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ABSTRACT

In recent years, the development of hydrogen as a new reliable
energy source has become a trend and caught lots of attention
from all over the world. Hydrogen is a fundamental element
that can be produced via different processes, which can be
classified into three main groups: green processes
(electrolysis), carbon-treated processes (thermoconversion
processes), and traditional processes (reforming processes).
Hydrogen products were identified using their specific color
such as green, blue, and brown hydrogen... Clean hydrogen
(blue and green hydrogen) possesses strong energy density, is
arenewable energy source, is produced without emissions, and
possesses high economic value. However, the sufficient
solution to produce hydrogen on a large-scale level must be
done based on a well-prepared hydrogen economy; this
hydrogen economy must be directed towards the goal of a
circular economy model, using green energy, and following
the route of carbon-neutral industries or other production
activities. In that manner, the hydrogen industry development
roadmap must combine the advantages of geographical
conditions, appropriate technologies, and compliance with the
support policies of each country and region. Building a
hydrogen economy is specific to its intended use, needs to be
built on a scale from small to large, and deployed based on an
economic model that can promote the advantages in the
production process, create a flexible mechanism in the product
storage and distribution process, and finally create
convenience in replicating the production model that may
easily bring products to end users. Recognizing all those
concerns, the concept of the circular hydrogen economy was
born and is predicted to be the dominant model in the
hydrogen industry worldwide. Clarifying the role of the
circular economy in the establishment of a circular hydrogen
economy model plays a key role in this research; Accordingly,
the advantages and disadvantages of the circular economy are
also analyzed and presented, through the comparison and
conclusion obtained from case studies conducted in other
countries.
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1. INTRODUCTION

Energy plays an important role in the
development of countries, especially in
industrial production, optimally serving the
process of industrialization and modernization.
However, humanity's excessive abuse of
resources such as gas, coal, and fossil-related
materials... creates many negative impacts on
the environment which is also accompanied by
the phenomenon of climate change, natural
disasters, and thus creating many harmful
effects on the world of men. These effects also
endanger the world’s ecological structures and
creatures’ behavior; not only that, it also
negatively crashes the social development, and
economic  systems from regional to
international. Accordingly, the need for a useful
energy solution toward a more sustainable
future has become a very trending and
important task. Therefore, indicating a new and
viable energy source will play a crucial role in
the mentioned energy solution (UN General
Assembly et al., 2015; Nick et al., 2019). In the
current context, hydrogen is emerging as a very
promising candidate that can replace traditional
resources in creating a new energy industry that
is renewable, cleaner, more efficient, and safer
(Dominique et al., 2021; Nguyen et al., 2020).
Hydrogen possesses excellent physical and
chemical properties and can be applied very
flexibly in many modern industries, such as the
automobile manufacturing industry, energy
industry, food industry, transportation
industries... However, the development of a
reliable hydrogen industry can only be
accomplished on a solid foundation of a
hydrogen economy system.

However, to enable the establishment of a
hydrogen economy and thereby successfully
create a hydrogen society, the problem of
resource supply and the specifics of products
need to be resolved. While the natural source of
hydrogen is too small, traditional hydrogen

production has failed to create a positive impact
and would not be able to serve humanity's
requirements for the new era (Fran et al., 2022).
The development of hydrogen energy is
expected to make a difference and bring new
values to the global energy plan, which is
interdisciplinary and possesses very different
characteristics depending on the energy policy,
infrastructure, and plans of each country.
Currently, there are about 75 operating
hydrogen production factories and 150 facilities
in the planning stages of development
worldwide (mainly in the US and China), the
number of projects and underdeveloped plants
for hydrogen industries is assumed to be twice
those that were reported (Zoback, Smit et al.,
2023). Although the cost of hydrogen
production is still very high compared to other
types of renewable energy, researchers predict
that future production costs will gradually
decrease thanks to the development and
application  of advanced technologies
(Environmental et al., 2022; Zun, McLellan et
al., 2023).

