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Abstract: The energy supply for isolated systems remains a current challenge in Brazil and
worldwide, particularly when known solutions are compared regarding cost, the ability to supply
energy on demand, and sustainability. In this context, green hydrogen, which has been considered
one of the main paths for the decarbonization of the energy chain, is also seen as a potential solution
for energy supply in isolated systems. Based on a literature review of articles addressing the topics
of green hydrogen and isolated systems, an analysis is conducted on the application of green
hydrogen as an energy supply solution for isolated systems. The review identified and collected
data on important parameters for comparing solutions, such as CAPEX, OPEX, energy cost, and the
price per kilogram of hydrogen. Using these data, analyses were performed to provide an overview
of the application of green hydrogen in isolated systems. One of the objectives of this work is to
present a comprehensive analysis of the green hydrogen chain and its application in the context of
electricity generation, particularly for isolated systems in Brazil.
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1. Introduction

The transition to a low-carbon energy matrix is an urgent global challenge. In this context, green
hydrogen has been widely recognized as an essential element for the decarbonization of the energy
chain [1], emerging as a promising alternative to replace fossil fuels in various sectors such as energy,
transportation, and agribusiness [2—4].

However, the economic feasibility of green hydrogen as an energy carrier is still a goal to be
achieved for most applications. Technological advances, production scale, and government policies
play a fundamental role in cost reduction. Not surprisingly, new investments in large-scale green
hydrogen production projects are frequently announced, with Germany striving to lead in the
production and use of this resource [5].

In Brazil, the promotion of green hydrogen production is partly driven by the country's
significant potential for renewable power production, primarily wind and solar, which can
significantly reduce production costs, given that the final price of the molecule largely depends on
the price of energy. Additionally, Brazil's vast territorial extension allows for the implementation of
large-scale projects for hydrogen production and utilization. Nevertheless, to follow the hydrogen
path towards transitioning to a low-carbon economy, solutions are needed primarily for reducing the
costs of production, storage, distribution, and utilization of green hydrogen [5].

In contemporary society, access to electricity is essential as it relates to meeting basic needs,
economic development, improving education, health, and security, among other fundamental
aspects. However, in geographically remote regions, energy supply remains both a technical and
economic challenge [6].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Though they are exceptions, isolated systems are present worldwide in places such as remote
Pacific islands like Vanuatu and Fiji, isolated systems in northern Canada in the regions of Nunavut
and Yukon, parts of Africa like rural areas of Mali and Niger, and even some European islands such
as the Faroe Islands and the Greek islands in the Aegean Sea. In Brazil, they are found in places like
the Amazon, the Pantanal, and the northeastern region.

Given these characteristics of application for isolated systems, it is evident that green hydrogen,
produced from water electrolysis using renewable energy and with the necessary infrastructure, can
be stored and used for electricity generation on demand, acting as a clean and reliable energy source.
Thus, green hydrogen has the potential to play an important role in supplying energy to isolated
systems, which can greatly benefit from the local production of green hydrogen and possibly
eliminate dependence on fossil fuels.

2. A Review on Hydrogen Uses in the Context of Isolated Power Systems

The methodology used in this work is based on the research of scientific articles, technical
documents, and ongoing projects worldwide, as well as data and studies from governmental bodies.

To obtain relevant information, data related to energy generation in isolated systems in Brazil
and the main aspects of green hydrogen generation and use as an energy carrier were gathered and
analyzed. The primary development initiatives and projects underway in recent years were
identified, focusing on making the use of hydrogen as a clean and sustainable energy source feasible.

In addition to analyzing the feasibility and technical requirements necessary for decentralized
hydrogen generation, the research identified relevant parameters for the implementation of
hydrogen generation systems. The methods used allowed for a comprehensive approach to the topic,
enabling the linkage of relevant information for the development of the work.

In the following sections, the main results of this article will be presented. As a form of
contextualization, an overview of isolated systems in Brazil will be provided, along with an analysis
of the cost and socio-environmental impact of energy generation in isolated systems, and aspects of
green hydrogen production and use with a focus on isolated systems.

3. Isolated Power Systems in Brazil — a Brief Overview

In Brazil, isolated systems are defined as public electricity distribution systems that, for technical
or economic reasons, are not connected to the National Interconnected System (SIN). These systems
are autonomous and independent in supplying the electricity/energy demand for a specific
geographical area. Given Brazil's vast territorial extent and the difficulty of accessing certain regions
such as indigenous communities, rural areas, and islands, isolated systems play a fundamental role
in universalizing access to electricity.

Energy supply to isolated systems has historically been a focus of public policies. According to
[7], the development of these systems has been marked by cycles of development and socioeconomic
transformations. The first isolated systems emerged in small towns and villages in the interior of Para
and Amazonas during the first rubber boom in the 19th century. Initially, energy was generated by
small steam engines using wood as fuel, which were later replaced by diesel engines. Throughout
the 20th century, several state-owned energy generation and distribution companies were created.
However, the cost of energy generated in isolated systems has always been high due to technical and
logistical constraints. To make this energy affordable, in 1973, the Fuel Consumption Account (CCC)
was created in Brazil as a subsidy mechanism for thermal generation from fossil fuels, which remains
the primary financial viability instrument for these systems.

According to [8], in 2022, there were 165 isolated systems operating in the Northern,
Northeastern, and Central-Western regions of Brazil. The distribution of these systems by state is
shown in Figure 1. However, the percentage share of isolated systems in the total energy load for the
Brazilian Electric System is slightly over 0.5%. Additionally, 2022 data report that the primary energy
source for isolated systems was diesel oil, although there are also records of the use of natural gas
and biomass, as illustrated in Figure 2.
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Figure 1. Geographical distribution of isolated systems in Brazil [8,9].

Biomass
%
Natural gas
26%
Oil
65% Hydraulics
1%

Figure 2. Types of fuels used in isolated systems. Source: [8].

According to the Ministry of Mines and Energy (MME), energy supply to isolated systems is
mainly provided by small thermal plants that primarily use diesel oil as fuel. In this context, since
there are no alternative electric supporting systems, power generation in isolated systems must be
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capable of meeting the total load at any given time, requiring a power reserve for potential failures
or significant load variations.

An analysis of data from isolated generation systems shows that 55% of these systems have a
nominal capacity of less than 1,500 kW, with 68% of these having capacities below 220 kW. Figure 3
presents a distribution of isolated systems below 1,500 kW by power range.

651 - 1.500 - 11%

221 -650 _ 21%

Power kW

Isolated Power Systems

Figure 3. Distribution of isolated power systems by nominal/installed power range in kW. Source:
Adapted from [6].

