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ABSTRACT

Especially in the last decade, global energy policies are undergoing transformations towards
more efficient and efficient use of renewable energy sources. Both global climate change and
environmental concerns and the energy policies implemented by countries on the basis of energy
security include increasing the use of blue energies not only in electricity generation, but also in
the industrial and transport sectors. Advances in energy technologies make it possible to obtain
hydrogen at less cost, which leads to an increase in demand for hydrogen. In recent years,
significant progress has been made in the transport sector and in the use of hydrogen in
electricity generation. Hydrogen-powered cars, first produced as prototypes in the 1990s, have
now become a commercial technology. In this sense, hydrogen energy has a strategic mission as
a sustainable! resource capable of directly achieving zero emission targets. In the expansion of
hydrogen use, the shipment of hydrogen to consumption geographies that can be transported by
ships and railways as a result of the presence of suitable terminal conditions with pipelines as a
gas and cryogenic trucks as a liquid will serve to the emergence of the hydrogen economy and
the expansion of hydrogen use. The scope of the study focuses on global developments in
hydrogen energy. The study aims to address the role of hydrogen energy as a rising resource in
global energy policies. The research has a qualitative method and the document analysis method
has been used as a data collection technique. According to the findings, hydrogen energy is
becoming a rational actor in global energy policies.

Keywords: Energy Policies, Renewable Energy Sources, Hydrogen Energy

Ln its current form, human / society needs are met without compromising the needs of future generations. The concept of
“sustainable” was used in the Brundtland report (Chairman of the Commission: Gro Harlem Brundtland), also known as the
report on our common future, prepared by the United Nations (UN) “World Commission on Environment and
Development” in 1987. In addition, 17 objectives have been identified in the “2030 Agenda for Sustainable Development”
agreed by the UN in 2015. Two of these goals are directly related to energy. These are (7) accessible and Clean Energy and
(13) Climate Action.
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INTRODUCTION

Hydrogen, a synthetic fuel that does not exist in a free state in nature, is the most abundant element in the
universe. Hydrogen is the main source of the thermonuclear reaction in the sun and stars. Hydrogen, consisting
of 1 proton and 1 electron, is colorless, odorless and nontoxic under standard conditions and is 14 times lighter
than air. In addition, hydrogen does not cause danger as in other gases due to its rapid dispersion property.

Hydrogen can be liquefied at -252.77°C. The volume of liquid hydrogen is 1/700 of its gaseous volume.

In the early 1500s, Paracelsus discovered that the bubbles given off when iron chips were added to sulfuric acid
were flammable. But this gas (not called hydrogen at the time) was first discovered by Robert Boyle in 1671. In
1766, Henry Cavendish revealed that this gas is a separate element. Hydrogen is the most common form of
hydrogen in the world. Later, in 1783, Antoine-Laurent de Lavoisier, together with Pierre Simon de Laplace,
synthesized water by burning hydrogen and oxygen on mercury in a glass fanus. Quantitative results show that
water is not an element as thought for two thousand years, but consists of a combination of two gases. It was
named hydrogen by Gazze Lavoisier, meaning water-forming (2 hydrogen atoms / H,) (Inovatif Kimya Dergisi,
2017; Let's Talk Science, 2019; Royal Society of Chemistry, 2020). Research on hydrogen energy began during
the Cold War. Because both powers (the United States and the USSR) had discovered that hydrogen was a
great weapon. So much so that the first hydrogen bomb test was carried out by the USSR in 1953. A year later,
the United States conducted a hydrogen bomb test. In this context, studies were started in both countries in

1955 on the use of hydrogen as an energy source alongside its military aspect.

Hydrogen has the highest energy content per unit mass of all known fuels. 1 kg of hydrogen has the energy of
2.1 kg of natural gas or 2.8 kg of oil. But its volume per unit of energy is high. In energy systems where
hydrogen is used as fuel, which is clean and easy to use in all areas requiring heat and explosion energy, only
water or water vapor is released into the atmosphere. Hydrogen is an average 33% more efficient fuel than
petroleum fuels. During the production of energy from hydrogen, there is no production of gases and harmful
chemicals that pollute the environment and increase the greenhouse effect, except for water vapor (ETKB,
2020). The widespread use of hydrogen, whose production costs on average three times higher than other
fuels, depends on advances in energy technologies. In recent years, it is possible to see applications related to
hydrogen in the energy sector. Especially in the transportation sector, the agenda of “clean transportation”

targets makes hydrogen a strategic resource in energy policies.

Global climate change and environmental problems are often associated with the consumption of fossil energy
sources. Energy consumption in the world has increased significantly due to technological developments and
transformations in the 2000s, an increase in the number of population and vehicles, and an increase in
urbanization all over the world. The increase in energy demand has increased both the demand for fossil fuels
and the importance of energy security. Along with these, international climate-environment goals / criteria
(Kyoto Protocol, Paris COP21 et al.) it can be said that there is also an increase in the demand for renewable

energy sources in all countries to meet (Oral, 2020: 165). In this context, it is seen that renewable energy
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sources have been a decisive element in energy policies and investments, especially in the last two decades.
But the fact that renewable energy sources are intermittent sources and are not widespread due to the high
cost of storage technologies also leads to a abstention on these resources. Therefore, it is not possible to base
both the national and global energy systems solely on renewable energies. In terms of continuity and ability to
perform given commands, thermal power plants and nuclear power plants are inevitable elements of the cycle
sector. Although thermal power plants are considered to have a significant impact on global climate change, it
is not possible to remove these power plants from the energy portfolio in accordance with energy demand.
When all areas where energy resources are used (transportation, industry, cycle, Heat) are included, the share

of the energy sector in greenhouse gas emissions is 73% according to 2016 data (WRI, 2020).

Global CO; emissions from energy set an all-time record in 2018 despite strongly positioned international
climate targets. However, outdoor pollution, which causes an early death of about three million people each
year, remains a major problem (WEC, 2019). In this sense, hydrogen reveals methods for decarbonization in
sectors where it is difficult to reduce emissions, such as long-distance transport, chemicals and iron and steel. It

improves air quality as well as helps to improve energy security.

In addition to being an element already used in industry, world hydrogen production has also shown a steady
increase since the 1970s. However, hydrogen, apart from its use in the industrial sector, thanks to its emission-
free oscillation feature, its use in other transport vehicles, especially cars, has become increasingly popular. In
fact, hydrogen is used as an energy carrier through a fuel cell that is not a new technology, and electricity is
generated, so it can also be used in transportation vehicles. In this sense, hydrogen can be characterized as the

energy of the 21st century.

Advances in energy technologies have reduced the cost of using hydrogen and increased the demand for
hydrogen in the energy sector. In recent years, significant progress has been made in the transportation sector
and in electricity generation to benefit from hydrogen. Hydrogen-powered cars, first produced as prototypes in
the 1990s, have now become a commercial technology. Since water or water vapor is ejected from hydrogen
vehicles after use, these vehicles have a zero emission value. Hydrogen energy, given its range, is an important
mission in combating global climate change because they are clean and environmental. For these reasons,
hydrogen energy has a greater advantage over electric vehicles, which are considered today's innovative means
of transportation. For example, the range of electric vehicles is about 300-500 km, while hydrogen vehicles can

reach up to 600-700 km. This clearly points to the mobile revolution.
PURPOSE AND METHOD OF RESEARCH

The aim of this study is to demonstrate and analyze the growing importance of hydrogen energy in global

energy policies, which has been a carrier / source? that has risen again in recent years. Although the history of

2 Hydrogen is not found free in nature and is produced from various raw materials such as hydrocarbon sources, water,
biomass. It is therefore expressed as an energy carrier because it has a secondary fuel property.
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developments in hydrogen energy and fuel cells dates back to the 19th century, in recent years it stands out as
a physical resource again due to advances in technology and production costs in the transportation sector,
especially in the fuel cell sector. In climate change-oriented energy policies, the opportunities it offers to
achieve targets themed “zero emissions and a carbon-free future” make hydrogen a more effective resource. In
this context, companies such as Hyundai, Toyota, Honda, Mercedes-Benz, BMW, Iveco, Nikola operating in the
transportation sector have carried out studies on hydrogen vehicles. Where these firms are located in South
Korea, Japan, Germany, USA, China, France, the United Kingdom, Belgium, the Netherlands, Austria, Italy,
Norway, Australia, New Zealand, India, Brazil, Saudi Arabia, South Africa and the European Union set targets for
applications in the energy policy of hydrogen was observed. This, on the other hand, shows that hydrogen

energy plays a growing role in global energy policy.

Qualitative research method was used as a method in the study. The pattern of the research is the case study.
As a data collection technique, document analysis method was used in the study. In this context, data from
organizations operating in the energy sector on a national and international scale were used together with

relevant resources.
HYDROGEN USE AND STORAGE METHODS

Hydrogen energy is a source that can only be produced by electrolysis of water. But in addition to this, there
are also forms of production of hydrogen. Hydrogen production is possible from fossil fuels or nuclear energy?
by thermochemical methods, especially by steam reformation* from natural gas, as well as from biomass® and
solar energy®, or even from photosynthetic PNS bacteria (purple bacteria) by biochemical method organically.
In this sense, hydrogen is easily obtained from various raw materials, making it an important energy carrier. At
the same time, it can be said that hydrogen is important in policymaking an economy based on green or
renewable energy sources, as it does not lead to greenhouse gas emissions and its transport can be reliably

carried out through pipes and tankers (Aslan & Ozcan, 2008: 159).

Accordingly, various methods are used in hydrogen production, including electrolysis, thermolysis, chemical,
thermochemical, photolysis and biological. However, in the current situation, the most common method of
producing hydrogen, based on technique and cost, is to obtain hydrogen from fossil fuels. In this sense, the

most prominent fossil fuel is natural gas. In this way, the most hydrogen production is carried out on a global

3 Hydrogen is produced by the use of electricity produced in electrolysis or by heat from high Temperature Reactor (HTR).
Hydrogen production with heat obtained from nuclear energy is carried out either by electrolysis or thermochemical
processes. The thermochemical process provides higher efficiency than the electrolysis method (Polat et al., 2012:52). In
the thermochemical method, water vapor undergoes thermal decomposition at a temperature of 1650 C-1750 °C and is
broken down into oxygen by hydrogen.

4 Decomposition of methane in natural gas from carbon by steam between 700C-100 °C.
5 Hydrogen production from biomass is carried out by gasification of the source under high temperature and low pressure.

6 Hydrogen from renewable sources is obtained through the electrolysis of water thanks to the electricity generated from
these sources. Hydrogen can also be produced from solar energy in this way. It is also possible to produce hydrogen from
solar energy by thermolysis. In this method, using solar energy, water vapor undergoes thermal decomposition at a
temperature of 1650 °C-1750 °C and is broken down into oxygen by hydrogen.
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basis. 48% of hydrogen is derived from natural gas, 30% from oil, 18% from coal, and 4% from electrolysis
(IRENA, 2018: 14). Hydrogen demand, which has more than tripled since 1975, continues to grow, and
hydrogen production is almost entirely derived from fossil fuels. In this sense, 6% of gas and 2% of coal are

used in hydrogen production on a global scale (IEA, 2019: 17) (Figure 1).
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Figure 1. Global Hydrogen Production (according to the type it was obtained)
* estimated
** Direct Reduced Iron (Direct Reduced Iron)

Source: [EA, 2019: 18

Global hydrogen demand and production are growing steadily every year. An increase in the variety of sectoral
uses of hydrogen is the most important reason for the increase in demand for hydrogen and hydrogen
production. Hydrogen can be used for many purposes. Currently, thanks to hydrogen, there are technologies
that can produce, store, transport and use energy in different ways. In addition to renewable and nuclear

energy sources, it can produce hydrogen with fuels such as natural gas, coal and oil.

Hydrogen can be transported in liquid form by pipelines and ships. It is possible that natural gas pipelines
already located all over the world can be used for hydrogen transport at a low cost. Hydrogen can be converted
to electricity and methane, generating energy for homes, the feed industry, or used as fuel in cars, trucks,
trains, ships, and aircraft (WEC, 2019: 1). Hydrogen can even be used in submarine vehicles operating in

countries' defense areas.

Especially the industrial sector stands out in the use of hydrogen. The use of hydrogen in the industrial sector
general industry (semiconductor, fuel, glass production, the cooling of the generators in the area of vegetable
oils and hidrojenerasyon) 10%, iron and steel and refining operations (as in steel production and water
purification in iron reduction’ as an antioxidant in the process gas) 25%, in the chemical industry {ammonia

(fertilizer, pharmaceutical, paint-made), polymers (with chemical rekasiyon textile, medical, automotive,

7 From iron ore below the melting point by using it as fuel natural gas or hydrogen gas, production of a solid product
containing high metallic iron by oxygen removal (direct reduced iron/DRI sponge iron or direct reduced iron/sponge iron) to
be achieved that allows the method to “Direct Reduction/DR Processes” are called. The resulting solid product is also called
“Sponge Iron/Sponge Iron” due to its high porosity, which gives it a spongy appearance (Iron Steel Store, 2020).
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electronics, food, building materials production of numerous products in the fields of resin (product data

consolidation and bonding)} 65% (IRENA, 2018: 14).

In a viable hydrogen infrastructure, hydrogen must be delivered from where it is produced to the end point of
use, for example, to a fuel station. The infrastructure includes pipelines, trucks, storage facilities, compressors
and distributors involved in the fuel distribution process. Distribution technology for hydrogen infrastructure is
already commercially available, and several U.S. companies today supply bulk hydrogen. Because hydrogen has
been used for a long time in industrial applications, some of the infrastructure is available. This alone is not

enough to make the use of hydrogen as an energy carrier widely available to the consumer (EERE, 2020).

When considering the relationship of production and distribution of hydrogen (e.g., hydrogen pipeline
transport network with the world's longest, most hydrogen used in the United States) where hydrogen is used,
or close to, typically at large industrial sites are produced. What is necessary for the widespread use of fuel cell
electric vehicles is the need to develop infrastructure that allows the distribution of hydrogen to the existing
network of fuel stations across the country. Currently, hydrogen distribution is carried out in three ways. The
first is through pipelines as a gas, the second is through the transport of compressed hydrogen gas in high-
pressure tube trailers by truck, wagon, ship or barge, and finally, the transport of liquefied hydrogen again by
truck, wagon, ship or barge. Another option is to produce hydrogen at fuel stations. This method reduces
distribution costs, while on-site production techniques increase production costs due to the costs of creating

hydrogen (AFDC Energy, 2020).