In the early 2020s, hydrogen consumption
is estimated to be around 87-90 million tons per
year, of which the demand for hydrogen is
expected to increase exponentially depending
on each industry group in the period of 2030 to
2050 (Global Hydrogen Review et al., 2022).
The global demand for hydrogen is growing,
which means opportunities to invest and
develop this industry are constantly appearing
and promising to create more than 30 million
new jobs, along with a source of income of up
to 2.5 trillion USD/year by 2050 (Marouani et
al, 2023; Tarvydas e al., 2022). According to
predictions, to achieve zero emissions by 2050,
the hydrogen market must be able to provide the
source (mainly supplying the transportation
sector and key industries) with a capacity of up
to 170 million tons by the end of 2030.
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In this work, the authors indicate the
importance of building a circular hydrogen
economy and explain the great possibilities of
this model in building a sustainable hydrogen
industry worldwide, especially in the case of
Vietnam. The concept of a circular hydrogen
economy is new and was determined based on
the idea of circular economy and the supply
chain of hydrogen products. Accordingly, the
circular hydrogen economy possesses distinct
production, specific storage and distribution,
and safer, cleaner consumption processes. This
work also addresses the development and
advancement of technologies related to the
circular hydrogen economy that is considered a
key factor in improving the efficiency of energy
production, while also being effective in
reducing related costs. Not only that, there are
many suggestions on hydrogen energy
development policy in Vietnam that are also
mentioned and analyzed, thereby explaining the
prediction related to the ability to supply 600
million tons by 2050 to maintain energy
security, form a hydrogen ecosystem, and
establish a net zero emission society in Vietnam
and at many places worldwide.

2. METHODOLOGY

This work was conducted using the method
that concerns the relationship between the
theory of circular economy and broad data
acquired from questions and inquiries from the
field of energy industries. The mentioned field
of energy industries relates to policies from
many sources and especially from Vietnam, and
other scientific reports. This work also involves
creating recent developments of theories that
were described as hydrogen circular economy.
All data were evaluated and explained with
references with the use of plots and diagrams.

3. RESULTS AND DISCUSSIONS

3.1. The demand for hydrogen as a new
reliable energy

The developing strategy for hydrogen has
been oriented in many countries, especially in
European countries since very early of 2015
and still growing strong, even though the
affection of the COVID pandemic during the
period of 2019-2021. According to Marouani
and his colleagues, the demand for hydrogen in
industrial production and transportation will
grow rapidly over time in the period 2035-2045
(Megia et al., 2021). Currently, energy
consumption is heavily dependent on fossil
fuels which equal to more than 85% of global
electricity  consumption (22,850 TWh)
(produced from traditional processes and fuels)
(Le & Nguyen, 2023). This current situation, on
the contrary, does not hinder the development
of the hydrogen industry but also creates a
driving force to promote the development of
hydrogen technology (production, storage and
distribution technology, hydrogen consumption
technology) thereby creating a solid foundation
for reducing investment, establishment and
operation costs for hydrogen projects, moving
closer to realizing a hydrogen society.

The International Energy Agency (IEA)
indicates that the period of 2022-2025 will see
the hydrogen move to the global climate and
energy policy center stage. The IEA's World
Energy Outlook report shows that the cost
advantages of clean energy technologies are
gradually maturing, creating promising
premises for clean hydrogen production
technologies that require high investment costs
and interdisciplinary nature (Ballo et al., 2022).

Accordingly, by the end of 2022, there
would be more than 30 countries will have
hydrogen development strategies including
import and export plans, and the suggestion of
cross-border trade will grow significantly.

Therefore, countries that do not have a
tradition of energy exchanges are establishing
bilateral relations focused on hydrogen-related
technologies; Depending on the differences
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between countries, the solutions to develop a
hydrogen economy would greatly benefit the
energy transition, and thus so are invested with
appropriate mechanisms and policies. suitable
(Razmi et al., 2023).