3.1. Energy Cost in Isolated Power Systems

Specifically in Brazil, a large portion of isolated systems are located near rivers, which are the
main transportation routes in regions such as the Amazon [10]. Given the predominance of diesel oil
for energy generation, the energy supply also depends on a complex logistics chain for fuel delivery,
contributing to the high cost of generated energy and the risk of supply interruptions.

Considering logistics, the main difficulty occurs during dry periods when the draft of ships is
limited, complicating transportation [10]. Another factor contributing to the high cost of electricity in
independent systems is the low efficiency of diesel generators. Plants have an average efficiency of
about 30%, meaning that approximately 70% of the fuel's energy is lost during the generation process.
Despite this, due to ease of construction, reliability, the ability to operate on-demand regardless of
time, and maintenance, diesel generation remains the main option for Brazilian isolated systems [11].

To reduce these costs, it was established by law that concessionaires, permit holders, and
authorized entities for electricity distribution services in these isolated locations must conduct
procurements through public tenders or auctions [12]. The aim of these auctions is to stimulate
competition among interested parties in supplying energy, encourage the implementation of
alternative renewable energy sources that can replace diesel, and reduce the cost of electricity supply
in these systems.

Based on data from an isolated systems auction conducted by the Energy Research Company
(EPE) in 2020, for a group of 23 locations across five states (Acre, Amazonas, Para, Rondonia, and
Roraima) [13], the energy supply costs were obtained, as presented in Table 1. The average energy
price obtained in this auction for isolated systems was R$ 1,079/MWh or USD 197.98/MWh
(considering an exchange rate of R$ 5.45 to USD 1.00), which is approximately 70% higher than the
average regulated energy price in Brazil in 2020, according to ANEEL data [14].

Table 1. Energy auction price results for 23 locations with isolated systems - Adapted from [13].

State Final Price (U$/MWh)

Acre 201,47
Amazonas 163,30

Para 201,83
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5
State Final Price (U$/MWh)
Rondonia 229,78
Roraima 181,63
Average 197,98

3.2. Socio-Environmental Impact of Energy Generation in Isolated Systems

Considering that most isolated systems use diesel oil as fuel, in addition to the high cost of
energy generation and the emission of greenhouse gases, another concern is the occurrence of
environmental accidents. Accidents can occur both at the plant's operation site and during
transportation, where oil is commonly handled in large quantities.

Additionally, due to the location of isolated systems in Brazil, oil needs to be regularly
transported through conservation areas. For instance, according to [15], in 2020, there were 112
environmental accidents in Brazil involving oil spills, with large quantities of oil frequently spilled
[16,17].

However, there is another side to the coin. According to [18], in small, isolated communities,
especially in the northern region, energy generation projects are important for the local economy,
serving as one of the few sources of employment and income for these communities.

4. Production and Use of Hydrogen

On the path to a low-carbon economy, hydrogen has emerged as a promising solution for the
decarbonization of the energy matrix and green power production. However, considering the energy
supply in isolated power systems, is hydrogen a viable option? In what scenarios is the use of
hydrogen in small-scale systems more likely to be feasible? To answer these questions, this section
provides a brief overview of hydrogen and, connecting with isolated systems, presents research on
the main projects involving green hydrogen and isolated systems.

4.1. Role of Hydrogen in the Low-Carbon Economy

Hydrogen as a resource has had an established supply chain for decades, with various sectors
using it as a raw material. However, projecting its use as an energy vector, according to the study
presented in [19], it is estimated that by 2050, hydrogen could supply 18% of the world's final energy
demand. In this scenario, besides current uses, hydrogen could additionally supply the
transportation sector (5%), industry (4%), heating and power generation in buildings (3%), energy
generation and storage (2%), and new applications such as CCU (Carbon Capture and Utilization)
and DRI (Direct Reduced Iron), as illustrated in Figure 4.

B Other sources

m Transportation

i Industrial energy
Building heat and power

B Existing feedstock uses
Power generation, storage

B New feedstock (CCU, DRI)

Figure 4. Global energy demand supplied by hydrogen and other sources.


https://doi.org/10.20944/preprints202409.0856.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 September 2024 d0i:10.20944/preprints202409.0856.v1

The consequences of global warming and climate change have heightened the sense of urgency
to reduce the carbon footprint. The Paris Agreement, the first global agreement with political
obligations for all countries to combat climate change, set the goal of limiting the global temperature
increase to less than 2 degrees Celsius above pre-industrial levels and striving to limit the increase to
1.5 degrees Celsius. This established a benchmark that, among other things, implied the challenge of
executing a profound transformation in the energy system, promoting a shift from a fossil-fuel-
dependent energy matrix to a low-carbon energy economy [20].

These changes, set as short-, medium-, and long-term goals, heavily depend on the integration
of renewable energies, which can impact the reduction of 41% of direct CO2 emissions and an
additional 13% reduction through the electrification of processes that currently use fossil fuels,
provided they use renewable energy [21]. However, to meet the target, the share of renewable energy
in the global energy matrix needs to grow from the current 18% to 65% by 2050 [21]. This growth
raises concerns since a significant share of renewables in the energy matrix, especially in the cases of
solar and wind energy, imposes a greater need for flexibility and resilience in the electrical system
due to the intermittent nature of these sources.

In this context, hydrogen can play a fundamental role in enhancing the flexibility of renewable
energy use. For example, hydrogen can be generated and stored during periods of high availability
of solar or wind energy and converted back into energy when there is little or no renewable energy
available to meet the demand.

4.2. Overview of the Hydrogen Chain

Similar to electricity, hydrogen is an energy carrier that can be produced in various ways. Each
production method can be assigned a color to represent the hydrogen produced [9]. Green hydrogen
is considered the cleanest, produced from water and does not release COz. For example, black, gray,
brown, and white hydrogen are produced from fossil or natural fuels and release more COz in the
process. Pink hydrogen is produced from nuclear energy and does not release COs.

More specifically, green hydrogen (GH-2) is obtained through the electrolysis of a water molecule,
composed of two hydrogen atoms and one oxygen atom. Electrolysis separates hydrogen from
oxygen in an energy-intensive process. In this alternative energy chain, one possible scenario is
illustrated in Figure 5. Hydrogen has multiple potential functions, and one considered important, in
the context of decarbonization is enabling the use of renewable energy in sectors currently powered
exclusively by fossil fuels [2].

INDUSTRY

BUILDINGS

ELECTRICITY

¥ez AA
211

jﬁ§ ENERGY

~= L L — % &

Figure 5. Hydrogen Chain.

In industry, theoretically, hydrogen produced from fossil fuels could already be replaced by
green hydrogen, which has not yet happened due to the high cost of green hydrogen, currently about
five to ten times more expensive than gray hydrogen, and the low scale of production. In the long
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run, other inputs derived from fossil fuels could also be replaced by equivalents originating from
green hydrogen, significantly impacting CO: emissions [22].