There are basically two types of hydrogen fuel stations. The first of these are stations where hydrogen is
produced elsewhere and delivered to the filling point (as gas and liquid) for distribution to local storage and
vehicles. The other is the stations where hydrogen is produced on-site and then stored for transfer to the
hydrogen tank of vehicles. Some stations may be a combination of both types (Alazemi & Andrews, 2015: 488).

A hydrogen fuel station (Figure 2).

i

Figure 2. Hydrogen Fuel Station®
Source: We Engineer Hightech (WEH), 2020

8 Hydrogen fuel stations can be found on their own, as well as in the same station with oil filling points.
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The average storage time for stations using hydrogen delivered as gas is 180 kg / day and the estimated total
cost of storage, equipment, design and construction and commissioning is $ 2 million. For stations using
hydrogen delivered as liquid, the average storage time is 350 kg / day, and the cost of commissioning with the
operations required for this is 2.8 million dollars. The average storage time for on-site hydrogen generating
stations using electrolysis of water (e.g. through solar power) is 120 kg / day and the estimated total

construction and commissioning cost is $ 3.2 million (CAFCP, 2020).

Hydrogen, which has been used in refineries and industrial areas such as fertilizer production in the process of
processing oil to remove sulfur from its content for many years, has a wide network in Europe. Belgium and the
Netherlands have one of the largest hydrogen networks in the world (HyLaw, 2019: 1). The lengths of the
pipelines km of the country having a network of hydrogen are as follows; USA (2608 km), Belgium (613 km),
Germany (390 km), France (303 km), the Netherlands (237 km), Canada (147 km) and the total length of 337

km of hydrogen pipelines in other countries (HyArc, 2016).

Hydrogen storage is very important in terms of making this resource more widely available. Although hydrogen
can be stored in liquid or gas form, these processes are relatively costly. Falling costs with technical advances in

storage will make hydrogen widespread in all areas and more accessible and available.
Hydrogen storage methods are as follows (ITO, 2009: 102; Ozdemir & Mutlubas, 2019: 20-30);

Compressed gas is the most common form of storage. Hydrogen is stored in gaseous 50-liter tanks under a

pressure of 200-700 bar.

Liquid hydrogen; hydrogen, which becomes liquid at -252.77°C, is stored in special tanks. Storage of liquid

hydrogen is safer because it requires lower pressure values than gas hydrogen.

Hydrocarbons; hydrocarbon fuels such as methanol, ethanol have more hydrogen in unit volume and pressure
than pure liquid hydrogen. Hydrogen can be decomposed from hydrocarbons using high-temperature water

vapor. In this sense, hydrocarbons are used as a hydrogen arrestor.

Carbon nanotubes; storage of hydrogen in graphite-filled tanks under a certain pressure. Here, hydrogen is

stored on the surface of super active porous graphite.

Metal hydrides; metal hydrides are known as metals that can easily absorb hydrogen. During the formation of
Metal hydride, hydrogen molecules decompose and the resulting hydrogen atoms are kept in suitable metal

lattices.

There is a strong link between the continuous development of hydrogen technologies and the demand for

hydrogen. So much so that these two situations are both the cause and the result of each other. The
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development of hydrogen technologies increases the demand for hydrogen, and the increase in the demand

for hydrogen also creates an opportunity for the development of hydrogen technologies.
USE OF HYDROGEN IN TRANSPORTATION VEHICLES

Transportation is the act of people and objects reaching from one place to another, that is, the targeted point.
Transport is the transfer of people (except on foot) and goods from one place to another by various means.
Therefore, transportation and transportation activities are one of the most important elements of civilization
reached by humanity. Because these activities include individuals within a purpose (business, trade, tourism,
education, health, etc.) allows it to access from one place to another, and therefore transport and transport

activities stand out as a vital area of activity.

However, the development of transport systems in a country or region is linked to economic development and
changes. On the other hand, transportation activities have developed / developing under the influence of
natural (landforms, climate) and human geographical factors (population, industry, transport investment
activities, technological developments, etc.) (Aydin & Oral, 2018: 258). Transportation activity changed its size
for the first time with the invention of the wheel in a historical sense (by the Sumerians in 3500 BC). As a result
of technical developments that emerged over time, unlike land and waterways transportation, which are the
oldest types of Transportation used by people, the railway from the 19th century, and air transportation from
the 20th onwards, developed beyond what was envisaged. According to International Energy Agency (IEA)
2019, approximately 30% of the world's total energy consumption in 2017 was realized in the transportation
sector. At the same time, the area that saw the greatest increase in energy consumption in the 1971-2017

range was the transportation sector (IEA, 2019: 8).

In the world, there are usually options for using public transport in freight and passenger transport. Road
transport, which is one of the main types of transport, is preferred because it allows uninterrupted transport in
modes (types of transport), has features such as flexible structure, speed and compatibility with transitions
between modes. This trend has led to the gradual development of the road transport genre (TMMOB MMO,
2018: 1-2). In transportation, the demand for the highway will continue all over the world due to the ease of
access it offers to each destination. In this context, hydrogen-powered vehicles stand out as a powerful option
in transportation. In recent years, studies on hydrogen vehicles (fuel cells) in all transport and transport sectors
have progressed at a significant level. To see these stages, you can look at the level of technology preparation

of vehicles in transport and transport areas (Figure 3).

1122



IJOESS (ISSN: 2146-1961) DECEMBER 2020

° z? S ey as
K. g

Mhatarial Handlisg

) =h R
=, - I = .{_, =

S STUNEY S g
| -7 " _r.""'. T
m&hmgm [SRT Matarcyca :J; Lorrias,

O .
'%}. = 5561
Horiciion ﬁ Shipping
5
4
-3

Figure 3. Technological Levels of Hydrogen Vehicles in Transport And Transport Sectors®
Source: Shell, 2017: 46

Fuel Cell Revolution In Transportation

Fuel cells ( fuel cells) are devices that convert chemical energy into electrical energy. In a fuel cell consisting of
an electrolyte!®, anode, and cathode (conductive ends) in a basic sense, electricity generation occurs as follows;
the fuel cell is given hydrogen gas fuel by the anode, and oxygen, that is, ambient air, by the cathode. Hydrogen
decomposes into positive and negative ions on the anode side. Positive ions reach the cathode end by passing
through the electrolyte, allowing only positively charged ions to pass through. Because the electrons remaining
at the anode end tend to merge again with positively charged ions, they flow to the cathode side with an
external circuit. Electricity generation occurs with this flow of electrons in the external circuit. Electrons passing
to the cathode side combine with positive ions and air here, releasing pure water (Leblebicioglu, 2018). After
all, the oscillating agent of hydrogen fuel cells is electricity and water. However, the energy production density
of hydrogen is quite high (Yergin, 2014: 314). Fuel cells; coal, oil, and fossil fuels such as natural gas, refinery
products, ammonia, methanol, such as chemical products, waste materials, biogas and alternative fuel sources
such as hydrogen or hydrogen directly obtained with the help of a converter with oxygen as a result of the
electrochemical reaction can produce (TUBITAK, 2020). In this sense, it is also possible to transport hydrogen

using natural gas pipelines with the necessary technical infrastructure.

Fuel cells are quiet technologies that are clean and environmentally friendly, as well as high efficiency. Without

the use of a steam boiler or turbine, electrical energy is generated only by chemical reaction. Fuel cells, which

% According to Shell 2017 data, the provisions of technological readiness levels are as follows:
(5) Basic technology elements tested.

(6) Function test prototype stage. Technical feasibility.

(7) Visual prorotype. Almost ready to use product / system.

(8) Qualified product / system whose functionality has been proven in the field of use.

(9) Qualified product / system that has achieved success in use.

10 A medium that contains free ions and has electrical conductivity.
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are obtained by an electrochemical reaction between hydrogen (H,) and oxygen (O,) and whose total efficiency
can reach up to 80%, are also known as continuous-running batteries or electrochemical machines. Hydrogen-
oxygen-based fuel cells get various names depending on the type of electrolyte used in their structure. These

are;

. phosphoric acid fuel cell (operating temperature: 160--220 C, electrical efficiency 55 %)

] solid oxide fuel cell (operating temperature: 800--1000 C, electrical efficiency 60-65 %)

] molten carbonate fuel cell (operating temperature: 620--660 C, electrical efficiency 65 %)

= polymer electrolyte fuel cell (PEM) (operating temperature: room temperature--80 C,

electrical efficiency 40 %)
] alkaline fuel cell (operating temperature: room temperature--250 C, electrical efficiency 60-70

%) (EVCED, 2019; Yildirim, 2011: 10).

The first developments related to fuel cells appeared in the 19th century. These developments are as follows in

historical context;

The principles of the fuel cell first C. It was found by Friedrich Schonbein in 1838. In 1843, W. Robert Grove
developed the first fuel cell, realizing that constant current and power are produced as a result of the reverse
reaction of electrolysis of water. In 1955, W. Thomas Grubb made changes to the design of the fuel cell, and
Leonard Niedrach worked on this design to improve it. Thus, the fuel cell, which is considered the” Grubb-
Niedrach Fuel Cell", emerged. In 1958, General Electric (GE) conducted research on fuel cells with NASA, and
the first commercial fuel cell was used in a space'! project called “Gemini”. In 1959, F. Thomas Bacon
developed a fixed 5 kW fuel cell. In the same year, researchers led by Harry Ihrig produced another 15 kW fuel
cell. In the 1960s, Bacon's patents were used to provide electricity and drinking water in the U.S. Space
Exploration Program. In the 1970s, the Dupont Company produced the high-efficiency naphyon (SiO,)
membrane!? for fuel cells as an electrolyte (2017). In this sense, studies on the use of hydrogen in the
transportation sector continued strongly in the 1970s. As a matter of fact, awareness of hydrogen increased in

this process and hydrogen energy congresses were held in the United States in 1974 and 1976.

The use of hydrogen in the transportation sector is one of the most remarkable technological developments in
the world. Accordingly, there are four types of moving forces in transportation vehicles. The first of these is
internal combustion engines and oil derivatives used in these engines, second, the use of hybrid technology in
internal combustion engines (the presence of a battery and a small-diameter electric motor that can be

charged together with an internal combustion engine from a wall outlet or only charged through regenerative

11 Hydrogen in its liquid form continues to be used as fuel in spacecraft nowadays.

12 A structure that allows some molecules and ions to pass to another segment, while others prevent their passage.
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braking®3), the third is the use of technology based on generating electricity using fully electric vehicles and

finally fuel cells and thus moving the vehicle.

Hydrogen vehicles are briefly called” fuel cell electric vehicles / fuel cell electric vehicle (FCEV)". Denmark is the
country where FCEVs are most common in the world, considering the average population. However, countries
such as Britain, France, Norway, Iceland, Japan and Germany see hydrogen as the energy of the future and are
leading the sector by making significant investments in this technology (Congar, 2020). Fuel cells will help
transform the energy economy, especially in the field of mobility. The point to be reached here is to provide
movement by obtaining electricity through hydrogen, not by hydrogen itself. Fuel cells generate electric
energy, which is exactly this kind of energy (Montgomery, 2014: 288). According to this, in cars moving with
hydrogen-based fuel cells, hydrogen is essentially used in the battery task, not in fuel. Because, similar to
internal combustion engines in hydrogen vehicles, an electric motor is started by using hydrogen, not by
burning hydrogen instead of oil. The most obvious difference between fuel cell vehicles and electric vehicles is
the external storage of hydrogen used in these vehicles. Therefore, fuel cells in these vehicles are not charged

(Sarigiil, 2016). Oxygen that reacts with hydrogen comes from the ambient air.

In addition, manufacturers have generally designed fuel cell applications in cars in a similar way. In other
words, the hydrogen tank is placed under the rear seats. The fuel cell is located under the driver's seat. The
electric motor is also located in the front of the vehicle. Again, front-wheel drive was preferred as traction

(Yilmaz et al., 2018: 214). The technical structure of hydrogen cars is as follows (Figure 4);

Fuel Cell Stack Barttery Pack

Electric Traction Motor
Fuel Filler

DC/DC Converter

Thermal System (cooling) Fuel Tank (hydrogen)

Transmission

Power Electronic Controller

Battery (auxillary)

Figure 4. Mechanical Parts of A Hydrogen Car
Source: Alternative Fuels Data Center (AFDC) Energy, 2020

HYDROGEN ENERGY IN GLOBAL ENERGY POLICY

Investments in renewable energy sources are constantly increasing all over the world. Among renewable

energies, the most invested resources are solar and wind energy. All renewable energy sources are examined

13 Regenerative braking (obtaining electrical energy from friction caused by braking) is also available in “Plug-in hybrid
vehicles/PHEV”. This energy is generated in the electric motor, which is connected to the wheels.
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on the basis of hydrogen energy is the least investment source. But the importance attributed to hydrogen
energy in global energy policy and the decrease in hydrogen energy costs indicate that this type of energy will
be used in more widespread and high amounts than today, based on projections. So that global hydrogen

demand, which was 56 million tons in 2015, is projected to approach 550 million tons in 2050 (Figure 5).
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Figure 5. Demand Status Of Hydrogen Energy On A Global Basis
* Carbon Capture and Utilization
(Data; translated from Exajoule (EJ) to tone by David White. 1 EJ=7 million tons H,)

Council comments by the hydrogen numbering of sectors: (1) Hydrogen, on the basis of large-scale renewable
energy integration and the provision of electricity, (4) decarbonisation transportation, (5) the use of clean
energy in the industry, (6) heating of buildings and use of electricity in carbonless Applications Support, (7) the
provision of fresh raw materials to the industry.