(The briefing on the advantages of hydrogen
energy can be found in figure S in the
supplementary materials)
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Figure 1. The suggestion for hydrogen
demand/consumption in the period of 2030-2050
(Marouani et al., 2023).

3.2. The establishment of the circular
hydrogen economy — from philosophy to end-
users

The establishment of the hydrogen
economy is expected to be a prerequisite step to
developing the hydrogen industry toward the
building of a modern society using clean
energy, reducing carbon emissions, and
achieving the social status of carbon neutral. In
that spirit, building a hydrogen economy is
expected to not only create a foundation for
developing the hydrogen industry and
producing hydrogen products but also to
accomplish those tasks sustainably and
effectively in  both  production and
environmental protection aspects.

The hydrogen economy is established
based on the construction of three prerequisites:
the hydrogen production process is considered
the wupstream source - creating hydrogen
products (1), the distribution network and the

hydrogen storage system are considered the
midstream transition factor — transporting the
product to the consumer (2), and the hydrogen
consumption process is considered the final
process of the downstream supply chain of all
types of hydrogen products (3). However, the
circular hydrogen economy conducts a new step
in completing the hydrogen supply chain — the
addition of the waste-utilizing process and
turning these waste products into a resource that
can serve as feedstocks of the hydrogen
production processes. In that manner, the
characteristics of the hydrogen economy must
be determined through four interrelated factors:
hydrogen production technologies, hydrogen
transportation and storage processes, hydrogen
consumption, and finally the processes that
utilize wastes and apply them as input materials
for the initial production process. The circular
hydrogen economy model is explained in
Figure 2.
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Figure 2. The description of modern circular
hydrogen economy

Accordingly, this model creates a bridge
between production processes and related
ecosystems by continuously and effectively
addressing generated waste sources. The
circular economy focuses on solving the flow
of resources (both input materials and wastes)
rather than solving problems from the
perspective of increasing energy input and
enhancing waste treatment efficiency at the end
of these processes.
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Therefore, the circular economy can be
applied and recognized via the process of
intelligently reducing input resources (reduce)
for production processes, making the most of
waste sources (reuse), and regenerating
(recycle) components suitable parts and
materials. From the perspective of establishing
a circular hydrogen economy, the authors
acknowledge that the story of building a
hydrogen industry is not new content, but the
circular hydrogen economy is a new approach
that creates added economic value and
contributes to reducing pressure on related
industries such as energy and emissions
treatment.

3.3. Circular hydrogen economy products and
technologies

The products of the circular hydrogen
economy are parts of the hydrogen industry
products, not all those products can be
recognized as hydrogen economy products,
except for those that fulfill the requirements
below:

e Produced from input materials that are
output waste from another industry (industrial
wastewater, food industry waste products...) or
a renewable material source or originate from
nature (biomass, seawater, rainwater...).

e The hydrogen production process is
accompanied by effective carbon capture and

storage techniques, minimizing emissions
during the production process. Hydrogen
production technologies themselves are

designed with effective emission treatment
processes and emission limitations.

e The energy source for this hydrogen
production process is usually electricity and
heat generated from renewable energy sources.
In addition to using environmentally friendly
technology and taking advantage of waste
sources from other industries, using clean

energy to limit emissions to produce hydrogen
also plays an important role.

Thus, it is reasonable to classify the
hydrogen product group into two main
categories: the traditional hydrogen product
group is the result of the traditional hydrogen
economy, and the hydrogen product group is
the result of the circular hydrogen economy.
Regarding the hydrogen product group of the
circular hydrogen economy, the products are
also classified into two main groups: the pure
hydrogen product group, and the hydrogen
product group that integrates carbon emission
treatment techniques. Below, the study will
clarify the product groups that result from the
circular hydrogen economy along with their
achievements, as well as information on the
optimal technology to create these products.

