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ABSTRACT

Especially in the last decade, global energy policies are undergy@ingformations 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 blereergies 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. Hydrogepowered cars, first produced as prototypes in the 1990s, have
now become a commercial technology. In this sense, hydrogen energy has a stnait=ion as

a sustainabléresource 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 obblétterminal 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 energyThe study aire 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
becaming a rational actor in global energy policies.

Keywords:Energy Policies, Renewable Energy Sources, Hydrogen Energy

1in its current form, human / society needs are met without compromising the needs of future generations. The concept of
osustainablé was used in the Brundtland report (Chairman of the Commission: Gro Harlem Brundtland), also known as the

report on our conmon future, prepared by the United Nations (UM)2 2 NI R / 2YYA&aaAz2y 2y 9y JA
Developmentinmdpy T ® LYy FRRAGAZ2YZ mT 2028S00A0Sa KI @GS 06S8SSy ARSYGATA
agreed by the UN in 2015. Two of these goals amecty 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 caless, 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 liquefiedat p H dT T c/ @ ¢ KS @ 2eh W0 ¢ il gaseoljs dnluke. K @ R NR 3

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.
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, Antothaurent de Lavoisier, together with Pierre Simon de Laplace,
synthesized water by burning hydrogendaoxygen 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 whatening (2 hydrogen atoms ) (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. Smuch 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 aldags 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 intoghatmosphere. 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, exoeptater 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 intheSy SNH& aSOiG2NX» 9aLISOALFfte Ay GKS GNIyYyaLR2NIFGA

targets makes hydrogen a strategic resource in energy policies.

Global climate change and environmental problems are often associated with the consumption Icériesgy
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. Thiacrease in energy demand has increased both the demand for fossil fuels
and the importance of energy security. Along with these, international cliraatéronment goals / criteria
(Kyoto Protocol, Paris COP21 et al.) it can be said that there is aleoraase 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 energysgems 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 significgect 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 C@emissions from energy set an -tithe record in 2018 despite strongly positioned international
climate targets. However, outdoor pollution, which causesearly 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-thsignce transport, chemicals and irand 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 usesimtlustrial 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 technoldgleetricity 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 ftgmand
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. Hydrogeawered cars, first produced as prototypes in

the 1990s, have now becomecammercial 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 cledremvironmental. 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 about680km, while hydrogen vehiclearc

reach up to 606700 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 / s@ithat 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 gyesarrier 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 productionirtdbes transportation sector,

especially in the fuel cell sector. In climate chaogented energy policies, the opportunities it offers to
FOKAS@®S G(GFINBSGA (GKSYSRTFUBSNEFJIBWNBAAYYESI KRRNRPOENDRY Y+
this cntext, companies such as Hyundai, Toyota, Honda, MereBdag, 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, FranceUtlited 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 $tamas 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 istilg. 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 byrelgsis of water. But in addition to this, there

are also forms of production of hydrogen. Hydrogen production is possible from fossil fuels or nuclea? energy

by thermochemical methods, especially by steam reformdtfoom natural gas, as well as frobilomas$ and

solar energ$, 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, itcan 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

OF NNASR 2dzi 0KNRdAAK LALISE FL.yR GFy1S8SNB o6!atlty 3 milOly?:

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 techniquedacost, 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 eitiyeelectrolysis 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 168380@C and is

broken down into oxygen by hydrogen.

4 Decomposition of methane in natural gas from carbon by steam between-Y00€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 bythermolysis. In this method, using solar energy, water vapor undergoes thermal decomposition at a
temperature of 165@G1750¢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% dadmand 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 hydrogemproduction on a global scale (IEA, 2019: 17) (Figure 1).

80
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M Refining Ammonia Other pure B Methanol DRI Other mixed

(=]

Figure 1 Global Hydrogen Productiqaccordingo thetype it was obtained
* estimated
** Direct Reduced Iron (Direct Reduced Iron)
Source: IEA, 2019: 18

Global hydrogen demand anmoduction 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, thankgdreden, 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 imguid 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 feelistry, 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 ofjagdrothe 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 reductiof as an antioxidant in the process gas) 25%, in the chemical industry {ammonia

(fertilizer, pharmaceutical, painnhade), polymers (with chemical rekasiyon textile, medical, automotive,

7 From iron ore below the melting point by using it as fuel natural gas or hydrgas, 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