In the commercial and residential gas sector, hydrogen injected into the gas network could
reduce the consumption of liquefied petroleum gas (LPG) and eventually natural gas. The integration
of this component into the gas network, which has been an important research topic in recent years
[23-26], has the potential to create new business models and expand the market potential for green
hydrogen, considering its use in industries, commerce, residences, and both light and heavy
transportation.

In the transportation sector, fuel cell vehicles powered by green hydrogen will enable the sector
to migrate to a low-carbon economy, a process already initiated with the introduction of battery
vehicles but without some of the disadvantages associated with battery use. For example, hydrogen
can be used in commercial transportation (cargo transport, public transport, etc.), where high vehicle
usage rates and long-distance travel make battery use impractical due to recharge time and limited
range [27].

In the energy chain, the strategy of producing and storing hydrogen can be an alternative for
enhancing the flexibility of the electrical system, opportunistically absorbing excess renewable
energy [28]. However, technical and economic issues remain. Green hydrogen widespread adoption
faces several technical challenges mainly in the storage, transportation, distribution, production,
certification and application aspects.

Storage remains a hurdle, requiring, in most cases, specialized infrastructure and materials
capable of handling its high energy density and potential for leakage [29,30]. Transportation poses
challenges due to the need for dedicated pipelines or the development of technologies for
transporting hydrogen in liquid or gaseous states. Additionally, distribution necessitates adapting
existing gas networks or building new infrastructure, as well as addressing safety concerns [31,32].

Certification of green hydrogen to ensure its renewable origin and traceability is also key for
building consumer and investor confidence but requires the establishment of international standards
and protocols [33-35].

The production of green hydrogen also faces several significant challenges that hinder its
economic viability and market adoption. Key issues include the high costs associated with green
hydrogen production, which currently makes it less competitive compared to gray hydrogen derived
from fossil fuels. Current water electrolysis technologies rely on ultrapure freshwater, which is a
precious and scarce source. Also, the lack of an established value chain and limited pilot projects
further complicate the situation, as fossil fuels dominate the existing hydrogen market. Additionally,
the need for technological advancements in electrolyzer efficiency, regulatory inconsistencies and the
absence of global standards also create challenges for market expansion, while energy losses
throughout the hydrogen value chain exacerbate economic concerns. Overcoming these challenges
may require substantial investment in research and development, supportive public policies, and
collaboration across the entire value chain. In this way, some initiatives to increase hydrogen
production can already be seen. Some examples of these initiatives are the advances in alkaline
process efficiency [36,37], development in solid oxide technology [38,39] and new approaches such
as the evaluation of magnetic field configuration in the increase of electrolysis production efficiency
[40,41], the evaluation of the optimal electrode configuration in electrolysis process of actual
industrial conditions [42]. Addressing these interconnected challenges is crucial for advancing the
green hydrogen sector and achieving a sustainable energy future.

4.3. Hydrogen Applications in Isolated Systems

Globally and in Brazil, isolated systems are usually primarily supplied by diesel generation.
However, depending on the geographical location, availability of natural resources, and energy
source availability, other combinations can be made, such as energy storage, photovoltaic generation,
or even wind generation, as illustrated in Figure 6.
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Figure 6. [llustration of possible topologies for energy supply in remote systems.

Based on a literature review, that will be presented in the Section 4.4, it was found that for most
cases studied, the commonly used energy storage solution is battery energy storage systems, used to
level the load and ensure the continuity of supply, given the intermittent nature of solar or wind
energy supply. In this context, hydrogen emerges as a long-term energy storage alternative in isolated
systems. When stored hydrogen is used in conjunction with a fuel cell, electricity can be generated to
meet energy demand during periods when solar and wind energy are not being produced,
conceptually creating an autonomous, reliable, and emission-free solution for applications in isolated
systems.

4.4. Green Hydrogen Applications in Isolated Systems — An Overview of Economic Analysis

To understand the current scenario correlating the application of hydrogen in isolated systems,
a bibliographic review was conducted. The search and selection procedure were conducted using
specific combinations of key terms, such as Isolated System, Autonomous System, Remote Area,
Energy Cost, and Green Hydrogen. The search focused on accessing scientific journal databases as
well as databases featuring publications specific to the energy field, such as IEEE, Energies, Nature,
and Elsevier. It is important to note that only peer-reviewed articles were considered for analysis.
Furthermore, the review prioritized the selection of highly relevant and reliable scientific articles,
thereby ensuring robustness and quality of the study.

The systematic analysis of these works aimed to identify patterns based on elements such as the
proposed approach of the article, the results obtained, and the analyses presented. This classification
approach allowed for a more structured understanding of the current state of research on green
hydrogen in the spectrum of isolated systems. Based on the content of the literature review, the
articles were classified into eight main topics: general technical-economic analysis, cost-benefit
analysis for serving isolated systems, hydrogen production in weak grids, energy management of
renewable generation with hydrogen, production cost analysis of hydrogen, review of social,
technological, and economic aspects of hydrogen, environmental impact analysis of green hydrogen
production by solar energy, and modeling and simulation of hybrid energy systems with hydrogen.
Table 2 presents a summary of the classification of works related to each research themes.
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Table 3. Green hydrogen article/works for isolated systems.

Topic Subtopic References

Comparison of hydrogen system technologies| [43-47]

Hydrogen production in isolated systems [48-61]

Use of renewable sources with hydrogen

. [62-65]
storage for energy supply in isolated systems
Technical-economic analysis Use of hydrogen as energy storage for hybrid [66,67]
systems (renewable + non-renewable)
Use of hydrogen as energy storage and
s [68-71]
indirect uses of process by-products
Optimization of isolated system with [72-74]
hydrogen
Cost analysis of hydrogen production [75-81]
Cost-benefit analysis of generation and
storage options for supplying isolated [82-85]
systems
Hydrogen production in weak electrical [86]

systems

Focus on management for system stability [87-89]

Energy/power management of renewable| Development of control systems for efficient

generation with hydrogen management [90-95]
Optimized techno-economic analysis [96-99]
Modeling and simulation of hybrid Use of fuel cells in isolated regions [100-104]

energy systems with hydrogen

Resource optimization for isolated systems | [105-114]

Review of social, technological, and

115-11
economic aspects of hydrogen [115-118]
Analysis of environmental impact in
green hydrogen production by solar [119]

energy

Technical-Economic Analysis (TEA) is a widely employed approach to evaluate the technical
and economic feasibility of a process technology, product, or project. TEA considers factors such as
capital expenditures, payback period, internal rate of return, and net present value to calculate
essential economic indicators of a project. It also takes into account environmental factors like
hydrogen emissions and technical factors such as the impact on the electrical grid. In summary, TEA
plays a significant role in high-level strategic decisions, assisting in determining project feasibility,
selecting the option that best meets business objectives, and identifying priority areas for risk and
cost reduction. A total of 35 articles directed towards this segment of analysis have been presented,
subdivided into the following subtopics.