Green hydrogen products: Green
hydrogen possesses the best economic value
that the circular hydrogen economy can create.
Green hydrogen has high energy density, and
high purity, and is produced in a complete
water-splitting (electrolysis) process without
the participation of other impurities (Kang et
al., 2022; Dos Santos et al., 2023). The
characteristics of the electrolysis process that
splits water and produces green hydrogen are
depicted in Figure 3.

There are lots of reviews on green
hydrogen production centered on the
electrolysis of water, and most of those works
discussed how to reduce the cost of the
electrochemical system or improve the quality
of the electrode pairs; However, this view is not
enough, the water source issue deserves more
attention. Accorded to many studies (Maeda et
al., 2016; Tran et al., 2023), including an in-
depth study by these authors published in the
prestigious journal Applied Energy Materials,
under the American Chemical Society
publisher in 2023(Ajanovic et al., 2022), the
understanding of water resources plays a
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prerequisite role and needs to be given priority.
So on, the customization of the electrochemical
system can then be operated to suit the
properties of the input aqueous sources.
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Figure 3. The production of green hydrogen via
the electrolysis processes using renewable energy
from wind/solar energy.

Pink hydrogen product: pink hydrogen
belongs to the group of pure hydrogen products
and is the result of a production process
oriented towards a circular hydrogen economy.
Compared to the group of hydrogen products
that came before it: gray hydrogen, brown
hydrogen, blue hydrogen, and blue hydrogen,
pink hydrogen belongs to the second-
generation  group. The  industrial-scale
production of pink hydrogen is still in progress.
development, this type of hydrogen product is
sometimes referred to in some documents as
purple hydrogen or red hydrogen. The pathway
to produce pink hydrogen is presented in Figure
4.
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Figure 4. The production of pink hydrogen via
electrolysis of water using nuclear energy.
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The production of pink hydrogen also
depends on an electrolysis that splits water and
produces a high-purity emission-limited
hydrogen product. The energy source for this
production process comes from nuclear energy.
Utilizing nuclear energy to produce hydrogen is

an important and key idea that can help stabilize
energy plans in many countries with advanced
nuclear energy industries. The specific
characteristics of the pink hydrogen production
process are different from the conventional
electrolysis process; because of the dependence
on high-temperature electrochemical process

(HTE —  high-temperature  electrolysis)
(Shrizadeh et al., 2023; Boardman et al., 2022).
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Figure 5. The production of hydrogen blue from
natural gases (A) and the source of biomass or
wastes (B). These processes can only be
recognized as circular hydrogen products if they
are accompanied by carbon treatment solutions

Blue hydrogen products and other
products: In the processes explained in Figure
5, the technical elements of these processes are
inherited from traditional processes. Hydrogen
products are produced through traditional
techniques such as reforming (steam/methane
gas reforming) or gasification (gasification),
the process raw materials used are flexible and
the technical requirements during the process
are flexible. The hydrogen production
operation process is familiar to the production
situation of many industries (Ucler et al., 2014;
Zhao et al., 2022). However, close integration
with carbon capture and storage techniques, as
well as other emission treatment processes
during operations, makes a vital contribution to
creating blue hydrogen products instead of
Products that are not suitable for the circular
hydrogen economic model such as brown, gray
hydrogen, etc.
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The classification and evaluation of
hydrogen products are still going strong and are
constantly updated worldwide. However, the
classification of hydrogen products can be
viewed more simply from the following
perspective:

e Group 1 — products are directly
produced high-purity hydrogen products.

e Group 2 — hydrogen produced with the
support of carbon capture and storage
technologies;

e Group 3 —new hydrogen products in the
testing phase.

In this article, the author does not mention
hydrogen products that are considered potential
and may be not yet suitable for a circular
hydrogen economy; Accordingly, there are
several new products such as yellow hydrogen
(hydrogen is  produced through the
electrochemical process of splitting water, but
using excess power on the grid to operate the
electrochemical system), or turquoise hydrogen
(produced from the methane pyrolysis process,
applying emission treatment techniques during
the production process).