0SS FOKAS@OSR GKIF{G Ftft2sa GKS YSGK2R (2 &5sbliNfddict isvb®atod A 2 yk 5w
G{LRy3IS LNRYk{LRy3aS LNRyé¢ RdzS (2 AGa KAIK LER2NRaAiAiler sKAOK
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electronics, food, building materials production efimerous 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. & mfrastructure 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 soggyy 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 (EBRE, 202

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 industrisites 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, hydrogestribution 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 hydiggenby

truck, wagon, ship or barge. Another option is to produce hydrogen at fuel stations. This method reduces
distribution costs, while omsite 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 stationshare hydrogen is produced esite 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).

Figure 2Hydrogen Fuel Statién
Source We Engineer HightedtWEH), 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 fsit@mydrogen generating
stations using electrolysis of watge.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
procesing 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 lofdrogen 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 importaim 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 moresaitde and available.
Hydrogen storage methods are as folloWs@¢h HnndY mMAHT mi RSYIONI 9 adzif dzol 6 X H

Compressed gais the most common form of storage. Hydrogen is stored in gaseotiseb@anks under a

pressure of 2000 bar.

Liquid hydrogn; hydrogen, which becomes liquid aa p H ®TTc/ X A& aG2NBR Ay &LISOAL

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

Hydrocarbonshydrocarbon fuels such as methanol, ethanol have more hydrogeniirvolume and pressure
than pure liquid hydrogen. Hydrogen can be decomposed from hydrocarbons usintpimgérature water

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

Carbon nanotubesstorage of hydrogen in graphifdled tanks under a certain pressure. Here, hydrogen is

stored on the surface of super active porous graphite.

Metal hydridesmetal hydrides are known as metals that can easily absorb hydrogen. During the formation of
Metal hydride, hydrogen molecules decompose and thsulting 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 teah Bhe
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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

Transportatim 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 adgties 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 ther&famsport 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 haeweloped / developing under the influence of

natural (landforms, climateand human geographicdhctors (population, industry, transport investment
FOGAGAGASEAE (SOKy2f23A0It RS Q@ IJhtrdparvatoy dchviy cliuiglussize 6 ! 8 RPY
for the first time with the invention of the wheel in a historical sense (by the Sumerians in 3508sBCesult

of technical developments that emerged over time, unlike land and waterways transportation, which are the

oldest types of Transportion 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 ir7 204s realized in the transportation

sector. At the same time, the area that saw the greatest increase in energy consumption in the0ly71

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

In the world, there are usually options for using public t@or$ 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 compatibHitiramisitions
between modes. This trend has led to the gradual development of the road transport genre (TMMOB MMO,
2018: 12). In transportation, the demand for the highway will continue all over the world due to the ease of
access it offers to each destition. In this context, hydrogepowered 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 stagel can look at the level of technology preparation

of vehicles in transport and transport areas (Figure 3).
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Figure 3Technological Levels of Hydrogen Vehicles in Transport And TraBgobots
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 celigafsisti

an electrolyté®, 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 posite 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 rgjea 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 [jlaatdpu, 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 (TURBK, 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 efficiencyt Withou

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

9 Acording 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) Quaified 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 hydrogeh dhd oxygen (£ and whose total efficiency
can reach up to 80%, are alsookvn as continuousunning batteries or electrochemical machines. Hydrogen
oxygenbased fuel cells get various names depending on the type of electrolyte used in their structure. These

are,

phosphoric acid fuel cell (operating temperature: 1820 C, eletical efficiency 55 %)
solid oxide fuel cell (operating temperature: 8200 C, electrical efficiency &% %)

molten carbonate fuel cell (operating temperature: 68B0 C, electrical efficiency 65 %)

> > > >

polymer electrolyte fuel cell (PEM) (operating teenature: room temperature80 C,
electrical efficiency 40 %)

A alkaline fuel cell (operating temperature: room temperatu50 C, electrical efficiency 6®
%69+/ 953X HAMPT , Pt RPNPYSIZ HAMMY MA0®

The first developments related to fuel cells appeared in1B&h century. These developments are as follows in

historical context;

¢CKS LINAYOALX Sa 2F GKS FdzStf OStft FANRG /o LG 61 a 7T2dzy
developed the first fuel cell, realizing that constant current and powerproduced 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