Ref. [43-47] present comparisons of technologies associated with the application of hydrogen
systems, performing technical and economic comparisons between options for hydrogen production
equipment, such as electrolyzers, PEM (Proton Exchange Membrane) technology, and alkaline
technology. They also compare different types of fuel cells, addressing PEM cells, which are
commonly used in the market, and other variants. Additionally, comparisons are made in hydrogen
storage systems, considering both gaseous and liquid forms.

The works described in [48-61] can be subcategory of hydrogen production in isolated systems,
where the hydrogen produced in these systems is use in a multi proposed approach. For example,
reference. [49] uses hydrogen both as an energy storage system and for the commercialization of
hydrogen produced for another location. Another usage option can be found in [51] which uses
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hydrogen produced in an isolated system to supply hydrogen-powered vehicles (such as cars and
even boats).

The use of hydrogen systems as energy storage from renewable sources is explored in [62-65].
These articles provide a detailed assessment of the costs associated with the implementation and
operation of this specific system. By offering a detailed approach to the implementation of hydrogen
systems as energy storage, these articles aim to contribute to the evolution of this storage model and
present the main adjustments that should be developed to make this storage model commercially
viable in isolated systems compared to other renewable and even non-renewable options.

In [68-71], the use of produced hydrogen for storage is also explored. However, with an
emphasis on the utilization of by-products generated in the production process and the reuse of
hydrogen, as described in [68], which uses the heat generated by the fuel cell and electrolyzer to
develop a cooling system for the locality. Another by-product usage option is presented in [70], which
proposed the use of water released by the fuel cell to meet the demand of an isolated region.

References [72-74] aim to optimize the system to make green hydrogen production in isolated
regions viable at the lowest cost and with the highest efficiency. This approach involves strategic
adjustments, considering variations in parameters such as equipment power, operational efficiency,
and costs associated with each situation. This way, it is possible to identify the most effective
configuration in terms of economic viability, maximizing the gains associated with hydrogen
utilization.

Investigations into the factors influencing hydrogen production costs are described in [75-81],
providing a comprehensive understanding of the costs associated with various technologies and
production methods, from electrolysis to natural gas reforming processes. This detailed analysis not
only allows the identification of areas for optimization and cost reduction but also contributes to
more informed decision-making in the planning and implementation of hydrogen production
infrastructure. By offering insights into the economic competitiveness of hydrogen compared to
conventional energy sources, such studies play a fundamental role in driving sustainable
development and influencing future energy policies.

The studies described in [82-85] conduct cost-benefit analyses focused on energy generation and
storage options, especially aimed at servicing isolated systems. By examining the available
alternatives, such as renewable sources combined with storage technologies, these studies provide a
holistic assessment of initial, operational, and maintenance costs relative to the benefits provided.
The cost-benefit analysis not only quantifies the investments needed to implement sustainable energy
solutions in remote regions but also highlights the long-term economic and social returns,
considering factors like the reduction of fossil fuel dependency.

Efficient and coordinated management of energy production from renewable sources, such as
solar or wind, combined with hydrogen production and storage, is explored in [87-89], focusing on
energy management of renewable generation with hydrogen. Integrated management contributes to
the stability and sustainability of energy supply.

Regarding energy management, two basic approaches have been observed. In the first, as in [90-
95], emphasis is placed on developing the management control system with the aim of continuously
monitoring the availability and variability of renewable sources, dynamically adjusting hydrogen
production and use in response to fluctuations in energy generation and load demand. In the second
subcategory, as presented in [96-99] , the studies conduct energy management using an optimized
techno-economic analysis. This second approach differs from the first by using data provided by
techno-economic analysis, rather than real-time data (as in the first approach, which focuses on
developing control systems).

Another option found in the mapping of studies involves the modeling and simulation of hybrid
renewable energy systems with hydrogen, which consists of developing the process of creating
mathematical representations and computer simulations that capture the dynamic behavior and
interactions between different components of an energy system. In this context, the system is typically
characterized by combining renewable energy sources, such as solar or wind, with hydrogen
production, storage, and utilization. Modeling involves formulating equations and algorithms that
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describe the characteristics of each system component, such as solar panels, wind turbines,
electrolyzers for hydrogen production, storage systems, and devices for electricity conversion.
Simulation, in turn, uses these models to predict system behavior under different operational
conditions and scenarios, enabling mathematical optimization of performance. The articles
presenting this focus are categorized into two options: studies that use the developed simulation and
modeling to optimize resources available in an isolated system [105-114], and studies using
simulation to verify the behavior of fuel cells operating in an isolated system [100-103].

In [115-118], reviews and analyses of the social, technological, and economic aspects of
hydrogen are presented through the evaluation of three fundamental dimensions related to the use
and implementation of hydrogen as an energy source (social, technological, and economic). Social
aspects include considerations on the impact of hydrogen use on society, local communities, and
individuals, addressing issues such as public acceptance, employment impact, equity in technology
access, and social effects. Technological aspects encompass an evaluation of the technologies
associated with hydrogen production, storage, distribution, and utilization. This can involve
technological innovations, process efficiency, technical challenges, and ongoing developments.
Economic aspects pertain to the financial and economic implications associated with the hydrogen
economy, addressing production costs, competitiveness relative to other energy sources, impact on
existing economic sectors, job creation, and investment opportunities. The review of these aspects
aims to provide a more comprehensive and contextualized understanding of hydrogen's role in
social, technological, and economic spheres.

Finally, some studies present specific topics and unconventional approaches regarding green
hydrogen chain in isolated power systems. For example, references [66,67] present a TEA on the use
of hydrogen in isolated systems. However, the generation sources are not limited to renewable
energy sources alone but include a mix of renewable and non-renewable energy production.
Reference [86] conducts an analysis of hydrogen production in so-called weak electrical grids, a term
referring to grids where short-circuit power values are low (electrical grids more susceptible to
occasional weather conditions, as occurs in isolated systems). Reference [119] valuates aspects
associated with the environmental impact analysis of hydrogen use in isolated systems, focusing on
carbon emission levels.

4.5. Main Findings on Hydrogen in Isolated Systems

To understand the current scenario related to the application of hydrogen in isolated systems, a
literature review was conducted, resulting in a comprehensive mapping that identified themes and
approaches on the subject and gathered a survey of deployment strategies. Data (power and
efficiency) from hydrogen production systems and fuel cells were collected from studies that
considered these components. Another aspect observed was the inclusion (or lack thereof) of
hydrogen compression and storage systems as part of the chain.

