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ABSTRACT

The increasing global demand for a more sustainable economy is propelling the exploration of alternatives
to conventional practices. The adoption of a hydrogen production and distribution system is gaining global
consensus, driven by its lower environmental impact compared to fossil fuels. This study delves into the
feasibility of renewable hydrogen, sourced from avenues like solar and wind power, particularly in the realm of n
sustainable urban transportation. The urgency for innovative technologies, underscored by emissions targets
and sustainable development goals, positions hydrogen as a promising solution with superior calorific value and
reduced emissions to mitigate the impacts of the transport sector on the environment. Nonetheless, challenges,
including limited infrastructure and the requirement for substantial investment, pose significant hurdles to its
widespread adoption. The pertinence of this study is further emphasized by the necessity to continually update
the literature, ensuring alignment with the dynamic developments in this field.
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RESUMO

A crescente demanda global por uma economia mais sustentdvel estd impulsionando a exploragéo de alternativas as
prdticas convencionais. A adog¢éo de um sistema de produgdo e distribuicdo de hidrogénio estd ganhando consenso
global, impulsionada por seu menor impacto ambiental em comparagéo com os combustiveis fosseis. Este estudo
investiga a viabilidade do hidrogénio renovdvel, proveniente de vias como a energia solar e eédlica, especialmente no
ambito do transporte urbano sustentdvel. A urgéncia de tecnologias inovadoras, ressaltada por metas de emissées e
objetivos de desenvolvimento sustentdvel, posiciona o hidrogénio como uma solugéo promissora com valor calorifico
superior e emissdes reduzidas para mitigar os impactos do setor de transportes no meio ambiente. No entanto,
desafios, incluindo infraestrutura limitada e a necessidade de investimentos substanciais, representam obstdculos
significativos para sua adog¢do generalizada. A pertinéncia deste estudo € ainda mais enfatizada pela necessidade de
atualizar continuamente a literatura, garantindo o alinhamento com os desenvolvimentos dindmicos nesse campo.

PALAVRAS-CHAVE

Economia sustentdvel; hidrogénio renovdvel; tecnologias inovadoras; transporte urbano sustentdvel.
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RESUMEN

La creciente demanda global de una economia mds sostenible estd impulsando la exploracién de alternativas a
las prdcticas convencionales. La adopcién de un sistema de produccién y distribucion de hidrégeno estd ganando
consenso a nivel mundial, impulsada por su menor impacto ambiental en comparacién con los combustibles fésiles.
Este estudio investiga la viabilidad del hidrégeno renovable, proveniente de fuentes como la energia solar y edlica,
especialmente en el dmbito del transporte urbano sostenible. La urgencia de tecnologias innovadoras, resaltada por
metas de emisiones y objetivos de desarrollo sostenible, posiciona al hidrégeno como una solucién prometedora
con un mayor valor calorifico y emisiones reducidas para mitigar los impactos del sector del transporte sobre el
medio ambiente. Sin embargo, desafios, como la infraestructura limitada y la necesidad de inversiones sustanciales,
representan obstdculos significativos para su adopcidon generalizada. La relevancia de este estudio se enfatiza atin
mds por la necesidad de actualizar continuamente la literatura, garantizando el alineamiento con los desarrollos
dindmicos en este campo.

PALABRAS CLAVE

Economia sostenible; hidrégeno renovable; tecnologias innovadoras; transporte urbano sostenible.
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1. INTRODUCTION

Today, there is an increasing global demand for a more
sustainable economy, driven by nations' commitment to
achieving emissions targets and sustainable development
(SAEEDMANESH, MAC KINNON & BROUWER, 2018). In this
context, the urgency for new technologies and solutions
to replace traditional practices is more evident than
ever (CEVALLOS-ESCANDON et al., 2023). The need for
change is imperative to meet the expectations of a more
sustainable future (EHRENSTEIN et al., 2020; SANTOS et al.,
2021; DE ASSIS et al., 2022a; 2022b).

