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Abstract: The purpose of this study is to analyze the utilization forms of hydrogen fuel cells, which are the core of
building a smart city, and suggest ways to solve them. In the case of power plants to utilize hydrogen fuel cell, it was ana-
lyzed as the most promising form of use in the future due to the advantage of being free from intermittence problems.
However, despite many advantages, local residents' opposition continues to emerge due to concerns about explosions and the
problem of carbon dioxide generation in the case of certain hydrogen production methods, and it is analyzed that resolving
them will be the main key to establishing the smart city. Finally, by analyzing the current hydrogen production method and
identifying the problems facing it, the solution for the complete construction of the smart city was presented.
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1. Introduction and natural gas, if the hydrogen economy is success-
fully realized, it is evaluated that the domestic econo-

With the global warming, the standard climate my will be able to take a new leap forward by replacing

change have been serious problem. by carbon economy. a significant part of energy with domestic production.

Furthermore, the transition to the ‘hydrogen economy’ In terms of energy supply, the “carbon economy’ re-

has been interested to achieve energy independence, not quires large-scale investments such as thermal power

a necessary condition for solving environmental prob- plants, and there are many restrictions in securing fa-

lems[1]. In particular, in the case of Republic of Korea, cilities/investment/space. Therefore, there is a great ad-

which relies on foreign sources for 99% of oil, coal, vantage that energy supply is relatively easy[2-5].
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In addition, in the case of thermal power plants that
emit large amounts of fine-dusts and the nuclear power
plants that have fears of explosions and problems with
waste disposal, residents' acceptance is very low, de-
spite the possibility of low-cost electricity production.
However, in the case of hydrogen fuel cell power
plants, which are evaluated as a major axis of the hy-
drogen economy, there are relatively few restrictions
on location compared to thermal power plants and nu-
clear power plants, and they have a great advantage in
expanding installation due to their high acceptance by
residents. In the case of thermal power plants that emit
a large amount of carbon dioxide, the main cause of
greenhouse gases, there is high possibility that they
will be removed from the energy market within the
next 10 years, but in the case of hydrogen fuel cell
power plants, there is no greenhouse gas emission and
pollution such as fine-dusts. Therefore, the transition to
the ‘hydrogen economy’ can be evaluated as an in-
evitable global trend[6-12].

In addition, since there are many technological areas
in which Korea has an advantage in terms of core sci-
ence and technology for building a hydrogen economy,
the economic ripple effects such as improving
trade-balance through exports and creating jobs for the
hydrogen industry are expected to be large when a hy-
drogen economy is globally established.

Therefore, through this study, we will analyze the
utilization form of hydrogen fuel cell, which is the
core of building a hydrogen economy, and identify the
challenges for each form. Furthermore, we suggest the
problems to be solved for the complete construction of
the hydrogen economy and suggest solutions to solve
them.

2. Discussion

A hydrogen fuel cell is a device to convert the
chemical energy of hydrogen (H,) and oxygen (O,) in-
to electrical energy through an electrochemical
reaction. The principle is that the hydrogen gas sup-
plied to the anode is separated into hydrogen ions (H")

Table 1. Comparison: Fuel Cells and Conventional Methods

Coal Gas Fuel Cell
Electrical efficiency 38~45% ~55% 42~60%
NOx generation (ppm) 50 20 0

and electrons (¢) by platinum (Pt), and the generated
hydrogen ions move to the cathode through the
electrolyte. In the case of electrons, they move to the
air electrode through an external circuit, and as a result,
a current is generated. At the air electrode, hydrogen
ions and electrons passing through the electrolyte meet,
and water (H,O) is generated through a combination
with oxygen. Since the product is only water (H,0), it
is evaluated as a representative eco-friendly renewable
energy as shown in Table 1. In addition, since hydro-
gen can be produced from water (H,O), an infinite re-
source, it is expected to be a future-oriented energy.

In the case of electric vehicles (EVs) that are in
competition, it takes 5~10 hours for normal charging
and 1 hour for high-speed charging. On the other
hand, in the case of a fuel cell electric vehicle, since it
takes about 3 minutes for one charge at the present
time, it has an advantage in terms of charging time.