Hydrogen compression systems, when employed, account for significant energy consumption,
which depends on the hydrogen pressure level at the compression stage's entry and exit points. These
parameters can significantly influence the amount of energy required for hydrogen transformation
along the chain, consequently affecting its efficiency. A similar analysis was conducted on the sizing
of hydrogen storage systems and the use of backup systems with batteries. In the context of isolated
systems, due to the absence of a robust and extensive electrical grid, it is highly recommended that
dispatchable generation systems, such as diesel or natural gas systems, have redundancies. In the
case of supply by renewable energy, energy storage solutions are indispensable. For these reasons,
the energy supplied to isolated systems is at a considerably higher cost level than energy supplied to
the interconnected system, as observed in a previous section of this study.

The consolidated data resulting from this analysis of implemented/simulated hydrogen systems
are organized in Tables 4 and 5. Table 4 presents the main information about the equipment used in
the implementations or simulations of isolated systems employing hydrogen, as identified in the
study. Notable information includes the nominal power of the energy sources used, including wind,
solar, and other sources. In this regard, it was found that, although most studies indicate the
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predominant use of renewable energies such as solar and wind, some works explore alternatives such
as small hydroelectric plants (SHP), geothermal energy, and biomass, which for the purposes of this
study, were grouped into the "Others" category.

Table 5 presents the main economic parameters identified in the survey. The first parameter
presented is the Levelized Cost of Energy (LCOE), which is the unit cost of energy (R$/kWh)
determined by the ratio between the financial amount spent on the implementation and operation of
the system over a time window, usually the solution's useful life. The second parameter, the
Levelized Cost of Hydrogen (LCOH)), is calculated similarly to the LCOE, substituting the amount of
energy produced over the useful life with the amount of hydrogen produced in the same period.
Observing the data reveals a variation that can be attributed to the different case study approaches,
which consider, to varying degrees of detail, the costs of equipment acquisition, maintenance, and
useful life. Other economic parameters considered are related to the electrolyzer, including CAPEX,
which is the cost of acquiring and installing the equipment, and OPEX, representing maintenance
and operation costs. These economic data provide an overview of the financial aspects involved in
the implementation and operation of systems that use hydrogen as an energy source.

Table 4. Equipment parameters — according to the literature review and consulted works.

F;eneratlon Source Electrolyzer ~ Fuel Cell Performs With H: Elec.t r.o lyzer
Ref. Wind Solar Others (W) (kW)  compression? storage? efficiency
&W) (kW) (kW) ) " (kWh/kg)

[62] - 8.78 - 2 1 not yes -
[59] - 5,000 - 2,400 - yes yes -
[43] - - - 1,000 - not not -
[72] 4 3.06 - 3 3 yes yes -
[75] - - - - - not not -
[48] 660 300 - 200 100 yes yes -
[115] - - - - - yes yes -
[115] - - - - - yes yes -
[52] 25,800 72,300 - 60,200 - not yes -
[53] 1,500 985 - 350 - not yes -
[53] 1,500 674 - 350 100 not yes -
[53] 1,500 422 - 350 - not yes -
[53] 1,500 445 - 650 100 not yes -
[53] 1,500 349 - 350 100 not yes -
[54] - 75 15 10 10 not yes -
[60] - 1,000 - 1,000 - not not 54
[101] 950 150 660 240 200 not yes 62.30
[63] - - - 3 - not yes -
[102] - 300 920 55 200 yes yes 33.33
[116] - - - 0 - not not -
[117] - - - 1,000 - not yes -
[76] - 250,000 - 100,000 - not not 52
[79] - 1,000 - 700 75 not not -
[80] - - - - - not not -
[58] 4 51.80 - 20 5 yes yes -
[120] 240 3.36 - 0.30 6 not yes -
[61] 916,000 1,417,000 - 928,000 - yes yes 52.30
[61] 964,000 1,212,000 - 840,000 - yes yes 52.30
[61] 975,000 1,059,000 - 841,000 - yes yes 52.30
[61] 1,249,000 1,651,000 - 1,058,000 - yes yes 52.30
[98] 600 - 300 500 300 not yes -
[49] 25,000 19,800 - 11,000 5,500 not yes -
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10,000
12,000
7.50
2,665,000
200
3
12
12
750
1,250

18,000
4.50
150
330

2,360

66,000

250
30,800

8.90

9,000
600

500

20,000
200

17,000
20
3,250
16
33,000
21,000
15,000
15,000

1.50
1,000
600

3,100

10,000

17
0.89
17

870

6.12

0.36
30,000

50
150
5,483

170

75
675
42,000
6.48

15

10,000
46.80
383.90

5,200

100
20,000

10
22,500
100
7,500
40
30,000
20,000
10,000

2.40

500

147.42
222.88

10,000 - 10,000
- 3,000 -
- 7.50 3.50
- 2,053,000 -
280 80 80
- 6 5
- 4 4
- 0.14 1.20
- 4 4
350 225 225
- 450 500
- 5 2.40
- 0.15 1.20
2,000 12,000 5,000
0 1.55 4.80
130 10 10
- 175 100
750 3,000 500
- 1,000 75
- 50 50
900 25 50
49 18 85
- 50 100
7,500 28,000 12,000
- 1.23 1.02
- 1,000 1,800
- 7 7
3,800 1,612 840
- 15,000 4,000
3.2 48 20
- 25.85 40.23
2,400 - 300
- 1,000 -
- 19,000 -
1,055 - -
- 16,000 8,000
130 120 100
1,000 - 250
8 14 10
- 15,000 4,500
1,010 12,000 3,600
3,710 8,000 2,500
3,730 11,041 -

- 1.20 1.20
1,200 - 500
420 10 10
- 290 140
- 964 261

not
yes
yes
yes
not
not
not
not
not

yes
not

yes
not
not
not
not
not
not
yes
not
not
not
not
not
yes
not
not
not
not
yes
not
not
not
not
yes
not
not
not
not
not
yes
not
not
not
not
not
not
not
not
not
not
not

not
yes
yes
yes
not
yes
yes
yes
yes
yes
yes
yes
yes
yes
not
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
not
not
not
yes
yes
not
yes
yes
yes
yes
yes
yes
not
not
not
not
yes
yes
yes
yes
yes
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[51] - 200 4 50 4.60 not yes -
[45] 896,000 1,874,400 963.50 334,900 144,000 not yes 75
[65] 43,000 815,000 30,000 - - not not 52
[94] 12,600 - 3,500 1000 1,000 not not -
[90] 1,600 100 - 600 700 not not -

Table 5. Economic parameters from the literature review.