Thus, the implementation of a hydrogen production
and distribution system, which has greater calorific value
and reduced carbon emissions compared to fossil fuels
(WIDERA, 2020; LAL & YOU, 2023), has gradually become
a global consensus (SANTOS et al., 2021; CAPURSO et
al., 2022). Hydrogen can be used as a feedstock, fuel or
energy carrier and store to balance electricity supply and
demand (EUROPEAN COMMISSION, 2019), resulting in an
estimated global demand of more than US$12 trillion -
equivalent to R$62.56 trillion - by 2050 (ONI et al., 2022).

Currently, hydrogen production is predominantly
divided into three main categories: (i) renewable origin;
(i) fossil-origin with carbon capture and storage (CCS)
or carbon capture, utilization and storage (CCUS);
and (iii) fossil origin. Presently, hydrogen production
processes are predominantly driven by non-renewable
sources. However, To boost the development of the
clean hydrogen market, global discussions have been
held on standards for renewable hydrogen (LIU et al.,
2022). Renewable hydrogen is produced using renewable
energies such as solar and wind power and represents
a more promising long-term solution for the transition
to a carbon-free economy in various sectors including
transportation (GULOTTA et al., 2022).

The use of renewable hydrogen as an energy source
in urban transportation offers substantial advantages for
promoting environmental sustainability (ACAR & DINCER,
2020). By eliminating harmful emissions and contributing
to climate change mitigation, hydrogen stands out for
its versatility and storage efficiency, providing vehicles
with extended autonomy (DE ASSIS et al., 2022a; 2022b).
In addition to the environmental benefits, the transition
to renewable hydrogen drives technological innovation,
the creation of specialized jobs and promotes an
improvement in air quality, positively impacting public
health and solidifying the position of cities at the forefront
of the energy revolution.

https://doi.org/10.29183/2447-3073.MIX2024.v10.n3.163-173

Despite the obvious advantages, the widespread
adoption of
transportation sector faces significant challenges such
as limited hydrogen production, distribution and supply
infrastructure,
become widely accessible, among others. Thus, this
paper aims to conduct a literature review to identify the
advantages of hydrogen for sustainable urban transport,
as well as assess its main challenges and best practices
that can be implemented to minimize them.

renewable hydrogen in the urban

requiring substantial investments to

2. METHODOLOGY

The methodology of this study consists of the following
steps:

« Formulation of the Research Question: The
research is guided by the question: "What is the role
of renewable hydrogen in achieving a sustainable
urban transportation matrix?"

« Search strategy: To identify relevant studies,
relevant keywords were selected, such as "renewable
hydrogen”, "green hydrogen",
"sustainable urban transportation”. The search was
conducted in specialized databases, including Web
of Science, Scopus, and others related to energy and
sustainability.

"fuel cells" and

« Source selection: Articles were meticulously
chosen based on predetermined inclusion and
exclusion criteria. Only studies directly addressing the
role of hydrogen in sustainable urban transportation
were deemed relevant, prioritizing methodological
rigor and contemporary relevance.

« Organization of the Review: The selected studies
were grouped into thematic categories, including
hydrogen technologies, public policies, challenges
and opportunities. This approach aims to provide
a comprehensive and structured overview of the
current state of research on the topic.

+ Reading and Synthesis: A critical reading of the
scientific papers highlighted essential information on
the role of hydrogen in sustainable urban transport.
Synthesis involves condensing the main conclusions,
methodologies and findings, providing an in-depth
understanding of the topic.
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« Critical Analysis: The reviewed studies
underwent rigorous scrutiny, identifying potential
biases, methodological constraints, and strengths.
This comprehensive approach is intended to foster a
nuanced interpretation of the evidence presented in

the literature, ensuring a balanced.

+ Contextualization and Integration: The results
were contextualized within the broader panorama of
sustainable urban transport and energy policies. The
integration of findings from different sources seeks to
build a cohesive narrative about the role of hydrogen
in this context.