In the case of charging infrastructure, there are about
100 hydrogen charging stations nationwide (April
2022), and the number of hydrogen vehicles supplied
is 20,683 (April 2022). However, it was analyzed that
the relative regional gap was larger that not only did
170 units per unit be handled, but only two locations
were installed in Jeonnam and Gyeongbuk, respectively.
Meanwhile, in the case of electric vehicle chargers, the
number of installed units is rapidly increasing, and
more than 70,000 units have already been in operation
nationwide. Electric vehicles are showing an over-
whelming advantage in terms of charging infrastructure.
The slow installation speed of hydrogen gas stations is
difficult to access only with investment from individual
businesses without support from local governments, as
the installation cost is about 3 billion won (as of 2021)
when changing existing gas stations to hydrogen gas
equipment.

In addition, with the rapid increase in the number of
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electric vehicles supplied, existing gas stations are
highly likely to be selected to switch to electric vehicle
charging stations in terms of cost, and in the case of
hydrogen gas stations, localization of wvarious facili-
ties/devices for storing hydrogen is progressing slowly.
Thus, it is difficult to expect a rapid increase in hydro-
gen gas stations in a short period of time.

- In terms of price competitiveness, Hyundai Motor
Company's Nexo models range from 67.65 to 70.35
million won (as of March 2022), and Tesla Model 3
has a similar price range, ranging from 53.69 to 73.69
million won, but has infrastructure weaknesses such as
charging stations. It is expected that it will be difficult
for hydrogen fuel cell vehicles to show significant
growth potential if they do not have price
competitiveness. The relatively high manufacturing cost
of hydrogen fuel cell vehicles is due to platinum (Pt),
which is essentially inserted into the fuel electrode.
Specifically, it is used as a membrane electrode assem-
bly (MEA) catalyst and an average of 30 to 50 g of
platinum is required for one hydrogen vehicle, and it is
analyzed that there is a limit to lowering the manu-
facturing cost of a hydrogen fuel cell due to the con-
tinuous increase in price. In order to replace platinum
(Pt), which is essential for hydrogen fuel cells, several
attempts have been suggested by industry, and research
institutes around the world, and meaningful results
have been achieved. However, it is still difficult to re-
place platinum in a short period of time in terms of
stability and efficiency.

- In terms of safety, since the gas storage is man-
datory in the case of hydrogen fuel cell vehicles, there
are constant concerns about safety. Currently, the gas
storage for hydrogen fuel cell vehicles is being re-
leased after various safety tests, and it is confirmed
that safety is guaranteed even in extreme tests.
However, it is analyzed that it is practically impossible
to completely erase from consumers. When an actual
hydrogen storage explodes, it exerts a power that is in-
comparable to that of an electric vehicle. Thus, devel-
oping technology to dispel concerns can be a con-

tinuous task for the industry.

wuygoel A 33 @ A1 & 2023

2.1. Future prospects of hydrogen fuel cell power
plants

- According to data from the Ministry of Trade,
Industry and Energy in January 2022, the supply of
fuel cells for homes and buildings has grown from
3,786kw in 2018 to 7,340kw in 2021, doubling in four
years. In particular, the annual power generation of
fuel cells for power generation in 2018 was 1742GWh
(accounting for about 0.3% of total domestic power
generation), and in 2020, it has grown significantly to
3480GWh (0.6% of power generation), and has been
showing continuous growth since then, and in 2022 the
share of power generation is expected to approach
1.3%. This rapid growth is attributable to that hydro-
gen fuel cells are free from the problem of intermittent
power generation of renewable energy to require a sep-
arate energy storage device and has higher power gen-
eration efficiency than solar or wind power.

- As the government continues to expand the fuel
cell market for power generation and aims to achieve
15GW by 2040, the future prospects of hydrogen fuel

cell power plants are evaluated very positively.