[ S2yFNR bASRNIOK g2N]J SR 2y (KA& RS&aA3TIYy (G2 AYLINBOS Al
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 spadelNE 2 SOG OF f t SR AaDSYAYAéd Ly |
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 id.$heSpace

Exploration Program. In the 1970s, the Dupont Company produced theeffigiency naphyon (SED

membrané? for fuel cells as an electrolyte (2017). In this sense, studies on the use of hydrogen in the
transportation sector continued strongly 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 technoldeiedbpments 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 combustin engines (the presence of a battery and a swmigineter 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?®), the third is the use of technology based on generating electricity using fully electric vehicles and

finally fuel cells and thus moving the vehicle.

| @RNR3ISY OSKAOfSa INB oNASTFie OlFffSRe T ahinarkdStHet St SO
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 makg 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 logen itself. Fuel cells generate electric

energy, which is exactly this kind of energy (Montgomery, 2014: 288). According to this, in cars moving with
hydrogenbased fuel cells, hydrogen is essentially used in the battery task, not in fuel. Because, teimila

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 hydrogamsed in these vehicles. Therefore, fuel cells in these vehicles are not charged
6{FNPIANfZT HAMcOU® hE&3ISy (KIG NBIFIOGA 6AGK KERNRISYy O2)

In addition, manufacturers have generally designed fuel cell applications in cars in a sinyilainvegher
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, fwheel drive was preferred as traction

(Yilmaz et al., 201214). The technical structure of hydrogen cars is as follows (Figure 4);

Fuel Cell Stack Battery Pack

Electric Traction Motor
Fuel Filler

DC/DC Converter

Thermal System (cooling) Fuel Tank (hydrogen)

Transmission

Power Electronic Controller

Battery (auxillary)

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

HYDROGEN ENERGY IN GLOBAL ENERGY POLICY

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

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

BwSIASYSNI GAGS oOoNIX1Ay3I o0200FAyAy3a St SOGNROIE Sy-hBkgwad FTNRBY FI
@S KA Ot S a kendrgy is gederatedin 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 import#énibeitad 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 5@iillion tons in 2015, is projected to approach 550 million tons in 2050 (Figure 5).

78 ,
9 vl:’
o
22 Q,:}@r Transportation
16 ult
28 o« et
— " S
14 4
3 10 g e
10 -
2015 20 30 40 2050

Figure 5Demand 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 toiti{ok)

Council comments by the hydrogen numbering of sectors: (1) Hydrogen, on the basis -sCalrrnewable
energy integration and the provision of electricity, (4) decarbonisation transportation, (5) the use of clean
energy in thendustry, (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 obtainedflow or zero carbon sources.

Depending on the source of production, hydrogen consists of green, grey and blue color codes. Hydrogen from

St SOGNROAGE 3ISYSNIUGSR FTNRBY NByS¢glotS SySNH& a&a2dz2NDSa
carbonemisgd ya® | @RNRP3ISYy LINPRddzOSR FTNRBY F2aaif 7FdzSta ArAa Ol f
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 allowg lom emissions to be achieveth{ Q [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 techalomtiances 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 déale the deployment of hydrogn fuel cells,
hydrogenbased 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 @search 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 statiotasitmiother alternative fuels over 10 years. In addition,
lessons learned about design, engineering and construction will help reducequipment costs (CAFCP,
2020).

At this point, the opportunities that governments will create on hydrogen will allbes 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. Itan be predicted that hydrogen will be an important actor in global energy policy in
GKS ySIN FdzidzNBd [/ 2dzy i NAS&aQ Ke@RNRIASY &dzLILIR2NIL A& | a

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

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

Australia

Studies and legislation orcarbon capture and storage ar
2y3d2Ay3ad /I ATF2NYAND 20K | &SR
that a more effective reduction in carbon intensity would occur
2030, and encouraged the development of fuel stations. 1
California Fuel Cell Partnership ree targets for 1,000 hydroger
refueling stations and 1 million fuel cell vehicles by 20:
matching China's targets.

us

Funding is provided, including subsidies for publicly trac
purchases of hydrogen fuel stations, fuel cell vehicles miato
cogeneratior®, under the National Innovation Program fc
Gl @RNR23ISY |yR CdzSt /S f-dowered$
commercial trains began to be used.