Source: Hydrogen Council, 2017: 20

In order for the economy to decarbonize, hydrogen must be obtained from low or zero carbon sources.
Depending on the source of production, hydrogen consists of green, grey and blue color codes. Hydrogen from
electricity generated from renewable energy sources is described as “green hydrogen” and does not cause
carbon emissions. Hydrogen produced from fossil fuels is called “gray hydrogen.” Blue hydrogen is produced in
the same way as Gray. But here the goal is to capture and store emissions using Carbon Capture and Storage
(CCS) technologies. This is a method that allows only low emissions to be achieved (Ozcan, 2020). Although
hydrogen is expensive compared to other fuels today, it is expected that it will take the first place among
alternative fuels that can replace oil, coal and natural gas in energy use due to technological advances in the

medium and long term (Bayrak, 2010: 251).

It is seen that the IEA draws attention to the importance of R&D in increasing the use of hydrogen. R&D; by
benefiting from the cost advantages of economies of scale!® in the deployment of hydrogen fuel cells,
hydrogen-based fuels and are elektrolizor (hydrogen production from water technology), including reducing

costs and improving performance is very important. Government actions, including the use of public funds, are

14 Reducing unit costs by increasing the amount of production.
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critical in setting the research agenda, taking risks and attracting private capital for innovation (IEA, 2019: 16).
As global demand for hydrogen increases, the costs of economies of scale will fall. The National Renewable
Energy Laboratory (NREL) predicts a cost per station similar to other alternative fuels over 10 years. In addition,
lessons learned about design, engineering and construction will help reduce non-equipment costs (CAFCP,

2020).

At this point, the opportunities that governments will create on hydrogen will allow the dissemination of
technologies for the production and use of hydrogen. So there is a strong link between policymakers and
investment. In addition, creating a policy on the use of hydrogen in transport depends on the decisions of
national governments. It can be predicted that hydrogen will be an important actor in global energy policy in

the near future. Countries’ hydrogen support is as follows (Table 1).

Table 1. Support For Hydrogen Applications Based On Countries And The European Union

The decision was made to use over 100 million Australian dollars
to support hydrogen research and pilot projects. The scientific
and Industrial Research Institution will conduct studies on
hydrogen applications.

Australia

Studies and legislation on carbon capture and storage are
ongoing. California changed its “Low-Carbon Fuel Standard” so
that a more effective reduction in carbon intensity would occur by
2030, and encouraged the development of fuel stations. The
California Fuel Cell Partnership has set targets for 1,000 hydrogen
refueling stations and 1 million fuel cell vehicles by 2030,
matching China's targets.

us

Funding is provided, including subsidies for publicly traded
purchases of hydrogen fuel stations, fuel cell vehicles and micro
cogeneration®, under the National Innovation Program for
“Hydrogen and Fuel Cell Technologies”. Hydrogen-powered
commercial trains began to be used.

Germany

To promote the use of energy from renewable sources by making
possible hydrogen produced from renewable sources related to
the 2030 targets in the context of the carbon-free future theme.
The EU has established a “Hydrogen Energy Network” as a
platform for discussing hydrogen among its member states. EU
member states, about 100 businesses, various institutions and
organizations, as well as the Linz Declaration “Hydrogen
Initiative”, which promotes cooperation on sustainable hydrogen
technology, have signed.

European Union

Austria Steps are being taken to develop a hydrogen strategy based on
renewable electricity in line with the 2030 Austrian climate and
Energy Strategy targets.

Belgium A Hydrogen Roadmap was published and specific targets were set.
A 50m-euro regional investment plan has been presented to
obtain hydrogen gas from electricity within the framework of the
2030 and 2050 targets.

15 1t is based on electrical energy and has an installed power of 50 KW and below, allowing heat, cooling energy and
electrical energy to be produced in one go with the same device (KOJENTURK, 2015). Fuel cells are examples of micro-
cogeneration.
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Table 1 (Continued)

United Kingdom

Brazil

China

France

South Africa

South Korea

India

Netherlands

Italy

Japan

Norway

Saudi Arabia

New Zealand

Source: IEA, 2019: 21-22

It plans to blend up to 20% hydrogen in one part of the UK's
natural gas grid. Research is being done on hydrogen storage
technologies. The decarbonisation project is being carried out,
supported by a £ 170m public investment from the Industrial
Strategy competition Fund.

He included hydrogen in the Science, Technology and Innovation
Plan for renewables and biofuels. He hosted and supported the
22nd World Hydrogen Energy Conference in 2018.

He took the decision to develop fuel cells and increase the
number of hydrogen filling stations. In this context, China's goal is
to reach 1 million fuel cell vehicles (FCEV) and 1000 fuel stations
by 2030. A tax exemption was also introduced on fuel cell
vehicles, including ships.

A “Hydrogen Delivery Plan” and 100 million euros in financing
have been announced, as well as 2023 and 2028 targets for low-
carbon hydrogen in industry, transport and renewable energy
storage.

As part of the “Green Transport Strategy”, studies are being
carried out on the use of fuel cell vehicles and buses, especially in
public transport.

A hydrogen economy roadmap has been published, including
2022 and 2040 targets for buses, FCEVs and refueling stations,
and a vision to hydrogenate all commercial vehicles by 2025 has
been set. Financial support was provided for refueling stations
and regulatory issues were resolved. Studies on hydrogen
technologies are ongoing in all application areas.

Funding for research on hydrogen applications and fuel cells was
provided. Studies are being conducted on the use of fuel cell
buses.

A hydrogen roadmap was published and the section on hydrogen
was included in the Dutch Climate Agreement. He led the first
meetings of the “Pentalateral Energy Forum”of the Netherlands,
Belgium, Luxembourg, France, Germany and Austria in order to
support cooperation on hydrogen in northwestern Europe.

As for increasing hydrogen fuel stations, legislation on investment
and pressure amounts is being implemented.

Targets for reducing hydrogen and fuel cell costs and studies on
the use of hydrogen in power plants are being carried out.An
additional 80 hydrogen fuel stations are planned to be built by
2021. Programs for obtaining hydrogen through renewable
energies continue.

Funding is provided for the development of a hydrogen-powered
ferry and a ship. Fuel cell cars and other vehicles are planned to
be expanded.

Saudi Aramco and Air Products jointly built Saudi Arabia's first
hydrogen fuel station.

A cooperation agreement was signed with Japan to work on joint
hydrogen projects. A “Hydrogen Strategy” has been identified. A
Green Investment Fund was created for firms to invest in
hydrogen.
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In this context, incentives provided with targets set by countries, targets set without any incentives, and
incentives provided without any targets for applications supported by the number of countries offering

hydrogen-related supports (Figure 6).
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Figure 6. Support For Hydrogen Applications Based On Country Numbers
Source: IEA, 2019: 20

Along with hydrogen cars, vehicle fuel stations seem to be the most supported applications by countries.
Accordingly, an increase in the number of hydrogen vehicles will cause less and less concern for users about
refueling. There are two issues that are often mentioned for hydrogen vehicles. One is that the range distance
of the vehicles in question is short, and the other is that these vehicles have a disadvantage due to the lack of
fuel stations. Both of these approaches are not accurate, when thinking the advances in hydrogen technologies
and fuel cells in recent years. So that as of the technological point, the range distance of hydrogen vehicles is
greater than the range distance of electric vehicles. In addition, existing and planned hydrogen fuel stations
around the world will increase the preference of these vehicles. For hydrogen fuel stations on a global scale

(Figure 7) and for the development trend of hydrogen fuel stations on a regional basis (Figure 8).
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Figure 7. Distribution Of Hydrogen Refueling Stations On A Global Basis
Source: H,Stations, 2020
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As can be seen from the map, the geographies with the most hydrogen fuel stations are the developed world,
led by Europe (especially Germany), Japan, South Korea and the United States. However, in recent years, the
development of hydrogen-based transport infrastructure has been examined, and Asia and Europe appear to
be leading the way. According to H,Station data, the number of hydrogen fuel stations worldwide in 2010 was

213, especially after 2015, and in 2019 the number of these plants increased to 434 (Figure 8).
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Figure 8. Numerical Development Of H, Refueling Infrastructure Based On Regions On A Global Scale (2010-
2019)

Source: H,Stations, 2020

As of the end of 2019, there are 177 hydrogen stations in Europe, 87 of which are in Germany. France ranks
second in Europe with 26 hydrogen stations in operation and 34 planned. In addition, this number is expected
to increase further. A significant increase is also projected in the Netherlands, where 21 new hydrogen fuel
stations are planned. Switzerland plans to add 6 more stations to 4 already operating stations. Asia has a total
of 178 stations, 114 of which are located in Japan and 33 in South Korea. The 27 designated hydrogen stations
in China are used almost exclusively for refueling fleets of buses or trucks. The most ambitious growth in the
short term is expected to take place in South Korea, where about 40 hydrogen stations are planned for cars and
buses. New hydrogen stations in Malaysia and Saudi Arabia, as well as two other countries with hydrogen
refueling infrastructure in Asia, have been added. In North America, the majority of the 74 planned hydrogen
stations continue to be installed in California with 48 operating stations (H,Stations, 2020). Given the existing
hydrogen fuel stations in the United States, planned investments, the area of the United States and the range
distances of vehicles, it can be said that hydrogen-based transportation will develop mainly in the East and
west of the United States. Therefore, for the development of the hydrogen-based transportation system of the
United States, investments must also be made in the states located in the middle section. A similar situation is

observed in Canada. Current and planned hydrogen fuel stations are clustered in Vancouver and Quebec.
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RESULT

In the context of global energy policy, hydrogen will find its place in the energy portfolio as a much stronger
actor if it is produced through electricity derived from renewable energies instead of fossil fuels. Hydrogen is a
more meaningful carrier / source when obtained from renewable sources. Beside, because it contains
hydrogen sulfide and therefore less electrolysis costs, it will be much easier for hydrogen to become the largest
and most strategic energy source if the production of hydrogen from seawater!® reaches a commercially
competitive level. Hydrogen energy will become the most advantageous source within the scope of global
climate change and the transportation opportunities it offers, with the production of electricity that will feed

electrolysis systems from renewable energy sources, that is, with the production of green hydrogen.

Industry 4.0 as a consequence of the process of emerging energy technologies and development of
environmentally friendly energy production and combating global climate change increases in productivity as a
result of environmental pollutants will be brought to high to be given to incentives and penalties, will
disseminate the use of renewable energy sources (Peker & Arslanoglu, 2018: 128). But targets to reduce carbon
emissions may face problems due to the technological inadequacies of developing countries in switching to
electric and hydrogen vehicles. Therefore, for the whole world, these situations need to be addressed

separately in the dimension of policy-finance-technology.

However, as an energy carrier, hydrogen has had a strong impact on the media and government programs of
countries with technological advances in the more efficient use of fuel cells in the transport sector in recent
years. With the increase in the interest of the brands operating in the transportation sector in hydrogen,
especially in the last five years, there have been remarkable developments in many countries towards this
resource. This situation has been reflected in hydrogen investments and fuel station infrastructure, which is
one of the most important parameters of investments in this regard, has steadily increased. The advantages of
hydrogen vehicles and the increase in investment in this resource in regions such as Europe South America
Japan USA China, as well as technical developments and policies for the greater availability of hydrogen by
renewable means, have once again demonstrated the importance of this resource. In this sense, it is no longer

a rational option to take a step back on hydrogen investments.

Although there are disadvantages such as the prevalence of stations in relation to hydrogen vehicles, the high
prices of hydrogen vehicles, these vehicles seem to be more advantageous than battery vehicles. In this

context, the fuel tank of hydrogen cars receives 5 kg of hydrogen and can be charged in a short period of time

16 photovoltaic cells placed on the electrolysis device convert sunlight into electricity used to power the submerged
electrolysis. The generated H, bubble collects inside the device as it floats upwards, while O, bubbles mix into the
atmosphere (Demir, 2018).

17 All innovations such as artificial intelligence, autonomous machines, Internet of things, gene sequencing,
nanotechnologies, new-technology renewable energies, quantum information processing are components of Industry 4.0.
What makes this revolution different from previous industrial revolutions is the intertwining and merging of these
technologies and their mutual interaction in the physical, digital and biological fields (Oral, 2020:97).
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(around 3 min), as in internal combustion engines. The weight of 5 kg of liquid hydrogen in liters is about 70
liters. However, its use in vehicles is also possible as gas and can be filled and used in the tanks in the vehicle
through fuel pumps. The equivalent of 5 kg of gas hydrogen in cubic meters is about 55 m3. Liquid and gaseous
hydrogen is 10 times lighter than hydrocarbon fuels. The reason why it is stored in vehicles as more liquid is
that it is safer than gas tanks and has less weight. In addition, since the batteries of electric vehicles are
subjected to a continuous charge-discharge state, the life of the batteries is depleted in about 8-10 years.
However, hydrogen vehicles do not have a high-cost component that cannot be used after a certain period of
time and therefore must be changed. In addition, hydrogen vehicles do not have a battery system that
completely covers the lower part of the vehicle. Also, hydrogen vehicles have more power in range than

electric vehicles.

Companies such as Hyundai (the first brand in the world to produce hydrogen-based fuel cell series vehicles),
Toyota, Mercedes-Benz, BMW, Honda, Shell, Siemens, Iveco, Nikola are conducting important studies on
hydrogen applications. Based on hydrogen support and applications, Germany, Japan and South Korea will be
the most decisive countries in global hydrogen policy. Germany, in particular, wants to become a leading
country in hydrogen production and applications. So much so that Germany adopted a “National Hydrogen
Strategy” in June 2020. In this sense, Germany plans to invest 9 billion euros in a financing package to
implement hydrogen as the sustainable energy of the future. In Germany, which is the political and economic
engine of the European Union (EU), the transformations in energy policy have the potential to provide
significant breakthroughs in achieving climate goals for other countries in the union. In the current situation,
the EU adopted a “European Hydrogen Strategy” in July 2020 to accelerate the long-teleported energy
transformation (DW Turkish, 2020).