« Writing and structuring the text: The literature
review will be structured according to a logical
organization, including an that
contextualizes the topic, a development that
addresses the thematic categories and a conclusion
that highlights the specific contributions of the
studies reviewed.

introduction

« Review and Update: To uphold the relevance of
the review, regular assessments of the literature will
be conducted. Ongoing surveillance of emerging
developments in the hydrogen and sustainable
transportation sectors will guarantee the integration
of the latest information.

3. MAIN ADVANTAGES OF USING RE-
NEWABLE HYDROGEN IN THE URBAN
TRANSPORTATION SECTOR

Over the years, the transportation sector has stood out as
the most promising for the adoption of hydrogen as an
energy source (FRANZITTA et al., 2017). It is important to
note that transportation is responsible for approximately
a quarter of all energy-related greenhouse gas (GHG)
emissions, and of these emissions, around 72% come
from road transport (IEA, 2020). These figures reinforce
the urgent need to explore innovative solutions, such as
the use of hydrogen, especially renewable hydrogen, to
mitigate the negative environmental impacts caused by
the transportation sector (MANIATOPOULOS, ANDREWS
& SHABANI, 2015; SANTOS et al., 2021).

Renewable hydrogen can be used as a vehicle fuel in
various ways, depending on the chemical composition
of the fuel and the energy converter used to transform
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chemical energy into mechanical energy. In terms of fuel
composition, hydrogen can be used inits pure formorasa
raw material for the synthesis of more complex molecules,
such as ammonia, hydrocarbons, or alcohols (PROENCA
et al., 2023). As for energy conversion equipment, the
most common devices applied in vehicles are internal
combustion engines and gas turbines, both conventional
technologies and fuel cells, which are based on the direct
electrochemical conversion of a fuel into electrical energy,
which can be used in an electric powertrain (DE ABREU,
PROENCA and SANTOS, 2023).

Fuel cell systems typically have higher efficiency
(around 50%), lower pollutant emissions and lower
maintenance requirements than existing technologies
but are still characterized by a higher cost. Typically,
vehicles are powered by polymer electrolyte membrane
fuel cells (PEMFCs) fed by pure hydrogen, but other
solutions are being developed using other types of cells
or different fuels, such as alcohols and hydrocarbons
(PROENCA et al., 2023). The use of hydrogen as an energy
source in the transport sector offers several significant
advantages for promoting sustainable urban transport,
as shown in Table 1.
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Advantage

Description

Advantage

Description

Improved
energy security

In terms of energy security, renewable
hydrogen offers the advantage of being
able to be produced through different
routes, mainly from clean and domestic
sources, such as renewable energies,
nuclear, biomass and biofuels (DE ABREU
et al, 2023a). This diversity of production
routes  is  extremely  important  for
ENSURNG enargy security in countries that
have a high dependence on fossil fuel
imports to supply their transportation
sector (BALL & WIETSCHEL, 2000; Ll &
TAGHIZADEH-HESARY, 2022).

Diversifying
energy options

The use of hydregen in urban transporta-
tion helps to diversify the energy options
available, reducing exclusive dependen-
ce on fossil fuels. This helps to promaote
energy resilience, making the transporta-
tion system less susceptible to fluctua-
tions in oil prices and supply interrup-
tions (BALL & WIETSCHEL, 2009; LI &
TAGHIZADEH-HESARY, 2022),

Reducing GHG
emissions

Renewable hydrogen used as a fuel in
vehicles produces only water as a by-pro-
duct of its combustion, resulting in zero
GHG emissions at the point of use (MNEI-
MNEH et al, 2023). This contributes to
reducing the carbon footprint and
mitigating the impacts of climate change
(SALV] & SUBRAMANIAN, 2015 DE
ABREL, PROENCA and SANTOS, 2023).

Flexibility of
application

Hydrogen can be used in different types
of vehicles, including small, medium and
large passenger and cargo vehicles, Its
application covers a wide range of
transportation modes, enabling  the
transition to a more sustainable fleet in
various sectors (SINGH et al, 2015 LI &
TAGHIZADEH-HESARY, 2022; PROENCA et
al., 2023).