Germany

To promote the use of energy from renewable sources by mal
possiblehydrogen produced from renewable sources related
the 2030 targets in the context of the carbdmree future theme.
¢tKS 9! KFra SadlofAadakKSR | a
platform for discussing hydrogen among its member states.
member states, about 0 businesses, various institutions ar
2NBEI yAT FGA2yas la St ¢ I a
LYAGAFGADSES gKAOK LINRY2GSa
technology, have signed.

European Union

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

Belgium A Hydrogen Roadmap was published and specific targets were
A 50meuro regional investment plan has been presented
obtain hydrogen gas from electrigiwithin the framework of the
2030 and 2050 targets.

15 It is based on electrical energy and has an installed power of 50 KW and below, allowing heat, cooling energy and

ef SOGNAROIE SySNHe (G2 6S LINRPRdAzOSR Ay 2yS 32 gAGK (kS &arYS$

cogeneration.
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Table 1 (Gntinued)

United Kingdom

Brazil

China

France

South Africa

South Korea

India

Netherlands

Italy

Japan

Norway

Saudi Arabia

New Zealand

Source: IEA, 2019: 222
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It plans to blend up to 20% hydrogen in one part of the U
natural gas grid. Research is being done on hydrogen sto
technologies. Thealecarbonisation project is being carried ou
AdzLILI2NISR o6& | M mTtnanY Llzof A
Strategy competition Fund.

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

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

I a1l @RNR3ISY 5StAGSNE tflysé
have been announced, as well as 2023 and 2028 targets for
carbon hydrogen inindustry, transport and renewable energ
storage.

1a LINIG 2F GKS aDNBSy ¢NIy:
carried out on the use of fuel cell vehicles and buses, especial
public transport.

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

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

A hydrogen roadmap wagsublished and the section on hydroge
was included in the Dutch Climate Agreement. He led the {
YSSiAay3a 2F GKS a4t Sydalrtl GdSN
Belgium, Luxembourg, France, Germany and Austria in orde
support cooperation on hydrogein northwestern Europe.

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

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

Funding is provided for the development of a hydrogemwered
ferry and a ship. Fuel detars and other vehicles are planned
be expanded.

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

A cooperation agreement was signed with Japan to work on jc
K&ERNRISY LINNRSGya ¢ (INJ dilSea e ¢
Green Investment Fund was created for firms to invest
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

hydrogenrelated supports (Figure 6).

Passenger cars I S
Vehicle refuelling stations |
Buces [
Slectretysers I
Trucks I

Buildings heat and power [T B Combined incentives with tangets
Pewer generation [N B Tangets without incentives
Industey [ B Incentives withaout targets

Cither fleet vehides [

] 2 4 5] 8 10 12 14 15

Mumber of countries

Figure 6.Support For Hydrogen Applications Based On Country Numbers
Source: IEA, 2019: 20

Along with hydrogen aa, 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 forrbgen 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 mytirdgreologies

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 worldwill 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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Hydrogen Refuelling Stations Worldwide

Figure 7 Distribution Of Hydrogen Refueling Stations O@lgbal Basis
SourceH,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
dewvelopment of hydrogefbased transport infrastructure has been examined, and Asia and Europe appear to

be leading the way. According EpStation data, the number of hydrogen fuel stations worldwide in 2010 was

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

SourceH,Stations, 2020

As of the end of 2019, there are 177 hydrogen stations in Europef &hioh 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 exclugwéor 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, assmslioaother 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 statibhStations, 2020). Given the exisji
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 hydrogesed transportation will develop mainly in the East and
west of the United States. Therety for the development of the hydrogdmased 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 stationdustered 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 fossilHiyelsgen 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 sme if the production of hydrogen from seawattreaches 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 procucof electricity that will feed

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

Industry 4.6 as a consequence of the process of emerging energy technologies and development of
environmentally friendlyenergy 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
RAAASYAYIF(GS GKS dzaS 27T NBy Sl 20085128).B& taigals toreidedlda®an ot S ¢
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 polidinancetechnology.

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 transjptot && 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 hdseen 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 resouraegions 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 g&no lon

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 advantageousddttany 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
electrolyss. The generated Hbubble collects inside the device as it floats upwards, whideb@bbles mix into the
atmosphere Demir, 2018).