At the point of popularization of hydrogen use, the shipment of hydrogen that can be transported through
pipelines as a gas and cryogenic trucks as a liquid, as well as ships and railways, as a result of the presence of
appropriate terminal conditions, will serve to the emergence of the hydrogen economy and the expansion of
hydrogen use. On the other hand, legislation preventing the spread of hydrogen in global and national energy
policies should be regulated, and incentives or grants should be offered on green hydrogen production.
Because almost all hydrogen production is currently carried out from fossil fuels, especially natural gas. Thanks
to such regulations and pipeline shipments, hydrogen will gain a commercial dimension within global energy
policies. In addition, it can be said that hydrogen will make a significant contribution to externally dependent
countries in energy by obtaining composite fuel by pressing natural gas pipelines. Also, by producing hydrogen
from natural gas through fuel cells, it can be made possible to provide for heat and electricity in residential
buildings. This also makes a strategic contribution to the distributed energy system?®. In this context, it is seen

that hydrogen energy in all its dimensions will be one of the main actors of the 21st century energy system.

18 A different application from the central energy paradigm, which is based on its production at the point where electricity
is consumed and corresponds to the interconnected system. Distributed generation, an energy generation pathway used to
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SURDURULEBILIR ENERJi POLITIKALARININ GELECEGINDE HiDROJEN ENERJISI

0z

Ozellikle son on yilda, kiiresel enerji politikalari yenilenebilir enerji kaynaklarinin daha etkin ve
verimli kullanimina yoénelik dénisimler gecirmektedir. Hem kiresel iklim degisimi hem de
cevresel kaygilar ve (lkelerin enerji glivenligi temelinde uyguladigi enerji politikalari, sadece
elektrik Gretiminde degil, ayni zamanda sanayi ve ulasim sektorlerinde de yesil enerjilerin
kullanimini arttirmayi icermektedir. Enerji teknolojilerindeki gelismeler, hidrojenin daha az
maliyetle elde edilmesini miimkin kimakta ve bu da hidrojene olan talebin artmasini
saglamaktadir. Son vyillarda, ulastirma sektériinde ve elektrik Uretiminde hidrojen kullanimi
konusunda 6nemli ilerlemeler kaydedilmistir. ilk olarak 1990’larda prototip olarak uretilen
hidrojenle calisan otomobiller artik ticari bir teknoloji haline gelmistir. Bu anlamda, hidrojen
enerijisi, sifir emisyon hedeflerine dogrudan ulasabilen siirdiirilebilir*® bir kaynak olarak stratejik
bir misyona sahiptir. Hidrojen kullaniminin yayginlasmasinda, gaz olarak boru hatlari ve sivi olarak
kriyojenik kamyonlar ile uygun terminal kosullarinin varligi neticesinde gemiler ve demiryollari
aracihgiyla tasinabilen hidrojenin tiketim cografyalarina sevkiyati hidrojen ekonomisinin ortaya
¢ikmasina ve hidrojen kullaniminin yayginlasmasina hizmet edecektir. Calismanin kapsami,
hidrojen enerijisindeki kiresel gelismelere odaklanmaktadir. Calisma, yiikselen bir kaynak olarak
hidrojen enerijisinin kiresel enerji politikalarindaki roliini ele almayl amaglamaktadir. Arastirma,
nitel bir yonteme sahip olup veri toplama teknigi olarak ise dokiiman analizi metodu
kullanilmistir. Elde edilen bulgulara gore, hidrojen enerjisi kiresel eneriji politikalarinda rasyonel
bir aktor haline gelmektedir.

Anahtar Kelimeler: Enerji Politikalari, Yenilenebilir Enerji Kaynaklari, Hidrojen Enerjisi

1% Mevcut haliyle insan / toplum ihtiyaglarinin gelecek nesillerin ihtiyaglarindan &din vermeden karsilanmasidir.
“Surdaralebilir” kavrami, 1987'de Birlesmis Milletler (BM) “Diinya Cevre ve Kalkinma Komisyonu”nca hazirlanan Ortak
Gelecegimiz Raporu olarak da bilinen Brundtland Raporu’nda (Komisyon Baskani: Gro Harlem Brundtland) kullaniimistir.
Bunun yaninda BM tarafindan 2015’te Uzerinde uzlasilan “Sirddrdlebilir Kalkinma icin 2030 Giindemi”’nde 17 amag
belirlenmistir. Bu amaglardan ikisi enerjiyle dogrudan ilgilidir. Bunlar; (7) Erisilebilir ve Temiz Enerji ile (13) iklim Eylemi’dir.
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Dogada serbest halde bulunmayan bu nedenle de sentetik bir yakit olan hidrojen, evrende en fazla bulunan
elementtir. Glines ve yildizlardaki termonikleer tepkimenin temel kaynag hidrojendir. 1 proton ve 1
elektrondan olusan hidrojen, standart kosullarda renksiz, kokusuz ve zehirsiz olup havadan 14 kat daha hafiftir.
Ayrica hidrojen, hizlh dagilma o6zelligi nedeniyle diger gazlarda oldugu gibi tehlikeye yol agmaz. Hidrojen,

-252,77°C’de sivi hale getirilebilmektedir. Sivi hidrojenin hacmi, gaz halindeki hacminin 1 / 700’G kadardir.

1500’lerin basinda Paracelsus, sulfirik aside demir talaslari eklendiginde verilen kabarciklarin yanici oldugunu
kesfetti. Ancak bu gaz (o dénem hidrojen olarak adlandiriimiyor), ilk kez 1671’de Robert Boyle tarafindan
kesfedilmistir. 1766 yilinda ise Henry Cavendish bu gazin ayri bir element oldugunu ortaya koymustur. Hidrojen
tarihi agisindan yapi tasi olan bu iki gelismeyle birlikte hidrojen gazinin yanici oldugu fark edilmistir. Daha sonra
1783 yilinda Antoine-Laurent de Lavoisier, Pierre Simon de Laplace ile birlikte cam fanus icinde civa lzerinde
hidrojen ve oksijen yakarak suyu sentezlemistir. Niceliksel sonuglar, suyun iki bin yildan beri disintldugu gibi
bir element olmadigini ancak iki gazin birlesiminden olustugu gorlsini desteklemistir. Bu gaza Lavoisier
tarafindan su olusturucu (2 hidrojen atomu / H,) anlamina gelen hidrojen adi verilmistir (inovatif Kimya Dergisi,
2017; Let’s Talk Science, 2019; Royal Society of Chemistry, 2020). Hidrojen enerjisi ile ilgili calismalar ise Soguk
Savas doneminde baslamistir. Clinki her iki glic de (ABD ve SSCB) hidrojenin buylik bir silah oldugunu
kesfetmisti. Oyle ki ilk hidrojen bombasi denemesi SSCB tarafindan 1953 yilinda gerceklestirilmistir. Bundan bir
yil sonra da ABD, hidrojen bombasi denemesini yapmistir. Bu kapsamda hidrojenin askeri yoninin yaninda bir

enerji kaynagi olarak kullanilmasi hususunda 1955 yilinda her iki lilkede ¢alismalar baslatiimigtir.

Hidrojen bilinen tim yakitlar icerisinde birim kitle basina en yiksek enerji icerigine sahiptir. 1 kg hidrojen 2,1
kg dogal gaz veya 2,8 kg petroliin sahip oldugu enerjiye sahiptir. Ancak birim enerji basina hacmi yuksektir. Isi
ve patlama enerjisi gerektiren her alanda kullanimi temiz ve kolay olan hidrojenin yakit olarak kullanildig eneriji
sistemlerinde, atmosfere yalnizca su ya da su buhari salinmaktadir. Hidrojen petrol yakitlarina gére ortalama
%33 daha verimli bir yakittir. Hidrojenden enerji elde edilmesi esnasinda su buhari disinda cevreyi kirletici ve
sera etkisini artirici hicbir gaz ve zararli kimyasal madde {retimi séz konusu degildir (ETKB, 2020). Uretimi diger
yakitlara gore ortalama Ug¢ kat daha yiiksek bir maliyete sahip oldugu icin yaygin sekilde kullanimi eneriji
teknolojilerindeki gelismelere baghdir. Son vyillarda enerji sektériinde hidrojene bagh uygulamalar gérmek
mimkindir. Ozellikle ulasim sektériinde “temiz ulasim” hedefleri, hidrojenin eneriji politikalari icinde stratejik

bir kaynak oldugunu ifade etmektedir.

Kiresel iklim degisimi ve gevresel sorunlar fosil enerji kaynaklariyla fazlaca iliskilendirilmektedir. 2000’li yillarla
birlikte ise yasanan teknolojik gelismeler ve doniisimler, niifus ve arag sayisinin artisi, kentlesme oranlarinin
tiim diinyada yikselmesi gibi sebepler neticesinde diinya enerji tiiketimi 6nemli boyutlara ulasmistir. Artan
enerji talebi bir taraftan fosil yakitlara olan talebi daha da yikseltirken bir taraftan da enerji glivenligini
saglamak ve uluslararasi iklim-cevre hedeflerini / kriterlerini (Kyoto Protokoli, Paris COP21 vd.) yerine getirmek

icin yenilenebilir kaynaklara olan talebi de tim (lkeler nezdinde artirmistir (Oral, 2020: 165). Bu yiizden eneriji
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politikalarinda ve yatinmlarinda o6zellikle son yirmi yillik sire zarfinda yenilenebilir enerji kaynaklarinin
belirleyici oldugu goérilmektedir. Ancak yenilenebilir enerji kaynaklarinin kesintili kaynaklar olmalari ve
depolama teknolojilerinin maliyetleri nedeniyle yaygin olmayisi bu kaynaklara yoénelik gesitli kuskulari da
beraberinde getirmektedir. Dolayisiyla gerek ulusal gerekse de kiiresel enerji sistemini yalnizca yenilenebilir
enerjilere dayandirmak mumkiin degildir. Streklilik ve emre amadelik agisindan termik santraller ve nikleer
santraller gevrim sektoriiniin kaginilmaz unsurlaridir. Her ne kadar termik santrallerin kiiresel iklim degisiminde
kayda deger bir etkisinin oldugu kabul edilse de bu santrallerin enerji talebi dogrultusunda enerji portféyiinden
cikarilmasi s6z konusu degildir. Enerji kaynaklarinin kullanildigi tim alanlar (ulasim, sanayi, ¢evrim, isi) dahil
edildiginde enerji sektoriinlin sera gazi salinimlarindaki payi 2016 verileri gergevesinde %73 duzeyindedir (WRI,

2020).

Bu anlamda hidrojen, uzun mesafeli tasimacilik, kimyasallar ve demir-celik gibi emisyonlari azaltmanin zor
oldugu sektdrlerde dekarbonizasyonu saglayacak yodntemler ortaya koymaktadir. Ayrica hava Kkalitesini
iyilestirmeye ve eneriji giivenligini artirmaya yardimci olmaktadir. Enerji kaynakl kiiresel CO, emisyonlari, glicli
sekilde konumlandirilan uluslararasi iklim hedeflerine ragmen 2018’de tim zamanlarin rekorunu kirmistir.
Bununla birlikte her yil yaklasik Gig milyon insanin erken yasta 6liimine neden olan agik hava kirliligi de 6nemli

bir sorun olmaya devam etmektedir (WEC, 2019).

1970°li yillardan ginimize dek diinya hidrojen Uretimi istikrarl bir artis gostermistir. Clinkl hidrojen
endistride zaten kullanilan bir elementtir. Ancak hidrojen, endistri sektoriindeki kullaniminin haricinde
sunmus oldugu emisyonsuz salinim firsati sayesinde son yillarda otomobiller basta olmak Uzere diger ulagim
araglarindaki kullanimi dogrultusunda yeniden popiiler bir glindeme sahip olmustur. Esasen yeni bir teknoloji
olmayan yakit hiicresi sayesinde hidrojenden bir enerji tasiyicisi olarak yararlanilmakta ve elektrik Gretilmekte
bu sayede de ulasim araglarinda kullanilabilmektedir. Bu anlamda hidrojen 21. ylzyihn enerjisi olarak

nitelendirilme giicline sahiptir.

Enerji teknolojilerindeki gelismeler hidrojenin daha az maliyetle elde edilmesine imkan vermekte bu durum
hidrojene olan talep artisini da beraberinde getirmektedir. Son vyillarda ulasim sektoriinde ve elektrik
Uretiminde hidrojenden yararlanmaya yonelik nemli ilerlemeler kaydedilmistir. ilk kez 1990’1l yillarda prototip
olarak Uretilen hidrojenle calisan otomobiller artik ticari boyut kazanan bir teknoloji haline gelmistir. Hidrojenli
araglardan kullanim sonrasi su ya da su buhari atildigi icin bu araclar sifir emisyon degerine sahiptirler. Hidrojen
enerjisi, menzili dikkate alindiginda, temiz ve gevreci olmalari nedeniyle kiiresel iklim degisimiyle miicadelede
onemli bir misyon yiklenen ve glinimiiziin inovatif ulasim araglari olarak kabul edilen elektrikli araglara gore
daha biyilik bir avantaja sahiptir. Oyle ki elektrikli araglarin menzili 300-500 km civarindayken bu deger
hidrojenli araglarda 600-700 km’ye dek ¢ikabilmektedir. Bu durum agik bir sekilde mobil devrime isaret

etmektedir.
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ARASTIRMANIN AMACI VE YONTEMI

Bu calismada, son vyillarda yeniden yiikselen bir tasiyici / kaynak?®® olan hidrojen enerijisinin kiiresel ener;ji
politikalarinda artan énemini ortaya koymak ve bu durumu analiz etmek amaglanmistir. Hidrojen enerijisi ve
yakit hiicreleri konusundaki gelismeler esasen 19. yiizyila dek uzanmasina ragmen son yillarda 6zellikle ulasim
sektorunde yakit hiicreleri sektériinde teknoloji ve tGretim maliyetlerinde yasanan gelismeler sebebiyle yeniden
fizibil bir kaynak olarak éne ¢ikmaktadir. iklim degisimi eksenli enerji politikalarinda “sifir emisyon ve karbonsuz
gelecek” temali hedeflere erismede sundugu firsatlar hidrojeni daha etkin bir kaynak haline getirmektedir. Bu
baglamda ulasim sektériinde faaliyet gésteren Hyundai, Toyota, Honda, Mercedes-Benz, BMW, Iveco, Nikola
gibi firmalarin hidrojenli araglar konusunda yiriitmis oldugu ¢alismalar ve Giiney Kore, Japonya, Almanya,
ABD, Cin, Fransa, Birlesik Krallik, Belgika, Hollanda, Avusturya, italya, Norvec, Avustralya, Yeni Zelanda,
Hindistan, Brezilya, Suudi Arabistan, Giliney Afrika ve Avrupa Birligi'nin enerji politikalarinda hidrojen
uygulamalarina yonelik hedefler belirlemesi, hidrojen enerjisinin kiiresel enerji politikalarinda yiikselen bir rol

Ustlendigini gdstermektedir.