Reducing air
pollution

Hydrogen-powered vehicles do not emit
harmful air pollutants such as nitrogen
oxides (NOx) and fine particles, helping
to improve air quality in urban areas,
reducing risks to human health and
reducing respiratory and cardiovascular
problems (WEGER, LEITAO & LAWRENCE,
2021}

Moise reduction

Hydrogen-powered  wehicles  have
quieter operation compared to conven-
tional internal combustion vehicles. This
contributes to reducing noise pollution
in urban areas, providing a quieter and
healthier environment (BALL & WIETS-
CHEL, 2009).

Renewahle
energy source

Hydragen can be praduced from renewa-
hle energy sources such as solar, wind
and hydroelectric power. By using these
clean sources, hydrogen contributes to
the decarbonization of the transport
sector and reduces dependence on
non-renewable fossil fuels (SINGH et al.,
2015; DE ABREU et al., 2023a, 2023b).

Reuse of
existing
infrastructure

In many cases, existing infrastructure for
the supply of liquid fuels, such as gas
stations, can be adapted to supply hydro-
gen. This allows for an easier transition to
the wse of hydrogen as a fuel, using
already established infrastructure and
reducing implementation costs (WEGER,
LEITAD & LAWRENCE, 2021).

Energy storage

Hydrogen is used to store intermittent
renewable energy. intermittent renewa-
ble energy. Excess renewable energy can
be converted into hydrogen through
electralysis. This hydragen is stored and
can later be used to generate electricity
or fuel vehicles, balancing the supply
and demand of renewable energy (BALL
& WIETSCHEL, 2009; LI & TAGHIZADEH-
-HESARY, 2022; CAPURSO et al,, 2022).

Longer range
and faster
refueling times

Hydrogen-powered  vehicles offer a
generally longer range compared to
hattery electric vehiclas, far example. In
addition, hydrogen refueling can be
carried out in similar times to refueling
conventional liquid fuels, allowing for a
smoother and more convenient transi-
tion for users (WEGER, LEITAC & LAWREN-
CE, 2021).

Potential
long-term cost
savings

Stimulating
innovation and
job creation

Although hydrogen-powered infrastruc-
ture and vehicles may have higher initial
costs, economic benefits can be achieved
in the long term. Mass production,
technological  advances and  reduced
manufacturing costs could make hydro-
gen competitive with traditional fossil
fuels, as well as reducing the volatility of
oil prices (PROENCA et al, 2023).

The transition to the use of hydrogen as a
fuel in urban transportation drives
innovation and technological develop-
ment. This transition also creates oppor-
tunities for industry, stimulating job
creation in sectors related to the produc-
tion, storage, distribution and mainte-
nance of hydrogen and hydrogen-powe-
red wvehicles (PROEMCA et al, 2023;
MMEIMMEH et al., 2023).
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Advantage | Description
Hydrogen-powered micramability
vehicles can offer extended autonomy
compared to the conventional batteries
Extended . used in these vehicles. This allows users to
autonemy in travel longer distances without the

micromobility frequent need to recharge of change

batteries, increasing convenience and
accessibility.

The use of hydrogen in “last mile®
vehicles provides efficient and reliable
performance in the delivery of goods in

Last Mile congested urban areas. Hydrogen-powe-
Operational red vehicles offer extended autonomy
Efficiency and rapid refueling, ensuring continuous

availability and reducing operational
delays., This advantage is crucial for
meeting the demands of e-commerce
and fast delivery services, where speed
and efficiency are essential.

In contrast to conventional drones,
hydrogen-powered drones offer a more

Increased flight | efficient energy source, allowing for a

time and greater amount of energy concerning
autonomy in their weight, resulting in a significantly
drores extended flight time of up to several

hours (RAGUPATHI, 2023).

Table 1: Advantages of using hydrogen-powered vehicles in relation to road transport.