17 All innovations such as artificial intelligence, autonomous machines, Internet of things, gene sequencing,
nanotechnologks, newtechnology 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 interaoti 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 abott G§uid and gaseous
hydrogen is 10 times lighter thamydrocarbon 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 chargkscharge state, the life of the taries is depleted in about-80 years.
However, hydrogen vehicles do not have a kiglst 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
complekly 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 hydimaged fuel cell series vehicles),

Toyota, MercedesBenz, 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 policyrn@y, in particular, wants to become a leading

O2dzy iNE Ay KE@RNRISY LINBRAZOGAZ2Y YR LILX AOFGA2yad {2
{GN)Y G§S3e¢ AY WdzyS wnund Ly (GKAa aSyaSsz DSNXIlye LI Iy
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 climafeals for other countries in the union. In the current situation,

GKS 9! FTR2LIWGSR F a9dz2NRPLISIY | @RNRISYy Leigpdited Bridrgye Ay  We
transformation (DW Turkish, 2020).

At the point of popularization of hydrogen use, themhent 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 anexfransion 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 hydrogemnggaluction 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 malggaificant 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 eledtrioitsidential
buildings. This also makes a strategic contribution to the distributed energy s¥stenthis 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. Dis¢dbgeneration, an energy generation pathway used to
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GF&FNPYZ Ayollid AfS RSONBeS Yt WIe SHI mA fYAZ feely] RReit $ MR PN
SRAftSY KARNB2SYA ldAflyly A&Glae2yt|l NI AceAy 2NIFf I Yl
FEYlL YFEEA@SGA nHXy YAtezy R2fF NRPNIP { dz dzy lafedhied NRBt AT A
KARNR2SY NNBGSYy A&diGlaezytl N AcAy 2NIFfFYF RSLREIFYFAP
YIfA@SGA o0XH YAfez2y R2fI NRPNJ O/ ! C/tX HAHANULO

.dzydzy &lFyPyRIFE &PffFNRIY O6SNA AeSNAEAYRSBA BNNEXIANRS
NI FAYySt SNAf SNI S 3INONB NNBGAYA 3TA0A SyRNaGNR&St 1y
.Sterlt @S 12ttt yRFQRI RNyelyPy Sy o6N&N|l KARNR2SyYy I €
L€t NPYF & ENAY 2T ¥y 2NIiE WIS]T 62NHz KIFGf | NPYyPy dz dzyf dzEdz 6
lfYFyel o6odgn 1YO0Z CNIy&al o6ono {1YO0OZXI 12tftFyRI 6HOT {1YO
02NHz KFGEFNP G2LIX T YP ooT 1YQRANI 61 &! NOXI HAamMcUL®

Hidrojenin depolanth 8 P | 2y dzadz 6dz {+F &yl EPY RIKIF @&F&3Py (dZftl+yPtl
aPGP &l RIF 3T F2NX¥dzyRI RSLRtIYylIoAftYS&AAYS NIeEeYSy odz
GS1TyA]l 3ISEASYSESNIS RNoOSYy yvillf AN GBINY KAR NRI2MSIY AS NRSENA fI- S

getirecektir.
| ARNB2SYy RSLERtFYlF &1 yadSYt SNA 06dz 0S1Af RORANI 6 TEChI HnAnc

{P1POGPNPEYWPEl ®BPY RSLEZEF Yl 0651t ARA-RI baboIa PKlod RSE GpPry R
RSLRt I yPND

%] ARNR2SY @l 1Pl AalGlIBARSYVI BHNPAOLSBXNRPI Ra fztlazy ly@A G £ | NP&fl 0
bulunabilir.
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GFNFFhlFy dz REBYESINE NIAR Sdi $ B8KENERN Bza X & OYPOve 8% (¢ PNPY T |
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HpyOo® ! fF3PY @S dzZ FSGPNXYIE FrlEtA@SGA GFNAKaSt Fyfl YRI
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TEYFryEF 2NIlFelF @Plly (S1yAl 3ISEAOYSESNI a2y dz0Odz mpd &N