2.2. Challenges facing the hydrogen fuel cell
industry
2.2.1. Opposition phenomenon of local residents

- Contrary to the prospect that hydrogen energy is
eco-friendly and future energy, the region opposes the
attraction and construction of a hydrogen fuel cell
power plant with citing various reasons. The repre-
sentative reason for opposition is the safety of hydro-
gen energy, and even with a very low probability, con-
cerns about a large-scale disaster that can occur in the
event of a hydrogen gas explosion continue to be
expressed.

- In addition, concerns about the hydrogen pro-
duction method are continuously expressed, and the
method of producing hydrogen by decomposing natural
gas is currently a hot topic of discussion. The method
of producing hydrogen by decomposing natural gas at
high temperature/high pressure is a representative
method to account for about 50% of production world-
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wide, and carbon dioxide is generated in addition to
hydrogen as a product. Since carbon dioxide, which is
a product, is a major cause of global warming, local
residents are constantly raising problems with the proc-
ess method in which carbon dioxide, a threat to the
environment, is simultaneously generated in the process

of obtaining hydrogen.

2.2.2. Low-efficiency of hydrogen production

- Electrolysis is the method of producing hydrogen
by applying electric energy to water. Since water
(H,0), which is evaluated as an infinite resource, is
used as a raw material, there is no disadvantage of
limiting raw materials, but there is a disadvantage of
requiring another energy to produce hydrogen. Since
the energy required has to depend on thermal power
plants or nuclear power plants, despite a lot of re-
search and development being done, it is evaluated as
not a efficient method at the present time, and cur-
rently accounts for only about 4% of global hydrogen
production.

- Microbial decomposition method is a method of
producing hydrogen using specific microorganisms,
Thermococcus onnurineus NA1 among various micro-
organisms is in the spotlight. This microorganism is a
type of archaea and has the characteristics of growing
at a temperature of 63 to 90 °C. It can produce hydro-
gen using various organic substances such as proteins
and organic acids, as well as carbon monoxide and
formic acid. However, it is difficult to change the ex-
isting facility system for hydrogen production within a
short period of time since it is difficult to stably and
continuously supply carbon monoxide, which is food
for microorganisms in a large amount.

- By-product hydrogen is a method of separating on-
ly hydrogen from gas generated during the petrochem-
ical process and steel plant process. In July 2020, the
world's first and largest fuel cell power plant to utilize
by-product hydrogen was completed in Daesan
Industrial Complex in Seosan, Chungcheongnam-do,
drawing great attention. However, it is analyzed that it

is difficult to be supplied as large-scale since by-prod-

uct hydrogen has a limited supply as it is produced as
by-product in the process.

- Natural gas decomposition is a method to decom-
pose natural gas at high temperature/high pressure, and
carbon dioxide and water are generated as products. It
is evaluated as the most common method since it is
suitable for mass production in terms of process, ac-
counting for 50% of the world's production. However,
it is not evaluated as an eco-friendly method since it
generates carbon dioxide, an environmental pollutant, as
a product and requires a high-temperature/high-pressure
process. In addition, since natural gas itself is an en-
ergy source, the method to require the consumption of
existing energy to obtain hydrogen energy is difficult
to be evaluated as a sustainable production method.

2.2.3. Condition for efficient power distribution and
energy-saving devices

Since energy is essential for hydrogen production, as
energy costs increase, the cost of electricity production
of hydrogen fuel cell power plants tends to increase as
well. Therefore, it is judged that a separate energy
storage device is essential in order to stably supply
electricity through a hydrogen fuel cell power plant
without an increase in electricity rates. Therefore, when
the cost of hydrogen production is expected to in-
crease, if electricity is stored in an energy storage de-
vice such as a battery in advance through a hydrogen
fuel cell, a relatively stable electricity supply is ex-
pected to be possible. In order to prepare for the above
situation, more detailed research is needed on the pow-
er capacity, number, and installation conditions of en-

ergy storage devices in the future.