Calismada yontem olarak nitel arastirma metodu kullanilmistir. Arastirmanin deseni durum c¢alismasidir (case
study). Calismada veri toplama teknigi olarak ise dokiiman analizi yontemi kullanilmistir. Bu kapsamda ilgili
kaynaklarla birlikte enerji sektoriinde ulusal ve uluslararasi Olgekte faaliyet gosteren kuruluslarin verilerinden

yararlaniimistir.
HiDROJEN KULLANIMI VE DEPOLAMA YONTEMLERI

Hidrojen enerjisi denildiginde akla yalnizca suyun elektrolizi yoluyla Uretilebilen bir kaynak gelmektedir. Ancak
hidrojenin bunun disinda Uretim sekli de bulunmaktadir. Oyle ki hidrojen, fosil yakitlardan veya niikleer
enerjiden?! termokimyasal yéntemlerle 6zellikle dogal gazdan buhar reformasyonu?? yolu ile bunun yaninda
biyokiitleden?® ve giines enerjisi?* araciligiyla de iiretilmektedir. Hatta organik olarak biyokimyasal ydéntemle
fotosentetik PNS bakterilerden (mor bakteriler) bile hidrojen Gretimi mimkiindir. Hidrojenin bu anlamda gesitli
hammaddelerden kolayca elde edilmesi onu 6nemli bir enerji tasiyicisi haline getirmektedir. Ayni zamanda

hidrojenin, sera gazlari salinimina yol agmamasi ve tasinmasinin ise, borular, tankerler araciligi ile glvenilir bir

20 Hidrojen, dogada serbest halde bulunmaz ve hidrokarbon kaynaklar, su, biyokiitle gibi cesitli hammaddelerden tretilir. Bu
yuzden ikincil bir yakit 6zelligi gostermesi nedeniyle bir enerji tasiyicisi olarak ifade edilmektedir.

21 Uretilen elektrigin elektrolizde kullanilmasiyla veya yiiksek sicaklik reaktérlerinden (High Temperature Reactor/HTR) isi
yoluyla hidrojen Uretimi saglanmaktadir. Nikleer enerjiden elde edilen isiyla hidrojen Uretimi ya elektroliz ya da
termokimyasal streglerle yapilmaktadir. Termokimyasal slreg elektroliz yéntemine gore daha yiiksek verim saglamaktadir
(Polat vd., 2012:52). Termokimyasal yéntemde su buhari 1650 °C-1750 °C sicaklikta termik ayrismaya ugrar ve hidrojen ile
oksijene pargalanir.

22.700°C-100 °C arasindaki buhar ile dogal gazin igindeki metanin karbondan ayristirilmasi.

23 Biyokiitleden hidrojen eldesi s6z konusu kaynagin yiiksek sicaklik ve diisiik basing altinda gazlastiriimasi yoluyla
gerceklestiriimektedir.

24 Yenilenebilir kaynaklardan hidrojen eldesi, bu kaynaklardan iiretilen elektrik sayesinde suyun elektrolizi yoluyla
olmaktadir. Glines enerjisinden de bu yolla hidrojen Uretilebilmektedir. Ayrica glines enerjisinden termoliz yoluyla hidrojen
Uretilmesi de mumkiindir. Bu yontemde gilines enerjisinden yararlanarak su buhari 1650 "C-1750 °C sicaklikta termik
ayrismaya ugrayarak hidrojen ile oksijene pargalanir.
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sekilde vyapilabilmesi nedeniyle, yesil ya da vyenilenebilir enerji kaynaklarina dayali bir ekonominin

politikalandiriimasinda oldukga biiyiik bir 5nem arz ettigi sdylenebilir (Aslan & Ozcan, 2008: 159).

Buna gore hidrojen Uretiminde elektroliz, termoliz, kimyasal, termokimyasal, fotoliz ve biyolojik olmak Uzere
cesitli yontemler kullanilmaktadir. Bununla birlikte mevcut durumda hidrojen lretiminde teknik ve maliyet esas
alindiginda en yaygin metot, fosil yakitlardan hidrojen eldesidir. Bu anlamda en fazla 6ne ¢ikan fosil yakit ise
dogal gazdir. Kiresel bazda en fazla hidrojen Uretimi bu yolla gergeklestirilmektedir. Hidrojenin %48’i dogal
gazdan, %30'u petrolden, %18'i komirden, %4’l ise elektroliz yoluyla elde edilmektedir (IRENA, 2018: 14).
1975’ten glinimize (g kattan fazla biyilyen hidrojen talebi artmaya devam etmekte ve neredeyse hidrojen
Uretimi tamamen fosil yakitlardan saglanmaktadir. Bu anlamda kiresel olgekte gazin %6’s1, komirin ise %2’si

hidrojen Uretiminde kullanilmaktadir (IEA, 2019: 17) (Sekil 1).
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Kaynak: IEA, 2019: 18

Kuresel hidrojen talebi ve retimi her yil istikrarli bir artis gdstermektedir. Hidrojenin sektérel kullanim
cesitliliginin artmasi talep ve Uretimdeki yikselisin en ©6nemli sebebidir. Hidrojen bir¢ok amag icin
kullanilabilmektedir. Ginimizde hidrojen sayesinde enerjiyi farkli sekillerde Uretebilecek, depolayabilecek,
taslyabilecek ve kullanabilecek teknolojiler bulunmaktadir. Yenilenebilir ve niikleer enerji kaynaklari ile dogal

gaz, kdmur ve petrol gibi yakitlarla hidrojen uretebilmektedir.

Hidrojen, boru hatlariyla ve gemilerle sivi halde tasinabilir. Oyle ki hali hazirda tiim diinyada bulunan dogal gaz
boru hatlarinin distik bir maliyete karsilik gelecek sekilde hidrojen tasimaciliginda kullanilabilmesi mimkdnddr.
Hidrojen, elektrige ve metana donustirilerek evler veya yem sektori igin enerji iretebilir veya otomobillerde,
kamyonlarda, trenlerde, gemilerde ve ugaklarda yakit olarak kullanilabilir (WEC, 2019: 1). Hatta ulkelerin

savunma alanlarinda faaliyet gésteren denizalti araglarinda da hidrojen kullanilabilmektedir.

Hidrojenin kullaniminda 6zellikle sanayi sektdrii 6ne ¢ikmaktadir. Oyle ki hidrojenin kullanimi sanayi sektérii

icindeki genel endistride (yari iletken, yakit, cam (retimi, bitkisel yaglarin hidrojenerasyonu ve jeneratérlerin
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sogutulmasi alanlarinda) %10, demir celik ve rafine islemlerinde (celik Uretiminde demir indirgeme?®
islemlerinde gaz olarak ve su aritmada antioksidan olarak) %25, kimya sektériinde {amonyak (gilbre, ilag, boya
yapimi), polimer (kimyasal rekasiyonla tekstil, saglk, otomotiv, elektronik, gida, yapi malzemeleri alanlarinda

¢ok sayida Urlin Giretimi, regine (Urlnlerin birlestiriimesi ve yapistiriimasi)} %65’tir (IRENA, 2018: 14).

Bunun yaninda uygulanabilir bir hidrojen altyapisi, hidrojenin uretildigi yerden son kullanim noktasina, 6rnegin
bir yakit istasyonuna teslim edilmesini gerektirir. Altyapi, yakit dagitim siirecinde yer alan boru hatlarini,
kamyonlari, depolama tesislerini, kompresorleri ve dagiticilar icermektedir. Hidrojen altyapisi igin dagitim
teknolojisi hali hazirda ticari olarak mevcuttur ve birkag ABD sirketi bugin toplu hidrojen tedarik
etmektedir. Hidrojen endustriyel uygulamalarda uzun siredir kullanildigi icin altyapinin bir kismi bu yizden
halihazirda mevcut, ancak bu, bir enerji tasiyicisi olarak hidrojen kullaniminin yaygin olarak tiketiciye sunulmasi

icin tek basina yeterli degildir (EERE, 2020).

Hidrojenin tretim ve dagitim iliskisi ele alindiginda 6rnegin diinyanin en uzun hidrojen boru hatti tagima agina
sahip olan ABD’de kullanilan hidrojenin ¢ogu, kullanildigi yerde ya da bunun yakininda, genellikle biyiik sanayi
sitelerinde Uretilmektedir. Yakit hicreli elektrikli araglarin yaygin olarak kullanilmasi igin gerekli olan Ulke
¢apindaki yakit istasyonlari agina hidrojeni dagitmak igin gerekli altyapinin gelistirilmesi gerekmektedir. Hali
hazirda hidrojen dagitimi lg sekilde gergeklestirilmektedir. Bunlar; gaz olarak boru hatlari yoluyla, sikistirilmis
hidrojen gazinin kamyon, vagon, gemi veya mavna marifetiyle yliksek basingli tlip treylerde tasinmasi yoluyla ve
sivilastirilmis hidrojenin yine kamyon, vagon, gemi veya mavna yoluyla tasinmasi seklindedir. Diger yandan
yakit istasyonlarinda hidrojen tretmek dagitim maliyetlerini disurirken yerinde lretim teknikleri olusturma

masraflari nedeniyle Gretim maliyetlerini artirmaktadir (AFDC Energy, 2020).

Temelde iki hidrojen yakit istasyonu tird vardir. Bunlardan ilki, hidrojenin baska bir yerde dretildigi, bu
anlamda yerel depolama ve araglara dagitim igin dolum noktasina teslim edildigi (gaz ve sivi olarak)
istasyonlardir. Digeri ise hidrojenin yerinde Uretildigi ve daha sonra araglarin hidrojen deposuna aktariimak
Gizere depolandig istasyonlardir. Bazi istasyonlar her iki tiiriin bir kombinasyonu olabilir (Alazemi & Andrews,

2015: 488). Bir hidrojen yakit istasyonu (Sekil 2).

25 Demir cevherinden erime noktasinin altinda dogal gaz ya da hidrojen gazlarini yakit olarak kullanarak, oksijenin
uzaklastiriimasi suretiyle yliksek oranda metalik demir iceren kati bir Griintin (direct reduced iron/DRI, direkt indirgenmis
demir veya sponge iron/siinger demir) elde edilmesini saglayan yéntemlere “Direkt indirgeme/DR Prosesleri” denir. Elde
edilen kati Griine, stingerimsi bir goériinim arzeden yuksek orandaki gézenekliliginden dolayi “Stinger Demir/Sponge Iron”
ismi de verilmektedir (Demir Celik Store, 2020).

1141



IJOESS (ISSN: 2146-1961) DECEMBER 2020

Sekil 2. Hidrojen Yakit istasyonu?®

Kaynak: We Engineer Hightech (WEH), 2020

Gaz olarak teslim edilen hidrojeni kullanan istasyonlar i¢in ortalama 180 kg / glin depolamaya ve ekipman,
tasarim, insaat ile devreye alma dahil olmak lzere tahmini toplam maliyet 2 milyon dolardir. Sivi olarak teslim
edilen hidrojeni kullanan istasyonlar i¢in ortalama depolamasi 350 kg / giin ve tahmini toplam insa ile devreye
alma maliyeti 2,8 milyon dolardir. Suyun elektrolizinden yararlanarak (6rnegin glines enerijisi yoluyla) yerinde
hidrojen Ulreten istasyonlar icin ortalama depolamasi 120 kg / giin ve tahmini toplam insa ile devreye alma

maliyeti 3,2 milyon dolardir (CAFCP, 2020).

Bunun yaninda yillardan beri igerigindeki kikirtiin uzaklastiriimasi amaciyla petroliin islenmesi sirecinde
rafineleriler ve glibre Uretimi gibi endustriyel alanlarda kullanilan hidrojen Avrupa’da genis bir aga sahiptir.
Belgika ve Hollanda’da diinyanin en buytk hidrojen aglarindan biri bulunmaktadir (HyLaw, 2019: 1). Hidrojen
aglarina sahip olan Ulkelerin km olarak boru hatlarinin uzunlugu soyledir; ABD (2608 km), Belgika (613 km),
Almanya (390 km), Fransa (303 km), Hollanda (237 km), Kanada (147 km) ve diger tlkelerde bulunan hidrojen
boru hatlari toplami 337 km’dir (HyArc, 2016).

Hidrojenin depolanmasi konusu bu kaynagin daha yaygin kullanilabilmesi agisindan oldukg¢a 6nemlidir. Hidrojen
sivi ya da gaz formunda depolanabilmesine ragmen bu islemler gérece maliyetlidir. Depolama konusundaki
teknik gelismelerle diisen maliyetler hidrojeni her alanda yayginlastiracak ve daha erisilebilir, kullanilabilir hale

getirecektir.

Hidrojen depolama yéntemleri su sekildedir (iTO, 2009: 102; Ozdemir & Mutlubas, 2019: 20-30);

Sikistirilmis Gaz; en yaygin depolama seklidir. Gaz halde 50 litrelik tanklarda 200-700 bar basing altinda

depolanir.

26 Hidrojen yakit istasyonlari bagimsiz bulunabildigi gibi petrol dolum noktalariyla birlikte ayni istasyon icerisinde de
bulunabilir.
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Swvi Hidrojen; -252,77°C'de sivi hale gelen hidrojen 6zel tanklarda depolanir. Sivi hidrojenin depolanmasi, gaz

hidrojene oranla daha disiik basing gerektirdigi icin daha glivenli olmaktadir.

Hidrokarbonlar; metanol, etanol gibi hidrokarbonlu yakitlar birim hacim ve basingta saf sivi hidrojenden daha
fazla hidrojene sahiptir. Hidrokarbonlardan yiksek sicaklikta su buhari kullanilarak hidrojen ayristirilabilir. Bu

anlamda hidrokarbonlar bir hidrojen tutucu olarak kullanilmaktadir.