@2t dz dzf I o PN NPEYRYRE yBHSt A0YS I AaGSNYASGGAND LYGSNYIFGA
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197-H nmT | NF £t PEPYRF SYSNEBA (GN]SOANW BiyYazd d dznd 6 NG PDH @b i
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12ydzadz A1Sys Iyl dzZ FdPY GNNISNAYRSY OANR 2fly {1 NIe&
GFroRY 2ftlyl] @OSN¥YSairz SaySl el LPaPr KPIP @S Y2REI NI
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Kaynak: Shell, 2017: 46
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yb 1Pl LAfAYARARWZRSY! BF FPYRIY PGPS (1G240 GF NI FPYREY A3
Fy2dGd GFNFYFPYRI LRTAGAT @S ySIAFLGAT A2yt NPyl | &@NPSPN
GSNBYy St STGUNRBEAGGHSY 3 SdaSdyBR I {{FHit2khy dEXdS/F G Ndefy-f ok NN &l Sy 2L
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1 PoPetlt StSTGNR] NNBGAE YA 35 NbeSyrddsSppatif igonlad vedzdileY | G 2

OANI SOSNB] al ¥ adz | ePE€lF Pl FNPNIIFN 6] Sot SoAOA2ET dzX
St STGONR] @S &adz 2t YF{dFI RPN ! @ NPOI KARNRB2SYAY I§WPSNEBA |

pileri: 1 | YNNE LISGNBE @8 R2elt 31T 3IA0A F2aAf &F1PGfFNE N
oAe23L] @8 FGPl YFGSNBFEESNI IAGA |t GSNYL G hidfojeit @ y I 1 € I

7L KStt nwnamT OSNRAESNARAYS 3IINBx (S1yz2t22ia]l KIFETPNIPl asSoaesSt SN
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6clO Tot SO G(SatehnikiidbiRel 2 G AL 0 Y aPd
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harel S SRSy 20G2Y20Aff SNRS Sal aSy| &ARNRRISYI {60AFN] PaNBD| PAIN v
I NI cef  NRF AceiSy e@rlyYLFLEP Y2302NIIFNF o6Syil SN 6S1AtRS L
FLeREFE YN St S 6 RIPNS KAD2 NHxetel RIPY § NPT ®PNIP] € A | NI cef | N
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O{INPINEtZ HAamcO® | ARNR2SY AfS NIBrektedih @2yl 3IANBY 21aAres

.dzydzy @FyPYRIFE NNBGAOA FANNEFEFNI 2G2Y20Aff SNRS & 1 PG LI
YA KARNRBE2SY GFy{1P FNJF (2tlddzltFNPYy |f4adPylF 12ydzZ Ydz
Elektrik motorudaa@Py |y 1 PAYPYl &@SNISOGANRE YAOGGAN® , AyS owS{A
2018:214)l ARNR2SyftA 202Y20At €t SNRY GSTYA]l @l LIPAP 0O6dz 6 ST AfF

Yakit Hileresi Yigm Gekig Akasa (Pil Takmni)
Llcktrikli Cekis Motoru

Yakit Dolum Yeri

DC/DC Dontgtitritea

Termal Sistem (Sogutma). Yakit Tanki (ITidrojen)

Sanziman/Vites Aktarimi

Gig Elektronigi Kontrolésri

Akt (Gug Yardimeisi)
SITABARN2SYtA AN hdi2Y20AFfAYy aSllFyAal !1a
Kaynak: Alternative Fuels Data Center (AFDC) Energy, 2020.
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RSaiGS1= o610 9yRNAGNRES GSYAT KIFYYFRRS al ¢
Kaynak: Hydrogen Council, 2017: 20
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KARNR2SY RS 3INAR AfS leyP O06S{TAfRS NNBGAfAG2NX® ! yOI 1 o
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SYraezyft NI dzZ 6Pt Y anHyGeen)l AfRNRI2YS ya A/NI AAIY WY NY RISNIRAG € S N
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Aadlae2ydydy RIFEKF Ayosl SR,
yenilenebilir eneri SNJ @2t dz2f I St A
devam ediyor.

| ARNR2SYyftS e fPoOlYy 0ANI FSNAC
- AL EtlyYFH1GFRPN® _F{PG KNONB
2NDS e BL2a3PYEFOGPNPEYIAP LXFYELyPa

{FdzRA ! N} YO2 @S ! ANJ t N2ERdzOG
INFoA&lGlIYQP At KARNR2S &t
Suudi Arabistan oAauly y 1 y e

WELRy&lF AfS 2NII]1 KARNR2Sy L
_ OANIAEA FytlroYlFaPr {AdNI S FRP
Yeni Zelanda CANXEEFNI KARNR2SY &t dPNPYE |
2 f dzo (0 dzNHzf R dzod