2.24. Development of high efficient membrane for
fuel cell

In order to develop a high-efficiency fuel cell, it is

essential to develop a high-performance separator, es-

pecially high hydrogen ion conductivity. In order to in-

crease the hydrogen ion conductivity, the mobility of

the polymer used must be high, and various attempts

have been made for this purpose. In particular, many
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studies have been conducted to increase the hydrogen
ion conductivity by using low molecular weight poly-
mers, applying polymer materials with low rotation en-
ergy, or using various additives. If a polymer separator
for hydrogen fuel cells is continuously developed and
higher performance is secured than before, the popular-
ization of hydrogen fuel cell power plants is expected
to be accelerated.

Furthermore, the volume expansion of the electrolyte
membrane generated during operation of fuel cell and
the resulting crossover of hydrogen gas are considered
as the main factors to reduce the performance and
durability. The crossover is a phenomenon in which
hydrogen gas passes through the electrolyte membrane
and moves to the opposite electrode. Unfortunately, if
the membrane is damaged due to repeated expansion,
the crossover of hydrogen gas would be generated, re-
sulting in the decrease of ion conductivity and the effi-
ciency of fuel cell. Therefore, if stable membranes are
developed independent of cross-over, power plants

based on hydrogen fuel cell will be easily popularized.

3. Conclusion

Through this study, the utilization form of hydrogen
fuel cells, which is the core of the hydrogen economy,
was analyzed from the perspective of automobiles and
power plants. Due to various concerns, it was analyzed
that competitiveness was lower than that of electric
cars. However, cargo trucks, which are relatively free
from the location and number of charging stations, are
analyzed to be competitive compared to electric
vehicles. Technically, if the use of platinum catalyst is
gradually reduced through the development of nano-
technology, It is expected that it will be competitive in
terms of price.

In the case of hydrogen fuel cell power plants, the
share rate of power generation is showing the rapid
growth, approaching 1.3% in 2022, which is higher
than solar or wind power generation since there is no

the intermittency of renewable energy to require addi-

wuygoel A 33 @ A1 & 2023

tional energy storage devices. Due to the advantage of
being free from problems, it is analyzed as the form of
use with the highest potential for future development.
Furthermore, the phenomenon of refusal of residents is
relatively smaller than that of thermal power plants and
nuclear power plants. Therefore, it was analyzed that
the process of dispelling the concerns of local residents
by actively promoting eco-friendly factors that are su-
perior to existing thermal power plants and nuclear
power plants was analyzed as important factor.

Finally, by analyzing the current hydrogen pro-
duction method and identifying the problems, the sol-
utions for the complete construction of the hydrogen
economy were presented. Representative methods in-
clude electrolysis, microbial decomposition, by-product
hydrogen, and natural gas decomposition. In the case
of electrolysis, there is a great advantage of using wa-
ter, an infinite resource, as a raw material, but there is
a disadvantage that separate energy is required for hy-
drogen production. Currently, it accounts for about 4%
of global production, but it is expected that it will be
difficult for the electrolysis production method to ex-
pand further in the future. In the case of the microbial
decomposition method, a specific microorganism
(Thermococcus onnurineus NA1) is in the spotlight as
a method of producing hydrogen using proteins, organ-
ic acids, carbon monoxide, etc. However, it was ex-
pected that if this problem could be solved, it would
account for a significant portion of hydrogen
production.

In the case of by-product hydrogen, only hydrogen
should be separated and used from gas generated dur-
ing petrochemical processes and steel plant processes,
and since it is produced as a secondary product in the
process, the amounts of supply is limited. Thus, it was
expected that it would be difficult to gradually increase
its market share. In the case of natural gas decom-
position, which accounts for 50% of the world's pro-
duction, it is widely used since it is a production proc-
ess suitable for mass production, but it generates car-
bon dioxide as a product and requires high temper-
ature/high pressure as separate energy. Therefore, in
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order to become a sustainable production method, if
facilities capable of immediately capturing the gen-
erated carbon dioxide are installed/expanded in a
low-cost structure, and process technology that can
lower the temperature and pressure is continuously
developed. However, since the stable implementation
of the hydrogen economy is expected to be possible, it
was analyzed that the government's policy support for

the technology is desperately needed.
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