Karbon Nanotiipler; Basing altinda grafit dolu tanklarda hidrojenin depolanmasi. Burada hidrojen stiper aktif

gozenekli grafit ylizeyde depolanir.

Metal Hidritler; Metal hidritler hidrojeni kolaylikla emebilen metaller olarak bilinir. Metal hidrit olusum

siiresince hidrojen molekiilleri ayrisip, elde edilen hidrojen atomlari uygun metal kafesler igerisinde tutulur.

Hidrojen teknolojilerinin siirekli gelisim icinde olmasi ile hidrojen talebi arasinda giiclii bir baglanti vardir. Oyle
ki bu iki durum birbirinin hem nedeni hem de sonucu olmaktadir. Hidrojen teknolojilerinin gelisim kaydetmesi
hidrojen talebinin artmasina imkéan verirken, hidrojen talebinin artmasi da hidrojen teknolojilerinin gelismesine

firsat yaratmaktadir.
ULASIM ARAGLARINDA HiDROJEN KULLANIMI

Ulasim, insanlarin ve nesnelerin bir yerden bagka bir yere yani hedeflenen noktaya erismesi eylemidir.
Ulastirma ise insanlarin (yaya olarak yol kat etmesi haricinde) ve mallarin gesitli araglarla bir yerden baska bir
yere aktarilmasidir. Dolayisiyla ulasim ve ulastirma faaliyetleri insanligin eristigi en 6nemli medeniyet
unsurlarindan biridir. Clnk{ bu faaliyetler, kisiler icin bir amag dahilinde (is, ticaret, turizm, egitim, saglk vb.)
bir yerden baska bir yere erismesini saglar ve dolayisiyla yasamsal bir faaliyet alani olarak 6ne g¢ikar. Bununla
birlikte bir tGlkede, bolgede ulasim sistemlerinin gelismesi ekonomik gelisim ve degisimlerle baglantilidir. Diger
taraftan ulasim faaliyetleri dogal (yeryuzi sekilleri, iklim) ve beseri (nifus, sanayi, ulasim yatinm faaliyetleri,
teknolojik gelismeler vb.) cografi etmenlerin etkisinde kalarak gelismistir / gelismektedir (Aydin & Oral, 2018:
258). Ulasim ve ulastirma faaliyeti tarihsel anlamda tekerlegin icadiyla (M.0. 3500 Siimerler) ilk defa boyut
degistirmistir. insanlarin en eski kullandig ulasim tiirleri olan kara yollari ve su yollari ulasimindan farkh olarak
zamanla ortaya cikan teknik gelismeler sonucu 19. yizyildan itibaren demir yolu, 20. yuzyildan itibaren hava
yolu ulasimlari da 6ngorilenin 6tesinde gelisme gostermistir. International Energy Agency (IEA) 2019’a gore
2017’de dinya toplam enerji tiiketiminin yaklasik %30’u ulasim sektoriinde gerceklesmistir. Ayni zamanda

1971-2017 araliginda eneriji tiketimi en fazla artis gésteren alan ulasim sektori olmustur (IEA, 2019: 8).

Dinyada genellikle yik ve yolcu tasimaciliginda, toplu ulasim araglarinin kullaniimasina iliskin secenekler s6z
konusu iken, ana ulasim tlrlerinden biri olan karayolu tasimacilig; modlar (ulasim tirleri) icinde kesintisiz
tasimaya olanak vermesi, esnek yapisi, hizi ve modlar arasi gegislere uyumlu olmasi nedeniyle tercih edilmesine
ve bu ulagim tlrtnin giderek gelismesine olanak vermistir (TMMOB MMO, 2018: 1-2). Ulasimda her noktaya

sundugu erisim kolayliklari nedeniyle karayoluna olan talep tiim diinyada siirecektir. Bu baglamda hidrojenle
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calisan araclar ulasimda gugcli bir secenek olarak 6ne c¢ikmaktadir. Tim ulasim ve tasima sektorlerinde
hidrojenli araglara (yakit pilleri) yonelik ¢calismalar son yillarda dnemli asamalara ulasmistir. Bu baglamda ulagim

ve tasima alanlarinda araglarin teknoloji hazirlik seviyesi icin (Sekil 3).

Teknoloji Hazirhlk
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Sekil 3. Ulasim ve Tasima Sektérlerinde Hidrojenli Araglarin Teknolojik Seviyeleri?’

Kaynak: Shell, 2017: 46

Ulagimda Yakit Pili / Hiicresi Devrimi

Yakit pilleri / hicreleri (fuel cell), kimyasal enerjiyi elektrik enerjisine dénlstiren aygitlardir. Temel anlamda
elektrolit?®, anot ve katottan (iletken uglar) olusan yakit pillerinde elektrik Gretimi su sekilde gerceklesmektedir;
yakit pilinin anot tarafindan hidrojen gazi yakiti, katot tarafindan ise oksijen yani ortam havasi verilir. Hidrojen
anot tarafinda pozitif ve negatif iyonlarina ayrisir. Pozitif iyonlar, sadece pozitif yikli iyonlarin gegisine izin
veren elektrolitten gecerek katot ucuna ulasir. Anot ucunda kalan elektronlar ise pozitif yikli iyonlarla tekrar
birlesme egiliminde oldugu i¢in bunlarda harici bir devre ile katot tarafina akarlar. Harici devredeki bu elektron
akisiyla elektrik Gretilmi gerceklesmis olur. Katot tarafina gegen elektronlar burada pozitif iyonlar ve hava ile
birleserek saf su agiga cikarirlar (Leblebicioglu, 2018). Sonugta hidrojen yakit hiicrelerinin salinim maddesi
elektrik ve su olmaktadir. Ayrica hidrojenin enerji Giretim yogunlugu oldukga ylksektir (Yergin, 2014: 314). Yakit
pilleri; kdmiir, petrol ve dogal gaz gibi fosil yakitlar, rafineri trinleri, amonyak, metanol gibi kimyasal trlinler,

biyogaz ve atik materyaller gibi alternatif kaynaklardan bir yakit donistiiriici yardimiyla elde edilen hidrojenin

27 Shell 2017 verilerine gore, teknolojik hazirlik seviyelerinin karsiliklari su sekildedir:
(5) Test edilmis temel teknoloji unsurlari.

(6) Islev testi prototip asamasi. Teknik fizibilite.

(7) Gorsel prorotip. Kullanima hemen hemen hazir hale gelmis Griin/sistem.

(8) Kullanim alaninda islevsellikleri kanitlanmis nitelikli tGriin/sistem.

(9) Kullanimda basari saglamig nitelikli Grin/sistem.

28 Serbest iyon barindiran ve elektriksel iletkenlige sahip olan ortam.
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veya dogrudan hidrojenin, oksijen ile elektrokimyasal reaksiyona girmesi sonucunda enerji Uretebilmektedir
(TUBITAK, 2020). Bu anlamda gerekli teknik altyapinin hidrojenin dogal gaz boru hatlarindan yararlanarak

tasinmasi da mimkindir.

Yakit pilleri, temiz ve ¢evreci olmasinin yaninda yiksek verime sahip sessiz calisan teknolojilerdir. Bir buhar
kazani veya tiirbin kullaniimadan, sadece kimyasal reaksiyon ile elektrik enerjisi Uretilir. Hidrojen (H;) ve oksijen
(O,) arasindaki elektrokimyasal reaksiyon ile elde edilen ve toplam verimlilikleri %80’lere kadar ulasabilen yakit
pilleri, strekli calisan piller veya elektrokimyasal makinalar olarak da bilinir. Hidrojen-oksijen temelli yakit

pilleri, biinyesinde kullanilan elektrolitin cinsine gore cesitli isimler alirlar. Bunlar;

= fosforik asit yakit pili (galisma sicakligi: 160--220 °C, elektriksel verim %55)

] kati oksit yakit pili (calisma sicakligi: 800--1000 °C, elektriksel verim %60-65)

= erimis karbonat yakit pili (¢calisma sicakhgi: 620--660 °C, elektriksel verim %65)

] polimer elektrolit yakit pili (PEM) (¢alisma sicakligi: oda sicakhigi--80 °C, elektriksel verim %40)
] alkali yakit pili (calisma sicakligi: oda sicakligi--250 °C, elektriksel verim %60-70) seklindedir

(EVCED, 2019; Yildirim, 2011: 10).

Yakit pilleriyle ilgili ilk gelismeler 19. ylzyilda ortaya ¢ikmistir. Bu gelismeler tarihsel baglamda séyledir;

Yakit hiicresinin prensipleri ilk olarak C. Friedrich Schénbein tarafindan 1838’de bulunmustur. 1843’te W.
Robert Grove, suyun elektrolizinin ters reaksiyonu sonucunda sabit akim ve giiciln Uretildigini fark ederek ilk
yakit hiicresini gelistirmistir. 1955’te, W. Thomas Grubb, yakit pili tasariminda degisiklik yapmis ve bu tasarimin
Uzerine Leonard Niedrach da galisarak gelisim saglamistir. Boylelikle “Grubb-Niedrach Yakit Pili” olarak kabul
edilen yakit pili ortaya ¢ikmistir. 1958’de General Electric (GE) NASA ile birlikte yakit pili GUzerine arastirmalar
yapmis ve “Gemini” adli uzay?® projesinde ilk ticari yakit pili kullanilmistir. 1959’da F. Thomas Bacon 5 KW’lik
sabit bir yakit hicresi gelistirmistir. Ayni yil, Harry Ihrig liderligindeki arastirmacilar 15 KW’lik bir yakit pili daha
Uretmislerdir. 1960’larda Bacon’un patentleri ABD’nin uzay arastirmalari programinda elektrik ve icme suyu
saglamak icin kullanilmistir. 1970’lerde ise Dupont sirketi tarafindan yakit pili icin yiksek verimli nafyon (SiO,)
membrani®® elektrolit olarak tretilmistir (Okumus, 2017). Bu anlamda hidrojenin 1970’li yillarda ulasim
sektériinde kullanimina yonelik ¢alismalar giglii bir sekilde stirmustir. Nitekim bu siiregte hidrojen farkindahgi

artmis ve 1974 ve 1976 yillarinda ABD’de hidrojen enerjisi kongreleri diizenlenmistir.

Hidrojenin ulasim sektoriinde kullanimi tim diinyada en dikkat ceken teknolojik gelismelerden biridir. Buna
gore ulasim araglarinda dort tip hareket ettirici glic bulunmaktadir. Bunlardan ilki icten yanmali motorlar ve bu

motorlarda kullanilan petrol tirevleri, ikincisi icten yanmali motorlarda hibrit teknolojinin kullanimi (igten

2 Hidrojen sivi haliyle, glinimiizde uzay araglarinda yakit olarak kullanilmaya devam etmektedir.

30 Bazi molekiil ve iyonlarin bagka bir kesime gecisine imkan veren bazilarinin ise gegisini engelleyen yap.
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yanmali motorla birlikte prizden sarj edilebilen ya da sadece rejeneratif frenleme3! yoluyla sarj olan pil ve kiigiik
¢apli bir elektrik motorunun bulunmasi), tglinclisii tam elektrikli araglar ve son olarak da yakit pilleri kullanarak

elektrik tretmek ve bu sayede araci hareket ettirmeye dayanan teknolojinin kullanimidir.

Hidrojenli araclara kisaca “yakit hicreli elektrikli araglar / fuel cell electric vehicle (FCEV)” da denilmektedir.
FCEV’lerin niifusa ortalamasi goéz oniinde alindiginda diinyada en yaygin oldugu llke Danimarka’dir. Ancak
ingiltere, Fransa, Norveg, izlanda, Japonya, Almanya gibi iilkeler hidrojeni gelecegin enerjisi olarak gérmekte ve
bu teknolojiye 6nemli yatirimlar yaparak sektére oncilik etmektedirler (Congar, 2020). Yakit pilleri 6zellikle
hareket kabiliyeti alaninda enerji ekonomisinin dénlisiimiine yardimci olacaktir. Burada ulasiimak istenen nokta
hidrojenin kendisiyle degil hidrojen vasitasiyla elektrik elde ederek hareket saglamaktir. Yakit pilleri iste tam da
bu tir bir enerji, elektrik enerjisi Gretir (Montgomery, 2014: 288). Buna gore hidrojen temelli yakit pilleriyle
hareket eden otomobillerde esasen hidrojen bir yakit degil pil gorevinde kullaniimaktadir. Cank{ hidrojenli
araglarda icten yanmali motorlara benzer sekilde petrol yerine hidrojeni yakarak degil, hidrojenden
faydalanarak elektrik motoru calistirilir. Yakit hiicreli araglarin elektrikli araglardan en belirgin farki, bu araglarda
kullanilan hidrojenin harici olarak depolanmasidir. Dolayisiyla bu araglardaki yakit hiicreleri sarj edilmez

(Sarigtil, 2016). Hidrojen ile reaksiyona giren oksijen ise ortam havasindan gelmektedir.

Bunun yaninda Uretici firmalar otomobillerde yakit pili uygulamalarini genelde benzer bigimde tasarlamislardir.
Yani hidrojen tanki arka koltuklarin altina konulmustur. Yakit pili strict koltugunun altina yerlestirilmistir.
Elektrik motoru da aracin 6n kismina yerlestirilmistir. Yine ¢ekis olarak dnden cekis tercih edilmistir (Yilmaz vd.,

2018: 214). Hidrojenli otomobillerin teknik yapisi su sekildedir (Sekil 4);

Yakit Hileresi Yigm Gekig Akasa (Pil Takmni)

Llcktrikli Cekis Motoru

Yakit Dolum Yeri

.‘ ‘r .‘Q

Yakit Tanki (ITidrojen)

DC/DC Dontgtitritea

Termal Sistem (Sogutma).

Sanziman/Vites Aktarimi

Gig Elektronigi Kontrolésri

Akt (Gug Yardimeisi)

Sekil 4. Hidrojenli Bir Otomobilin Mekanik Aksami
Kaynak: Alternative Fuels Data Center (AFDC) Energy, 2020.