3.4. The roadmap for circular hydrogen
energy development in Vietnam: towards
Vietnam Net-zero 2050

The strategy for developing a circular
hydrogen economy shares many similarities
with pioneering countries in this field such as
China, Germany, and other European countries
(Montag, 2023; European Commission, 2020,
and Hassan et al.,, 2023). Accordingly, the
development direction of the hydrogen
economy in these countries is implemented
based on four key issues with technology
development and supportive policies as the
focal points:

e The issue of investment in research and
development of technology and scientific
solutions (R&D).

e The issue of hydrogen project
development (projects are diversified and
categorized into human resource development
projects, feedstock development projects,
common operation management projects, and
hydrogen product supply chain development
projects).

e The
policies.

issue of building supportive

e The issue of applying hydrogen energy
content into industries with a roadmap.

The most significant and effective
implementation of energy transition and the
application of hydrogen energy content is
determined to be in industrial sectors (such as
the food industry, green fertilizers, oil refining,
iron, steel, etc.) and transportation sectors
(Arvagani et al., 2022; Nakano et al., 2022).

Therefore, the process of developing a
circular hydrogen economy should be
approached with the following orientations:

e Utilizing hydrogen energy to effectively
contribute to the mission of carbon emission
reduction, aiming towards Vietnam's Net-zero
target.

e The construction of a hydrogen
economy must be based on a circular economic
foundation: focusing on resource management
and utilizing appropriate waste as inputs for the
hydrogen production process.

e The circular hydrogen economy is
intimately related to the carbon economy, and
carbon certification issues, and has deep
intersectoral connections (flexible in utilizing
various raw materials, and different energy
sources, and applicable to many production
processes).
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The R&D development directions for clean
hydrogen products (produced through carbon
emission reduction processes) of pioneering
countries are shown in Table 1. According to
the information provided in Table 1 (compiled
from the National Development and Reform
Commission (China), the Federal Ministry for
Economic  Affairs and Climate Action
(Germany), and the European Commission), all
three sources of information are from
developed countries with strong economies and
significant resources for scientific and
technological investments in the field of
hydrogen energy (Ajanovic et al., 2023; Yuki et
al., 2020). Among them, blue and green
hydrogen products are considered focal points,
while the role of gray/brown hydrogen in China
is restricted and must be combined with carbon
reduction processes.

The development of clean hydrogen
projects is closely related and plays a crucial
role in realizing the circular hydrogen
economy. Benefiting from the achievements of
efficiently implemented R&D activities, clean
hydrogen development projects (low-carbon
hydrogen) are led by reputable research
institutes and universities in collaboration with
companies and enterprises (preferably those in
the same region as the research unit) and
receive co-management and investment from
the state budget (as in the case of the National
Key Research and Development Program of
China (NKPs)) (Ministry of Science and
Technology of the People’s Republic of China,
2018), or investment from international
corporations, multinational agencies (as in the
case the H21 Leeds City Gate Project of the
UK) (Park et al., 2023).

Table 1. Investment orientation for hydrogen production technology development in the period from
2020 to 2035 in some pioneering countries

Medium and long-term National
. Hydrogen strategy towards
National plans for hydrogen energy hydrogen .
. European neutrality
strategy industry development strategy (2020-2035)
(2021-2035) (2020-2030)
Key hydrogen Gray, Green Green Blue, Green
products
Expected 6 GW and I million tons by
h (i)ro en 100-200 thousand tons of 5GWby 2024
yaros clean hydrogen by 2025 2030 40 GW and 10 million tons
production
by 2030
Investment in electrolysis
system development: 24-42
Estimated i 9 billion billion euros.
investment limit euros Total investment value by

2050: 180-470 billion

euros.

In Vietnam, the Project Development
Program (PDP) also emphasizes the focal role
of green hydrogen development tasks, although
specific information and projects have not yet
been implemented. In addition to the open-
ended points in the recent National Power
Development Plan VIII, Vietnam also updates
the progress of the hydrogen industry through
Decision No. 893/QD-TTg and Decision No.