Ref. US$/kWh (LCOE) U$/kg Hz (LCOH) CAPEX eletrolyzer OPEX eletrolyzer

(U$/KkW) (U$/kW/year)

[62] 1.35 - 17,000 20
[59] - 6.64 856.60 53.54
[43] - 7.60 340 14.88
[43] - 8.55 420 15.86
[43] - 10.16 520 18.78
[43] - 7.16 520 18.69
[72] 0.55 - 6,666.67 10
[75] 0.19 - ; ;
48] 0.83 ; 5,000 ;
[115] 0.41 5.84 1,347 28
[115] 0.41 743 3,496 75
[52] - 2.33 600 12
53] 0.66 22.70 2,000 ;
53] 0.61 20 2,000 -
[53] 0.50 17.60 2,000 -
[53] 0.63 20.10 2,000 -
[53] 0.53 16.70 2,000 -
[54] 0.24 - 1,500 43
[60] - 3.75 784 17
[101] - - - -
[63] 0.34 - ; ;
[102] - - ; ;
[116] 0.55 16.01 200 -
[117] - 3.48 1,070.75 42.83
[76] - 6.83 700 14
[79] 1.02 14.46 - :
[80] - 11.70 ; ;
58] 0.42 ; 1,400 28
[120] - - - -
[61] - 3.30 1,163 23.26
[61] - 3.20 1,163 23.26
[61] - 4 1,163 23.26
[98] 0.07 ; 151 8
[33] - - - -
[82] 0.81 3.21 10,701.50 -
[86] - - - -
[50] - - - -
81] - 30 300 39
[84] 0.19 - 4280 89.18
187] - - 13,376.90 30
[99] 2.80 21.51 8,561.18 171.20
[106] - ; ; ;

[68] 2.80 21.51 8,561.18 171.20
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[88]
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[110]

[55]
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[56]
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[69]
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[46]
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[78]
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[57]

[57]

[57]
[112]
[100]

[96]
[105]

[83]
[108]

[71]

[51]

[45]

[65]

[94]

[50]

1,500

8,000
600

1,093.43
250
2,140
2,140
2,140
4,922
729.57
8,778.13

303.65
2,717.32
1,070
800
434

1,300

100

1,498
1,500
2,668.89
2,668.89
2,668.89

230.10
15

13.98

167.48
64.2
64.2
64.2

147.66

14.59

526.75

0.42

16

14.10

5. Main Results and General Discussions

Energy generation in isolated systems in Brazil is predominantly carried out by small-scale
thermal plants that use diesel oil as the primary fuel. However, despite indications of the application
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of renewable generation in isolated systems, as reported in studies [123], the decarbonization of the
energy matrix for these systems remains limited compared to the rest of the electrical matrix
connected to the National Interconnected System (SIN). This can be attributed, in part, to the
difficulty in managing the generation of solar and wind energy, which are commonly considered
sources for isolated systems. In this context, the introduction of green hydrogen as an energy vector
in isolated systems emerges as an alternative, enabling the use of energy on demand from renewable
sources without a carbon footprint.

Flexibility in energy generation is crucial for adequately meeting demand variations in isolated
systems. In this regard, hydrogen energy generation can increase system flexibility, allowing, for
example, the excess solar energy produced at specific times to be stored and used on demand.
Alternatively, considering a transitional scenario, the use of hydrogen in conjunction with other fuels,
such as diesel engines, can provide significant cost savings and emission reductions [124].

Through the analysis of the literature review, there was a significant increase in interest in
hydrogen generation in the context of isolated systems. This is evidenced by the growing number of
publications on this topic over the years, as illustrated in Figure 7, which shows the annual number
of publications on this topic since 2004.
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Figure 7. Number of publications per year related to hydrogen generation and isolated systems.

Analyzing the systems presented in these studies concerning energy generation, the most
common energy generation sources are solar, wind, and others (small hydroelectric plants (SHP),
geothermal energy, and biomass), with nominal generation capacities ranging from 3 kW to 66 MW,
as described in Table 4.

Regarding the locations of the projects or where the implementations were simulated, most are
in Europe, followed by Asia, the Americas, and Oceania. As shown in Figure 8, the systems with a
nominal generation capacity of 1 MW are classified by location and type of source.

Considering that the cost values of energy and hydrogen per kilogram are fundamental
parameters for the feasibility analysis of any application with green hydrogen, these parameters were
also analyzed in the study. The analyzed studies presented values in different currencies, but mostly
in dollars. Thus, to simplify the analysis, all values were converted to dollars, resulting in energy
values in $/kWh and hydrogen values in $/kg Hz. Figure 10 graphically presents the distributions of
energy and hydrogen per kilogram values. Regarding energy, an average value of $0.81/kWh was
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observed, with a minimum value of $0.07/kWh [98] and a maximum reported value of $4.81/kWh
[51]. For hydrogen, an average value of $12.58/kg H2 was observed, with a minimum value of $2.33/kg
H: [52] and a maximum value of $83/kg H2 [69].
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Figure 8. Nominal generation capacity of systems classified by location and type of source.
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Figure 9. Number of electrolyzers divided into three groups according to nominal power.
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Figure 10. Distribution of energy values and kg of Hz2reported in the analyzed works.

Another important aspect analyzed in the studies were the electrolyzers general characteristics.
In the conducted study, four parameters of the electrolyzers were analyzed: nominal power,
efficiency, CAPEX (Capital Expenditure), and OPEX (Operational Expenditure). Regarding nominal
power, a wide range of 1 kW to 2,053 MW was observed. However, most were concentrated in the
range below 5 MW, with a significant percentage below 500 kW. To illustrate this distribution, the
nominal powers of the electrolyzers were divided into three groups: Group 1 with nominal power
below 5 MW, Group 2 between 5 MW and 25 MW, and Group 3 with electrolyzers above 25 MW. A
bar graph illustrating the number of elements in each group is presented in Figure 9. Although the
studies considered different water electrolysis technologies, the efficiency reported in the studies
remained within a relatively moderate range. The average efficiency was 48.25 kWh/kg H2, with a
minimum reported value of 33.3 kWh/kg H2 [102] and a maximum reported value of 75 kWh/kg H2
[45].

5.1. Historical Hydrogen Costs

The capital expenditure (CAPEX) for the installation of the electrolyzer and the annual operating
expenses (OPEX) of the electrolyzer are very important parameters as they relate to the number of
resources that must be mobilized for the implementation and operation of the main component of a
hydrogen production system, the electrolyzer. CAPEX and OPEX values are not commonly found,
with few studies presenting values for these parameters. In general, CAPEX had an average value of
$2,673.93/kW of installed electrolyzer, a minimum value of $100/kW, and a maximum reported value
of $17,000/kW. OPEX, in turn, had an average value of $60.41/year, a minimum value of $0.41/year,
and a maximum value of $526.75/year. Both CAPEX and OPEX showed a wide range of variation,
which can be understood as an indication that there is still no standard for the application of green
hydrogen in the generation of isolated systems. Furthermore, electrolysis technologies are relatively
young and will require considerable development to reach stages of technological maturity that
enable large-scale adoption.