31 Rejeneratif frenleme (frenleme yoluyla ortaya gikan siirtiinmeden elektrik enerijisi eldesi) “Plug-In Hibrit Araglar/PHEV”da
da mevcuttur. Bu enerji, tekerleklere bagh olan elektrik motorunda dretilir.
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KURESEL ENERJi POLITIKALARINDA HiDROJEN ENERJiSi

Tim dinyada yenilenebilir enerji kaynaklarina yonelik yatirimlar devamli artmaktadir. Yenilenebilir enerjiler
icinde ise en fazla yatirim alan kaynaklar giines ve riizgar enerjisidir. Tim yenilenebilir enerji kaynaklari bazinda
incelendiginde hidrojen enerjisinin en az yatirm alan kaynak oldugu goérilmektedir. Ancak kiresel enerji
politikalarinda hidrojen enerjisine atfedilen 6nem ve hidrojen enerjisi maliyetlerinin dlismesi projeksiyonlar
bazinda bu eneriji tirinin glinimize oranla daha yaygin ve yiksek miktarlarda kullanilacagini gdstermektedir.
Oyle ki 2015’te 56 milyon ton olan kiiresel hidrojen talebinin 2050’de 550 milyon tona yaklasacag

ongorulmektedir (Sekil 5).

Milyon Ton
600
539 B
<00 & g _‘F@ Elektrik Uretimi
Z__ N
400 154 gy Ulagim
Il L. .
300 1558 Endiistriyel Enerji
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200 196 ‘ 77 ‘ "= Bina Isitmasi ve Elektrigi
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56 70 x (k) Yeni Hammadde Olarak Kullanimi
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Mevcutta Kullanilan Haliyle Hammadde
2015 2020 2030 2040 2050 - Olarak Degerlendirilmesi

Sekil 5. Hidrojen Enerijisinin Kiiresel Bazda Talep Durumu
* Carbon Capture And Utilization / Karbon Yakalama ve Kullanimi
(Veriler; David White tarafindan Exajoule (EJ)’den Ton’a gevrilmistir. 1 EJ=7 Milyon Ton H)

Sektorlere Dair Numaralandirmalarin Hydrogen Council’e gore acgiklamalari: (1) Hidrojen bazinda biiyiik 6lcekli
yenilenebilir enerji entegrasyonunun ve elektrik liretiminin saglanmasi, (4) Karbondan arindirilmis ulasim, (5)
Endiistride temiz enerji kullanimi, (6) Binalarin isitiimasinda ve elektrik kullaniminda karbonsuz uygulamalara

destek, (7) Endiistriye temiz hammadde saglanmasi.

Kaynak: Hydrogen Council, 2017: 20

Ekonominin karbondan arindirmasi igin hidrojenin disiik veya sifir karbonlu kaynaklardan elde edilmesi
gerekmektedir. Uretim kaynagina bagl olarak hidrojen; vyesil, gri ve mavi renk kodlarindan olusmaktadir.
Yenilenebilir enerji kaynaklarindan Uretilen elektrikten elde edilen hidrojen “yesil hidrojen” olarak tanimlaniyor
ve karbon salimina neden olmuyor. Fosil yakitlardan tretilen hidrojen “gri hidrojen” olarak adlandiriliyor. Mavi
hidrojen de gri ile ayni sekilde uretiliyor. Ancak burada amag, Karbon Yakalama ve Depolama (Carbon Capture
and Storage / CCS) teknolojileri ile emisyonlari yakalamak ve depolamaktir. Bu yontem vyalnizca distk
emisyonlara ulasiimasini saglayan bir yéntemdir (Ozcan, 2020). Hidrojenin giinimiizde diger yakitlara oranla
pahali olmasina ragmen orta ve uzun vadede teknolojik ilerlemelere bagh olarak enerji kullaniminda petrol,
komir ve dogalgazin yerini ikdme edilebilecek alternatif yakitlar arasinda birinci sirayi almasi beklenmektedir

(Bayrag, 2010: 251).

1147



1JOESS (ISSN: 2146-1961) DECEMBER 2020

IEA’'nin hidrojen kullaniminin artirilmasi hususunda Ar-Ge’nin 6nemine dikkat cektigi goriilmektedir. Ar-Ge;
hidrojenin yayginlasmasinda élcek ekonomilerinin32 maliyet avantajlarindan yararlanmak suretiyle yakit pilleri,
hidrojen bazl yakitlar ve elektrolizérler (sudan hidrojen lretim teknoloji) dahil olmak Uzere maliyetleri
disirmek ve performansi artirmak icin cok énemlidir. Kamu fonlarinin kullanimi dahil olmak Gzere hikimet
eylemleri, arastirma giindeminin belirlenmesinde, risklerin alinmasinda ve vyenilik icin 6zel sermayenin
cekilmesinde kritik 6neme sahiptir (IEA, 2019: 16). Hidrojene olan kiiresel talep arttikga, 6lgek ekonomisi
maliyetleri disecektir. National Renewable Energy Laboratory (NREL), 10 yil icinde diger alternatif
yakitlara benzer bir istasyon basina maliyet 6ngérmektedir. Buna ek olarak, tasarim, miihendislik ve
insaat hakkinda 6grenilen dersler, ekipman disi maliyetleri azaltmaya yardimci olacaktir (CAFCP,

2020).

Bu alamda hiikiimetlerin hidrojen konusunda yaratacagi firsatlar hidrojen lretim ve kullanim teknolojilerinin
yayginlasmasini saglayacaktir. Dolayisiyla politika yapicilar ve yatirimlar arasinda glicli bir baglanti vardir. Ulusal
enerji politikalarinda hidrojen uygulamalarina yer vermek dahasi hidrojenin ulasimda kullaniimasi hususunda
politika Uretmek ulusal hikimetlerin kararlarina baghdir. Kiiresel enerji politikalari icinde yakin gelecekte

hidrojenin &nemli bir aktdr olacag dngoriilebilir. Ulkelerin hidrojen destekleri su sekildedir (Tablo 1).

Tablo 1. Ulkeler ve Avrupa Birligi Bazinda Hidrojen Uygulamalari Destekleri

100 milyon Avustralya Dolar Uzerinde bir destegi hidrojen
arastirmalar ve pilot projeleri desteklemek igin kullanma karari
alindi. Bilimsel ve Endustriyel Arastirma Kurumu, hidrojen
uygulamalari konusunda ¢alismalar yurutecek.

Avustralya

Karbon yakalama ve depolama konusunda g¢alismalar ve mevzuat
diizenlemeleri devam ediyor. Kaliforniya, “Dlsik Karbonlu Yakit
Standardi”ni 2030 yilina kadar karbon yogunlugunda daha etkin
bir azaltma gerceklesecek sekilde degistirdi ve vyakit
istasyonlarinin gelistirilmesini tesvik etti. Kaliforniya Yakit Hiicresi
Ortakligi, Cin’in hedefleriyle eslesen, 2030 yilina kadar 1000
hidrojen yakit ikmal istasyonu ve 1 milyon yakit hiicreli arag igin
hedefler belirledi.

ABD

“Hidrojen ve Yakit Hiicresi Teknolojileri” igin Ulusal Yenilik
Programi gergevesinde halka agik hidrojen yakit istasyonlari, yakit
hiicreli araglar ve mikro kojenerasyon® satin alimlar igin
sibvansiyonlar dahil olmak (zere finansman saglaniyor.
Hidrojenle galisan ticari trenlerin kullanimina baslandi.

Almanya

Karbonsuz gelecek temasi baglaminda 2030 hedefleriyle ilgili
yenilenebilir kaynaklardan dretilen hidrojeni mumkin kilarak
yenilenebilir kaynaklardan enerji kullaniminin tesvik edilmesini
saglamak. AB, uye Ulkeleri arasinda hidrojenin tartigiimasi igin
platform olarak bir “Hidrojen Enerji Ag1” kurdu. AB lyesi Ulkeler,
yaklasik 100 isletme, cesitli kurum ve kuruluslarin yani sira
surdurilebilir hidrojen teknolojisi konusunda is birligini tesvik
eden Linz Deklarasyonu “Hidrojen Girisimi” imzanladi.

Avrupa Birligi

32 Jretim miktarini artirmak suretiyle birim maliyetleri asagi cekmek.

33 Elektrik enerjisine dayali olup kurulu giicii 50 KW ve alti olan, is1, sogutma enerijisi ve elektrik enerjisinin ayni cihazla tek
seferde Uretilmesine olanak saglayan teknolojidir (KOJENTURK, 2015). Yakit pilleri mikro kojenerasyona érnektir.
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Avusturya

Belgika

Birlesik Krallik

Tablo 1 (Devami)

Brezilya

Cin

Fransa

Gulney Afrika

Gliney Kore

Hindistan

Hollanda

italya

Japonya

2030 Avusturya iklim ve Enerji Stratejisi hedefleri dogrultusunda
yenilenebilir elektrige dayali bir hidrojen stratejisi gelistirmek igin
adimlar atilmaktadir.

Bir hidrojen yol haritasi yayinlandi ve belirli hedefler belirlendi.
2030 ve 2050 hedefleri gcergevesinde elektrikten hidrojen gazi elde
etmek igin 50 milyon avroluk bir bolgesel yatirim plani sunuldu.

ingiltere dogal gaz sebekesinin bir bélimiinde %20’ye kadar
hidrojeni harmanlamayi planhyor. Hidrojen depolama teknolojileri
Uzerine arastirmalar vyapiliyor. Endustriyel Strateji Rekabet
Fonu’ndan 170 milyon poundluk kamu yatirimi ile desteklenen
karbondan arindirma projesi yurutaltyor.

Yenilenebilir Enerji Kaynaklari ve Biyoyakitlar igin Bilim, Teknoloji
ve Yenilik Plani’na hidrojeni dahil etti. 2018’de 22. Dlinya Hidrojen
Enerjisi Konferansi’na ev sahipligi yapti ve destek verdi.

Yakit hucrelerinin gelistirilmesi ve hidrojen dolum istasyonlarinin
sayica artirilmasi kararini aldi. Bu kapsamda Cin’in hedefi 2030’a
kadar 1 milyon yakit hiicreli arag (FCEV) ve 1000 yakit istasyonuna
ulagmak. Ayrica gemiler de dahil olmak uzere yakit hicreli
araclara vergi muafiyeti getirildi.

Bir “Hidrojen Dagitim Plani” ve 100 milyon avroluk finansman ile
endustride, ulagimda ve yenilenebilir enerji depolamada disiik
karbonlu hidrojen igin 2023 ve 2028 hedefleri agiklandi.

“Yesil Ulagim Stratejisinin” bir pargasi olarak yakit hiicreli araglar
ve toplu tasimada ozellikle otobuslerin kullanimi hususunda
¢alismalar yiratalayor.

Otobusler, FCEV’ler ve yakit ikmal istasyonlari igin 2022 ve 2040
hedeflerini iceren bir hidrojen ekonomisi yol haritasi yayinlandi ve
tim ticari araglar 2025 yilina kadar hidrojene gegirme vizyonu
belirlendi. Yakit ikmal istasyonlari igin mali destek saglandi ve
mevzuat sorunlari giderildi. Tim uygulama alanlarinda hidrojen
teknolojileriyle ilgili galismalar stirtyor.

Hidrojen uygulamalari ve yakit hicreleri Gzerine arastirma fonu
saglandi. Yakit hiicreli otobuslerin kullanimi konusunda ¢alismalar

yapiliyor.

Bir hidrojen yol haritasi yayinlandi ve Hollanda iklim Anlasmasi’na
hidrojenle ilgili bolim dahil edildi. Kuzeybati Avrupa’da hidrojen
konusunda is birligini desteklemek amaciyla Hollanda, Belgika,
Luksemburg, Fransa, Almanya ve Avusturya “Pentalateral Enerji
Forumu”nun ilk toplantilarina 6nciiliik etti.

Hidrojen yakit istasyonlarinin artirilmasi hususunda yatirm ve
basing miktarlari ile ilgili mevzuat diizenlemeleri yapiliyor.

Hidrojen ve vyakit hicresi maliyetlerinin dustrilmesiyle ilgili
hedefler ve enerji santrallerinde hidrojen kullanimina yoénelik
galismalar  yurutuliyor.2021’e  kadar 80  hidrojen  yakit
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istasyonunun daha ingsa edilmesi planlaniyor. Hidrojenin
yenilenebilir enerjiler yoluyla elde edilmesine yonelik programlar
devam ediyor.

Hidrojenle galisan bir feribot ve bir geminin gelistirilmesi igin fon
saglanmaktadir. Yakit hicreli otomobillerin ve diger aragalarin

Norveg yayginlastirilmasi planlaniyor.

Saudi Aramco ve Air Products firmalari ortaklasa sekilde Suudi

X . Arabistan’in ilk hidrojen yakit istasyonunu insa etti.
Suudi Arabistan

Japonya ile ortak hidrojen projeleri tzerinde galismak Gzere bir is
birligi anlagmasi imzalandi. Bir “Hidrojen Stratejisi” belirlendi.
Firmalara hidrojen yatirimlari yapmalari igin Yesil Yatirrm Fonu
olusturuldu.

Yeni Zelanda

Kaynak: IEA, 2019: 21-22

Bu kapsamda, ulkeler nezdinde belirlenen hedeflerle birlikte verilen tesvikler, herhangi bir tesvik sunulmaksizin
belirlenen hedefler ve herhangi bir hedef belirlenmeksizin verilen tesvikler kapsaminda hidrojenle ilgili

desteklemeler sunan Ulke sayisi ile destek saglanan uygulamalar igin (Sekil 6).

