydrogen situation in Brazil/Italy? – RQ3
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7. From a political and legislative point of view, how mature is the local market? – RQ3

8. Who are the Brazilian/Italian market players? How do they position themselves in
comparison with their local and foreign competitors? – RQ3

9. On what are they currently working and what do they aim to achieve in the future?
(Continuation of question 8) – RQ3

10. How do you think the local (green) hydrogen market will look like in 2050? – RQ3

11. What barriers should be removed to foster the development of a hydrogen market in
Brazil/Italy? – RQ3

12. Who are the key stakeholders that can drive this transformation? – RQ3

Thank you very much for your time and your fundamental contribution. This interview is
essential for the success of my thesis. Have a nice day.
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