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Use in the Healthcare Industry of the Hydrogen Energy Produced by Solid
Hydrogen Sources Used in Fuel Cells
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ABSTRACT

Although as an energy source today fossil fuels are used as an energy source, it should not be forgotten that fossil fuels
will run out one day. In addition, it is seen that greenhouse gases which emitted from fossil fuels are seriously
threatening the environment with their release into the atmosphere. We see the best example of this in today's climate
changes. Therefore, sustainable and environmentally friendly energy resources are needed. One of these energy sources
is also hydrogen energy which obtained from hydrogen sources. It is also important to choose an economical and easy-
to-use energy source for the use of hydrogen energy. Today, solid hydrogen sources are preferred for use in many areas.
Solid sources of hydrogen are easy to transport, store and maintain. In addition, it provides high efficiency hydrogen
and it is an environmentally friendly hydrogen source. It is possible to obtain a continuous energy source in the health
sector by using solid hydrogen sources in fuel cells. It should not be forgotten how important electrical energy is,
especially in hospitals.

Keywords: Solid hydrogen source; fuel cell; healthcare industry; constant energy.

Yakiat Hiicrelerinde Kullanilan Kati Hidrojen Kaynaklarindan Uretilen Hidrojen Enerjisinin

Saghk Sektoriinde Kullanimi
oz
Giliniimiizde fosil yakitlar bir enerji kaynagi olarak kullanilsa da fosil yakitlarin bir giin tikkenecegi unutulmamalidir.
Ayrica fosil yakitlarla birlikte sera gazlarinin atmosfere salinmasiyla ¢evreyi ciddi sekilde tehdit ettigi goriililyor. Bunun
en giizel 6rnegini giiniimiiz iklim degisikliklerinde goriiyoruz. Bu nedenle siirdiiriilebilir ve g¢evre dostu enerji
kaynaklarina ihtiya¢ vardir. Bu enerji kaynaklarindan biri de hidrojen kaynaklarindan elde edilen hidrojen enerjisidir.
Hidrojen enerjisinin kullanimi i¢in ekonomik ve kullanimi kolay bir enerji kaynagi se¢mek de onemlidir. Giiniimiizde
kat1 hidrojen kaynaklari birgok alanda kullanim igin tercih edilmektedir. Kati hidrojen kaynaklarinin tasinmasi,
depolanmasi ve bakimi kolaydir. Ayrica yiiksek verimli hidrojen saglar ve ¢evre dostu bir hidrojen kaynagidir. Yakit
hiicrelerinde kat1 hidrojen kaynaklar1 kullanilarak saglik sektoriinde siirekli bir enerji kaynagi elde etmek miimkiindiir.
Ozellikle hastanelerde elektrik enerjisinin ne kadar énemli oldugu unutulmamaldir.
Anahtar Kelimeler: Kati hidrojen kaynags; yakit hiicresi; saglik endiistrisi; siirekli enerji.
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INTRODUCTION

The hydrogen is an economical and environmentally friendly energy source. However, the biggest problem is the
storage and transportation of hydrogen. Table 1 shows that hydrogen is more environmentally friendly than other
energy sources (1).

Transport of hydrogen in gaseous form is risky and requires special systems for its use, which increases the cost (2, 3).
It is even possible to store hydrogen on the surface of carbon-based materials such as carbon nanotubes (CNT). Low
temperatures are required to maintain this hydrogen source. However, this method is costly and there is a loss of energy
(4).

Another way of storing hydrogen gas is to turn it into a cryogenic liquid form. This process is also costly. Because
hydrogen, which is brought into cryogenic liquid form at a temperature below -252.9°C, and must be kept at this
temperature. The slightest change in temperature causes hydrogen to be in gas form and lose energy (5).
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Isopropyl alcohol (6, 7), glycerol (8-10) etc. alcohols are also used as sources of liquid hydrogen. However, high
temperatures and some chemical materials are required to obtain hydrogen gas from such alcohols (11-13). For

example,

isopropy! alcohol has been used as a hydrogen source in
the transfer hydrogenation of acetophenone in the
literature. Acetone is obtained by dehydrogenation of
isopropyl alcohol. This molecule is used as a solvent both
in industry and laboratories. In another study, glycerol
was used as a hydrogen source in the hydrogenation of
nitroarenes to amines. Glycerol is used both in the
cosmetics industry and as a serious waste in the same
sector. The use of this waste as an environmentally
friendly energy source is indisputable (14).

Table 1. Environmental impact of energy resources

. Green Hydrogen

Environmental )

- influence content

impact factor f p

(EIF) actobr actor

(GF) (HCF)*

Coal 3.6 0 0
Oil 3.0 0.15 0.2
Natural gas 2.7 0.25 0.3
Hydrogen 0 1 1

a The amount of CO2 released in kg as a result of burning 1 kg of fuel
b Calculated based on largest EIF and fuel specific EIF values
¢ The amount of H2 in kg in 1 kg of fuel

The hydrogen production from methane with the steam
conversion process is also a method used in industry.
However, since this process requires high temperatures,
its usage area is limited and costly. In addition, supply,
transportation and storage of methane gas requires a
process as demanding as the hydrogen gas obtained
(equation 1) (15, 16).