165/QD-TTg. These decisions outline plans to
prepare energy sources and feedstock for future
hydrogen production processes, as well as
establish a roadmap and implementation plan to
develop the hydrogen industry sustainably and
feasibly, in line with the direction of building a
circular hydrogen economy (Appendix 1
provides information related to the roadmap
for the development of the hydrogen industry in
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Vietnam). Accordingly, the orientations and development of the circular hydrogen economy
analysis of key project groups in the are summarized in Table 2

Table 2. Summary and analysis of the roles of project groups in building a circular hydrogen economy

Workforce development projects for the hydrogen industry: These are projects
that need to be emphasized and developed in the period from 2020 to 2030. These
7o)\ Dprojects not only focus on building a workforce for the hydrogen industry but also
create a team of pioneering experts in the field of circular economy. For developing
countries or countries with nascent hydrogen industries, absorbing lessons learned,
scientific and technical research, and technology transfer activities heavily rely on
the expertise and skills of the workforce in this sector.
Clean hydrogen production project group: This project group is prioritized for
implementation in countries such as China, Germany, the European Union, and other
resource-rich nations. The determination of the desired hydrogen product plays a
> dominant role in the implementation of projects within this group (scientific and
| technological, investment capital, infrastructure, specific advantages of each
country, etc.). Electrolysis is playing a central role in the story of hydrogen
production technology in many countries such as the US, China (currently leading
the world in patent numbers and advanced hydrogen production facilities), Germany,
Japan, and the UK.
Hydrogen energy development project group in the transportation sector:
Hydrogen-based products have been developed earliest and most effectively in the
transportation sector. There are numerous projects involving fuel cell electric
vehicles (FCEVs) that use hydrogen fuel cells (Toyota Mirai and Hyundai Nexo).
Q@b There are also projects involving hydrogen buses (Hydrogen Bus Hyundai) and
© hydrogen-powered trains like the Alstom Coradia iLint (Germany), which is the first
and only one in the world and has been in operation since 2019. These FCEVs serve
as a solution to address energy shortages and air pollution, as their emissions consist
solely of water vapor.
Hydrogen energy application project group in industrial production: The main
objective of applying hydrogen in heavy industries is to reduce carbon emissions.
Pilot projects applying hydrogen in sectors such as iron and steel production, food
technology, and oil refineries... have been implemented and are ongoing in many
developed countries around the world. For developing countries, the transition to
hydrogen energy in industries should be implemented alongside hydrogen production
projects, with priority given to the transportation sector.
Hydrogen storage and transportation project group: The storage and
transportation of hydrogen play a crucial role as a bridge between the upstream
hydrogen production group and the downstream hydrogen consumption
infrastructure group, ensuring the integrity of the hydrogen supply chain. In this
regard, hydrogen storage and transportation are seen as valuable solutions for the
O}H ‘E’ group of developing countries participating in the construction and expansion of a
i global hydrogen economy. Establishing the necessary infrastructure and
interconnecting cross-border hydrogen transportation networks is an effective
strategy that does not require comprehensive changes in scientific and technical
aspects (hydrogen pipelines can be integrated into existing gas pipelines across
countries), and it generates sufficient economic value for a country to develop a
comprehensive hydrogen plan.