Table 1 highlights the advantages of incorporating
hydrogen, especially renewable hydrogen, into the energy
matrix of the road transport sector. However, it is highly
recommended to carry out a comprehensive technical
and economic feasibility analysis of the hydrogen energy
system, considering available resources, production
technologies, storage, fuel transportation, distribution and
use. In addition, special attention should be paid to the
technical issues and their control strategy to address the
problems of the transportation system using hydrogen
(SALVI & SUBRAMANIAN, 2015; SINGH et al., 2015).

The advantages offered by using renewable hydrogen
as an energy source in the transportation sector have
a significant impact on decision-makers at all levels of
jurisdiction. This information highlights the importance
of considering hydrogen as a viable and promising
alternative to boost sustainability and efficiency in
transportation. For policymakers and business leaders,
understanding the benefits of hydrogen can guide the
implementation of strategies and incentives to promote
its wide-scale adoption (KIM & MOON, 2008). In addition,
this study can stimulate technological advances in
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Research and Development projects and investments in
infrastructure for the use of hydrogen in transportation
(DE ABREU, PROENCA and SANTOS, 2023).

4. CHALLENGES OF USING RENEWABLE
HYDROGEN IN THE URBAN TRANSPORT
SECTOR

Althoughrenewable hydrogen will play a crucial rolein the
energy transition, not only catalyzing decarbonization,
but also driving a new era of sustainable economic
development and global innovation, it is imperative to
recognize that even the most promising solution is not
without its challenges, be they technological or political.

As highlighted by the Green Hydrogen Portal,
renewable hydrogen has the potential to replace non-
renewable energy sources in different timeframes -
short, medium, and long - but challenges remain in
terms of price, transportation, distribution, and storage.
These barriers still need to be overcome to effectively
implement the technology on a large scale (BEZERRA,
2021), as shown in Table 2.

Hydrogen, when produced from renewable sources,
becomes a conventional alternative. To ensure the success
of the 'hydrogen economy' shortly, it is crucial to quickly
address the technical and economic challenges associated
with this substance. Although finding practical solutions
to these challenges may take some time, technological
progress through continuous efforts ensures that
hydrogen will emerge as the ultimate solution to meet
future energy demands in the transportation sector
(SINGH et al., 2015).
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Challenge

Description

How to minimize it?

Improving the
Requlatory Framewark

The existence of a well-established institu-
tional, legal and regulatory framework is an
essential condition for  providing  legal
certainty for arge-scale investments in the
hydrogen sector. In the context of the decar-
bonization of energy production and
consumption systems, the market value of
hydrogen can vary significantly based on its
production origin, although this has no
technical impact on its use (OLIVA JUNIOR,
2021).

The market is expected to evolve to encourage the
production of renewable hydrogen, due to its
environmental  attributes  that contribute  to
achieving sustainability goals. This could result ina
“premium” being paid depending on where the
hydrogen is produced. Consequently, it is likely
that, soon, governments will adopt public policies
that offer subsidies and incentives for the produc-
tion and consumption of renewable hydrogen by
companies, further boosting the sustainable
development of this sector (OLIVA JUNIOR, 2021).

Supply and
distribution infrastructure

The infrastructure for refueling renewable
hydrogen in hydrogen-powered vehicles is
currently limited compared to traditional
fuel stations (SINGH et al,, 201 5). Establishing
a widespread and accessible network would
require substantial investments and a signifi-
cant period for implementation (DE ABREL
etal, 2023a).

There are options for the safe transportation of
hydrogen that include those already used for the
transportation of fossil fuels, such as in gaseous or
ligquid farm in trucks or ships, and the pumping of
gaseous hydrogen in its own pipelines or by
sharing with the existing infrastructure for the
transportation of natural gas (MIRANDA, 2017).