CHy + H0
Equaion 1

— > CO(q) *+ 3Hy

Today, the most popular and low-cost hydrogen source
are solid hydrogen sources. Solid sources of hydrogen
often interact with water and undergo dehydrogenation to
produce hydrogen. Effective sources of solid hydrogen
include metal hydrides (MH) (17, 18), sodium
borohydride (NaBH4) (19), ammonia borane (AB)(20) ve
and dimethyl ammonia borane (DMAB)(21).

Energy densities of stored hydrogen in different types are
shown in Table 2.

Table 2. Different types of storage and energy content of

hydrogen
Storage Type Energy Density (MJ/m?)
Hydrogen Gas (0.1 MPa) 10
Liquid Hydrogen 8700

Metal Hydrides 11450

These results demonstrate the importance of solid
hydrogen sources (22).

Solid sources of hydrogen have some advantages:

* Absence of storage problem,

* Being portable,

* Being stable,

« It is stable temperature range is wide,

* High hydrogen capacity,

* Ease of use.

Dehydrogenation of sodium borohydride (equation 2):

Cat.
NaBH, + 2H,O0 —> NaBO, + 4H,
Equaion 2

As above, dehydrogenation of solid hydrogen sources in
water at room temperature and under the action of a
catalyst is possible. There have been many studies on this
subject in recent years (23-25). Especially, by
synthesizing  different  catalyst  structures, the
dehydrogenation capacities on solid hydrogen sources are
investigated. Among the catalysts produced are those
used industrially.

In recent years, serious studies have been carried out on
fuel cells in the scientific community. The aim is to
obtain a technological and sustainable energy. In
addition, it is possible to minimize foreign dependency
with this technology. Fuel cells generate energy by
reacting hydrogen, which is obtained from oil, coal and
many waste materials through a converter, with oxygen.
Fuel cells have some advantages: i) higher efficiency than
fossil fuels, ii) environmentally friendly technology, iii)
minimum risk, iv) ability to generate electrical energy as
long as fuel support is provided, v) energy support the
availability of heat.

Fuel cells can be used in land, sea and space vehicles,
technological devices, houses, industry, public and
private institutions, especially hospitals.

It is important to use the correct hydrogen source in fuel
cells, which is today's technology. In fuel cells, it is
possible to obtain hydrogen in a more practical way by
using solid hydrogen sources instead of hydrogen
production through difficult processes or using hydrogen
gas directly. It is possible to use this energy as a
continuous energy source in the health sector, especially
in hospitals, by transforming this hydrogen which
produced by a practical method into electrical energy and
even by providing energy transformations of the heat
released. There are some reasons why hospitals need
constant energy supply:

. Medical imaging systems (x-ray, computed
tomography, magnetic resonance imaging, angiography,

ultrasonography-doppler, film  processing devices,
radiation detectors),
. Operating room and breathing devices

(defibrillator, ventilator, electrocautery, operating lights,
heart lung pump, heater-cooler, blood warmers, surgical
aspirator, auto transfusion devices)

. Biochemistry, molecular biology, hematology,
genetics, and microbiology devices (autoanalyzer, blood
analysis, centrifuge, blood and blood products storage,
apheresis, automatic sequencing, PCR (polymerase chain
reaction), flow cytometry devices, DNA chips reading
and evaluation units)

Saglk Bilimlerinde Deger 2022; 12(1): 171-174 172



AYDINLI and GOKSU

. Biological signal monitoring devices (EKG,
EMG, ERG, oxygen saturation devices and bedside
monitors)

. Radiotherapy systems (intracavitary, simulators,
Co-60 teletherapy devices)

. Physical therapy devices

. Optical medical devices (endoscopes,

microscopes, light sources, and
ophthalmoscopes)
. Sterilizers and oven devices (autoclave, oven,

gas sterilizers)

lasers, otoscopes,

Considering that every device needed in descriptive,
curative, and preventive services in hospitals requires
energy, it becomes clear how important the continuous
energy source is.

CONCLUSION

With the increase in the world population, energy
consumption is also increasing rapidly. Considering that
fossil fuels, which are currently used as an energy source,
will end one day, efforts to find a permanent and
environmentally friendly energy source continue.
However, in this process, hydrogen can be considered as
the most efficient and applicable energy source.
Hydrogen is an ideal energy carrier due to its storability,
environmental friendliness, high calorific value and cost
effectiveness. Compared to other fuels, it can be
converted into different energy forms with higher
efficiency. One of these forms are solid sources of
hydrogen. Solid hydrogen sources are preferred
especially in transportation, industry, space rockets, oil
production, heating and cooling systems, heat, and
electricity storage systems. It is very advantageous in
terms of stability of solid hydrogen sources at different
temperatures and transportation / storage costs. A cleaner
energy can be obtained by using solid hydrogen sources
in fuel cells. In addition, the fact that it is an easy-to-use
and continuous energy source allows fuel cells to be used
in the health sector. The value of fuel cells increases even
more, especially in hospitals, considering the devices that
operate on electrical energy and their importance.
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