+1
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As mentioned in the previous sections, the
policies for developing the hydrogen industry in
developing countries, including Vietnam, have
several differences compared to countries with
stronger capabilities, as mentioned earlier. The
countries in the Southeast Asian region are
typical examples of deploying blue hydrogen
products and prioritizing  infrastructure
development for hydrogen transportation. It is
challenging to propose a development roadmap
for countries in this group due to the diverse
orientations of the relevant countries, the lack
of necessary connectivity, and the absence of a
clear desired trajectory. However, the
development roadmap for a circular hydrogen
economy can be summarized as follows:

The period of 2024-2030: This phase
strongly focuses on activities to develop human
resources and establish policies that support the
commercialization of hydrogen products.
Policies that encourage investment and create
conditions for foreign organizations and experts
to conduct training activities and enhance
awareness of hydrogen energy are considered
prerequisites during this phase. Although recent
implementation decisions in Vietnam do not
specifically mention the task of developing
human resources for the hydrogen industry, it is
considered a prerequisite and will play an
important role in the future endeavor of
building a circular hydrogen economy in
Vietnam.

The period of 2030-2035: This phase
focuses on developing resource management
policies for blue hydrogen production and
considering this product as the focus of
domestic  production. Expanding capital
support policies and mechanisms for R&D
projects in hydrogen storage and distribution
are also proposed. This phase also suggests
policies to support the adoption of technology
transfers in hydrogen production, gradually

improving hydrogen transportation pipeline
infrastructure.

The period of 2035-2040: This phase
involves the localization of hydrogen
production technologies, implementing policies
to support the construction of microgrids &
smart energy networks and electrification
solutions.

Additionally, the deployment of fuel cell
electric vehicles (FCEVs) contributes to driving
national hydrogen consumption, prompting
further support policies from relevant vehicle
manufacturers. During this phase, the
application of hydrogen in industrial operations
should be nearing completion, while carbon
emission regulations and carbon credits have
already had certain impacts.

The period of 2040-2045: This phase
focuses on achieving significant carbon
emission reduction with comprehensive
support policies, regulations, and relevant
sanctions. The hydrogen production sector has
achieved certain accomplishments after the
issuance of policies promoting technology
localization, while hydrogen has been
incorporated into  industrial  production
processes. At this stage, the pathway toward
Net Zero is confirmed as feasible by 2050 or
may require additional time for
implementation.

The period of 2045-2050: This phase
marks the initial achievement of a carbon-
neutral Net Zero society. The support policies
are fundamentally complete, entering a phase of
maintaining Net Zero or addressing issues that
arise after the first period of the Net Zero plan.
Hydrogen emissions become a topic of
discussion, which was initially mentioned in
research during the 2020-2022 period and now
likely becomes a significant concern in this
phase. Thus, with clear development pathways,
directions, and an analysis of the correlations
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among the factors influencing the construction
of a circular hydrogen economy, the
development of the hydrogen industry in
Vietnam and many places worldwide can
choose a preliminary outline. However, the path
to achieving a hydrogen society with zero
emissions and a carbon-neutral society is not
easy.

4. CONCLUSION

In recent years, hydrogen has emerged as a
star in the field of new energy and has attracted
a lot of attention. The development of hydrogen
energy has become essential and has been
strongly promoted with continuous updates on
new technologies and products. Developed
countries with superior economic and
technological strength have laid a solid
foundation for the development of the hydrogen
industry. However, developing countries also
desire to participate in the promising and
innovative hydrogen economy. Nevertheless,
limitations in scientific and technological
capabilities and investment have posed
challenges to this story. There are many
developing countries, including Vietnam and
neighboring Southeast Asian countries, that
possess significant advantages in developing
the hydrogen industry. Utilizing geographical
advantages to develop hydrogen production
industries holds the promise of bringing these
Southeast Asian countries into a new era of
energy, with carbon-neutral societies and
numerous opportunities to attract investment
and support from developed countries.