Kaynak: IEA, 20191-22

.dz 1 FLAFYRIZ Nf{1StSNYySITRAYRS 0S8t ANI SySy KSRST¥tSNI S
belirlenen he® ¥t SNJ @S KSNKFy3IA o0AN) KSRST o6StANISyYS{aAalay
RSAGS1tSYStSNJ adzylty Nf1S alrePaP AftS RSaiduS|y arettryly c
Otomobiller |
Arag Yakat Istasyonlar: |
Otobusler G
Elektrolizorler
Kamyonlar/Tirlar .
Binalarda Isi ve Elektrilc N0 m Hedeflerle Birlikte Tegvikler
Elektrik Uretimi m Tesviksiz Hedefler
Sanayi N B Hedefsiz Tesvikler
Diger Motorlu Araclar I
o] 2 4 [ 8 10 12 14 16
Ulke Sayist
STk 1So{ &Pt NP .FTPYyRIFI I ARNR2SY ! @&3dzZ | YI N

Kaynak: IEA, 2019: 20

| ARNR2SYyftA 202Y20AffSNIS OANIA1GS I NFoe &F1PG A&lGlaez
2f Rdz€dz 31 NNf YSTGSRANY . dzelPOHI| NBNI KA RRR2 23 [ (PAI IANIYdett IANJF
l ePAPYRIFY 3AGGA1 ®S RIFEKFI 1T SyRAo6SeS aSoSL) 2t OFeP 3Tl
ASGANARE SY A1A 12ydz o6dzf dzy Y 1 G RPN . dzy fH NSRRI R/dzEodk NRAA €3SI NA
0dz I N} cef NPy &l 1Pld AalGlaez2ytl NPYPy &SGSNBATEAEAYS ol ¢
RI a2y @&Pfttl NRI KARNR2Sy (Sly2ft22AftSNR @S &l 1Pl LAt
mefSASEMyYySy (S1y2tz22A1 y210F AGAOINREES KARNRB2SYyfA |
YSal FSaAyS 2Nryfl RIEKF FIETfFRPNP ! @NPOF GNY RNyel R

0dz F NI cef  NPY G(SNBNXE SRNBARNI ACAyeb| 6HRIRNWRARBSY & 1 PG A
oFlTPYRI KARNR2SY &lF1Pid ArAadlaezytl NPyPy 3IStA8AY (GNByYyR)
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ST N¥NNBaSt . T RIF IARNR2SY ,F1PdGd TlYFf Tadl a
Kaynak: pStations, 2020

I FNAGFRNENI NNENB Sy FI1flF KARNRB2SYy @l 1Pd Aadlaezyfl N
WFE LI2yels DNySeé Y2NB @S ! .5QyAy o0Fl06PYP S{TUAEA TSt A6
Ffdel LIPAPY Py ElSAsya AR YO SIE SRR R A 2 £ R dzg{did | FiIANNTAY 37 SINKR ASNID
HAaMn QR GNY RNyelRF &arePaP umo 2fly KARNRB2SYy &l 1Pi
1Fre@RSUGYAO @S HAMPQRI o6dz GSarat SNAY alePaP nonQS &Njaf

SINNNB@St mfeS10s, LIRPESTISWIL A T'!PyR& | UWIPARIOBY {F&Pal f
Kaynak: kStations, 2020

HAaMdg a2ydz AGAOINARAEES | ONHzLI QREFSX yTQ&aAA ! f YFrgndad, QRI 2§
A0t SGYSRSTA wmc KARNBIRISYt Ay a@ 2y dz2 | gNHzZLI QRI A1 Ay OA
RFEKF RI INIYFaP 6S1tSYYSTOUSRANY um @8SyA KARNR2SYy &t ("
FNIPO | y3al NNt YSTGSRAND Ta&JA @NiBasydna 6 istésyoh dahh TeeByl  F I |
LI FytFYFE1dFr RPN ! &8 QR A&S G2LX FYRI mTy A&lGlaezy o dz
@SN FEYIF 10O RPN 4AYyQRS 0StANXISYySy Tt KARNR2SY A&l aeé:
MYFEA Acedy VY@t | yPIRSIRISI I RYPNWRRALIfP oNeNYSYyAy AasS 2i:
8L1tF0P]l nn KARNB2SYy Aaillaézydzydzy LXI yflyRPEP DNySe
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