To illustrate the behavior of CAPEX and OPEX over time, the average annual values for these
variables were calculated using the data from Table 5. The average CAPEX over the years is shown
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in Figure 11, while the OPEX trends (from 2011 to 2024) are presented in Figure 12. A general decrease
in average CAPEX values has been observed over the years. This line trend aligns (dotted line is
based on a exponential curve fitting) with expectations for the adoption of new technologies, where
early adopters tend to incur higher costs. As technology matures, demand increases, and more
participants enter the market, leading to a typical decline in prices.
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Figure 11. Average CAPEX over the year (historical data).

Regarding OPEX, although lower values have been observed in recent years (2021-2024)
compared to 2011, relatively high OPEX levels are still being reported. The presented operating costs
behavior can be attributed to two main factors. First, the studies primarily focused on isolated
hydrogen generation systems, which typically incur higher operational costs that vary considerably
depending on geographic location. Second, both OPEX and CAPEX data were sourced from articles
that may not have specifically prioritized cost analysis, leading to potential imprecision in the
reported figures compared to studies dedicated focused to cost evaluation.
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Figure 12. Average OPEX over the years (historical data).

Figure 13 illustrates the average yearly LCOH over time, based on data from the references listed
in Table 5. While a general downward trend is evident from 2011 to 2022, there are notable exceptions
in 2019 and 2023, for which the articles do not provide clear explanations for these deviations.
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Excluding these years as outliers the overall trend, based on a polynomial curve fitting (dotted line),
shows a significant decrease in the average LCOH, dropping from $30/kg H> in 2011 to below $10/kg
H; by 2022. However, due to the limited availability of LCOH data, it is difficult to draw definitive
conclusions from this metric alone. Further research is recommended to gain a more comprehensive
understanding of the trends and the factors affecting hydrogen production costs.
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Figure 13. Average LCOH over the years based on historical data.

Another aspect analyzed in the studies was the scope of the hydrogen chain. Green hydrogen,
as an energy vector, has attracted attention, which is evidenced by the growing number of published
works, as illustrated earlier in Figure 6. However, the analysis and results of these studies depend
heavily on how the scope of the hydrogen chain is defined. Specifically, they are influenced by
whether key stages such as (1) hydrogen compression, (2) storage, and (3) water processing are
included. The present study found that only a portion of the reviewed works considered all three of
these stages, as illustrated in Figure 14. The first factor, hydrogen compression, is often overlooked
in chain analysis but is crucial, particularly when considering efficiency and energy consumption.
Secondly, as an energy carrier, green hydrogen produced from renewable sources will need to be
stored for on-demand electricity generation in a scenario of large-scale deployment. Therefore,
hydrogen storage systems will play a critical role in the widespread implementation of green
hydrogen-based power systems. The third important factor is water processing for electrolysis, which
requires careful analysis. Sections 5.2, 5.3, and 5.4 address key aspects related to these processes.
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Figure 14. Number of studies/articles that considered the stages of compression, storage, and water
processing within their scope.

5.2. Hydrogen Compression

As previously mentioned, the processes of hydrogen compression and storage are crucial for the
viability of the hydrogen usage chain. Although often underestimated, these stages have a significant
impact on energy efficiency, economic feasibility, and system safety.

Hydrogen produced by electrolyzers typically exits at a relatively low pressure, around 20 to 30
bar. However, for commercial, industrial, and transportation applications, much higher pressures are
required, often exceeding 350 bar and, in some cases, reaching up to 700 bar. This pressure differential
requires a significant amount of energy for compression, consuming up to 10% of the total energy
available in the produced hydrogen, directly affecting the overall system efficiency [125].

The losses associated with compression occur primarily because this step precedes both storage
and transport, as well as local use in fuel cells. The energy consumption in compression stages can
vary depending on the pressure and temperature levels, as described in [22]. At low-pressure
compression (30-35 bar and 25°C), energy consumption is estimated at 2.77 kWh/kg of H2. For
medium-pressure compression (50-150 bar and 25°C), consumption ranges from 3.95 to 10.9 kWh/kg
of H2. In high-pressure applications (350 bar and 25°C), consumption increases to 23 kWh/kg of H2.
In the case of compression for hydrogen liquefaction, at extremely low temperatures (-253°C and 1
bar), energy consumption reaches 70.8 kWh/kg of H2. Lastly, for the compression of hydrogen in the
form of liquid ammonia (-33°C and 1 bar), energy consumption is estimated at 121 kWh/kg of H2,
with an additional 8 kWh/kg of H2 needed to recover hydrogen from the ammonia [22].

It is important to note that inadequate compression can result in significant inefficiencies in
hydrogen transport and storage. Despite the importance of the compression step, there is still a lack
of studies that focus specifically on hydrogen compression and its energy impacts. In the literature
review described in Tables 4 and 5, only 21 studies considered hydrogen compression in their
evaluations to estimate the economic feasibility of the hydrogen usage chain. Overlooking the energy
consumption associated with compression can lead to underestimating the required energy and,
consequently, the overall process efficiency.

5.3. Hydrogen Storage

Like compression, hydrogen storage is equally crucial and presents significant technical
challenges. Due to its low energy and volumetric density under normal pressure and temperature
conditions, hydrogen requires efficient storage methods to be viable as a fuel. Among the main
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storage methods, as described in [126], are: (1) High-pressure storage: Although it is a mature
technology, it requires robust tanks and safety systems to handle high pressures, which increases
costs and the complexity of the necessary infrastructure; (2) Cryogenic storage (liquid hydrogen):
This involves maintaining hydrogen at extremely low temperatures (-253°C). While energy-dense, it
is an extremely costly and energy-intensive option due to the continuous cooling requirements; (3)
Storage in materials, such as metal hydrides: This offers a promising alternative but still faces
challenges related to cost and energy efficiency.

In scenarios where hydrogen is used for electricity generation in fuel cells, such as in backup
power systems or hydrogen vehicles, the ability to store large quantities of hydrogen efficiently and
safely is essential to ensure the economic viability and reliability of the system. The cost of hydrogen
storage can represent up to 30% of the total cost in some applications, highlighting the need for more
efficient and cost-competitive storage technologies [127].

There is evidence that the costs and energy losses associated with hydrogen storage may have
been overlooked in some studies. Of the studies analyzed and described in Tables 4 and 5, only 68
included hydrogen storage within the scope of their evaluations, as illustrated in Figure 15.
Considering that storage is essential to ensuring a continuous hydrogen supply, especially in
applications that require on-demand delivery, excluding the impacts of this process may compromise
a precise understanding of the hydrogen value chain and the overall feasibility of its applications.