In this manner, this research outlines an
overall picture describing the methods and
proposed roadmap for developing a circular
hydrogen economy, where developed countries
could invest in and support their allies while
developing countries have the chance to
transition safely and efficiently into a new era.
This research combines two intriguing
concepts: building a hydrogen economy and

developing a circular economy, aiming to
create an effective, equitable, and promising
solution for the hydrogen era. In terms of
development models, the products of the
circular hydrogen economy are formed through
the coordination of superior scientific and
technological solutions, clever support policies,
and the process of managing waste as input for
hydrogen production technologies.
Accordingly, hydrogen products produced in
the circular economy are considered clean, safe,
low-emission, and can be flexibly applied and
integrated with various other industries or
production processes. Modern technologies
such as fuel cells and carbon capture and
storage (CCS)/carbon capture, utilization, and
storage (CCUS) techniques are applied in the
hydrogen production process to create products
that meet the criteria set by the circular
hydrogen economy.
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NEN KINH TE HYDROGEN TUAN HOAN: THIET LAP NGANH
CONG NGHIEP HYDROGEN HIEN PAI HUONG TOI MUC TIEU
VIET NAM NETZERO 2050
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GENERAL INFORMATION ABSTRACT

Ngay nhan bai: 01/05/2024 Trong nhirg nim gan day, viéc phat trién hydrogen nhu mot
nguon nang luong dang tin cdy moi da tré thanh xu hudng va

Ngay nhan bai stra: 13/05/2024 4y Kyt duge nhidu sw chti ¥ tir khdp noi trén thé gii.

Ngay duyét ding: 28/06/2024 Hydrog‘en 1a mot nguyén tb co ban c6 thé dugc san xuét thong
qua nhiéu quy trinh khac nhau, nhin chung cac quy trinh nay
c¢6 thé duoc phan loai thanh ba nhom chinh: guy trinh xanh

KEYWORD (dl'eAn ph‘an), qu%/ trinh )Acu lyﬁrcarbon (q‘uy trzﬁh ’chuyen doi
nhiét) va quy trinh truyén thong (quy trinh cai cdach). Trong
Circular economy; khi d6, cac san pham hydro dugc xac dinh bang mau sic cu

thé nhu hydro xanh 14 cdy, xanh lam va ndu... Giira cac san
phém nay, Hydrogen sach (xanh lam va xanh luc) c6 méat do
nang lugng manh, 1a nguén nang lugng tai tao, dugc san xuét
Renewable energy. khong phét thai va c6 gia tri kinh té cao. Tuy nhién, dé c6 thé
san xuat dugc san pham hydrogen ¢ quy mé 16n, qua trinh san
xut d6 phai duoc thiét ké trén nén tang nén kinh té hydrogen
tudn hoan, sir dung ning luong xanh trong qu4 trinh san xuét,
va tuan thi cac quy dinh v& han ché phat thai carbon trong
cong nghiép. Bé lam dugc nhu vay, 16 trinh phat trién nganh
cong nghiép hydrogen phai két hop dugc cac loi thé vé didu
kién dia Iy khu vyc san Xuét, ung dung cac cong nghé phu hop,
va tan dung su hd trg cua cac chinh sach dic thu. Nén kinh té
hydrogen khoe manh 1a mét mo hinh dugc xay dung trén quy
mo tir nho dén 16, cu thé theo ting loai san pham, xac dinh
13 duoc nhu ciu tiéu thy. Tir d6, md hinh san xut nay duoc
trién khai ciing voi nhitng giai phéap luu trix linh hoat, va qua
trinh van chuyén san phdm hydrogen dén noi tiéu thu mot cach
an toan va nhanh chong. Nhan thic duoc tit ca nhitng mbi
quan tdm d6, khai niém nén kinh t& hydrogen tuan hoan da ra
doi va duge du doan s& 1a mé hinh thdng tri trong nganh cong
nghiép hydro trén toan thé gioi. Lam 13 vai tro cta nén kinh té
tuan hoan trong viéc thiét 1ap mo hinh kinh t& hydrogen tun
hoan dong vai tro then chdt trong nghién ctru nay; Theo do,
nhitng vu diém va nhugc diém ctia nén kinh té tuan hoan ciing
dugc phan tich va trinh bay, thong qua viéc so sanh va két luan
thu dugc tir cac nghién ctru dién hinh dugc thuc hién ¢ cac
qudc gia khac.

Hydrogen economy;

Hydrogen production;
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