Otomobiller |
Arag Yalat Istasyonlar: |
Otobusler |GG

Elektrolizorler
Kamvyonlar/Tirlar e
Binalarda Is1 ve Elektrilc NN m Hedeflerle Birlikte Tegvikler
Elektrik Uretimi [ m Tesviksiz Hedefler
Sanayi N ® Hedefsiz Tesvikler
Diger Motorlu Araclar I
0 2 4 6 8 10 12 14 16

Ulke Sayist

Sekil 6. Ulke Sayilari Bazinda Hidrojen Uygulamalarina Saglanan Destekler

Kaynak: IEA, 2019: 20

Hidrojenli otomobillerle birlikte arag yakit istasyonlarinin llkeler tarafindan en fazla destek géren uygulamalar
oldugu goriilmektedir. Buna gore hidrojenli araglarin sayica artmasi yakit ikmali konusunda kullanicilar
acisindan gittikge daha az endiseye sebep olacag goériilmektedir. Hidrojenli araglara yonelik olarak siklikla dile
getirilen iki konu bulunmaktadir. Bunlardan biri s6z konusu araglarin menzil mesafesinin kisa oldugu digeri ise
bu araglarin yakit istasyonlarinin yetersizligine bagli olarak dezavantaja sahip oldugu séylemidir. Bu iki yaklasim
da son yillarda hidrojen teknolojileri ve yakit pilleri konusundaki gelismeler distnildiginde isabetli degildir.
Oyle ki gelinen teknolojik nokta itibariyle hidrojenli araglarin menzil mesafesi elektrikli araglarin menzil
mesafesine oranla daha fazladir. Ayrica tiim diinyada hali hazirda olan ve planlanan hidrojen yakit istasyonlari
bu araglarin tercih edilirligini artiracaktir. Kiiresel dlgekte hidrojen yakit istasyonlari igin (Sekil 7) ile bélgeler

bazinda hidrojen yakit istasyonlarinin gelisim trendi igin (Sekil 8).
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Sekil 7. Kiiresel Bazda Hidrojen Yakit ikmal istasyonlarinin Dagilisi

Kaynak: H,Stations, 2020

Haritada gorildiigu Gizere en fazla hidrojen yakit istasyonlarina sahip cografyalar; Avrupa (6zellikle Almanya),
Japonya, Giiney Kore ve ABD’nin basini ¢ektigi gelismis diinyadir. Ancak son yillarda hidrojene dayal ulasim
altyapisinin gelisimi incelendiginde Asya ve Avrupa’nin 6nde oldugu goérilmektedir. H,Stations verilerine gore,
2010’da tim dinyada sayisi 213 olan hidrojen yakit istasyonlari 6zellikle 2015 sonrasi biyik bir gelisme

kaydetmis ve 2019’da bu tesislerin sayisi 434’e yikselmistir (Sekil 8).

180
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\J
i:g Hftations.org I |

100
80
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40
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H Asya Avrupa Kuzey Amerika Diinyanin Geri Kalam

Sekil 8. Kiiresel Olcekte Bolgeler Bazinda H, Yakit ikmali Altyapisinin Sayisal Olarak Gelisimi (2010-2019)
Kaynak: H,Stations, 2020

2019 sonu itibariyle Avrupa’da, 87’si Almanya’da olmak Uzere 177 hidrojen istasyonu mevcuttur. Fransa,
isletmedeki 26 ve planlanan 34 hidrojen istasyonuyla Avrupa’da ikinci sirada yer almaktadir. Ayrica bu sayinin
daha da artmasi beklenmektedir. 21 yeni hidrojen yakit istasyonunun planlandigi Hollanda’da da 6nemli 6l¢lide
artis dngorilmektedir. Isvicre ise halihazirda faaliyet gdsteren 4 istasyona 6 istasyon daha eklemeyi
planlamaktadir. Asya’da ise toplamda 178 istasyon bulunmakta bunlarin 114’Gi Japonya’da, 33’ Giiney Kore’de
yer almaktadir. Cin’de belirlenen 27 hidrojen istasyonu, neredeyse sadece otobis veya kamyon filolarinin yakit
ikmali icin kullanilmaktadir. Kisa vadede en iddiali bliyiimenin ise otomobiller ve otobusler igin planlanan

yaklasik 40 hidrojen istasyonunun planlandigi Gliney Kore’de gergeklesmesi beklenmektedir. Malezya ve Suudi

1151



1JOESS (ISSN: 2146-1961) DECEMBER 2020

Arabistan’da yeni acilan hidrojen istasyonlari ile Asya’da hidrojen yakit ikmal altyapisina sahip iki tlke daha
eklenmistir. Kuzey Amerika’da ise planlanan 74 hidrojen istasyonunun cogunlugu, 48 isletim istasyonuyla
Kaliforniya’da kurulmaya devam etmektedir (H,Stations, 2020). ABD’deki mevcut hidrojen yakit istasyonlari,
planlanan yatirimlar, ABD’nin ylizélgim ve araglarin menzil mesafeleri de g6z 6niinde bulunduruldugunda
hidrojene dayali ulagimin daha ¢ok ABD’nin dogusunda ve batisinda gelisecegi séylenebilir. Dolayisiyla ABD’nin
hidrojene dayali ulasim sisteminin gelismesi igin orta kesimde yer alan eyaletlerde de yatirimlar yapilmasi
gerekmektedir. Benzer durum Kanada’da da gorulmektedir. Hali hazirda ve planlanan hidrojen yakit

istasyonlarinin Vancouver ve Quebec’te kiimelendigi goriilmektedir.
SONUC

Kiresel enerji politikalari baglaminda degerlendirildiginde, hidrojen eger fosil yakitlar yerine yenilenebilir
enerjilerden elde edilen elektrik yoluyla Uretilirse cok daha glicli bir aktor olarak enerji portféylinde kendine
yer bulacaktir. Hidrojen yenilenebilir kaynaklardan elde edildiginde daha anlamli bir tasiyici / kaynak haline
doénismektedir. Bunun yaninda, hidrojen silfiir icermesi ve bu sayede daha az elektroliz maliyeti icermesi
sebebiyle deniz suyundan3* hidrojen eldesi, ticari anlamda rekabet edebilir diizeye ulasirsa hidrojenin en biyik
ve stratejik bir enerji kaynagl haline gelmesi ¢ok daha kolay sekilde gerceklesecektir. Yenilenebilir eneriji
kaynaklarindan elektroliz sistemlerini besleyecek elektrik tretimi yapilmasiyla yani yesil hidrojen retimiyle
birlikte hidrojen enerjisi, kiiresel iklim degisimi ve sundugu ulasim olanaklari kapsaminda en avantajli kaynak

haline gelecektir.

Sanayi 4.0% siirecinin bir getirisi olarak gerek enerji teknolojilerindeki gelisim ve verimlilik artislari gerek kiresel
iklim degisimiyle micadelenin bir sonucu olarak gevreye dost enerji liretimine getirilecek tesvikler ve gevre
kirleticilerine verilecek yiiksek cezalar, yenilenebilir enerji kaynaklarinin kullanimini yayginlastiracaktir (Peker &
Arslanoglu, 2018: 128). Ancak karbon salinimlarini azaltma hedefleri, gelismekte olan dlkelerin elektrikli ve
hidrojenli araglara gecis konusunda teknolojik yetersizlikleri nedeniyle sorunlarla karsilasabilmektedir.
Dolayisiyla tim diinya i¢in s6z konusu durumlarin politika-finans-teknoloji boyutunda ayrica ele alinmasi

gerekmektedir.

Bununla birlikte hidrojen bir eneriji tasiyicisi olarak son yillarda ulasim sektoriinde yakit hiicrelerinin daha etkin
kullanimi konusunda yasanan teknolojik gelismelerle medyada ve tlkelerin hikiimet programlarinda gigli bir
etkiye sahip olmustur. Ulasim sektoriinde faaliyet gosteren markalarin 6zellikle son bes yildir hidrojene olan

ilgisinin artisiyla birlikte bu kaynaga yonelik olarak pek cok tlkede dikkat gekici gelismeler yasanmistir. Bu

34 Elektroliz cihazinin Gzerine yerlegtirilen fotovoltaik hiicreler giines 1sigini, su altinda kalan elektrolizére gii¢ saglamak igin
kullanilan elektrige déniistiriiyor. Uretilen H, kabarcigl, yukari dogru yiizdiikce cihazin i¢ kisminda toplaniyor, O,
kabarciklari ise atmosfere karisiyor (Demir, 2018).

35 Yapay zeka, otonom makinalar, nesnelerin interneti, gen dizileme, nanoteknolojiler, yeni teknolojili yenilenebilir enerjiler,
kuantum bilgi isleme alanlar gibi tim yenilikler Sanayi 4.0'in bilesenleridir. Bu devrimi 6nceki endistriyel devrimlerden
farkh kilan sey, bu teknolojilerin, i¢ ice gecip kaynasmasi ve fiziksel, dijital, biyolojik alanlarda karsilikli etkilesimidir (Oral,
2020:97).
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durum hidrojen yatirimlarina yansimis ve bu konuda yatirimlarin en 6nemli parametrelerinden olan yakit
istasyonu altyapisi istikrarl bir sekilde artis gostermistir. Hidrojenli araglarin sahip oldugu avantajlar ve bu
kapsamda Avrupa, Gliney Amerika, Japonya, ABD, Cin gibi bolgelerde bu kaynaga yonelik yatirimlarin artmasi
ve hidrojenin yenilenebilir yollarla daha fazla elde edilebilirligine yonelik teknik gelismeler ve politikalar bu
kaynagin énemini bir kez daha ortaya koymustur. Bu anlamda artik hidrojen yatirimlarinda geri adim atilmasi

rasyonel bir secenek degildir.

Hidrojenli araglarlarla ilgili olarak istasyonlarin yayginhgi, hidrojenli araglarin fiyatlarinin yiksek olmasi gibi
dezavantajlari olmasina ragmen s6z konusu araclar bataryali araglara oranla daha avantajli gériinmektedirler.
Bu baglamda hidrojenli otomobillerin yakit tanki 5 kg hidrojen almakta ve icten yanmali motorlarda oldugu gibi
kisa bir siire icinde (3 dk civarinda) sarj edilebilmektedir. 5 kg’lik sivi hidrojenin litre cinsinden agirligi ise 70 litre
civarindadir. Bununla birlikte araglardaki kullanimi gaz olarak da mimkiin olup bu gaz, aracta bulunan tanklara
yakit pompalari yoluyla doldurulup kullanilabilmektedir. 5 kg gaz hidrojenin metrekip cinsinden karsihgi 55 m?
civarindadir. Sivi ve gaz halindeki hidrojen hidrokarbon yakitlara gére 10 kat daha hafiftir. Araglarda daha ¢ok
sivi olarak depolanmasinin nedeni gaz tanklara gore daha glvenli olmasi ve daha az agirliga sahip olmasidir.
Bunun yaninda elektrikli araglarin bataryalar sirekli sarj-desarj durumuna maruz kaldigi i¢in bataryalarin 6mru
yaklasik 8-10 yil icinde tiikenmektedir. Oysa hidrojenli araglarda belirli bir siire sonra kullanilamayacak ve
dolayisiyla degistirilmesi gereken maliyeti yliksek bir aksam yoktur. Ayrica hidrojenli araglarda aracin alt kismini
tamamen kaplayan bir batarya sistemi de yoktur. Bunun yaninda hidrojenli araglar elektrikli araglara gore

menzil olarak daha fazla giice sahiptir.

Hyundai (diinyada hidrojen temelli yakit hiicreli seri arag Uretimi yapan ilk marka), Toyota, Mercedes-Benz,
BMW, Honda, Shell, Siemens, Iveco, Nikola gibi sirketler hidrojen uygulamalari konusunda 6nemli calismalar
yuritmektedir. Hidrojen destekleri ve uygulamalari esas alindiginda Almanya, Japonya ve Giiney Kore’'nin
kiiresel hidrojen politikalarinda en belirleyici iilkeler olacagi goriilmektedir. Ozellikle Almanya, hidrojen tiretimi
ve uygulamalar konusunda lider iilke haline gelmek istemektedir. Oyle ki Almanya, 2020 Haziran’da “Ulusal
Hidrojen Stratejisini” kabul etmistir. Bu anlamda Almanya hidrojeni gelecegin siirdurilebilir enerjisi olarak
hayata gecirmek icin 9 milyar avroluk bir finansman paketiyle yatirim yapmayi planlamaktadir. Avrupa Birligi’nin
(AB) siyasi ve ekonomik lokomotifi konumundaki Almanya’da enerji politikalarindaki dontisumler birlik icindeki
diger Ulkeler agisindan da iklim hedeflerine ulasmada onemli atilimlar saglama potansiyeli bulunmaktadir.
Mevcut durumda AB tarafindan da 2020 Temmuz'da uzun zamandir talep edilen enerji donisimini

hizlandirmak igin “Avrupa Hidrojen Stratejisi” kabul edilmistir (DW Turkge, 2020).

Hidrojen kullaniminin yayginlasmasi noktasinda, gaz olarak boru hatlari ve sivi olarak kriyojenik kamyonlar ile
uygun terminal kosullarinin varligi neticesinde gemiler ve demiryollari aracili§iyla tasinabilen hidrojenin tiiketim
cografyalarina sevkiyati hidrojen ekonomisinin ortaya ¢ikmasina ve hidrojen kullaniminin yayginlasmasina
hizmet edecektir. Diger taraftan kiresel ve ulusal enerji politikalarinda hidrojenin yayginlasmasini engelleyen

mevzuatlar diizenlenmeli ve yesil hidrojen lretimi konusunda tesvikler veya daha (st seviyede olarak hibeler
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sunulmaldir. Clnkl hali hazirda hidrojen Uretiminin neredeyse timi basta dogal gaz olmak lzere fosil
yakitlardan gerceklestirilmektedir. Bu tiir diizenlemeler ve boru hatlariyla sevkiyati sayesinde hidrojen, kiiresel
enerji politikalari iginde ticari bir boyut kazanacaktir. Bunun yaninda hidrojenin dogal gaz boru hatlarina
basilmasi yoluyla kompozit yakit elde edilmesiyle enerjide disa bagimh tlkelere énemli bir katki sunacagi
soylenebilir. Ayrica dogal gazdan yakit hiicresi yoluyla hidrojen ureterek konutlarda isi ve elektrik ihtiyacinin
karsilanmasi miimkiin hale getirilebilmektedir. Bu durum dagitik enerji sistemine3® de stratejik bir katki
sunmaktadir. Bu baglamda her boyutuyla hidrojen enerjisinin 21. ylizyil enerji sisteminin ana aktorlerinden biri

olacagi gérulmektedir.
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