5.4. Hydrogen Water Processing

Water plays a fundamental role in the production of green hydrogen, serving as an
indispensable resource for the technical and economic viability of the electroenergy supply chain.
Electrolysis, the primary method for green hydrogen production, involves the decomposition of
water into hydrogen and oxygen using electricity from renewable sources. However, the quality of
the water used in this process is crucial, and the use of purified water instead of raw water ensures
efficient operation and prolongs the lifespan of the electrolyzers [128].

Purified water is a basic input, and its purity directly influences process efficiency and
equipment durability. Impurities in the water, such as metal ions and organic compounds, can cause
electrode corrosion, reduce system efficiency, and increase operational costs. The purity level
required for the electrolysis process must be below 1 pS/cm for standard alkaline electrolyzers and
below 0.1 uS/cm for PEM electrolyzers or advanced alkaline electrolysis systems. These purity levels
are essential to prevent electrode damage and maintain optimal system efficiency [128].

The consumption of purified water is directly related to hydrogen production. For each kilogram
of hydrogen produced, approximately 9 liters of purified water are required [128]. This means that
an electrolysis plant with a production capacity of 100,000 tons of green hydrogen per year will
require around 900,000 cubic meters of purified water. These figures illustrate the magnitude of water
demand in large-scale processes, making the efficient use of purified water sources a critical aspect
for the viability of large-scale hydrogen production.

However, the production of purified water requires a complex treatment process, involving pre-
treatment and polishing stages. These steps vary depending on the source of raw water, which can
include groundwater, treated wastewater, or seawater. Pre-treatment includes processes such as
membrane filtration, removal of particles and ions, and desalination in the case of seawater. Water
treatment consumes between 2 and 7 kWh per cubic meter, with the 7 kWh associated with seawater,
where desalination is required [128]. Water treatment can add between $0.02 and $0.05 per kilogram
to the cost of the produced hydrogen and may impact in the technical viability of large-scale projects
[129].

In addition to the purified water used directly in the electrolysis process, large volumes of water
are needed for cooling, especially in larger plants. The heat generated during electrolysis must be
dissipated to ensure system efficiency and prevent equipment damage. Smaller projects can use dry
cooling systems, while large-scale plants often rely on water sources for cooling, which can include
groundwater, treated wastewater, or seawater, depending on the facility's location. On average, it is
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estimated that about 400 liters of cooling water are required per megawatt of installed capacity in
electrolysis systems, further increasing the total water demand [128].

As described in [129], a 35% increase in green and blue hydrogen production capacity is expected
in areas experiencing high water stress. The growing global demand for hydrogen places additional
pressure on water resources, especially in regions already facing water scarcity. In this context, it is
crucial to integrate water considerations into the planning of hydrogen projects to ensure that
production expansion does not exacerbate water shortage issues.

Despite the importance of water processing and usage in hydrogen production, of the studies
analyzed and described in Tables 4 and 5, only 14 included hydrogen storage within the scope of
their evaluations, as illustrated in Figure 15. This demonstrates that there are still considerable
challenges to be explored in research to mature green hydrogen supply chains. In the context of
isolated systems in the Amazon region, there is a relative abundance of water resources, widely
available in rivers and reservoirs. However, the challenge remains to process the water to obtain a
liquid suitable for supplying the electrolyzers.

6. Conclusion

Isolated systems remain a significant technical and economic challenge in Brazil and globally. In
this context, the reality of energy prices is distorted by the scarcity or infeasibility of technical
solutions and the logistical complexity involved in accessing these locations. Additionally, the
commonly applied solution, diesel generation, is one of the highest greenhouse gas-emitting sources
compared to the rest of the electrical grid. It also requires a supply chain whose characteristics elevate
operational costs and environmental accident risks.

Given this reality, the application of green hydrogen as an energy vector for providing power to
isolated systems offers promising elements. These include the ability to produce green hydrogen
using solar energy and local water supply, store it, and use it on demand for heat or electricity
generation. Although this type of green hydrogen application still faces technological challenges, it
increasingly shows signs of viability as solutions across different stages of the supply chain mature.

This article aims to present a perspective correlating energy supply in isolated systems with the
implementation of hydrogen production systems. Through a review of key articles and technical
documents related to hydrogen generation and use in isolated systems, data were collected. This data
collection enabled the analysis of parameters such as types of renewable sources, nominal power of
sources, nominal power of electrolyzers, electrolyzer CAPEX, electrolyzer OPEX, electrolyzer
efficiency, locations of implemented or simulated systems, leveled cost of energy (LCOE), leveled
cost of hydrogen (LCOH), and the scope of analyses regarding the stages of the hydrogen production
and application chain. As observed in the survey of hydrogen production projects developed in
recent years, described in the literature review, cost indicators (e.g., CAPEX) are on a downward
trend.

It is known that, although not the only parameter under consideration, the cost of energy is
crucial for providing power to isolated systems. Although this cost is subsidized by the state,
ultimately, someone has to pay, so it is necessary to control expenses. In this regard, the cost of
applying hydrogen as an energy supply strategy for isolated systems is not far from the reality of
isolated systems in Brazil. According to the study, the energy provided by hydrogen showed values
ranging from $0.07/kWh to $4.81/kWh. In contrast, the energy supplied in isolated systems in Brazil
has an average cost of $0.198/kWh.

Another noteworthy aspect is the growing relevance of the topic, evidenced by the increasing
number of articles involving the keywords "green hydrogen" and "isolated systems." However,
implementing energy supply systems that use green hydrogen as a vector still incurs high installation
and operation costs, particularly considering the complexity of installing in isolated systems. There
is still a long way to go, both in scaling up the production systems to reduce costs and in advancing
the technology's maturity.

Overall, as a topic attracting much attention, there is a wide diversity of studies with various
analyses. The importance of considering compression topics, energy storage systems, and water
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treatment for electrolysis stands out. These topics are crucial for the implementation of green
hydrogen production systems but were not addressed in most of the analyzed studies. On the other
hand, it is essential to emphasize the need for thoughtful analyses and critiques regarding the
application of green hydrogen as a solution capable of enabling the use of renewable energy in sectors
historically responsible for greenhouse gas emissions. Especially in the context of isolated systems,
green hydrogen emerges as a promising alternative to facilitate the storage of renewable energy and
its on-demand use, without the known losses of battery storage systems or the emissions and
logistical complexities of diesel generation. Finally, considering that the main challenge lies in the
high costs when compared to equivalent energy alternatives, this article proposes a different
application perspective for hydrogen chains, focusing on isolated systems and microgrids to supply
remote communities.
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