Storage problems

A major challenge to achieving a solid
hydrogen economy is the maturation of
storage technologies that are safe, compact
and cost-effective (ABE et al, 2019),

Typically, hydrogen can be retained as a pressuri-
red gas, cryogenic liquid or physically or chemi-
cally bound to specific solid materials. Among
these options, solid-state storage systems based
on metal hydrides stand out as promising dus to
their potential to offer a high gravimetric capacity
for hydrogen storage. These systems provide a
safe, efficient, compact and repeatedly reversible
approach, gradually gaining prominence in
hydrogen-related applications (ABE et al,, 2019).,

Availability of
renewable sources

The production of renewable hydrogen
depends on the availability of renewable
energy sources, such as solar or wind power
(YAKUBSON, 2022),

To promate a sustainable expansion in hydrogen
production, it is essential to direct substantial
investments into research aimed at making these
technologies economically viable (SINGH et al,
2015). In addition, the implementation of strate-
gic public incentive policies, aimed at both
companies and consumers, is essential to make
the option of hydrogen more  attractive
(YAKUBSOM, 2022).

Market acceptance

The acceptance of hydrogen as a vehicle fuel
represents a significant cultural challenge, as
it involves changing established paradigms
and promoting a transformation in attitudes
and perceptions towards traditional means
of propulsion (DE ABREU, PROEMCA e
SANTOS, 2023).

Table 2: Challenges forimplementing renewable hydrogen as a promising form of sustainable urban transport.

Promaoting the widespread adoption of hydrogen
as a vehicle fuel requires a substantial effort in
raising public awareness and overcoming entren-
ched prejudices. Making people aware of the
environmental and economic benefits of hydro-
gen, while proactively addressing common
concerns and misconceptions, is imperative 1o
achieving wider and more effective acceptance of
this innovative technology in the transportation
landscape (DE ABREU, PROENCA & SANTOS, 2023).
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5. FINAL CONSIDERATIONS

In terms of sustainability, hydrogen reduces GHG emis-
sions and air pollutants, helping to mitigate climate chan-
ge and improve air quality. In addition, its energy efficien-
cy and storage capacity allow for longer flight times for
drones, extended autonomy in "last mile" vehicles and
a balance between supply and demand for renewable
energy. Hydrogen also promotes the diversification of the
energy matrix, reducing dependence on fossil fuels and
boosting technological innovation in the transportation
sector. These combined advantages make hydrogen a
promising solution for tackling environmental and ener-
gy challenges, driving the transition to a more sustainable
and efficient transportation system.

The importance of this study for decision-makers lies
in the promising contribution that renewable hydrogen
offers to environmental and energy challenges, driving
the transition to a more sustainable and efficient
transportation system. The identification of business
opportunities, integration with renewable sources, and
the positive impacts on the economy and the environment
are points of equal importance in the current scenario.
Specifically, the emphasis on integration with renewable
energy sources and on economic benefits provides
concrete pathways for future decision-making, always
in line with sustainability indicators, among other socio-
environmental and economic commitments.

However, the rapid transition to a global low-carbon
hydrogen economy faces significant technical and
economic challenges, including the escalating prices
of fossil fuels such as gasoline and gas. Yet, these very
price increases can accelerate the competitiveness of
renewable fuels. With increased demand and ongoing
technological advances, there's promising potential
to reduce these costs, ultimately making renewable
hydrogen fully competitive in the energy market.

The supply of hydrogen to industrial users presents a
substantial business opportunity, particularly in coastal
industrial hubs where there is an existing demand for
pure hydrogen. Moreover, integrating industry and
transportation applications with nearby offshore wind
and solar photovoltaic sources in regions such as the
North Sea in Europe, Southeast China, Western Australia,
and Northwest India enhances the attractiveness of these
locations for such endeavors.

The outcomes of this initiative might encompass
the formulation of supportive policies and regulations,
the forging of public-private partnerships to spur
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innovation, and the creation of a resilient infrastructure
for hydrogen production, storage, and distribution. Such
initiatives can potentially expedite the shift towards a
more sustainable transportation ecosystem, thereby
mitigating carbon emissions, enhancing air quality, and
fortifying energy resilience.
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